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The Author’s History
by Egan O'Connor

John William Gofman is Professor Emeritus of
Molecular and Cell Biology, University of California at
Berkeley, CA 94720-5706. He is also on the faculty at
the University of California Medical School at San
Francisco (UCSF). His life’s work is divisible into
three main areas, which converge for the first time in
this monograph. Some of the earlier work is cited in
the monograph’s Reference List.

e (1) While a graduate student at U.C.
Berkeley, Gofman earned his Ph.D. (1943) in
nuclear/physical chemistry, with his dissertation on the
discovery of Pa-232, U-232, Pa-233, and U-233, the proof
that U-233 is fissionable by slow and fast neutrons, and
discovery of the 4n + 1 radioactive series. His faculty
advisor was Glenn T. Seaborg (who became Chairman of the
Atomic Energy Commission, 1961~1971). Seaborg, Gofman,
and Raymond W. Stoughton share Patent #3,123,535 on the
slow and fast neutron fissionability of uranium-233, with
its application to production of nuclear power or nuclear
weapons. The work is recounted in Seaborg’s book
"Nuclear Milestones” (1972).

Post-doctorally, Gofman continued research related to
the first atomic bombs ——— particularly the chemistry of
plutonium, at a time when the world's total supply was less
than 0.25 milligram. He shares patents #2,671,251 and
#2,912,302 on two processes for separating plutonium from the
uranium and fission products of irradiated nuclear fuel. “We
all were pushing the envelope in those years, and in the

process, we learned the habit of observing details very closely.”

e (2) After the plutonium work, Gofman
completed medical school (1946) at UCSF, where the
faculty and his classmates selected him to receive the
annual Gold-Headed Cane Award for having the qualities
of "a true physician.”

In 1947, following his internship in Internal
Medicine, Gofman joined the faculty at U.C. Berkeley
(Division of Medical Physics), where he began his
research on lipoproteins and Coronary Heart Disease at
the Donner Laboratory. At the time, only two types of
blood lipoproteins were known: Alpha and beta. By
devising special flotation techniques with the
ultracentrifuge, he and Frank T. Lindgren and co-workers
at the Donner Lab began to reveal (1949-1950) the great
diversity of very-low—density, intermediate~density,
low—density, and high-density lipoproteins (VLDL, IDL,
LDL, HDL) which truly exist in the bloodstream.
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Their work on the chemistry of lipoproteins
(e.g., the cholesterol-rich and triglyceride-rich
varieties), and on dietary experiments, and on
epidemiologic studies, soon produced evidence that high
blood levels of the LDL, IDL, and VLDL lipoproteins are a
risk—-factor for Coronary Heart Disease.

In 1954, Gofman received the Modern Medicine
Award for outstanding contributions to heart discase
research. In 1965, he received the Lyman Duff
Lectureship Award of the American Heart Association, for
his research in atherosclerosis and Coronary Heart
Disease. In 1972, he shared the Stouffer Prize for
outstanding contributions to research in
arteriosclerosis. In 1974, the American College of
Cardiology selected him as one of twenty-five leading
researchers in cardiology of the past quarter—century.

e (3) Meanwhile, in the early 1960s, the
Atomic Energy Commission (AEC) asked Gofman to establish
a Biomedical Research Division at the AEC’s Livermore
National Laboratory, for the purpose of evaluating the
health effects of all types of nuclear activities. From
1963-1965, Gofman served as the division’s first director
and concurrently as an Associate Director of the full
laboratory. Then he stepped down from the administrative
activities in order to have more time for his own
laboratory research on Cancer and chromosomes (the Boveri
Hypothesis), on radiation-induced chromosomal mutations
and genomic instability, and for his analytical work on
the epidemiologic data from the Japanese atomic-bomb
survivors and other irradiated human populations.

By 1969, Gofman and a Livermore colleague, Dr.
Arthur R. Tamplin, had concluded that human exposure to
ionizing radiation was much more serious than previously
recognized. Because of this finding, Gofman and Tamplin
spoke out publicly against two AEC programs which they
had previously accepted. One was Project Plowshare, a
program to explode hundreds or thousands of underground
nuclear bombs in the Rocky Mountains in order to liberate
(radioactive) natural gas, and to use nuclear explosives
also to excavate harbors and canals. The second was the
plan to license about 1,000 commercial nuclear power
plants (USA) as quickly as possible. In 1970, Gofman and
Tamplin proposed a S-year moratorium on that activity.

The AEC was not pleased. Seaborg recounts some
of the heated conversations among the Commissioners in
his book "The Atomic Energy Commission under Nixon:
Adjusting to Troubled Times" (1993). By 1973, Livermore
de-funded Gofman's laboratory research on chromosomes and
Cancer. He returned to teaching full-time at U.C. Berkeley,
until choosing an early and active “retirement” in order to
concentrate fully on pro-bono research into human health—
effects from radiation.

His 1981, 1985, 1990, 1994, and 1995/96 books
present a series of findings. His 1990 book includes his
proof, "by any reasonable standard of biomedical proof,”

that there is no threshold level (no harmless dose) of
ionizing radiation with respect to radiation mutagenesis
and carcinogenesis —— a conclusion supported in 1995 by
a government—-funded radiation committee. His 1995/96
book provides evidence that medical radiation is a
necessary co—actor in about 75% of the recent and current
Breast Cancer incidence (USA) ——— a conclusion doubted
but not at all refuted by several peer—reviewers.

John W. Gofman is the son of David and Sarah
Gofman --- who immigrated to the USA from czarist Russia
in about 1905. JWG was born in Cleveland, Ohio, in
September 1918.
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INTRODUCTION

Overview, and Some Practical Implications of This Work
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Differing Origins of the Two Hypotheses

Some Rather Dazzling Results to Examine

Why Our Findings Do Not Challenge the Importance of Other Causes of Cancer and IHD
How to Reconcile High Fractional Causations by Xrays, Smoking, Diet

e Part 1. Practical Implications of Hypotheses One and Two

During the 1990s, approximately 23% of the U.S. deaths have been caused by Cancer, and 22%

by Ischemic Heart Disease (also called Coronary Heart Disease, and Coronary Artery Disease).

Would anyone NOT welcome a simple, safe, and painless way either to postpone many cases

of such diseases or to prevent many cases from occurring at all? The findings in this book, combined
with already-published wisdom from some mainstream radiologists and radiologic physicists, identify
such a way --- with certainty for Cancer, and with great likelihood for Ischemic Heart Disease (IHD).

The word "practical” is featured above, because prevention of these two diseases has always

been our chief reason for investigating their causes. The evidence assembled and analyzed in this
monograph identifies medical radiation as a very important cause of both diseases. The work is
organized around two hypotheses.

la. Statement of Hypothesis—1 (Cancer) and Hypothesis-2 (IHD)

e Hypothesis—1 is this: Medical radiation is a highly important cause (probably the principal

cause) of cancer mortality in the United States during the Twentieth Century. (Hypothesis-1 is about
causation, so it is silent about radiation-therapy used after a Cancer has been diagnosed.)

We are well aware of a belief that medical radiation causes only a very low percentage of

cancer mortality. That belief rests on a few estimates whose input-data are highly unreliable and
sometimes inherently irrelevant, for the reasons presented in Chapters 1, 2, and 67 (Part 5). By
contrast, the evidence in this book strongly supports Hypothesis-1. We are confident ——- for the
reasons listed in Chapter 1 —-- that our findings are far more credible, scientifically, than the low
estimates. Also we are confident, for reasons stated in Part 5, that our findings do not conflict with
estimates that more than half of the cancer rate is a result of smoking and poor diet.

o Hypothesis-2 is this: Medical radiation, received even at very low and moderate doses, is an

important cause of Ischemic Heart Disease (IHD); the probable mechanism is radiation-induction of
mutations in the coronary arteries, resulting in dysfunctional clones (mini-tumors) of smooth muscle
cells. (Here at the outset, we can prevent some confusion about Hypothesis-2 by stating that (a) it was
discovered decades ago that medical radiation at very high doses can damage the heart and its vessels,
and that (b) the kinds of damage reported from very high-dose radiation seldom resemble the lesions of
Ischemic Heart Disease —--- details in Appendix J.)

Chapter 45 presents a Unified Model of Atherogenesis and Acute IHD Events which is

consistent with the evidence in this book, is consistent with the findings (first by Earl Benditt in 1973)
of monoclonal cells in atherosclerotic plaques, is consistent with well-established knowledge about
atherogenic lipoproteins and other non-xray causes of fatal IHD, and is consistent with recent findings
about the weaker connection than expected between degree of arterial stenosis and the fatal rupturing of
specific atherosclerotic plaques.

1b. What Constitutes "Medical Radiation"?

Because not all readers will "arrive” here from the same fields, or with the same backgrounds,

or with English as the native language, this book defines various terms and concepts in the fields of

-1-
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radiation, Cancer, Ischemic Heart Disease, and dose-response analysis. Definitions can be located
with the combined Index and Glossary.

By medical radiation, Hypotheses One and Two mean primarily but not exclusively xrays
(including fluoroscopy and CT scans).

There is no doubt that medical radiation can both be a cause of Cancer and also be used to treat
Cancer. Cancerous activities are done by living cells, whose cancerous behavior can result from
radiation-induced mutations of numerous types ——- types which do not kill or sterilize the cells. When
radiation is used for treatment of Cancer, it is used in very high doses which do enough damage to kill
or sterilize cells. Clearly, dead or non-dividing cells cannot behave like cancer cells.

lc. Practical Implications of Hypotheses One and Two

The validity of Hypotheses One and Two is a question with major implications for future
health, in the USA and elsewhere. Validity means that medical professionals and other humans have,
already at hand, an opportunity which is guaranteed to achieve large reductions in FUTURE
mortality-rates from Cancer and which is very likely to achieve similar reductions in Ischemic Heart
Disease, in countries where medical radiation is widely in use.

Knowledgeable "mainstream" experts in radiology and radiologic physics have shown that xray
dosage, from nontherapeutic diagnostic and interventional radiology in current medicine, could readily
be cut by a factor of two or more (Chapter 1, Box 3) --- while still obtaining all the benefits of such
radiology and without eliminating a single procedure (specifics in Chapters 1 and 2). Example: While
radiographers have reduced the xray dose per mammographic examination by more than 10-fold, use
of mammography has risen dramatically. The result of dose-reduction has certainly not been less
mammography ——- but rather, less-risky mammography.

Beyond diagnostic radiology, there is extensive and growing use of xray fluoroscopy,
nondiagnostically, during placement of catheters and during surgical procedures. There is no doubt
that dosage could be reduced many-fold during such procedures (Chapter 1, Box 3; Chapter 2, Part 3).

e Part 2. Differing Origins of the Two Hypotheses

7

How we happened to arrive at Hypothesis-1 is related in Chapter 2, Part 9. It deserves
emphasis that Hypothesis-1 is not "Medical radiation can induce Cancer.” Induction of Cancer in
humans by ionizing radiation, including xrays, was proven long ago (Chapter 2, Part 4). The proof is
so solid that it is accepted even by industries and professions which irradiate people.

Hypothesis-1 is that MEDICAL radiation causes a very LARGE part of the nation’s cancer
problem. This book was undertaken in order to test, modify, or discard Hypothesis-1. In the process,
the work also provides a bonus: Some of the most powerful evidence ever assembled CONFIRMING
that ionizing radiation is a potent cause of virtually all types of human cancer.

By contrast, ionizing radiation was NOT a proven cause of Ischemic Heart Disease when
Hypothesis-2 came into existence. Hypothesis-2 "fell out of the data” which we assembled in order to
test Hypothesis—1. This book presents the first powerful evidence that ionizing radiation IS a cause of
Ischemic Heart Disease --~ a very important cause.

e Part 3. Some Rather Dazzling Results to Examine

In approximately 50 years of biomedical research, we have rarely seen support for an
hypothesis (Hypothesis-1), and indication for a new hypothesis (Hypothesis-2), "fall out of data” so
strongly as they do in this monograph. Such events have to be taken seriously by objective analysts.

Even though the evidence is uncomplicated and the logic is straightforward, this book is long
because we have the unusual policy of showing the steps which connect the raw data with the
conclusions. For readers who want to know only the "bottom line," we provide an Abstract and
Executive Summary (Chapter 1).
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e Part 4. Why Our Findings Do Not Challenge the Importance of Other Causes of Cancer and THD

E %

Both Cancer and Ischemic Heart Disease are well established as multi-cause diseases. There is
convincing evidence that several different causes increase the death-rate from Cancer, and likewise,
that several different causes increase the death-rate from IHD. Moreover, it is safe to say that multiple
causes generally (perhaps always) contribute to a SINGLE CASE of fatal IHD, and to a SINGLE
CASE of fatal Cancer. The case would not occur when it does, without co-action by multiple causes.

The concept of NECESSARY co-actors is an old one. For instance, in the famous 1964
"Surgeon General’s Report” on cigarette smoking as a cause of Lung Cancer, the authors wrote (p.31):
"It is recognized that often the co—existence of several factors is required for the occurrence of a
disease, and that one of the factors may play a dominant role; that is, without it, the other factors (such
as genetic susceptibility) seldom lead to the occurrence of the disease.”

The assumption, of more than one cause per case of Cancer, arises from various lines of
evidence. For example, the rate of Breast Cancer is higher in women who inherit one mutated copy of
a "Breast Cancer Gene" than in women without that inheritance, but that inheritance certainly does not
guarantee the development of Breast Cancer in every breast-cell -——— even though every breast—cell
contains the mutation. One or more additional causes are necessary in order to turn even one of those
breast-cells into a Cancer.

The concept, that more than ONE cause is necessary to produce a case of Cancer, is embraced
by the widely accepted initiator-promoter model of Cancer. In that model, inherited or acquired
carcinogenic mutations require help from a "promoter” ~~~ for example, a hormone or infectious
agent. The concept of mutually dependent co-actors is also inherent in the widely accepted
multi-mutation multi~step models of carcinogenesis --- i.e., Cancer "is typically a multi-step process
resulting from an accumulation of as many as 10 genetic changes in a single cell” (p.471 in
Understanding Genetics: A Molecular Approach, Norman V. Rothwell; Wiley-Liss Publishers, 1993).

By definition, absence of a NECESSARY co-actor prevents the result. When two or more
co—actors each have a required role, in producing a particular case of disease, then the absence of any
ONE of them will prevent the case. We would regard such co-actors as equally important.

Thus, neither Hypothesis—1 nor Hypothesis-2 challenges the very important roles, already
established, for various nonradiation causes of Cancer and IHD. When we propose that medical
radiation is a highly important cause of Cancer and IHD mortality, we mean that in the ABSENCE of
medical radiation, many or most of the cases would not have occurred when they did. While medical
radiation has not been the ONLY factor contributing to such cases, we mean that it has been a
NECESSARY co-actor in such cases. Discussion of co-action continues in Chapter 6, Part 6.

Part 5. How to Reconcile High Fractional Causations by Xrays, Smoking, Diet

3

Fractional Causation refers to the fraction of the cancer mortality rate which would be absent
(prevented) in the absence of a specified carcinogen ——— which is medical radiation, in this monograph.
Therefore, Fractional Causation is the fraction or percentage of the cancer mortality rate attributable to
medical radiation —-- or caused by medical radiation, in ordinary parlance.

A related term, widely in use, is "radiation-induced Cancer.” The term is a brief and
convenient way to refer to cancer cases which would have been absent in the absence of exposure to
ionizing radiation. It does not mean that radiation is necessarily the ONLY cause contributing to cases
of radiation-induced Cancer. Similarly, when people refer to "occupationally-induced Cancer,” they
do not mean that occupation is the ONLY cause contributing to such cases. They refer to cases which
would have been absent in the absence of occupational exposure to carcinogens.

An Illustration of 100 Cancer Cases Resulting from Co-Action

Suppose that the evidence in this book indicates that Fractional Causation by medical radiation,
of the national cancer death-rate, is 90% in a certain decade. Because of co-action, such a finding
would NOT leave only 10% for all other causes combined ——- as we will illustrate here with some
hypothetical values. We will limit our illustration to only four carcinogens: Xrays, smoking,
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poor diet, and particular inherited mutations. For brevity, we exclude other workplace, at-home, and
environmental carcinogens. Then, we arbitrarily specify that the total cancer death-rate per year is
100 cases per 100,000 population and that these 100 cases are the result of co-action as follows. Our
First List (illustrative):

e 40 cases by co-action of xrays + smoking + poor diet.

® 25 cases by co-action of xrays + poor diet + inherited mutations.

® 25 cases by co-action of xrays + smoking + inherited mutations.

o 10 cases by co-action of smoking + poor diet + inherited mutations.

The meaning of the first row, above, is that xrays, smoking, and poor diet each make a
NECESSARY contribution to each case of Cancer in the first row. In the absence of any ONE of the
necessary co-actors, the 40 cases in the first row could not occur. That is the meaning of "necessary."
The meaning is similar for all four rows of hypothetical values.

A Second List, also adding up to 100 cases, would have very different implications if it were:
90 cases caused by xrays acting ALONE, 4 cases caused by a dietary factor acting alone, 3 cases
caused by smoking acting alone, and 3 cases caused by an inherited mutation acting alone. In both
lists, the sum of cases = 100 cases, but every case in the First List is the result of more than one cause
per case, whereas every case in the Second List is the result of only one cause per case (no co-action
in the Second List).

The Illustrative Fractional Causations by Xrays, Diet, Smoking, and Inherited Mutations

Out of the mixture of cases in the First List, we will explore how many cases could be
prevented if we could remove just ONE cause, while the other causes remain as they were. Xrays are
a required co-actor in (40 + 25 + 25), or 90 cases per 100 total cases. Because absence of a required

co-actor prevents the result, 90% of the cancer death-rate would be absent, in the absence of exposure
to medical radiation. Fractional Causation = 90% by medical radiation.

Next, we put radiation back into the mixture, and we remove just "poor diet." In our
supposition, it is a required co-actor in (40 + 25 + 10), or 75 cases per 100 total cases. Because
absence of a required co-actor prevents the result, 75% of the cancer death-rate would be absent, in
the absence of poor diet in this illustration. Fractional Causation = 75% by poor diet. In our
hypothetical illustration, Fractional Causation = 75% by smoking and 60% by inherited mutations. It
is obvious that a HIGH Fractional Causation by xrays does not require a LOW Fractional Causation by
any other cause of Cancer.

Because Fractional Causation means the fraction or percentage of the death-rate which would
be absent (prevented) by the absence of a specified co-actor, ADDITION of the separate Fractional
Causations produces nonsense (a total greater than 100%). Such addition would be equivalent to
counting the same cases of absent Cancer more than once.

Our warning against adding Fractional Causations applies to a statement in the 1999 report of
the National Research Council’s sixth Committee on the Biological Effects of lonizing Radiation (the
BEIR-6 Report, from the National Academy Press, 1999). The BEIR-6 Committee, referring to
evidence of co-action between smoking and exposure to radon (and radon’s decay-products), states that
"Some lung-cancer cases reflect the joint effect of the two agents and are in principle preventable by
removing either agent” (BEIR-6, p.33). Although Fractional Causation of such cases is 100% by

radon and 100% by smoking, addition of the two Fractional Causations would clearly count each
prevented case twice.

Implications of Co-Action for Progress in Preventing Cancer and IHD

When more than one cause is REQUIRED per case of Cancer or Ischemic Heart Disease, it
means that reducing exposure to a single necessary carcinogen or atherogen reduces the impact of all
its partners. If one can identify a single agent which is a necessary co-actor in a high fraction of cases
of Cancer and Ischemic Heart Disease, one can make real progress in preventing these diseases by
reducing exposure to that cause. The evidence uncovered in this book strongly indicates that medical
radiation is such an agent.
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ORIENTATION:

For decades, xrays and other classes of ionizing radiation have been a proven cause, in vivo
and/or in vitro, of virtually all types of mutation ——— especially structural chromosomal mutations (such
as deletions, translocations, and rings), for which the doubling-dose by xrays is extremely low.
Additionally, xrays are an established cause of in vitro genomic instability.

This monograph looks at the impact of medical radiation --- primarily from xrays, including
fluoroscopy and CT scans —-- upon mortality-rates from both Cancer and Ischemic (Coronary) Heart
Disease, from mid—century to 1990. The evidence in this book strongly indicates that medical radiation
has become a necessary co-actor (but not the only necessary co-actor) in causing over 50% of the
death-rates from Cancer and Ischemic Heart Disease (IHD) -—— a finding which is consistent with
participation of non-xray causes as necessary co-actors in the same cases (Introduction). In
multi-cause diseases such as Cancer and IHD, more than one necessary co-actor per fatal case is very
likely. Absence of any necessary co-actor, by definition, prevents such cases. The concept, of cases
due to medical radiation, means cases which would be absent in the absence of medical radiation.

PURPOSE:

Xrays have been a well-established cause of human Cancer for decades. This monograph was
undertaken (a) to quantify what share of U.S. age-adjusted cancer mortality, for each gender, is caused
by medical radiation, and (b) to check on the author’s 1995 finding, based on completely different data,
that exposure to medical radiation accounts for about 75% of Breast Cancer incidence in the USA. In
the process of evaluating cancer mortality vs. noncancer mortality for this monograph, it became
obvious that the impact of medical radiation upon death-rates specifically from Ischemic Heart Disease
also demanded evaluation.

MATERIALS AND METHODS:

This study is based on mortality rates among 130-250 million persons —-- namely, the entire
United States population, 1940-1990. Age-adjusted cancer mortality rates (MortRates) per 100,000
population are available by gender for each of the Nine Census Divisions (USA), for the 1940-1990
decades, from Vital Statistics. Such rates for noncancer mortality rates also are available. For
Ischemic Heart Disease, such rates are available starting in 1950, which means that NonCancer
NonIHD MortRates, by Census Divisions, are available starting in 1950.

For reasons presented in Chapter 2 (Parts 2+3), there are no reliable estimates of average per
capita population dose, accumulated from medical radiation, currently or in the past. Also not
available, for reasons presented in Chapter 2 (Part 7c), are reliable estimates of cancer-risk per
unit of dose from medical xrays. This monograph avoids these two types of uncertainty by using the
number of physicians per 100,000 population (PhysPop) as a reasonable approximation of the
RELATIVE magnitude of exposure from medical radiation in the Nine Census Divisions. The ranking
of averaged PhysPop values by Census Divisions, over the 1940-1990 period, is remarkably stable.

MortRates are regressed upon PhysPop values, by Census Divisions, to determine the presence

and direction of any dose-response. When a significant positive dose-response exists, the line of best
fit is extended to the y-axis, where the intercept's value indicates what the MortRate would have been
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for that disease, if there had been NO physicians per 100,000 population in a Census Division. The
national MortRate for the disease under study, minus the intercept’s value, provides a reasonable
estimate of the share of that national MortRate which is due to medical radiation (i.e., the share which
would be absent in the absence of medical radiation). Confidence limits are provided in Chapter 22,
Box 1.

RESULTS:

Cancer and IHD MortRates each have very significant positive correlations with PhysPop, for
males and females separately. By contrast, NonCancer NonIHD MortRates have a significant negative
correlation with PhysPop. The following groups of Cancer were studied: All-Cancers-Combined,
Breast Cancers, Digestive-System Cancers, Urinary-System Cancers, Genital Cancers, Buccal/Pharynx
Cancers, Respiratory-System Cancers, Difference-Cancers (All-Except-Respiratory). Only female
Genital Cancers failed to have a significant positive dose-response with PhysPop. The percentages, of
the death-rates from Cancer and IHD caused by medical radiation (i.e., the shares which would be
absent, in the absence of medical radiation), are shown in Box 1 of Chapter 1. For example:

Year Percent Year Percent
e All-Cancers-Combined, m 1940 9% 1988 74%
o All-Cancers-Combined, f 1940 58% 1988 50%
e All-Cancer-Except-Genital, f 1940 75% 1980 66 %
e Breast Cancer, f 1940 ~ 100% 1990 83%
e Ischemic Heart Disease, m 1950 79% 1993 63%
e Ischemic Heart Disease, f 1950 97% 1993 78%

The growing impact of cigarette-smoking (Chapters 48, 49) almost certainly explains why the
shares from medical radiation in 1980-1993 are somewhat lower than in 1940-50.

CONCLUSIONS:

Since its introduction in 1896, medical radiation has become a necessary co-actor in most fatal
cases of Cancer and Ischemic Heart Disease (IHD).

It is proposed that, for radiation-induced IHD, the probable mechanism is radiation-induction
of mutations in the coronary arteries, resulting in dysfunctional clones (mini-tumors) of smooth muscle
cells. A Unified Model of Atherogenesis and Acute IHD Events is presented (Chapter 45), which is
consistent with the findings in this book, is consistent with the findings (first by Earl Benditt in 1973)
of monoclonal cells in atherosclerotic plaques, is consistent with well-established knowledge about
atherogenic lipoproteins and other non-xray causes of fatal IHD, and is consistent with recent findings
about the weaker connection than expected between degree of arterial stenosis and the fatal rupturing of
specific atherosclerotic plaques.

The evidence in this monograph has major implications for prevention of Cancer and IHD.
This monograph points to demonstrations, by others, of proven ways to reduce dose-levels of
nontherapeutic medical radiation by 50% or considerably more, without eliminating a single diagnostic
or interventional radiologic procedure and without degrading the information provided by medical
radiation. Reduction of exposure to medical radiation can and will reduce mortality rates from both
Cancer and Ischemic Heart Disease.
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CHAPTER 1
Executive Summary of This Book

Part 1. Orientation: What Is Old, and What Is New

Part 2. Some Key Facts about Xrays and Ionizing Radiation in General

Part 3. No Doubt about Benefits from Medical Radiation

Part 4. Role of Medical Radiation in Causing Cancer and IHD, Past and Present
Part 5. Our Method for Calculating Fractional Causation

Part 6. Eight Features Which Confer High Credibility on the Findings

Part 7. Our Unified Model of Atherogenesis, and NonXray Co-Actors in IHD

Part 8. A Personal Word: The Xray Deserves Its Honored Place in Health

Part 9. Every Benefit of Medical Radiation: Same Procedures, Lower Dose-Levels
Part 10. An Immense Opportunity: All Benefit, No Risk

Boxes, Figures, and Tables, in that (alphabetical) order, are located
in this book at the ends of the corresponding chapters.

Box 1. Final Summary for Fractional Causation, by Medical Radiation, of Cancer and IHD.
Box 2. Comparison of Dose-Response at Mid-Century: NonCancer NonIHD, Cancer, IHD.
Box 3. Known Procedures Which Reduce Dosage from Medical Xrays.

Figure 1-A: All-Cancers-Combined: Dose-Response between PhysPop and MortRates.
Figure 1-B: Ischemic Heart Disease: Dose-Response between PhysPop and MortRates.
Figure 1-C: NonCancer NonlHD Deaths: Dose-Response between PhysPop and MortRates.

Part 1. Orientation: What Is Old, and What Is New

The evidence presented in this book strongly indicates that over 50% of the death-rate from
Cancer today, and over 60% of the death-rate from Ischemic Heart Disease today, are xray-induced
as defined and explained in Part 5 of the Introduction. The finding means that xrays (including
fluoroscopy and CT scans) have become a necessary co-actor ——- but not the only necessary co-actor
-—- in causing most of the death-rate from Cancer and from Ischemic Heart Disease (also called
Coronary Heart Disease, and Coronary Artery Disease). In multi-cause diseases such as Cancer and
Ischemic Heart Disease, more than one necessary co-actor per fatal case is very likely. Absence of
any necessary co-actor, by definition, prevents such cases. The concept of xray-induced cases means
cases which would be absent in the absence of exposure to xrays.

Xrays and other classes of ionizing radiation have been, for decades, a proven cause of virtually
all types of mutations --- especially structural chromosomal mutations (such as deletions,
translocations, and rings), for which the doubling dose by xrays is extremely low. Additionally, xrays
are an established cause of genomic instability, often a characteristic of the most aggressive Cancers.

Not surprisingly, a host of epidemiologic studies have firmly established that xrays and other
classes of ionizing radiation are a cause of most varieties of human Cancer. This monograph presents
(a) the first compelling evidence that xrays are a cause also of Ischemic Heart Disease (IHD) -—- a
very important cause ——- and presents (b) a Unified Model of Atherogenesis and Acute IHD Events
(Part 7 of this chapter).

We have a high level of confidence that our findings, about the important causal role of medical
radiation in both Cancer and IHD, are correct. Part 6 of this chapter identifies the features of the work
which produce this confidence.

Part 9 of this chapter points to demonstrations, by others, of proven ways to reduce dose-levels
of nontherapeutic medical radiation by 50% or considerably more, without eliminating a single
diagnostic or interventional radiologic procedure and without degrading the information provided by
medical radiation.

Reduction of exposure to medical radiation can and will reduce mortality rates ——- from Cancer
with certainty, and with very great probability from Ischemic Heart Disease too.
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e Part 2. Some Key Facts about Xrays and Ionizing Radiation in General

]

Most physicians and other people appreciate the imaging capability of the xray, but ——- through
no fault of their own --- they are taught very little about the biological action of those xrays which
never reach the film or other image-receptor. Part 2 provides some information about xrays and
ionizing radiation in general. These facts are well supported in the peer-reviewed biomedical
literature, in our text, and in our Reference List.

2a. Capacity to Commit Mayhem among the Genetic Molecules

The biological damage from a medical xray procedure does not come directly from the xray
photons. The damage comes from electrons, which those photons "kick" out of their normal atomic
orbits within human tissues. Endowed with biologically unnatural energy by the photons, such
electrons leave their atomic orbits and travel with high speed and high energy through their "home"
cells and neighboring cells. Each such electron gradually slows down, as it unloads portions of its
biologically unnatural energy, at irregular intervals, onto various biological molecules along its primary
track (path).

The molecular victims include, of course, chromosomal DNA, and the structural proteins of
chromosomes, and water. Even though each energy-deposit transfers only a portion of the total energy
of a high-speed high-energy electron, the single deposits very often have energies far exceeding any
energy-transfer which occurs in a natural biochemical reaction. Such energy-deposits are more like
grenades and small bombs (Chapter 2, Part 4a). None of this is in dispute.

2b. The Free-Radical Fallacy

There is no doubt that, along the path of each high-speed high-energy electron described above,
the energy-deposits produce various species of free radicals. Nonetheless, it is a demonstrated fallacy
(Appendix-C) to assume equivalence between the biological potency of xrays and the biological
potency of the free radicals which are routinely produced by a cell’s own natural metabolism.

The uniquely violent and concentrated energy-transfers, resulting from xrays, are simply absent
in a cell’s natural biochemistry. As a result of these "grenades" and "small bombs," both strands of
opposing DNA can experience a level of mayhem far exceeding the damage which metabolic

free-radicals (and most other chemical species) generally inflict upon a comparable segment of the
DNA double helix.

2c. Ionizing Radiation: A Uniquely Potent Mutagen

The extra level of mayhem is what makes xrays (and other types of ionizing radiation) uniquely
potent mutagens. Cells can not correctly repair every type of complex genetic damage, induced by
ionizing radiation, and sometimes cells can not repair such damage at all (evidence discussed in
Appendix-B and Appendix-C). Not all mutated cells die, of course. If they all died, there would be
very little Cancer and no inherited afflictions. Indeed, certain mutations confer a proliferative
advantage on the mutated cells. Exposure to xrays is a proven cause of genomic instability ~—- a
characteristic of many of the most aggressive Cancers (Chapter 2, Part 4b, and Appendix-D).

Unlike some other mutagens, xrays have access to the genetic molecules of every internal
organ, if the organ is within the xray beam. Within such organs, even a single high-speed high-energy
electron, set into motion by an xray photon, has a chance (far from a certainty) of inducing the types of
damage which defy repair. That is why there is no risk-free (no safe) dose-level (Appendix-B).

There is widespread agreement that, by its very nature, ionizing radiation at any dose-level can
induce particularly complex injuries to the genetic molecules. There is growing mainstream
acknowledgment that cellular repair processes are fallible, or entirely absent, for various complex
injuries to the genetic molecules (Appendix-B and Appendix-C).

2d. The Very Low Doubling-Dose for Xray-Induced Chromosomal Mutations

The inability of human cells, to repair correctly every type of radiation-induced chromosomal
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damage, has been demonstrated in nuclear workers (who received their extra low-dose radiation at
minimal dose-rates) and in numerous studies of xray-irradiated human cells at low doses. Besides
demonstrating non-repair or imperfect repair, such studies have established that xrays have an
extremely low doubling-dose for structural chromosomal mutations. (The doubling dose of an effect is
the dose which adds a frequency equal to the pre-existing frequency of that effect.)

For instance, the doubling-dose for the dicentric mutation is in the dose range delivered by
some common xray procedures, such as CT scans and fluoroscopy --- i.e., in the dose range of 2 to
20 rads (references in Chapter 2, Part 4b). The rad is a dose-unit which is identical to the centi-gray
(Appendix-A). We, and many others, prefer the simpler name: Rad.

Xrays are capable of causing virtually every known kind of mutation —--- from the very
common types to the very complex types, from deletions of single nucleotides, to chromosomal
deletions of every size and position, and chromosomal re-arrangements of every type. When such
mutations are not cell-lethal, they endure and accumulate with each additional exposure to xrays or
other ionizing radiation (Chapter 2, Part 8c; and Appendix-B, Part 2d).

2e. Medical Xrays as a Proven Cause of Human Cancer

Ionizing radiation is firmly established by epidemiologic evidence as a proven cause of almost
every major type of human Cancer (Chapter 2, Part 4c). Some of the strongest evidence comes from
the study of medical patients exposed to xrays ——- even at minimal dose-levels per exposure
(Appendix-B, Part 2d). Mounting mainstream evidence indicates that medical xrays are 2 to 4 times
more mutagenic than high-energy beta and gamma rays, per rad of exposure (Chapter 2, Part 7.)

o Part 3. No Doubt about Benefits from Medical Radiation

Radiation was introduced into medicine almost immediately after discovery of the xray (by
Wilhelm Roentgen) in 1895.

There is simply no doubt that the use of radiation in medicine has many benefits. The findings
in this book provide no argument against medical radiation. The findings do provide a powerful
argument for acquiring all the benefits of medical radiation with the use of much lower doses of
radiation, in both diagnostic and interventional radiology. (Interventional radiology refers primarily,
but not exclusively, to the use of fluoroscopy to acquire information during surgery and during
placement of catheters, needles, and other devices.)

Within the professions of radiology and radiologic physics, there are mainstream experts who
have shown how the dosage of xrays in current practice could be cut by 50%, or by considerably more,
in diagnostic and interventional radiology --- without any loss of information and without eliminating a
single procedure (discussion in Part 9, below). Among the current leaders in dose-reduction education
are Joel Gray, Ph.D. (recently retired from the Mayo Clinic’s Department of Radiology in Rochester,
Minnesota) and Fred Mettler, M.D. (Chief of Radiology, University of New Mexico School of
Medicine in Albuquerque, New Mexico).

e Part 4. Role of Medical Radiation in Causing Cancer and IHD, Past and Present

This monograph has produced evidence with regard to two hypotheses.

e - Hypothesis-1: Medical radiation is a highly important cause (probably the principal
cause) of cancer mortality in the United States during the Twentieth Century. Medical radiation
means, primarily but not exclusively, exposure by xrays —-- including fluoroscopy and CT scans.

(Hypothesis-1 is about causation of Cancer, so it is silent about radiation-therapy used after a Cancer
has been diagnosed.)

e — Hypothesis-2: Medical radiation, received even at very low and moderate doses, is an
important cause of death from Ischemic Heart Disease (IHD); the probable mechanism is
radiation-induced mutations in the coronary arteries, resulting in dysfunctional clones (mini—tumors) of
smooth muscle cells. (The kinds of damage to the heart and its vessels, observed from very high-dose
radiation and reported for decades, seldom resemble the lesions of IHD ——- details in Appendix J.)
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4a. These Hypotheses in Terms of Multi-Cause Diseases

Cancer and Ischemic Heart Disease are well established as multi-cause diseases. The concept,
that more than one necessary co-actor is required per case, has already been discussed in Parts 4 and 5
of the Introduction. In efforts to prevent these multi-cause diseases, reduction or removal of any
necessary co-actor is a central goal. The evidence in this book is that medical radiation has become a
necessary co-actor in a high fraction of the U.S. mortality rates from BOTH diseases. Fortunately,
dosage from medical radiation is demonstrably reducible without eliminating a single procedure.

4b. Fractional Causation: Percentage of Death-Rates due to Medical Radiation

The tabulation below shows the percentages, of the age-adjusted death rates (m=male,
f=female) from Cancer and IHD, due to medical radiation at mid-century and at the most recent year
for which we have data. Box 1 at the end of this chapter shows percentages for several specific types
of Cancer. Percentages for each intervening decade are shown in the appropriate chapters and
assembled in Chapter 66.

When an entry of ~ 100% occurs, such a finding is fully consistent with the fact that these
diseases occurred before the introduction of radiation into medicine, over a century ago. Other
mutagens (including radiation exposure from nature itself) have been operative both before and after the
introduction of medical radiation. A finding, of about 100% of the death-rate due to medical radiation
in 1940, means that by 1940, a very low fraction of such deaths would have occurred without medical
radiation as a co-actor.

Year Percent Year Percent
e All-Cancers-Combined, m 1940 90% 1988 74 %
e All-Cancers-Combined, f 1940 58% 1988 50%
o Breast Cancer, f 1940 ~ 100% 1990 83%
e All-Cancer-Except-Genital, f 1940 75% 1980 66%
e Ischemic Heart Disease, m 1950 79 % 1993 63%
o Ischemic Heart Disease, f 1950 97% 1993 78%

The growing impact of cigarette smoking (Chapters 48, 49) almost certainly explains why the
shares from medical radiation in 1980-1993 are somewhat lower than in 1940-1950.

A percentage such as 90% due to medical radiation (Fractional Causation by medical radiation
= 0.90) means that about 90% of the death-rate would have been absent in the absence of medical
radiation. Circumstantial evidence is strong that nonxray agents ALSO were necessary co-actors in
these same deaths. Thus, Fractional Causation of 90% by medical radiation certainly does not leave
"just 10% " for all other causes combined, as already illustrated in Part 5 of the Introduction.

Fractional Causation, of a year-specific mortality rate (MortRate) by medical radiation, refers
to whatever rate occurs in that year, and says nothing about whether the MortRate has been rising or
falling over time. Indeed, changes over time, in the types and concentrations of non-xray co-actors to
which populations are exposed, can cause cancer MortRates simultaneously to rise for some organs,
fall for other organs, and remain constant for still other organs (discussion in Chapter 67, Part 2).

The results in this book amply support Hypothesis-1 and the first part of Hypothesis-2. While
the central estimates of Fractional Causation are statistically the most likely to be correct, of course the
actual percentages could be either higher or lower. We note that percentages VERY much lower than
the central estimates would support each hypothesis, too.

o Part 5. Our Method for Calculating Fractional Causation
|8

]

When increments, in the death-rate from a disease, are proportional to increments in exposure
to an identified cause, a linear dose-response exists between the causal agent and increments in the
death-rate.

The evidence in this monograph repeatedly reveals a positive and tight linear dose-response,

between dose from medical radiation and mortality rates from Cancer (discussion in Chapter 5, Part
5d). By "tight,” we mean highly reliable (statistically). As we will explain, no group in our
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database escapes entirely from exposure to medical radiation. In order to estimate what the cancer
mortality rates would be in the ABSENCE of medical radiation, we use the basic technique of linear
regression analysis (Part 5c, below). After that basic step, it is not at all complicated to calculate
Fractional Causation due to medical radiation (Part 5g, below).

5a. The Database for Age-Adjusted Mortality Rates (MortRates)

We acquired the age-adjusted cancer MortRates per 100,000 population in each of the Nine
Census Divisions of the USA, from 1940 onward ~-- separately for males and females, and for all
races combined (no exclusions). Such data are published by the U.S. Government (details in Chapter
4). For most types of Cancer, our data end in 1988-1990 (some end in 1980).

Also we acquired the comparable age-adjusted MortRates for All NonCancer Causes of Death
——— as well as for selected individual causes (such as IHD, Stroke, Diabetes Mellitus, Influenza and
Pneumonia, Accidents, etc.) ——— in each of the Nine Census Divisions.

These MortRates, by Census Divisions, are the dependent variables (the responses) in our

dose-response studies. Because the MortRates are age-adjusted, the Census Divisions are matched
with each other for age.

5b. The Database for Dose: Physicians per 100,000 Population

During the 1985-1990 period, the number of diagnostic medical xray examinations performed
per year in the USA was approximately 200 million, excluding 100 million dental xray examinations
and 6.8 million diagnostic nuclear medicine examinations. The source of these estimates (the 1993
Report of UNSCEAR, the United Nations Scientific Committee on Atomic Radiation, p.229, p.275)
warns that 200 million could be an underestimate by up to sixty percent.

Not only is the number of annual examinations quite uncertain, but the average doses per
examination --- in actual practice, not measured with a dummy during ideal practice ——- vary
sometimes by many-fold from one facility to another, even for patients of the same size. The variation
by facility has been established by a few on-site surveys of selected facilities, because measurement
and recording of xray doses are not required for actual procedures (Part 9, below).

Fluoroscopy is a major source of xray dosage, because the xray beam stays "on" during
fluoroscopy. Such doses are rarely measured. When fluoroscopic xrays are used during common
diagnostic examinations, the total dose delivered varies with the operator. When fluoroscopic xrays are
used during surgery and other nondiagnostic procedures, the total dose delivered varies both with the
operator and the particular circumstances.

The uncertain number of procedures and the very uncertain doses per procedure combine to
cause profound uncertainty about current average per capita population dose from medical radiation
(Chapter 2, Part 3). Dose estimates for past decades are even MORE uncertain (Chapter 2, Part 2).

An Additional Gap in Knowledge: Risk-per-Rad Estimates

In most of the studies which produce estimates of cancer-risk per rad of xray dose, it is far
from certain which participants received which xray doses over their lifetimes, because such doses
were neither measured nor recorded. When a few participants are (unintentionally) assigned a wrong
dose-estimate, the error can substantially alter the resulting risk-per-rad estimates. This contributes to
the great uncertainty about the true risk-per-rad from xrays (Chapter 2, Part 7c). The uncertainty is
no secret. For example, the fifth Committee on the Biological Effects of Ionizing Radiation stated in
its 1990 report (National Academy Press, at pp.46-47): "A number of low-dose studies have reported
risks that are substantially in excess of those estimated in the present report ... Although such studies
do not provide sufficient statistical precision to contribute to the risk estimation procedure per se, they
do raise legitimate questions about the validity of the currently accepted estimates."

A Solution to These Gaps in Knowledge

Medical radiation procedures are initiated by a physician, even if someone else actually
performs the procedure. It is very reasonable to think that the more physicians there are per 100,000
population, the more radiation procedures per 100,000 population will be ordered. Thus, we arrive at
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the premise that average radiation dose, received per capita of population in a specific Census Division
from medical procedures during a specific year, is approximately proportional to the number of
physicians per 100,000 population in that same Census Division during that same year.

This common-sense premise is well supported in the 1988 and 1993 reports of the United
Nations Scientific Committee on Atomic Radiation (details in our Chapter 3, Part 1a), and is supported
specifically for the USA by data in a 1989 report from the National Council on Radiation Protection
and Measurements (details in Chapter 3, Part 1a).

"PhysPop” Values in the Nine Census Divisions, over Many Decades

We use the abbreviation, "PhysPop," for the quantity "Physicians per 100,000 Population.” A
PhysPop value of 134 means 134 Physicians per 100,000 population, for the specified year and place.

PhysPop values for various calendar years have been compiled and published for each state by
the American Medical Association over many decades (details in Chapter 3). It is a routine matter to
combine such data appropriately, in order to obtain PhysPop values for the Nine Census Divisions
(details in Chapter 3). Because substantial DIFFERENCES in PhysPop values exist among the Nine
Census Divisions, it has been possible for us to do dose-response studies, with PhysPop values in each
Census Division as surrogates for average per capita dose from medical radiation in each corresponding
Census Division.

Of course, dose is cumulative (i.e., radiation-induced mutations are cumulative). Moreover, in
a population of mixed ages (newborn to very advanced ages), the cancer-response to ionizing radiation
is spread out over at least four to five decades (Chapter 2, Part 8). Thus, the age-adjusted cancer
MortRates in any single year --- say 1990 ——— incorporate cases which are due to radiation received in
1940, 1950, 1960, 1970, etc. It happens that, during the 1921-1990 period, the rank order of the
Census Divisions --- by the size of their PhysPop values ~—— has been remarkably stable (details in
Chapter 3, Box 1; see also Chapter 47, Table 47-A). Thus, PhysPop values are well-suited to be
surrogates for the RELATIVE size of average ACCUMULATED per capita dose from medical
radiation, among the Nine Census Divisions.

Sc. Illustrative Regression (Input and Output), for All Cancers Combined

Linear regression analysis is a branch of mathematics which, among other things, evaluates how
well correlated are sets of paired values. In our dose-response studies, there are always nine pairs of
values, because there are Nine Census Divisions —-- each having its own age-adjusted MortRate (the
y-variable) and its own PhysPop value (the x-variable). On the lefthand side of the next page, we show
the input data for a regression whose output is shown on the righthand side.

In the output, two quantities measure the goodness (strength) of the correlation: The R-squared
value, and the ratio of the X-coefficient divided by its Standard Error (X-Coef/S.E.).

® An R-squared value of 1.00 is perfection. An R-squared value of 0.70 is very good. Those
who are familiar with the correlation coefficient, R, will recognize that R-squared values are lower
than the corresponding R-values (for instance, when R = 0.83666, R-squared = 0.70; when R =
0.94868, R-squared = 0.90).

® A ratio of (X-Coef/S.E.) of about 2.0 generally indicates a statistically significant
correlation. A ratio of 4.0 is a tight correlation. A ratio above 4.0 is very tight. The ratio describes
the reliability of the slope in a line of best fit.

In Part 5d, the male 1940 MortRates per 100,000 population, for All-Cancers-Combined, are

regressed upon the 1940 PhysPop values (which represent accumulated doses from earlier years of
medical radiation). The regression reveals a spectacularly tight correlation: R-squared = 0.9508.

5d. Figure 1-A: Graph of the 1940 PhysPop—Cancer Dose-Response (Males, Females)

The regression output (below) provides all the information necessary to calculate and to graph
the line of best fit for the nine pairs of real-world observations (listed below). Chapter 6, Part 3,
shows how. The resulting graph is presented in the upper half of Figure 1-A, at the end of this
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chapter. The nine boxy symbols in Figure 1-A represent the nine pairs of actual observations from the
X,y columns below. For example, the box farthest to the right represents the pair with the highest
PhysPop value: The Mid-Atlantic pair.

Census 1940 1940 All-Cancer MortRates 1940
Division PhysPop All-Ca (males) vs. PhysPop 1940

X y Regression Output:
Pacific 159.72 122.9 Constant 11.5484
New England 161.55 135.5 Std Err of Y Est 5.4727
West North Central 123.14 110.9 R Squared 0.9508
Mid-Atlantic 169.76 140.9 No. of Observations 9
East North Central 133.36 119.6 Degrees of Freedom 7
Mountain 119.89 99.8
West South Central 103.94 86.9 X Coefficient(s) 0.7557
East South Central 85.83 73.6 Std Err of Coef. 0.0650
South Atlantic 100.74 88.9 X-Coef/S.E. = 11.6275

Figure 1-A also presents the comparable graph for females (borrowed from Chapter 7). It was
prepared after regressing the female 1940 MortRates per 100,000 population, for
All-Cancers-Combined, upon the 1940 PhysPop values (which represent accumulated doses from
earlier years of medical radiation).

Se. The Dose-Response Findings for Specific Sets of Cancer

In addition to All-Cancers, we examined the dose-response for various sets of Cancers. With
only one exception (female Genital Cancers), all the regression analyses revealed strong POSITIVE
correlations between PhysPop and the 1940 Cancer MortRates, by Census Divisions. A summary of
their R-squared values is in Column D of Box 1, after the text of this chapter.

5f. NonCancer Causes of Death: ITHD Separates Itself from Other Causes

Before exploring the post-1940 decades, we asked, "Do the same strong positive correlations
exist for noncancer causes of death?”

They definitely do not. When we studied All Causes Except Cancer (Chapter 24), we found a
nonsignificant NEGATIVE relationship between PhysPop and MortRates. Curiosity drove us also to
study SPECIFIC noncancer MortRates in 1940 versus PhysPop. Almost all regression analyses
revealed negative relationships between PhysPop and noncancer MortRates. There is a summary of
those findings in the upper part of Box 2, at the end of this chapter. A negative X-coefficient means a
downward slope.

Strong POSITIVE Correlation between PhysPop and 1950 IHD MortRates

We arrived late at regressing Ischemic Heart Disease (IHD) MortRates on PhysPop, by Census
Divisions, because there are no MortRate data for IHD until 1950. When we finally regressed the
1950 MortRates for IHD on PhysPop, we were astonished by the results (Chapters 40 and 41). What
fell out of the data are very strong POSITIVE correlations with PhysPop --- which are graphed as
Figure 1-B at the end of this chapter.

e Male IHD MortRates vs. PhysPop: R-sq = 0.95 and Xcoef/SE = 11.25.
e Female ITHD MortRates vs. PhysPop: R-sq = 0.87 and Xcoef/SE = 6.75.

Such spectacular correlations do not happen by accident. They "demand” an explanation. The
resemblance to the positive dose-response for Cancer is self-evident. These two diseases
unambiguously sort THEMSELVES out from NonCancer NonIHD causes of death, with respect to
medical radiation (PhysPop). The positive dose-response between PhysPop and Cancer is no surprise,
because xrays are a proven cause of Cancer. For IHD, the findings above invoke the Law of Minimum
Hypotheses: Medical radiation is a cause of Ischemic Heart Disease, too. Our Unified Model of
Atherogenesis (Part 7, below) proposes HOW radiation-induced dysfunctional clones of smooth muscle
cells, in the coronary arteries, may interact with atherogenic lipoproteins to explain the strong positive
correlations presented above.
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Strong NEGATIVE Correlation between PhysPop and 1950 NonCancer NonI[HD MortRates

When BOTH Cancer and IHD are removed from Causes of Death, the correlation between
PhysPop and MortRates for the remaining Causes of Death (NonCancer NonIHD) is not only
NEGATIVE, but it also is statistically significant. That relationship is depicted in Figure 1-C ——-
borrowed from Chapter 25. The contrast is dramatic, between Figure 1-C and the two preceding
figures. Box 2, at the end of this chapter, presents the findings for specific NonCancer Non IHD
causes of death.

5g. From Positive Dose-Response to Fractional Causation: The Calculation

The observed PhysPop values and the observed MortRates, by Census Divisions, reveal a
positive, linear dose-response of great strength between medical radiation and the mid-century
MortRates for Cancer and (separately) for Ischemic Heart Disease.

In order to estimate what SHARE of the National MortRates for these diseases was due to
medical radiation, we use the regression output to identify what the MortRates for each disease would
have been at that time, if the population had received NO medical radiation. The Constant is the value
of the y-variable (the MortRate) when the x-variable (PhysPop) is zero. Obviously, if there had been
no physicians per 100,000 population, there would have been no medical radiation. On our graphs, the
Constant is the value of y where the line of best fit intercepts the vertical y-axis.

Example from Part 5d, above: In the regression output, the Constant = 11.5 -—— matching the
y-intercept in the upper graph of Figure 1-A. From Chapter 6, Table 6-B, we have the datum that the
1940 NATIONAL age-adjusted male MortRate from All Cancers Combined was 115.0 fatal Cancers
per 100,000 male population. Of these 115.0 cases, only 11.5 cases would have occurred if there had
been no medical radiation. The number of fatal cases (per 100,000 population) in which medical
radiation was a required co-actor was (115.0 minus 11.5), or 103.5 cases. And the Fractional
Causation by medical radiation was 103.5 / 115.0, or 0.90 -—- 90%.

This is the manner in which Fractional Causation by medical radiation is estimated, both for
Cancer and for IHD MortRates, throughout this book. For the decades beyond mid-century, one
adjustment was required (and executed in plain view) for the impact of cigarette smoking, an important
co-actor whose intensity was not matched across the Nine Census Divisions (Chapter 48).

Returning to the example from Part 5d, we want to estimate the Upper and Lower 90%
Confidence Limits on the Fractional Causation by medical radiation of the male 1940 National
All-Cancer MortRate. These limits are, respectively, 99% and 75%. These limits are derived from
the reliability of the slope of the line of best fit, because its slope (the X-coefficient) determines the
value of the y-intercept (the Constant). The regression output in Part 5d provides the required values:
The X-coefficient is 0.7557 units of y per unit of x, with a Standard Error of 0.0650. Calculation of
the Confidence Limits is first demonstrated in Chapter 6, Part 4.

e Part 6. Eight Features Which Confer High Credibility on the Findings
B

This monograph presents evidence that medical radiation is an important cause of both fatal
Cancer and fatal Ischemic Heart Disease in the USA. There are eight features of our findings which
endow us with high confidence that the findings are correct, and so we call those features to the
attention of readers:

e First, the findings occur from data which were collected long ago for other purposes ——-
namely the collection of Vital Statistics from each state on the causes of death per 100,000 population,
and the collection of information from each state on the number of physicians per 100,000 population
(PhysPop values). Thus, these databases are free from any conceivable bias with respect to
Hypothesis—1 or Hypothesis-2. This is no small matter. The first obligation of objective analysts is to
be able to assure themselves and the public that the raw data which they employ are trustworthy and
neutral with respect to the topic.

e Second, the findings occur from an enormous database: The entire U.S. population. (132
million in 1940; 247 million in 1990). It is hard to imagine a larger prospective study than one which
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"enrolls" the entire U.S. population in its nine dose-cohorts (Chapter 22, Part 4). All other things
being equal, the larger the database, the more reliable are the results.

® Third, the findings occur without dependence on permanently uncertain dose-estimates in
medical rads and without dependence on unsettled estimates of cancer-risk per medical rad (Part 5b,

® Fourth, the findings are not the product of elaborate statistical manuevers and adjustments
occurring, beyond realistic review, in a computer. While statistical operations are an essential part of

epidemiology, we regard findings in the biomedical literature as unreliable, if they are the product of

o Fifth, the mid-century dose-responses between PhysPop and the MortRates for Cancer and
for Ischemic Heart Disease are extremely strong. There is nothing marginal about the findings. They
are almost spectacular in their strength. Even without linear regression, it would be clear from Figures
1-A and 1-B that the nine real-world observations (the boxy symbols) cluster very closely around a

straight and upward line. The nearly perfect correlations provide a solid foundation for confidence in

Box 2 summarizes the findings for specific as well as combined NonCancer NonIHD Causes of
Death, and contrasts them with the findings for All-Cancers, specific Cancers, and IHD.

A mountain of powerful evidence is summarized on that single page. The real-world
observations clearly show that Cancer and Ischemic Heart Disease belong together, and not with the
other diseases, with respect to PhysPop. These observations "demand” an explanation, which is
supplied by the proportionality between PhysPop and average accumulated per capita dose from
medical radiation.

Figure 1-A has a ready explanation, based on two undisputed facts: 1) Physicians cause
exposure to medical radiation, and 2) Radiation is a proven cause of Cancer. Figure 1-B also has an
explanation which is tied to real-world evidence: 1) Physicians cause €xposure to medical radiation; 2)
Radiation is a proven cause of mutations of virtually every sort; and 3) Some evidence exists, prior to
this monograph, that acquired mutations ARE co-actors in atherogenesis (Chapter 44, Parts 8 and 9).
In contrast to the evidence-based explanations above, various speculations are possible (Chapter 68).

causes both Cancer and Ischemic Heart Disease. If that speculation seems credible, then clearly the
National Institutes of Health should give top priority to IDENTIFYING what the physicians do.

¢ Seventh, the conclusion, that medical radiation is a major cause of both fatal Cancer and fatal
Ischemic Heart Disease, very reasonably explains the tight positive correlations between PhysPop and
the MortRates for Cancer and for IHD (and the absence of such correlations for NonCancer NonlHD
MortRates), while various alternative proposals fall short (Chapter 68). Moreover, the conclusion does
not produce conflicts with well-established facts (Introduction, and Chapters 46 and 67). Indeed, the
conclusion helps to explain some of them (Chapter 46),

e Eighth, this monograph —--- although employing completely independent data and methods
from our 1995/96 monograph about Breast Cancer ——— nonetheless produces remarkably similar
estimates of the Fractional Causation of recent Breast Cancer rates by medical radiation (Chapter 67,
Part 5¢).
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e Part 7. Our Unified Model of Atherogenesis, and NonXray Co-Actors in IHD

As noted above, this monograph’s real-world evidence clearly shows that Cancer and Ischemic
Heart Disease belong together, and not with the other causes of death, with respect to PhysPop. The
positive dose-response between PhysPop and Cancer is certainly not strange. Cancer is the single
cause of DEATH already well-proven (prior to this monograph) to be inducible by ionizing radiation
-—— and average population exposure to ionizing radiation from medical procedures is approximately

proportional to PhysPop.

The surprise is our unambiguous finding of a tight positive correlation between PhysPop and
IHD MortRates, a result which indicates strongly that Ischemic Heart Disease also is inducible by
medical radiation. With respect to “surprise," a reminder is appropriate: The kinds of damage to the
heart and its vessels, observed from very high-dose radiation and reported for decades, seldom
resemble the lesions of IHD ——- details in Appendix-J.

Our monograph is essentially the first, large prospective study on induction of fatal Ischemic
Heart Disease by medical radiation. The results are stunning in their strength. Such strong
dose-response relationships do not occur by accident.

7a. Earl Benditt’s Work on Monoclonality in Atherosclerotic Plaques

We might be less surprised, by the strong positive dose-response between medical radiation and
IHD MortRates, if we (and others) had paid more attention to a different type of evidence, available
since 1973. We mean evidence supporting a role for mutagens in atherosclerosis. Such evidence came
into existence at the University of Washington School of Medicine, Department of Pathology, when
Earl Benditt and colleagues found evidence of monoclonality in atherosclerotic plaques in 1973 -—
findings which have been replicated several times (Chapter 44, Parts 8 + 9). The fact, that ionizing
radiation is a uniquely potent mutagen, provides the foundation for the second part of Hypothesis-2 ——-
our Unified Model of Atherogenesis (Part 7c, below).

Tb. A Reality-Check, for Consistency in Our Findings

Our dose-response evidence, that medical radiation is an important cause of both Cancer and
Ischemic Heart Disease, elicits a "prediction.” The MortRates for the two diseases should show a
persistent positive correlation with each OTHER, by Census Divisions, over time -—- and should
simultaneously show a distinctly DIFFERENT relationship with MortRates for NonCancer NonlHD
Causes of Death, which are NOT inducible by jonizing radiation. The expectation is well met, as we
show in Appendix-N.

7c. Our Unified Model of Atherogenesis and Acute IHD Events

Our Unified Model of Atherogenesis and Acute IHD Events (Chapter 45) combines the
evidence in this book, that medical radiation has an important causal role in mortality from Ischemic
Heart Disease, with the abundant evidence elsewhere that certain lipoproteins in the bloodstream also
have an important causal role in mortality from Ischemic Heart Disease (Chapter 44, Parts 3,4,5,6,7).

Our view (shared by many others) is that the plasma lipoproteins have no physiologic function
in the intimal layer of the coronary arteries, and that under normal circumstances, their rate of entry
and exit from the intimal layer is in balance. We propose that what disrupts this lifelong egress of
lipoproteins from the intima ——= with the disruption occurring only at specific locations ——- are
mutations acquired from medical radiation and from other mutagens.

In our Unified Model, some mutations acquired by smooth muscle cells render such cells
dysfunctional AND give such cells a proliferative advantage ——- so that they gradually replace
competent smooth muscle cells at a localized patch of artery (a mini—tumor). And this patch of cells,
unable to process lipoproteins correctly, becomes the site of chronic inflammation, resulting in
construction of an atherosclerotic plaque -—- whose fibrous cap is sometimes too fragile to contain the
highly thrombogenic lipid-core within the plaque. The Unified Model is described in more detail in
Chapter 45. Then Chapter 46 describes how the model helps to explain, or is consistent with,

established observations ——— including the existence of many additional co-actors in the causation of
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mortality from Ischemic Heart Disease.

e Part 8. A Personal Word: The Xray Deserves Its Honored Place in Health

E B

The finding, that radiation from medical procedures is a major cause of both Cancer and
Ischemic Heart Disease, does NOT argue against the use of xrays, CT scans, fluoroscopy, and
radioisotopes in diagnostic and interventional radiology. Such uses also make very POSITIVE
contributions to health. We deeply respect those contributions, and the men and women who achieve
them.

This author is most definitely not "anti-xray" or "radio-phobic.” As a graduate student in
physical chemistry, I worked very intimately with radiation, in the quest for the first three
atomic-bombs. Subsequently, in medical school, I considered becoming a radiologist. In the late
1940s, I did nuclear medicine with patients having a variety of hematological disorders. In the 1960s, I
did chemical elemental analysis of human blood by xray spectroscopy. In the early 1970s, our group at
the Livermore National Laboratory induced genomic instability in human cells with gamma rays.

In short, I fully appreciate the benefits and insights (in medicine and other fields) which ionizing
radiation makes possible.

But no one HONORS the xray by treating it casually or by failing to acknowledge that it is a
uniquely potent mutagen. One honors the xray by taking it seriously. While doses from diagnostic and
interventional radiology are very low RELATIVE TO DOSES USED FOR CANCER THERAPY,
diagnostic and interventional xray doses today are far from negligible (some examples in Chapter 2,
Part 7e). The widely used CT scans, and the common diagnostic examinations which use fluoroscopy,
and interventional fluoroscopy (e.g., during surgery), deliver some of the largest nontherapeutic doses
of xrays. In 1993, the United Nations Scientific Committee on the Effects of Atomic Radiation warned,
appropriately, in its Annual Report:

"Although the doses from diagnostic xray examinations are generally relatively low, the magni-
tude of the practice makes for a significant radiological impact” (UNSCEAR 1993, p.228/40). In the
USA until about 1970, fetal irradiation occurred during ~ 1 pregnancy per 14 (Chapter 2, Part 2d).

Part 9. Every Benefit of Medical Radiation: Same Procedures, Lower Dose-Levels

The fact that ionizing radiation is a uniquely potent mutagen, and the finding that radiation from
medical procedures is a major cause of both Cancer and Ischemic Heart Disease, clearly indicate that it
would be appropriate in medicine to treat dosage of ionizing radiation at least as carefully as we treat
dosage from potent medications. In the medical professions, we do not administer unmeasured doses
of powerful pharmaceuticals, and we do not take a casual view of a 5-fold, 10-fold, even 20-fold
elevation in dosage of such medications.

By contrast, in both the past and the present, unmeasured doses of xrays are the rule —-- not the
exception (Chapter 2, Parts 2, 3a, and 3e). When sampling has been done, in which actual
measurements are taken, dosage has been found to vary from one facility to another by many-fold, for
the same procedure for patients of the same size. The reason for large variation is obvious from the
list of numerous proven ways to reduce dosage (Box 3 at the end of this chapter). Facilities which
apply all the measures can readily achieve average doses more than 5-fold lower than facilities which
apply very few measures.

Certain Spinal Xrays: A Dramatic Demonstration

The potential for dose-reduction may far exceed 5-fold for some common xray exams. This
has already been demonstrated for the spinal xrays employed to monitor progress in treating idiopathic
adolescent scoliosis, a lateral curvature of the spine. An estimated 5% of American children, or more,
have this disorder. In a most responsible way, Dr. Joel Gray and co-workers at the Mayo Clinic
developed radiologic techniques for scoliosis monitoring which can reduce measured xray dose to
various organs as follows (Gray 1983 in J. of Bone & Joint Surgery 65-A: 5-12):

o Abdominal exposure: 8-fold reduction.

e Thyroid exposure: 20-fold reduction (with a back to front radiograph), and 100-fold
reduction (with a lateral radiograph).
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e Breasts: 69-fold reduction (with a back to front radiograph), and 55-fold reduction (with a
lateral radiograph).

They report, "These reductions in exposure were obtained without significant loss in the quality

of the radiographs and in most instances, with an improvement in the over-all quality of the radiograph
due to the more uniform exposure.”

9a. Dose-Measurement: Low Cost and High Importance

Incorporated in Box 3's list, under the term "Quality Assurance," is measurement of
dose-levels. Only frequent measurements can provide the feedback required to make continual dose
reductions —-- and also to prevent continual dose increments. The combination of frequent
measurements, with an enhanced recognition that each xray photon matters, can achieve a very great
deal all by themselves. Nearly everyone takes pride in doing better and better. The evidence, that a
series of small improvements can amount to a big difference in result, is abundant elsewhere in
medicine and pharmacology.

Fortunately, it is extremely easy to measure entrance—doses during a radiation procedure. One
just presses on a small self-adhesive patch called a TLD (thermo-luminescent dosimeter), which does
not interfere at all with the procedure. Moreover, the cost for a TLD, including its subsequent
"reading,"” is just a few dollars.

We note that no major equipment purchases are required either to achieve the benefits of quality
control (an estimated 2-fold reduction in average dose-level in radiography, Box 3) or to achieve better
operator—techniques in fluoroscopy (an estimated 2-to-10-fold reduction in dose, Box 3). Cost is not a
big obstacle to taking dose-reduction seriously. The big obstacle is the recognition that it really
matters.

Mammography: A Model of Success

The importance of dose-reduction for the mammographic examination has been recognized, and
such doses have been reduced by about a factor of TEN in recent years. "Where there is a will, there
is a way." In certified mammography centers today, doses are routinely verified periodically, and
measurements provide the feedback required, in order to achieve constant dose-reduction instead of
upward creep.

9b. The Benefits of Every Procedure -—- with Far Less Dose

Dose-reduction can be a truly safe measure. It is clear that average per patient doses from
diagnostic and interventional radiology could be reduced by a great deal without reducing the medical
BENEFITS of the procedures in any way. We can summarize from Box 3:

e Radiography: Quality-assurance (dose-reduction by an average factor of 2),
beam-collimation (by a factor up to 3), rare-earth screens (by a factor of 2 to 4), rare-earth filtration
(by a factor of 2 to 4), use of carbon-fibre materials (by a factor of 2), gonadal shielding (by a factor
of 2 to 10 for the gonads).

o Digital Radiography: Decrease in contrast resolution, when such resolution is not needed
(dose-reduction by a factor of 2 to 3), use of a pulsed system (by a factor of 2).

e Fluoroscopy: Changes in the operator’s technique (dose-reduction by a factor of 2 to 10),
variable aperture iris on TV camera (by a factor of 3), high and low dose-switching (by a factor of
1.5), acoustic signal related to dose-rate (by a factor of 1.3), use of a 105Smm camera (by a factor of 4
to 5). Additional methods not specified in the list: Use of a circular beam-collimator when the
image-receiver is circular (Chapter 2, Part 3d), adoption of "freeze-frame" or "last-image-hold”
capability, and restraint in recording fluoroscopic images (Chapter 2, Part 3e).

e Part 10. An Immense Opportunity: All Benefit, No Risk

The evidence in this monograph, on an age-adjusted basis, is that most fatal cases of Cancer
and Ischemic Heart Disease would not happen as they do, in the absence of xray-induced mutations.
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We look forward to responses to our findings.

We have also presented findings, from outside sources, that average per patient radiation doses
from diagnostic and interventional radiology could be reduced by a great deal, without reducing the
medical BENEFITS of the procedures in any way. The same procedures can be done at substantially
lower dose-levels (Part 9, above).

10a. Does the Public Need a Denial, *For Its Own Good" ?

One type of response to this monograph may be that the findings need to be denied immediately
(without examination), lest the public refuse to accept the benefits of xray procedures.

This type of response, insulting to the public, would not be consistent with reality. In reality,
the public accepts a host of dangerous medications and procedures, in exchange for their demonstrable
benefits ——— sometimes, for undemonstrated benefits. Very few people will forego the obvious benefits
from diagnostic and interventional radiology, just because such procedures confer a risk of subsequent
Cancer and IHD. The only change will probably be that people will demand that the same degree of
care, now exercised with respect to dosage of potent medications, be exercised with respect to dosage
of radiation from each procedure. They will want to avoid a dose-level of, say, ten rads —-- if the
same information could be acquired with one rad. They do not deserve "one useful part of
information, and nine unnecessary parts of extra risk of Cancer and IHD." Patients will want more
measurements, and fewer assumptions, about the doses delivered. But they will NOT reject the
procedures themselves.

10b. Do Nothing Until the Work Is Independently Confirmed?

A second response, to the evidence in this monograph, may be that doses in diagnostic and
interventional radiology should not be reduced until our work is independently confirmed.

The concept, "independent confirmation,” is meaningless without equally credible, but
independent, sets of data. If one is seriously interested in new prevention-measures for Cancer and
Ischemic Heart Disease, then one really needs to ask: Will it ever be possible to conduct a MORE
reliable evaluation ——- of Fractional Causation, by medical radiation, of Cancer and IHD --- than the
evaluation provided by the databases we used in this book? We doubt it, for the reasons described in
Part 5b above. As for replication of our results from the SAME databases (PhysPops and age-adjusted
MortRates, by Census Divisions), that could be promptly achieved.

It is worth emphasis that validity of the first part of Hypothesis-2 (medical radiation is an
important cause of IHD) does not depend on the validity of the second part of Hypothesis-2 (our
Unified Model of Atherogenesis -—- Part 7c, above). The Unified Model will definitely need
independent testing. This might consume decades. Meanwhile, why deny patients the benefits of
eliminating uselessly high doses of medical radiation?

10c. The "Advocacy Issue” and the Hippocratic Oath

It is very often said that, if scientists advocate any action based on their findings, they
undermine their scientific credibility. If such scientists stand to benefit financially from the actions they
advocate, such suspicion occurs naturally. But even in such circumstances, if their work is presented
in a way which anyone can replicate, it should be impossible for their advocacy to diminish the
scientific credibility of their work.

Our findings are not encumbered either by financial interests or by any barriers to replication.
We have high confidence in the scientific credibility of the results, for the reasons presented in Part 6.
The findings stand on their own, whether or not we advocate any action.

I have spent a lifetime studying the causes of Ischemic Heart Disease, and then Cancer, in order
to help prevent such diseases. So it would be pure hypocrisy for me to feign a lack of interest in any
preventive ACTION which would be both safe and benign. And when sources, completely independent
from me, set forth their findings that such action is readily feasible ——- namely, significant
dose-reduction in diagnostic and interventional radiology —-- it would be worse than silly for me to
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pretend that I have no idea what action should occur. After all, as a physician, I took the Hippocratic
Oath: "First, do no harm." Silence would contribute to the harm of millions of people.

10d. Why Wait? What Is the Purpose?

Although it is commonly assumed that radiation doses are "negligible” from modern medical
procedures, the assumption is definitely mistaken. In reality, estimated dose-levels today from some
common xray procedures are far from negligible, as illustrated in Chapter 2, Part 7e. Both the
downward and upward forces upon post-1960 dose-levels are discussed in Chapter 2, Part 3. The net
result is unquantifiable.

An estimated 35% to 50% of some higher-dose diagnostic procedures are currently received by
patients below age 45 (details in Chapter 2, Part 3f) -—- when the carcinogenic impact per dose-unit is
probably stronger than it is after age 65 or so.

In diagnostic and interventional radiology, dose-reduction would be wholly safe, quite
inexpensive, and guaranteed beneficial -——- because induction of Cancer by ionizing radiation has been
an established fact for decades. (The contribution of radiation-induced mutations, to all types of
inherited afflictions, is beyond the scope of this book.) It seems to us that anyone who contemplates
Part 9 of this chapter, on known methods of dose-reduction in radiology, has to ask: Why wait? What
is the purpose of waiting, when only benefit, and no harm, can come from reducing uselessly high
doses as rapidly as possible?

10e. A Mountain of Solid Evidence That Each Dose Matters

The fact, that xray doses are so seldom measured, reflects the false assumption that such doses
do not matter. This monograph has presented a mountain of solid evidence that they do matter,
enormously. And each bit of additional dose matters, because any xray photon may be the one which
sets in motion the high-speed high-energy electron which causes a carcinogenic or atherogenic
mutation. Such mutations rarely disappear. The higher their accumulated number in a population, the
higher will be the population's mortality-rates from radiation-induced Cancer and Ischemic Heart
Disease.

The xray is a proven mutagen and a proven cause of Cancer, and the evidence in this book
strongly indicates that it is also a very IMPORTANT cause of Cancer and a very important atherogen.
From the existing evidence, it is clear that average per patient doses from diagnostic and interventional
radiology could be reduced by a great deal without reducing the medical benefits of the procedures in
any way (Part 9, above): Same procedures, at lower doses. Unless effective measures are taken, to
eliminate uselessly high dosage, medical radiation will continue in the next century to be a leading
cause of Cancer and Ischemic Heart Disease in the United States, and will become a leading cause in
the "developing” world, too.

10f. A Prudent Position from Which No One Loses, Everyone Gains

Whether diseases are common or rare, a prime reason for studying their causation is
PREVENTION. Cancer and Ischemic Heart Disease, combined, accounted for 45% of all deaths in
the USA during 1993 (Chapter 39, Part 4).

If we in the medical professions take the position, that we should NOT press for reducing doses
from medical radiation until every question has been perfectly answered, then we can never un—do the
harm inflicted during the waiting period, upon tens of millions of patients every year. By contrast, if
we take the prudent position that dose-reduction should become a high priority without delay (and if
humans do not start exposing themselves to some OTHER potent mutagen), the evidence in this
monograph indicates that we will prevent much of the future mortality from Cancer and Ischemic Heart
Disease, without causing any adverse effects on health. No one loses, everyone gains.

SODOS>5>>>
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Box 1 of Chapter 1
Final Summary for Fractional Causation, by Medical Radiation, of Cancer and Ischemic Heart Disease.

o - The range of values below represents the earliest year and the most recent year named in Column A. Values for
the intervening decades are provided in the listed chapters (e.g., Ch49). The values below come from the "A" or

"AA" tables in Chapters 49 — 65. "Diff-Ca" = All Cancers Except Respiratory. "AllExcGen" = All except Genital
Cancers. Mortality rates in Column B are age-adjusted to the reference year 1940,

Col. A: Col.B: Nat'l | Col.C: | Col.D: Col.E: Col.F:
M = Male. Age-Adjusted |  Frac. Causation | R-squared X-Coefficient Ratio of
F = Fem. Mortality Rate | by Medical Radn | XCoef/Std.Error

Ch49, 1940-88, Big net rise. | |

All-Cancer: M 115.0 --> 162.7 | 90% —> 74% ] 095—>093 0.76-—>0.75 11.6 —> 10.1
I l

Ch50, 1940-88, Net decline. | |

All-Cancer: F 126.1 —> 111.3 | 58% —> 50% | 086-—>087 053-—>0.34 6.6—>6.9
| I

Ch51, 1940-88, Enormous rise. | |

Resp’'yCa: M 11.0 —> 59.7 | ~100%-—->74% | 087-->0.78 0.12—>0.27 68-—>5.0
I |

Ch52, 1940-88, Enormous rise. i |

Resp’y Ca: F  3.3-—>245 | 97% —> 83% | 096-—>09 0.02-—>0.13 134-—>78
I I

Ch53, 1940-88, Approx. flat. | |

Diff-Ca: M 104.0 —> 103.0 | 84% —> 72% | 093-—>092 0.64-—>046 10.0-—>38.7
| |

Ch54, 1940-88, Big decline. | |

Diff-Ca: F 122.8 —> 86.8 | 57% —> 48% |] 085-->084 050—>0.25 6.3—>6.1
| |

Ch55, 1940-90, Flat. | |

Breast-Ca: F  23.3—>23.1 | ~100% —>83% | 092-->089 0.19—>0.12 8.7-—>6.7
I |

ChS6, 1940-80, Flat. | |

AllExcGen: F  94.0 —> 94.8 ! 75% —> 66% | 0.87-->093 0.51—>043 68—>9.6
| |

Ch57, 1940-88, Big decline. | [

Digest-Ca: M 60.4 —> 38.8 | 97% —> 82% | 091-->087 043—>020 83-->70
I |

ChS58, 194088, Big decline. | |

Digest-Ca: F  50.1 —> 23.5 ] 80% —> 68% | 076--—>086 029-—>0.10 4.6-—>6.7
I I

Ch59, 1940-80, Approx. flat. | |

Urinary-Ca: M 7.4 ——> 8.2 | ~100% —>83% | 092—>061 0.08-->005 9.0-->33
| |

Ch60, 1940-80, Decline. | |

Urinary-Ca: F 4.0 --> 3.0 | 86% --> 78% | 094-—>091 0.02-->0.02 10.4-—>8.5
| |

Ché61, 1940-90, Some rise. | |

Genital-Ca: M 152 --> 16.9 | 79% —> 47% | 077—>0.79 0.09-->0.05 49-—->52
| I

Ch63, 1940-80, Approx. flat. | |

Buccal-Phar: M 5.1 —> 4.6 | ~100% —>81% | 072—>0.73 0.04 —>0.03 43-->44
I |

Ché4, 1950-93, Enormous fall. | |

IHD: M 256.4 —> 131.0 | 79% —> 63% ] 095—>0.73 149-—->0.50 11.2-->4.3
| |

Ch65, 1950-93, Enormous fall. ! |

IBD: F 126.5 —> 64.7 | 97% —> 78% | 087-—>0.68 090-->030 6.8—>39
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Box 2 of Chapter 1
Comparison of Results: All Causes, NonCancers, NonCancers NonlHD, Cancers, IHD.

All the comparisons below are based on the relationship between 1940 PhysPops and 1940 MortRates, except for 3 pairs
of 1950 MortRates. “Sig." means statistically significant. When XCoef/SE = 2, then P = roughly 0.05. See Chap.38.

X- XCoef/ Relationship, MortRates
R-Squared Coef. Std Err w. PhysPops by CensusDiv.
Ch23: All Causes Combined Male 0.1299 Neg. -1.02 Inverse, but not sig.
Fem 0.2823 Neg. ~1.66 Inverse, and marginal.
Ch24: All NonCancer Combined Male 0.2841 Neg. -1.67 Inverse, and marginal.
Fem 0.4362 Neg. -2.33  Inverse, and significant.
Ch25: All NonCancer NonIHD Male 0.7933 Neg. -5.18 Inverse, and very sig.
Fem 0.7037 Neg. ~4.08 Inverse, and very sig.
Ch26: Appendicitis Male 0.0179 Neg. -0.36 None.
Fem 0.0010 Neg. -0.08 None.
Ch27: CNS Vascular (Stroke) Male 0.4000 Neg. -2.16 Inverse, and significant.
Fem 0.2882 Neg. -1.68 Inverse, and marginal.
Ch28: Chronic Nephritis Male 0.4561 Neg. -2.42 Inverse, and significant.
Fem 0.2687 Neg. -1.60 Inverse, and marginal.
Ch29: Diabetes Mellitus Male 0.6435 Pos. 3.55 Positive, and quite sig.*
Fem 0.6005 Pos. 3.24  Positive, and quite sig.*
Ch30: Hypertensive Disease Male 0.3564 Neg. -1.97 Inverse, and significant.
Fem 0.2056 Neg. -1.35 Inverse, and very marginal.
Ch31: Influenza and Pneumonia Male 0.8344 Neg. -5.94  Inverse, and highly sig.
Fem 0.8849 Neg. -7.34 Inverse, and highly sig.
Ch32: Fatal Motor Vehicle Accid. Male 0.0195 Neg. -0.37 None.
Fem 0.0003 Neg. -0.04 None.
Ch33: Other Fatal Accidents Male 0.0901 Neg. -0.83 None.
Fem 0.4440 Neg. ~2.36  Inverse, and significant.
Ch34: Rheum.Fever/Rheum.Heart Male 0.0021 Pos. 0.12 None.
Fem 0.0550 Pos. 0.64 None.
Ch35: Syphilis and Sequelae Male 0.3278 Neg. -1.85 Inverse, and marginal.
Fem -- - -—— -
Ch36: Tuberculosis, All Forms Male 0.2067 Neg. -1.35 Inverse, and very marginal.
Fem 0.6381 Neg. ~3.51 Inverse, and quite sig.
Ch37: Ulcer: Stomach, Duoden. Male 0.3864 Pos. 2.10  Positive, and significant. **
Ch6+7: All Cancers Combined Male 0.9508 Pos. 11.63  Positive, and highly sig.
Fem 0.8608 Pos. 6.58  Positive, and highly sig.
Ch8: Breast Cancer Male - -- - -
Fem 0.9153 Pos. 8.70  Positive, and highly sig.
Ch9+10: Digestive-Syst. Cancers  Male 0.9078 Pos. 8.30 Positive, and highly sig.
Fem 0.7550 Pos. 4.64 Positive, and very sig.
Ch11+12: Urinary-Syst. Cancers Male 0.9208 Pos. 9.02  Positive, and highly sig.
Fem 0.9395 Pos. 10.43  Positive, and highly sig.
Ch13+14: Genital Cancers Male 0.7182 Pos. 4.22  Positive, and very sig.
Fem 0.0683 Pos. 0.72  None.
Chl15: Buccal & Pharynx Cancers  Male 0.7234 Pos. 4.28 Positive, and very sig.
Fem - -- - -
Ch16+17: Respiratory-Syst. Canc  Male 0.8673 Pos. 6.76  Positive, and highly sig.
Fem 0.9625 Pos. 13.40  Positive, and highly sig.
Ch40+41: Ischemic Heart Disease @ Male 0.9475 Pos. 11.24  Positive, and highly sig.
Fem 0.8337 Pos. 5.92  Positive, and highly sig.

* Diabetes Mellitus (DM): After the rules changed in 1949 for reporting the underlying cause of death in diabetics,
DM MortRates abruptly fell in half and our R-sq. values dropped abruptly to 0.11 and 0.20 (Chap.29). The significant
R-sq. values in 1940 very probably denote a correlation between PhysPop and deaths during 1940 from xray-induced
Ischemic Heart Disease in people having diabetes (Chapters 29, 40, 41).

** Ulcer Deaths: The positive correlation between Ulcer Deaths in 1940 and PhysPop might be due to erroneous
reporting in 1940 of deaths, truly from Stomach Cancer, as deaths from Stomach Ulcers.
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Box 3 of Chapter 1

Procedures to Reduce Collective Dose Equivalent in Diagnostic Xray Examinations.

@ — This box, with its title above and footnotes below, is borrowed without alteration from the 1988 UNSCEAR Report
(Annex C: Exposures from Medical Uses of Radiation, Table 23 at p-282). UNSCEAR = United Nations Scientific Com’tee
on the Effects of Atomic Radiation. An almost identical table appears also in the 1989 NCRP Report (Report No. 100, Table
3.21, at p.37). NCRP = National Council on Radiation Protection (USA). Details for UNSCEAR 1988, NCRP 1989, and
the references cited below, are in the Reference List of this monograph.

Entrance-Dose
Area Procedure Reduction- Reference
Factor
All Types Elimination of medically 1.2 Cohen 1985.
unnecessary procedures
Introduction of Quality
Assurance programme (general) 2% Cohen 1985.
Radiography Decrease in rejected films through 1.1 Gallini 1985.
Quality Assurance programme Properzio 198S.
Increase of peak kilovoltage 1.5 Wiatrowski 1983.
Beam collimation lto3 Johnson 1986. Morris 1984.
Use of rare-earth screens 2t0 4 Kuhn 1985. Newlin 1978.
Segal 1982. Wagner 1976.
Increase of filtration 1.7 Kuhn 1985. Montanara 1986.
Wiatrowski 1983.
Rare—earth filtration 2to 4 Tyndall 1987.
Change from photofluorography 4t 10 Jankowski 1984. Mustafa 1985.
to chest radiography Neamiro 1983.
Use of carbon fibre materials 2.0 Huda 1984.
Replacement of CaWO4 screens with 4.0 Kuhn 198S.
spot film technique
Entrance exposure guidelines 1.5 Laws 1980.
Gonadal shielding 2to 10 **  Poretti 1985.
Pelvimetry Use of CT topogram 5to 10 Stanton 1983.
Fluoroscopy Acoustic signal related to dose rate 1.3 Anderson 1985,
Use of 105 mm camera 4t05 Rowley 1987.
Radiologist technique 210 10 Rowley 1987.
Variable aperture iris on TV camera 3.0 Leibovic 1983.
High and low dose switching 1.5 Leibovic 1983.
Digital Decrease in contrast resolution 2to3 Rimkus 1984,
radiography
Use of pulsed system 2 Rimkus 1984.
Computed Gantry angulation to exclude eye 2to 4 **+*  Isherwood 1978.
tomography, from primary beam
head
Mammography Intensifying screens 2t05 NCRP 1986. Shrivastava 1980.
Optimal compression 1.3-1.5 NCRP 1986.
Filtration 3 Hammerstein 1979.
* The role of proper training in radiation protection is extremely important. Dose
reduction-factors in this regard may be large; however, they are difficult to quantify. ** Factor
for gonads. *** Factor for eyes.
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Figure 1-A.

All-Cancers—-Combined: Dose-Response between PhysPop and MortRates.

Please refer to Parts 5a-5d of this chapter. In each graph, the line of best fit results from regressing
the 1940 All-Cancer Mortality Rates (male, female) on the 1940 PhysPop values. PhysPop (physicians
per 100,000 population) is a surrogate for accumulated dose from medical radiation. The nine boxy
symbols denote the observed values in the Nine Census Divisions. Full details are in Chapters 6 and 7.
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Figure 1-B.
Ischemic Heart Disease: Dose-Response between PhysPop and MortRates.

Please refer to Part 5f of this chapter. In the upper graph, the line of best fit results from regressing
the age-adjusted male 1950 Mortality Rates from Ischemic Heart Disease on the 1940 PhysPop values.
PhysPop (physicians per 100,000 population) is a surrogate for accurnulated dose from medical
radiation. The nine boxy symbols denote the observed values in the Nine Census Divisions. In the
lower graph (females), we show 1950 PhysPop values. When female 1950 age-adjusted IHD
MortRates are paired with 1950 PhysPops, R-squared = 0.8669; with 1940 PhysPops, R-squared =
0.8337 --- a trivial difference. Full details are in Chapters 40 and 41.
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Figure 1-C.

NonCancer NonlHD Deaths: Dose-Response between PhysPop and MortRates.

Please refer to Part Sf of this chapter. In each graph, the line of best fit results from regressing the
1950 age-adjusted NonCancer NonIHD MortRates (male, female) on the 1940 PhysPop values.
PhysPop (physicians per 100,000 population) is a surrogate for accumulated dose from medical
radiation. The nine boxy symbols denote the observed values in the Nine Census Divisions. The
dose-response is inverse (negative). Full details are in in Chapter 25.
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CHAPTER 2
Pre-1960 and Post-1960 Uses of Medical Radiation, and Its Carcinogenic Action

Part 1. Is Hypothesis-1 Long Overdue?

Part 2. 1896-1960: Rapid and Widespread Embrace of Xrays in Medicine

Part 3. 1960 to Present: Some Changes in Usage of Medical Radiation

Part 4. lonizing Radiation: A Proven Carcinogen with Some Unique Properties

Part 5. Is the Carcinogenic Power, per Rad of Radiation, the Same at All Dose-Levels?
Part 6. Absence of Any Threshold Dose: "Risk” versus Rate

Part 7. Xrays: More Carcinogenic per Rad than Gamma Rays

Part 8. Variable Latency-Periods for Radiation-Induced Cancer

Part 9. A Very Slow Arrival at Conceiving and Testing Hypothesis—1

e Part 1. Is Hypothesis-1 Long Overdue?

f B

Hypothesis-1 proposes that exposure to medical radiation is a highly important cause (probably
the principal cause) of cancer-mortality in the United States during the Twentieth Century —-- even
though medical radiation is only rarely mentioned in lists of "risk factors" for Cancer.

Then how did we reach the point of deciding that such an idea deserved someone’s careful
examination? Very slowly, as Part 9 of this chapter relates. Perhaps the conception and testing
of Hypothesis-1 is long overdue.

Hypothesis-1 becomes a proposition "demanding” evaluation when two types of knowledge
COMBINE: Knowledge about some history of medicine in the United States during the Twentieth
Century, and knowledge about the evidence that xrays and other ionizing radiations are proven
carcinogens ——- indeed, are mutagens with some uniquely potent properties. Many people are versed
in one of these fields, but not the other.

On both topics, this chapter provides some basic orientation, with references to ample
supporting evidence. Parts 2 and 3 describe a little medical history, and Parts 4, 5, 6, 7, and 8 state
some of the key knowledge about radiation carcinogenesis.

This book presents a powerful test of Hypothesis-1 and concludes that the evidence strongly
supports the hypothesis. The same evidence is the basis for Hypothesis-2.

e Part 2. 1896-1960: Rapid and Widespread Embrace of Xrays in Medicine

Wilhelm Konrad Roentgen discovered the xray on November 8, 1895 (Roentgen 1895). "The
ray,” as it was often called, immediately caused a sensation among physicians and the general public.
Commemorating the hundredth anniversary of Dr. Roentgen’s discovery, Dr. Ronald G. Evens
provides some vivid details in his "Roentgen Retrospective,” in the Journal of the American Medical
Association (Evens 1995). Referring to the USA, Evens writes (1995, p.912):

"By the time of the appearance of the first American clinical diagnostic radiograph [also called
roentgenograph and skiagraph], made at Dartmouth College by Dr. Edwin Frost on February 3, 1896,
physicians were becoming increasingly aware of the extraordinary potential for the new discovery. By
April, ‘xray mania’ had seized the United States. Xray studios had opened for ‘bone portraits,’ and
countless photographers and electricians had set up shop as ‘skiagraphers.”” Thomas Edison became
an enthusiast in 1896, and attempted to xray the human brain "at work” (Evens 1995, p.914).

2a. The Xray in Medicine: Diagnostic, Therapeutic and Interventional Uses

In medicine, a journal entitled Archives of Clinical Skiagraphy made its appearance in
April/May 1896 (London), and the American Xray Journal began publication in 1897. In 1900, the
American Roentgen Ray Society was founded. "Soon, the appearance of xray machines in general
practitioners’ offices across the United States would underline the notion that a new technology was
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available to diagnose any and every ailment. Some physicians even thought it would eliminate the need
for laboratory analysis in medicine” (Evens 1995, p.915).

The xray was employed immediately not only for diagnosis of medical problems, but also for
treatment. There was hope that xrays would cure Tuberculosis, Cancer and every other affliction. The
ten years, up to 1906, were described as follows by Dr. George MacKee, a great figure in dermatology
and an enthusiast for reasonable radiation therapies (from MacKee 1938, p.16):

"During those years the rays, to a large extent, were empirically used and they were tried out
on nearly every chronic disease. The literature was misleading, as it was full of case reports of
wonderful cures, the occasional paper from the pen of a good man being ignored or overlooked by the
average xray operator of the period and in spite of repeated warnings from capable men, the
‘radiomaniacs’ held the reins.”

Although of course the chaos of the first ten years subsided, enthusiasm for diagnostic,
therapeutic, and interventional uses of xrays did not subside, as Parts 2¢ and 2d indicate.

Interventional Radiology

A term is needed, to identify uses of medical radiation which are neither strictly diagnostic nor
directly therapeutic. Such a term, loosely used, is "interventional radiology.” Examples include
xray-use in setting broken bones, locating foreign objects, placing catheters and needles, and helping to
guide many types of surgical procedures. In the past, xrays were used also to guide the deliberate
collapsing of a lung, in patients who were trying to recover from Pulmonary Tuberculosis.

2b. The Skin as the Initial Dose-Meter (Dosimeter)

Appendix A of this book defines the commonly used dose-units (rad, roentgen, centi-gray, and
others), and dose-ranges for what is regarded as low, moderate, and high dosage.

But when xrays were introduced into medicine, it was far from clear how to measure the xray
doses given to patients, and what was biologically "too much.” Everything was figured out by trial and
error. Today, it is regarded as a rare event when the skin of a patient gets damaged by medical xrays.
But for many years during the first half of the Twentieth Century, the skin was often the dose-meter.
The reddening or burning of skin on enough patients gradually established the fact that excessive
dosage could occur. Indeed, the early dose-unit in medicine was the "erythema dose"” --- the
dose-level which generally provokes a morbid reddening of the skin (estimated today as a dose of about
200 rads for temporary erythema, 600 rads for main erythema, and 1,500 rads for late erythema; FDA
1994, Table 2). In 1926, "erythema dose" was a term still in use in medical journals. For example
(Husik 1926, p.859):

"It is now the routine treatment to radiograph all children between one and fourteen years of
age booked for tonsil and adenoid operations at the throat department of the Massachusetts General
Hospital and the Massachusetts Eye and Ear Infirmary. All children showing [on the diagnostic film] a
broad superior mediastinum are considered as suspicious cases, and are given four xray treatments of a
third of an erythema dose. The treatments are repeated at intervals of ten days.” (The purpose of such
"treatments” was to shrink the thymus gland, for it was widely believed that patients with smaller
thymus glands had a lower chance of sudden death under anesthesia; Gofman 1995/96, Chapter 10.)

2c. Popularity of Fluoroscopy (Roentgenoscopy)

The fluoroscope is an xray machine which leaves the xray beam "on" while the physician
examines the motions of a patient’s organs, and/or the motions of various instruments and catheters
(during surgical and other procedures). Because the beam stays "on," the fluoroscope has the potential
to deliver high xray doses.

During World War One, the Army managed to reduce the size and complexity of fluoroscopes,
which were used in field hospitals during bone-setting and removal of bullets and other debris. After
the war, in the 1920s, fluoroscopy (also called roentgenoscopy) became an enormously popular
procedure not only among radiologists (roentgenologists), but also among many kinds of physicians.
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The fluoroscope produces information instantly, without the delay, expense, and training required to
develop xray-exposed films.

Routine Use of Fluoroscopes in Office Practice

In 1922, Dr. Louis Bishop made the following prediction before the Medical Society of the
Greater City of New York (Bishop 1922): "Fluoroscopy, I venture to assert, will become a routine
measure in every physician’s office before long.” In 1923, Dr. Preston Hickey reported to the
American Roentgen Ray Society as follows (Hickey 1923):

"It is interesting to note also the large number of internists who have placed fluoroscopes in
their offices, not with the idea of specializing in xray work, but simply wishing to have conveniently at
hand an xray control of their physical findings. Here again, the simplified apparatus which has
developed from war-time practice is conspicuous.” By 1937, Dr. Eugene Leddy of the Mayo Clinic
reported (Leddy 1937, p.924):

"In fact, roentgenologic methods of diagnosis are so important that no investigation of a patient
is considered complete without roentgenologic examinations, which generally include roentgenoscopy
[fluoroscopy]. These studies are often carried out by a general practitioner or surgeon in his office
because of lack of facilities for expert study nearby or because the physician sees no need to refer the
patient to a roentgenologist."

Operation of Fluoroscopes in Pediatric Offices

By 1940 (perhaps much earlier), some pediatricians (not all) included fluoroscopy as part of
every "well-baby" visit. In 1942, Dr. Franz Buschke and Herbert M. Parker wrote (Buschke 1942):

"Recently we became aware of the fact that apparently a number of pediatricians include
fluoroscopy in the monthly routine examinations of infants in their care during the first and second
years of life.” This pediatric practice is confirmed in Pifer 1963 and in Blatz 1970. Dr. Hanson Blatz,
who was New York City’s chief of Radiation Control, reported (Blatz 1970): "When we questioned
this practice, pediatricians would say, ‘Well, the parents expect it. They think if we don’t fluoroscope
the patients, they are not getting a complete examination®.”

After studying the radiation output of seven fluoroscopes in the offices of "reputable
pediatricians selected at random," Buschke and Parker estimated (Buschke 1942, p.527): "If the
average rapid fluoroscopy by an experienced and well-adapted examiner takes twenty seconds, about
8.3 roentgens [entrance dose] will be delivered at this rate or 100 roentgens during the first year of
life." The roentgen is a dose-unit which is approximately equivalent to a rad (Appendix-A, Part 2).

Of course, not all examiners were well trained with fluoroscopic machines. In the seven
pediatric offices visited by Buschke and Parker, "none of them knew the output of their machine"
(Buschke 1942, p.525). And (p.527): "In another place under the direction of one of the best
radiologists, we found that the output differed with the operator.” The dose-rate differed by nearly a
factor of 2.

Operation of Fluoroscopes in Hospitals

Fluoroscopy was popular not only in medical offices, but also in hospitals -—- for diagnostic
and surgical uses. Carl B. Braestrup, of the Physics Laboratory of the New York City Department of
Hospitals, was persistent in warning about careless use of fluoroscopes. In an address to the New
York Roentgen Society, he reported (Braestrup 1942, p.210):

"During the past years, we have measured the roentgen output of large numbers of
fluoroscopes, using the settings at which they are normally operated ... and have found a very wide
variation ... Attention is called particularly to test B-116, where the R [roentgen] per minute at the
panel was 127, that is, an erythema dose would be reached in about three minutes. Such a unit could
be classified as a lethal diagnostic weapon and yet there are many of these still in use.” And (Braestrup
1942, p.213):

"Of the various types of radiologic equipment, the mobile unit probably has been responsible
for more radiation damage than any other piece of apparatus. These accidents have in most cases
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occurred while the mobile unit was used for fluoroscopy by surgeons, who apparently did not realize
the high output obtained at short distances.” In an attempt to prevent some injuries, a limit of 100
roentgens per fluoroscopic examination was set in New York City hospitals (Braestrup 1969).
"Recommended” would be a better word than "set,” for even today, radiation doses during fluoroscopy
are seldom measured (Part 3d).

Estimated Dose per Fluoroscopic Procedure at Mid-Century

In 1953, Dade W. Moeller (then of the Public Health Service; later, president of the Health
Physics Society) published an estimate that the average entrance dose per fluoroscopic examination was
about 65 roentgens at mid-century (Moeller 1953, pp.58-59). Our Appendix-K explores the
implications of the Moeller estimate.

2d. Diagnostic Films: Slow Film-Speeds and Wide Beams

In addition to fluoroscopy, physicians made use of a vast number of diagnostic xray photographs
("films"). Most of the common diagnostic examinations used today were also used well before
mid-century. But in terms of cancer hazard, the hazard caused per film was higher in the past,
because dose was higher and because a larger area was exposed. One reason that the dose was higher
in the past is that the films were "slower” and exposure required more "light" (more xray photons). A
larger area was exposed because few were trained to confine the xray beam to the area of the film, and
certainly not to the organs whose picture was needed. In addition to the organs which were irradiated
on purpose, most of the torso and neck were often irradiated simultaneously. We surmise (but do not
know) that dental xrays also exposed much more area than needed.

Pre-Birth Irradiation

Fetal irradiation was quite common. "Roentgenographic evaluation of the relative size of the
fetal head and maternal pelvis has been used clinically almost since the advent of medical radiography”
(Kelly 1975). The estimated frequency of xray pelvimetry in the 1947-1970 period was 1 birth out of
every 13.5 births in the USA (Gofman 1995/96, pp.88-89, based on MacMahon 1962 and Kelly 1975).

2e. Radiotherapy of Benign Diseases: "Every Disease There Is"

Therapeutic irradiation for non-malignant conditions began soon after the xray’s discovery.
Radium, which was discovered in 1898, was sometimes used as a source of gamma rays, but unlike
xrays, radium was scarce and expensive. A few examples of the ailments treated by high-dose medical
radiation can illustrate the range of applications, without implying that radiation was tried on EVERY
case:

Acute postpartum mastitis, ankylosing spondylitis, arthritis, asthma, excessive menstrual
bleeding, herpes zoster(shingles), hyper-thyroidism, neuritis, pneumonia, pyogenic (pus-forming)
infections, skin disorders of numerous variety (see below), sore shoulders (bursitis, tendonitis),
stomach ulcers, swollen lymphoid tissues (e.g., "swollen adenoids"), thymus-gland enlargement
(widely believed, from about 1915 to 1945, to be associated with sudden death under anesthesia, and
with sudden infant death), thyroiditis, tuberculous lesions of practically every organ, and whooping
cough. Documentation and references can be found in Gofman 1995/96.

In 1965, Dr. Stephen B. Dewing, a radiologist, authored a fine book in which he wrote
(Dewing 1965, p.ix): "It has been said that radiation therapy has been used promiscuously, on every
disease there is, and probably so."

Skin disorders deserve a paragraph of their own. By 1922, over 80 skin disorders were being
treated with high-dose radiation (MacKee 1922). And this continued (MacKee 1938). Very few of
these conditions were malignant. They included acne vulgaris, actinomycosis (a fungus), eczema,
incessant itching, lichen planus, psoriasis, neurodermatitis, and ringworm of the scalp. Typical
therapeutic doses began at about 85 roentgens per week, and could accumulate up to 1,400 roentgens
per regime (Sulzberger 1952, p.639).

"Super—Soft” Xrays and a Mistaken Generalization
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In 1925, Dr. Gustav Bucky introduced the use of "grenz rays” (also called "super-soft roentgen
rays") for some skin disorders. Super-soft xrays lie on the continuum between xrays and ultraviolet
rays, and most of them penetrate only about 2 millimeters of tissue. By contrast, "superficial roentgen
rays" (which come from xray machines operated at peak kilovoltages in the 60-100 kilovolt range),
penetrate more deeply. As of 1952, "most dermatoses” were treated with "superficial roentgen-ray
treatments" —-— not by grenz rays, according New York University’s head of Dermatology (Sulzberger
1952, p.639).

Perhaps it is the concept of super-soft non-penetrating xrays which accounts for the mistaken
idea, still circulating in some medical circles, that medical xrays in general are "too weak" to cause
Cancer. Therefore, a reminder may be appropriate: Whenever a medical xray procedure exposes a
film (or other image-maker) on the opposite side of a patient, such exposure is proof that some of the
the xrays fully penetrated the patient ~-- not just the top 2 millimeters. Medical xrays are definitely
not "too weak" to penetrate and to leave carcinogenic damage in the internal organs.

2f. Were People Too Poor to Visit Physicians?

Today, most medical care in the United States is paid for by a third party ——- some variety of
private and government insurance. Some readers might assume that in the 1900-1960 period, when
such arrangements were absent or less common, few people could afford to visit physicians. The
following estimate for the year 1950 may indicate otherwise, although the estimate is not elaborated by
income-level or by "service.” The estimate is that there were 150,000 practicing physicians, who
performed 750,000,000 medical services per year, when the population was 150,000,000 people
(Donaldson 1951, p.931). If valid, the figures mean an average of 5 "medical services" in a year for
each man, woman, and child.

In addition, in 1949, allegedly 60 million people (40% of the U.S. population) visited a dentist,
according to Dr. Dade W. Moeller and colleagues (Moeller 1953, p.59). These authors report that 84
million dental xray films were used in 1949: "The average exposure to the patient per film is about 5
roentgens, most of the exposure being limited to the mouth of the patient” (Moeller 1953, p.59).

2g. Emphatic Assurances of Safety

Since virtually no one keeled over as a result of diagnostic, interventional, and therapeutic xray
usage, the xray was repeatedly declared harmless. "Absolutely no danger.” "Harmless.” "No reports
of harmful effects.” "So far as we know, harmless both as to immediate and remote effects.” Even
2,000 roentgens, delivered to ulcer patients over 12 days, was a dose pronounced "perfectly safe”
(Ricketts 1951, p.381). The context of such statements is presented in Gofman 1995/96.

The medical professions did not think about delayed consequences, like Cancer, despite some
evidence from experimental animals of xray-induced Cancer. By the 1940s, a few experts were trying
to discourage pediatricians from fluoroscoping well-babies every month during check-ups, lest gonadal
irradiation cause INHERITED afflictions in the next generation (Buschke 1942, pp.527-532). Concern
about xray-induced CANCER was hardly voiced before the late 1950s, and by then, radiation
health-science was very deeply entangled with the nuclear aspects of national security.

Meanwhile, during the 1940s and 1950s, the Defense Department and the Atomic Energy
Commission had staffed themselves and their numerous research arms with radiation experts
transferred from medicine -—- the very same people who were confident that even very high doses of
xrays did no harm.

2h. A Rather Strong Warning in 1959 to the Medical Profession

Above-ground nuclear bomb-tests in Nevada during the 1950s had deposited radioactive fallout,
unevenly, nearly from coast to coast. It caused a furor -—- especially because milk was contaminated
by strontium~90. Dr. Linus Pauling and others were warning about long-term health effects,
particularly radiation-induced inherited afflictions and radiation-induced Cancers. What was their
evidence?

By 1927, H.J. Muller had established, in the fruit fly, that ionizing radiation induced heritable
mutations. Radiation-induced malformations and radiation-induced Cancer had been demonstrated in
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some experimental animals. Human evidence in the 1950s was thin --- because remarkably little
epidemiologic inquiry had been undertaken, to find out if there were delayed effects from medical
radiation. But evidence was far from absent. For example, human evidence of radiation-induced
Cancer already included the following (and more):

e Bomb-induced Leukemia in Hiroshima-Nagasaki.

e Xray-induced Skin Cancers in radiologists.

o Xray-induced childhood Leukemia and childhood Cancer in children irradiated before birth.

e Xray-induced Thyroid Cancer following childhood radiotherapy for "enlarged thymus."

e Thorium-induced Liver Cancer in medical patients who had received thorotrast (used as a
"contrast medium” to enhance diagnostic information from certain types of fluoroscopic procedures).

e Radon-and-radon-daughter-induced Lung Cancer in uranium miners.

e Radium-induced Bone Cancer in radium dial-painters and others.

The furor over radioactive fallout resulted in a 1956 report from the National Academy of
Sciences entitled "The Biological Effects of Radiation: A Report to the Public,” followed by a 1958
report from the United Nations. The evidence already indicated that children are probably more
vulnerable than adults to radiation carcinogenesis. In 1959, Dr. Russell Morgan (Chairman of
Radiology at Johns Hopkins Medical School) chaired a National Advisory Committee on Radiation for
the U.S. Public Health Service. In its 20~page report, to the Surgeon General of the Public Health
Service, the Committee began (PHS 1959, p.1):

"During the past several years, a number of scientific bodies, including the National Academy
of Sciences of the United States (NAS 1956) and the United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR 1958), have reported extensively on the influence of ionizing
radiation on biological systems. From these reports it is evident that serious health problems may be
created by undue radiation exposure and that every practical means should be adopted to limit such
exposure both to the individual and to the population at large.” And (PHS 1959, pp.1-2):

"The principal sources of ionizing radiation which have been created or developed by man
include xray machines, nuclear reactors and their radioisotopic byproducts, high-energy particle
accelerators, a number of concentrated forms of naturally occurring radioactive materials, and the
fallout constituents of nuclear weapons ...Most of the ionizing radiation received by the population
today, other than that received from natural sources, has been from xray machines employed by the
health professions."”

While the general public may not have realized that radicactive fallout, nuclear pollution, and
medical radiation all deliver ionizing radiation, the authors of the 1959 report were explicit on that fact
(above). And so, we have chosen the next year, 1960, as the year in which the medical profession was
warned that it should stop issuing emphatic assurances, to itself and to its clients, about the safety of
medical radiation.

@ Part 3. 1960 to Present:

Some Changes in Usage of Medical Radiation
£ R

Before our overview begins, of post-1960 practices in medical radiation, a comment belongs
here about Hypothesis—1 and the pre-1960 period. What happened in the pre-1960 period has a direct
impact not only on the 1900-1960 death rates from radiation-induced cancer, but also on such
death-rates from 1960 to the present year -~ a fact which is documented by Part 8 of this chapter.

In 1990, over 50% of the age-adjusted cancer death-rate (USA) came from people who died of
Cancer at age 65 and older. Over 93% comes from people who died at age 45 and older. Their
lifetime exposure to medical radiation was very probably NOT limited to post-1960 practices. This
statement will be true even well beyond the year 2000. The age-distribution of the 1990 age-adjusted
cancer mortality-rate is shown in Chapter 4, Box 4.

3a. Effect of the 1956, 1958, and 1959 Warnings

After human evidence of radiation carcinogenesis began appearing, did it cause a big reduction
in the population’s average annual per capita exposure from medical radiation?

Parts 3b and 3c show that, during the past 40 years, some events have operated in the direction
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of REDUCING the population’s average per capita dose from medical radiation, but during the same
years, some other events have operated in the direction of ADDING to the per capita dose. If we
assume that the NET effect is a reduction in the population’s average per capita dose, we still lack
justification for assuming it is a "big reduction.” We are unaware of any reliable quantification of the
population’s average per capita dose from medical radiation, for any period, past or present. If such a
statement seems shocking, readers need to consider these points:

e Even today, there is great uncertainty about something as basic as the NUMBER of
diagnostic xrays given per year in the USA. The annual number for 1985-1990 was at least 800
diagnostic xray exams per thousand population, excluding dental xrays and nuclear medicine
(UNSCEAR 1993, Table 6, p.279). That estimate "could be an underestimate by up to 60%"
(UNSCEAR 1993, p.229/46).

e With regard to the average DOSE per diagnostic examination, measurement and recording
were not ——- and are not --- required. Today, at some facilities, dose-estimates and recording are
routine, but this is not the standard practice. Dose-measurements (as distinct from expected doses,
calculated by rules in a handbook) are extremely rare, even though measurement of entrance dose is not
at all difficult these days.

e The ratio of measured dose over expected dose in the USA was found in a government
survey to range from 0.1 to 4.0 (Wochos 1977 + Wochos 1979, p.134). In 1989, the National Council
(USA) on Radiation Protection and Measurements (NCRP) warned that there may be very large
disparities between true doses and expected internal-organ doses, based on commonly used "Monte
Carlo methods." NCRP cites an Italian report showing that actual breast, thyroid, and testicular
xray-doses from certain medical procedures "were higher by factors of 4 to 50 than Monte Carlo
calculations would suggest” (NCRP 1989, p.35). The NCRP is described in our Reference List.

e Post-1960 sampling, by measurements, repeatedly shows that diagnostic doses differ by
many-fold from facility to facility, and even from room to room, for the same xray procedure on
patients of the same size (Wochos 1977 + Wochos 1979, p.134 + Suntharalingham 1982, among
others). The reason for large variation in diagnostic doses will be clear to anyone who has examined
Box 1 of Chapter 1. Facilities which implement the known ways to reduce doses, can give doses
which are 10 to 50 times lower than places which do not.

e Because neither the frequency of diagnostic exams nor the average doses from them are
known, we warn against believing any of the published estimates of a population’s average per capita
dose, (e.g. UNSCEAR 1993, p.302). But for anyone who does believe such estimates, we present the
following comparison. Calculating from sales of xray film in the USA and some other data, the 1959
PHS report (PHS 1959, p.3) estimated that per capita annual whole-body dose in 1955 was 135
milli-rems from diagnostic xrays. For the 1980s, the most nearly comparable estimate in the NCRP
Report Number 100 (NCRP 1989, p.44) is 115 milli-rads --- which is not a "big reduction” from 135
milli-rads.

e Moreover, diagnostic examinations contribute only part of the dosage from medical radiation.
In both past and present, interventional fluoroscopy (e.g., during surgery) has made an unmeasured but
large contribution to the xray dosage. And until about 1960, radiotherapy for a great variety of
NON-malignant disorders also made an unmeasured but large contribution to the xray dosage (details
in Gofman 1995/96).

e How little is known about dosage became clear to us recently, when we attempted to make a
responsible estimate of medical radiation-dose, accumulated by the average female breasts between
1920-1960. That endeavor began with many months of combing through the magnificent collections of
old medical journals in the University of California San Francisco Medical Library, and ended in
Gofman 1995/96 with about 150 final pages of cautious assumptions about the frequency and typical
dosage of just a few of the breast-irradiating procedures (excluding cancer therapy).

e Neither we nor anyone else is in a position to quantify the effect, of the 1956-1959 warnings,

on the population’s average per capita dose from medical radiation. Everyone needs to be careful
about hasty assumptions.
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3b. Five Forces toward Reduction of Average Per Capita Dose

1. Most therapeutic uses of medical radiation, for treatment of non-malignant conditions, have
been abandoned.

2. Most of the "old" diagnostic exams (which are still useful) are now administered at lower
dose and with less area receiving the dose. According to Johnson and Goetz (Johnson 1986), between
1964 and 1983, operators learned to use more care in collimating the xray beam, with the goal of
reducing the area irradiated down to the size of the film. Additional reduction in area would be
achieved if xray beams were collimated to the body-part needing examination, rather than to the edges
of the film (Rosenstein 1979; Discussion in Gofman 1985, p.358-359).

3. Fluoroscopy is rarely if ever used now for routine check-ups of asymptomatic patients. Of
course, fluoroscopy is still used (with contrast media) in common diagnostic exams like the Barium
Swallow, Upper Gastrolntestinal Series, Small Bowel Series, Barium Enema, Gallbladder
(Cholecystogram), Cystogram-Urethrogram, Fallopian Tubes (Hysterosalpingography), Intravenous
Pyelogram (I.V.P.), Retrograde Pyelogram, and all the vessel-studies (cardiac angiography, celiac
angiography, cerebral angiography, pulmonary angiography, renal angiography, etc.). Additional
information on such exams is available in Gofman 1985.

4. Reduced use of pelvimetry has reduced in-utero and maternal irradiation from that source.

5. Widespread population-screening for Tuberculosis became unnecessary in the USA, and this
event eliminated the associated medical irradiation from repeated chest xrays (and sometimes chest
fluoroscopy). Chest xrays in the past, especially from mobile units, gave doses about 100 times higher
than chest xrays today.

3c. Seven Forces toward Increase of Average Per Capita Dose

On the other hand, other forces have been operating since 1960 in the opposite direction:

1. Increasing Number of Exams per Thousand Population.

Between 1964 and 1980, the estimated annual number of diagnostic xray procedures per
thousand population (USA) increased from 580/1,000 to 790/1,000, according to NCRP 1980 (p.15,
Table 3.7, citing Mettler 1987). This is an upward change by a factor of 1.36 —— partly due to
inclusion in 1980 of estimates for chiropractic and podiatry. NCRP 1989 (p.69) also estimates that
average per capita dose from diagnostic medical radiation to adult bone marrow (which provides a fair
approximation of whole-body dose) increased by about 38% during the 1964-1980 period.

According to the same report (NCRP 1989, p.11, citing Wolfman 1986), the total sheets of
medical xray film sold annually in the USA, per capita, rose from 1.38 (in 1963) to 3.79 (in 1980).
This is an upward change by a factor of 2.75. Did the number of exams per capita rise by 1.36 fold,
while sheets of medical xray film per capita rose by 2.75-fold? The correct way to reconcile the two
change-factors is certainly not clear. It does seem reasonable to conclude, however, that a very
considerable increase in xray exposures per capita did occur.

2. Introduction of Computed Tomography (the CT Exam).

Xray doses to patients from CT exams are typically, but not always, about 10 times higher than
from "conventional” diagnostic xray examinations (UNSCEAR 1993, p.235/81). And the trend for CT
doses has been upward. Why? "The number of slices imaged on each patient has risen as the time
required to perform scans and reconstruct images has decreased” (UNSCEAR 1993, p.244/141).
Currently under debate is expanding the use of "ultra-fast” CT scans, with "stop-motion" capability, to
detect calcium deposits in coronary arteries.

3. Introduction of Digital Radiography.

Progressively more powerful and cheaper computers have resulted in great expansion of digital
radiography, which accounted for 15%-30% of xray examinations by 1993 (UNSCEAR 1993
p-242/132). Among other benefits, digital radiography saves the time and money associated with films,
chemicals, and archiving. Digital computed radiography has the potential to reduce xray dosage and
area irradiated (UNSCEAR 1993 p.242/132; also p.238/100), and to enable image~sharing by wire.
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On the other hand, "Persistent anecdotal evidence indicates that some of the dose reduction per
image in computed radiography may be offset by a tendency of radiologists to obtain more images per
patient than they would have done with conventional film/screen systems ... [Also, compared with
conventional radiography] considerable over-exposure can g0 undetected in a digital system unless
exposure is specifically monitored” (UNSCEAR 1993 p.243/134). The 1989 NCRP Report comments
that the capability of digital systems, to provide more shades of gray than needed in various diagnostic
circumstances, increases the dose by 5 to 10 fold over what it need be (NCRP 1989, p.36).

4. Expansion of Nuclear Medicine.

Nuclear medicine involves placement of radio-nuclides inside the body for diagnostic,
interventional, or therapeutic purposes. The estimated number of diagnostic nuclear-medicine exams
per thousand population, USA, doubled between 1972 and 1982, and the annual rate was estimated at
26 such exams per thousand population in the 1985-1990 period --- a total of 6.8 million exams per
year (UNSCEAR 1993, p.306, p.275).

New uses for nuclear medicine (including pediatric uses) and new techniques in nuclear
medicine continue to develop. For example, recently in trial is the placement of radioactive stents into
the coronary arteries of patients, immediately after angioplasty, as an attempt to prevent re-stenosis.
Also in trial is the use of nuclear medicine to diagnose Breast Cancer.

5. Increased Use of Xrays in NeoNatal Intensive Care.

The diagnostic xray examinations given to infants are generally not new. What is new is the
larger number of premature and congenitally challenged infants who are now surviving long enough to
receive such xrays.

6. Additional Incentives to Cut Corners.

According to Taylor (1983) and Suleiman (1992), underprocessing of xray films is a frequent
cause of higher than necessary radiation doses -—- higher by 50% to 300%. Since 1981, the U.S.
Food and Drug Administration (FDA) has been monitoring the processing speed of over 2,000
automatic film processors in hospitals, private offices, and mammography facilities. The survey
"revealed underprocessing at 33% of observed hospitals in 1987, 7% of mammography facilities in
1988, and 42% of private practices in 1989" (Suleiman 1992, p-25). "... The underprocessing
component [of the data] for hospitals increased from 18% in 1984 to 33% in 1987 ... We have been
told on several occasions that hospitals frequently eliminated Quality Assurance technicians to reduce
costs" (Suleiman 1992, p.27).

Recent pressure on health-care providers --- to reduce referrals to specialists, and to recover
some of their own costs in circuitous ways --- also may have the effect of inducing even more
primary-care physicians and other non-radiologists to perform their own xray examinations (Krieger
1996). The 1989 NCRP Report comments (p.34): "In many office practices in the United States, xray
examinations are performed by persons with little or no formal training in the uses of xrays or xray
protection.”

Even prior to the newer financial pressures on health-care providers, orthopedists,
cardiologists, urologists and other specialists have often performed their own xray work --- including
fluoroscopy. Chiropractic offices, too, do their own xray work in general.

7. Expanded Use of Interventional Radiology.

Xrays (including fluoroscopy) are commonly used to guide needles, wires, and catheters, and to
localize renal stones in lithotripsy. Xrays are used to guide some common types of biopsies (for
example, stereotactic needle biopsies). They are used in many kinds of surgical procedures, involving
heart, kidney, liver, gallbladder, pancreas, and vessels (see below).

"Over the past 20 years, there has been a substantial increase in the use of xray fluoroscopy as
a visualization tool for a wide range of diagnostic and therapeutic procedures,” reports the Public
Health Service’s Center for Devices and Radiological Health (Shope 1997, p.i).
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3d. The Longest Fluoroscopic Procedures

The duration of interventional fluoroscopy can still be long enough to cause serious injury of a
patient’s skin --- and simultaneously to cause high radiation doses to various internal organs. On
September 30, 1994, the U.S. Food and Drug Administration issued a Public Health Advisory entitled,
" Avoidance of Serious Xray-Induced Skin Injuries to Patients during Fluoroscopically-Guided
Procedures” (FDA 1994). The Advisory provides a listing of the serious skin injuries (which increase
in severity with increasing xray dose), as well as the following list of "procedures typically involving
extended fluoroscopic time":

percutaneous transluminal angioplasty (coronary and other vessels),
radiofrequency cardiac catheter ablation,
vascular embolization,

stent and filter placement,

thrombolytic and fibrinolytic procedures,
percutaneous transhepatic cholangiography,
endoscopic retrograde cholangiography,
transjugular intrahepatic portosystemic shunt,
percutaneous nephrostomy,

biliary drainage,

urinary/biliary stone removal.

Procedures likely to give a patient more than 100 rads of skin-dose include radiofrequency
cardiac catheter ablation, vascular embolization, transjugular intrahepatic portosystemic shunt
placement, and percutaneous endovascular reconstruction (Shope 1996, p.1199).

Among procedures requiring extended fluoroscopy-time is percutaneous transluminal
cardio-angioplasties --- or PTCA. Estimated average skin-dose from PTCA is about 60 rads per
procedure if one stenosis is dilated, and 130 rads if two stenoses are dilated (NCRP 1989, p.31). By
1990, in the USA, the rate of PTCA each year reached an estimated 400,000 procedures (UNSCEAR
1993, p.232/69).

About 25% of dose from fluoroscopy can be pure waste, with no informational value
whatsoever, because the xray beam generally falls on rectangular areas, while the image intensifier is a
circle fitting inside such rectangles (NCRP 1989, p.36). In 1997, the Public Health Service was urging
purchase and use of continuously adjustable, circular collimators (beam adjusters) for fluoroscopes
(Shope 1997, p.14).

3e. Data Absent for an Assumption that Fluoroscopic Doses Are Falling

In 1997, the Public Health Service was warning that "Recent developments in the technology of
fluoroscopic systems have resulted in ... a variety of special modes of operation and methods of
recording fluoroscopic images. Some of these modes may significantly increase the entrance exposure
rate to the patient " (Shope 1997, p.6). At the same time, many fluoroscopic systems now on the
market offer an optional feature which could reduce radiation dose to patients: The "freeze-frame" or
"last-image hold" capability. As noted, the feature is optional (Shope 1997, p.21).

Also not yet in wide use is a timing display and audible alarm on fluoroscopy machines, so that
the operator could easily know the cumulative time during which the xray beam has been on, and when
the usage-time during a procedure is approaching a pre-set alarm level (Shope 1997, p.20).

Recommended for years, but not yet required, is use of commercially available means to
display, to the fluoroscopist, real-time DOSE-rates and cumulative DOSE to the patient’s skin during a
procedure (Shope 1997, p.23).

In the pre-1960 period and in the post-1960 period right up to today, fluoroscopy has been

delivering by far the highest doses in non-therapeutic radiology. Yet even in 1997, there was still no
system in place to quantify those doses.
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3f. The Issue of Age at Exposure

Age at irradiation is another factor which interferes with efforts to compare pre-1960 and
post-1960 population doses from medical radiation. Infants and young adults probably are more
vulnerable to radiation carcinogenesis than older adults -—- although the difference in magnitude is less
than once thought (discussion in Gofman 1995/96, Chapter 3, Part 4).

It would be a big mistake to assume that medical radiation, today, is confined mainly to patients
over age 65. The NCRP Report of 1989 (p.19) cites the following estimates from the FDA in 1985,
for diagnostic medical xrays performed in hospitals:

Upper Gastrolntestinal: 35.7% below age 45; 70% below age 63.

Cholecystography: 38.6% below age 45; 73.2% below age 65.
Barium Enema: 27.3% below age 45; 62% below age 695.

Intravenous Urography: 40.3% below age 45; 71.8% below age 65.
LumboSacral Spine: 50.8% below age 45; 79.4% below age 65.
CT Exams: 34.8% below age 45; 66.6% below age 65.
All Xrays: 47.2% below age 45; 74.2% below age 65.

NCRP 1989 (p.44) also cites a 1985 estimate that over 40% of the dose to active bone marrow,
from diagnostic radiology, occurs before age 55.

In addition to problems like aching backs, curvature of the spine, and accidents, cardiovascular
problems constitute a major reason for xray procedures. The variety of such problems is vast (Chapter
39, Part 4), and they are not limited to the "senior years.”" Today, for example, an estimated 32,000
babies per year are born with recognized heart defects (AHA 1995, p.14).

Diagnostic cardiac catheterizations were done BELOW age 45 at a rate in 1994 of about
118,000 per year; the rate was 471,000 per year in patients age 45-64, and 532,000 per year in patients
over age 65 (AHA 1996, p.27). For all ages combined, the annual number increased about 3.7-fold
between 1979 and 1994. Fluoroscopic xrays are used during these procedures.

Radiation doses are much higher from the PTCA (angioplasty) procedure, of course, than from
diagnostic cardiac catheterizations. The PCTA procedure was done BELOW age 45 at a rate in 1994 of
about 26,000 per year; the rate was about 182,000 per year in patients age 45-64, and 190,000 per year
in patients over age 65 (AHA 1996, p.27). For all ages combined, the annual number increased about
4-fold between 1986 and 1994.

Such data indicate (a) that medical radiation is by no means confined to the over-65 set, and (b)
that certain uses are increasing faster than the population.

3g. Profound Uncertainty about the Magnitude of Post-1960 Dose-Reduction

Some of the important differences, between the practices of pre-1960 and post-1960 radiology,
have been described in Part 3. But the frequency of medical procedures, and the doses delivered
(particularly during fluoroscopy), have not been measured in either era. The ubiquitous post-1960
"pie—charts” of total radiation exposure, which include average annual per capita dose from
non-therapeutic uses of medical radiation, are necessarily guesstimates with respect to medical
radiation.

Several post-1960 changes in radiologic practice clearly operate in the direction of reducing
average annual per capita radiation dose. "We don't DO that anymore!” is a familiar refrain among
today's physicians, many of whom happily embrace an assumption that today’s doses are negligible
from medical radiation. Such colleagues may not have realized that several post-1960 changes clearly
operate in the direction of increasing average annual per capita dose from medical radiation, as shown
above. The current "pie-chart" estimates for medical radiation are very probably too low by quite a
bit.

Is the NET effect, of post-1960 changes, really a "big reduction” in dose? Our opinion is that a

net post-1960 reduction has occurred in the average annual per capita dose from medical radiation
(excluding cancer therapy), but that the magnitude of decrement is FAR from clear. Among informed
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people, profound uncertainty about its magnitude is likely to be permanent, given the lack of records.

e Part 4. Ionizing Radiation: A Proven C

E

Along the electromagnetic continuum of photons, from low to progressively higher energy,
there are radio waves, microwaves, infra-red heat waves, visible light, ultra-violet light, xrays, and
gamma rays. Xrays and gamma rays are ionizing radiations. lonizing radiations have enough energy
not only to "kick" electrons out of their normal atomic orbits, but also to endow these liberated
electrons with kinetic energy which sets them into high-speed linear travel. Ultra-violet light, which
lacks enough energy to penetrate to the body’s internal organs, is not in the same class with medical
radiation from xrays and gamma rays. Appendix-A describes alpha and beta ionizing radiations.

4a. The Unique Biological Property of Ionizing Radiation

When an xray or gamma-ray photon interacts with a molecule in living cells, the photon has
enough energy not only to "kick" an electron out of its atomic orbit, but also instantly to endow the
electron with such energy that it travels like a high-speed bullet through the home-cell and neighboring
cells.

The damage from xrays and gamma rays does not come directly from the photon —--- it comes
from the high-speed high-energy electrons which are set into motion by a photon. When peak voltage
across an xray tube is 90,000 electron-volts, the average energy per photon is about 30,000 electron
volts. Virtually all 30,000 electron-volts get transferred to a single high-speed electron. The trail of
ion pairs and excited molecules, produced by the high-speed high-energy electron along its path, is
called the "primary ionization track.” (Additional information in Gofman 1990, Chapter 20).

Each high-speed, high-energy electron gradually slows down, as it unloads portions of its
biologically unnatural energy onto various biological molecules along its track, at irregular intervals.
Such molecules include, of course, water, DNA, proteins --- whatever molecules happen to be in the
path when an energy-deposit occurs. Even though each energy-deposit transfers only a portion of the
electron’s total energy, the single deposits very often have energies which far exceed any
energy-transfer which occurs in a natural biochemical reaction. Such energy-deposits are more like
grenades and small bombs.

The uniquely violent energy-transfers, caused by ionizing radiation, are simply absent in a
cell’s natural biochemistry. We know of no one who would dispute this statement.

4b. Repair of Chromosomal and DNA Damage: Complexity Counts

What matters, with respect to gene-based Cancers and other gene-based disorders, is
MUTATION: Damage to the genetic molecules which is unrepairable, unrepaired, and enduring. By
contrast, there are no mutations from damage which a cell repairs correctly.

There are reasons, in both real-world evidence and logic, to say that ionizing radiation is an
especially potent mutagen. It clearly belongs to a much more potent class than the free radicals which
attack genomic DNA all the time --- as shown in Appendix C.

The special potency of ionizing radiation is almost certainly due to its unique property of
delivering so much extra energy, all at once, in very small regions of a cell. Dr. John F. Ward,
Research Professor of Radiology at the University of California, San Diego, reports that the average
energy-deposit from a high-speed high-energy electron is thought to be about 60 electron-volts, all
within an area having a diameter of only 4 nanometers (Ward 1988, p.103). By comparison, the
diameter of the DNA double-helix is 2 nanometers.

Double-Strand Chromosome Breakage and Mutation

As a result of such concentrated deposits of energy, a cell can experience a level of mayhem, in
a segment of the DNA double helix, which far exceeds what a single free-radical can inflict upon a
comparable segment. For decades, ionizing radiation has been recognized to be extremely efficient at
causing double-strand chromosome breaks (e.g., Kucerova 1972, + Brewen 1973, + Sasaki 1975, +

- 38 -




Chap 2 Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease John W. Gofman

Evans 1978, 1979, + Tonomura 1983, + Lloyd 1992). These violent double-strand ruptures, caused by
ionizing radiation, are very different from the orderly double-strand breaks initiated and guided, with
normal physiological energy—-transfers, by enzymes for a cellular purpose. The deliberate breaks,
initiated by the cell, need no repair --— whereas the messy breaks at random locations, caused by
ionizing radiation, can be very difficult for cells to repair correctly. The result, of imperfect or absent
repair of these double-strand breaks, is mutation.

If the pieces of a broken chromosome are re-united incorrectly, but if the break occurred at an
inconsequential site, the mutation will have no biological consequences (by definition). But if the break
occurred within a gene which is active in that type of cell, the incorrect reunion can cause the matching
protein to be dysfunctional or non-functional. The mutated gene could be one of the many genes
directly required to prevent the cell from becoming malignant. Or it could be a gene required to
distribute the chromosomes correctly during cell division. Or it could be a gene required for making
routine DNA repairs. If it is a repair-gene, the mutation can magnify the consequences of the cell’s
subsequent exposures to all mutagens (radiation and non-radiation), because of the cell’s diminished
ability to repair damage correctly.

The biological consequences for a cell, of acquiring a structural chromosomal mutation, depend
on the site and nature of the mutation, of course. For example, removal (deletion) of just a single
nucleotide can result in garbling of the nearby genetic code. A single larger deletion can result in
permanent loss of partial genes or entire genes.

Imperfectly repaired chromosome-breaks cause micro-deletions, macro-deletions, terminal
deletions, interstitial deletions, reciprocal translocations, dicentric chromosomes, acentric fragments,
rings, inversions, insertions, and other structural re-arrangements of the chromosomes. It is a fact that
many cells survive (and reproduce themselves) despite having a consequential chromosomal mutation.

Ionizing Radiation: Very Low Doubling-Dose for Chromosomal Mutations

A "doubling dose" of ionizing radiation is the dose which adds a rate (of some effect) equal to
the effect’s pre-existing rate. Presently, doubling-dose values for structural chromosomal mutations in
human cells are reported in the range of 2 to 20 rads for radiation-induced deletions (Brewen 1973) and
dicentrics (Kucerova 1972, + Evans 1979 p-523, + Lloyd 1992 Table 8) and translocations (Lucas 1999
Part 4.1 and Table 3). Some common medical procedures which deliver xray doses in the range of 2 to
20 rads, per procedure, are named in Parts 3d and 7e of this chapter.

Although some of the doubling-dose values mentioned above have large error-bands, the values
suffice to indicate that very low doses of radiation readily induce structural chromosomal mutations.
For example, the doubling-dose for monocentric translocations induced by gamma-rays is roughly 7.5
rads at age 24, and 15 rads at age 49 —~- based on Lucas 1999, Table 3 and Figure 1, and on the
observation (from Hsieh 1999) that a rad of gamma rays from cobalt-60 induces 0.00024 translocation
per human lymphocyte in vitro, or 24 translocations per 100,000 cells. (Part 7a, below, cites evidence
that the number of chromosomal mutations induced per rad is about 2-fold higher from xrays than from
cobalt-60.) Induction-rates per 100,000 cells can be viewed in the context that, per gram of human
tissue, there are roughly 675 million cells (Gofman 1990, Chapter 20, Part 2).

Laboratory techniques for detecting structural chromosomal mutations are rapidly advancing
(for instance, see Lucas 1997, 1999). Observations confirm the expectation that the frequency of
chromosomal mutations per 1,000 cells rises with age (for instance, see Tonumura 1983, + Tucker
1994, + Lucas 1999) --- an observation which is consistent with progressive lifelong accumulation of
such lesions from exposure to ionizing radiation and nonradiation co-actors.

Genomic Instability: Inducible by Xrays and Other Types of Ionizing Radiation

Among the consequences of mutation, one of the most fearsome is genomic instability. If the
original mutation involves (for instance) a gene required for repair of gene-damage or required for
proper segregation of chromosomes during cell division, the cells which descend from the originally
mutated cell, evolve into cells which are increasingly aberrant, genetically.

Damage, to any of the numerous genes which are part of the cell’s system for maintaining
genomic stability, can result in genomic instability ~-- a very frequent characteristic of the most
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aggressive cancers. Xrays and other classes of ionizing radiation are a proven cause of genomic
instability (Appendix D).

The Complex and Unrepairable Injuries

The very nature of ionization tracks means that no part of the genomic DNA is protected, by
shape or chemistry, from the violent energy-deposits desribed above. They can inflict their damage
ANYWHERE, along any chromosome. Ionizing radiation can induce every known kind of genetic
damage, common and rare, simple and complex.

The complex injuries --- including double-strand chromosome breaks -—- are not always
correctly repaired or repairable by a cell. The probability, that genetic injury will be complex and
unrepairable, is greatly elevated by the unique capability of ionizing radiation to deliver the energy
"grenades" and "bombs" described above.

4c. Evidence that Ionizing Radiation Is a Proven Human Carcinogen

Of course, many readers are not familiar with the accumulated epidemiologic evidence which
shows that ionizing radiation (including the medical xray) is a proven human carcinogen. The purpose
of Parts 4, 5, 6, 7 and 8 is to assure such readers that they can accept the assertion as fact. And not
just for a few kinds of Cancer, but for virtually every kind of human Cancer.

In 1969, Dr. Tamplin and I warned that, "Contrary to a widespread notion that only Leukemia
plus certain rare Cancers are radiation~induced in man, the evidence now points strongly to the
induction of all forms of human Cancer plus Leukemia by ionizing radiation” (Gofman 1969-b, p.1).
And we predicted that: "All forms of Cancer, in all probability, can be increased by ionizing radiation
..." (Gofman 1969-b, p.1).

From "Controversial Supposition” to "Accepted Wisdom”

Our warning met resistance by most of the radiation community for over a decade. By 1980,
the evidence was acknowledged by the BEIR-3 Committee of the National Research Council (USA).
BEIR is the acronym for Biological Effects of Ionizing Radiation. BEIR-3"s Subcommittee on Somatic
Effects had sixteen members, who wrote as follows (BEIR 1980, Section 5, Summary and Conclusions
on "Somatic Effects: Cancer"):

e - "The Committee considers cancer induction to be the most important somatic effect of
low-dose ionizing radiation ..." And:

e - "Cancers induced by radiation are indistinguishable from those occurring naturally; hence
their existence can be inferred only on the basis of a statistical excess above the natural incidence."”
And:

e - "Cancer may be induced by radiation in nearly all the tissues of the human body."

The Chairman of the entire BEIR-3 Committee and also of the Somatic Effects Subcommittee
was Edward P. Radford, M.D., then professor of epidemiology at the Graduate School of Public
Health, University of Pittsburgh. Two years later, as a participant in a "roundtable” on medical
irradiation for the New York Times, Dr. Radford stated (Radford 1982):

@ - "The point that I feel is important is the consistency with which radiation has proved to be
carcinogenic in man. It is far and away the most consistent agent that we know of to cause Cancer of
any type.” Subsequent human evidence continued to fortify the conclusion.

e - In 1988, UNSCEAR (the United Nations Scientific Committee on the Effects of Atomic
Radiation) wrote: "It now appears that most (indeed, probably all) organs are vulnerable to
radiation-induced Cancer, given the right conditions of exposure” (UNSCEAR 1988, p-460/para.394).

The power of ionizing radiation to increase virtually all forms of human Cancer is simply not in
dispute anymore. For the convenience of readers, our Reference List flags —- with a dot in the
margin --- some reports and papers which provide extensive bibliographies from which anyone can
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reconstruct the sequence in which the proof developed. Medical xrays are the source of much of the
evidence.

National Cancer Institute + American Cancer Society + World Health Organization

o - In 1990, the National Cancer Institute (USA) issued a 12-page booklet entitled "Everything
Doesn’t Cause Cancer” (NIH publication 90-2039; NCI 1990 in our Reference List). NCI starts its
booklet with a statement on page 1: "Cancer-causing agents also include xrays, sunlight, and certain
viruses." At page 5, the booklet lists "radiation and radioactive materials” as proven human
carcinogens. And at page 12, the booklet advises: "Don’t ask for an xray if your doctor or dentist
does not recommend it. If you need an xray, be sure xray shields are used if possible to protect other
parts of your body."

e - In 1992, the American Cancer Society issued the following advice under the title,
"Guidelines for the Wise Use of Medical Xrays" (ACS 1992): "Fluoroscopy delivers larger doses of
xray than that used in standard films. If there is an alternative means of making a diagnosis,
fluoroscopy should be avoided.”

e — In 1996, the World Health Organization issued its 1996 report entitled "The World Health
Report 1996." The section on Cancer states (WHO 1996, p.59): "An estimated 6.6 million people died
of Cancer [worldwide] in 1995, and 10 million new cases were diagnosed. It is generally believed that
environmental and lifestyle factors, as well as common practices such as diagnostic radiographic
procedures, are largely responsible for this disease. In addition, the link between infectious diseases
and Cancer is becoming increasingly clear, opening up new possibilities for prevention."”

What about the IARC Monographs?

We anticipated that some readers might ask, "Why is ionizing radiation missing from the
monographs issued by the International Agency for Research on Cancer?"

We put the question directly to IARC in November 1996. IARC (located in Lyon, France) has
been trying to classify various carcinogens for decades, and its monographs are well known in
biomedical libraries. The two-paragraph reply from IARC, dated November 25, 1996, is signed by
Jerry M. Rice, Ph.D., Chief, Unit of Carcinogen Identification and Evaluation. It says, in its entirety:

"In answer to your note of 14 November, addressed to the IARC Librarian, it is true that radon
is the only source of ionizing radiation that has been evaluated to date in the IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans." And:

"As is stated on page 1 of every volume of the Monographs, as a ‘Note to the Reader,’ the fact
that an agent has not yet been evaluated in a Monograph does not mean that it is not carcinogenic. It is
simply a historical fact that the Monographs Programme began in 1971 with chemicals, and has only in
recent years begun to broaden its focus to include biological and physical agents. We expect to direct
increasing attention to physical agents, including ionizing radiation, during the next several years.
Thank you for your interest in IARC Monographs.”

e Part 5. Is the Carcinogenic Power, per Rad of Radiation, the Same at All Dose-Levels?

k ]

In 1950, a prospective study was initiated in order to find out what would happen to the health
of survivors of the 1945 atomic bombings of Hiroshima-Nagasaki. That study, sponsored jointly by
the U.S. and Japanese Governments, is on-going --- for about half of the participants are still alive.
Updated results are issued every 4 or 5 years. The study is managed by the Radiation Effects Research
Foundation (RERF), with headquarters in Hiroshima and a contact point in Washington DC at the
National Academy of Sciences.

Several features of the A-Bomb Life-Span Study make the study uniquely informative: (a)
Participants of both genders and all ages at the time of the bombings, (b) Radiation exposure ranging
from very low to very high doses, (c) Irradiation of all organs (not just some), and (d) Very long
follow-up time. Because of its comprehensive nature, the A-Bomb Study continues to be the principal
source of information concerning many aspects of radiation-induced cancer --- including the shape
of the dose-response at low and moderate dose-levels.
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Sa. Primarily a Study of LOW Radiation Doses at Hiroshima-Nagasaki

When the study-group is described by the ages, the distribution of its 91,231 participants is as
follows (from Gofman 1990, Table 4-A):
Table 4-A):

e - 18,402 persons age 0-9 years old in 1945.

® - 19,224 persons age 10-19 years old in 1945.

e - 17,691 persons age 20-34 years old in 1945.

o - 20,903 persons age 35-49 years old in 1945.

o - 15,011 persons above age 50 in 1945.

Contrary to common assumption, very few of the participants (about 3%) in the A-Bomb Life
Span Study received high doses of ionizing radiation from the bombings (Pierce 1996-a, p.632-633).
In general, doses at or below 10 rads (centi-grays) are called "low," and doses at or above 100 rads
are called "high" (Appendix-A of this book). The rad and the centi-gray are identical dose-units. We
and many others regard the simpler name as preferable. For the past decade, the centi-Sievert (cSv)
has been treated as closely equivalent to the rad and centi-gray (cGy), with respect to the A-Bomb
Study —-- an issue discussed in Part 7 of this chapter.

Of the 91,231 participants listed above, average absorbed internal organ-doses were distributed
as follows (Gofman 1990, Table 13-A, Column C):

e - 37,173 received 0.1 rad of bomb-radiation.

o - 28,855 received 1.9 rad of bomb-radiation.

o - 14,943 received 14.6 rads of bomb-radiation.
e - 4,225 received 40.6 rads of bomb-radiation.

® - 3,128 received 74.2 rads of bomb-radiation.

o - 2,907 received 197.0 rads of bomb-radiation.

Anyone claiming that the A-Bomb Study can elucidate response only to HIGH doses of ionizing
radiation, just can not be familiar with the study. It is primarily a study of response to LOW doses of
bomb-radiation.

5b. Shape of the Dose~Response in the A-Bomb Study, and in High-Dose Data

What does the A-Bomb Life-Span Study reveal about the shape of the dose-response for solid
Cancers (in other words, excluding Leukemia)? Before the answer, definitions are needed for the
relevant terms.

Terms: A positive linear dose-response means, of course, that response is directly proportional
to dose, because the carcinogenic power of each incremental dose-unit (e.g., rad) is the same
throughout the entire dose-range, from zero dose to very high doses. Positive linear dose-responses
are depicted in Figures 1-A and 1-B of Chapter 1; discussion of their shape occurs in Chapter 5, Part
5d. By contrast, a supra-linear dose-response has curvature such that the curve lies ABOVE a straight
line drawn between any two points along the curve. When such a connecting line has an upward slope,
each rad at the lower dose-point is more carcinogenic on the average than each rad at the higher
dose-point. The linear-quadratic dose-response (if the quadratic term is positive rather than negative)
means that each rad is less carcinogenic at low total doses than at high total doses.

e 1990. In Gofman 1990, we presented a step-by-step analysis of the A-Bomb Life-Span
Study data, 1950-1982, which shows that the dose-response in those data for all types of solid
Cancers, combined, has a supra-linear shape at doses above about 5 rads (Gofman 1990, esp. Chapter
14). Analysts at RERF also reported supra-linearity, but they concluded that the supra-linear
dose-response was not statistically superior to the linear dose-response in fitting the observations
(Shimizu 1987, pp.28-30, + Shimizu 1988, pp.50-51, p.53, Table 19). In reality, the dosimetry in the
A-Bomb Survivor Study has been and remains quite uncertain. Therefore, it is impossible for anyone
to know whether the supra-linearity therein is based on biology or on mistaken dose—estimates.

e - 1990. The BEIR Committee (Committee on the Biological Effects of Radiation, of the

National Research Council) reported its analysis of the 1950-1985 data from the A-Bomb Life-Span
Study: "The dose-dependent excess of mortality from all cancer other than leukemia, shows no
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departure from linearity in the range below 4 sievert {approximately 400 rads], whereas the mortality
data for leukemia are compatible with a linear-quadratic dose response relationship" (BEIR 1990, p.5).
For now, we can ignore BEIR’s questionable distinction about Leukemia, because Leukemia has
accounted for a very small fraction of U.S. cancer mortality. Solid Cancers have accounted for the
overwhelming share of cancer deaths. In 1940, Leukemia accounted for 3.2% of the cancer mortality
rate (Grove 1968, p.700 & p.676). In 1998, the fraction of cancer deaths (USA) due to Leukemia is
estimated at 3.8% (Landis 1998, p.13, Table 4).

o - 1994. The UNSCEAR Committee (United Nations Scientific Committee on the Effects of
Atomic Radiation) reached the same conclusion as did the BEIR Committee, from the A-Bomb
Life-Span Study: "The life span study data for solid tumours from 1950 to 1987 are consistent with
linearity between 0.2 Sv [approximately 20 rads] and 4 Sv [approximately 400 rads] ..." (UNSCEAR
1994, p.89/402). The report presents a graph which depicts linearity in the data down to zero dose
(UNSCEAR 1994, p.157). However, in the range between 0 dose and 20 rads, the authors say the
findings lack statistical significance (UNSCEAR 1994, p.89/406).

e - 1996. RERF analysts, Donald Pierce and co-workers, report their findings on solid
Cancers from a longer follow~up period (1950-1990) in the A-Bomb Life-Span Study. They state
(Pierce 1996-b, p.9): "The dose response is quite linear up to about 3 Sv [up to about 300 rads] ...
These data do not suggest the existence of a threshold below which there is no excess risk." The
REREF analysts also report (Pierce 1996-b, pp.9-10) that the 1950-1990 data, "taken at face value,"
show supra-linearity and indicate that the cancer rate per cSv (rad) grows progressively more severe as
dose DECREASES in the region between about 35 rads and zero dose --- but they reject the finding as
statistically inferior to the linear dose-response.

The RERF analysts, working with later data than the analysts in UNSCEAR 1994, find
statistically significant excess Cancer even at doses as low as about 5 ¢Sv --- about 5 rads (Pierce
1996-b, p.10). We have not yet independently checked the 5-rad finding from the 1950-1990 raw
data.

Findings from Higher Doses: A Path to Underestimating Risk at Low Doses

Although the data in the A-Bomb Study are sparse at high doses (Part 5a), other types of
data have led analysts to general agreement that dose-response for radiation carcinogenesis and
mutagenesis is curved in a supra-linear fashion when acute high doses are included (NCRP 1980,
p.17, p.160, + BEIR 1990, pp.141-142 for carcinogenesis, + UNSCEAR 1993, p.9/42 for
carcinogenesis). This means that risk per rad, from xrays received at low doses, will be
underestimated whenever such analysis is based on observing medical patients who received acute
high doses.

5c. Peril for the A-Bomb Database: Recent Actions

It worries us that recent actions have needlessly placed the credibility of future results from the
Atomic-Bomb Survivor Study in great peril (Gofman 1988 + 1990 + 1992 + 1995/96).

Since 1986, both the number of participants in the study and their dose-estimates have been
altered several times, after the results of decades of follow-up were already known. Epidemiologists
worldwide recognize that retroactive changes in dose-assignments and shuffling of dose-cohorts create
the opportunity for bias to enter any study. With enough retroactive changes, the "findings" can
become whatever the fiddlers desire. Therefore, in order to prevent suspicion, well-established rules,
which create barriers against entry of bias, are normal practice in prospective studies. Unfortunately,
during the past decade, several such barriers have been demolished in the A-Bomb Study.

The impending crisis in the A-Bomb Study developed because of over-estimated doses
delivered by neutrons --- especially in Hiroshima. Indeed, we discerned that there must have been
errors involving neutrons in the pre-1986 dosimetry (Gofman 1981, p.246), and we applaud correction
of the neutron-errors by what is called the study’s "DS86" dosimetry. What worries us is the way in
which use of "the new dosimetry” has unnecessarily become the occasion for removing some
significant barriers against potential bias. For instance, many former participants have been discarded
and thousands of new ones added from a "reserve.” The former dose-estimates and dose~-cohorts are
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no longer any part of RERF analyses. In short, current practice deprives the A-Bomb Study of its
continuity, its anchor, its permanent architecture --- and thus, of its above-suspicion status.

A potential remedy for this problem would be to use "DS86" dosimetry as part of
"constant-cohort, dual-dosimetry" analyses, in which the former dose-estimates (1965 vintage) and
former dose-cohorts provide the continuity in future follow-up studies, and comparable results are
calculated also from "the new dosimetry." This practice would simultaneously eliminate suspicions of
bias AND deliver the benefits of improved dosimetry. In the computer age, the extra set of
dose-estimates (DS86) is easily handled. Indeed, with the excellent cooperation of Dr. Donald Pierce
at RERF, we acquired the data we needed to demonstrate "constant-cohort, dual-dosimetry” analysis
of the 1950-1982 cancer-data (in Gofman 1990). We need not claim that "constant-cohort,
dual-dosimetry” is the ONLY possible solution to the A-Bomb Study’s impending credibility problem,
but we do claim that an approach OTHER than current practice is urgently needed, in order to keep
this unique and painfully acquired Japanese database forever above suspicion.

Because ionizing radiation is a proven cause of human Cancer, one might assume that virtually
no one would deny that the use of medical radiation has caused and is causing radiation-induced
Cancers. But there are some in medicine who try to limit such an admission to "high-dose" medical
radiation. Such people continue to hope for a threshold-dose, below which they speculate that
REPAIR of radiation-injury may prevent any radiation-induced Cancer. They claim that no one can
know for sure about very low doses. They are mistaken. IT IS POSSIBLE TO KNOW.

6a. A Five-Point Summary of the Evidence that No Threshold Exists

The nature of the evidence, that no threshold-dose exists for radiation carcinogenesis, can be
summarized by five points (Gofman 1990, Chapter 18):

e Point ONE: The radiation dose from xrays, gamma rays, and beta particles is delivered by
high-speed electrons, traveling through human cells and creating primary ionization tracks. Whenever
there is ANY radiation dose, it means some cells and cell-nuclei are being traversed by
electron-tracks. There are roughly 675 million typical cells in 1 cubic centimeter.

e Point TWO: Every track --- without any help from another track -—- has a chance of
inflicting chromosomal or gene-damage, if the track traverses a cell-nucleus.

e Point THREE: There are no fractional electrons. This means that the passage of one
primary ionization track is the lowest conceivable dose and dose-rate which a cell-nucleus can
experience from ionizing radiation.

e Point FOUR: There is solid epidemiologic evidence that extra human Cancer does occur
from radiation exposures which deliver just one or a few tracks per cell-nucleus, on the average. Such
evidence shows that the cell’s repair-system is fallible even when it is confronted only by a minimal
challenge.

e Point FIVE: The combination, of real-world evidence from epidemiology and from
track-analysis, establishes that there is NO dose or dose-rate low enough to guarantee correct repair of
every carcinogenic injury inflicted by ionizing radiation. Some injuries are just unrepaired,
unrepairable, or misrepaired.

6b. Three Remarkably Similar Reports on the Safe-Dose Fallacy

The threshold hypothesis, with respect to radiation carcinogenesis, has been invalidated in three
major reports: Gofman 1990, UNSCEAR 1993, and NRPB 1995. (UNSCEAR is the United Nations
Scientific Committee on the Effects of Atomic Radiation. NRPB is Britain’s National Radiological
Protection Board.)

The key to each report is the insight that the appropriate way to define the lowest possible dose
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and dose-rate of ionizing radiation is NOT in fractions of a rad or centi-gray. The relevant definition
occurs in tracks per cell-nucleus.

e - Gofman 1990, p.19-1: "Because the minimal event in dose—delivery of ionizing radiation is
a single track, we can define the least possible disturbance to a single cell-nucleus: It is the traversal
of the nucleus by just one primary ionization track.” Traversal occurs in a tiny fraction of a second.
To test the threshold hypothesis, no one needs impossible-to-obtain epidemiologic studies, at
tissue~doses like 10 milli-rads or 10 micro-rads —--- because minimal challenge to a cell’s repair
system occurs at much higher tissue~-doses. From Gofman 1990, Table 20-M:

Radiation Average number Tissue-dose in
of tracks/nucleus rads (centi~grays)
30 KeV medical xrays 1 track 0.75 rad (750 milli-rads)
10 tracks 7.48 rad
1608 KeV gamma-rays, as 1 track 0.185 rad (185 milli-rads)
at Hiroshima-Nagasaki 10 tracks 1.85 rad

o - UNSCEAR 1993, p.680/321: "Photons deposit energy in cells in the form of tracks,
comprising ionizations and excitations from energetic electrons, and the smallest insult each cell can
receive is the energy deposited from one electron entering or being set in motion within a cell.”

e - NRPB 1995, p.58/27: "It may be argued ... that a single radiation track (the lowest dose
and dose-rate possible) traversing the nucleus of an appropriate target cell, has a finite probability,
albeit low, of generating the specific damage that will result in tumour-initiating mutation."

For the convenience of readers, Appendix B provides extensive excerpts from all three reports.
Here, we will present just the conclusions:

Gofman 1990, p.18-2: "Human epidemiological evidence shows that repair FAILS to prevent
radiation-induced Cancer, even at doses where the repair-system has to deal with only one or a few
tracks at a time, and even at dose-rates which allow ample time for repair before arrival of additional
tracks ... Such evidence is proof, by any reasonable standard, that there is no dose or dose-rate which
is safe ..."

UNSCEAR 1993, p.636/84: "It is highly unlikely that a dose threshold exists for the initial
molecular damage to DNA, because a single track from any ionizing radiation has a finite probability
of producing a sizable cluster of atomic damage directly in, or near, the DNA. Only if the resulting
molecular damage, plus any associated damage from.the same track, were always repaired with total
efficiency could there be any possibility of a dose threshold for consequent cellular effects.” And
(p.680-681/323): "Biological effects are believed to arise predominantly from residual DNA changes
that originate from radiation damage to chromosomal DNA. It is the repair response of the cell that
determines its fate. The majority of damage is repaired, but it is the remaining unrepaired or
misrepaired damage that is then considered responsible for cell killing, chromosomal aberrations,
mutations, transformations, and cancerous changes.”

NRPB 1995, p.60/36: "For double-strand DNA damage, there is good reason to believe that
repair has an error-prone mutagenic component irrespective of damage-abundance and, by implication,
will, even at very low doses, contribute to tumour risk." And (p.61/38): "It may be concluded ... that
existing data from both in vitro and in vivo [radiation] studies support a linear rather than a
threshold-type response for neoplasia-initiating gene mutations." And (p.68/80): "In consideration of
a broad body of relevant cellular and molecular data, it is concluded that the weight of the evidence, in
respect of the induction of the majority of common human tumours, falls decisively in favor of the
thesis that, at low doses and low dose rates, tumorigenic risk rises as a simple function of dose without
a low dose interval within which risk may be discounted."

6¢c. Dr. Dale L. Preston: An Additional View on the Safe-Dose Fallacy

The bottom line is that exposure to ionizing radiation creates violent random events at the
cellular level. Repair of the resulting genetic damage is sometimes absent or imperfect. The failure of
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correct repair is not due to saturation of a cell’s repair system (Gofman 1990, Chapter 18, Parts 2, 3,
4). Failure is due to the exotic nature of the lesions. In studies of radiation-induced human Cancer and
of radiation-induced chromosomal mutations in human cells, generally the dose-response is linear.
Linearity almost certainly means that the unrepairable fraction of genetic lesions is constant, even when
there is an average of just one track per cell-nucleus.

The newest evidence on linearity has led Dr. Dale L. Preston, also, to speak out on the
threshold-issue. Dr. Preston is a major analyst at RERF and was also Scientific Advisor to the
BEIR-5 Committee of the National Research Council. Referring to the 1950-1990 evidence from
Hiroshima-Nagasaki (Part 5b, above), Preston states:

"For solid Cancers, there is simply no way of looking at the RERF data which suggests the
existence of a threshold, or even a lower risk per unit dose in the low-dose range. The lack of such
evidence is not due to a relative paucity of survivors in the low-dose range, as more than 85% of the
survivors have dose estimates <0.2 Sv. In fact, taken at face value, these data are quite inconsistent
with the existence of a threshold, or the adequacy of a linear-quadratic dose response for solid
cancers” (Preston 1997).

6d. An Important Distinction: Risk versus Rate

The proof exists, by any reasonable standard of biomedical proof, that there is no
threshold-dose for radiation carcinogenesis.

Thus, there is no dose-level or dose-rate for a population which is harmless. A radiation dose
which gives an individual "just a risk” of radiation-induced Cancer —--- say, 1 chance in 1,000 -— is
the same dose which gives a RATE of 1,000 radiation-induced Cancers among a million people
irradiated at a comparable age. In such a case, all one million irradiated people are "at risk,” and
later, one thousand of them develop radiation-induced Cancers. Radiation-induced Cancer is "a
maybe" for each individual but a certainty for the group.

Part 7. X

: More C

For about two decades, experimental evidence has been accumulating that xrays inflict more
chromosomal mutations per 1,000 cells than do gamma rays, at equal tissue—-doses. It follows (from
more mutations) that xrays are more carcinogenic than gamma rays, at equal tissue-doses. We warned
that medical xrays are about twice as carcinogenic as gamma rays, at equal rad-dose, in Gofman 1990
(p-13-4, p.20-5, p.25-15).

7a. Other Publications: Xrays Two-Fold to Four-Fold More Injurious

The BEIR-5 Committee, of the National Research Council, acknowledged a factor of two as
follows (BEIR 1990, p.218):

"Most human exposures to low-LET ionizing radiation are to xrays, while the A-bomb
survivors survived low-LET radiation in the form of high energy gamma rays. These are reported to
be only about half as effective [injurious per rad] as ortho-voltage x-rays (ICRU 1986). While that is
not a conclusion of this Committee, which did not consider the question in detail, it could be argued
that since the risk estimates {for Cancer] that are presented in this report are derived chiefly (or
exclusively) from the Japanese experience, they should be doubled as they may be applied to medical,
industrial, or other xray exposures.” Note: LET and ortho-voltage xrays are defined in Part 7b.

In 1995, Tore Straume’s analysis of evidence indicated that xrays may be FOUR TIMES as
harmful as Hiroshima-Nagasaki gamma rays, at equal rad-doses (Straume 1995). Dr. Straume, who
was then at the Livermore National Laboratory, used experimental evidence produced at the Harwell
Lab of Britain’s National Radiological Protection Board: Prosser 1983, + Lloyd 1986, + Purrott 1977.
The evidence consists of dose-responses for dicentric chromosomes induced by ionizing radiation in
human lymphocytes (in vitro), evaluated at the first post-irradiation cell-division (Straume 1995,
Figure 2). Dicentric chromosomes (having two centromeres) result from misrepaired double-strand
chromosome breakage in two separate chromosomes. The frequency of post-irradiation dicentrics has
been one standard measure of radiation mutagenesis for decades. Straume’s analysis showed the
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following results, relative to the atom~bomb gamma rays and at equal rad-dose (Straume 1995, p.955):

o - Cobalt-60 gammas rays are about 2-fold more injurious than A-bomb gamma rays.

® - 250 kVp xrays (called "orthovoltage xrays," and having an average energy of 83 KeV) are
about 4-fold more injurious than A-bomb gamma rays.

e - Tritium beta rays (average energy of 5.7 KeV) are about 5-fold more injurious than
A-bomb gamma rays.

@ - Using data from almost entirely different studies, Joe Lucas and co-workers find that xrays
produce about 2-fold more dicentrics per dose-unit than cobalt-60 gamma rays (Lucas 1995, Figure 3).

Straume comments (Straume 1995, p.955): "It is well known that biological effectiveness
[damage per dose-unit] decreases as radiation energy increases, i.e., becomes less densely ionizing
(Dobson 1976, + Bond 1978, + NCRP 1980, + Borek 1983, + ICRU 1986, + Brenner 1989, + NCRP
1990)."

And, Straume p.955: "The dependence of human Cancer dose-response relationships on
radiation energy has not been established and therefore may or may not be equivalent to that for the
model endpoint (dicentrics) used here. It is, however, established that the energy dependence of
dicentrics compares well with those of a broad range of other biological endpoints (NCRP 1990),
including that for malignant cell transformation (Borek 1983), and is a convenient endpoint that has
been well characterized and widely used for similar purposes (e.g., see ICRU 1986)."

Quite explicitly, Straume warns that health consequences from xrays and tritium (radioactive
hydrogen) may be larger, by a factor of 4 to 5, than the harm from an equal dose of
Hiroshima-Nagasaki gamma rays (Straume 1995, p.956).

7b. An Independent Check on the Four-Fold Estimate

We wondered: Is a four-fold disparity in mutations reasonable? Credible? We were able to
make an independent check on the reasonableness, by consulting our own work in Gofman 1990.

As noted by Straume (Part 7a), there is a large body of evidence on ionizing radiation showing
that the biological damage per rad rises with the DENSITY of the energy-deposits left by the
high-speed particles along their tracks. LET (Linear Energy Transfer) is a common measure of such
density, for LET is defined as the average amount of energy lost per unit of track-length. For
example, LET can be measured in KeV per micrometer. Xrays, gamma rays, and beta particles are
low-LET radiations because the distance between energy-deposits is large, on the scale of a typical
cell-nucleus, relative to such distance from alpha-particle radiation (a high-LET radiation).

The relative intensity of low-LET radiations, in interacting with biological soft-tissues, is
reflected in the number of cell-nuclei which must be traversed by electrons in order to deposit one rad
of energy. The more cell-nuclei required, the less intense is the interaction.

In order to test the threshold hypothesis in Gofman 1990, we calculated the number of
traversals of cell-nuclei, by the electrons set in motion by photons of various energies, per rad of
tissue-dose delivered. Column C, below, shows the values from Gofman 1990, and Column E shows
how many-fold MORE traversals are required for the A-bomb gammas to deliver 1 rad of tissue-dose:

Col.A Col.B Col.C Col.D Col.E
Type of Photon Table in Number of Hiro~Naga Factor
Gofman 1990 Cell-Nuclei Divided by of
Traversals Other Disparity
per Rad (cGy)
30 KeV xrays, mean energy. Table 20-Eye 0.903 billion 3.65/0.903 4.042
83 KeV xrays, mean energy. Table 20-O 1.54 billion 3.65/1.54 2.370
100 KeV xrays, mean energy. Table 20-O 1.64 billion 3.65/1.64 2.226
596 KeV gammas (radium-226). Table 20-Eye 1.98 billion 3.65/1.98 1.843
662 KeV gammas (cesium-137). Table 20-Eye 2.13 billion 3.65/2.13 1.714
1608 KeV gammas (Hiro-Naga). Table 20-Eye 3.65 billion 3.65/3.65 1.000
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From Column E on the previous page, we note two results in particular:

Medical xrays, of 30 KeV average energy (from a peak kilovoltage of approximately 90),
interact with human soft-tissue cells about 4-fold more intensely than do the Hiroshima-Nagasaki
gamma rays. Ortho-voltage xrays, of 83 KeV mean energy (from a peak kilovoltage of approximately
250), interact with human cells about 2.4-fold more intensely than A~bomb gamma rays. Therefore,
on the basis of both track-analysis (Part 7b) and observed chromosomal mutations (Part 7a), it is
realistic to accept the warning that xrays are much more injurious, per rad, than the
Hiroshima-Nagasaki gamma rays.

7c. What Do the Epidemiologic Data Reveal?

Readers may wonder why the relative carcinogenic potency per rad, of medical xrays versus
gamma rays from Hiroshima-Nagasaki, has not been established directly from epidemiologic studies.
The principal problem has been described in Parts 2 and 3 of this chapter: The unreliability or complete
absence of records concerning which patients received which doses from medical radiation.

This is not a small obstacle. For example, a SIX-FOLD disparity exists in the rate of
radiation-induced Breast Cancers, per rad of medical xrays, among various studies of female
tuberculosis patients in North America who received serial fluoroscopies. The most likely explanation
is assignment of retroactive dose-estimates to the wrong patients. After years of study, the BEIR
Committee admitted defeat in trying to reconcile the different studies (BEIR 1990, p.255). Then
WHICH value of xray potency, estimated from such studies, would make a reliable comparison with
the results on radiation-induced Breast Cancer from Hiroshima and Nagasaki gamma rays? The
uncertainty is very large.

This is just one illustration of why analysts consider experimental data, with well-measured

doses, to be more reliable than epidemiology when they try to estimate the relative carcinogenic
potency of xrays and gamma rays of various energies.

7d. The A-Bomb Survivors: Bomb-Rads Converted to Medical Rads

There is a large body of experimental evidence (cited and independently tested in Parts 7a and
7b) which indicates that 0.25 to 0.5 rad of tissue-dose, received from medical xrays, has as much
mutagenic (therefore carcinogenic) impact as 1 rad received from the Hiroshima-Nagasaki bombs. If
we average the two fractions, we have 0.375. Thus, a reasonable conversion-factor, from bomb-dose
to xray dose, is 0.375 medical-rad per bomb-rad.

Using the conversion factor of 0.375, we can express the list of bomb-doses from Part 5a in
equivalent xray doses, as follows (we use * to denote multiplication):

e - 37,173 survivors: (0.1 * 0.375) = 0.04 rad xray-equivalent (40 milli-rads).
e - 28,855 survivors: (1.9 * 0.375) = 0.71 rad xray-equivalent.

e - 14,943 survivors: (14.6 * 0.375) = 5.48 rads xray-equivalent.

e - 4,225 survivors: (40.6 * 0.375) = 15.23 rads xray-equivalent.

e ~ 3,128 survivors: (74.2 * 0.375) = 27.83 rads xray equivalent.

e - 2,907 survivors: (197.0 * 0.375) = 73.88 rads xray equivalent.

7e. Some Common Current Medical Procedures, with Approximate Dose-Levels

Irradiation from the Hiroshima-Nagasaki bombings exposed the entire body of the survivors.
By contrast, xray exposure from a diagnostic or interventional medical procedure today may irradiate
most of the head, or a quarter to three quarters of the torso, but almost never the entire body.
However, during a lifespan of various diagnostic and interventional medical procedures, a person today
can readily accumulate doses to specific organs which far exceed the comparable organ-doses received
by most of the A-bomb survivors. Some common procedures, with approximate dose-levels:
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® CT Scan: A CT scan (torso) typically delivers an entrance dose of 6 rads from xrays (NCRP
1989, p.33). Within the scanned "slices,” the ratio of near-surface organ-dose over body-center
organ-dose is approximately 6 to 1 (Gofman 1985, pp.248-249). This ratio would make the range of
internal tissue-doses per examination about 1 to S rads.

e Upper GI: A male adult receives about 1.1 rad of absorbed xray dose to his stomach during
a well-conducted Upper Gastro-Intestinal examination (FDA 1992, p.27). During such an exam, many
addtional organs are also irradiated, including thyroid gland, esophagus, breasts, lung, active bone
marrow, large intestine, liver, kidney, and pancreas.

o Interventional Fluoroscopy: Any procedure involving "extended fluoroscopy time" (Part 3d)
may deliver xray doses to some internal tissues of 15, 25, even 50 medical rads or more.

e Thallium-201 Injection (a common heart-exam): Dose from thallium-201 comes from a
complex mixture of gamma rays and xrays, so the following doses are not directly comparable to the
others above. From administration of 2 milli-Curies to a 70-kilogram adult, approximate dose to the
kidneys is 2.5 rads, thyroid 1.3 rad, liver 1.2 rad, heart wall 1.1 rad, testes 1.1 rad, ovaries 0.99 rad,
stomach wall 0.84 rad, upper large intestine wall 0.54 rad, lower large intestine wall 0.46 rad,
whole-body dose 0.45 rad ("Technical Product Data” from a major supplier).

® Part 8. Variable Latency-Periods for Radiation-Induced Cancer

E 55|

If an exposure to ionizing radiation causes a genetic mutation which is carcinogenic in a cell
(certainly NOT all mutations are carcinogenic), then the elapsed time between mutation and
manifestation of the radiation-induced Cancer is formally called a "latency period." After its production,
the carcinogenic mutation is always present, like an inventory waiting for delivery. Therefore, we like
to refer to latency periods as "delivery times.” They are extremely variable in duration.

8a. The Variable Delivery Times in Mixed-Age Populations

Participants of all ages in the A-Bomb Study received the bomb-irradiation in August 1945 -—-
and the radiation-induced Cancers were still being delivered 45 years later in a dose~dependent fashion
(Part 5b). Indeed, 22% of ALL the fatal bomb-induced solid Cancers, in the A-Bomb Study, occurred
during the 1986-1990 period according to the RERF analysts (Pierce 1996-b, p.1, p.5, and Table 3).

It is highly reasonable to expect deliveries of additional radiation-induced fatal Cancers during
the post-1990 follow-up years --- because 56% of the initial participants were still alive at the
beginning of 1991 (Pierce 1996-b, p.6, Table 4). The database currently in use by RERF analysts
consists of 86,572 initial participants, whose age-distribution is similar to the age-distribution of an
earlier database (91,231 initial participants) shown in Part Sa of this chapter.

8b. Duration of the Carcinogenic Impact, for People of Same Age

A very important insight has emerged from continuous study, since 1950, of the various
age-groups within the A-Bomb Survivors:

When a group of people of the same age is irradiated at the same time, the excess
(radiation-induced) Cancers do not occur at the same time. Each irradiated age—group "delivers" or
manifests its extra Cancers gradually, over many years (see Gofman 1990, Table 17-B, for example).
This is not in dispute. In other words, the duration of the delivery time varies from one irradiated
individual to another. How short is the shortest delivery time? We discuss the question of "a
minimum latency period" in Chapter S, Part 4.

Once deliveries begin in an irradiated group, how long do the deliveries continue? For most
age-groups, probably "forever.” As the follow-up study of the A-Bomb Survivors grows ever longer,
the evidence grows ever stronger from those who were relatively young in 1945, that the carcinogenic
impact of exposure to ionizing radiation probably endures (though not necessarily at a constant level)
for the subsequent lifespan. Because about half of the participants in the A-Bomb Study are still alive,
no one can say this with certainty, however. The RERF analysts assume a lifetime impact, and they
make their lifetime risk-estimates accordingly (Pierce 1996-b, pp-12-14, p.21). So did the BEIR-5
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Committee (BEIR 1990). We used lifetime assumptions when making independent risk-estimates in
Gofman 1981 and Gofman 1990.

8c. Persistence of Radiation—Induced Mutations

The observation, that the carcinogenic effect of exposure to radiation endures for most
(probably all) of the remaining lifespan, is consistent with another observation in the A-Bomb Study:
In 1992 and 1993, Lucas and Kodama reported that, among the living A-bomb survivors, a positive
dose-response between bomb-dose and number of chromosomal mutations was still apparent (Lucas
1992 Figure 6, + Kodama 1993). Radiation-induced genetic mutations are the CAUSE of the
radiation-induced Cancers which are gradually delivered as clinically manifest malignancies. Thus, the
clinical evidence and the cell-studies are consistent: In irradiated groups, the carcinogenic impact of
exposure to ionizing radiation endures for most (probably all) of the group’s remaining lifespan.

The persistence of radiation-induced mutations means, of course, that a person accumulates
more and more of them with each additional exposure to ionizing radiation.

Slow Arrival at Conceiving and Testing Hypothesis-1

o Part9. AV
| &

We have been very slow in arriving at Hypothesis-1.

9a. A Hunch in 1971 ... and a Missed Insight

Back in 1971, it occurred to us that medical irradiation had to account for some significant part
of the cancer problem (Gofman + Tamplin 1971, p.266):

"Medical uses of xrays presently are a major source of population exposure and are undoubtedly
responsible for a significant part of our currently experienced cancer mortality rate. Morgan’s
suggestions for feasible reduction in medical xray exposure, without loss of medical diagnostic
information, deserve immediate action (Morgan 1971)." The reference is to one of many articles on
this topic by Dr. Karl Z. Morgan, a man of immense integrity who is widely recognized as the "father
of the health physics profession.” Morgan’s remarkable memoir is now available (Morgan and
Peterson 1999).

Also in 1971, we pointed out that xray induced Cancers are routinely treated as part of the
"spontaneous” or "background” cancer-rate rather than as a radiation-induced rate (Gofman + Tamplin
1971, p.244). We noted then that this treatment can lead to underestimates of radiation’s role in cancer
causation. Much later we realized what a huge epidemiological pitfall such treatment might represent
(Gofman 1995/96, Chapter 41, Part 2):

"... exposure of a stable population to a constant level of ionizing radiation would -—- at

equilibrium --- cause no INCREASE per rad in the apparent ‘spontaneous’ rate, even if radiation were
causing 100 percent of the [Cancer] problem.”

9b. A Neglected Observation in Gofman 1981

In a 1976 paper, Frigerio and Stowe had claimed that they found a "consistent and continuous”
INVERSE relationship between levels of natural background radiation and cancer mortality-rates in the
50 United States (Frigerio 1976, p.385). In Gofman 1981 (p.568), we grouped the states into 3 classes
(high, medium, or low background radiation dose) and demonstrated the serious fault in their
conclusion.

Then, keeping the same three groups of states, we looked at other data provided in the same
paper by Frigerio and Stowe. We did a mini-analysis of physician-density versus cancer mortality
rates, and we showed for the three groups that: "The values of physicians per 1,000 persons parallel
the cancer death rates almost perfectly, and the background radiation data definitely do not" (Gofman
1981, p.569).

The higher the density of physicians, the higher the cancer death rate. We --- and everyone
else, too ——- failed to explore that "smoking gun" on page 569 of Gofman 1981.
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9c. An Estimate in Gofman + O’Connor 1985

In our 1985 book, Gofman and O’Connor provided estimates of the personal cancer-risk
associated with about 40 types of common diagnostic xray exams (Gofman 1985). The book was
praised in the New England Journal of Medicine (Greenfield 1986) and attacked in the Journal of the
American Medical Association (Adler 1986).

In Chapter 17 of that book, we tried to estimate how many FUTURE cases of Cancer could be
prevented in the USA, if the average dose received from diagnostic xray exams were reduced to 33% .
A reduction of this magnitude had been demonstrated, by Dr. Kenneth Taylor and colleagues in
Ontario, Canada (Taylor 1979 + 1983), to be readily achieved in actual radiology facilities -—- without
any loss of diagnostic quality and without purchases of expensive equipment.

To prepare our estimate, of course we had to begin with the unreliable type of estimates (on
frequencies of common diagnostic exams, and average doses therefrom) which we describe in Part 3a
of this chapter. Such estimates were an unreliable foundation for our calculations. Moreover, they
excluded all angiographies, CT scans, and (by definition) all interventional radiology. Nonetheless, we
felt that even an underestimate would be preferable to no estimate at all.

Our estimate was that about 50,000 cases of future Cancer per year could be prevented in the
USA by cutting average dose per exam, from diagnostic radiology, to 33% of the supposed average
prevailing dose. Subsequent work (Gofman 1995/96 and this book) indicates that 50,000 cases was a
vast underestimate. But it was the best estimate that we could provide in 1985, from using the
customary but unreliable input. The result: Our own estimate in 1985 did not provoke us into
considering that medical irradiation might be the PRINCIPAL cause of Cancer (USA) in the Twentieth
Century.

9d. An Estimate in Gofman 1990

In Gofman 1990, we made two comments about the role of ionizing radiation (all sources) in the
total cancer problem. We were still far short of conceiving Hypothesis-1,

First, we provided a list of some 13 medical uses of xrays and radium, plus some non-medical
sources of exposure (use of radium-~dials, fluoroscopic shoe-fitters, and tobacco whose smoke contains
decay-products from uranium), and we said: "One needs to wonder seriously how much of the current
cancer-rate is due to past exposure to ionizing radiation from such practices. It could be a meaningful
part of the so—called ‘spontaneous’ rate" (Gofman 1990, p.24-20).

And in the next chapter (p-25-15), we combined (a) BEIR 1990's estimates of annual doses
from radon, other natural radiation, medical xrays, and "all other” sources, with (b) our own estimates
of Cancers per unit of dose, and thus we arrived at (c) the "ball-park estimate" that about 25% of
cancer mortality is radiation-induced —-- excluding any radiation-induced inherited predisposition.

9e. An Estimate at the AAAS Symposium of 1994

An event in February 1994 was crucial in the arrival at Hypothesis-1. At the invitation of Nancy
Evans and Breast Cancer Action, I was invited to be a panelist for the symposium on Breast Cancer at
the national meeting of the American Association for the Advancement of Science. Other panelists
were Dr. Graham Colditz, Dr. Devra Lee Davis, Dr. Samuel Epstein, and Dr. Elihu Richter.

My assigned topic was "lonizing Radiation and Breast Cancer.” Radiation-induced Breast
Cancer happens to be prominent in the literature on radiation carcinogenesis (see Gofman 1981, BEIR
1990, for instance). Indeed, it provides a large share of the evidence of radiation carcinogenesis at the
lowest possible dose and dose-rate per exposure (Gofman 1990).

During preparation of the AAAS presentation, we decided to attempt a very rough estimate of
what share of the current Breast-Cancer problem is attributable to radiation exposures. When we began
trying to quantify it, we realized that it was much too big a task to complete in the available time. We
presented just a preliminary estimate —-- which was about 35 percent,
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Even we (and certainly others) were startled by such a high estimate. If the estimate was in the
right "ball-park," it would point at a way to make an appreciable dent in the FUTURE Breast-Cancer
problem. So we decided to continue our inquiry. This meant exploration in the nearly deserted
basement of the excellent medical-school library at the University of California, San Francisco.

Almost no one goes to the basement, because that is where the OLD issues of the medical
journals reside. Our particular inquiry required extensive use of such journals. What happened
decades ago matters, because of the long and variable latency-time for radiation-induced Cancer (Part
8, above). Illustration: The Breast Cancers, caused by radiation-induced mutations received in 1920,
were gradually delivered over decades —-- some cases not until 1965 (or later).

9f. An Estimate in April 1995

After a year of concentrated effort, we produced the monograph, "Preventing Breast Cancer:
The Story of a Major, Proven, Preventable Cause of This Disease, First Edition" (Gofman 1995). The
bottom line was that we concluded 35 percent to be a serious underestimate. Our best estimate in 1995
was that about 75 percent of Breast-Cancer cases (USA), recent and current, are due to earlier medical
radiation (much of it received during the years 1920-1960).

Every step in our analysis was shown, and the unavoidable assumptions and uncertainties were
made explicit.

By the end of 1995, the 75 percent estimate had received lots of peer-review. The criticisms
involved the unavoidable assumptions. Most colleagues preferred assumptions which gave much lower
estimates, but they were unable to show any basis for thinking that their assumptions were more likely
to be right than our assumptions. A few of their competing assumptions were not reasonble, in view of
existing evidence. Reasonable or not, all criticisms of which we were aware were included in the
Second Edition (Gofman 1996).

9g. Arrival at Hypothesis-1 ——- Almost Inescapable, Now

Since no one showed that our 75 percent estimate for Breast Cancer was either wrong or
unlikely to be right, we were "stuck” with CONTINUING to believe our 75% estimate. The result:
We knew it would be irrational, and even irresponsible, for us to evaluate ONLY Breast Cancer.
Thus, Hypothesis-1 insisted upon its own birth and upon our respectful consideration.

Hypothesis-1: Medical radiation is a highly important cause (probably the principal cause) of
cancer-mortality among U.S. males and females during the Twentieth Century.

Could we find any data capable of testing this hypothesis vigorously? At the outset, we were
stumped. We could not possibly undertake all the work, required for our evaluation of xray-induced
Breast Cancer (Gofman 1995/96), for every other kind of Cancer. Even if we could, we would still end
up with vast gaps in the evidence on the frequency and organ-dosage from medical xrays —-- as we did
in the Breast-Cancer book. Such gaps would have to be filled by some assumptions, again.

Finally, we remembered the neglected "smoking gun" described in Part 9b, above. We decided
to try testing Hypothesis—1 by combining two databases, which were each collected without any
conceivable bias about Hypothesis—1: Physicians per 100,000 population, by Census Divisions
(Chapter 3), and age-adjusted cancer mortality-rates per 100,000 population, also by Census Divisions
(Chapter 4).

SOSDOS>S>>
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CHAPTER 3
PhysPops —-- The Doses in Some Massive Studies of Dose-Response

Part 1. Purpose and Data for Our Dose-Response Studies

Part 2. Some Reasons for Expecting Our Dose-Response Concept to Fail
Part 3. PhysPop Data for the Nine Census Divisions, 1921-1992

Part 4. Designation of the "High-5" and "Low-4" Census Divisions
Part 5. Dose-Differences: What Does the Evidence Show?

Part 6. "Lockstep” ——- Ideal Retention of the 1921 Proportions

Part 7. "Lockstep” --- Reality-Checks by Regression Analysis

Part 8. Two Crucial Aspects of PhysPop History

Box 1. Summary of PhysPop Values by Decades, and Their Ranking by Census Divisions.
Figure 3-A. Behavior of High-5 and Low-4 PhysPops through Time.

Figure 3-B. Complete "Lockstepping” of PhysPop Proportions over Time.

Figure 3-C. Imperfect Retention of PhysPop Proportions over Time.

Figure 3-D. Comparison of Four Types of PhysPop Values.

Table 3-A. Universal PhysPop Table.

Table 3-B. Population-Sizes of the Census Divisions, by Decades, 1910-1990.

Table 3-C. How Sets of PhysPops Correlate through Time.

Definition of PhysPop

"PhysPop" is our abbreviation for "Number of Physicians per 100,000 Population.” When
pressed for space: PP. When really pressed for space: pp.

Part 1. Purpose and Data for Our Dose-Response Studies

The titles of this chapter and of the book itself both emphasize the term "dose-response study."”
Such studies address questions like, "When all other things are equal, does the cancer mortality-rate
rise as exposure from ionizing radiation rises?" Yes. That fact has been established for decades
(Chapter 2, Part 4c). Additional proof, that ionizing radiation is a cause of Cancer, is not needed.

Then what is our interest in additional dose-response studies?

Our interest is in exploring Hypothesis-1, that specifically MEDICAL radiation --- which is
readily controllable by humans -—- is a highly important cause of Twentieth Century cancer-mortality
in the United States. The new set of dose-response studies, contemplated for this monograph, might be
able provide a basis for estimating the MAGNITUDE of that causal role. Is the role trivial, as so often
claimed, or is it highly important? We decided to attempt dose-response studies based on the input
described below.

la. The Input-Data for Our Dose-Response Studies

The minimum requirements for a dose-response study include data on responses and doses, of
course.

Cancer is the relevant response for testing our Hypothesis-1. Cancer mortality-rates per
100,000 population are available for the United States, by states and by the Nine Census Divisions.
These rates provide our input-data on response (details in Chapter 4).

And what about input-data on dose? A fundamental premise of our studies is that the more
physicians per 100,000 population, the more radiation procedures per 100,000 population will be
ordered. Such procedures are initiated by a physician, even if someone else actually performs a
procedure. Thus, we arrive at the premise that average radiation dose per capita FROM MEDICAL
PROCEDURES during a specific year, is approximately proportional to the number of physicians per
100,000 population during the same year.
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This common-sense premise is supported by the numerous authors of the 1988 and 1993 reports
of the United Nations Committee on the Effects of Atomic Radiation. In their 1993 report, in Annex C
on medical radiation exposures worldwide, they state (UNSCEAR 1993, pp.223-224/Para.10): "In the
UNSCEAR 1988 Report, a good correlation was shown to exist between the number of xray
examinations per unit of population and the number of physicians per unit of population.” And they
depict a linear correlation in Figure 1 (UNSCEAR 1993, p.347). The premise is also supported by the
evidence already provided specifically for the USA in our Chapter 2, Part 3c, Point 1. The substantial
increases, described there, in xray procedures per 1,000 population and in per capita sales of medical
xray film, occurred during the period of a rapid increase in the number of physicians per 1,000 (or
per 100,000) population -—- namely, following federal enactment of medical entitlements in the
mid-1960s.

Our input-data on dose will be numbers of physicians per 100,000 population, by Census
Divisions (USA), as explained in Part 1b below. At the outset, we did not know at what year such
records began to be kept, relative to the discovery of xrays in 1895. We were able to obtain data
starting in 1921.

1b. PhysPop as a Surrogate for Medical Radiation Dose, by Census Divisions

Using the premise from Part 1a, we can state:

Average radiation dose (in rads) per capita from medical procedures = (k)(PhysPop), where k is
a conversion—factor from physicians per 100,000 population into average number of rads received per
capita during the same year. ("Rad" is defined in Appendix A.) We approximate that k has the same
value nationwide at any one time. There is no requirement for the value of k to remain the same,
decade after decade.

At any one time, in each of the Nine Census Divisions, the magnitude of average per capita
dose from medical radiation is proportional to (k) times (PhysPop for that particular Census Division).
Thus, we can (and we do) use the PhysPop values for individual Census Divisions as a surrogate for
average per capita doses received in such Census Divisions. If a PhysPop value in the First Census
Division is 1.43 times bigger than the PhysPop value in the Ninth Census Division, then the resulting
average dose per person is 1.43 times higher in Census Region One than in Census Region Nine -—- as
a good approximation. PhysPop values reveal the RELATIVE size of average per capita doses in the
Nine Census Divisions.

Our studies never require the quantification of k. Thus, our studies permit the possibility that
average per capita dose could decrease in every Census Division, during a period when PhysPop values
could simultaneously increase. For example, if PhysPop rose 2-fold while average dose-level of
radiation per procedure fell 3-fold, then the average per capita dose would decrease to 2/3 of its earlier
level: Dose = (k/3)(2PhysPop) = (2/3)(k)(PhysPop).

lc. Two Special Merits of Using PhysPop Values as Dose-Surrogates

Dose-response studies, based on the relative size of doses, of course can be fully as valid as
studies based on absolute dose-values. Because the absolute doses from medical radiation in the past
and present are highly uncertain and forever debatable (Chapter 2, Part 3), studies based on a
reasonable approximation of the relative size of doses (PhysPop values) can be the MOST reliable.
Indeed, one of the major scientific strengths of this monograph is its independence from anyone’s
estimates of absolute doses.

A second strength of the PhysPop method deserves some discussion:

Epidemiologic research on the health effects of ionizing radiation is sometimes characterized by
input-data which are vulnerable to potentially biased, after-the-fact adjustments of dosage and
responses, and after-the-fact exclusion of selected groups or cases as "unqualified” for retention in a
study, or after-the—fact inclusion of "reserve” samples. Even retroactive shuffling of dose-cohorts ---
after they have produced a dose-response ——= is now a chronic practice in one of the world’s most
important radiation databases, the Atomic-Bomb Survivor Database (discussion in Chapter 2, Part 5¢).

Such practices, as well as the fact that so much radiation research is funded by governments
which are far from neutral about the hazards of ionizing radiation, necessarily create doubt about the
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trustworthiness of the raw databases themselves. The FIRST obligation of objective scientists is to seek
assurance that they do not work with biased data which will produce misleading results. For example,
few objective analysts on the smoking-issue would rely on data from a database sponsored by, and thus
controlled by, the tobacco industry.

So, in the world of radiation epidemiology, the radiation studies which are presented in this
monograph have a special foundation of credibility: The inputs for both dose (PhysPops) and response
(Mortality-Rates) are data collected over decades by people with no conceivable intent or ability to bias
the outcome of a radiation study. The data are public and not vulnerable to successful alteration.

® Part2. S
E

Reasons for Expecting Our Dose-Response Concept to Fail

We were aware, at the outset, that the merits described in Part 1¢ could not eliminate the
several reasons to bet AGAINST detecting any dose-response in such data. But researchers who
demand a guarantee before they begin, rarely begin. Pessimism is paralytic. And sometimes
irrational. It can be unreasonable to assume that all imaginable obstacles, to obtaining useful
information, will actually materialize.

"Whatever you want to do, if you overanalyze it --- if you start looking for all the pluses and
all the minuses --- you might never start.” So spoke Dr. Herb Boyer, molecular biologist, and
co-founder of Genentech Inc., a pioneering enterprise in the biotechnology world. The occasion: An
interview on Genentech’s 20th anniversary in 1996 (Boyer 1996).

Nonetheless, Part 2 will briefly describe some of the potential obstacles, as a guide to whether
or not they materialized, and as a guide to some of our decisions.

2a. Inconsistent Studies on Natural Background Radiation

What made us ever imagine that a dose-response from medical irradiation might be
DETECTABLE by geographical regions, when numerous attempts to find a dose-response from
geographical differences in natural background radiation have been conflicting and non-definitive?

The idea probably occurred to us because of our 1981 analysis of the Frigerio paper, described
in Chapter 2, Part 9b. Moreover, as a result of our work on the 1995 breast—cancer book, we had
learned how MUCH medical irradiation has been used. So we thought that the average per capita dose
per year from medical radiation might exceed the annual dose from natural background sources by
enough to "show up." This thinking was related to the fact that medical x-rays are 2-fold to 4-fold
more harmful (biologically) than the gamma rays from natural background sources, as discussed in
Chapter 2, Part 7. So we decided to take the next step, and to examine the PhysPop data.

2b. The Necessity of DIFFERENCES in PhysPop Values by Census Divisions

Of course we did not know, until we obtained and studied the data in this chapter, that sufficient
DIFFERENCES would exist in the doses (PhysPops) on a geographical basis. It is impossible to do a
very useful dose-response study without appreciable differences in doses! Medical irradiation could be
the paramount cause of the cancer-problem, and still we would obtain no hint of such a fact from our
proposed dose-response study --- if the doses were about the same in all Nine Census Divisions.

A dose-response study typically plots, on a graph, a proposed cause on the horizontal X-axis,
versus a proposed consequence on the vertical y-axis. If real-world evidence shows that a series of
increments in the proposed cause, goes with a series of increments in the proposed consequence, the
causal presumption is reasonable unless a better explanation can be demonstrated. The causal
presumption is especially reasonable when the proposed cause (ionizing radiation) is already a
PROVEN cause of the effect (excess cancer-mortality).

So our very first task was to find out if there would be any appreciable DIFFERENCES in the
dose~input (PhysPops in the Nine Census Divisions) for our proposed study. In Part 5 of this chapter,

we will discuss the range of differences we found in PhysPops, and how the range changed over the
1921-1992 period.
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2¢. Annual Radiation Dose versus Accumulated Radiation Dose

The chance, that a cell acquires a new (non-inherited) carcinogenic mutation due to ionizing
radiation, is proportional to the cell's ACCUMULATED radiation dose. We knew at the outset that a
PhysPop value for a single year would not be proportional to the average ACCUMULATED total dose
in one census region, versus all other regions —-- unless the regional PhysPop values retained their
proportionality with EACH OTHER over time. This aspect of our studies is explored in Parts 6 and 7

(below).

PhysPops, as informative surrogates for ACCUMULATED doses, were threatened in yet
another way. Even if PhysPop rankings in the various Census Divisions happened to remain stable
long enough to produce some discernible differences in the radiation consequences, we needed to worry
about the impact of the population’s mobility.

The Potential Problem from Migration between Census Divisions

Whenever people move from a Census Division of higher PhysPop value to a Census Division
of lower PhysPop value, they carry their cancer-risk with them. Because they mix their higher
accumulated dose (and their higher risk of radiation-induced Cancer) with the new population’s lower
accumulated dose (and lower risk of radiation-induced Cancer), such migration necessarily degrades
PhysPop as a measure of the relative magnitude of accumulated dose received by people dying within
those two Census Divisions. And the same potential problem applies to migration from low PhysPop
to high PhysPop Census Divisions. The concern would essentially vanish if all radiation-induced
Cancers were delivered within 2 or 3 years after irradiation. The potential problem occurs because
latency periods (delivery times) for radiation-induced Cancers are spread over decades, as discussed in
Chapter 2, Part 8. As more decades pass, more people migrate between Census Divisions. By
contrast, the migration which occurs WITHIN single Census Divisions creates no problem at all for our
proposed dose-response studies.

2d. Distribution of the Combined Impact from Other Carcinogens

We knew at the outset, of course, that a dose-response to medical irradiation could be obscured
in our proposed studies, if the combined force of carcinogens OTHER THAN MEDICAL
IRRADIATION were to have an UNEQUAL impact on the cancer mortality-rates of the Nine Census
Divisions. This is a nearly universal hazard in epidemiology. For example, in the Atomic-Bomb
Survivor Study, one can (and must) assure that the groups receiving different doses of bomb-radiation
are comparable in age-and-sex distribution. But there is no way to force the dose—cohorts to be
comparable in their lifetime exposures to all non-bomb carcinogens (known and unknown) before and
after August 1945. And in our own studies, there is no way to force the nine populations in the Nine
Census Divisions to be comparable in their lifetime exposures to all non-xray carcinogens (known and
unknown). In such studies (and many others), one hopes that providence has distributed the extraneous
non-comparabilities in such a way that their combined carcinogenic force is nearly equal ("matched"in all
dose-cohorts. Otherwise, these unequal impacts can distort the true dose-response between the two
variables under study (Chapter 5, Part 7, and Chapter 48).

e Part 3. PhysPop Data for the Nine Census Divisions, 1921-1992

E %

Overlapping sources exist for data on the number of physicians per 100,000 population in the
USA. They include the U.S. Government, the American Medical Association, and the American
Hospital Association. (We did not happen to use any AHA publications.) We have found data back as
far as 1921.

3a. The "Universal” PhysPop Table: Table 3-A (Four Pages)

Table 3-A is located, of course, after the text of this chapter. It is the Universal PhysPop
Table covering the years 1921-1993, for the Nine Census Divisions of the USA. The word "universal”
calls attention to the fact that the PhysPops are the same no matter what cause of death is compared
with them. Thus, this single table is the origin of x-axis data for numerous chapters of this book.
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The table covers general practitioners and specialists combined. The details are provided in
Parts 3c and 3d. We did not find data for every calendar year between 1921 and 1992. The years for
which we have found data are flagged "+" in the Universal PhysPop Table 3-A. The years for which
we obtained values by interpolation, are unflagged.

The data on PhysPops are often presented state-by-state in various sources. In combining data
from various states, to obtain the average PhysPop value for an entire Census Divisions, we weighted
each state’s PhysPop value by the contemporaneous size of the state’s population (details in Part 3d).

3b. Which States Belong to Which Census Divisions?

Because we were searching for data on the Nine Census Divisions from 1895 onward, the fact
that Alaska and Hawaii did not become states until after World War Two seemed like a probable
complication. In view of their small populations, we decided at the outset to exclude Alaska and
Hawaii from consideration. For consistency, we also excluded the District of Columbia, which is not a
state and whose population has always been small, too. So, these three entities are omitted from our
Universal PhysPop Table 3-A. Below, we list the states (total = 48) in each of the Nine Census
Divisions (from PHS 1995, p.302, for example). Populations of each Census Division, by decades, are
shown in our Table 3-B.

e EAST NORTH CENTRAL: lllinois, Indiana, Michigan, Ohio, Wisconsin. § states.
e EAST SOUTH CENTRAL: Alabama, Kentucky, Mississippi, Tennessee. 4 states.
e MIDDLE ATLANTIC: New Jersey, New York, Pennsylvania. 3 states.

e MOUNTAIN: Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah,
Wyoming. 8 states.

e NEW ENGLAND: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island,
Vermont. 6 states.

e PACIFIC: California, Oregon, Washington. 3 states.

e SOUTH ATLANTIC: Delaware, Florida, Georgia, Maryland, North Carolina, South
Carolina, Virginia, West Virginia. 8 states.

e WEST NORTH CENTRAL: Iowa, Kansas, Minnesota, Missouri, Nebraska, North
Dakota, South Dakota. 7 states.

e WEST SOUTH CENTRAL: Arkansas, Louisiana, Oklahoma, Texas. 4 states.

3c. Evolution of Four Categories of PhysPops

Over the years, the reports of PhysPop values gradually developed multiple categories. For
instance, distinction is made between federal and nonfederal physicians. Federal physicians are those
on active duty with the armed forces, the Public Health Service, the Veterans’ Administration, the
Indian Service, and other federal agencies (Pennell 1952, p.10). Some of the distinctions developed
due to "manpower" forecasts, for wartime and for new federal programs such as Medicare and
Medicaid, which were enacted in 1965. By 1965, PhysPop values came in four varieties, based on:

1. e Total physicians ——- active + inactive, federal + nonfederal, in the USA and its
possessions (Canal Zone prior to 1980, Pacific islands, Puerto Rico, Virgin Islands). Specified in
AMA 1993, Table A-16, p.32.

2. e Total patient-care physicians, federal and nonfederal. Not available until 1965 (AMA
1993, Table A-16, p.32).

3. e Total nonfederal physicians --- active + inactive --- in the 50 states and D.C. Specified
in AMA 1993, Table A-17, p.33.

4. e Nonfederal patient-care physicians, 50 states and D.C.
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The relative sizes of these four types of PhysPops --- for the years 1965, 1970, 1975, 1980,
1985, and 1992 -—- are graphed in AMA 1993, Figure 4, p.15. We have reproduced the AMA graph
at the end of this chapter, as Figure 3-D. It is evident that the four types are very tightly correlated
with each other.

3d. Sources Used for PhysPop Values from 1921 Onwards

Our choices for the Universal PhysPop Table 3-A were determined by what was available to us
in the literature either by states or by Census Divisions. By states, the AMA tables offer only one
"choice": Total nonfederal PhysPops. As of 1949, only a very small share of the total was inactive
(see below), The fraction was low also in 1975, 1985, 1990 (see Part 3e).

PhysPops for 1921-1949

PhysPop data from 1921 through 1949 are from Pennell 1952 in our Reference List. This is
Public Health Service Publication 263, Section 1, prepared by Maryland Y. Pennell and Marion E.
Altenderfer, and entitled "The Health Manpower Source Book Section 1. Physicians.” Its Table 2 (at
page 14) is Physician-Population Ratios in the United States, by Region and State: 1921-1949. Pennell
and Altenderfer based their table on the following sources in our Reference List: AMA 1950, Census
Bureau 1951, and Linder 1947.

Pennell’s Table 2 does not specify any subset of physicians. By comparing numbers in
Pennell’s Table 2 with numbers in Pennell’s Tables 1 and 4, we can establish that the PhysPops in
Table 2 are for total physicians (active + inactive, federal + nonfederal).

Separately, and only for the year 1949, Pennell provides the composition of the total 201,277
physicians: 179,041 active nonfederal + 12,536 federal + 9,700 retired.

PhysPops for 1959

PhysPop data for 1959 are from Stewart 1960 in our Reference List. This is Public Health
Service Publication 263, Section 10, prepared by William H. Stewart and Maryland Y. Pennell, and
entitled "The Health Manpower Source Book Section 10. Physicians’ Age, Type of Practice, and
Location.” On page 26 is its table, Physician-Population Ratio in Each State, and Age of Physicians:
Non-Federal Physicians per 100,000 Civilian Population, 1959. Stewart 1960 (p.1) bases the number
and location of physicians (mid-1959) on data supplied to the Public Health Service by the American
Medical Association, and rates per 100,000 population, by states, on mid-1959 population data from
the Census Bureau (1959). We used 1959 population data from Grove 1968 (Table 74) in order to
obtain population-weighted PhysPop values for the Nine Census Divisions.

PhysPops for 1963, 1965, 1970, 1975, 1980, 1981

PhysPop data for 1963, 1965, 1970, 1975, 1980, and 1981 all are taken from AMA 1982 in our
Reference List, Table A-7, Non-Federal Physicians, Civilian Population, Physician-Population Ratios
for Selected Years 1963-1981. That table provides all the data we need to calculate
population-weighted PhysPop values for the Nine Census Divisions.

PhysPops for 1983

PhysPop data for 1983 are taken from AMA 1986 in our Reference List, Table A-9,
Non-Federal Physicians, Civilian Population, and Physician/Population Ratios for Selected Years
1963-1985. That table provides all the data we need to calculate population-weighted PhysPop
values for the Nine Census Divisions.

PhysPops for 1985, 1990, 1993

PhysPop data for 1985, 1990, and the start of 1993 are taken from AMA 1994 in our Reference
List, Table A-18, Non-Federal Physicians, Civilian Population, Physician/Population Ratios for
Selected Years 1970-1993. That table provides all the data we need to calculate population-weighted
PhysPop values for the Nine Census Divisions.
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3e. Difference between PhysPops from Table 3-A and from PHS 1995

In "Health, United States, 1995 (PHS 19935, pp.218-219), there is Table 97 which presents
PhysPops for 1975, 1985, 1990, and 1994 by Census Divisions and by states. We note the word
"active" in Table 97’s title: Active Nonfederal Physicians and Doctors of Medicine in Patient Care per
10,000 Civilian Population ... 1975, 1985, 1990, and 1994. Of course, we multiply PhysPop values in
Table 97 by ten, in order to convert them to the more customary "per 100,000" population. In our
Universal PhysPop Table 3-A, the PhysPop values come from the combination of active plus inactive
physicians. Not surprisingly, our PhysPops for 1975, 1985, and 1990 are higher than those presented
in PHS 1995, Table 97.

Would analysts reach the same conclusions that we do, about the relationship of PhysPops with
biological phenomena (such as cancer mortality-rates), if they used the ratios from Table 97, instead of
the ratios from our Universal PhysPop Table 3-A?

The answer is yes. They would reach the same conclusions, because the correlations between
the two sets of data are so very high. We demonstrate this by the three regression analyses which
follow and which produce correlation coefficients (R) of 0.9916, 0.9855, and 0.9863. Our studies rely
on the RELATIVE magnitudes rather than absolute magnitudes of the nine PhysPop values (Parts 1b
and lc), and such high correlations between Table 97 and Table 3-A mean that the relative magnitudes
among the PhysPop values are extremely similar in Table 97 and Table 3-A. (Readers who are
unfamiliar with linear regression analysis will find an introduction to the topic in Part 7 of this chapter,
and more explanation in Chapter 5, Part 5).

Below, listed by the Nine Census Divisions, are the PhysPop values per 100,000 population
from PHS 1995, Table 97 (including active doctors of osteopathy), and to the right of them, the values
for the matching Census Divisions from our Universal PhysPop Table 3-A.

YEAR = 1975 Tab 97 Tab 3-A YEAR = 1975
Pacific 179 208 Regression Output:
New England 191 215 Constant ~-11.5257
West North Central 133 141 Std Err of Y Est 5.2312
Mid-Atlantic 195 213 R Squared 0.9832
East North Central 139 146 No. of Observations 9
Mountain 143 156 Degrees of Freedom 7
West South Central 119 128
East South Central 105 117 X Coefficient(s) 1.1784
South Atlantic 140 156 Std Err of Coef. 0.0582
Unweighted Avg. 149.3 164.4 R= 0.9916

Ratio (Tab3A/Tab97) = 1.10
YEAR = 1985 Tab 97 Tab 3-A YEAR = 1985
Pacific 225 256 Regression Output:
New England 267 293 Constant -13.6604
West North Central 183 186 Std Err of Y Est 8.5884
Mid-Atlantic 261 276 R Squared 0.9712
East North Central 193 195 No. of Observations 9
Mountain 178 193 Degrees of Freedom 7
West South Central 164 171
East South Central 150 162 X Coefficient(s) 1.1391
South Atlantic 197 216 Std Err of Coef. 0.0741
Unweighted Avg. 202.0 216.4 R= 0.9855

Ratio (Tab3A/Tab97) = 1.07
YEAR = 1990 Tab 97 Tab 3-A YEAR = 1990
Pacific 234 265 Regression Output:
New England 290 320 Constant -14.3549
West North Central 198 203 Std Err of Y Est 8.7876
Mid-Atlantic 284 298 R Squared 0.9729
East North Central 206 209 No. of Observations 9
Mountain 193 208 Degrees of Freedom 7
West South Central 178 184
East South Central 168 182 X Coefficient(s) 1.1342
South Atlantic 217 234 Std Err of Coef. 0.0716

Table continues, next page
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Unweighted Avg. 218.7 233.7 R= 0.9863
Ratio (Tab3A/Tab97) = 1.07

o Part 4. Designation of the "High-5" and "Low-4" Census Divisions

]

In the Universal PhysPop Table 3-A, the PhysPop values for 1921 are presented in order of
size, from the highest value in the Pacific Division (165.11 physicians per 100,000 population) to the
lowest value in the South Atlantic Division (110.32 physicians per 100,000 population).

We can (and do) retain the 1921 sequence of the Census Divisions, even though the PhysPop
values do not remain ranked in that order during all subsequent years. Use of the 1921 sequence leads
to two terms used in Table 3-A (and used also in our tables of mortality rates): High-5 and Low-4.

Definition of "High-Five" and "Low-Four" Census Divisions

e The term "High-5" always refers to the first Five Census Divisions listed in the Universal
PhysPop Table for 1921: Pacific, New England, West North Central, Mid-Atlantic, East North
Central. Since PhysPop values are surrogates for average per capita dose from medical radiation (Part
1b), the term High-5 refers to the Census Divisions with the highest average doses per capita from
medical irradiation in 1921. Our shortest abbreviation is Hi5.

e The term "Low-4" always refers to the last Four Census Divisions listed in the Universal
PhysPop Table for 1921: Mountain, West South Central, East South Central, South Atlantic. Since
PhysPop values are surrogates for average per capita dose from medical radiation (Part 1b), the term
Low-4 refers to the Census Divisions with the lowest average doses per capita from medical irradiation
in 1921. Our shortest abbreviation is Lo4.

A Point to Keep in Mind, and the Next Question

A point to keep in mind is that High-5 and Low-4 are two Census-Division sets whose members
were determined by their PHYSPOP rankings in 1921, not by their cancer mortality-rates in 1921.
What happens to High-5 and Low-4 PhysPop values, as the interval after 1921 grows ever longer? We
will explore that issue in Part 5, below.

Part 5. D

SRR 8% |

For PhysPop, which is the dose-surrogate in our dose-response studies, there are pages of
entries in the Universal Table. Do these entries reflect sufficient DIFFERENCES in dose among the
Nine Census Divisions ——— and are differences maintained long enough in their rank order -— to
produce detectable differences in cancer consequences?

To facilitate getting a grasp on the issue of PhysPop differences and their duration, we
calculated average values for the High-5 and Low-4 Divisions in each column. In the Universal
PhysPop Table 3-A, the nine main entries for the Nine Census Division are weighted averages (Part
3a), but the High-5 and Low-4 averages (located beneath the main entries) are not
population-weighted. They are provided just as approximations which can supply an overview for each
particular year, and for changes over time. Table 3-A also shows the ratio of Hi5/Lo4.

Sa. Revelations about PhysPop Behavior, 1921 through 1990: Figure 3-A

Figure 3-A presents two graphs which plot annual PhysPop behavior from 1921 through 1990,
in terms of High-5 and Low-4 groupings. These graphs provide a visual overview. No values from
the graphs are ever used in calculations. Therefore, readers need not worry at all about some minor
differences between the graphs and Table 3-A. The graphs reflect our early exploration --- before we
had every final PhysPop value of Table 3-A ~-- of a question which would determine whether or not
to proceed with the project: Was there a persistent dose-difference between the Census Divisions?

The upper graph plots the annual High~5 and Low~4 averages, separately, 1921-1990. It is
clear that they are relatively flat until almost 1970, when both of them take off like rockets to much
higher values. The steep rise in PhysPop values occurred after the 1965 enactment of Medicare and
other federal programs.
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The lower graph plots the annual RATIOs of average High-5 PhysPop over average Low-4
PhysPop. The ratio tells us how many-fold larger High-5 PhysPop is, compared with Low-4. Ata
value of 1.0, of course, their magnitudes would be equal. The graph produces some very important
information.

First, because the ratios never fall to 1.0, it immediately assures us that average annual High-5
doses always remained higher than the average annual Low-4 doses. So there has been an annual
dose-difference, from 1921 to 1990.

Second, the graph of Hi5/Lo4 PhysPop ratios shows us that there was an extended period of
relative PhysPop stability from about 1933 through 1968. From Table 3-A (which has the final
PhysPop values), we know that the ratio of High-5 PhysPop over Low-4 PhysPop was 1.37 in 1933;
then the ratio rose to a maximum value of 1.46 in 1940; by 1968 the ratio had returned to 1.37. In
other words, between 1933 and 1968, the range for the HiS/Lo4 ratio stayed within the limits of 1.37
and 1.46.

5b. What the Ratios Fail to Show

The Hi5/Lo4 ratios obscure the full magnitude of the differences between PhysPops. Although
the maximum Hi5/Lo4 ratio is 1.46, the ratio comes from averages. Two examples illustrate the point.
In 1921, when the Hi5/Lo4 ratio was only 1.18, the ratio of Pacific Division over South Atlantic was
(165.11/110.32), or 1.50. In 1950, when the Hi5/Lo4 ratio was 1.44, the ratio of the Mid-Atlantic
Division over East South Central was (168.81 / 83.25) = 2.03.

In addition, the Hi5/Lo4 ratios are crude enough to obscure shifts of PhysPop rank WITHIN
both the High-5 and the Low-4 groups. Therefore, Box 1 provides a separate study of changes in
PhysPop ranking for the 1921-1990 period. What emerges from Part 2 of Box 1 is that there is
remarkable stability in PhysPop ranking, when the Nine Census Divisions are viewed as three "Trios":
TopTrio, MidTrio, LowTrio. For example, in the 1931-1990 period, only two of the Nine Divisions
(West North Central and South Atlantic) ever "migrate” from their 1940 Trio into another Trio.
(Details in Box 1.)

e Part 6. "Lockstep” The Ideal Relation among All Sets of PhysPops

The formal definition of "lockstep” is: A method of marching in such close file that the
corresponding legs of the marchers must keep step precisely.

We are going to bend the term, so that "lockstep” refers to a set of PROPORTIONS (ratios)
whose values persist unchanged through time. For example, PhysPop "lockstep” would mean that the
proportions observed among the nine PhysPop values in 1921, and the proportions observed in every
subsequent year, are the same. PhysPop "lockstep” would mean that the RELATIVE magnitudes are
constant among the nine PhysPop values, even when the absolute values rise or fall. Part 6b will
provide an illustration.

Box 1 already demonstrates that PERFECT "lockstep” for PhysPop values does not occur, for

perfection would tolerate no changes in Hi5/Lo4 ratios over time (see Part 7d) and no changes in rank
order of the Divisions over time.

6a. The Ideal Data for Our Proposed Study

Researchers always wish for "better data.” Under ideal circumstances for our inquiry, no
migration of populations from one Census Division to another would have occurred after 1895, and for
the entire century, the PhysPops of the Nine Census Divisions would have retained a fixed
proportionality with each other: "Lockstep. "

Under such circumstances, the nine average doses of medical radiation, accumulated by any
particular year, would always be in that fixed proportion to each other --- regardless of their absolute
values in rads. And the nine irradiated populations would gradually DELIVER the consequent
radiation-induced cancers in the same Census Division where they were irradiated ~-- in proportion to
dose (Chapter 5, Part 5d). The changing age-distribution of the population since 1895 would not
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distort that expectation because cancer mortality-rates, by Census Divisions, are age-adjusted to a
fixed year (Chapter 4).

A Note about "Ideal” Data

In this chapter, and later, we sometimes refer to "ideal” data or circumstances. We feel
impelled to emphasize, for students who may not have done any research yet themselves, that the term
"ideal” does not imply any bias or passion. To imagine conditions "exactly as one would desire” (see
below), unclouded by real-world perturbations, can be so crucial to elucidating a topic that it is a
regular feature of science.

For example, chemists and physicists refer to "an ideal gas,” "ideal conditions," and "the
perfect gas law.” We quote from Mahan’s "University Chemistry” text (Mahan 1975, p.43-44): "The
expression PV = nRT is obeyed by all gases in the limit of low densities and high temperatures ~—-
‘ideal’ conditions under which the forces between molecules are of minimum importance.
Consequently, [PV = nRT] is known as the perfect gas law, or the ideal gas equation of state."

In other words, the law is valid under ideal conditions, but does not make perfect predictions
under real-world conditions. This use of the word "ideal” is in full harmony with the dictionary
definition which says that "ideal” means: "Existing as an idea, model, or archetype ...; thought of as
perfect or a perfect model; exactly as one would desire ...; having the nature of an idea or conception;
identifying or illustrating an idea or conception” (Webster 1954, p.720).

6b. Figure 3-B: Retention of Perfect Proportionality ("Lockstep*)

With respect to evaluating retention (or non-retention) of PhysPop proportionalities through
time, we will use Figures 3-B and 3-C as illustrations. (The term "linear regression,” in the titles of
these two figures, may be unfamiliar to some readers. But the point of Part 6b can be understood
without any understanding of linear regression.) Figures 3-B and 3-C each compare the set of 1921
PhysPops with the set of 1940 PhysPops, but in different ways. When readers understand the two
figures, they will understand our Table 3~C, which shows with great simplicity how 21 sets of
PhysPops, from 1921 through 1993, compare with EVERY OTHER set of PhysPops through most of
this century.

In Figure 3-B, Column B presents the 1921 PhysPop values and Column C presents the 1940
PhysPop values, from the Universal PhysPop Table 3-A. The numerical values for South Atlantic
changed from 110.32 to 100.74. The ratio (1940 / 1921) is 100.74 / 110.32, or 0.9131617.

If the nine PhysPops had the same proportions with each other in 1940 as they had with each
other in 1921, we could multiply every 1921 PhysPop value by 0.9131617 to discover what the
values would have been in 1940. We put these "ideal" values in Column D of Figure 3-B. Column
D entries = (Column B entries times 0.9131617).

Some Consequences of Retaining PERFECT Proportionality

The D-Column values in Figure 3-B are the "ideal" values which we would have preferred to
find in 1940. We would have preferred them to the REAL values in Column C, because every value in
Column D still stands in the same proportion to every other value in Column D, as every value in
Column B stands to every other value in Column B. We can demonstrate this "lockstepping” for any
two Census Divisions. For example:

e (WNoCent 1940 Ideal / Mountain 1940 Ideal) = (128.69 / 123.62) = 1.041.
e (WNoCent 1921 / Mountain 1921) = (140.93 / 135.38) = 1.041.

And because the sets of real 1921 data and ideal 1940 data have the same internal
proportionalities, it is also true that cross-ratios for every pair must be the same. Example:

e (NewEngl 1940 Ideal / NewEngl 1921 Real) = (129.89 / 142.24) = 0.913.
e (WSoCentral 1940 Ideal / WSoCentral 1921 Real) = (114.28 / 125.15) = 0.913.
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And because the sets of real 1921 data and ideal 1940 data have the same internal
proportionalities (we have created perfect "lockstep”), the two sets of data have a perfect linear
correlation WITH EACH OTHER. Part 7 discusses "perfect linear correlation” and linear regression
analysis, for readers who are unfamiliar with these terms.

Part

"Lockstep” Reality-Checks by Regression Analysis

The technique of data regression is a branch of mathematics which can evaluate the correlation
between two sets of values (for example, a set called "x" and a set called "y"). Regression analysis
will be covered in considerably more detail in Chapter 5 (Parts 5, 6, 7). For now, we need touch on
only a few aspects of regression analysis.

7a. Equation of Best Fit, Line of Best Fit, and the R-Squared Value

In linear regression analysis, the input data are a finite set of x~values and the corresponding
y-values —-—- as shown in Columns B and D of Figure 3-B. The output includes three values of
interest to us here: The X-Coefficient, the Constant, and the R~squared value.

Equation of Best Fit: How It Relates to Part 6b

In linear regression analysis, the equation of best fit is the equation for a straight line: (y) = (m
* x) + (¢). Note: * is the symbol for multiplication in this book. The regression output (boxed in
Figure 3-B) provides the values for "m" (the X-Coefficient) and for "c" (the Constant). Users of the
equation can then specify additional values for "x" (values additional to the regression’s input values )
and calculate what the corresponding values for "y" would be if (repeat, if) there were a PERFECT
correlation between the x-values and the y-values.

Example: If x = 80 (a value NOT in Col.B), what would the matching y-value be? We use the
equation for a straight line: y = (X-Coefficient * x) + (Constant). The boxed output in Figure 3-B
tells us the X-Coefficient = 0.91316 -—- a number already seen in Part 6b. And the output tells us that
the Constant = zero. So, when x = 80, y = 73, because: y = (0.91316 * 73) + zero.

This example is only what we already demonstrated in Part 6b —-- except 80 is an
ADDITIONAL value of x not used in Part 6b. The X-Coefficient in Part 6b is 0.91316 --- we just
didn't give it the formal name there. And because we made x and y directly proportional in Part 6b
—--- when we said (y = 0.91316 * x) ——- then zero is the only possible value for the Constant. Thus, it
is no surprise at all that the regression output produced zero as the value of the Constant.

Line of Best Fit, and Graphing

In making x,y graphs, it is customary to measure the x-values along the horizontal axis, and to
measure the y-values along the vertical axis.

The line of best fit (the straight line seen in Figure 3-B) simply depicts a long series of x,y
pairs, calculated by using the equation of best fit. The point, which depicts y=73 when x=80, is part
of the straight line in Figure 3-B.

The R-Squared Value: A Key Measure of Correlation

Regression output also provides a value for R-squared, which is the output of real interest in
this chapter. The R-squared value is a measure of how closely the x-input and the y-input are
correlated. Only a PERFECT correlation has an R-squared value of 1.00. Imperfect correlations
produce R-squared values between 1.00 and zero. The value "R" --- also called the correlation
coefficient (Part 3e) ~—~ is the square root of R-squared.

Since we insured in Part 6b that our X,y pairs are perfectly proportional to each other, they are
also perfectly correlated with each other. And thus it is no surprise at all that the regression output in
Figure 3-B produces an R-squared value of 1.00. When R-squared = 1.00, every pair of x,y values
sits right upon the line of best fit, with no scatter. In Figure 3-B, the nine boxy symbols are indeed
upon the line of best fit.
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7b. Figure 3-C: Degradation of Perfect Proportionality

Figure 3-C moves from the "ideal” world, depicted in Figure 3~B, into the real world. Figure
3-C shows no "ideal” values. It shows only real-world input-data: The PhysPop set of 1921 and the
PhysPop set of 1940.

The two graphs in Figure 3-C look quite different from the graph in Figure 3-B. The nine
boxy symbols show some SCATTER around the lines of best fit. The scatter reflects the inferior
correlation compared with the "ideal” correlation (R-sq = 0.58 here, compared with 1.00 in Figure
3-B).

Thus, R-squared is an evaluation of how much the 1940 PhysPop values have strayed from the
proportions which they had with each other in 1921. Quite obviously, the 1921 and 1940 sets of
PhysPops are not in perfect "lockstep."”

A Point about Correlations

If regression analysis is employed to study a cause-effect relationship, it is customary to
designate the proposed cause as the x-axis variable. However, the correlation between two sets of
numbers is whatever it is, independent of human choices to call one set "x" and the other set "y."
Figure 3-C demonstrates this point by reversing the designations of the two sets of PhysPops. The
R-squared values in both figures turn out the same, as they must. However, other things have changed
--- such as the Constant (the value of the y-intercept) and the X-Coefficient (the slope of the best-fit
line).

7c. Table 3-C: How Sets of PhysPops Correlate through Time

Table 3-C is "How Sets of PhysPops Correlate through Time." At its top are 21 sets of
PhysPop values. They are the input data for approximately 200 separate regression analyses, whose
R-squared values are reported in the body of Table 3-C.

Because Table 3-C (like Figure 3-A) was part of our early exploration, we had not yet obtained
all the PhysPop sources which we subsequently obtained. So, not every PhysPop value in Table 3-C is
an exact match for the corresponding final value in Table 3-A. The differences often come from a
mixture in Table 3-C of the four different types of PhysPop values described in Part 3c. The purpose
of Table 3-C was to ascertain if PhysPops were hopelessly deviant from "lockstepping" --- and since
the four types of PhysPop values are so highly correlated with each other, Table 3-C is not misleading.
When we undertook our subsequent dose-response studies, we used PhysPop values only from Table
3-A ——- as readers can verify for themselves.

Due to Table 3-C’s early origin, it does not put the Census Divisions in the same sequence as
Table 3-A. Of course, the sequence has no impact whatsoever on the regression output, as long as the
x and y sets of PhysPops are in the SAME sequence with respect to Census Divisions.

The Grid of R-Squared Values

Beneath the raw PhysPop data is a grid of R-squared values. For instance, where the
COLUMN for 1980 intersects the ROW for 1934, the R-squared value of 0.72 comes from the
regression output when the 1980 PhysPops (directly above) are regressed on the 1934 PhysPops (in a
column far to the right). The R-squared value would be the same if we had regressed the 1934
PhysPops (as the y-set) on the 1980 PhysPops (as the x-set), as pointed out in Part 7b.

Readers can quickly orient themselves in Table 3-C by knowing that, when the PhysPops of
1921 are regressed upon the PhysPops of 1921, there has to be a PERFECT correlation -—— and it
shows up as an R-squared value of 1.00 where the COLUMN for 1921 intersects the ROW for 1921.

Because Table 3-C describes every comparison between two sets of PhysPops by an R-squared

value, everyone can readily see the decrement in "lockstepping” over any chosen interval of time. The
approximately 200 regression analyses are not shown.
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7d. Consistency between Figure 3-A and Table 3-C

If successive PhysPop sets had retained a fixed proportionality ("lockstep") over time, the
HiS/Lo4 ratio depicted in Figure 3-A would be perfectly flat. The ratio would be the same, year after
year. We can illustrate this quickly.

The Hi5/Lo4 PhysPop ratio for 1921 is 1.18 --- provided in the Universal Table 3-A. The
*ideal” 1940 values from Figure 3-B (Column D) reflect perfect "lockstep” with the 1921 values. We
compute the HiS average PhysPop as 131.792. The Lo4 average PhysPop is 112.00. The Hi5/Lo4
PhysPop ratio is (131.792 / 112.00), or 1.18 for the "ideal" entries too. Change in Hi5/Lo4 PhysPop
ratios, over time, reflects DEVIATION from "lockstep.”

In Figure 3-A and in the text (Part 5a), we pointed to the period of 1933 through 1968 as a
period when the Hi5/Lo4 PhysPop ratio was relatively constant. This means that Table 3-C should
show high R-squared values during this same period, in the vertical column for 1967. It does. The
lowest R-squared value is 0.82, at the intersect of the 1967 column with the 1934 row.

e Part 8. Two Crucial Aspects of PhysPop History

Earlier in this chapter (Part 2b), we pointed out that our proposed dose-response studies require
the existence of appreciable DIFFERENCES in PhysPops (our dose-surrogates) among the Nine
Census Divisions. PhysPop history might NOT have delivered differences. It is just happenstance that
such differences occurred (Parts 5a and 5b).

It is also happenstance that, during the years after the introduction of medical radiation, chaos
did NOT characterize the relationships between successive sets of PhysPops. Chaos would have
prevented PhysPops from representing relative ACCUMULATED dose-differences in the Nine Census
Divisions. Although the R-squared value (in Table 3-C) of 0.58 between the 1921 PhysPops and the
1940 PhysPops is not "great," it’s far from being a value of 0.02. By 1927-1929, the correlations with
1940 become very respectable. And for the entire stretch from 1933-1967, successive sets of
PhysPops were close to retaining "lockstep” proportionality with each other (Table 3-C, Figure 3-A).

If PhysPop history had not met the requirements for dose-response studies, it might have been
forever impossible for anyone to detect the particular consequences which are uncovered in this book
from the introduction of radiation into medicine.

DOSDOOSDD>>
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Box 1 of Chap. 3
Summary of PhysPop Values by Decades, and Their Ranking by Census Divisions.

@ Part 1. Census Divisions, in our permanent order, with corresponding PhysPop values.

1921 1931 1940 1950 1960 1970 1980 1990
From Table 3-A. PhysPop PhysPop PhysPop PhysPop PhysPop PhysPop PhysPop PhysPop

Pacific 165.11 159.97 159.72 148.60 158.74 183.83 235.84  265.09
New England 142.24 142.35 161.55 162.51 164.37 186.51 254.37 319.88
West North Central  140.93 126.50 123.14 120.06 111.25 123.77 165.86  202.78
Mid-Atlantic 137.29 140.82 169.76 168.71 162.65 192.00  237.41 297.79
East North Central  136.06 128.59 133.36 123.69 114.56 127.17 169.79  208.54
Mountain 135.38 118.89 119.89 119.38 112.93 137.27 177.76  208.20

West South Central  125.15 105.95 103.94 101.34 101.65 113.20 153.18 184.34
East South Central 119.76 96.73 85.83 83.05 88.00 100.89 139.51 182.42
South Atlantic 110.32 99.59 100.74 99.07 105.36 130.70 187.22  234.48

Average ALL 134.70 124.38 128.66 125.16 124.39 143.93 191.22  233.72
Average High-Five 144.33 139.65 149.51 144.71 142.31 162.66  212.65 258.82
Average Low-Four  122.65 105.29 102.60 100.71 101.99 120.52 164.42  202.36
Ratio (Hi5/Lo4) 1.18 1.33 1.46 1.44 1.40 1.35 1.29 1.28

@ Part 2. Census Divisions, in shifting order, sorted by descending PhysPop values.

1921 1931 1940 1950 1960 1970 1980 1990
PhysPop PhysPop PhysPop PhysPop PhysPop PhysPop PhysPop PhysPop

Pac Pac MidAtl  MidAtl NewEng MidAtl NewEng NewEng
Top Trio NewEng NewEng NewEng NewEng MidAtl NewEng MidAtl MidAd
WNoCen MidAtl  Pac Pac Pac Pac Pac Pac

MidAtl ENoCen ENoCen ENoCen ENoCen Min SoAtl SoAtl
Mid Trio ENoCen WNoCen WNoCen WNoCen Mtn SoAtl Mtn ENoCen
Mtn Mtn Mtn Mtn WNoCen ENoCen ENoCen Min

WSoCen WSoCen WSoCen WSoCen SoAtl WNoCen WNoCen WNoCen
Low Trio ESoCen SoAtl SoAtl] SoAltl WSoCen WSoCen WSoCen WSoCen
SoAtl ESoCen ESoCen ESoCen ESoCen ESoCen ESoCen ESoCen

Above, in Part 2, where the Nine Census Divisions are sorted by descending PhysPop values, we have
labeled them as three "Trios": Top, Mid, Low --- reflecting, RELATIVELY, the highest to lowest average
per capita dosage from medical radiation.

During the 1931-1990 period, only two of the nine Divisions (West North Central and South Atlantic) ever
"migrated” from their 1931 Trio into an adjacent Trio. Measured in terms of Trios, remarkable stability
occurred for sixty years in PhysPop ranking. When the overview includes the 1921 values, then the
Mid-Atlantic Division becomes a migrant too, and West North Central makes an additional move.
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PhysPops: Hi5 and Lo4

PhysPop Ratios: Hi5 / Lo4

Figure 3-A.
Behavior of Hi5 and Lo4 PhysPops through Time.
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Figure 3-B.

Complete "Lockstepping” of PhysPop Proportions over Time.
Linear Regression of Two Perfectly Correlated and Perfectly Proportional Sets of Data.

e For the regression analysis below, the x-variable input is Col.B: Actual PhysPop values
for 1921. The y-variable input is Col.D: Ideal (synthetic) PhysPop values for 1940. Output for

this regression is shown to the right. Both input and output are depicted by the graph. For

discussion of regression analysis and its depiction, please consult Part 7 of the text and the Index.

® The nine boxy symbols on the graph depict the nine pairs of input from Columns B
and D. The line of best fit depicts the output for this perfect correlation. (R-squared =
1.00). All nine boxes sit right on the line, with no scatter. Boxes overlap when input-pairs
have similar values. Because perfect proportionality exists between Columns B and D, the
Constant = 0 in the best-fit equation. The line of best-fit goes right through the origin (y =

0, when x = 0).
Col.A

Census
Division

Pacific

New England
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Mid Atlantic

East North Central
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Real
1921
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150.77
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109.36
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Data Regression
Regression of Ideal 1940 PhysPops (Col.D)

upon Real 1921 PhysPops (Col.B)

Regression Output:

Constant 0.000000000
Std Err of Y Est 0.0000014617
R Squared 1.000000
No. of Observations 9
Degrees of Freedom 7
X Coefficient 0.9131617114
Std Err of Coefficient 0.0000000332

Regression of "Ideal” PhysPop 1940 upon Real PhysPop 1921
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Figure 3-C.

Imperfect Retention of PhysPop Proportions over Time.

Linear Regressions with 1921 and 1940 PhysPops from Table 3-A.

e For the first regression analysis below, the x-variable input is the set of real PhysPop values for 1921. The
y-variable input is the PhysPop set of 1940. For the second regression analysis, we switch. The x-input is 1940 and the
y-input is 1921. BOTH regressions produce R-squared = 0.58, because the correlation between two fixed sets of numbers
is fixed. The leftside graph depicts the first regression, and the rightside graph depicts the second. Because the correlation
is not perfect, the nine boxy symbols do not all sit exactly upon the line of best fit. There is some scatter around the line.

1921 1940
Census Real Real
Division PhysPops PhysPops Data Regression

“x" “y" Regression Output:

Pacific 165.11 159.72 Constant -67.425
New England 142.24 161.55 Std Err of Y Est 20.641
West North Central 140.93 123.14 R Squared 0.579
Mid-Atlantic 137.29 169.76 No. of Observations 9
East North Central 136.06 133.36 Degrees of Freedom 7
Mountain 135.38 119.89
West South Central 125.15 103.94 X Coefficient 1.4558
East South Central 119.76 85.83 Std Err of Coef. 0.46388
South Atlantic 110.32 100.74 X-Coeff. / SEE. = 3.1050

1940 1921
Census Real Recal
Division PhysPops PhysPops Data Regression

“x" “y*" Regression Output:

Pacific 159.72 165.11 Constant 83.491
New England 161.55 142.24 Std Err of Y Est 10.792
West North Central 123.14 140.93 R Squared 0.579
Mid-Atlantic 169.76 137.29 No. of Observations 9
East North Central 133.36 136.06 Degrees of Freedom 7
Mountain 119.89 135.38
West South Central 103.94 125.15 X Coefficient 0.3980
East South Central 85.83 119.76 Std Err of Coef. 0.1282
South Atlantic 100.74 110.32 X-Coeff. / S.E. = 3.1050

Regression of PhysPop 1940 (Y -axis)
upon PhysPop 1921 (X-axis)

R-Squared = 0.579

PhyePop Real Values 1940

PhysPop Real Values 1921

[ S S S S G WY HUUS (NN S S WA A S SN S B

200 40 60 B0 100 120 140 160
PhysPop Real Values 1921

Regression of PhysPop 1921 (Y -axis)
upon PhysPop 1940 (X-axis)

R~-Squared = 0.579
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Figure 3-D.
Comparison of Four Types of PhysPop Values.

This figure is reproduced from p.15 of AMA 1993 in our Reference List;

Physician Characteristics and Distribution in the U.S., 1993 Edition, 3
by Roback + Randolph + Seidman of the American Medical Association, E
Department of Physician Data Services. CIT
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Trends in Physician/Population Ratios for Selected Years 1965-1992
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Table 3-A

Universal PhysPop Table First page of four

e PhysPop values are numbers of physicians per 100,000 population. Entries are for general
practitioners and specialists combined ——- 1921 through 1993 (details in text). Sources of the data are
provided in the text, Part 3d. The years which are flagged with a "+" sign present prime data. Entries
for the unflagged years have been interpolated.

o The particular states belonging to each Census Division are listed in the text, Part 3b. PhysPop
entries for the Nine Census Divisions have been weighted by state populations, whereas the three rows of
averages are non-weighted. High-5 and Low—4 are defined in the text, Part 4.

e This single table is the source of data for numerous chapters of this book. The term "universal” in

the table’s title emphasizes that the PhysPops are the same, regardless of which cause of death is
compared with them.

Census Division 1921+ 1922 1923+ 1924 1925+ 1926 1927+ 1928 1929+ 1930

Pacific 165.11 164.09 163.06 162.36 161.67 159.75 157.83 157.24 156.64 158.30
New England 142.24 139.82 137.39 137.85 138.31 137.91 137.50 137.98 138.46 140.40
West North Central 140.93 139.62 138.31 136.11 133.92 132.73 131.54 130.13 128.72 127.61
Mid-Atlantic 137.29 138.11 138.92 136.64 134.36 136.38 138.40 138.45 138.49 139.65
East North Central 136.06 133.94 131.82 129.68 127.54 126.86 126.18 126.35 126.51 127.55
Mountain 135.38 132.95 130.51 126.40 122.30 120.52 118.75 118.72 118.68 118.79

West South Central 125.15 122.16 119.16 116.00 112.83 110.54 108.25 106.92 105.60 105.77
East South Central 119.76 116.46 113.16 110.19 107.22 104.64 102.07 100.74 99.41 98.07
South-Atlantic 110.32 108.56 106.79 105.20 103.61 102.87 102.13 101.50 100.86 100.23

Average ALL 134.70 132.85 131.01 128.94 126.86 125.80 124.74 124.22 123.71 124.04
Average High-Five 144.33 143.11 141.90 140.53 139.16 138.73 138.29 138.03 137.76 138.70
Average Low-Four 122.65 120.03 117.41 114.45 111.49 109.64 107.80 106.97 106.14 105.72
Ratio (High/Low) 1.18  1.19 1.21 123 125 127 128 129 1.30 131

Census Division 1931+ 1932 1933 1934+ 1935 1936+ 1937 1938+ 1939 1940+

Pacific 159.97 160.01 160.05 160.09 159.26 158.44 158.03 157.62 158.64 159.72
New England 142.35 144.43 146.51 148.60 149.39 150.18 152.13 154.08 157.82 161.55
West North Central 126.50 126.32 126.14 125.96 126.05 126.14 125.54 124.95 124.06 123.14
Mid- Atlantic 140.82 143.75 146.69 149.62 152.33 155.05 157.87 160.69 165.19 169.76
East North Central 128.59 128.84 129.10 129.36 129.89 130.42 131.20 131.98 132.66 133.36
Mountain 118.89 118.32 117.74 117.16 118.48 119.80 119.84 119.88 119.95 119.89

West South Central 105.95 105.53 105.11 104.68 104.10 103.52 103.15 102.79 103.37 103.94
East South Central 96.73 95.15 93.58 92.00 90.97 89.94 89.07 8821 87.03 85.83
South-Atlantic 99.59 99.20 98.80 98.41 98.78 99.16 99.21 99.26 100.06 100.74

Average ALL 124.38 124.62 124.86 125.10 125.47 125.85 126.23 126.61 127.64 128.66
Average High-Five 139.65 140.67 141.70 142.72 143.38 144.04 144.96 145.87 147.68 149.51
Average Low—Four 105.29 104.55 103.81 103.06 103.08 103.10 102.82 102.53 102.60 102.60
Ratio (High/Low) 1.33 135 1.37  1.38 139 140 141 1.42 144 146
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Table 3-A Part 2

Universal PhysPop Table Second page of four

® PhysPop values are numbers of physicians per 100,000 population. Entrics are for general
practitioners and specialists combined —-- 1921 through 1993 (details in text). Sources of the data are
provided in the text, Part 3d. The years which are flagged with a “+" sign present prime data. Entries
for the unflagged years have been interpolated.

e The particular states belonging to each Census Division are listed in the text, Part 3b. PhysPop
entries for the Nine Census Divisions have been weighted by state populations, whereas the three rows of
averages are non-weighted. High-5 and Low—4 are defined in the text, Part 4.

e This single table is the source of data for numerous chapters of this book. The term "universal” in

the table’s title emphasizes that the PhysPops are the same, regardless of which cause of death is
compared with them.

Census Division 1941 1942+ 1943 1944 1945 1946 1947 1948 1949+ 1950

Pacific 152.84 145.95 146.22 146.48 146.74 147.00 147.27 147.53 147.79 148.60
New England 162.77 163.99 163.77 163.55 163.33 163.11 162.88 162.66 162.44 162.51
West North Central 125.09 127.05 126.21 125.38 124.54 123.76 122.87 122.04 121.20 120.06
Mid-Atlantic 172.19 174.63 173.93 173.23 172.53 171.83 171.13 170.43 169.73 168.71
East North Central 134.12 134.89 133.48 132.06 130.65 129.24 127.82 126.41 125.00 123.69
Mountain 118.18 116.46 117.01 117.55 118.09 118.64 119.18 119.72 120.27 119.38

West South Central 104.41 104.88 104.42 103.31 103.52 103.06 102.61 102.16 101.40 101.34
East South Central 86.16 86.49 8594 8539 84.84 8429 8374 83.19 82.64 83.05
South-Atlantic 101.71 102.68 102.10 101.53 100.95 100.38 99.80 99.22 98.65 99.07

Average ALL 128.61 128.56 128.12 127.61 127.24 126.81 126.37 12593 125.46 125.16
Average High-Five 149.40 149.30 148.72 148.14 147.56 146.99 146.39 145.81 145.23 144.71
Average Low-Four 102.62 102.63 102.37 101.95 101.85 101.59 101.33 101.07 100.74 100.71
Ratio (High/Low) 1.46 1.45 1.45 1.45 1.45 1.45 1.44 1.44 1.44 1.44

Census Division 1951 1952 1953 1954 1955 1956 1957 1958 1959+ 1960

Pacific 149.40 150.21 151.01 151.82 152.62 153.43 154.23 155.04 155.84 158.74
New England 162.59 162.66 162.74 162.81 162.88 162.96 163.03 163.11 163.18 164.37
West North Central 118.09 117.77 116.62 115.48 114.34 113.19 112.05 110.90 109.76 111.25
Mid-Atlantic 167.68 166.66 165.81 164.62 163.59 162.57 161.55 160.52 159.50 162.65
East North Central 122.37 121.06 119.75 118.44 117.12 115.81 114.50 113.18 111.87 114.56
Mountain 118.51 117.64 116.76 115.88 115.00 114.12 113.25 112.37 111.49 112.93

West South Central 101.28 101.21 101.15 101.09 101.03 100.97 100.90 100.84 100.78 101.65
East South Central 83.46 83.86 84.27 84.68 85.09 8550 8590 86.31 8672 88.00
South- Atlantic 99.49 99.91 100.33 100.75 101.16 101.58 102.00 102.42 102.84 105.36

Average ALL 124.76 124.55 124.27 123.95 123.65 123.35 123.05 122.74 122.44 124.39
Average High-Five 144.03 143.67 143.19 142.63 142.11 141.59 141.07 140.55 140.03 142.31
Average Low-Four 100.69 100.66 100.63 100.60 100.57 100.54 100.51 100.49 100.46 101.99
Ratio (High/Low) 1.43 1.43 1.42 142 1.41 1.41 1.40 1.40 1.39 1.40
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Table 3-A Part 3

Universal PhysPop Table Third page of four

o PhysPop values are numbers of physicians per 100,000 population. Entries are for general
practitioners and specialists combined ——— 1921 through 1993 (details in text). Sources of the data are
provided in the text, Part 3d. The years which are flagged with a "+" sign present prime data. Entries
for the unflagged years have been interpolated.

e The particular states belonging to each Census Division are listed in the text, Part 3b. PhysPop
entries for the Nine Census Divisions have been weighted by state populations, whereas the three rows of
averages are non-weighted. High-5 and Low—-4 are defined in the text, Part 4.

o This single table is the source of data for numerous chapters of this book. The term "universal” in

the table’s title emphasizes that the PhysPops are the same, regardless of which cause of death is
compared with them.

Census Division 1961 1962 1963+ 1964 1965+ 1966 1967 1968 1969 1970+

Pacific 161.64 164.55 167.45 167.54 167.62 170.86 174.10 177.35 180.59 183.83
New England 165.56 166.75 167.94 170.52 173.09 175.77 178.46 181.14 183.83 186.51
West North Central 112.74 114.24 11573 118.25 120.76 121.36 121.96 122.57 123.17 123.77
Mid-Atlantic 165.80 168.94 172.09 175.22 178.34 181.07 183.80 186.54 189.27 192.00
East North Central 117.25 119.94 122.63 123.16 123.69 124.39 125.08 125.78 126.47 127.17
Mountain 114.37 115.81 117.25 117.26 117.26 121.26 125.26 129.27 133.27 137.27

West South Central 102.52 103.38 104.25 104.28 104.31 106.09 107.87 109.64 111.42 113.20
East South Central 89.28 90.57 91.85 92.98 94.11 9547 96.82 98.18 99.53 100.89
South-Atlantic 107.88 110.39 112.91 115.41 117.91 120.47 123.03 125.58 128.14 130.70

Average ALL 126.34 128.29 130.23 131.62 133.01 135.19 137.38 139.56 141.74 143.93
Average High-Five 144.60 146.88 149.17 150.93 152.70 154.69 156.68 158.67 160.66 162.66
Average Low-Four 103.51 105.04 106.57 107.48 108.40 110.82 113.24 115.67 118.09 120.52
Ratio (High/Low) 1.40 1.40 140 140 141 1.40 1.38 1.37 1.36 1.35

Census Division 1971 1972 1973 1974 1975+ 1976 1977 1978 1979 1980+

Pacific 188.70 193.57 198.45 203.32 208.19 213.72 219.25 224.78 230.31 235.84
New England 192.25 197.99 203.72 209.46 215.20 223.03 230.87 238.70 246.54 254.37
West North Central 127.20 130.63 134.06 137.49 140.92 14591 150.90 155.88 160.87 165.86
Mid-Atlantic 196.24 200.47 204.71 208.94 213.18 218.03 222.87 227.72 232.56 237.41
East North Central 130.94 134.72 138.49 142.27 146.04 150.79 155.54 160.29 165.04 169.79
Mountain 141.06 144.85 148.65 152.44 156.23 160.54 164.84 169.15 173.45 177.76

West South Central 116.19 119.18 122.18 125.17 128.16 133.16 138.17 143.17 148.18 153.18
East South Central 104.18 107.47 110.75 114.04 117.33 121.77 126.20 130.64 135.07 139.51
South-Atlantic 135.78 140.86 145.94 151.02 156.10 162.32 168.55 174.77 181.00 187.22

Average ALL 148.06 152.19 156.33 160.46 164.59 169.92 175.24 180.57 185.89 191.22
Average High-Five 167.07 171.48 175.89 180.30 184.71 190.30 195.89 201.47 207.06 212.65
Average Low-Four 124.30 128.09 131.88 135.67 139.45 144.45 149.44 15443 159.42 164.42
Ratio (High/Low) 1.34 1.34 1.33 1.33 1.32 1.32 1.31 1.30 1.30 1.29
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Table 3-A Part 4

Universal PhysPop Table

Fourth page of four

e PhysPop values are numbers of physicians per 100,000 population. Entries are for general
practitioners and specialists combined —— 1921 through 1993 (details in text). Sources of the data are
provided in the text, Part 3d. The years which are flagged with a "+" sign present prime data. Entries
for the unflagged years have been interpolated.

e The particular states belonging to each Census Division are listed in the text, Part 3b. PhysPop
entries for the Nine Census Divisions have been weighted by state populations, whereas the three rows of

averages are non-weighted. High-5 and Low—4 are defined in the text, Part 4.

o This single table is the source of data for numerous chapters of this book. The term “universal™ in

the table’s title emphasizes that the PhysPops are the same, regardless of which cause of death is

compared with them.

1982

1983+

1984 1985+

Census Division 1981+
Pacific 241.07
New England 261.79
West North Central 170.49
Mid- Atlantic 245.75
East North Central 174.96
Mountain 182.02

West South Central 156.72
East South Central 144.39
South-Atlantic 191.23

Average ALL 196.49
Average High-Five 218.81
Average Low—Four 168.59
Ratio (High/Low) 1.30

Census Division 1991
Pacific 266.57
New England 327.11
West North Central 209.48
Mid-Atlantic 307.67
East North Central 215.02
Mountain 211.23

West South Central 189.43
East South Central 188.38
South-Atlantic 239.45

Average ALL 239.37
Average High-Five 265.17
Average Low-Four 207.12
Ratio (High/Low) 1.28

1992+
268.05
334.35
216.17
317.56
221.50
214.26
194.53
194.33
244 41

245.02
271.53
211.88

1.28

1993+
269.50
343.80
219.00
323.60
225.40
218.30
195.40
196.70
247.80

248.83
276.26
214.55

1.29

253.18 255.78
285.44 292.52
183.06 186.36
270.03 275.83
190.82 194.72
190.17 192.53
167.48 171.04
157.67 162.00
210.15 215.86

212.00 216.30
236.51 241.04
181.37 185.36

130 1.30

| #

* 1993 entries are for January 1, 1993, from Roback 1994.

1986
257.64
298.00
189.65
280.22
197.49
195.67
173.70
166.09
219.59

219.78
244.60
188.76

1.30

1987
259.50
303.47
192.93
284.61
200.25
198.80
176.36
170.17
223.31

223.27
248.15
192.16

1.29

1988
261.37
308.94
196.21
289.01
203.01
201.93
179.02
174.25
227.03

226.75
251.71
195.56

1.29

1989
263.23
314.41
199.50
293.40
205.78
205.07
181.68
178.34
230.76

230.24
255.26
198.96

1.28

1990+
265.09
319.88
202.78
297.79
208.54
208.20
184.34
182.42
234.48

233.72
258.82
202.36

1.28
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Table 3-B

Population Sizes of the Census Divisions: 1910 through 1990

Census Division
Pacific

New England

West North Central
Mid Atlantic

East North Central
Mountain’

West South Central
East South Central
South Atlantic

Census Division

Pacific

New England

West North Central
Mid Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

Census Division

Pacific

New England

West North Central
MidAtlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

1910
Pop
4,192,304
6,652,675
11,637,921
19,315,892
18,250,621
2,633,517
8,784,534
8,409,901
11,864,826

91,742,191

1940

Pop
9,733,262
8,437,290
13,516,990
27,539,487
26,626,342
4,150,003
13,064,525
10,778,225
17,823,151

131,669,275

1970

Pop
26,087,000
11,781,000
16,240,000
37,149,000
40,212,000
8,230,000
19,132,000
12,723,000
30,169,000

201,723,000

1910
Fraction
0.0457
0.0725
0.1269
0.2105
0.1989
0.0287
0.0958
0.0917
0.1293

1.0000

1940
Fraction
0.0739
0.0641
0.1027
0.2092
0.2022
0.0315
0.0992
0.0819
0.1354

1.0000

1970
Fraction
0.1293
0.0584
0.0805
0.1842
0.1993
0.0408
0.0948
0.0631
0.1496

1.0000

1920

Pop
5,566,851
7,400,909
12,544,249
22,261,144
21,475,543
3,336,101
10,242,224
8,893,307
13,552,701

105,273,029

1950
Pop
14,486,527
9,314,453
14,061,394
30,163,533
30,399,368
5,074,998
14,537,572
11,477,181
21,182,335

150,697,361

1980

Pop
31,523,000
12,322,000
17,124,000
36,770,000
41,636,000
11,319,000
23,669,000
14,573,000
36,621,000

225,557,000

1920
Fraction
0.0529
0.0703
0.1192
0.2115
0.2040
0.0317
0.0973
0.0845
0.1287

1.0000

1950
Fraction
0.0961
0.0618
0.0933
0.2002
0.2017
0.0337
0.0965
0.0762
0.1406

1.0000

1980
Fraction
0.1398
0.0546
0.0759
0.1630
0.1846
0.0502
0.1049
0.0646
0.1624

1.0000

1930
Pop
8,194,433
8,268,680
13,296,915
26,260,750
25,297,185
3,702,789
12,176,830
9,887,214
15,306,720

122,391,516

1960
Pop
21,198,044
10,509,367
15,394,115
34,168,452
36,225,024
6,855,060
16,951,255
12,050,126
25,971,732

179,323,175

1990

Pop
37,837,000
12,998,000
17,777,000
37,660,000
42,232,000
13,398,000
26,797,000
15,313,000
42,540,000

246,552,000

1930
Fraction
0.0670
0.0676
0.1086
0.2146
0.2067
0.0303
0.0995
0.0808
0.1251

1.0000

1960
Fraction
0.1182
0.0586
0.0858
0.1905
0.2020
0.0382
0.0945
0.0672
0.1448

1.0000

1990
Fraction
0.1535
0.0527
0.0721
0.1527
0.1713
0.0543
0.1087
0.0621
0.1725

1.0000

Some sources provided entries to the last digit, but no one should take seriously any such implied
accuracy of census-taking. Sources: For 1910, 1920, 1930: World Almanac 1991, p.553. For
1940, 1950, 1960: Grove 1968, Table 74. For 1970, 1980: Roback 1990. For 1990: Roback
1994. Entries above exclude no one by color or "race.”
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1993 1992 1990 1985 1980 1975 1967 1965 1963 1949 1942 1940 1938 1936 1934 1931 1929 1927 1925 1923 1921

Phys/ Phys/ Phys/ Phys/ Phys/ Phys/ Phys/ Phys/ Phys/ Phys/ Phys/ Phys/ Phys/ phys/ Phys/ Phys/ Phys/ Phys/ Phys/ Phys/ Phya/
The 9 Census Div Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop Pop
New England 343.8 334.3 319.9 292.5 254.2 215.1 174.5 168.6 167.1 162.4 164.0 161.6 154.1 150.2 148.6 142.3 138.5 137.5 138.3 137.4 142.2
Middle Atlantic 323.6 317.6 297.8 275.8 237.3 213.1 178.2 173.1 168.7 169.7 174.6 169.8 160.7 155.1 149.6 140.8 138.5 138.4 134.5 138.9 137.3
East North Centr 225.4 221.5 208.6 194.7 169.8 145.9 124.5 121.3 118.2 125.0 134.9 133.4 132.0 130.4 129.4 128.6 126.5 126.2 127.5 131.8 136.1
West North Centr 219.0 216.2 202.8 186.4 165.8 140.8 119.1 116.2 114,0 121.2 127.1 123.1 125.0 126.1 126.0 126.5 128.7 131.5 133.9 138.3 140.9
South Atlantic 247.8 244.4 234.5 215.9 187.0 156.0 122.7 118.4 113.0 98.7 102.7 100.7 99.3 99.2 98.4 99.6 100.9 102.1 103.6 106.8 110.3
East South CentLr 196.7 194.3 182.4 162.0 139.7 117.4 93,4 90.5 89.2 83.2 86.5 85.8 88.2 89.9 92.0 96.7 99.4 102.1 107.2 113.2 119.8
West South Centr 195.4 194.5 184.3 171.0 153.3 128.0 106.2 103.4 102.5 102.2 104.9 103.9 102.8 103.5 104.7 106.0 105.6 108.2 112.8 119.2 125.2
Mountain 218.3 214.3 208.2 192.5 177.5 155.9 125.1 121.0 117.8 119.7 116.1 119.9 119.9% 119.8 117.2 118.9 118.7 118.7 122.3 130.5 135.4
pacific 269.5 268.0 265.1 255.8 236.2 208.1 167.3 161.4 159.6 147.5 146.0 159.7 157.6 158.4 160.1 160.0 156.6 157.8 161.7 163.1 165.1

Correlation of Each Phys/Pop with All Other Phys/Pops (Measured in R-Squared).

Year 1993 1992 1990 1985 1980 1975 1967 1965 1963 1949 1942 1940 1938 1936 1934 1931 1929 1927 1925 1923 1921
Phys/Pop 21 0.15 0.16 0.20 0.25 0.34 0.38 0.41 0.41 0.44 0.48 0.43 0.58 0.65 0.72 0.77 0.87 0.88 0.90 0.96 0.98 1.00
Phys/Pop 23 0.20 0.21 0.25 0.31 0.40 0.45 0.49 0.49 0.52 0.56 0.51 0.67 0.78 0.83 0.84 0.91 0.94 0.95 0.98 1.00
Phys/Pop 25 0.28 0.29 0.33 0.40 0.49 0.53 0.56 0.56 0.59 0.61 0.57 0.71 0.77 0.83 0.88 0.95 0.97 0.98 1.00
Phys/Pop 27 0.38 0.39 0.43 0.49 0.58 0.62 0.67 0.67 0.69 0.72 0.69 0.81 0.87 0.92 0.95 0.98 0.99 1.00
Phys/Pop 29 0.42 0.43 0.47 0.53 0.61 0.66 ©0.71 0.71 0.73 0.76 0.73 0.85 0.90 0.94 0.97 0.99 1.00
Phys/Pop 31 0.45 0.46 0.50 0.57 0.65 0.69 0.74 0.74 0.76 0.79 0.76 0.88 0.92 0.96 0.98 1.00
Phys/Pop 34 0.56 0.57 0.60 0.66 0.72 0.77 0.82 0.83 0.85 0.89 0.87 0.95 0.98 0.99 1.00
Phys/Pop 36 0.60 0.61 0.63 0.69 0.74 0.79 0.85 0.86 0.87 0.93 0.91 0.98 0.99 1.00
pPhys/Pop 38 0.65 0.65 0.67 0.72 0.77 0.81 0.88 0.89 0.90 0.96 0.94 0.99 1.00
Phys/Pop 40 0.71 0.72 0.73 0.78 0.81 0.85 0.91 0.92 0.93 0.98 0.96 1.00
Phys/Pop 42 0.76 0.76 0.74 0.77 0.76 0.79 0.88 0.89 0.89 0.98 1.00
Phys/Pop 49 ¢.77 0.78 0.78 ©0.81 0.82 0.85 0.92 0.93 0.93 1.00
Phys/Pop 63 0.87 0.88 0.90 0.94 0.96 0.98 1.00 1.00 1.00 Table 3-C: The 21 sets of Phys/Pop values for
Phys/Pop 65 0.87 0.88 0.91 0.94 0.96 0.98 1.00 1.00 1921-1993 match Table 3-A, with some exceptions
Phys/Pop 67 0.87 0.89 0.91 0.95 0.96 0.99 1.00 (please see text of Part 7c). The rows of R-squared
Phys/Pop 75 0.88 0.89 0.93 0.96 0.99 1.00 values come from regressin'g one Pl.lysPop set upon

another PhysPop set. The intersection of a column
Phys/Pop 80 0.90 0.91 0.95 0.98 1.00 with a row reveals which two sets produced the
Phys/Pop 85 0.96 0.97 0.99 1.00 R-squared value.
Phys/Pop 90 0.99 0.99 1.00
Phys/Pop 92 0.99 1.00
Phys/Pop 93 1.00
Years 1993 1992 1990 1985 1980 1975 1967 1965 1963 1949 1942 1940 1938 1936 1934 1931 1929 1927 1925 1923 1921
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CHAPTER 4
Mortality Rates ——— The Responses in the Dose-Response Studies

Part 1. Were Mortality—Rates Always Recorded?

Part 2. Our Sources for Mortality Rates

Part 3. Estimated Frequency of Misdiagnosis on Death Certificates

Part 4. Age-Adjustment: "Matching" of the Nine Census Divisions

Part 5. Causes of Death Reported in Grove 1968, with Subsets and Numbers

Box 1. The "Standard Million Population, 1940."

Box 2. Illustrative Calculation of an Age-Adjusted MortRate.

Box 3. Age-Specific Mortality-Rates for Breast Cancer, 1950-1990.

Box 4. The Age-Groups Accounting for 93% of the 1990 Age-Adjusted National Cancer Death—Rate.

Definition of Mortality Rate

From here on, we will abbreviate "age-adjusted annual mortality-rate, per 100,000 population
(everyone)” as mortality rate. For brevity, MortRate. When pressed for space: MR or mr. The word
"annual” is rarely expressed in connection with mortality rates, but they are rates per year. By
"everyone," we mean there are no exclusions by color or "race.”

Location of MortRate Tables in This Book

Unlike the Universal PhysPop Table 3-A, which is used repeatedly in chapter after chapter, the
tables of mortality rates have to be specific for each cause of death studied. So readers will find such
rates located at the end of the appropriate chapters. The first one occurs at the end of Chapter 6.
Because age-adjusted mortality rates include ALL AGES at death, the MortRates are designated
"male" or "female," rather than "rates for men" or "rates for women."

Meaning and Utility of High-5 and Low-4 MortRates

Readers will see High-5 and Low-4 MortRates in our MortRate tables. The High-5 MortRate
always refers to the average MortRate in the Pacific, New England, West North Central, Mid-Atlantic,
and East North Central Census Divisions combined. The Low-4 MortRate always refers to the
average MortRate in the Mountain, West South Central, East South Central, and South Atlantic Census
Divisions combined. UNLIKE the MortRates for individual Census Divisions, the High-5 and Low-4
MortRates are not population-weighted. They are approximations, useful in checking trends. For
instance, as the Hi5/Lo4 ratio for male All-Cancer MortRates falls from 1.44 in 1940 to 0.96 in 1988
(Table 6-A), a reader knows instantly that major changes are occurring in the geographical distribution
of cancer MortRates. Chapter 3, Part 4, explains how the permanent order in our list of Census
Divisions was set in the first place.

We start our dose-response studies by comparing the behavior of CANCER mortality-rates and
PhysPop values. Then we must do identical analyses of noncancer mortality-rates, to find out if cancer
and noncancer MortRates behave DIFFERENTLY with respect to PhysPop values. (They do.)

For our proposed dose-response studies, we would like to know the age-adjusted cancer
MortRates and the PhysPops in the Nine Census Divisions, all the way back at least to 1895 ——- the
year in which Roentgen published his discovery of the xray (Roentgen 1895). But that is not possible.
Although it is pleasant to assume that Vital Statistics on births, deaths, causes of death, and so forth,
have "always" been there, reality is very different.

The death registration-system evolved gradually, from only 10 states in 1900, to all 48 states in
1933 --- with Alaska added in 1959 and Hawaii in 1960. From the 1968 Grove book (p.7), we quote:
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"The annual collection of mortality statistics for the national death-registration area began with
the calendar year 1900. For the year 1900, figures were obtained from well-established registration
areas which had adopted model laws and where it was believed that registration was at least 90%
complete. [Example: Mass 1890 in our Reference List.] Each area had been requested to adopt a
recommended death certificate by January 1, 1900. The death registration area for 1900 consisted of
10 states, the District of Columbia, and a number of cities located in nonregistration states ... From
this time on, the Bureau [of the Census] completely abandoned the 50-year effort to obtain mortality
information by census counts and relied solely on registration records.” From Grove’s Table B, we
identify (below) the sequence in which the nationwide registry-system evolved, by Census Divisions.
We exclude Alaska, Hawaii, and the District of Columbia, as stated in Chapter 3, Part 3b.

e EAST NORTH CENTRAL: Illinois 1918, Indiana 1900, Michigan 1900, Ohio 1909,
Wisconsin 1908.

o EAST SOUTH CENTRAL: Alabama 1925, Kentucky 1911, Mississippi 1919, Tennessee
1917.

e MIDDLE ATLANTIC: New Jersey 1880, New York 1890, Pennsylvania 1906.

e MOUNTAIN: Arizona 1926, Colorado 1906, Idaho 1922, Montana 1910, Nevada 1929,
New Mexico 1929, Utah 1910, Wyoming 1922.

e NEW ENGLAND: Connecticut 1890, Maine 1900, Massachusetts 1880, New Hampshire
1890, Rhode Island 1890, Vermont 1890.

e PACIFIC: California 1906, Oregon 1918, Washington 1908.

o SOUTH ATLANTIC: Delaware 1890 (dropped in 1900, re-admitted in 1919), Florida 1919,
Georgia 1922, Maryland 1906, North Carolina 1916, South Carolina 1916, Virginia 1913, West
Virginia 1925.

e WEST NORTH CENTRAL: Iowa 1923, Kansas 1914, Minnesota 1910, Missouri 1911,
Nebraska 1920, North Dakota 1924, South Dakota 1906 (dropped in 1910; re-admitted in 1930).

e WEST SOUTH CENTRAL: Arkansas 1927, Louisiana 1918, Oklahoma 1928, Texas 1933.

@ Part 2. Our Sources for Mortality Rates

t s |

The age-adjusted mortality rates in this book, per 100,000 population (all colors) come from
three sources.

2a. Mortality Rates for 1940, 1950, 1960

The rates for 1940, 1950, and 1960 come from Grove 1968 in our Reference List. The book is
"Vital Statistics Rates in the United States 1940-1960" by Robert D. Grove and Alice M. Hetzel, of
the U.S. Public Health Service, National Center for Health Statistics (NatCtrHS).

In Grove 1968 is Table 67, entitled Age-Adjusted Death Rates for 32 Selected Causes by Color
and Sex: United States, Each Division and State, 1940, 1950, and 1960. In Part 5 of this chapter, we
show what Table 67 covers. The mammoth table begins on page 663 of Grove 1968, and continues
through page 770.

Table 67 presents MortRates for 1940, 1950, 1960 which are age-adjusted to 1940 (discussion
in Part 4, below). We use the rates for everyone combined (no exclusions by color or "race”). Our
exclusion of Alaska, Hawaii, and the District of Columbia (Chapter 3, Part 3b) merits a comment,
here:

Grove states explicitly (p.40) that the 1940 and 1950 MortRates exclude Alaska and Hawaii,
and that Alaska and Hawaii are both INCLUDED in the 1960 rates. So, 1960 is the one year in this
book for which the MortRate (Pacific Census Division) includes Alaska and Hawaii. Although we
would have preferred to be absolutely consistent, this 1960 exception must be inconsequential, since the
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1960 populations of Alaska and Hawaii (226,167 and 632,772 respectively) were too small to have
much impact on the 1960 population-weighted MortRate of the entire Pacific Census Division
(population = 21 million, from Table 3-B). As for the District of Columbia (which is part of the South
Atlantic Census Division), Grove's handling is unclear to us, What is clear is that the population of the
District (663,091 in 1940, 763,956 in 1960) was too small to have much impact on the 1940-1960
population-weighted MortRates of the entire South Atlantic Census Division (population = 18 million
in 1940, 21 million in 1950, and 26 million in 1960; from Table 3-B).

By contrast with the post-1960 MortRates by CENSUS DIVISIONS, the 1960 and post-1960
consolidated NATIONAL MortRates in our tables do include Alaska, Hawaii, and the District of
Columbia. As readers observe what we do with al] these numbers, they will see that this inconsistency
can be of no consequence in testing Hypotheses 1+2.

2b. Mortality Rates for 1970, 1980, 1990

Unfortunately, there is no publication comparable to Grove 1968 for the years after 1960. The
reason is said to be insufficient funding for the work.

® 1980: The National Center for Health Statistics in Hyattsville, Maryland, has an exemplary
policy of trying to provide data for research anyway. We extend our deepest appreciation for the
cooperation of Dr, Harry Rosenberg and Dr. Jeff Maurer of the Center. They provided data for
1979-1981 which is comparable to Table 67 of Grove 1968. These data (over 150 pages of printout)
are NatCtrHS 1980 in our Reference List. The printout covers many, but not all, of the causes of

death we examined from Grove 1968. Each page begins with the following header:

"Average age-adjusted death rates and standard errors (SE) for major causes, by race and sex;
United States and rank for each state, 1979-1981. Based on age-specific death rates per 100,000
population .., using as standard population the age distribution of total U.S. population as enumerated
in 1940." So these data (all "races" combined) provide input which can be regarded as 1980 data.

® 1970: At the time we needed all these data, Drs. Rosenberg and Maurer were unable to
provide for 1970 what they had provided for 1980, Therefore, we produced synthetic values for 1970
by taking the average of 1960 and 1980 in each Census Division. As readers observe what we do with
all these numbers, they will see that the approximation for 1970 is of no consequence in testing
Hypotheses 1+2.

® 1990: If we were Starting this project NOW, the acquisition of 1990 health data would be
much easier. But when we DID start, Drs. Rosenberg and Maurer recommended that we patch
together whatever we could find for 1990 from a feature called State Maps in the publication "Monthly
Vital Statistics Report,” which is MVS in our Reference List. On an irregular basis, issues of MVS
used to provide (until recently) age-adjusted mortality rates with the 1940 reference year, by gender
and states, for variable sets of years such as 1987-1989 and 1989-1991 ——- for many but not for all of
the entities in Grove's Table 67. One of the missing entities: Ischemic Heart Disease.

As our work progressed, so did the online resources of the National Center for Health Statistics
(which is a subdivision of the federal CDC ~-- Centers for Disease Control and Prevention).
Ultimately, it became possible to extract the 1993 Ischemic Heart Disease MortRates (all-race males,
all-race females, age-adjusted to 1940, by states) from the CDC’s online "WONDER" database.

We are comfortable about treating MortRates in the 1988-1993 range as if they were 1990
MortRates, because such rates seldom change appreciably over short periods of time.

Unlike the 1940, 1950, and 1960 data from Grove 1968, the MortRates per 100,000 population
for 1980 and "1990" were not "pre~packaged” by Census Divisions. They were obtained by states.
We grouped states into their proper Census Divisions (Part 1), and then used the 1980 or 1990
populations of each state to obtain population-weighted MortRates for each Division.

2c. Some Incomplete Sections in Our Mortality-Rate Tables

Some of the MortRate tables in this book are incomplete, our entries for 1970 are interpolations
between 1960 and 1980, and instead of all-1990 rates, sometimes we obtained 1988 or 1993 rates, as
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noted above. If we were starting NOW *from scratch,” we are confident that we would be able to
acquire more of the missing data, because recently the federal government has greatly improved online
access to its current health statistics. See, for instance: < http://wonder.cdc. gov/WONDER/ >, and
also the "FedStats" site, < http://www.fedstats.gov >. Online availability of older data may (or may
not) improve too.

As readers see the nature of our analyses, they will see for themselves why we are correct in
asserting that the remaining gaps or interpolations in our MortRate tables are only marginally relevant
to examining Hypotheses 1+2. For instance, the MVS Reports did not provide the 1990 MortRates by
Census Divisions for Urinary-System Cancers, for female Genital Cancers, and for male
Buccal/Pharynx Cancers. These arbitrary gaps have no effect on Hypothesis-1, which concerns All
Cancer Combined --- for which we do have data. Out of curiosity (not out of necessity), we opted to
examine as many components of All Cancers Combined as the available data permitted at the time.
The fact that some data were not available does not weaken the examination of Hypothesis-1.

In Section Three, we undertook to find out if cancer and noncancer MortRates behave
differently with respect to PhysPop values. We found ample data (Chapter 24) to establish that they
do. Again out of curiosity (not out of necessity), we opted to examine as many components of All
Noncancers Combined as the available data permitted at the time. The fact that we are missing
post-1960 MortRates for Appendicitis, Hypertensive Disease, Rheumatic Fever & Rheumatic Heart
Disease, Syphilis, Tuberculosis, and Ulcers, cannot undermine what we needed to establish (and did
establish) in Chapters 24 and 25, with respect to Hypotheses 1+2.

2d. Changes in ICD Numbers over Time

In our MortRate tables, we show numbers from the International Classification of Diseases
(ICD) whenever possible, so that anyone can check exactly what the MortRates cover. In Part 5 of this
chapter, we show in detail how disorders are grouped together.

Most of our MortRate tables cover 1940-1990. During those decades, the numbers assigned to
various diseases were altered in the ICD system. ICD/7 indicates the Seventh Revision of ICD, and
ICD/9 indicates the Ninth Revision. In the MortRate tables of this book, the ICD numbers for the
1940-1960 entries (ICD/7) often differ from the ICD/9 numbers stated for 1980. The continuity in
MortRates from decade to decade is maintained by definition of the named entities, not by ICD
numbers.

2e. Are There Worrisome Discrepancies between Sources?

It is easy to conjure up APPARENT disparities in mortality rates among various sources: The
government’s publications, its online databases, and non-government publications. We have a few
comments about this:

e - Most often, apparent discrepancies disappear when one stops trying to compare two
non-comparable tables!

e - In Part 2a of this chapter, we inform readers that MortRates in our tables, by Census
Divisions, exclude Alaska, Hawaii, and the District of Columbia ——— which means that our tables are
not comparable to tables which include those entities.

e - In Part 4a of this chapter, we remind readers never to compare two sets of MortRates which
are age-adjusted to different reference years.

e - In Chapter 23, Part 2b, we warn readers not to compare death-rates from
32-Causes-of-Death-Combined, with death-rates in other publications for ALL Causes of Death
Combined.

o - In Section Five, we warn readers not to compare MortRates for Ischemic Heart Disease (or
Coronary Heart Disease) with MortRates for "Diseases of the Heart" in other publications. These are
not the same entities. Apples and oranges.

- 80 -




Chap .4 Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease John W. Gofman

® — The National Center for Health Statistics deserves enormous credit for the overwhelming
agreement among its own databases. Apparent discrepancies are rare, and seem to have explanations if
one pursues the issue far enough.

® - The minor discrepancies which remain among various databases certainly do not have a
magnitude capable of invalidating the findings in this book. The discrepancies are inconsequential.

@ Part 3. Estimated Frequency of Misdiagnosis on Death Certificates
P

Some efforts have been made to estimate the rate at which Cancer is under-reported on death
certificates. For example, the handlers of the Atomic-Bomb Survivor Database decided that they
needed to multiply the reported rates for malignancies by a factor of 1.23, in order to compensate for
"incomplete death-certificate ascertainment of cancer” (discussion in Gofman 1990, p.11-3). Their
decision was based on a 1973 study comparing autopsy and death-certificate diagnoses (Steer 1973;
BEIR 1980, p.196; additional references in Pierce 1996-b, p.3).

Such underascertainment in the past is not surprising to us. We are directly aware that, in some
circles, there was almost a taboo against admitting that a family member died of Cancer. In addition, it
can be medically difficult sometimes, without an autopsy, to distinguish between various causes of
death. For instance, undoubtedly some death certificates saying cirrhosis of the liver really should say
metastatic Cancer, and some certificates attributing death to stomach ulcer should really say Cancer.

3a. USA: Estimated Frequency of "Missed Cancer Diagnoses"”

On the problem of under-reporting of Cancer, and misdiagnosis of a cancer’s original site, Rolla
B. Hill and Robert E. Anderson contributed an eye-opening article entitled "The Autopsy in Oncology"
(Hill 1992). In their article, they provide Table 2, entitled "Literature Sources for Clinical Cancer
Diagnosis Compared with Autopsy Findings." The table describes eleven reports, covering various
years between 1917 to 1988. The first report in their list is by H.G. Wells (Wells 1923). They state
(Hill 1992, p.48):

"H.G. Wells reviewed 578 autopsies of cancer patients from Chicago hospitals during 1917 to
1922 and found that in 31 percent, Cancer was first discovered at autopsy (clinical false negatives) and
that 6 percent of those diagnosed clinically were not present at autopsy (clinical false positives).” And
(Hill 1992, p.48):

"It is difficult to accept the fact that subsequent studies, including the most recent, have
revealed only slight improvement in the overall incidence of missed cancer diagnoses. It would
certainly seem that modern advances and invasive techniques have improved diagnostic ability. Yet the
data in Table 2 indicate that this instinctive reaction is faulty ... Parallel findings have been reported
for non-oncologic diagnoses, including evidence that modern imaging and invasive techniques must
have had little overall effect on the discrepancy rate (Goldman 1983)." And (Hill 1992, p.51):

"Unfortunately, studies of the validity of death-certificate diagnoses suggest that they may be
wrong up to 50 percent of the time." For this assertion, Hill and Anderson cite 12 references not
already cited in their Table 2. The opportunity to learn from autopsies has diminished dramatically.
"In 1950, more than one half of the patients dying in U.S. hospitals were autopsied (Roberts 1978); in
1985, the comparable figure was only 10 percent (MMWR 1988), and it seems to have dropped slightly
since then" (Hill 1992, p-47).

3b._Specific Cancers: "We Do Not Know the True Prevalence of Any Type of Cancer*”

Referring to Cancer, Hill and Anderson state (Hill 1992, p.49):

"Although it is discouraging ... to recognize that there has been little improvement during the
past six to seven decades in overall diagnostic discrepancy rates in cancer patients, this does not mean
that the situation has been static. Improvements with one type of tumor are matched by erosions
elsewhere (Anderson 1989). Leukemia, for example, is currently rarely missed or overdiagnosed in
patients who die and are autopsied, and the ability to make this diagnosis correctly has improved
considerably over the past 50 years. In contrast, gastric carcinoma and carcinoma of the bronchus and
lung have become appreciably harder to diagnose.” Hill and Anderson point out (Hill 1992, p.51):

- 81 -



Chap.4 Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease John W. Gofman

"Millions of dollars are committed each year to protocol studies, often funded by the National
Cancer Institute, in which patients with specific cancers are entered randomly into clinical trials. The
results of various approaches to treatment are compared, and the one that seems to hold the most
promise becomes the treatment of choice ... It is an arresting fact, however, that performance of
autopsy is not built into these studies, and there is no funding to cover the autopsy costs.” They report
the cost at about $1,000 per autopsy (p.54). Their article makes a compelling case for the
recommendation (p.49): "A program must be designed to evaluate the diagnostic error, determine its
cause, provide feedback to the appropriate persons, and ensure that the situation improves (Anderson
1990)." Hill and Anderson warn (1992, p.52, emphasis in the original):

*The truth is that WE DO NOT KNOW the true prevalence of any type of cancer. We do not
even know how bad our present data are ——- we just know that they are inaccurate and probably
unreliable.” Burton 1998 presents additional data supporting that view (Burton 1998).

It seems reasonable to assume that, when clinicians create a death certificate in the absence of
an autopsy, they correctly distinguish Cancer from NonCancer as the cause more often than they
correctly name the ORIGINAL SITE of a fatal Cancer.

-Adjustment:

e Part4. A *Matching” of the Nine Census Divisions

In our dose-response studies, the nine sets of people who receive different average doses of
medical radiation are the populations of the Nine Census Divisions. The responses we are examining
are the nine separate mortality-rates, by Census Divisions, per 100,000 population.

In order to evaluate the extent to which variation in medical radiation explains variation in
MortRates, the MortRates must be validly COMPARABLE among the Nine Census Divisions. If the
Pacific Division were populated ONLY by children and the South Atlantic Division were populated
ONLY by retired people, their mortality-rates per 100,000 population would clearly not be comparable
——- because increased age is such an important correlate of death. In reality, every Census Division
has a mixture of all possible ages, but not in the same proportions. The distribution of ages is never
identical ("matched”) across all Nine Census Divisions. Nor is age-distribution constant over the
decades.

4a. The Reference Year for Age-Adjusted MortRates

Because the age-distribution differs among the populations of the Census Divisions, and
because age-distributions change with time, what we need to study are AGE-ADJUSTED mortality
rates -—— always adjusted to a standard population of a specified reference-year. Our sources use 1940
as the reference year, and so we use 1940 consistently throughout the MortRate tables of this book.

Age-adjustment of MortRates can be done to any reference year, so it is important never to
ASSUME that mortality-rates are age-adjusted to the same reference year, and never to compare
mortality rates which have been age-adjusted to DIFFERENT reference years. While the National
Center for Health Statistics and the American Heart Association use 1940 as the reference year for
mortality-rates (confirmed in PHS 1995, p.298, and in AHA 1995, p.23), the National Cancer Institute
and the American Cancer Society generally use 1970 as the reference year for their recent publications.
Some of the difficulties, caused by use of two standards, are apparent in a 1992 report of the Public
Health Service, entitled "Health: United States 1992" (PHS 1992, discussion at pages 327-330). We
note that in a 1997 article, "Cancer Undefeated,"” Bailar and Gornik have opted to age-adjust their data
to 1990 as the reference year (Bailar 1997, p.1570).

4b. Tllustrative Calculation of an Age-Adjusted MortRate: Boxes 1 and 2

When 1940 is the reference year, the actual population of 1940 provides the Standard Million
Population. Grove 1968, p.37, provides the "Enumerated Population of the United States, 1940," by
age-bands. We show it in Box 1. The same data are available in PHS 1995 (p.298).

In Box 2, we show an example of how the Standard Million Population of 1940 can be applied,
to arrive at an age-adjusted mortality rate. The illustration in Box 2 is generic. Column A could be
used for age-specific MortRates from any disease, in any year, in any geographical unit. We chose to
use, in Column A, the actual 1940 MortRates by age-bands, due to "Cancer and Other Malignant
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Tumors (45-55)" in the United States, from Linder 1947, Table 14, p.250. The sum of 120.15 in Box
2 is in excellent agreement with the 1940 national rate of 120.3 per 100,000 in Linder’s Table 14. The
small discrepancy is undoubtedly due to trailing digits.

Policy on Trailing Digits, Significant Figures

Calculations can never yield answers which are more precise than the least precise of the input
numbers. Nonetheless, during a series of calculations, it is wise to retain all the trailing digits to the
right of the decimal point. For example, when a measured value of 2 is divided by 3.1, the computer
obtains an answer of 0.6451612. We, and most other sources, show readers SOME of the extra digits
—= so that readers can reach answers which resemble the answers yielded by calculations done with
the trailing digits. When readers and their sources reach slightly different answers, the reason almost
certainly lies in additional "trailing digits." Extra digits provided in this book (and in many other
sources) do NOT signify that measurements are highly precise. In other words, they are not
"significant figures" in the formal sense.

Grove’s Note about Table 67

Mortality rates for 1940, 1950, and 1960 in this book are taken from Table 67 of Grove 1968,
as stated in Part 2a above. Grove comments (at p.35) that "The age-adjusted rates shown in Table 67
are computed from specific rates of the following broad age groups: Under 25, 25-44, 45-64, and 65
and over. Consequently, the age-adjusted rates shown in this table differ from those shown in other
tables [which used the age-bands shown in our Box 1]. The rates for the total population and for each
color-sex group are adjusted separately, using the same standard population. "

Grove’s Definition of Age-Adjusted Death Rates

Grove defines age-adjusted death rates at p-35: "Age-adjusted death rates published in this
volume are computed by the direct method. They are the death rates that would have been observed if
the age-specific rates for the given year, computed for specified age intervals, had prevailed in a
population whose age distribution was the same as that of the standard population. The entire
enumerated population of the United States in 1940 is used as the standard."

4c. Comparability of Census Divisions: Matched for Age

The use of age-adjusted mortality rates is the equivalent of matching the populations of all Nine
Census Divisions for age. In our dose-response studies, the MortRates from one Census Division to
another are properly comparable with respect to the age-issue, because age-adjusted MortRates apply
to 100,000 people with the SAME distribution of ages. If the population of one Census Division has a
higher fraction of babies than another, or more elderly people, it does not matter —-- because the actual
number of deaths for a given age-band has been adjusted to conform to the age-distribution of the
Standard Million Population of 1940, as illustrated in Part 4b above.

Changes in Population-SIZES over Time

As our studies progress from 1940 to later decades, the input remains comparable over TIME
~=- despite some rather dramatic changes in the relative population-sizes among the Nine Census
Divisions (shown in Table 3-B of Chapter 3) --- because the comparisons are based on Physicians per
100,000 population and age-adjusted MortRates per 100,000 population.

4d. Age-Specific vs. Age-Adjusted MortRates; Boxes 3 and 4

The need for age-adjustment of MortRates does not occur if analysts are comparing rates per
100,000 people of the SAME age, of course. For example, a mortality rate per 100,000 people of age
45 could be directly compared across Census Divisions and across time. The need for age-adjustment
occurs when comparisons involve populations having mixtures of ages (for instance, entire populations
of Census Divisions).

Box 3 uses Breast Cancer mortality rates to illustrate the relationship among three types of
MortRates: Age-adjusted, crude, and age-specific -~- over the 1950-1990 period, by decades. While

- 83 -



Chap.4 Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease John W. Gofman

the age-adjusted National MortRate changes very little over time, age-specific rates are falling over
time in some age-groups and rising in others, per 100,000 persons of those age-groups.

Box 4 shows how the age-specific 1990 National All-Cancer MortRates (a) provide the basis
for the age-adjusted 1990 National All-Cancer MortRate, and (b) provide the basis for learning which
age-groups account for various FRACTIONS of the age-adjusted 1990 National All-Cancer MortRate.
We needed to know such fractions in Chapter 2, Part 3.

rted in Grove 1968, w

In Grove 1968, Table 67 (" Age-Adjusted Death Rates,” pp.663-770) covers a wide range of
entities of interest for our work in this book: Malignancies, acute infections, chronic infections,
metabolic disorders, cardiovascular disorders, and accidental deaths --- "32 selected causes” in all.

The list below of the 32 causes is compiled by us from Grove's Table 65, Section F,
pp.595-603. The numbers in parentheses are the numbers assigned to the various entities in the
International Statistical Classification of Diseases, Injuries, and Causes of Death: Seventh Revision,
1958 -—- a publication of the World Health Organization (WHO). So far, nine revisions exist. Their
dates of adoption and of use are presented in our Reference List, under the entry WHO 1958.

Grove notes (p.44) that differences between the Sixth and Seventh Revisions are minor, but
warns that changes initiated by the Sixth Revision (1949) in "the method followed in selecting the
underlying cause of death ... significantly affected the statistics for some causes, e.g. diabetes and
nephritis.”

In the list of 32 selected causes of death, below, the ICD numbers in parenthesis are from the
Seventh Revision. Some causes listed below are subsets of larger groups, and others are combined
when they are reported in Grove’s Table 67.

1. Tuberculosis, all forms (001-019)
Tuberculosis of respiratory system (001-008)
Tuberculosis of meninges and central nervous system (010)
Tuberculosis of intestines, peritoneum, and mesenteric glands (011)
Tuberculosis of bones and joints (012,013)
Tuberculosis of other organs and systems (014-018)
Disseminated tuberculosis (019)

2. Tuberculosis of the respiratory system (001-008)

3. Syphilis and its sequelae (020-029)
Congenital syphilis (020)
Early syphilis (021)
Aneurysm of Aorta (022)
Other cardiovascular syphilis (023)
Tabes Dorsalis (024)
General paralysis of the insane (025)
Other syphilis of central nervous system (026)
All other syphilis (027-029)

4. Malignant Neoplasms, including neoplasms of lymphatic and hematopoietic tissues,
(140-205). Also see entries 5 through 12, below.

5. Malignant Neoplasm of buccal cavity and pharynx (140-148)
Of lip (140)
Of tongue (141)
Of other and unspecified parts of buccal cavity (142-144)
Of pharynx (145-148)

6. Malignant Neoplasm of digestive organs and peritoneum, not specified as secondary (150-156A,
157-159)
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Of esophagus (150)
Of stomach (151)
Of small intestine, including duodenum (152)
Of large intestine, except rectum (153)
Diverse segments given as 153.1, 153.2, etc.
Of rectum (154)
Of biliary passages and of liver (stated to be primary site) (155)
Liver (155.0)
Other and multiple sites of biliary passages (155.1, 155.8)
Of liver not stated whether primary or secondary (156A)
Of pancreas (157)
Of peritoneum and unspecified digestive organs (158, 159)

7. Malignant Neoplasm of respiratory system, not specified as secondary (160-164)
Of larynx (161)
Of bronchus and trachea, and of lung specified as primary (162)
Of lung, unspecified as to whether primary or secondary (163)
Of other parts of of respiratory system (160, 164)

8. Malignant Neoplasm of breast (170)

9. Malignant Neoplasm of genital organs (171-179)
Of cervix uteri (171)
Of other and unspecified parts of uterus (172-174)
Of ovary, fallopian tube, and broad ligament (175)
Of other, and unspecified female genital organs (176)
Of prostate (177)
Of testis, and of other and unspecified genital organs (178,179)

10. Malignant Neoplasm of urinary organs (180,181)
Of kidney (180)
Of bladder and other urinary organs (181)

11. Leukemia and Aleukemia (204)

12. Lymphosarcoma and other neoplasms of lymphatic and hematopoietic tissues, (200-203, 205)
Lymphosarcoma and reticulosarcoma (200)
Hodgkin’s Disease (201)
Other neoplasms of lymphatic and hematopoietic tissues (202, 203, 205)

13. Diabetes Mellitus (260)

14. Major cardiovascular-renal diseases (330-334, 400-468, 592-594).
Also see entries 15 through 21, below.

15. Vascular Lesions Affecting Central Nervous System (330-334)

16. Rheumatic Fever and Chronic Rheumatic Heart Disease (400-402, 410-416)
Rheumatic Fever (400-402)
Chronic Rheumatic Heart Disease (410-416)

17. Arteriosclerotic Heart Disease, including coronary disease (420)
Arteriosclerotic heart disease so described (420.0)
Heart Disease specified as involving coronary arteries (420.1)
Angina Pectoris without mention of coronary disease (420.2)

18. Nonrheumatic Chronic Endocarditis and other myocardial degeneration (421, 422)

19. Hypertensive Disease (440-447)
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20.

21.
22.

23,
24.
25.
26.
27.
28.
29.
30.
31.
32.

Hypertensive Heart Disease (440-443)
Hypertensive heart disease with arteriolar nephrosclerosis (442)
Other hypertensive heart disease (440, 441, 443)
Other hypertensive disease (444-447)
Chronic and Unspecified Nephritis and other renal sclerosis (592-594)
Influenza and Pneumonia, except Pneumonia of newborn (480-493)
Influenza (480-483)
Pneumonia, except pneumonia of newborn (490-493)
Ulcer of stomach and duodenum (540, 541)
Appendicitis (550-553)
Hernia and intestinal obstruction (560, 561, 570)
Gastritis, duodenitis, enteritis, and colitis, except diarrhea of newborn (543, 571, 572)
Cirrhosis of liver (581)
Hyperplasia of prostate (610)
Motor vehicle accidents (E810-E835)
Other accidents (E800-E802, E840-E962)
Suicide (E963, E970-E979)

Homicide (E963, E970-E879)

DODDIOO>>>
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Box 1 of Chap. 4
The "Standard Million Population, 1940. "
Enumerated Population of the United States, 1940, by Age-Bands.

Age-Band, Actual 1940 Fraction Standard
in Years Population of Total Million,
1940

All Combined -~ 131,669,275 1.000000 1,000,000
Under 1 yr 2,020,174 0.015343 15,343
1-4 8,521,350 0.064718 64,718
5-14 22,430,557 0.170355 170,355
15-24 23,921,358 0.181678 181,677
25-34 21,339,026 0.162065 162,066
35-44 18,333,220 0.139237 139,237
45-54 15,512,071 0.117811 117,811
55-64 10,572,205 0.080294 80,294
65-74 6,376,189 0.048426 48,426
75-84 2,278,373 0.017304 17,304
85 and up 364,752 0.002770 2,770
Sums for check 131,669,275 1.000000 1,000,000

The tabulation above is based on Grove 1968, page 37. Comparable information,
for the years 1950-1993, is provided in PHS 1995 (p.79).

Box 2 of Chap. 4
Illustrative Calculation of an Age-Adjusted MortRate.

® Col.A shows the 1940 National All-Cancer MortRates per 100,000 (100K)
population in each age-band (from Linder 1947, Table 14, p.250).

e Col.B (from Box 1) shows what fraction of the total 1940 population comes
from each age-band.

® Col.C = [Col.A * Col.B]. The * denotes multiplication. The sum of Col.C
entries is the weighted average of the separate MortRates.
This sum, 120.15 cancer-deaths per 100,000 population, is the age-adjusted
National All-Cancer MortRate for 1940. See Text, Part 4b.

Col.A Col.B Col.C

Age-Band Rate/100K Fraction =A*B
Under 1 yr 4.4 0.015343 0.06751
1-4 4.8 0.064718 0.31065
5-14 3.0 0.170355 0.51107
15-24 54 0.181678 0.98106
25-34 17.3 0.162065 2.80373
35-44 61.1 0.139237 8.50737
45-54 168.8 0.117811 19.88647
55-64 369.6 0.080294 29.67653
65-74 695.2 0.048426 33.66561
75-84 1,161.0 0.017304 20.08966
85 and up 1,319.0 0.002770 3.65391
Sums 1.000000 120.1536

- 87 -

Part 4b.

Related text



Box 3 of Chap. 4
Age-Specific MortRates for Female Breast Cancer, 1950-1990.

e These annual National Breast-Cancer MortRates, per 100,000 resident population (all "races,” no
exclusions) are in "Health: United States 1995" from the Public Health Service (PHS 1995 in our Reference
List), Table 41, p.138. The National rates in Row 1 are age—adjusted to the 1940 reference year, and are in
very close agreement with the female National rates in Table 8-B. The "crude" National rates in Row 2 are per
100,000 population without any age-adjustment.

e While the age-adjusted National MortRate hardly changes during the 1950-1990 period, the MortRates

rose in some age-bands, and declined in others --- as quantified by the ratios in the righthand column.

Ratio
Row Age 1950 1960 1970 1980 1990 | 1991-93 | 1990/ 1950
1 All ages, age-adju 22.2 22.3 23.1 22.7 23.1 | 22.1 | 1.04
2 All ages, crude 24.7 26.1 28.4 30.6 34.0 | 33.2 |
3 Under 25 years - -- - - - - ] -
4 Ages 25-34 3.8 3.8 3.9 33 29 | 2.8 | 0.76
5 Ages 35-44 20.8 20.2 20.4 17.9 17.8 | 16.1 | 0.86
6 Ages 45-54 46.9 51.4 52.6 48.1 45.4 | 43.0 | 0.97
7 Ages 55-64 70.4 70.8 77.6 80.5 78.6 | 75.0 | 1.12
8 Ages 65-74 94.0 90.0 93.8 101.1 1117 | 107.9 | 1.19
9 Ages 75-84 139.8 129.9 127.4 126.4 146.3 | 144.1 | 1.05
10  Ages 85+ 195.5 191.9 157.1 169.3 196.8 | 199.9 | 1.01

Box 4 of Chap. 4
The Age-Groups Accounting for 93% of the 1990 Age-Adjusted National Cancer MortRate.

e Col.A entries are the observed age-specific 1990 National All-Cancer MortRates per 100,000
population of each age-band, for both sexes combined. Source: "Health: United States 1995" from
the Public Health Service (PHS 1995, Table 39, p.132).

e Col.B is the weighting factor, from the "Standard Million Population, 1940" (see Chapter 4, Box
1, "Fraction of Total").

e Col.C is the product of Col.A times Col.B, and the SUM of Col.C is the 1990 age-adjusted
MortRate: 135 per 100,000 population. This rate matches the entry for Both Sexes in our Table 6-B.

e Col.D divides each entry in Col.C by 135, and thus determines the fraction of the National
Age-Adjusted Rate (135 per 100,000) contributed by each age-band. The sum of the fractions for age
45 and older = 0.92780, or 93 %.

Col.A Col.B Col.C Col.D =

Age-Band AgeSpecific Weighting = A times B Col.C
Rate/100K Factor (A *B) /135

Under 1 yr 2.3 0.015343 0.03529 0.00026
1-4 3.5 0.064718 0.22651 0.00168
5-14 3.1 0.170355 0.52810 0.00391
15-24 4.9 0.181678 0.89022 0.00659
25-34 12.6 0.162065 2.04202 0.01513
35-44 43.3 0.139237 6.02896 0.04466
45-54 158.9 0.117811 18.72015 0.13867
55-64 449.6 0.080294 36.10002 0.26741
65-74 872.3 0.048426 42.24182 0.31290
75-84 1,348.5 0.017304 23.33411 0.17285
85 and up 1,752.9 0.002770 4.85591 0.03597
Sums 1.000000 135.0031 1.0000
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CHAPTER 5

Dose-Response, Linear Regression, and Some Other Key Concepts in Our Analyses

Part 1. Radiation-Induced Cancer: The "Build-Up" Phase

Part 2. Equilibrium Phase: Flat Rates of Radiation-Induced Cancer

Part 3. The "Build-Down" Phase: An Exceedingly Gradual Phenomenon

Part 4. Is There Really Any *Minimum Latency Period” ?

Part 5. Dose-Response: Linearity and Regression Analysis

Part 6. Dose-Response: Perfect Correlation without Perfect Proportionality

Part 7. Dose-Response: Effects of Imperfect Matching across Dose-Groups

Part 8. Real-World "Entropic Circumstances” Which Reduce Observed Correlations
Part 9. Estimating the Impact of Medical Radiation on Cancer MortRates

Figure 5-A. Annual Delivery-Rates of Radiation-Induced Cancer.

Figure 5-B. The MX Model of Dose-Response.

Figure 5-C. The MX+C Model of Dose-Response.

Figure 5-D. Effect of Imperfect Matching of Dose-Groups.

Figure 5-E. Effect of an Inverse Relationship between Dose and a Co~Actor.

e Part 1. Rad
8% ]

E

Because ionizing radiation is a carcinogen (Chapter 2, Part 4), its introduction into medicine, in
1896, had to cause radiation-induced Cancers. The Cancers, caused by medical radiation received during
1896, did not all appear at once. Like products dispensed from an inventory, the Cancers were
delivered gradually (Chapter 2, Part 8). And the Cancers caused by medical radiation received during
1897 were also delivered gradually. And the Cancers caused by medical radiation received during 1898
were gradually delivered, too. We need not name every year for a century.

la. Figure 5-A: The "Build-Up" Years

Figure 5-A depicts the effect of gradual delivery: A period of "build-up"” in the annual
delivery of radiation-induced Cancer. Figure 5-A refers to cancer incidence, with no arbitrary interval
between radiation exposure and diagnosis of radiation-induced cancer (discussion in Part 4, below).

We emphasize that Figure 5-A is a diagram in which we arbitrarily:

(a) show years of annual irradiation only through 1951;

(b) make 120 cases (per 100,000 population) the total cancer-consequence from each year’s
irradiation;

(c) make 40 years the maximum delivery-time for the 120 cases produced by a single year’s
irradiation;

(d) make delivery of the 120 cases occur at a constant annual rate: 3 cases per 100,000
population, annually, for 40 years. This is equivalent to having 40 different latency periods before
diagnosis occurs.

As a result of these choices, the annual deliveries of Cancer induced by medical irradiation show
a build-up in Figure 5-A as follows:

During 1896: 3 cases delivered per 100,000 population.

During 1897: 6 cases delivered per 100,000 population.

During 1898: 9 cases delivered per 100,000 population.

During 1899: 12 cases delivered per 100,000 population.

During 1900: 15 cases delivered per 100,000 population.
..... The 40th year is 1935.

During 1935: 120 cases delivered per 100,000 population.

Although the numbers in Figure 5-A are merely illustrative, they make a key point: The
introduction and maintenance of medical radiation necessarily caused a gradual build-up in the
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number of RADIATION-induced cases of Cancer per 100,000 population.

1b. Equality of Response: A Simplifying Assumption in Figure 5-A

Figure 5-A depicts an "ideal” situation in which the magnitude of the average radiation dose is
the same every year, and the magnitude of the response is the same (120 radiation-induced Cancers per
100,000 population).

Equality of response over decades is a condition invoked for simplification. In reality, several
lines of evidence indicate that the magnitude of carcinogenic response, per rad of radiation exposure,
can be modulated (altered) by the intensity of exposure to nonradiation co-actors and by the absence of
such co-actors. Therefore, the magnitude of cancer-response, per unit of radiation exposure, can vary
over time according to the abundance or paucity of co-actors.

The Introduction has already discussed the widely accepted concept that more than one cause is
necessary to produce a case of fatal Cancer. Ways in which carcinogenic co-actors can multiply each
other’s potency is a topic deferred to Chapters 49, 67, and Appendix-M. Here, we simply point out
that --- when Figure 5-A depicts a response of constant size to a radiation dose of constant size,
decade after decade ——— we have invoked the "ideal” assumption that exposure to co-actors is also
constant decade after decade.

Flat Rates of Radiation-Induced Cancer

Part 2. Equilibrium Years:

When the production-rate and the delivery-rate of Cancer are equal in the SAME CALENDAR
YEAR --- despite the variable and extended latency periods ——- it is because equilibrium has occurred
between two opposite drives. During the equilibrium years, successive columns add one box at the top
--- and subtract one box at the bottom.

Equilibrium is first reached in Figure 5-A in the year 1935. That is the first year in which 120
new Cancers/100,000 population are PRODUCED (for gradual delivery) and also 120
radiation-induced Cancers are DELIVERED (from earlier years of production plus 1935 production).

Since nothing changes in our ideal model, Figure 5-A shows that equilibrium continues through
1951. Equilibrium would continue INDEFINITELY if the average radiation dose were maintained at a
constant level "forever” -—- but due to the size of our page, Figure 5-A completely terminates medical
irradiation after 1951.

Flat Cancer—Rates and the "Law of Equality®

The "Law of Equality” states: If an age-matched population receives the same level of
irradiation and same exposure to co-actors year after year, ultimately a state of equilibrium will be
reached when the annual delivery-rate of radiation-induced Cancer per 100,000 population is equal to
the annual production-rate of radiation-induced Cancer per 100,000 population, and the same annual
delivery-rate will endure indefinitely, if the same annual production-rate is maintained.

In other words, the "Law of Equality” leads toward FLAT rates of radiation-induced Cancer.
In Figure 5-A, the rate in every year of equilibrium is 120 cases/100,000 population. The equilibrium
years, in Figure 5-A, are limited to 1935 through 1951 —-- simply because of the size of the page.

Does the "Law of Equality” depend on assuming that the delivery rate of a single year’s
production occurs in equal parts --- such as 3 cases each year as shown in Figure 5-A? No. The law
is also valid for delivery in unequal parts over the specified timespan. This is demonstrated in Gofman
1995/96, where all of Chapter 4 is devoted to the "Law of Equality."

Due to the size of our page, Figure 5-A COMPLETELY terminates irradiation of the

population after 1951. But deliveries of radiation-induced Cancer continue, because in 1951, deliveries
from irradiation received during the 1940s and 1930s and 1920s and even earlier, were not yet
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complete. The total annual deliveries can decline only GRADUALLY, even when there is NO
additional production.

The build-down of deliveries can be quantified by counting the vertical boxes in the post-1951
columns. Each year, just one box is coming off at the bottom of successive columns. So total delivery
declines to 117 cases in 1952, 114 cases in 1953, 111 cases in 1952, and so forth.

3a. How Does the "Termination” Model Relate to Reality?

Depiction of this build-down phase should drive home an important point. If all medical
radiation were abruptly and permanently terminated (which we certainly do not advocate), and if
exposure to co-carcinogens were held constant, the resulting reduction in cancer mortality rates would
happen gradually over about 50 years -—- due to delivery of radiation-induced cases already "in the
pipeline.” The gradual build-down depicted in Figure 5-A is an important reminder, that uselessly
high doses of xrays administered TODAY will still be causing Cancers 10, 20, 30, 40 (and more) years
from now.

3b. Real-World Status of Delivery-Schedules

For radiation~induced cancer cases, delivery-intervals after irradiation are necessarily much
clearer in studies of excess cases due to exposure at a SINGLE time (such as radio-iodine exposure
from the Chernobyl accident, or gamma-ray exposure from the Hiroshima-Nagasaki bombs), than in
studies of excess Cancer due to chronic exposure (such as occupational exposures spread over years or
decades). In the latter, it is impossible to know in WHICH years the radiation produced the
carcinogenic lesions. Thus, analysts rely heavily on the Atomic-Bomb Study for our knowledge of
delivery-intervals and duration (Chapter 2, Part 8).

The observation, of excess Cancers (meaning radiation-induced cases) from a particular
radiation event, refers to the excess number compared with the number occurring in comparable
"control” groups NOT exposed to extra radiation from the particular radiation event. Of course, part
of the "background" cancer-rate in the control groups is radiation-induced too --- by OTHER sources
of radiation exposure.

The total cancer-rate (radiation-induced cases plus cases which would occur anyway) climbs
with advancing age -~- as illustrated for 1940 in Chapter 4 (Box 2), and for 1990 in Chapter 4 (Box 4).
To the extent that radiation-induced cases occur at approximately the same ages as radiation-unaided
cases (Gofman 1971, p.244; BEIR 1990, p.5), then the AVERAGE interval between irradiation and
delivery of radiation-induced cases will be longer for cases induced during childhood than for cases
induced at ages near or beyond age 55.

Even though delivery-schedules vary by age at irradiation, delivery-schedules for
radiation-induced Cancers will be the same, per 100,000 population, in all Nine Census Divisions —--
because the Divisions have been "matched” for age by use of age-adjusted cancer MortRates.

e Part 4. Is There Really Any "Minimum Latency Period" ?

]

The notion that there exists 2 "minimum latency period” of 5 to 20 years after radiation
exposure, before any radiation-induced Cancer is manifest, is almost certainly mistaken (Gofman 1981,
Gofman 1994, Gofman 1995/96). The limited evidence at hand shows that atomic-bomb-induced
Leukemia showed up before five years (BEIR 1972, p.101; and UNSCEAR 1986, p-222, Fig. 24), and
that Chernobyl-induced Thyroid Cancer also showed up within five years (Kazakov 1992; Baverstock
1992; WHO 1995).

Indeed, in a non-Chernobyl radio-iodine study (of 38,000 medical patients who received
diagnostic doses of iodine-131), Holm et al mention a large excess of Thyroid Cancer observed during
the first five years after administration of the iodine-131 (Holm 1988). However, Holm et al count
NONE of these Cancers as caused by the radio-iodine. With a single sentence, the cases are simply
discarded from the study --- a decision which appears to be a highly questionable prejudgment (full
analysis in Gofman 1990, Chapter 22, Part 5).
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After the atomic bombings in August 1945, the A-Bomb Survivors Study is silent about solid
Cancers until 1950. The study’s first report on solid Cancers covers the period 1950 through 1954. It
shows that, by then, the 25,203 exposed survivors (all ages and all doses, combined) had a solid cancer
MortRate which was already 11% higher than the rate among the 66,028 participants in the
reference-group (details in Gofman 1990, Table 17-A). If the study had involved 130,000,000 to
250,000,000 participants ~—- as our study of the entire U.S. population does --- then a
radiation-induced excess MortRate of fatal solid Cancers might have been detectable within 1 to 2
years after the bombings.

We know of no studies which are capable of ESTABLISHING that a five-year "minimum

latency period” truly occurs, between exposure of a mixed-age population to extra ionizing radiation
and delivery of fatal cases of radiation-induced solid Cancers.

Some Biology-Based Logic for Expecting No Minimum

We know of no biological basis for EXPECTING any minimum latency period for Cancer in a
large mixed-age population. By contrast, we know of some reasons for expecting NO such minimum.

In molecular biology, evidence is accumulating that a cell becomes malignant only after its
chromosomes have accumulated SEVERAL carcinogenic abnormalities (see Appendix D, for instance).
Some of these genetic abnormalities may be inherited, and others may be acquired at any age after
conception. If a cell, which has already accumulated a full set of carcinogenic lesions except for one,
receives the final necessary lesion from a radiation-exposure, the delivery-time for that particular case
of radiation-induced Cancer could be extremely short.

Almost certainly, carcinogenic genetic lesions have a range of effects, from a mild
predisposition to Cancer, to a virtual guarantee of a rapidly lethal malignancy. 1t is very reasonable to
expect that the speed of cancer development varies with the particular areas of chromosomal damage or
chromosomal deletion which are present in a cell. For this reason, too, it is very reasonable to expect
that some radiation-induced Cancers will be delivered almost immediately as overt, clinical cases.

Unless strong epidemiologic evidence develops someday in favor of a minimum latency period

for radiation-induced Cancers, we think the most reasonable assumption is NO minimum latency period
in populations of mixed ages.

e Part 5. Dose-Response: Linearity and Regression Analysis

In Figures 1-A and 1-B of Chapter 1, the boxy symbols show the nine pairs of PhysPop values
and MortRates (one pair for each of the Nine Census Divisions). Those PhysPop values and MortRates
have a strong linear relationship with each other -—— which is clear because the boxy symbols cluster
so closely around a straight line. If this were a PERFECT linear correlation, the boxy symbols would
fall directly upon a single straight line, with no scatter at all.

5a. The Linear Dose-Response: Meaning and Expression

In a perfect linear relationship, one additional unit of dose adds exactly the same number of
fatal cases to the MortRate, no matter whether the total dose is low or high. Suppose that each
dose-unit adds 6 fatal cancers to the cancer MortRate. Then 3 additional units of dose will add 18 fatal
Cancers to the MortRate. Thus, increment in MortRate (18 cases) is proportional to the increment in
dose (3 units), and the constant of proportionality (which relates dose to MortRate) is 6 cases per unit
of dose. 18 additional fatal cases = (6 additional cases / dose-unit) times (3 additional dose-units).
The dose-units cancel out in this equation, so that additional cases = additional cases.

When dose-response is linear, each MortRate is related to its corresponding dose by the
equation for a straight line: y = mx +¢.

e The y-variable is the MortRate, expressed in "cases per 100,000 population,” for example.

e The x-variable is the corresponding dose, expressed in dose-units (for example, in PhysPop
values in this book).

e "m" is the coefficient of proportionality (also called the X-Coefficient), expressed as "fatal
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cases per dose-unit." Thus, potency per dose-unit is the SAME at all dose-levels.
® "c" is a Constant, expressed in the same MortRate units as "y." The Constant quantifies the
number of cases in the total MortRate which are NOT related to dose.

When the value of the Constant is greater than zero, then each MortRate is proportional to dose
only after the Constant is SUBTRACTED from the total MortRate: (y - ¢) = mx. If the value of the
constant is zero, there is nothing to subtract, and the ENTIRE MortRate is proportional to dose. In
that case, y = mx.

5b. Figure 5-B: Perfect Proportionality (MX Model)

Figure 5-B, which is located at the end of this chapter, illustrates what we call the MX model
of dose-response ~~~ an abbreviation of the equation y = mx. This is the model in which the ENTIRE
MortRate (y) is directly proportional to PhysPop (x). In other words, the MX model reflects the
concept that medical radiation became a contributing cause to nearly all cases of fatal Cancer, with
nearly no cases unaided by medical radiation.

5c. The X~Values and Y-Values for Figure 5-B (MX Model)

In Figure 5-B, the x-values are the nine real PhysPops of 1940 (from the Universal PhysPop
Table 3-A). The y-values are an unreal set of MortRates. We have arbitrarily made the highest
MortRate equal to 120 radiation-induced cancers per 100,000 population. Readers have seen that rate
before. It is the annual delivery-rate of cancer depicted in Figure 5~A during the equilibrium years.
In Figure 5-B, we pair it with the highest 1940 PhysPop value, which is 169.76 in the Mid-Atlantic
Division.

To obtain eight other illustrative MortRate values, which must be perfectly proportional in the
MX model to the eight other PhysPops of 1940, we do exactly what we did in Chapter 3, Part 6b. We
take the ratio of the y-variable over the corresponding x~variable: (120 / 169.76) = 0.7068803. Then
we multiply each of the eight PhysPops by 0.7068803 to obtain their matching MortRates -~~~ thus
making the pairs of x,y values perfectly proportional to each other (y = mx). The value of m (the
X-Coefficient) is 0.7068803.

Some Ratios Resulting from Perfect Proportionality

As a result, the proportionalities demonstrated in Chapter 3, Part 6b, apply here too. We
already know that the ratios of the MortRates over the PhysPops are 0.7068803 in every Census
Division, because we just made them so. In addition, any two MortRates will have the same ratio as
their corresponding PhysPops. For example, we can compare the New England Division with the
Mountain Division (data in Figure 5-B). The MortRate ratio is (114.1969 / 84.74820), or 1.347.
The corresponding PhysPop ratio is (161.55 / 119.89), or 1.347. The same.

It follows, IN THE MX MODEL, that the ratio of PhysPop Hi5/Lo4, and the ratio of MortRate
HiS5/Lo4, must be the same. (The HiS/Lo4 ratio was introduced in Chapter 3, Part 4.) From the
Universal PhysPop Table 3~A, we find that the Hi5/Lo4 PhysPop ratio for 1940 is 1.46. When we
calculate the HiS average and the Lo4 average for the synthetic MortRates in Figure 5-B, we obtain
105.68 and 72.53, respectively. Their ratio is also 1.46.

5d. Linearity: Interpreting the Absence of Curvature

Before proceeding to linear regression analysis, we want to comment on the strong linear
relationships between MortRates and PhysPop values, already depicted in Figures 1-A and 1-B of
Chapter 1. In view of the data discussed in Chapter 2, Part 5b, how do we interpret the observation
that these correlations are linear rather than curved?

We refer to the nature of PhysPop itself:
PhysPop is proportional to average accumulated per capita population dose from medical
radiation because the more physicians there are per 100,000 population, the more radiation procedures

are done per 100,000 persons. The increase in procedures occurs chiefly because MORE persons per
100,000 receive such attention ~-- not because the SAME persons get irradiated more often. In other
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words, the average per~PATIENT dose is about the same in the Census Divisions with low PhysPop
values as in Divisions with high PhysPop values, but the average per~-CAPITA dose is higher in
high-PhysPop Census Divisions than in low PhysPop Divisions because there are more PATIENTS per
100,000 population in high-PhysPop Divisions.

At the cellular level where xray-induced mutations occur, the average per-patient dose-level is
likely to be very similar in all Nine Census Divisions. Therefore, the observed absence of curvature
(e.g., the absence of supra-linearity) matches expectation, in dose-responses between PhysPop and
MortRates.

Se. Linear Regression Analysis: Best-Fit Equation, Best-Fit Line (MX Model)

Regression analysis is a branch of mathematics which can evaluate the correlation between sets
of x,y pairs. Part 5a has already emphasized that, in a linear dose-response, each MortRate (y) is
related to its corresponding PhysPop (x) by the equation for a straight line: y = mx + b.

In earlier decades, we had to do the calculations for regression analysis by hand. Now, we can
just enter the two columns of data (the x-values and the corresponding y-values) into the proper
location of a computer spreadsheet, and use a regression-analysis program to do the calculations for
us. The program which we use, in the Lotus 123 spreadsheet, produces standard output from the
method of least squares. The program is described in the Lotus Journal by Chuck Sullivan, a systems
engineer for the Lotus Development Corporation (Sullivan 1986). Every regression analysis has input
and output.

Obtaining the Equation of Best Fit, from Figure 5-B

The input-data for the regression analysis of Figure 5-B: The x~values are the nine real 1940
PhysPops, and the y-values are nine corresponding MortRates, calculated in Part Sc in order to
illustrate a PERFECT linear correlation. The additional x-entries and "Best-Fit Calculated
MortRates" in Figure 5-B are needed for graphing, as explained below.

The regression output: The output is located at the top-right of Figure 5-B. From it, we
obtain the values of the X-Coefficient and the Constant (discussed in Part 5a) which are required in
order to write the best-fit equation for this set of data. Patterned on the straight-line equation, y = mx
+ ¢, the equation of best fit for Figure 5-B is:

MortRate = (0.7068803 * PhysPop) + Zero. [ * denotes multiplication.]

Generating the LINE of Best-Fit from the Best-Fit Equation

Using this best-fit equation, we can "plug in" any value for PhysPop, and calculate a
corresponding MortRate. Each MortRate requires a separate calculation. To distinguish such
MortRates from real-world observations ("observed MortRates"), it is customary to call them
"calculated” or "estimated” or "best-fit" MortRates.

By using such calculations, we obtained the column of best-fit MortRates in Figure 5-B ~——
including MortRates when PhysPop = 90, when PhysPop = 80, when PhysPop = 70 ... right down to
PhysPop = 0. The LINE OF BEST FIT, which is graphed in Figure 5-B, connects these pairs of x,y
values (various PhysPops, best-fit MortRates).

5f. The X-Coefficient and the Constant (MX Model)

X-Coefficient: Because in Part Sc, we made the pairs of x,y values perfectly proportional to
each other (Mort Rate = 0.7068803 times PhysPop, where PhysPop is the x-variable), the regression
output had to produce 0.7068803 as the "X-Coefficient." The X-Coefficient is simply "m" in the
equation, y = mx. Re-arranged: m = y/x. So "m" evaluates how many units of y (the MortRate)
occur per unit of x (dose). In short, the X-Coefficient describes how steep the slope is, of the best-fit
line.

Constant: The Constant is "c" in the straight-line equation, y = mx + c. The Constant is the
value of y, when x = zero. The value of the Constant (the c-value) never changes ——~ which gives it
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the name "Constant.” When the x-value changes to a new value, the X-Coefficient ("m") determines
the new value of the product, "mx", which gets added to the c-value to produce the new and
corresponding best-fit y-value.

In Part Sc, we made every MortRate = (0.7068803 times PhysPop), a procedure for which the
equation is y = mx. So, when the resulting pairs of x,y values were fed into the linear regression
analysis, there was no "room" for any c-value other than zero in the regression’s straight-line equation
(y = mx +¢). Quite predictably, the regression output in Figure 5-B shows the value of the Constant
to be zero.

In the MX model, the Constant has a value of zero, and so the ENTIRE value of the MortRate
is directly proportional to every corresponding value of PhysPop (Part 5b).

The Y-Axis Intercept and the "Origin*

Because the Constant is the value of ¥, when x = zero, the Constant is the value of y wherever
the best-fit line intercepts the vertical y-axis. Thus, in our graphs, the Constant (also called "the
y-intercept”) is the value of the MORTRATE, when the value of PHYSPOP is zero. The spot where
both y = 0 and x = 0 is called the "origin" in such graphs.

98. The R-Squared Value and the "Std Err of Coef" (MX Model)

The regression output at top-right of Figure 5-B provides some measures of how good (how
strong) the x,y correlation is.

R-Squared Value: The R-squared value measures the " goodness of fit" between the line of best
fit and the pairs of input-data. The input-pairs are depicted by the boxy symbols in our graphs. Only
a PERFECT correlation produces an R-squared value of 1.00 from regression analysis, as we
emphasized in Chapter 3, Parts 6 and 7. Imperfect correlations generate R-squared values less than
1.00. A rule of thumb is that R-squared values below 0.3 are not considered to be statistically
significant (at about the 90% confidence level). As readers study the chapters on non-malignancies in
this book, they will see some R-squared values quite a bit lower than 0.3 ——— meaning no detectable
correlation whatsoever between the X,y pairs.

Standard Error of the X-Coefficient: The Standard Error (SE) of the X-Coefficient is an
indicator of how reliable is the SLOPE of the best-fit line. The certainty of a slope and the strength of
a correlation diminish as the distance grows between the best-fit line and some of the boxy symbols, of
course.

"The smaller, the better,” is the rule for the size of the Standard Error (SE) of the
X~-Coefficient, relative to the size of the X-Coefficient itself. In Figure 5-B, the MX model produces
"zero" as the SE of the X-Coefficient, because the slope of the best-fit line is not in any doubt when
there is a perfect correlation (R-squared = 1.00).

90%_Confidence Limits on the X-Coefficient

The 90% confidence-limits (CLs) on the X-Coefficient are calculated from the SE. The upper
limit is (X-Coef) + (1.645 times SE) and the lower limit is (X-Coef) - (1.645 times SE).

For example, if the X-Coefficient from regression output is (0.203) and its Standard Error is
(0.045), then (at the 90% CL) the upper limit on the X-Coefficient is (0.203) + (1.645 times 0.045) =
(0.203 + 0.074) = (0.277). The lower CL is (0.203) - (1.645 times 0.045) = (0.203 - 0.074) =
(0.129). In other words, if a great number of samples were measured and regressed, 90% of the
X-Coefficients would fall in the range of 0.129 through 0.277. However, the central value (provided
by the regression output) is the most likely value --- and therefore, the central value is often called
"the best value."

Ratio of the X~-Coefficient over Its Standard Error (SE)

In the example above, the ratio of the X-Coefficient over its SE is (0.203 / 0.045), or 4.51. A
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rule of thumb is that the value of the X-Coefficient over its SE needs to be at least 2.0 before the
X-Coefficient is regarded as reasonably reliable. In our dose-response studies, we will calculate the
ratio for each regression. Readers will see see some ratios as high as 5 and higher -—- which means
that those slopes are highly reliable.

Sh. Effect of a Single Deviant Datapoint upon the Constant

Whenever real-world data fit the MX model of dose-response rather closely, but not perfectly,
the effect of a single deviant datapoint (boxy symbol) upon the Constant deserves appreciation.

For example, if we move only a high datapoint in Figure 5-B far above the best-fit line, we
would need a new regression analysis using the altered input-data. The new regression analysis would
produce a steeper slope and a NEGATIVE Constant, instead of a Constant of zero. The new best-fit
line would intersect the vertical y-axis BELOW the origin. We would see a similar result if we had
moved a low datapoint to a new location far BELOW the best-fit line. In similar fashion, different
"moves" of a single datapoint could tip the slope to be LESS steep, in which case the Constant of zero
(which characterizes perfect proportionality) would rise to a positive value. In real-world data, single
"out-lying" datapoints can have such effects.

5i. What Results Would We Expect from Ideal Research Circumstances?

To obtain an overview of the architecture of our dose-response studies, between PhysPop and
cancer MortRates, it is useful to imagine that real-world conditions will be "ideal” for such studies.

*Ideal” conditions would resemble the conditions described for Figure 5-A. However, Figure
5-A refers only to ONE population. Our studies compare the NINE different populations in the Nine
Census Divisions. "Ideally,” there would be no migration among the Census Divisions, and each
separate population would receive exposure to a CONSTANT annual average per capita dose of
medical radiation, decade after decade, with constant levels of co-actors decade after decade.

Under such conditions, what should we expect to observe with respect to the dose-response

relationship between PhysPop and cancer MortRates, after the introduction of radiation into medicine in
18967

We would expect to observe a positive and linear dose-response, by Census Divisions, between
the nine MortRates and the nine corresponding PhysPops, decade after decade. If regression analysis
produced a Constant greater than zero, we would subtract the Constant from each of the nine
Observed MortRates, and we would expect the nine remaining MortRate values to stay always in the
same proportions with each other as the fixed proportions among the nine PhysPop values. In other
words, we would expect the variation in cause to control the variation in effect.

The same expectation can be expressed somewhat differently. Under ideal research conditions,
we would have nine separate populations which never mix from one Census Division to another, and
each population would constantly receive its own, fixed, per capita average dose of medical radiation,
decade after decade. Each of the nine, different, average per capita doses would produce its own
separate stream of radiation-induced Cancers in the population of its own Census Division. Under
such conditions, of course we would expect that these nine separate streams of radiation-induced
Cancer (expressed as excess age-adjusted cancer MortRates per 100,000 population) would have
proportions with each OTHER which mirror the proportions that the nine causal doses of medical
radiation have with each other.

It remained for us to learn, just how severely REAL-world research conditions might depart
from the ideal, as we undertook to examine much of a century.

nse: Perfect Correlation without Perfect Proportionality

In contrast to the MX model of dose-response, the MX+C model reflects the concept that
medical radiation does not contribute to EVERY case of fatal Cancer. The Constant quantifies the
number of cases which occur without help from medical radiation.
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6a. Figure 5-C: One Alteration in the Input Data of Figure 5-B

Figure 5-C, located at the end of this chapter, depicts the MX+C model of dose-response. It is
designed to be exactly like Figure 5-B except for ONE type of alteration. Every MortRate in Figure
5-B has had 20 Cancers (per 100,000 population) added, for Figure 5-C. In other words, we have given
the Constant a value of 20. When PhysPop = zero, the cancer MortRate is 20 cases (per 100,000
population). In Figure 5-C, the input-data for the x-variable (the nine PhysPops) are the same as in
Figure 5-B.

How does the regression output differ in Figure 5-C from the output in Figure 5-B?

Only the Constant has changed, from zero to 20. But the slope of the best-fit line is still the
same, with the X-Coefficient at 0.7068803, and with the standard error still at zero. And the
correlation between the pairs of X,y variables is still perfect, with an R-squared value of 1.00.

The equation of best fit is now: MortRate = (0.7068803 times PhysPop) + 20. And with that
equation, we calculated MortRates in order to graph the line of best fit. The graph shows the
y-intercept at 20, of course. And the nine pairs of actual input-data (the nine boxy symbols) sit right
upon the line of best fit, with no scatter, because R-squared = 1.00.

6b. Perfect Correlation without Perfect Proportionality (MX+C Model)

In Figure 5-B, we illustrated perfect proportionality between the entire MortRate and PhysPop
(y = mx), as well as perfect correlation (R-Squared = 1.00).

By contrast, Figure 5-C illustrates perfect correlation between PhysPops and MortRates
(R-squared = 1.00), but not perfect proportionality between the ENTIRE MortRates and their
PhysPops. In order to see the proportionality between dose and response, one must first SUBTRACT
the Constant from each MortRate, because the Constant represents a contribution to each MortRate
which occurs "anyway” (even when dose = zero) and such a contribution is NOT proportional to dose.

6¢. Can Perfect Correlation Persist, If X-Values Rise and Y-Values Fall?

The answer to the question in the subtitle is "Yes." To illustrate, we will do three linear
regressions below. The first one reproduces the regression in Figure 5-C, so that we begin with "old"
values (for x and y) which already have demonstrated their perfect correlation. In the second
regression, each x-value of the first regression has been multiplied by 1.4, but the y-values stay as
they are in the first regression. In the third regression, the x-values stay as they are in the second
regression, but each y-value is multiplied by 0.8. So, the third regression shows a perfect correlation
persisting even after all the x-values rose by one factor (1.4) and all the y-values fell by another factor
(0.8).

Old-x Old-y #1. Regression Output:
159.72 132.90 Constant 19.9974
161.55 134.20 Std Err of Y Est 0.0029
123.14 107.05 R Squared 1.0000
169.76 140.00 No. of Observations 9
133.36 114.27 Degrees of Freedom 7
119.89 104.75
103.94 93.47 X Coefficient(s) 0.7069
85.83 80.67 Std Err of Coef. 0.0000
100.74 91.21 Except for rounding, input and output are the same as Figure 5-C.
new-x old-y #2. Regression Output:
223.61 132.90 Constant 19.9942
226.17 134.20 Std Err of Y Est 0.0031
172.40 107.05 R Squared 1.0000
237.66 140.00 No. of Observations 9
186.70 114.27 Degrees of Freedom 7
167.85 104.75
145.52 93.47 X Coefficient(s) 0.5049
120.16 80.67 Std Err of Coef. 0.0000

141.04 91.21 Note: X-values are 1.4 times x-values in #1.
Note: This X-Coef = (0.7069 from #1) divided by 1.4 = 0.5049
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new-x new-y #3. Regression Output:
223.61 106.32 Constant 15.9953
226.17 107.36 Std Err of Y Est 0.0025
172.40 85.64 R Squared 1.0000
237.66 112.00 No. of Observations 9
186.70 91.42 Degrees of Freedom 7
167.85 83.80

145.52 74.78 X Coefficient(s) 0.4040
120.16 64.54 Std Err of Coef. 0.0000

141.04 72.97 Note: Y-values are 0.8 times y-values in #2.
Note: This X-Coef = (0.5049 from #2) * 0.8 = 0.4039
Note: This Constant = (19.9942 from #2) * 0.8 = 15.9954

: Effects of Imperfect Matching across Dose—Groups

For multi-cause diseases such as Cancer and Ischemic Heart Disease, we can define co-actors
as necessary co—causes in producing single cases of those diseases (Introduction, Parts 4 and 5). When
analysts want to study the dose-response between ONE co-actor (for instance, medical radiation) and
the mortality rate from the disease, they hope to compare study-groups which differ in dosage of the
ONE co-actor but which are alike ("matched") with respect to the other co-actors (for instance,
smoking). In this book, the study-groups (or dose-groups) are the populations of the Nine Census
Divisions.

7a. The Real World: Imperfect Matching across Dose-Groups

In the real world of cancer-studies, perfect matching across dose-groups is never possible.
Practical obstacles are immense. In addition, all causes of Cancer are probably not even recognized
yet, and it would be impossible to match dose-groups for unrecognized co-actors. For both reasons,
imperfect matching always occurs.

Imperfect matching for co-actors can interfere with detection of a positive correlation which is
truly present, or can produce an apparent correlation which is spurious. The power of "confounding
variables" is a major concern for all analysts. In this book, we need not worry about finding a
spurious positive correlation (between medical radiation and cancer MortRates), because a causal
relationship between ionizing radiation and fatal Cancer has been well established by a multitude of
earlier studies (Chapter 2, Part 4c). But we need to appreciate the power of imperfect matching to
OBSCURE the correlation in a set of data.

7b. Figure 5-D: Inconsistency with the *Correlation Axiom"

Comparison of Figures 5-B and Figure 5-D, at the end of this chapter, illustrates how
imperfect matching for co-actors can change a perfect correlation (R-Squared = 1.00) into an
imperfect correlation with an R-Squared value of 0.7112.

Figure 5-D uses the real 1940 PhysPops as the x-values, as did Figure 5-B. However, Figure
5-D depicts the consequence of Census Divisions which are imperfectly matched for co-actors. The
UNEQUAL average exposure to nonradiation co-actors, in the Nine Census Divisions, can degrade the
PhysPop-MortRate correlation in two ways. One: Xray potency per rad is modulated differently in
the various Census Divisions (Chapter 6, Part 6; and Chapter 49, Part 2). Two: The number of cases
in which xrays are not a co-actor may differ across the Census Divisions. As a result of one or both
phenomena, the MortRates from Figure 5-B increase by irregular numbers (purely illustrative) as
follows:

MortRate  Increments in MortRate due to

Fig.5-B Imperfect Matching of Co-Actors
“y"* in Figure 5-D
Pacific Division: 112.9029 +25 = 137.9029
New England: 114.1965 + 11 = 125.1965
West North Central: 87.0452 +20 = 107.0452
Mid-Atlantic: 120.0000 +17 = 137.0000
East North Central: 94,2696 +35 = 129.2696
Mountain: 84.7479 +11 = 95.7479
West South Central: 73.4731 +21 = 94.4731
East South Central: 60.6715 +45 = 105.6715
South Atlantic: 71.2111 +31 = 102.2111
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As a result of imperfect matching, the R-squared value of 1.00 in Figure 5-B falls to 0.7112 in
Figure 5-D. The true biological correlation is OBSCURED (but not changed) by imperfect matching
of co-actors across the dose-groups. Imperfect matching is not consistent with what we can abbreviate
as the "Correlation Axiom," below.

The Correlation Axiom

Correlation Axiom: Increment in cancer MortRate is perfectly proportional to increment in
radiation dose (PhysPop), provided that co-actors are perfectly matched across the dose-groups. The
Correlation Axiom describes (a) the linear dose-response, and (b) the matching of dose-groups ——-
which is a fundamental principle of dose-response research, even though it is never fully achievable
(Part 7a; also Chapter 3, Part 2d).

Tc. Figure 5-E: A Truly Positive Correlation Which Looks Negative

Imperfect matching for co-actors can interfere -—- much more severely than illustrated in
Figure 5-D --- with detection of a positive correlation which is truly present. With Figure 5-E, we
will demonstrate how imperfect matching can even make a truly positive correlation appear negative.

We are preparing to study the dose-response between PhysPop (surrogate for medical radiation)
and cancer MortRates. Suppose that a carcinogenic co-actor, such as smoking, occurs with the most
intensity where PhysPop values are the lowest, and with the least intensity where PhysPop values are
the highest. In other words, suppose there is an INVERSE relationship between PhysPop and smoking.
In such a situation, smoking will increase the cancer MortRates more in Census Divisions with low
PhysPop values than in Census Divisions with high PhysPop values. Below, starting with the values
from Figure 5-B, we arrange the Census Divisions in descending order of their 1940 PhysPop values,
and then we add to the 1940 cancer MortRates from Figure 5-B in a way inverse to the trend of
PhysPop values:

1940 MortRate  Increments in MortRate due to
PhysPop Fig.5-B Imperfect Matching of Co-Actors
"y" Fig.5-E Regression Output:

Mid-Atl 169.76 120.0 +20 = 140.0 Constant 176.7119
New Eng 161.55 114.2 +30 = 144.2 Std Err of Y Est 4.8615
Pacific 159.72 112.9 +40 = 152.9 R Squared 0.6322
ENoCen 133.36 94.3 +50 = 1443 No. of Observations 9
WNoCen 123.14 87.0 +60 = 147.0 Degrees of Freedom 7
Mtn 119.89 84.7 +70 = 154.7
WSoCen 103.94 73.5 +80 = 153.5 X Coefficient(s) -0.2003
SoAtlan 100.74 71.2 +90 = 161.2 Std Err of Coef. 0.0577
ESoCen 85.83 60.7 +100 = 160.7 X-Coef / S.E. = -3.4686

The regression—output in Figure 5-E shows that the sign on the X-Coefficient has become 0.20
with a NEGATIVE sign, which means that when PhysPop increases by one unit, cancer MortRate
FALLS by 0.2 unit. In other words, the true POSITIVE correlation between PhysPop and cancer
MortRate has been so well concealed by the non-matched co~-factor (smoking), that the OBSERVED
correlation between PhysPop and cancer MortRates will be INVERSE in such a situation. But
imperfect matching of co~actors is just an error, an inconsistency with the Correlation Axiom. Such
errors have no power to repeal the laws of physics and human biology —-- the laws which established
the Correlation Axiom for ionizing radiation (PhysPop) in the first place.

e Part 8. Real-World "Entropic Circumstances” Which Reduce Observed Correlations

The ideal MX model and the ideal MX+C model both reflect perfect correlation between dose
and response. They are very orderly models. But in the real world, order is opposed by the tendency
toward disorder. Most systems move spontaneously from states of order toward states of disorder. In
chemistry, the molecular chaos of a substance or a system is measured by a property called “entropy."
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What Do We Mean in This Book by "Entropic Circumstances®?

In this book, we need a name for the group of real~world events which perturb the orderly,
ideal models of this chapter. Our name is "entropic circumstances.” Entropic circumstances operate
generally AGAINST order -~- they DO NOT CREATE order. (Weiss 1998 describes some recent
insights about entropy.)

8a. Some Specific Entropic Circumstances of Concern

For our dose-response studies, we know that two entropic circumstances of great concern have
to be migration of populations from one Census Division to another (discussion in Chapter 3, Part 2c),
and PhysPop deviations from "lockstep” over time (discussion in Chapter 3, Parts 2c and 8).

Both migration and deviations from PhysPop "lockstep® degrade PhysPops as surrogates for
ACCUMULATED radiation dose-differences from medical applications. Neither migration nor
deviations from PhysPop "lockstep” would be serious problems in our dose-response studies if
complete delivery of radiation-induced cancers occurred within 2 or 3 years. They become problems

because of the very gradual delivery-times for radiation-induced cancers ——- with such delivery-times
stretching over at least 40 years (or longer) for mixed-age populations. By comparison, other entropic
circumstances may be less important --- and we emphasize "may."

8b. Finding the Maximum Real~World Correlations (PPs with MRs)

Because entropic circumstances operate AGAINST orderly phenomena (such as correlations),
entropic circumstances reduce R-Squared values. Therefore, if we seek the best approximation of the
real dose-response relationship, between PhysPops and cancer MortRates, we will seek and accept the
HIGHEST values of R-squared which survive erosion by entropic circumstances.

1940 is our first year of MortRate data with all 48 states represented. And 1921 is the year of
our earliest PhysPop data. In our search for the strongest correlation, we regressed the 1940
MortRates serially on every set of prime (not interpolated) PhysPop data between 1921 and 1940 ---
including the 1940 PhysPops. Although cancer MORTALITY during 1940 can hardly be influenced by
medical radiation received during 1940, the 1940 PhysPops are nearly in "lockstep” with the PhysPops
of many preceding years (Chapter 3, Table 3-C) -~- and thus, 1940 PhysPops reflect the approximate
differences in accumulated dose of medical radiation from many PRIOR years.

o Part 9. Estimating the Impact of Medical Radiation on Cancer MortRates

3 -

We undertook this project in order to explore Hypothesis-1, that medical irradiation is the
principal cause of cancer mortality in the USA during the Twentieth Century. We remind readers that
we are not trying to ESTABLISH the existence of a positive correlation between ionizing radiation and
cancer mortality. That was proven many years ago. Instead, we are making use of that knowledge to
test Hypothesis-1.

We begin, in Section Two of this book, by looking at what we can learn about Hypothesis-1
from regressing 1940 cancer MortRates on earlier PhysPops. In Section Five of this book, we examine

the whole 1940-1990 period. We arrive at estimated Fractional Causation of cancer mortality by
medical radiation. Such results clearly support Hypothesis-1.

DOEDDDOD>>>
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Year of Irradiation

Figure 5-A. Annual Delivery-Rates of Radiation-Induced Cancer

e - Each box in the grid represents 3 cases of radiation~induced

cancer per 100,000 population (mixed ages).

® ~ Each horizontal row of 40 boxes represents gradual
delivery of 120 cancers per 100,000 population. In this

illustration, 120 is the number of cases produced by the radiation
received during a single calendar-year. These 120 cascs are
delivered gradually at the rate of 3 cases per year for 40 years.

® — Each vertical column represents the number of

radiation-induced cancers delivered during a single
calendar-year, per 100,000 population, from all earlier
years of irradiation. All boxes in a column were produced
by radiation reccived in different calendar—years.

e -~ Both SHADED columns have 40 vertical boxes
(representing 120 cancers) as do the columns BETWEEN

the two shaded columns.

Such columns demonstrate the

“Law of Equality “: The annual radiation- induced delivery
of 120 = the annual radiation~induced production of 120.
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Figure 5-B. The MX Model of Dose-Response

Census Divisions 1940
NXN

PhysPops
Pacific 159.72
New England 161.55
West No. Central 123.14
Mid-Atlantic 169.76
East No. Central 133.36
Mountain 119.89
West So. Central 103.94
East So. Central 85.83
South Atlantic 100.74
Additional PhysPops 90.00
—- not “observed” ——— 80.00
down to zero PhysPop 70.00
(zero medical radiation). 60.00
For each, we calculate 50.00
a best-fit MortRate. 40.00
These additional x,y pairs 30.00
are also part of the 20.00
best-fit line . 10.00
0

1940  Best-Fit
"y" Calec.
MortRates MortRates
112.9029 112.9029
114.1965 114.1965
87.0452 87.0452
120.0000 120.0000
84,2696 94.2696
84.7479 84.7479
73.4731 73.4731
60.6715 60.6715
71.2111  71.2111
63.6192
56.5504
49.4816
42.4128
35.3440
28.2752
21.2064
14.1376
7.00688
(.0000

Constant

Regression Output:
0.000000
0.000000

Std Err of Y Est
R Squared
No. of Observations

Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

1.000000

0.706880
0.000000

Cancers per 100,000 Population

150
140
130
120 +
110 ~
100 -
90
80
70 L
60
50
40
30
20+

Equation of Best Fit:
Cancers = (0.7068803*PhysPop) + 0.00000
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Cancers per 100,000 Population

Figure 5-C. The MX+C Model of Dose-Response.

Census Divisions 1940 1940  Best-Fit
"x" "y Cale.
PhysPops MortRates MortRates
Pacific 159.72 132.9029 132.9029 Regression Output:
New England 161.55 134.1965 134.1965 Constant 20.000
West No. Central 123.14 107.0452 107.0452 Std Err of Y Est 0.0000
Mid-Atlantic 169.76 140.0000 140.0000 R Squared 1.000000
East No. Central 133.36 114.2696 114.2696 No. of Observations 9
Mountain 119.89 104.7479 104.7479 Degrees of Freedom 7
West So. Central 103.94 93.4731 93.4731
East So. Central 85.83 80.6715 80.6715 X Coefficient(s) 0.706880
South Atlantic 100.74 91.2111 91.2111 Std Err of Coef. 0.000000
Additional PhysPops 90.00 83.6192
~—- not “observed" ——— 80.00 76.5504
down to zero PhysPop 70.00 69.4816
(zero medical radiation). 60.00 62.4128
For each, we calculate 50.00 55.3440
a best—fit MortRate. 40.00 48.2752
These additional x,y pairs 30.00 41.2064
are also part of the 20.00 34.1376
best-fit line . 10.00 27.0688
0 20.0000
150
740 Equation of Best Fit:
7130 Cancers = (0.7068803*PhysPop) + 20.000
120
770
700
90
80
70
60
50
40
30
20
70
0 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 i
o 20 40 60 80 100 120 740 760 180 200
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Cancers per 100,000 Population

Figure 5-D. Effect of Imperfect Matching of Dose-Groups

e Regression input for the x-variable (PhysPop) is the same as in Figure 5-B.

e Regression input for the y-variable (MortRate) comes from the text of Chapter 5, Part 7b. The
MortRates differ from Figure 5-B in a manner which reflects Census Divisions which are imperfectly
matched for radiation’s carcinogenic co-actors.

o Each Best-Fit MortRate (to make the graph) is calculated with the equation of best fit provided by
the regression output: MortRate = (0.4929 * PhysPop) + 51.5299.

1940 Part 7b Best-Fit
PhysPop MortRate Calc.
"x" “y*® MortRates

Pacific 159.72 137.9 130.3 Regression Output:

New England 161.55 125.2 131.2 Constant 51.5299
West No. Central 123.14 107.0 112.2 Std Err of Y Est 9.9955
Mid-Atlantic 169.76 137.0 135.2 R Squared 0.7112
East No. Central 133.36 129.3 117.3 No. of Observations 9
Mountain 119.89 95.7 110.6 Degrees of Freedom 7
West So. Central 103.94 94.5 102.8

East So. Central 85.83 105.7 93.8 X Coefficient(s) 0.4929
South Atlantic 100.74 102.2 101.2 Std Err of Coef. 0.1187
Additional PhysPops 70.00 86.0 XCoef/SE 4.1523
--- not "observed” ~—- 60.00 81.1

down to zero PhysPop 50.00 76.2

(zero medical radiation). 40.00 71.2

For each, we calculate 30.00 66.3

a best-fit MortRate. 20.00 61.4

These additional x,y pairs 10.00 56.5

are also part of the 0 51.5

best-fit line.
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Figure 5-E. Effect of an Inverse Relationship between Dose and a Co-Actor.

¢ Regression input for the x-variable (PhysPop) is the same as in Figure 5-B. The sequence here is
in order of descending values. (Sequence does not affect regression output.)

® Regression input for the y-variable (MortRate) comes from the text of Chapter S, Part 7c. The
MortRates differ from Figure 5-B in a manner which reflects an inverse relationship between PhysPop
and intensity of a co-actor across the Census Divisions.

1940 Part 7C Best Fit
"x" "y" Calc.
PhysPops  MortRates MortRates

Mid-Atlantic 169.76 140.0 142.7 Regression Output:

New England 161.55 144.2 144.4 Constant 176.7119
Pacific 159.72 152.9 144.7 Std Err of Y Est 4.8615
East No. Central 133.36 144.3 150.0 R Squared 0.6322
West No. Central 123.14 147.0 152.0 No. of Observations 9
Mountain 119.89 154.7 152.7 Degrees of Freedom 7
West So. Central 103.94 153.5 155.9

South Atlantic 100.74 161.2 156.5 X Coefficient(s) ~-0.2003
East So. Central 85.83 160.7 159.5 Std Err of Coef. 0.0577
Additional PhysPops 70.00 162.7 X-Coef/ S.E. = -3.4686
-— not “observed” —— 60.00 164.7

down to zero PhysPop 50.00 166.7

(zero medical radiation). 40.00 168.7

For each, we calculate 30.00 170.7

a best~fit MortRate. 20.00 172.7

These additional x,y pairs 10.00 174.7

are also part of the 0 176.7

best-fit line.
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CHAPTER 6

All-Cancers-Combined, Males: Relation with Medical Radiation

Part 1. All-Cancer Mortality Rates, Males

Part 2. How the Dose-Response Develops, 1921-1940

Part 3. Maximum Relationship (Box 1), Best-Fit Equation (Box 2), and Graph

Part 4. Best Estimate (Box 3): 90% of Male Cancers in 1940 due to Medical Radiation
Part 5. Looking for Consistencies (Box 4): Error-Checks on Input and OQutput

Part 6. Fractional Causation by Medical Radiation and by NonXray Causes: Co-Action

Reminder: Boxes, Figures, and Tables are located at the end of each chapter.
Box 1. Summary: Regression Outputs for All-Cancers, Males.

Box 2. Input-Data for Graph of Figure 6-A.

Box 3. Presumptive Fraction of Ca MortRate Attributable to Medical Radiation.
Box 4. Error-Check on Our Own Work.

Figure 6-A. Graph of the Strongest Dose-Response.
Tables 6-A, 6-B. All-Cancer MortRates, 1940-1990,

The term "All-Cancers" includes all malignancies, no matter how uncommon. After Chapters
6 and 7 on All-Cancers, we limit the cancer-chapters to malignancies (or to groups of malignancies)
where the number of annual deaths per 100,000 population has been large enough to make the numbers
relatively reliable. Even so, in some of our cancer-chapters, the "small numbers problem" is
worrisome. The smaller the numbers per 100,000, the greater are the impacts of random fluctuations
and of various types of reporting errors.

"All-Cancers, Males" and "All-Cancers, Females" include, of course, those malignancies
which are subsequently examined in separate chapters, as well as all the malignancies (such as
leukemia) which are NOT examined in separate chapters.

Hypothesis-1: All-Cancers (Combined) vs. Specific Cancers

Hypothesis-1 is that medical radiation is the principal cause of cancer-mortality in the United
States during the Twentieth Century.

It deserves emphasis that Hypothesis-1 concerns cancer in the aggregate ——— All-Cancers
(combined). We explore subsets in this book in order to learn their roles in the overall result, but
Hypothesis-1 does not demand that the impact of medical radiation be the same for every type of
cancer, or for the two sexes. Indeed, because Hypothesis-1 leaves plenty of room for contributions by
nonradiation carcinogens (Part 6 of this chapter), we expect to observe some biology-based differences
(not just statistical noise) among the cancer subsets which we explore.

Chapter 6 as the General Model for Other Chapters

The "materials and methods" of our studies have been set forth in Chapters 3, 4, and 5.
Chapter 6 demonstrates the first results. Chapter 6 also provides the general model for studies in the
rest of this monograph. Chapter 6 explains the boxes, figures, and table which will be standard items
in many subsequent chapters —~- where these standard items will need no text. Chapter 6 includes
various comments which apply also to later chapters, but which will seldom be repeated.

For everyone’s convenience, Chapter 22, Box 1, tabulates the results from Chapters 6 through
21 --- for easy comparison with each other.

® Part 1. All-Cancer Mortality Rates, Males

At the end of this chapter are Tables 6-A and 6-B. Table 6-A provides the mortality rates by
the Nine Census Divisions, 1940-1988, and Table 6-B provides the NATIONAL mortality-rates,
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1940-1988. Although this chapter requires the rates only for 1940, the post-1940 rates will be used in
Section Five of the book. The ICD numbers change with time (Chapter 4, Part 2d).

e Part 2. How the Dose-Response Develops, 1921-1940

In Part 2, we regress the 1940 MortRates (from Table 6-A) upon the non-interpolated sets of
PhysPop values 1921-1940 (from the Universal PhysPop Table 3-A). The summary-results of all the
regression analyses are presented in Box 1. The correlations in Box 1, between PhysPop and the 1940
All-Cancer MortRates, steadily improve ——- and Chapter 22 (Part 2) discusses why.

In our dose-response studies, PhysPops for the Nine Census Divisions represent the relative
radiation doses accumulated from medical procedures, so they are the x-values in our linear regression
analyses. The corresponding MortRates for the Nine Census Divisions are the responses to be studied,
so they are the matching y-values. Both the x and the y variables have the denominator "per 100,000
population.” The 1940 MortRates are the y-input for all ten regression analyses in this chapter.

The strongest dose-response relationship (Part 2j) has an R-squared value of 0.951 and a ratio
of 11.6 for the X-Coefficient over its Standard Error. The strength of the correlation is rather
dazzling. What follows are the linear regression analyses from which Box 1's summary arises.

Readers need to avoid a pitfall, as they inspect these regressions. The pitfall would be to
imagine that the regressions examine correlations between various PRE-1940 cancer MortRates and
PhysPop. No. There is only one set of MortRates --- the 1940 set —-- because complete nationwide
cancer-MortRate data do not exist for 1930 or 1920 or earlier (Chapter 4, Part 1). Therefore, the
regressions examine how the 1921 to 1940 PhysPops "line up with" (correlate with) a single
"end-point": The 1940 cancer MortRates. We can not predict WHICH set of PhysPops will display
the highest observed correlation with the 1940 MortRates. 1t is worth remembering that the 1940
cancer MortRates are influenced by medical radiation received BEFORE 1921, as well as after 1921
-—- because latency periods can last 40 years or longer in irradiated populations of mixed ages
(Chapter 2, Part 8a).

X y

e - Part 2a. 1921 1940 All-Cancers, Males

PhysPop MortRate Regression Output.
Pacific 165.11 122.9 Constant -27.0754
New England 142.24 135.5 Std Err of Y Est 18.0748
West North Central 140.93 110.9 R Squared 0.4630
Mid-Atlantic 137.29 140.9 No. of Observations 9
East North Central 136.06 119.6 Degrees of Freedom 7
Mountain 135.38 99.8
West South Central 125.15 86.9 X Coefficient(s) 1.0086
East South Central 119.76 73.6 Std Err of Coef. 0.4105
South Atlantic 110.32 88.9 Coefficient / S.E. 2.4568
e - Part 2b. 1923 1940 All-Cancers, Males

PhysPop MortRate Regression Output:
Pacific 163.06 122.9 Constant -24.8337
New England 137.39 135.5 Std Err of Y Est 16.6440
West North Central 138.31 110.9 R Squared 0.5447
Mid-Atlantic 138.92 140.9 No. of Observations 9
East North Central 131.82 119.6 Degrees of Freedom 7
Mountain 130.51 99.8
West South Central 119.16 86.9 X Coefficient(s) 1.0198
East South Central 113.16 73.6 Std Err of Coef. 0.3524
South Atlantic 106.79 88.9 Coefficient / S.E. 2.8937
e — Part 2¢c. 1925 1940 All-Cancers, Males

PhysPop MortRate Regression Output:
Pacific 161.67 122.9 Constant -16.5482
New England 138.31 135.5 Std Err of Y Est 15.7102
West North Central 133.92 110.9 R Squared 0.5943
Mid-Atlantic 134.36 140.9 No. of Observations 9
East North Central 127.54 119.6 Degrees of Freedom 7
Mountain 122.30 99.8
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West South Central
East South Central
South Atlantic

........................................................................
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New England

West North Central
Mid-Atldntic

East North Central
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South Atlantic
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Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain
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South Atlantic
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Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

........................................................................

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

112.83
107.22
103.61

86.9
73.6

MortRate
122.9
135.5
110.9
140.9
119.6

99.8
86.9
73.6

MortRate
122.9
135.5
110.9
140.9
119.6

99.8
86.9
73.6

MortRate
122.9
135.5
110.9
140.9
119.6

99.8
86.9
73.6

MortRate
122.9
135.5
110.9
140.9
119.6

99.8
86.9

MortRate
122.9
135.5
110.9
140.9
119.6

99.8
86.9
73.6

........................................................................

Pacific
New England
West North Central

MortRate
122.9
135.5
110.9
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X Coefficient(s) 0.9879
Std Err of Coef. 0.3085
Coefficient / S.E. 3.2024

...........................................

Regression Output:

Constant -20.9399
Std Err of Y Est 13.1094
R Squared 0.7175
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 1.0399
Std Err of Coef. 0.2466
Coefficient / S.E. 4.2168

Regression Output:

Constant -19.27093
Std Err of Y Est 12.0934
R Squared 0.7596
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 1.0351
Std Err of Coef. 0.2201
Coefficient / S.E. 4.7032

...........................................

Regression Output:

Constant -10.4041
Std Err of Y Est 11.4992
R Squared 0.7827
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.9582
Std Err of Coef. 0.1909
Coefficient / S.E. 5.0207

Regression Output:

Constant -2.6000
Std Err of Y Est 8.8299
R Squared 0.8718
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.8903
Std Err of Coef, 0.1290
Coefficient / S.E. 6.9009

...........................................

Regression Output:

Constant -1.4212
Std Err of Y Est 7.3226
R Squared 0.9119
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.8756
Std Err of Coef. 0.1029
Coefficient / S.E. 8.5104

...........................................

Regression Output:

Constant 3.0512
Std Err of Y Est 6.0043
R Squared 0.9407

..........................................

tese

seee



Chap.6
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Mid-Adantic 160.69
East North Central 131.98
Mountain 119.88
West South Central 102.79
East South Central 88.21
South Atlantic 99.26
e - Part 2j 1940
PhysPop
Pacific 159.72
New England 161.55
West North Central 123.14
Mid-Atlantic 169.76
East North Central 133.36
Mountain 119.89
West South Central 103.94
East South Central 85.83
South Atlantic 100.74

140.9
119.6
99.8
86.9
73.6

MortRate
122.9
135.5
110.9
140.9
119.6

99.8
86.9
73.6
88.9

e Part 3. Maximum Relationship (Box 1), Best-Fit Equation (Box 2), and G
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No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.8351
Std Err of Coef. 0.0792
Coefficient / S.E. 10.5419

All-Cancers, Males
Regression Output:

Constant 11.5484
Std Err of Y Est 5.4727
R Squared 0.9508
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.7557
Std Err of Coef. 0.0650
Coefficient / S.E. 11.6275

The regression analysis of Part 2j produces the
appropriate one to use (Chapter 5, Part 8b; and Chapte

strongest correlation -—- which is the
r 22, Part 5). From the output, we can write the

best-fit equation, as we did for the MX and MX+C models in Chapter 5. (We use the symbol * to

denote multiplication.)

e - All-Cancer MortRate, Males = (X-Coefficient * PhysPop) + Constant.
e - All-Cancer MortRate, Males = (0.7557 * PhysPop) + 11.55.

Using the equation of best fit, we can calculate a best-fit MortRate for any value of PhysPop.
In Box 2, we show best—fit MortRates which have been calculated for the nine actual PhysPop values

of Part 2j, and also for lower PhysPo

Figure 6-A, shows the line of bes
PhysPops, best-fit MortRates). The grap
from Part 2j). Per 100K means per 100,000 population.

p values, down to zero PhysPop (Chapter 5, Part Se).

Relationship between the Census-Division List and the Graph’s Boxy Symbols

Emphasis belongs on the fact that the

effect upon the regression analysis and no effec
the Pacific Census Division is at the top of the PhysPop list, the boxy symbo.

t fit ——- which connects these pairs of x,y values (various
h also shows nine boxy symbols (the nine actual observations

permanent sequence of the Census-Division list has no
t upon the graph. Graph-related example: Although
1 which is farthest to the

right on the graph does NOT represent the Pacific Census Division. That boxy symbol represents
Mid-Atlantic, because by 1940, Mid-Atlantic (not Pacific) is the Division with the highest PhysPop

value.

Identification of the boxy symbols is completely unnecessary for visual recognition of their

scatter and sequence around the best-fi
quality of a dose-response. However,

represents, a good way to begin i

s to identify the two Census

t line -——- and those are the features which largely determine the
if some readers wish to know "who" each boxy symbol
Divisions with the highest and lowest

PhysPop values in Box 2 --- or the two Divisions with the highest and lowest Observed MortRates.
All the boxy symbols in Figure 6-A are identified on its replica, Figure 22-C. In that same chapter,

Figure 22-A depicts the dose-response
The lower quality of the dose-response in Figure 22-A,

obvious.

Ranges of Values for the Y-Axis in Qur Graphs

On the y-axis in Figure 6-A, values range from 0 to 150
later chapters where we study only a single group of Cancers, th
but its range of values will be very much s
the y-axis will be 10 per 100,000. In grap
to the scales for the y~axis and x-axis. We can keep the x-sc

maller. For example,

between the earlier (1921) PhysPops and the 1940 MortRates.

compared with Figure 22-C, is visually
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Section Two of the book, but we must adjust the y-scale according to the magnitude of the MortRates.

90% of Male Cancers in 1940 due to Medical Radiation

The data have revealed a linear dose-response relationship in 1940 of immense strength
between medical radiation and male cancer mortality. And now to test Hypothesis-1, we must ask:

"What would be the estimated male cancer mortality-rate in 1940 if there were NO dosage of
medical radiation?"

No medical irradiation would occur if there were NO PHYSICIANS per 100,000 population.
So we want to know the value of the y~-variable (cancer MortRate) when the value of the x-variable
(PhysPop) is equal to zero. This value is, of course, called the Constant in the regression output of
Part 2j. On the graph, the Constant is the value of the MortRate where the line of best-fit intersects
the y-axis. This "intercept” occurs where the value of PHYSPOP equals zero. No medical radiation
at all.

Since every Census Division has physicians, there can be no real-world datapoint in our study
of the male cancer MortRate when PhysPop = zero. But the calculated or "estimated” MortRate, if
PhysPop were zero, certainly does not come out of thin air. It is extrapolated from nine real-world
observations which reflect a very strong linear relationship. It merits emphasis that the raw data which
reveal this relationship are neutral --- by which we mean they were collected long ago by people
having no conceivable bias with respect to the studies in this monograph.

4a. Percentage Caused by Medical Radiation: "Fractional Causation”

Fractional Causation has been defined in this book’s Introduction, Part 5. Fractional Causation
is the fraction of the cancer mortality rate which would be ABSENT (prevented) in the ABSENCE of a
specified carcinogen --- which is medical radiation, in the studies of this monograph. Therefore,
Fractional Causation is the fraction of the cancer MortRate attributable to medical radiation --- or
caused by medical radiation, in ordinary parlance. Here, Part 4a explains the procedure for obtaining
the estimate of Fractional Causation, by medical radiation, of the 1940 National All-Cancer MortRate
(males). The same procedure is also presented at the top of Box 3, in the format to be used in
subsequent chapters.

The estimated cancer MortRate, if PhysPop were zero, is the Constant. The increments in
MortRate above the Constant occur in proportion to accumulated dose of medical radiation, and such
increments occur BECAUSE of medical radiation. That is the meaning of dose-response, of course.
Therefore:

e The total National All-Cancer MortRate in 1940, minus the MortRate to which medical
radiation did NOT contribute (the MortRate indicated by the Constant), is the MortRate induced by
medical radiation. Radiation-induced cases of Cancer are defined as cases which would be absent in
the absence of radiation exposure (Introduction, Part 5).

® The MortRate induced by medical radiation, divided by the entire National MortRate, is the
fraction of the total caused by medical radiation (Box 3). We express that fraction as a percentage.

® When we subtract the Constant of 11.55 (Part 2j) from the National MortRate of 115.0
(Table 6-B), we have the rate of 103.45 per 100,000 from medical radiation. The fraction of the total
is thus (103.45 / 115.0), or 0.8996. In other words, the "best estimate” which falls out of the data is
that 90% of All-Cancer deaths in males, at approximately mid-century, are attributable to medical
radiation (Box 3).

Comments: Use of 1940 PhysPops, and Treatment of Negative Constants

Use of the 1940 PhysPops: The 1940 PhysPop values are very highly correlated with the
PhysPop values of 1929, 1931, 1934, 1936, and 1938, as demonstrated in Table 3-C. Although we do
NOT believe that additional radiation received during 1940 contributes to the 1940 cancer
mortality-rates, if the 1940 PhysPops produce the best correlation with the 1940 MortRates, we use
that combination to estimate Fractional Causation (Chapter S, Part 8b; Chapter 22, Part 5).
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Negative Constants: In some chapters, the best-fit equations produce negative Constants. This
is bound to happen occasionally if the true Constant is zero or near zero. In such cases, we will
assume the Constant’s value to be zero, since in the real world, mortality rates cannot go below zero.
Chapter 22, Part 3, examines negative Constants and their probable origin.

Comment: Speculation versus the Evidence at Hand

In Chapter 1 (Part 6), we have already explained why we have a high level of confidence in our
findings. Here, we discuss whether evidence should be discarded in favor of groundless speculation.

For example, we and others can speculate that, prior to 1940, exposure to some nonxray
carcinogen (which we will name NX) was quite unequal in the Nine Census Divisions, AND that this
failure in matching was such that, as PhysPop values rose, exposure to NX also rose (producing a
positive correlation between PhysPop and NX). If this occurred, then the observed dose-response in
Figure 6-A would include some fatal cases produced by co-action between medical radiation and NX,
but it would also include some fatal cases produced by co-action between NX and nonxray
carcinogens, without any participation by medical radiation. Thus, our estimated Fractional Causation
of 90%, by medical radiation, could be too high. How much too high would depend on what fraction
of persons were exposed to NX and the potency of NX in combination with nonxray co-actors. We
note that not many persons would be exposed to NX who were not ALSO exposed to xrays at some
time --- because the rate of xray examinations was so high in the USA (Appendix-K, Part 2).

What is the customary way to consider the "what if” types of speculation? One checks them
out, if possible. But we know of no way in which anyone CAN undertake a reality-check on the
speculation that some nameless carcinogen may have had a persistent positive correlation with PhysPop
in the decades leading up to 1940.

Moreover, in the absence of any BASIS for suspicion that such a situation existed prior to 1940,
confidence belongs with the 90% estimate which is grounded in the real-world evidence provided in
Chapters 2 and 6 of this monograph.

4b. Determining the Range of the X-Coefficient (Box 3)

Our central estimate, of Fractional Causation by medical radiation, is tightly tied to the value of
the Constant, so we want to know the range of the Constant’s likely value.

One way to estimate the range of the Constant is to work with the Standard Error of the
X-Coefficient (the slope of the best-fit line). Using the Standard Error (SE) from Part 2j, we can
learn the range of values within which 90% of the measured X-Coefficients would fall, if a great
number of samples were measured (Chapter 5, Part 5g). Then, we can use the two extremes of this
range, in the equation of best fit, in order to calculate the matching Constants. The calculations are
tabulated in Box 3, below the dotted line, and also stated below:

In Part 2j, the X~Coefficient is 0.7557 with a Standard Error of 0.0650. The confidence limits
on the X-Coefficient lie 1.645 Standard Errors away from the central value of 0.7557. Therefore, the
lower 90% confidence limit on the X-Coefficient is (0.7557) - (1.645 times 0.0650) = 0.6488 —--
which means a flatter slope than 0.7557. We do a comparable calculation to obtain the upper 90%
confidence limit, except we ADD to the central value of 0.7557 instead of subtracting from it. The
upper 90% confidence limit on the X~Coefficient is (0.7557) + (1.645 times 0.0650) = 0.8626 -~
which means a steeper slope than 0.7557.

4c. Fractional Causation at the High 90% Confidence Limit (Box 3)

Now we can write the equation of best fit, using the National MortRate from Table 6-B, the
upper 90% confidence-limit on the X-Coefficient from Part 4b, and the National PhysPop from Box 4
(the sum of Column D).

Nat’l All-Cancer MortRate = (X-Coef. * Nat’l PhysPop) + Constant.

Then we re-arrange:
Constant = (Nat’'l All-Cancer MortRate) ~ (X~Coef * Nat’] PhysPop)
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Constant = 115.0 - (0.8626 * 132.04)
Constant = 115.0 - 113.9
Constant = 1.10

So, at the upper 90% Confidence Limit on the X-Coefficient, we subtract 1.1 (the new
Constant) from 115.0 (the National MortRate), to arrive at 113.9 per 100,000 males as the All-Cancer
MortRate ascribed to PhysPop (medical radiation). At this limit, Fractional Causation is (113.9 /
115.0), or 99.0% by medical radiation (Box 3).

If the Constant here had turned out negative, we would have treated it as if its value were
zero, since cancer mortality-rates cannot be less than zero in the real world. With "zero" to subtract
from the National All-Cancer MortRate, the Fractional Causation would have been ~ 100 % by
medical radiation.

4d. Fractional Causation at the Low 90% Confidence Limit (Box 3)

We repeat Part 4c, except that the X-Coefficient changes from 0.8626 to 0.6488 (Part 4b).

Constant = (Nat’l All-Cancer MortRate) - (X-Coef * Nat'l PhysPop)
Constant = (115.0) - (0.6488 * 132.04)

Constant = 115.0 - 85.7

Constant = 29.3

So, at the lower 90% Confidence Limit on the X-Coefficient, we subtract 29.3 from 115.0, to
arrive at 85.7 per 100,000 males as the All~Cancer MortRate ascribed to PhysPop (medical radiation).
At this limit, Fractional Causation is (85.7 / 115.0) = 0.745, or 74.5 % by medical radiation (Box 3).

All the steps to obtain the best estimate of Fractional Causation, and the Confidence-Limits, are
abbreviated in Box 3. In subsequent chapters, Box 3 by itself will suffice.

e Part 5. Looking for Consistencies (Box 4): Error-Checks on Input and Output
b ; : L ; : s R BNes

We can use the National 1940 MortRate for All-Cancers (male) from Table 6-B, in order to
verify that we have not made any serious errors in our work so far. Absent errors, our own work must
produce a National MortRate which is reasonably close to the value in Table 6-B.

In calculating the National All-Cancer MortRate (male) in 1940 for the USA as a whole, we
must weight the MortRate in each Census Division by multiplying it by its share of the total population.
We also needed, for Parts 4c and 4d of this chapter, the weighted-average National PhysPop in 1940.
We do both calculatons in Box 4.

The National MortRate of 112.65 (calculated in Box 4, Column F) is in good agreement with
the National MortRate of 115.0 in Table 6-B. We can also check the reasonableness of our 1940
National PhysPop value (calculated in Box 4) and the X-Coefficient and Constant in our dose-response
study of 1940 PhysPops and 1940 MortRates (Part 2j). If these three values are "good,” then they too
should produce a reasonable national MortRate for 1940, when we insert them into the appropriate
best-fit equation (1940 PhysPops with 1940 MortRates):

1940 Nat’l All-Cancer MortRate = (X~Coefficient * Nat'l PhysPop) + Constant.

1940 Nat’l All~Cancer MortRate = (0.7557 * 132.04) + 11.55

1940 Nat'l All-Cancer MortRate = 111.33. This value, too, is in reasonable agreement with 115.0
from Table 6-B, and we are assured that there cannot be any serious errors in the work so far.

All the checks in Part 5 are abbreviated in Box 4. In subsequent chapters, Box 4 by itself will
suffice.

@ Part 6. Fractional Causation by Medical Radiation and by NonXray Causes: Co-Action

E 5]

The estimate, that 90% of the males’ National All-Cancer MortRate in 1940 was caused by
medical radiation, may result in readers thinking, "That leaves only 10% for other causes!” Not true.
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Chap.6 Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease John W. Gofman

Because of co-action, the finding that Cancer has a high Fractional Causation by medical radiation does
not limit any other cause of Cancer to a low Fractional Causation. This important point, already
explained in the book’s Introduction (Part 5), merits the additional discussion of co-action below.

6a. Co-Action among Causes: Views from the BEIR Reports of 1990 and 1999

With respect to the likelihood that co~action occurs between causes of Cancer, the Introduction
(Part 4) has already presented "the general wisdom.” Here, we add the views from the two most
recent BEIR Reports. Of course, not all readers of this monograph will be familiar with the BEIR
Reports. They are a series of six monographs issued during the 1972 ~ 1999 period by six (different)
Committees on the Biological Effects of lonizing Radiation ~~~ all funded by the federal government
and organized under the National Research Council.

BEIR 1990 states (p.152): "As discussed in the preceding section, the carcinogenic process
includes the successive stages of initiation and promotion. The latter phase, promotion, appears to be
particularly susceptible to modulation, with cigarette smoking being a conspicuous example of a
modulating factor. Susceptibility to the carcinogenic effects of radiation can thus be affected by a
number of factors, such as genetic constitution, sex, age at initiation, physiological state, smoking
habits, drugs, and various other physical and chemical agents (UNSCEAR 1982)." The alteration of
carcinogenic potency per rad of exposure, by nonradiation agents, is not speculation; there is
experimental evidence (for instance, Segaloff 1971; BEIR 1990, pp.145-147). Our Chapter 49 (Part 2)
discusses HOW co-~actors can modify each other’s potency.

BEIR 1999 (p.5) re-affirms the same view as BEIR 1990, even though the BEIR Committees
which issued the two reports differ almost completely in their memberships: "Radiation
carcinogenesis, in common with any other form of cancer induction, is likely to be a complex muitistep
process that can be influenced by other agents and genetic factors at each step.”

6b. The Meaning of Co-Action: More Than One Cause per Case

The statements from BEIR reflect co-action among multiple causes. For example (from BEIR
1990): "Susceptibility to the carcinogenic effects of radiation can thus be affected by ... various other
physical and chemical agents.” This can be true only if the radiation and nonradiation agents are
co~actors in the same case.

If a factor contributes to an outcome (say, a death from Stomach Cancer at age 55), the meaning
of "contributes” is that the factor is a necessary cause of the outcome. If the additional factor is NOT
necessary --- if the outcome would happen as it does anyway --- then the factor contributes nothing to
the outcome. A contributor is a cause. And multiple causes per case are co-actors.

DODSSDODD>
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Box 1 of Chap. 6

Summary: Regression Outputs for All-Cancers, Males.

Below are the summary-results from regressing the 1940 cancer MortRates
upon the ten sets of PhysPops (1921-1940), as presented in Parts 2a-2j of this
chapter. We are searching for the maximum correlation. Even the maximum
will tend to understate the true correlation (Chapter 5, Part 8b).

Part PhysPop R-squared Constant X-Coef  Std Err X-Coef/SE
2a 1921 0.4630 -27.08 1.0086 0.4105 2.4568
2b 1923 0.5447 -24.83 1.0198 0.3524 2.8937
2c 1925 0.5943 -16.55 0.9879 0.3085 3.2024
2d 1927 0.7175 -20.94 1.0399 0.2466 4.2168
2e 1929 0.7596 -19.27 1.0351 0.2201 4.7032
2f 1931 0.7827 -10.40 0.9582 0.1909 5.0207
2g 1934 0.8718 -2.60 0.8903 0.1290 6.9009
2h 1936 0.9119 -1.42 0.8756 0.1029 8.5104
2i 1938 0.9407 3.05 0.8351 0.0792  10.5419
2) ——-> 1940 Max 0.9508 11.55 0.7557 0.0650 11.6275
Box 2 of Chap. 6
Input-Data for Figure 6-A. All-Cancers. Males.
Part 2j, Best-Fit Equation: Calc. MortRate = (0.7557 * PhysPop) + (11.55)
Census Divisions 1940 1940 Best-Fit
Observed Observed Calc.
PhysPops MortRates MortRates
Pacific 159.72 122.9 132.250
New England 161.55 135.5 133.633
West No. Central 123.14 110.9 104.607
Mid-Atlantic 169.76 140.9 139.838
East No. Central 133.36 119.6 112.330
Mountain 119.89 99.8 102.151
West So. Central 103.94 86.9 90.097
East So. Central 85.83 73.6 76.412
South Atlantic 100.74 88.9 87.679
Additional PhysPops 70.00 64.449
—--- not "observed” ——- 60.00 56.892
down to zero PhysPop 50.00 49.335
(zero medical radiation). 40.00 41.778
For each, we calculate 30.00 34.221
a best-fit MortRate. 20.00 26.664
These additional x,y pairs 10.00 19.107
are also part of the 0 11.550

best-fit line (Chap 5, Part Se).
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Box 3 of Chap. 6
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.

All-Cancers. MALES. * denotes multiplication.

o MALE National MortRate (MR) 1940, from Table 6-B 115.0 National MortRate
e Constant, from regression, Part 2j 11.5484 Constant

o Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 90.0% Frac. Causation

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2; 0.7557 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2j 0.0650 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.8626 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 1.0990 New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 99.0% New Frac. Caus’n.
Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.6488 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 29.3351 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 74.5% New Frac. Caus’n.

Box 4 of Chap. 6
Error-Check on Our Own Work: All-Cancers, Males.

Please see text in Chapter 6, Part 5.

Below, Columns A, C, and E come directly from the regression input in Part 2j. Column
B, the fraction of the whole 1940 population in each Census Division, comes from Table
3-B in Chapter 3. Each Column-D entry is the product of (B-entry times C-entry).
Each Column-F entry is the product of (B-entry times E~entry). PhysPops and
MortRates are each "per 100,000."

The Weighted-Avg. Nat'l PhysPop, 1940, is the sum of Column-D entries = 132.04

The Weighted-Avg. Nat’l Male MortRate, 1940, is sum of Col.F entries =  112.65
The Nat’l Male MortRate is also (X-Coef * Nat’l PhysPop) + Constant = 111.33
Comparison: The Nat’l Male MortRate, 1940, in Table 6-B = 115.00
(A) (B) © (D) 1940 (E) (F)
Census Pop’n PhysPop  Weighted MortRate Weighted
Division Fraction 1940 PhysPop 1940 MortRate
Pacific 0.0739 159.72 11.80 122.9 9.08
New England 0.0641 161.55 10.36 135.5 8.69
West No. Central 0.1027 123.14 12.65 110.9 11.39
Mid-Atlantic 0.2092 169.76 35.51 140.9 29.48
East No. Central 0.2022 133.36 26.97 119.6 24.18
Mountain 0.0315 119.89 3.78 99.8 3.14
West So. Central 0.0992 103.94 10.31 86.9 8.62
East So. Central 0.0819 85.83 7.03 73.6 6.03
South Atlantic 0.1354 100.74 13.64 88.9 12.04
Sums 1.0000 132.04 112.65
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All-Cancers: Males.

Figure 6-A.

All—Cancer MortRate/100K Males

150
140
130
120
110
100
90
80
70
60
50
40
30

20 .

10

1940 All-Cancer Mortality—Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.

Dose-Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

R-Squared = 0.9508
X-Coef/SE = 11.63
National MortRate 1940 = 115
per 100,000 males.
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On the X-~axis, PhysPop values = Physicians per 100,000 Population
in the Nine Census Divisions of the USA Population, Year 1940. This
variable is a surrogate for accumulated radiation dose --- the more
physicians per 100,000 people, the more radiation procedures are done per
100,000 people.

On the Y-axis, All-Cancer Mortality-Rate per 100,000 males = the

reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional causation is (Natl MortRate minus the
Y-intercept) / (Natl MortRate).

Related text = Parts 3 + 4.

74.5% at

Fractional Causation of All-Cancer Mortality-Rate in Males
by Medical Radiation = 90 % from Best Estimate (Box 3).

Lower 90% Conf. Limit (Box 3). 99% at Upper 90% Conf. Limit (Box 3).
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Table 6-A.
All-Cancer Mortality Rates by Census Divisions: Males.

Rates are annual deaths per 100,000 male population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race." Sources are stated in Table
6-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1988
Pacific 122.9 127.2 140.7 147.2 153.7 148.5
New England 135.5 152.4 164.6 167.5 170.3 167.1
West North Central 110.9 125.3 135.6 143.8 152.0 155.9
Mid-Atlantic 140.9 156.0 164.0 167.9 171.8 168.4
East North Central 119.6 138.3 150.7 160.1 169.5 171.2
Mountain 99.8 108.1 118.7 126.7 134.7 139.1
West South Central 86.9 112.7 133.8 148.3 162.9 172.9
East South Central 13.6 104.7 125.1 149.6 174.1 188.2
South Atlantic 88.9 116.3 137.1 154.2 171.4 175.8
Average, ALL 108.8 126.8 141.1 151.7 162.3 165.2
Average, High-5 126.0 139.8 151.1 157.3 163.5 162.2
Average, Low-4 87.3 110.5 128.7 144.7 160.8 169.0
Ratio, Hi5/Lo4 1.44 1.27 1.17 1.09 1.02 0.96

The declining Hi5/Lo4 ratio is explained in Chapters 48 and 49.

Table 6-B.
All-Cancer Mortality Rates, USA National.

Rates are age—adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race.”

Both Sexes Male Female
1940 120.3 115.0 126.1
1950 127.7 132.8 123.2
1960 129.1 145.7 114.9
1970 129.8 155.1 111.7
1979-81 131.9 164.5 108.5
1987-89 135.0 162.7 111.3

e - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.676, "Malignant
neoplasms, including neoplasms of lymphatic and hematopoietic tissues (140-205)" ICD/7.

e - 1970: All rates are interpolations (Chap. 4, Parts 2b, 2c); except that the 1970
National "Both Sexes" rate comes from PHS 1995, Table 30, p.110.

e - 1980: All rates (ICD/9, 140-208) come from the reference NatCtrHS 1980.

o - 1988 rates by Divisions and National come from Monthly Vital Statistics Vol.41,
No.6, November 12, 1992. Exception: National "Both Sexes" is for 1990, and comes from
PHS 1995, Table 39, p.132.
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CHAPTER 7

All-Cancers-Combined, Females: Relation with Medical Radiation

o Part 1. Introduction

%

Chapter 7 follows the model of Chapter 6, bur eliminates the text.

For everyone’s convenience, Chapter 22, Box 1, tabulates the results fr
21 ——- for easy comparison with ea

ch other.

Develops, 1921-1940

® Part 2. How the Dose-Response

In Part 2, we regress the 1940 MortRates
PhysPop values 1921-1940 (from the Universal P

hysPop Table 3-A).

regression analyses are presented in Box 1.

e - Part 2a. 1921 1940

PhysPop  MortRate
Pacific 165.11 127.4
New England 142.24 145.3
West North Central 140.93 120.1
Mid-Atlantic 137.29 142.9
East North Central 136.06 131.4
Mountain 135.38 111.8
West South Central 125.15 99.8
East South Central 119.76 102.5
South Atlantic 110.32 106.9
® - Part 2b. 1923 1940

PhysPop MortRate
Pacific 163.06 127.4
New England 137.39 145.3
West North Central 138.31 120.1
Mid-Atlantic 138.92 142.9
East North Central 131.82 131.4
Mountain 130.51 111.8
West South Central 119.16 99.8
East South Central 113.16 102.5
South Atlantic 106.79 106.9
® - Part 2¢ 1925 1940

PhysPop MortRate
Pacific 161.6 127.4
New England 138.31 145.3
West North Central 133.92 120.1
Mid-Atlantic 134.36 142.9
East North Central 127.54 131.4
Mountain 122.30 111.8
West South Central 112.83 99.8
East South Central 107.22 102.5
South Atlantic 103.61 106.9
e - Part 2d. 1927 1940

PhysPop MortRate
Pacific 157.83 127.4
New England 137.50 145.3
West North Central 131.54 120.1
Mid-Atlantic 138.40 142.9
East North Central 126.18 131.4
Mountain 118.75 111.8
West South Central 108.25 99.8
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om Chapters 6 through

(from Table 7-A) upon the non-interpolated sets of

The summary-results of all the

All-Cancers, Females
Regression Output:

Constant 33.3847
Std Err of Y Est 14.5247
R Squared 0.3566
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6497
Std Err of Coef. 0.3299
Coefficient / S.E. 1.9695

...................................

All-Cancers, Females
Regression Output:

Constant 34.9732
Std Err of Y Est 13.8135
R Squared 0.4180
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6559
Std Err of Coef. 0.2925
Coefficient / S.E. 2.2423

...................................

All-Cancers, Females
Regression Output:

Constant 37.9005
Std Err of Y Est 13.0106
R Squared 0.4837
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6542
Std Err of Coef. 0.2555
Coefficient / S.E. 2.5609

...................................

All-Cancers, Females
Regression Output:

Constant 33.8179
Std Err of Y Est 11.4512
R Squared 0.6001
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6981
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East South Central 102.07 102.5 Std Err of Coef. 0.2154
South Atlantic 102.13 106.9 Coefficient / S.E. 3.2407
o - Part 2e. 1929 1940 All-Cancers, Females

PhysPop MortRate Regression Output:
Pacific 156.64 127.4 Constant 34.0646
New England 138.46 145.3 Std Err of Y Est 10.7394
West North Central 128.72 120.1 R Squared 0.6482
Mid-Atlantic 138.49 142.9 No. of Observations 9
East North Central 126.51 131.4 Degrees of Freedom 7
Mountain 118.68 111.8
West South Central 105.60 99.8 X Coefficient(s) 0.7019
East South Central 99.41 102.5 Std Err of Coef. 0.1954
South Atlantic 100.86 106.9 Coefficient / S.E. 3.5916
o - Part 2f. 1931 1940 All-Cancers, Females

PhysPop MortRate Regression Output:
Pacific 159.97 127.4 Constant 39.7540
New England 142.35 145.3 Std Err of Y Est 10.3504
West North Central 126.50 120.1 R Squared 0.6732
Mid-Atlantic 140.82 142.9 No. of Observations 9
East North Central 128.59 131.4 Degrees of Freedom 7
Mountain 118.89 111.8
West South Central 105.95 99.8 X Coefficient(s) 0.6524
East South Central 96.73 102.5 Std Err of Coef. 0.1718
South Atlantic 99.59 106.9 Coefficient / S.E. 3.7978
e — Part 2g. 1934 1940 All-Cancers, Females

PhysPop MortRate Regression Output:
Pacific 160.09 127.4 Constant 44.2545
New England 148.60 145.3 Std Err of Y Est 8.7564
West North Central 125.96 120.1 R Squared 0.7661
Mid-Atlantic 149.62 142.9 No. of Observations 9
East North Central 129.36 131.4 Degrees of Freedom 7
Mountain 117.16 111.8
West South Central 104.68 99.8 X Coefficient(s) 0.6127
East South Central 92.00 102.5 Std Err of Coef. 0.1279
South Atlantic 98.41 106.9 Coefficient / S.E. 4.7888
e - Part 2h. 1936 1940 All-Cancers, Females

PhysPop MortRate Regression Output:
Pacific 158.44 127.4 Constant 44.9599
New England 150.18 145.3 Std Err of Y Est 8.0257
West North Central 126.14 120.1 R Squared 0.8035
Mid-Atlantic 155.05 142.9 No. of Observations 9
East North Central 130.42 131.4 Degrees of Freedom 7
Mountain 119.80 111.8
West South Central 103.52 99.8 X Coefficient(s) 0.6034
East South Central 89.94 102.5 Std Err of Coef. 0.1128
South Atlantic 99.16 106.9 Coefficient / S.E. 5.3509
e - Part 2i. 1938 1940 All-Cancers, Females

PhysPop MortRate Regression Output:
Pacific 157.62 127.4 Constant 47.4535
New England 154.08 145.3 Std Err of Y Est 7.1875
West North Central 124.95 120.1 R Squared 0.8424
Mid-Atlantic 160.69 142.9 No. of Observations 9
East North Central 131.98 131.4 Degrees of Freedom 7
Mountain 119.88 111.8 P
West South Central 102.79 99.8 X Coefficient(s) 0.5801
East South Central 88.21 102.5 Std Err of Coef. 0.0948
South Atlantic 99.26 106.9 Coefficient / S.E. 6.1177
e - Part 2 1940 1940 All-Cancers, Females

PhysPop MortRate Regression Output:
Pacific 159.72 127.4 Constant 52.9840
New England 161.55 145.3 Std Err of Y Est 6.7550
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West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

123.14
169.76
133.36
119.89
103.94

85.83
100.74

120.1
142.9
1314
111.8

99.8
102.5
106.9

R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.
Coefficient / S.E.

0.8608
9
7

0.5279
0.0802
6.5801

Box 1 of Chap. 7

Summary: Regression Outputs for All-Cancers, Females.

Below are the summary-results from regressing the 1940 cancer MortRates upon the ten

sets of PhysPops (1921-1940), as presented in Parts 2a-2j of this chapter. We are

searching for the maximum correlation. Even the maximum will tend to understate the true

correlation (Chapter 5, Part 8b ).

Part PhysPop R-squared Constant X-Coef Std Err X-Coef/SE
2a 1921 0.3566 33.38 0.6497 0.3299 1.9695
2b 1923 0.4180 34.97 0.6559 0.2925 2.2423
2c 1925 0.4837 37.90 0.6542 0.2555 2.5609
2d 1927 0.6001 33.82 0.6981 0.2154 3.2407
2e 1929 0.6482 34.06 0.7019 0.1954 3.5916
2f 1931 0.6732 39.75 0.6524 0.1718 3.7978
2g 1934 0.7661 44.25 0.6127 0.1279 4.7888
2h 1936 0.8035 44.96 0.6034 0.1128 5.3509
21 1938 0.8424 47.45 0.5801 0.0948 6.1177
2j —~-> 1940 Max 0.8608 52.98 0.5279 0.0802 6.5801
Box 2 of Chap. 7
Input-Data for Figure 7-A. All-Cancers. Females.

Part 2j, Best-Fit Equation: Calc. MortRate = (0.5279 * PhysPop) + (52.98)
Census Divisions 1940 1940 Best-Fit

Observed Observed Calc.

PhysPops MortRates MortRates
Pacific 159.72 127.4 137.296
New England 161.55 145.3 138.262
West No. Central 123.14 120.1 117.986
Mid-Atlantic 169.76 142.9 142.596
East No. Central 133.36 131.4 123.381
Mountain 119.89 111.8 116.270
West So. Central 103.94 99.8 107.850
East So. Central 85.83 102.5 98.290
South Atlantic 100.74 106.9 106.161
Additional PhysPops 70.00 89.933
--- not "observed” --- 60.00 84.654
down to zero PhysPop 50.00 79.375
(zero medical radiation). 40.00 74.096
For each, we calculate 30.00 68.817
a best-fit MortRate. 20.00 63.538
These additional x,y pairs 10.00 58.259
are also part of the 0 52.980
best-fit line (Chap 5, Part Se).
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Box 3 of Chap. 7
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.

All-Cancers. FEMALES. * denotes multiplication.

e FEMALE National MortRate (MR) 1940, from Table 7-B 126.1 National MortRate
e Constant, from regression, Part 2j 52.9840 Constant

e Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 58.0% Frac. Causation

...................................................................................................................................

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2j 0.5279 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2j 0.0802 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.6598 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 38.9762 New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 69.1% New Frac. Caus’n.
Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.3960 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 73.8160 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 41.5% New Frac. Caus’n.

Box 4 of Chap. 7
Error-Check on Our Own Work: All-Cancers, Females.

Please see text in Chapter 6, Part 5.

Below, Columns A, C, and E come directly from the regression input in Part 2j. Column
B, the fraction of the whole 1940 population in each Census Division, comes from Table
3-B in Chapter 3. Each Column-D entry is the product of (B-entry times C-entry).
Each Column-F entry is the product of (B-entry times E-entry). PhysPops and
MortRates are each "per 100,000."

The Weighted-Avg. Nat’l PhysPop, 1940, is the sum of Column-D entries = 132.04

The Weighted-Avg. Nat'l Female MortRate, 1940, is sum of Col.F entries = 123.82
The Nat’l Female MortRate is also (X-Coef * Nat'l PhysPop) + Constant = 122.68

Comparison: The Nat’l Female MortRate, 1940, in Table 7-B = 126.10
(A) (B) © (D) 1940 (E) ()
Census Pop’'n PhysPop  Weighted MortRate Weighted
Division Fraction 1940 PhysPop 1940 MortRate
Pacific 0.0739 159.72 11.80 127.4 9.41
New England 0.0641 161.55 10.36 145.3 9.31
West No. Central 0.1027 123.14 12.65 120.1 12.33
Mid-Atlantic 0.2092 169.76 35.51 142.9 29.89
East No. Central 0.2022 133.36 26.97 131.4 26.57
Mountain 0.0315 119.89 3.78 111.8 3.52
West So. Central 0.0992 103.94 10.31 99.8 9.90
East So. Central 0.0819 85.83 7.03 102.5 8.39
South Atlantic 0.1354 100.74 13.64 106.9 14.47
Sums 1.0000 132.04 123.82
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All-Cancers: Females. Figure 7-A.

All—Cancer MortRate/100K Females
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1940 All-Cancer Mortality—Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.
Dose—Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

R-Squared = 0.8608
— X-Coef/SE = 6.5801
National MortRate 1940 = 126.1
B per 100,000 females.
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0 20 40 60 80 100 120 140 160 180 200

Physicians per 100,000 Population
———- Calc CA Mort/100K 0 Observed CA Mort/100K

On the X-axis, PhysPop values = Physicians per 100,000 Population
in the Nine Census Divisions of the USA Population, Year 1940. This
variable is a surrogate for accumulated radiation dose --- the more
physicians per 100,000 people, the more radiation procedures are done per
100,000 people.

On the Y-axis, All-Cancer Mortality-Rate per 100,000 females = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional causation is (Natl MortRate minus the
Y-intercept) / (Natl MortRate).

Fractional Causation of All-Cancer Mortality-Rate in Females
by Medical Radiation = 58 % from Best Estimate (Box 3).

41.5% at Lower 90% Conf. Limit (Box 3). 69 % at Upper 90 % Conf. Limit (Box 3).
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Table 7-A.
All-Cancer Mortality Rates by Census Divisions: Females.

Rates are annual deaths per 100,000 female population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race.” Sources are stated in Table
7-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1988
Pacific 127.4 117.7 110.1 110.2 110.4 111.5
New England 145.3 132.1 122.4 119.4 116.4 116.4
West North Central 120.1 117.1 109.3 105.1 101.0 106.8
Mid-Atlantic 142.9 137.0 127.4 122.4 117.5 118.6
East North Central 131.4 127.5 119.8 115.9 112.0 116.5
Mountain 111.8 106.0 101.0 97.9 94.9 100.4
West South Central 99.8 109.3 102.9 101.5 100.1 109.8
East South Central 102.5 110.3 104.8 104.0 103.2 112.7
South Atlantic 106.9 113.3 107.4 106.2 105.0 111.6
Average, ALL 120.9 118.9 111.7 109.2 106.7 111.6
Average, High-5 133.4 126.3 117.8 114.6 111.5 114.0
Average, Low-4 105.3 109.7 104.0 102.4 100.8 108.6
Ratio, Hi5/Lo4 T 1.27 1.15 1.13 1.12 1.11 1.05
Table 7-B.

All-Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race.”

Both Sexes Male Female
1940 120.3 115.0 126.1
1950 127.7 132.8 123.2
1960 129.1 145.7 114.9
1970 129.8 155.1 111.7
1979-81 131.9 164.5 108.5
1987-89 135.0 162.7 111.3

o - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.676, "Malignant
neoplasms, including neoplasms of lymphatic and hematopoietic tissues (140-205)" ICD/7.

e - 1970: All rates are interpolations (Chap. 4, Parts 2b, 2c), except that the 1970
National "Both Sexes" rate comes from PHS 1995, Table 30, p.110.

e - 1980: All rates (ICD/9, 140-208) come from the reference NatCtrHS 1980.

e - 1988 rates by Divisions and National come from Monthly Vital Statistics Vol.41,
No.6, November 12, 1992. Exception: National "Both Sexes" is for 1990, and comes
from PHS 1995, Table 39, p.132.
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CHAPTER

8

Breast Cancer, Females: Relation with Medical Radiation

i

We put Breast Cancer early in Section Two of this book, because of the interest in seeing how
the 1940 Fractional Causation obtained in this chapter compares with the 1995 Fractional Causation
(75%) obtained for this particular cancer in Gofman 1995/1996. The two studies use completely

different data and completely different methods.

@ Part 2. How the Dose~Response Develops, 1921-1940

E

2|

In Part 2, we regress the 1940 MortRates (from Table 8-A) upon the non-interpolated sets of
PhysPop values 1921-1940 (from the Universal PhysPop Table 3-A). The summary-results of all the

regression analyses are presented in Box 1 nearby.

e - Part 2a.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

e — Part 2b.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

o — Part 2c.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

e - Part 2d.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central

1921
PhysPop

165.11
142.24
140.93
137.29
136.06
135.38
125.15
119.76
110.32

1940
MortRate
26.7
28.8
22.6
27.8
24.3
18.6
15.1

MortRate
26.7
28.8
22.6
27.8
24.3
18.6
15.1
15.1
18.3

MortRate
26.7
28.8
22.6
27.8
24.3

MortRate
26.7
28.8
22.6
27.8
24.3
18.6
15.1
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Breast Cancer, Females
Regression Output:

Constant -10.9421
Std Err of Y Est 4.0114
R Squared 0.5061
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.2440
Std Err of Coef. 0.0911
Coefficient / S.E. 2.6780

Breast Cancer, Females
Regression Output:

Constant -9.9385
Std Err of Y Est 3.7059
R Squared 0.5784
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.2432
Std Err of Coef. 0.0785
Coefficient / S.E. 3.0991

Breast Cancer, Females
Regression Output:

Constant -8.6344
Std Err of Y Est 3.3288
R Squared 0.6598
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.2409
Std Err of Coef. 0.0654
Coefficient / S.E. 3.6849

Breast Cancer, Females
Regression Output:

Constant -9.1171
Std Err of Y Est 2.7534
R Squared 0.7673
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.2488
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East South Central
South Atlantic

102.07
102.13

15.1
18.3

Std Err of Coef.
Coefficient / S.E.

0.0518
4.8040

.........................................................................................................................

e - Part 2e.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
26.7
28.8
22.6
27.8
24.3
18.6
15.1
15.1
18.3

Breast Cancer, Females
Regression Output:

Constant -8.5821
Std Err of Y Est 2.5197
R Squared 0.8051
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.2466
Std Err of Coef. 0.0459
Coefficient / S.E. 5.3774

.........................................................................................................................

e - Part 2f.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
26.7
28.8
22.6
27.8
24.3
18.6
15.1
15.1

Breast Cancer, Females
Regression Output:

Constant -6.3107
Std Err of Y Est 2.4198
R Squared 0.8203
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.2270
Std Err of Coef. 0.0402
Coefficient / S.E. 5.6519

e - Part 2g.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
26.7
28.8
22.6
27.8
24.3
18.6
15.1
15.1
18.3

Breast Cancer, Females
Regression Output:

Constant -4.0298
Std Err of Y Est 1.9436
R Squared 0.8840
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.2075
Std Err of Coef. 0.0284
Coefficient / S.E. 7.3052

o - Part 2h.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
26.7
28.8
22.6
27.8
24.3
18.6
15.1
15.1
18.3

Breast Cancer, Females
Regression Qutput:

Constant -3.4183
Std Err of Y Est 1.8002
R Squared 0.9005
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.2014
Std Err of Coef. 0.0253
Coefficient / S.E. 7.9604

e — Part 2i.

Pacific

New England
West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate
26.7
28.8
22.6
27.8
24.3
18.6
15.1
15.1
18.3

Breast Cancer, Females
Regression Output:

Constant -2.2092
Std Err of Y Est 1.6613
R Squared 0.9153
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.1906
Std Err of Coef. 0.0219
Coefficient / S.E. 8.6965

Pacific
New England
West North Central

MortRate
26.7
28.8
22.6
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Breast Cancer, Females
Regression Output:

Constant ~-0.1205
Std Err of Y Est 1.6870
R Squared 0.9126
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Mid-Atlantic 169.76 27.8 No. of Observations 9
East North Central 133.36 24.3 Degrees of Freedom 7
Mountain 119.89 18.6

West South Central 103.94 15.1 X Coefficient(s) 0.1713
East South Central 85.83 15.1 Std Err of Coef. 0.0200
South Atlantic 100.74 18.3 Coefficient / S.E. 8.5512

Box 1 of Chap. 8
Summary: Regression Oulputs for Breast Cancer, Females.

Below are the summary-results from regressing the 1940 cancer MortRates upon the ten
sets of PhysPops (1921-1940), as presented in Parts 2a-2j of this chapter. We are
searching for the maximum correlation. Even the maximum will tend to understate the true
correlation (Chapter 5, Part 8b).

Part PhysPop R-squared Constant X-Coef Std Err X-Coef/SE
2a 1921 0.5061 -10.94 0.2440 0.0911 2.6780
2b 1923 0.5784 -9.94 0.2432 0.0785 3.0991
2c 1925 0.6598 -8.63 0.2409 0.0654 3.6849
2d 1927 0.7673 -9.12 0.2488 0.0518 4.8040
2e 1929 0.8051 -8.58 0.2466 0.0459 5.3774
2f 1931 0.8203 -6.31 0.2270 0.0402 5.6519
2g 1934 0.8840 -4.03 0.2075 0.0284 7.3052
2h 1936 0.9005 -3.42 0.2014 0.0253 7.9604
2i ——> 1938 Max 0.9153 -2.21 0.1906 0.0219 8.6965
2j 1940 0.9126 -0.12 0.1713 0.0200 8.5512
Box 2 of Chap. 8
Input-Data for Figure 8-A. Breast Cancer. Females.

Part 2i, Best-Fit Equation: Calc. MortRate = (0.1906 * PhysPop) + (-2.21)
Census Divisions 1938 1940 Best-Fit

Observed Observed Calc.

PhysPops MortRates MortRates
Pacific 157.62 26.7 27.832
New England 154.08 28.8 27.158
West No. Central 124.95 22.6 21.605
Mid-Atlantic 160.69 27.8 28.418
East No. Central 131.98 243 22.945
Mountain 119.88 18.6 20.639
West So. Central 102.79 15.1 17.382
East So. Central 88.21 15.1 14.603
South Atlantic 99.26 18.3 16.709
Additional PhysPops 70.00 11.132
--- not "observed" ——- 60.00 9.226
down to zero PhysPop 50.00 7.320
(zero medical radiation). 40.00 5.414
For each, we calculate 30.00 3.508
a best-fit MortRate. 20.00 1.602
These additional x,y pairs 10.00 -0.304
are also part of the 0 -2.210
best-fit line (Chap 5, Part 5e).

- 127 -



Box 3 of Chap. 8
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.

Breast Cancer. FEMALES.

e FEMALE National MortRate (MR) 1940, from Table 8-B 23.3 National MortRate
e Constant, from regression, Part 2i -2.2092 Constant
e Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 109.5% Frac. Causation

# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

...................................................................................................................................

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2i 0.1906 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2i 0.0219 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.2266 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1938 Natl PhysPop) = -5.9994 New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 126%. New Frac. Caus’n.
# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.
Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.1546 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1938 Natl PhysPop) = 3.3102 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 85.8% New Frac. Caus’n.

Box 4 of Chap. 8
Error-Check on Our Own Work: Breast Cancer, Females.

Please see text in Chapter 6, Part 5.

Below, Columns A, C, and E come directly from the regression input in Part 2i. Column
B, the fraction of the whole 1940 population in each Census Division, comes from Table
3-B in Chapter 3. Each Column-D entry is the product of (B-entry times C-entry).
Each Column-F entry is the product of (B-entry times E-entry). PhysPops and
MortRates are each "per 100,000."

The Weighted-Avg. Nat’l PhysPop, 1938, is the sum of Column-~D entries = 129.30
The 1938 PhysPop approximation is weighted by the 1940 population-fractions.
The Weighted-Avg. Nat’l Female MortRate, 1940, is sum of Col.F entries = 22.67

The Nat’l Female MortRate is also (X-Coef * Nat’l PhysPop) + Constant = 22.44
Comparison: The Nat’l Female MortRate, 1940, in Table 8-B = 23.30
(A) (B) © (D) 1938 (E) (F)
Census Pop’n PhysPop  Weighted MortRate Weighted
Division Fraction 1938 PhysPop 1940 MortRate
Pacific 0.0739 157.62 11.65 26.7 1.97
New England 0.0641 154.08 9.88 28.8 1.85
West No. Central 0.1027 124.95 12.83 22.6 2.32
Mid-Atlantic 0.2092 160.69 33.62 27.8 5.82
East No. Central 0.2022 131.98 26.69 24.3 491
Mountain 0.0315 119.88 3.78 18.6 0.59
West So. Central 0.0992 102.79 10.20 15.1 1.50
East So. Central 0.0819 88.21 7.22 15.1 1.24
South Atlantic 0.1354 99.26 13.44 18.3 2.48
Sums 1.0000 129.30 22.67
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Breast—Cancer: Females. Figure §-A.

Breast—Cancer MortRate/100K Females

1940 Breast-Cancer Mortality—Rates versus
1938 PhysPop Values for the 9 Census Divisions, USA.
Dose—Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

50
40
30 F g
20
10 b R-Squared = 0.9153
X-Coef/SE = 8.6965
National MortRate 1940 = 23.3
per 100,000 females.
0
10 I TN N N I (NN NN NN (N N N NN (N AN NN N N DU B

0 20 40 60 80 100 120 140 160 180 200

Physicians per 100,000 Population
---- Calc CA Mort/100K 0 Observed CA Mort/100K

On the X-axis, PhysPop values = Physicians per 100,000 Population
in the Nine Census Divisions of the USA Population, Year 1940. This

variable is a surrogate for accumulated radiation dose ——— the more
physicians per 100,000 people, the more radiation procedures are done per
100,000 people.

On the Y-axis, Breast-Cancer Mortality-Rate per 100,000 females = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2i). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional causation is (Natl MortRate minus the
Y -intercept) / (Natl MortRate).

Fractional Causation of Breast—-Cancer Mortality—Rate in Females
by Medical Radiation = ~ 100 % from Best Estimate (Box 3).
85.8 % at Lower 90% Conf. Limit (Box 3). ~100 % at Upper 90 % Conf. Limit (Box 3).
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Table 8-A.
Breast-Cancer Mortality Rates by Census Divisions: Females.

Rates are annual deaths per 100,000 female population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race.” Sources are stated in Table
8-B, and described ih Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1990
Pacific 26.7 23.8 23.3 22.3 21.2 22.7
New England 28.8 25.8 25.9 25.3 24.7 24.3
West North Central 22.6 22.6 22.8 22.2 21.7 22.6
Mid-Atlantic 27.8 26.5 26.8 26.4 25.9 25.8
East North Central 24.3 23.5 24.3 24.2 24.0 24.1
Mountain 18.6 18.8 20.3 20.3 20.3 21.0
West South Central 15.1 16.6 17.8 18.4 18.9 20.8
East South Central 15.1 16.6 17.6 18.6 19.6 21.4
South Atlantic 18.3 18.4 19.4 20.2 21.0 22.6
Average, ALL 21.9 21.4 22.0 22.0 21.9 22.8
Average, High-5 26.0 24.4 24.6 24.1 23.5 23.9
Average, Low-4 16.8 17.6 18.8 19.4 20.0 21.5
Ratio, Hi5/Lo4 1.55 1.39 1.31 1.24 1.18 1.11
Table 8-B.

Breast-Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race."”

Both Sexes Male Female
1940 11.7 0.2 23.3
1950 11.6 0.2 22.5
1960 12.1 0.2 22.9
1970 - - 23.1
1979-81 12.4 0.2 22.6
1989-91 - - 23.1

® - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.690, "Malignant
neoplasms of the breast (170)" ICD/7.

e - 1970: All rates by Divisions are interpolations (Chap. 4, Parts 2b, 2c), except that
the 1970 National rate for Females comes from PHS 1995, Table 41, p.138.

e - 1980: All rates (ICD/9, 174-175) come from the reference NatCtrHS 1980.

® - 1990 rates by Divisions and National come from Monthly Vital Statistics Vol.43,
No.8, January 31, 1995 (MVS in our Reference List).

® - In Chapter 4, Box 3, age-SPECIFIC Breast-Cancer MortRates are shown (as an
illustration of age-specific rates), by decades for the 1950-1990 period.

- 130 -




CHAPTER 9

Digestive System Cancers, Males: Relation with Medical Radiation

Part 1. Introduction

Digestive-System Cancers include cancers of the esophagus, stomach, small and large intestine,

rectum, biliary passages and liver, pancreas, and peritoneum (see Chapter 4, Part 5, Number 6).

o - Part 2a.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

1940
MortRate
63.4

Digestive Cancers, Males
Regression Output:

Constant -21.7593
Std Err of Y Est 10.4249
R Squared 0.4639
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5827
Std Err of Coef. 0.2368
Coefficient / S.E. 2.4611

........................................................................................................................

e - Part 2b.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

Digestive Cancers, Males
Regression Qutput:

Constant -20.1073
Std Err of Y Est 9.6496
R Squared 0.5407
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5865
Std Err of Coef. 0.2043
Coefficient / S.E. 2.8705

........................................................................................................................

e - Part 2c.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate
63.4
71.7
59.9
74.7
64.9
52.1
42.3
38.2
43.4

Digestive Cancers, Males
Regression Output:

Constant -14.8748
Std Err of Y Est 9.2016
R Squared 0.5823
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5645
Std Err of Coef. 0.1807
Coefficient / S.E. 3.1240

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

Digestive Cancers, Males
Regression Qutput:

Constant -17.3245
Std Err of Y Est 7.7735
R Squared 0.7019
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5937
Std Err of Coef. 0.1462
Coefficient / S.E. 4.0599

e — Part 2e.

Pacific
New England

MortRate
63.4
71.7
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Regression Output:
-16.3714
7.2168

Constant
Std Err of Y Est
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West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

128.72
138.49
126.51
118.68
105.60

99.41
100.86

59.9
74.7
64.9
52.1
42.3
38.2
43.4

R Squared 0.7431
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5909
Std Err of Coef. 0.1313
Coefficient / S.E. 4.4995

........................................................................................................................

e - Part 2f.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate
63.4
71.7
59.9
74.7
64.9
52.1
42.3

Digestive Cancers, Males
Regression Output:

Constant -10.9999
Std Err of Y Est 6.9944
R Squared 0.7587
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5446
Std Err of Coef. 0.1161
Coefficient / S.E. 4.6911

........................................................................................................................

e - Part 2g.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
63.4
71.7
59.9
74.7
64.9
52.1
42.3
38.2
43.4

Digestive Cancers, Males
Regression Output:

Constant -6.3946
Std Err of Y Est 5.6845
R Squared 0.8406
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5046
Std Err of Coef. 0.0831
Coefficient / S.E. 6.0756

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

Digestive Cancers, Males
Regression Qutput:

Constant -5.7821
Std Err of Y Est 4.9168
R Squared 0.8807
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.4968
Std Err of Coef. 0.0691
Coefficient / S.E. 7.1902

e - Part 2i.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

Digestive Cancers, Males
Regression Output:

Constant -3.2139
Std Err of Y Est 4.3256
R Squared 0.9077
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.4735
Std Err of Coef. 0.0571
Coefficient / S.E. 8.2970

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

63.4
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Digestive Cancers, Males
Regression Output:

Constant 1.8931
Std Err of Y Est 4.3237
R Squared 0.9078
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.4262
Std Err of Coef. 0.0513
Coefficient / S.E. 8.3009
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Below are the summa
PhysPops (1921-1940),

Box I of Chap. 9
Summary: Regression Outputs, for Digestive-System Cancers, Males.

ry-results from regressing the 1940 cancer MortRates upon the ten sets of
as presented in Parts 2a-2j of this chapter.

Part PhysPop R-squared Constant X-Coef Std Err  X-Coef/SE

2a 1921 0.4639 -21.76 0.5827 0.2368 2.4611

2b 1923 0.5407 -20.11 0.5865 0.2043 2.8705

2c 1925 0.5823 -14.87 0.5645 0.1807 3.1240

2d 1927 0.7019 -17.32 0.5937 0.1462 4.0599

2e 1929 0.7431 -16.37 0.5909 0.1313 4.4995

2f 1931 0.7587 -11.00 0.5446 0.1161 4.6911

2g 1934 0.8406 -6.39 0.5046 0.0831 6.0756

2h 1936 0.8807 -5.78 0.4968 0.0691 7.1902

2i 1938 0.9077 -3.21 0.4735 0.0571 8.2970

2j ——> 1940 Max 0.9078 1.89 0.4262 0.0513 8.3009

Box 2 of Chap. 9
Input-Data for Figure 9-A. Digestive-System Cancers. Males.
Part 2j, Best-Fit Equation: Calc. MortRate = (0.4262 * PhysPop) + (1.89)
Census Divisions 1940 1940 Best-Fit
Observed Observed Calc.
PhysPops MortRates MortRates

Pacific 159.72 63.4 69.963
New England 161.55 71.7 70.743
West No. Central 123.14 59.9 54.372
Mid-Atlantic 169.76 74.7 74.242
East No. Central 133.36 64.9 58.728
Mountain 119.89 52.1 52.987
West So. Central 103.94 423 46.189
East So. Central 85.83 38.2 38.471
South Atlantic 100.74 43.4 44.825
Additional PhysPops 70.00 31.724
—=- not "observed" --- 60.00 27.462
down to zero PhysPop 50.00 23.200
(zero medical radiation). 40.00 18.938
For each, we calculate 30.00 14.676
a best-fit MortRate. 20.00 10.414
These additional x,y pairs 10.00 6.152
are also part of the 0 1.890
best-fit line (Chap 5, Part 5e).

- 133 -




Box 3 of Chap. 9
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.
Digestive-System Cancers. MALES.

e MALE National MortRate (MR) 1940, from Table 9-B 60.4 National MortRate
e Constant, from regression, Part 2j 1.8931 Constant
e Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 96.9% Frac. Causation

..................................................................................................................................

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2j 0.4262 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2j 0.0513 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.5106 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop)= -7.0196 New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 111.6% New Frac. Caus’n.
# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.3418 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 15.2672 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 74.7% New Frac. Caus’n.

Box 4 of Chap. 9
Error-Check on Our Own Work: Digestive-System Cancers, Males.
Please see text in Chapter 6, Part 5.
Below, Columns A, C, and E come directly from the regression input in Part 2j. Column B, the
fraction of the whole 1940 population in each Census Division, comes from Table 3-B in
Chapter 3. Each Column-D entry is the product of (B-entry times C-entry). Each Column-F
entry is the product of (B-entry times E-entry). PhysPops and MortRates are each "per
100,000."
The Weighted-Avg. Nat’l PhysPop, 1940, is the sum of Column-D entries = 132.04
The Weighted-Avg. Nat’l Male MortRate, 1940, is sum of Col.F entries = 59.03
The Nat’'l Male MortRate is also (X-Coef * Nat'l PhysPop) + Constant = 58.17
Comparison: The Nat’l Male MortRate, 1940, in Table 9-B = 60.40
(A) (B) ©  (D)1%40 (E) ®

Census Pop’n PhysPop  Weighted MortRate Weighted

Division Fraction 1940 PhysPop 1940 MortRate
Pacific 0.0739 159.72 11.80 63.4 4.69
New England 0.0641 161.55 10.36 71.7 4.60
West No. Central 0.1027 123.14 12.65 59.9 6.15
Mid-Atlantic 0.2092 169.76 35.51 74.7 15.63
East No. Central 0.2022 133.36 26.97 64.9 13.12
Mountain 0.0315 119.89 3.78 52.1 1.64
West So. Central 0.0992 103.94 10.31 42.3 4.20
East So. Central 0.0819 85.83 7.03 38.2 3.13
South Atlantic 0.1354 100.74 13.64 43.4 5.88

Sums 1.0000 132.04 59.03
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Digestive-System Cancer: Males Figure 9-A.

1940 Digestive-System Cancer Mortality-Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.
Dose—Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.
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On the X-axis, PhysPop values = Physicians per 100,000 Population in the Nine
Census Divisions of the USA Population, Year 1940. This variable is a surrogate for
accumulated radiation dose ~-- the more physicians per 100,000 people, the more
radiation procedures are done per 100,000 people.

On the Y-axis, Digestive-Cancer Mortality-Rate per 100,000 males = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2i). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional causation is (Natl MortRate minus the
Y-intercept) / (Natl MortRate).

Fractional Causation of Digestive—Cancer Mortality (Males) by Medical Radiation
97 % from Best Estimate (Box 3).
74.7 % at Lower 90% Conf. Limit (Box 3). ~100 % at Upper 90 % Conf. Limit (Box 3).
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Table 9-A.
Digestive-System Cancer Mortality Rates by Census Divisions: Males.

Rates are annual deaths per 100,000 male population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race.” Sources are stated in Table
9-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1988
Pacific 63.4 50.8 46.4 42.9 39.3 36.3
New England 71.7 66.3 58.9 52.5 46.0 42.1
West North Central 59.9 51.9 46.3 42.4 38.5 35.8
Mid-Atlantic 74.7 67.7 60.1 54.2 48.3 43.3
East North Central 64.9 60.0 53.0 48.4 43.7 40.2
Mountain 52.1 43.7 38.9 36.3 33.7 33.0
West South Central 42.3 42.9 40.6 38.8 37.0 36.5
East South Central 38.2 41.3 39.4 38.9 38.4 38.0
South Atlantic 43.4 45.2 43.1 41.6 40.1 38.5
Average, ALL 56.7 52.2 47.4 44.0 40.6 38.2
Average, High-5 66.9 59.3 52.9 48.1 43.2 39.5
Average, Low-4 44.0 43.3 40.5 38.9 37.3 36.5
Ratio, Hi5/Lo4 1.52 1.37 1.31 1.24 1.16 1.08
Table 9-B.

Digestive-System Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race."

Both Sexes Male Female
1940 55.3 60.4 50.1
1950 48.7 55.4 42.4
1960 42.4 49.7 35.8
1970 37.7 45.7 31.0
1979-81 32.9 41.7 26.2
1987-1989 - 38.8 23.5

® - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.684, "Malignant
neoplasm of digestive organs and peritoneum, not specified as secondary (150-156A,
157-15%)" ICD/7.

e - 1970: All rates by Divisions are interpolations (Chap. 4, Parts 2b, 2c).

e - 1980: All rates (ICD/9, 150-159) come from the reference NatCtrHS 1980.

® - 1988 rates by Divisions and National come from Monthly Vital Statistics Vol.41,
No.9, February 16, 1993.
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CHAPTER 10

Digestive-System Cancers, Females: Relation with Medical Radiation

]

Digestive-System Cancers include cancers of the esophagus, stomach, small and large intestine,
rectum, biliary passages and liver, pancreas, and peritoneum (See Chapter 4, Part 5, Number 6).

B

e - Part 2a.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

® — Part 2b.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

e - Part 2c.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

- Part 2d.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

Pacific

1921 1940
PhysPop MortRate
165.11 46.8
142.24 61.3
140.93 49.7
137.29 60.2
136.06 53.1
135.38 47.7
125.15 34.5
119.76 36.3
110.32 373
1923 1940
PhysPop MortRate
163.06 46.8
137.39 61.3
138.31 49.7
138.92 60.2
131.82 53.1
130.51 47.7
119.16 34.5
113.16 36.3
106.79 37.3
1925 1940
PhysPop MortRate
161.67 46.8
138.31 61.3
133.92 49.7
134.36 60.2
127.54 33.1
122.30 47.7
112.83 34.5
107.22 36.3
103.61 37.3
1927 1940
PhysPop MortRate
157.83 46.8
137.50 61.3
131.54 49.7
138.40 60.2
126.18 53.1
118.75 47.7
108.25 34.5
102.07 36.3
102.13 37.3
1929 1940
PhysPop  MortRate
156.64 46.8
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Digestive Cancers, Females
Regression Output:

Constant 0.3717
Std Err of Y Est 8.8662
R Squared 0.3007
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.3494
Std Err of Coef. 0.2014
Coefficient / S.E. 1.7350

Digestive Cancers, Females
Regression Output:

Constant 1.1696
Std Err of Y Est 8.5255
R Squared 0.3534
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.3531
Std Err of Coef. 0.1805
Coefficient / S.E. 1.9561

Digestive Cancers, Females
Regression Output:

Constant 4.0462
Std Err of Y Est 8.3113
R Squared 0.3855
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.3420
Std Err of Coef. 0.1632
Coefficient / S.E. 2.0956

Digestive Cancers, Females
Regression Output:

Constant 1.2118
Std Err of Y Est 7.5490
R Squared 0.4931
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.3705
Std Err of Coef. 0.1420
Coefficient / S.E. 2.6093

Digestive Cancers, Females
Regression Output:

Constant 0.9492



Chap.10 Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease

John W. Gofman

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central

East South Central
South Atlantic

........................................................................................

o — Part 2f.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

........................................................................

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

........................................................................

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

........................................................................................................................

e - Part 2i.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

138.46
128.72
138.49
126.51
118.68
105.60

99.41
100.86

61.3
49.7
60.2
53.1
47.7
34.5

36.3
37.3

MortRate
46.8
61.3
49.7
60.2
53.1
41.7
34.5
36.3
37.3

MortRate
46.8
61.3
49.7
60.2
53.1
47.7
34.5
36.3
37.3

MortRate
46.8
61.3
49.7
60.2
53.1
47.7
34.5
36.3
37.3

MortRate
46.8
61.3

49.7
60.2
53.1
47.7
34.5
36.3
37.3

Std Err of Y Est 7.1771
R Squared 0.5418
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.3758
Std Err of Coef. 0.1306
Coefficient / S.E. 2.8769

Digestive Cancers, Females
Regression Output:

Constant 4.2282
Std Err of Y Est 7.0596
R Squared 0.5567
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.3474
Std Err of Coef. 0.1172
Coefficient / S.E. 2.9647

Digestive Cancers, Females
Regression Output:

Constant 6.2062
Std Err of Y Est 6.3037
R Squared 0.6465
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.3296
Std Err of Coef. 0.0921
Coefficient / S.E. 3.5781

.................................................

Digestive Cancers, Females
Regression Output:

Constant 5.8518
Std Err of Y Est 5.7814
R Squared 0.7027
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.3304
Std Err of Coef. 0.0812
Coefficient / S.E. 4.0672

Digestive Cancers, Females
Regression Output:

Constant 7.0152
Std Err of Y Est 5.3636
R Squared 0.7441
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.3192
Std Err of Coef. 0.0708

Coefficient / S.E. 4.5115

................................




Chap.10

Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease

John W. Gofman

® — Part 2j. 1940 1940 Digestive Cancers, Females
PhysPop MortRate Regression Output:

Pacific 159.72 46.8 Constant 10.1907

New England 161.55 61.3 Std Err of Y Est 5.2483

West North Central 123.14 49.7 R Squared 0.7550

Mid-Atlantic 169.76 60.2 No. of Observations 9

East North Central 133.36 53.1 Degrees of Freedom 7

Mountain 119.89 47.7

West South Central 103.94 34.5 X Coefficient(s) 0.2895

East South Central 85.83 36.3 Std Err of Coef. 0.0623

South Atlantic 100.74 37.3 Coefficient / S.E. 4.6442

Box 1 of Chap. 10
Summary: Regression Outputs, Digestive-System Cancers, Females.
Below are the summary-results from all the calculations of Part 2, for the 1940 MortRates
regressed on PhysPop.
Part PhysPop R-squared Constant X-Coef Std Err X-Coef/SE
2a 1921 0.3007 0.37 0.3494 0.2014 1.7350
2b 1923 0.3534 1.17 0.3531 0.1805 1.9561
2c 1925 0.3855 4.05 0.3420 0.1632 2.0956
2d 1927 0.4931 1.21 0.3705 0.1420 2.6093
2e 1929 0.5418 0.95 0.3758 0.1306 2.8769
2f 1931 0.5567 4.23 0.3474 0.1172 2.9647
2g 1934 0.6465 6.21 0.3296 0.0921 3.5781
2h 1936 0.7027 5.85 0.3304 0.0812 4.0672
2i 1938 0.7441 7.02 0.3192 0.0708 4.5115
2j ——~> 1940 Max 0.7550 10.19 0.2895 0.0623 4.6442
Box 2 of Chap. 10
Input-Data for Figure 10-A. Digestive-System Cancers. Females.
Part 2j, Best-Fit Equation: Calc. MortRate = (0.2895 * PhysPop) + (10.19)
Census Divisions 1940 1940 Best-Fit
Observed Observed Calc.
PhysPops MortRates MortRates

Pacific 159.72 46.8 56.429
New England 161.55 61.3 56.959
West No. Central 123.14 49.7 45.839
Mid-Atlantic 169.76 60.2 59.336
East No. Central 133.36 53.1 48.798
Mountain 119.89 47.7 44.898
West So. Central 103.94 34.5 40.281
East So. Central 85.83 36.3 35.038
South Atlantic 100.74 37.3 39.354
Additional PhysPops 70.00 30.455
~-= not "observed" —-- 60.00 27.560
down to zero PhysPop 50.00 24.665
(zero medical radiation). 40.00 21.770
For each, we calculate 30.00 18.875
a best-fit MortRate. 20.00 15.980
These additional x,y pairs 10.00 13.085
are also part of the 0 10.190
best-fit line (Chap 5, Part 5e).
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Box 3 of Chap. 10
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.

Digestive-System Cancers. FEMALES.

e FEMALE National MortRate (MR) 1940, from Table 10-B 50.1 National MortRate
e Constant, from regression, Part 2j 10.1907 Constant
e Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 79.7% Frac. Causation

...................................................................................................................................

00% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2j 0.2895 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2j 0.0623 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.3920 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = -1.6575 New Constant

Frac. Causation, High-Limit = (Natl MR - New Constant) /Natl MR = #103.31% New Frac. Caus’'n.
# The Upper-Limit is 100%. Negative Constants produce values > 100%.  See Chapter 22, Part 3.

Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.1870 New X-Coefficient
New Constant = (Natl MR) - (New X~Coef * 1940 Natl PhysPop) = 25.4085 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 49.3% New Frac. Caus’n.

Box 4 of Chap. 10
Error-Check on Our Own Work: Digestive-System Cancers, Females.

Please see text in Chapter 6, Part 5.

Below, Columns A, C, and E come directly from the regression input in Part 2j. Column
B, the fraction of the whole 1940 population in each Census Division, comes from Table
3-B in Chapter 3. Each Column-D entry is the product of (B-entry times C-entry).

Each Column-F entry is the product of (B-entry times E-entry). PhysPops and
MortRates are each "per 100,000."

The Weighted-Avg. Nat’l PhysPop, 1940, is the sum of Column-D entries = 132.04

The Weighted-Avg. Nat’'l Female MortRate, 1940, is sum of Col.F entries = 48.77

The Nat’l Female MortRate is also (X-Coef * Nat'l PhysPop) + Constant = 48.42
Comparison: The Nat’l Female MortRate, 1940, in Table 10-B = 50.10
(A) (B) © (D) 1940 (E) (F)
Census Pop'n PhysPop Weighted MortRate Weighted
Division Fraction 1940 PhysPop 1940 MortRate
Pacific 0.0739 159.72 11.80 46.8 3.46
New England 0.0641 161.55 10.36 61.3 3.93
West No. Central 0.1027 123.14 12.65 49.7 5.10
Mid-Atlantic 0.2092 169.76 35.51 60.2 12.59
East No. Central 0.2022 133.36 26.97 53.1 10.74
Mountain 0.0315 119.89 3.78 47.7 1.50
West So. Central 0.0992 103.94 10.31 34.5 3.42
East So. Central 0.0819 85.83 7.03 36.3 2.97
South Atlantic 0.1354 100.74 13.64 373 5.05
Sums 1.0000 132.04 48.77
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Digestive—System Cancer: Females Figure 10-A.

1940 Digestive-System Cancer Mortality—Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.

Dose—Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.
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On the X-axis, PhysPop values = Physicians per 100,000 Population in
the Nine Census Divisions of the USA Population, Year 1940. This variable is
a surrogate for accumulated radiation dose --- the more physicians per 100,000 people,
the more radiation procedures are done per 100,000 people.

On the Y-axis, Digestive-Cancer Mortality-Rate per 100,000 females = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional causation is (Natl MortRate minus the
Y-intercept) / (Natl MortRate).

Fractional Causation of Digest.—Cancer Mortality (Females) by Medical Radiation
80 % from Best Estimate (Box 3).
49 % at Lower 90% Conf. Limit (Box 3). ~100 % at Upper 90 % Conf. Limit (Box 3).
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Table 10-A.
Digestive-System Cancer Mortality Rates by Census Divisions: Females.

Rates are annual deaths per 100,000 female population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race.” Sources are stated in Table
10-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1988
Pacific 46.8 37.3 32.5 28.9 25.4 22.8
New England 61.3 48.9 40.7 34.7 28.7 24.7
West North Central 49.7 40.4 34.1 29.3 24.6 21.8
Mid-Atlantic 60.2 51.1 42.9 36.5 30.1 26.0
East North Central 53.1 44.7 38.5 32.8 27.1 24.2
Mountain 47.7 34.8 30.5 26.3 22.2 21.1
West South Central 34.5 33.3 29.6 26.6 23.6 21.5
East South Central 36.3 34.5 29.9 27.2 24.4 23.3
South Atlantic 37.3 34.9 30.6 27.5 24.4 22.8
Average, ALL 47.4 40.0 34.4 30.0 25.6 23.1
Average, High-5 54.2 44.5 37.7 32.4 27.2 23.9
Average, Low-4 39.0 34.4 30.2 26.9 23.7 22.2
Ratio, Hi5/Lo4 1.39 1.29 1.25 1.21 1.15 1.08
Table 10-B.

Digestive-System Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race.”

Both Sexes Male Female
1940 55.3 60.4 50.1
1950 48.7 55.4 42.4
1960 42.4 49.7 35.8
1970 37.7 45.7 31.0
1979-1981 32.9 41.7 26.2
1987-1989 - 38.8 23.5

e - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.684, "Malignant
neoplasm of digestive organs and peritoneum, not specified as secondary (150-156A,
157-159)" ICD/17.

e - 1970: All rates are interpolations (Chap. 4, Parts 2b, 2c).

e - 1980: All rates (ICD/9, 150-159) come from the reference NatCtrHS 1980.

e - 1988 rates by Divisions and National come from Monthly Vital Statistics Vol.41,
No.9, February 16, 1993.
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CHAPTER 11

Urinary-System Cancers, Males: Relation with Medical Radiation

e Part 1. Introduction

Urinary-System Cancers include cancers of the kidney, bladder, "and other urinary organs"”

(Chapter 4, Part 5, Number 10).

This study produces negative Constants for the central estimate and for both of the

confidence-limits on the X-Coefficient -~—- as shown in Box 3. In this situation, we hesitate to use any
value for Fractional Causation in Figure 11-A. Instead, we will say that the true Fractional Causation
is far more likely to be near 100% than to be a low percentage. The dose-response in Part 2j is highly

significant.

® Part 2. How the Dose-Response Develops, 1921-1940
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Urinary-System Ca, Males
Regression Output:

Constant -5.9634
Std Err of Y Est 1.9211
R Squared 0.4030
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0948
Std Err of Coef. 0.0436
Coefficient / S.E. 2.1736

.....................................................................................................................
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Urinary-System Ca, Males
Regression Output:

Constant -5.9647
Std Err of Y Est 1.7752
R Squared 0.4902
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0975
Std Err of Coef. 0.0376
Coefficient / S.E. 2.5942

Urinary-System Ca, Males
Regression Output:

Constant -5.0874
Std Err of Y Est 1.7094
R Squared 0.5273
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0938
Std Err of Coef. 0.0336
Coefficient / S.E. 2.7943

........................................................................................................................

@ - Part 2a. 1921
PhysPop
Pacific 165.11
New England 142.24
West North Central 140.93
Mid-Atlantic 137.29
East North Central 136.06
Mountain 135.38
West South Central 125.15
East South Central 119.76
South Atlantic 110.32
® - Part 2b 1923
PhysPop
Pacific 163.06
New England 137.39
West North Central 138.31
Mid-Atlantic 138.92
East North Central 131.82
Mountain 130.51
West South Central 119.16
East South Central 113.16
South Atlantic 106.79
e - Part 2c. 1925
PhysPop
Pacific 161.67
New England 138.31
West North Central 133.92
Mid-Atlantic 134.36
East North Central 127.54
Mountain 122.30
West South Central 112.83
East South Central 107.22
South Atlantic 103.61
e - Part 2d. 1927
PhysPop
Pacific 157.83
New England 137.50
West North Central 131.54
Mid-Atlantic 138.40
East North Central 126.18
Mountain 118.75

MortRate
8.1

9.1

6.7

10.2

8.1

6.5
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Urinary-System Ca, Males
Regression Output:

Constant -5.6854
Std Err of Y Est 1.4594
R Squared 0.6554
No. of Observations 9
Degrees of Freedom 7
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West South Central
East South Central
South Atlantic

108.25
102.07
102.13

X Coefficient(s) 0.1002
Std Err of Coef. 0.0275
Coefficient / S.E. 3.6490

........................................................................................................................

o — Part 2e.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

Urinary-System Ca, Males
Regression Output:

Constant -5.6251
Std Err of Y Est 1.3498
R Squared 0.7052
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.1005
Std Err of Coef. 0.0246
Coefficient / S.E. 4.0924

........................................................................................................................

o - Part 2f.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
8.1

—

VMW AROOO
WOWWNE N~~~

Urinary-System Ca, Males
Regression Output:

Constant -4.7933
Std Err of Y Est 1.2911
R Squared 0.7303
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0933
Std Err of Coef. 0.0214
Coefficient / S.E. 4.3539

........................................................................................................................

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
8.1

_
VWA OO0
WO W W Bt ~3—

Urinary-System Ca, Males
Regression Output:

Constant -4.0741
Std Err of Y Est 1.0558
R Squared 0.8197
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0870
Std Err of Coef. 0.0154
Coefficient / S.E. 5.6404

........................................................................................................................

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

Urinary-System Ca, Males
Regression Output:

Constant -4.0632
Std Err of Y Est 0.8826
R Squared 0.8740
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0864
Std Err of Coef, 0.0124
Coefficient / S.E. 6.9672

e - Part 2i.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

e - Part 2j.

Pacific

MortRate
8.1

I

N Oves OO0
wWowun—a—

1940
MortRate
8.1
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Urinary-System Ca, Males
Regression Output:

Constant -3.6578
Std Err of Y Est 0.7547
R Squared 0.9079
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0827
Std Err of Coef. 0.0100
Coefficient / S.E. 8.3046

Urinary-System Ca, Males
Regression Output:

Constant -2.8335
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New England

West North Central

Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

161.55

123.14

169.76

133.36

119.89

103.94
85.83

100.74

._.
NWRONPOND
wWobwhe—ta~—

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.
Coefficient / S.E.

0.6997
0.9208

0.0750
0.0083
9.0208

Box 1 of Chap. 11
Summary: Regression Outputs, Urinary-System Cancers, Males.

Below are the summary-results from all the calculations of Part 2, for the 1940 MortRates
regressed on PhysPop.

Part PhysPop R-squared Constant X-Coef Std Err X-Coef/SE
2a 1921 0.4030 -5.96 0.0948 0.0436 2.1736
2b 1923 0.4902 -5.96 0.0975 0.0376 2.5942
2c 1925 0.5273 -5.09 0.0938 0.0336 2.7943
2d 1927 0.6554 -5.69 0.1002 0.0275 3.6490
2e 1929 0.7052 -5.63 0.1005 0.0246 4.0924
2f 1931 0.7303 -4.79 0.0933 0.0214 4.3539
2g 1934 0.8197 -4.07 0.0870 0.0154 5.6404
2h 1936 0.8740 -4.06 0.0864 0.0124 6.9672
2i 1938 0.9079 -3.66 0.0827 0.0100 8.3046
2j ——> 1940 Max 0.9208 -2.83 0.0750 0.0083 9.0208
Box 2 of Chap. 11
Input-Data for Figure 11-A. Urinary-System Cancers. Males.
Part 2j, Best-Fit Equation: Calc. MortRate = (0.0750 * PhysPop) + ( -2.83)
Census Divisions 1940 1940 Best-Fit
Observed Observed Calc.
PhysPops MortRates MortRates
Pacific 159.72 8.1 9.149
New England 161.55 9.1 9.286
West No. Central 123.14 6.7 6.406
Mid-Atlantic 169.76 10.2 9.902
East No. Central 133.36 8.1 7.172
Mountain 119.89 6.5 6.162
West So. Central 103.94 4.3 4.966
East So. Central 85.83 3.0 3.607
South Atlantic 100.74 53 4.725
Additional PhysPops 70.00 2.420
—-—- not "observed" --- 60.00 1.670
down to zero PhysPop 50.00 0.920
(zero medical radiation). 40.00 0.170
For each, we calculate 30.00 -0.580
a best-fit MortRate. 20.00 -1.330
These additional x,y pairs 10.00 -2.080
are also part of the 0 -2.830
best-fit line (Chap 5, Part Se).
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Box 3 of Chap. 11
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.

Urinary-System Cancers. MALES.

e MALE National MortRate (MR) 1940, from Table 11-B 7.4 National MortRate
e Constant, from regression, Part 2j -2.8335 Constant
e Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 138.3% Frac. Causation

# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2j 0.0750 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2j 0.0083 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.0887 New X-Coefficient
New Constant = (Natl MR) - (New X~-Coef * 1940 Natl PhysPop) = -4.3058 New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 158.2% New Frac. Caus’n.
# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.
Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.0613 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = -0.7002 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Nat]l MR = 109.5% New Frac. Caus’n.

# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

Box 4 of Chap. 11
Error-Check on Our Own Work: Urinary-System Cancers, Males.

Please see text in Chapter 6, Part 5.

Below, Columns A, C, and E come directly from the regression input in Part 2j. Column
B, the fraction of the whole 1940 population in each Census Division, comes from Table
3-B in Chapter 3. Each Column-D entry is the product of (B-entry times C-entry).
Each Column-F entry is the product of (B-entry times E-entry). PhysPops and
MortRates are each "per 100,000."

The Weighted-Avg. Nat'l PhysPop, 1940, is the sum of Column-D entries = 132.04

The Weighted-Avg. Nat’l Male MortRate, 1940, is sum of Col.F entries = 7.24
The Nat’l Male MortRate is also (X-Coef * Nat’l PhysPop) + Constant = 7.07
Comparison: The Nat’l Male MortRate, 1940, in Table 11-B = 7.40
(A) (B) © (D) 1940 (E) (F)
Census Pop’n PhysPop Weighted MortRate Weighted
Division Fraction 1940 PhysPop 1940 MortRate
Pacific 0.0739 159.72 11.80 8.1 0.60
New England 0.0641 161.55 10.36 9.1 0.58
West No. Central 0.1027 123.14 12.65 6.7 0.69
Mid-Atlantic 0.2092 169.76 35.51 10.2 2.13
East No. Central 0.2022 133.36 26.97 8.1 1.64
Mountain 0.0315 119.89 3.78 6.5 0.20
West So. Central 0.0992 103.94 10.31 43 0.43
East So. Central 0.0819 85.83 7.03 3.0 0.25
South Atlantic 0.1354 100.74 13.64 53 0.72
Sums 1.0000 132.04 7.24
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Urinary-System Cancer: Males Figure 11-A.

Urinary—Cancer MortRate/ 100K Males

1940 Urinary-System Cancer Mortality-Rates versus
1940 PhysPop Values for the 9 Census Divisions, US

Dose—-Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

A T ey g
D ~ N L A D
T T T T 1
a

R-Squared = 0.9208
X-Coef/SE = 9.0208
National MortRate 1940 =
7.4 per 100,000 males.

S - oW hAa Sy Oy
I

0 20 40 60 80 100 120 140 160 180 200

Physicians per 100,000 Population
—-—— Calc CA Mort/100K 0 Observed CA Mort/100K

On the X-axis, PhysPop values = Physicians per 100,000 Population in
the Nine Census Divisions of the USA Population, Year 1940. This variable
is a surrogate for accumulated radiation dose —-- the more physicians per
100,000 people, the more radiation procedures are done per 100,000 people.

On the Y-axis, Urinary~Cancer Mortality-Rate per 100,000 males = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year
1940,

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study.

Fractional Causation of Urinary-System Cancer Mortality—Rate
(Male) by Medical Radiation: ~ 100 % is far more likely than a low
percent. See Text, Part 1.
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Table 11-A.
Urinary-System Cancer Mortality Rates by Census Divisions: Males.

Rates are annual deaths per 100,000 male population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race.” Sources are stated in Table
11-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1990
Pacific 8.1 8.4 8.2 8.0 7.7 -
New England 9.1 10.5 10.7 10.1 9.5 -
West North Central 6.7 7.2 8.3 8.1 7.9 -
Mid-Atlantic 10.2 10.5 10.2 9.7 9.2 --
East North Central 8.1 8.6 9.4 9.1 8.7 o
Mountain 6.5 6.1 7.8 7.4 7.0 -
West South Central 4.3 5.8 6.6 6.8 7.0 -
East South Central 3.0 5.0 5.2 6.3 7.3 -
South Atlantic 5.3 6.1 6.9 1.4 7.8 -
Average, ALL 6.8 7.6 8.1 8.1 8.0 --
Average, High-5 8.4 9.0 9.4 9.0 8.6 -
Average, Low-4 4.8 5.8 6.6 7.0 7.3 -
Ratio, Hi5/Lo4 1.77 1.57 1.41 1.29 1.18 -—
Table 11-B.

Urinary-System Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race.”

Both Sexes Male Female
1940 5.7 7.4 4.0
1950 6.0 8.1 3.9
1960 5.9 8.5 3.6
1970 5.6 8.35 33
1979-81 5.2 8.2 3.0
1990 - -— -

e — 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.697, "Malignant
neoplasm of urinary organs (180-181)" ICD/7.

e - 1970: All rates are interpolations (Chap. 4, Parts 2b, 2c).

e - 1980: All rates (ICD/9, 188-189) come from the reference NatCtrHS 1980.

® - 1990: No data obtained. Please see Chap.4, Part 2c.
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CHAPTER 12

Urinary-System Cancers, Females: Relation with Medical Radiation

@ Part 1. Introduction
| 85

Urinary-System Cancers include cancers of the kidney, bladder, "and other urinary organs"

(Chapter 4, Part 5, Number 10).

%

........................................................................................................................

........................................................................................................................

o - Part 2a. 1921
PhysPop
Pacific 165.11
New England 142.24
West North Central 140.93
Mid-Atlantic 137.29
East North Central 136.06
Mountain 135.38
West South Central 125.15
East South Central 119.76
South Atlantic 110.32
e - Part 2b 1923
PhysPop
Pacific 163.06
New England 137.39
West North Central 138.31
Mid-Atlantic 138.92
East North Central 131.82
Mountain 130.51
West South Central 119.16
East South Central 113.16
South Atlantic 106.79
e - Part 2¢. 1925
PhysPop
Pacific 161.67
New England 138.31
West North Central 133.92
Mid-Atlantic 134.36
East North Central 127.54
Mountain 122.30
West South Central 112.83
East South Central 107.22
South Atlantic 103.61
e - Part 2d. 1927
PhysPop
Pacific 157.83
New England 137.50
West North Central 131.54
Mid-Atlantic 138.40
East North Central 126.18
Mountain 118.75
West South Central 108.25
East South Central 102.07
South Atlantic 102.13
e - Part 2e. 1929
PhysPop
Pacific 156.64

1940
MortRate
4.1
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Urinary-System Ca, Females
Regression Output:

Constant -0.4804
Std Err of Y Est 0.6216
R Squared 0.4148
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0314
Std Err of Coef. 0.0141
Coefficient / S.E. 2.2273

Urinary-System Ca, Females
Regression Output:

Constant -0.4168
Std Err of Y Est 0.5807
R Squared 0.4894
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0318
Std Err of Coef. 0.0123
Coefficient / S.E. 2.5901

Urinary-System Ca, Females
Regression Output:

Constant -0.1529
Std Err of Y Est 0.5556
R Squared 0.5326
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0308
Std Err of Coef. 0.0109
Coefficient / S.E. 2.8242

Urinary-System Ca, Females
Regression Output:

Constant -0.3300
Std Err of Y Est 0.4767
R Squared 0.6558
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0328
Std Err of Coef. 0.0090
Coefficient / S.E. 3.6521

Urinary-System Ca, Females
Regression Output:

Constant -0.2984



Chap.12

Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease

John W. Gofman

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

138.46
128.72
138.49
126.51
118.68
105.60

99.41
100.86

4.7

Std Err of Y Est 0.4439
R Squared 0.7015
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0328
Std Err of Coef. 0.0081
Coefficient / S.E. 4.0562

........................................................................................................................

o — Part 2f.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate

»
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Urinary-System Ca, Females
Regression Output:

Constant -0.0396
Std Err of Y Est 0.4213
R Squared 0.7312
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0305
Std Err of Coef. 0.0070
Coefficient / S.E. 4.3637

........................................................................................................................

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
4.1
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Urinary-System Ca, Females
Regression Output:

Constant 0.1704
Std Err of Y Est 0.3327
R Squared 0.8323
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0287
Std Err of Coef. 0.0049
Coefficient / S.E. 5.8947

........................................................................................................................

o - Part 2h.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
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Urinary-System Ca, Females
Regression Output:

Constant 0.1916
Std Err of Y Est 0.2829
R Squared 0.8788
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0283
Std Err of Coef. 0.0040
Coefficient / S.E. 7.1239

........................................................................................................................

e — Part 2i.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic
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Urinary-System Ca, Females
Regression Output:

Constant 0.3153
Std Err of Y Est 0.2330
R Squared 0.9177
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0272
Std Err of Coef. 0.0031
Coefficient / S.E. 8.8378

........................................................................................................................

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate
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Urinary-System Ca, Females
Regression Output:

Constant 0.5714
Std Err of Y Est 0.1998
R Squared 0.9395
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0247
Std Err of Coef. 0.0024
Coefficient / S.E. 10.4305




Box 1 of Chap. 12

Summary: Regression Outputs, Urinary-System Cancers, Females.

Below are the summary-results from all the calculations of Part 2, for the 1940 MortRates

regressed on PhysPop.

Part PhysPop R-squared Constant
2a 1921 0.4148 -0.48
2b 1923 0.4894 -0.42
2c 1925 0.5326 -0.15
2d 1927 0.6558 -0.33
2e 1929 0.7015 -0.30
2f 1931 0.7312 -0.04
2g 1934 0.8323 0.17
2h 1936 0.8788 0.19
2i 1938 0.9177 0.32

2j --=> 1940 Max

0.9395

0.57

X-Coef

0.0314
0.0318
0.0308
0.0328
0.0328
0.0305
0.0287
0.0283
0.0272
0.0247

Std Err

0.0141
0.0123
0.0109
0.0090
0.0081
0.0070
0.0049
0.0040
0.0031
0.0024

X~-Coef/SE

2.2273
2.5901
2.8242
3.6521
4.0562
4.3637
5.8947
7.1239
8.8378
10.4305

Box 2 of Chap. 12

Input-Data for Figure 12-A. Urinary-System Cancers. Females.

Part 2j, Best-Fit Equation: Calc. MortRate = (0.0247 * PhysPop) + (0.57)

Census Divisions

Pacific

New England
West No. Central
Mid-Atlantic
East No. Central
Mountain

West So. Central
East So. Central
South Atlantic

Additional PhysPops

--- not "observed" ---
down to zero PhysPop
(zero medical radiation).
For each, we calculate

a best-fit MortRate.
These additional x,y pairs
are also part of the

best-fit line (Chap 5, Part Se).

1940
Observed
PhysPops

159.72
161.55
123.14
169.76
133.36
119.89
103.94

85.83
100.74

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0

1940
Observed

MortRates

WhwwhhWhah
O ] = N == O N~ -

Best-Fit
Calc.
MortRates

4.515
4.560
3.612
4.763
3.864
3.531
3.137
2.690
3.058

2.299
2.052
1.805
1.558
1.311
1.064
0.817
0.570
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Box 3 of Chap. 12
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.
Urinary-System Cancers. FEMALES.

o FEMALE National MortRate (MR) 1940, from Table 12-B 4.0 National MortRate
e Constant, from regression, Part 2j 0.5714 Constant
o Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 85.7% Frac. Causation

.....................................................................................................................................

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X~Coefficient, from Part 2j 0.0247 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2j 0.0024 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.0286 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 0.2173 New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 94.6% New Frac. Caus’'n.
Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.0208 New X-Coefficient
New Constant = (Natl MR) ~ (New X-Coef * 1940 Natl PhysPop) = 1.2599 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 68.5% New Frac. Caus’n.

Box 4 of Chap. 12
Error-Check on Our Own Work: Urinary-System Cancers, Females.
Below, Columns A, C, and E come directly from the regression input in Part 2j. Column B, the
fraction of the whole 1940 population in each Census Division, comes from Table 3-B in Chapter 3.
Each Column-D entry is the product of (B-entry times C-entry). Each Column-F entry is the product
of (B-entry times E-entry). PhysPops and MortRates are each "per 100,000."
The Weighted-Avg. Nat’l PhysPop, 1940, is the sum of Column-D entries = 132.04
The Weighted-Avg. Nat’l Female MortRate, 1940, is sum of Col.F entries = 3.88
The Nat’l Female MortRate is also (X-Coef * Nat'l PhysPop) + Constant = 3.83
Comparison: The Nat’l Female MortRate, 1940, in Table 12-B = 4.00
(A) (B) (©) D) (E) ()

Census Pop'n PhysPop  Weighted MortRate Weighted

Division Fraction 1940 PhysPop 1940  MortRate
Pacific 0.0739 159.72 11.80 4.1 0.30
New England 0.0641 161.55 10.36 4.7 0.30
West No. Central 0.1027 123.14 12.65 3.7 0.38
Mid-Atlantic 0.2092 169.76 35.51 4.9 1.03
East No. Central 0.2022 133.36 26.97 4.1 0.83
Mountain 0.0315 119.89 3.78 3.5 0.11
West So. Central 0.0992 103.94 10.31 3.1 0.31
East So. Central 0.0819 85.83 7.03 2.7 0.22
South Atlantic 0.1354 100.74 13.64 3.0 0.41

Sums 1.0000 132.04 3.88
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Urinary-System Cancer: Females Figure 12-A.

1940 Urinary-System Cancer Mortality—Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.
Dose—Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

10

R-Squared = 0.9395
X-Coef/SE = 10.4305
National MortRate 1940 = 4.0
per 100,000 females.

Urinary—Cancer MortRate/ 100K Fernales
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0

0 20 40 60 80 100 120 140 160 180 200

Physicians per 100,000 Population
—--—- Calc CA Mort/100K 0 Observed CA Mort/100K

On the X-axis, PhysPop values = Physicians per 100,000 Population in
the Nine Census Divisions of the USA Population, Year 1940. This variable is
a surrogate for accumulated radiation dose --- the more physicians per 100,000 people,
the more radiation procedures are done per 100,000 people.

On the Y-axis, Urinary-Cancer Mortality-Rate per 100,000 females = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional Causation is (Natl MortRate minus the
Y-intercept) / (Natl MortRate).

Fractional Causation of Urinary—Cancer Mortality (Females) by Medical Radiation
85.7 % from Best Estimate (Box 3).
68 % at lower 90 % confidence limit (Box 3). 94.6 % at upper 90% confidence limit (Box 3).
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Table 12-A.
Urinary-System Cancer Mortality Rates by Census Divisions: Females.

Rates are annual deaths per 100,000 female population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race.” Sources are stated in Table
12-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1990
Pacific 4.1 3.9 3.3 3.1 2.8 -
New England 4.7 39 3.9 3.7 34 -~
West North Central 3.7 3.6 33 3.2 3.0 -
Mid-Atlantic 4.9 4.5 4.0 3.6 3.2 -
East North Central 4.1 4.2 3.9 35 3.0 -
Mountain 3.5 3.5 34 3.0 2.5 -
West South Central 3.1 3.4 3.2 3.0 2.8 -
East South Central 2.7 3.6 3.0 2.9 2.8 -
South Atlantic 3.0 3.6 3.3 3.1 2.9 -
Average, ALL 3.8 3.8 3.5 3.2 29 -
Average, High-5 4.3 4.0 3.7 34 3.1 -
Average, Low-4 3.1 3.5 3.2 3.0 2.8 --
Ratio, Hi5/Lo4 1.40 1.14 1.14 1.13 1.12 -—
Table 12-B.

Urinary-System Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race.”

Both Sexes Male Female
1940 5.7 7.4 4.0
1950 6.0 8.1 39
1960 5.9 8.5 3.6
1970 5.6 8.4 33
1979-81 5.2 8.2 3.0
1990 - - -

e - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.697, "Malignant
neoplasm of urinary organs (180~181)" ICD/7.

e - 1970: All rates are interpolations (Chap. 4, Parts 2b, 2c).

e - 1980: All rates (ICD/9, 188-189) come from the reference NatCtrHS 1980.

e - 1990: No data obtained. Please see Chap.4, Part 2c.
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CHAPTER 13

Genital Cancers, Males: Relation with Medical Radiation

o Part 1. Introduction
E

Male Genital Cancers include cancers of the prostate and testis (see Chapter 4, Part 5,
Number 9).

o Part 2. How the Dose-Response Develops, 1921-1940

e - Part 2a. 1921 1940 Genital Cancers, Males

PhysPop MortRate Regression Output:
Pacific 165.11 17.2 Constant -3.0904
New England 142.24 18.2 Std Err of Y Est 1.7784
West North Central 140.93 16.5 R Squared 0.6097
Mid-Atlantic 137.29 15.8 No. of Observations 9
East North Central 136.06 15.8 Degrees of Freedom 7
Mountain 135.38 15.8
West South Central 125.15 11.6 X Coefficient(s) 0.1336
East South Central 119.76 10.4 Std Err of Coef. 0.0404
South Atlantic 110.32 12.8 Coefficient / S.E. 3.3066
e - Part 2b. 1923 1940 Genital Cancers, Males

PhysPop MortRate Regression Output:
Pacific 163.06 17.2 Constant -1.7908
New England 137.39 18.2 Std Err of Y Est 1.7122
West North Central 138.31 16.5 R Squared 0.6382
Mid-Atlantic 138.92 15.8 No. of Observations 9
East North Central 131.82 15.8 Degrees of Freedom 7
Mountain 130.51 15.8
West South Central 119.16 11.6 X Coefficient(s) 0.1274
East South Central 113.16 10.4 Std Err of Coef. 0.0363
South Atlantic 106.79 12.8 Coefficient / S.E. 3.5139
o - Part 2c. 1925 1940 Genital Cancers, Males

PhysPop MortRate Regression Qutput:
Pacific 161.67 17.2 Constant -0.5537
New England 138.31 18.2 Std Err of Y Est 1.6140
West North Central 133.92 16.5 R Squared 0.6785
Mid-Atlantic 134.36 15.8 No. of Observations 9
East North Central 127.54 15.8 Degrees of Freedom 7
Mountain 122.30 15.8
West South Central 112.83 11.6 X Coefficient(s) 0.1218
East South Central 107.22 10.4 Std Err of Coef. 0.0317
South Atlantic 103.61 12.8 Coefficient / S.E. 3.8437
e - Part 2d. 1927 1940 Genital Cancers, Males

PhysPop MortRate Regression Output:
Pacific 157.83 17.2 Constant -0.1623
New England 137.50 18.2 Std Err of Y Est 1.4890
West North Central 131.54 16.5 R Squared 0.7264
Mid-Atlantic 138.40 15.8 No. of Observations 9
East North Central 126.18 15.8 Degrees of Freedom 7
Mountain 118.75 15.8
West South Central 108.25 11.6 X Coefficient(s) 0.1207
East South Central 102.07 10.4 Std Err of Coef. 0.0280
South Atlantic 102.13 12.8 Coefficient / S.E. 4.3110
e — Part 2e. 1929 1940 Genital Cancers, Males

PhysPop MortRate Regression Output:
Pacific ' 156.64 17.2 Constant 0.1163
New England 138.46 18.2 Std Err of Y Est 1.3938
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West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

128.72
138.49
126.51
118.68
105.60
99 .41
100.86

16.5
15.8
15.8
15.8
11.6
10.4
12.8

R Squared 0.7603
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.1195
Std Err of Coef. 0.0254
Coefficient / S.E. 4.7115

e - Part 2f.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate
17.2

Genital Cancers, Males
Regression Output:

Constant 1.3504
Std Err of Y Est 1.3958
R Squared 0.7596
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.1089
Std Err of Coef. 0.0232
Coefficient / S.E. 4.7024

........................................................................................................................

e - Part 2g.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
17.2
18.2
16.5
15.8
15.8
15.8
11.6
10.4
12.8

Genital Cancers, Males
Regression Output:

Constant 2.8680
Std Err of Y Est 1.3830
R Squared 0.7640
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0962
Std Err of Coef. 0.0202
Coefficient / S.E. 4.7598

e - Part 2h.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate
17.2
18.2
16.5

Genital Cancers, Males
Regression Output:

Constant 3.1726
Std Err of Y Est 1.3490
R Squared 0.7754
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0932
Std Err of Coef. 0.0190
Coefficient / S.E. 4.9160

e - Part 2i.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate
17.2
18.2
16.5
15.8
15.8

Genital Cancers, Males
Regression Output:

Constant 3.9334
Std Err of Y Est 1.3946
R Squared 0.7600
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0866
Std Err of Coef. 0.0184
Coefficient / S.E. 4.7078

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
17.2
18.2
16.5
15.8
15.8
15.8
11.6
10.4
12.8
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Regression Output:

Constant 5.1480
Std Err of Y Est 1.5112
R Squared 0.7182
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0758
Std Err of Coef. 0.0179
Coefficient / S.E. 4.2234




Box 1 of Chap. 13
Summary: Regression Outputs, Genital Cancers, Males.

Below are the summary-results from all the calculations of Part 2, for the 1940
MortRates regressed on PhysPop.

Part PhysPop R-squared Constant X-Coef Std Err X-Coef/SE
2a 1921 0.6097 -3.09 0.1336 0.0404 3.3066
2b 1923 0.6382 -1.79 0.1274 0.0363 3.5139
2c 1925 0.6785 -0.55 0.1218 0.0317 3.8437
2d 1927 0.7264 -0.16 0.1207 0.0280 4.3110
2e 1929 0.7603 0.12 0.1195 0.0254 4.7115
2f 1931 0.7596 1.35 0.1089 0.0232 4.7024
2g 1934 0.7640 2.87 0.0962 0.0202 4.7598
2h ----> 1936 Max 0.7754 3.17 0.0932 0.0190 4.9160
2 1938 0.7600 3.93 0.0866 0.0184 4.7078
2j 1940 0.7182 5.15 0.0758 0.0179 4.2234

Box 2 of Chap. 13
Input-Data for Figure 13-A. Genital Cancers. Males.

Part 2h, Best-Fit Equation: Calc. MortRate = (0.0932 * PhysPop) + (3.17)

Census Divisions 1940 1940 Best-Fit
Observed Observed Calc.
PhbysPops MortRates MortRates
Pacific 159.72 17.2 18.056
New England 161.55 18.2 18.226
West No. Central 123.14 16.5 14.647
Mid-Atlantic 169.76 15.8 18.992
East No. Central 133.36 15.8 15.599
Mountain 119.89 15.8 14.344
West So. Central 103.94 11.6 12.857
East So. Central 85.83 10.4 11.169
South Atlantic 100.74 12.8 12.559
Additional PhysPops 70.00 9.694
-~- not "observed” -—- 60.00 8.762
down to zero PhysPop 50.00 7.830
(zero medical radiation). 40.00 6.898
For each, we calculate 30.00 5.966
a best—fit MortRate. 20.00 5.034
These additional x,y pairs 10.00 4,102
are also part of the 0 3.170

best-fit line (Chap 5, Part 5e).
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Box 3 of Chap. 13
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.

Genital Cancers. MALES.

e MALE National MortRate (MR) 1940, from Table 13-B 15.2  National MortRate
e Constant, from regression, Part 2h 3.1726  Constant
o Fractional Causation, Best Est. = (Natl MR -~ Constant) / Natl MR 79.1% Frac. Causation

............................................................................................................................................

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2h 0.0932  X-Coef., Best Est.
Standard Error (SE) of X~Coefficient, from Part 2h 0.0190  Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.1245  New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1936 Natl PhysPop) = -0.7215  New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Nat!l MR = 104.7% # New Frac. Caus’n.
# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.
Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.0619  New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1936 Natl PhysPop) = 7.2754  New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = §52.1% New Frac. Caus'n.
Box 4 of Chap 13.
Error-Check on Our Own Work: Genital Cancers, Males.
Please see text in Chapter 6, Part 5.
Below, Columns A, C, and E come directly from the regression input in Part 2h. Column B, the
fraction of the whole 1940 population in each Census Division, comes from Table 3-B in Chapter 3.
Each Column-D entry is the product of (B-entry times C-entry). Each Column-F entry is the product
of (B-entry times E-entry). PhysPops and MortRates are each "per 100,000."
The Weighted-Avg. Nat’l PhysPop, 1936, is the sum of Column-D entries = 127.93
The 1936 PhysPop approximation is weighted by the 1940 population-fractions.
The Weighted-Avg. Nat’l Male MortRate, 1940, is sum of Col.F entries = 14.87
The Nat’'l Male MortRate is also (X-Coef * Nat’i PhysPop) + Constant = 15.10
Comparison: The Nat’l Male MortRate, 1940, in Table 13-B = 15.20
(A) (B) ©) (D) (E) (F)
Census Pop’n PhysPop Weighted MortRate Weighted
Division Fraction 1936 PhysPop 1940  MortRate
Pacific 0.0739 158.44 11.71 17.2 1.27
New England 0.0641 150.18 9.63 18.2 1.17
West No. Central 0.1027 126.14 12.95 16.5 1.69
Mid-Atlantic 0.2092 155.05 32.44 15.8 3.31
East No. Central 0.2022 130.42 26.37 15.8 3.19
Mountain 0.0315 119.80 3.77 15.8 0.50
West So. Central 0.0992 103.52 10.27 11.6 1.15
East So. Central 0.0819 89.94 7.37 10.4 0.85
South Atlantic 0.1354 99.16 13.43 12.8 1.73
Sums 1.0000 127.93 14.87
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Genital-System Cancer: Males Figure 13-A.

1940 Genital-System Cancer Mortality-Rates versus
1936 PhysPop Values for the 9 Census Divisions, USA.
Dose—-Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

30
28
26

22
20 I

16
14

10

R-Squared = 0.7182
X-Coef/SE = 4.910
National MortRate 1940 = 15.2
per 100,000 males.

Genital-Cancer MortRate/ 100K M ales

] L1 1 | SN Y I TR S N N | S I S |

0 20 40 60 80 100 120 140 160 180 200

Physicians per 100,000 Population
--—- Calc CA Mort/100K O Observed CA Mort/100K

On the X-axis, PhysPop values = Physicians per 100,000 Population in
the Nine Census Divisions of the USA Population, Year 1940. This variable is
a surrogate for accumulated radiation dose --- the more physicians per 100,000
people, the more radiation procedures are done per 100,000 people.

On the Y-axis, Genital-Cancer Mortality-Rate per 100,000 males = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2h). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional Causation is (Natl MortRate minus the
Y-intercept) / (Natl MortRate).

Fractional Causation of Genital-Cancer Mortality (Males) by Medical Radiation
79 % from Best Estimate (Box 3).
52 % at lower 90 % confidence limit (Box 3). ~100 % at upper 90% confidence limit (Box 3).
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Table 13-A.
Genital Cancer Mortality Rates by Census Divisions: Males.

Rates are annual deaths per 100,000 male population, USA, age—-adjusted to the 1940
reference year. There are no exclusions by color or "race.” Sources are stated in Table
13-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1990
Pacific 17.2 14.0 13.4 13.9 14.4 15.9
New England 18.2 16.6 15.7 15.3 14.8 16.6
West North Central 16.5 16.6 15.4 14.8 14.2 16.3
Mid-Atlantic 15.8 14.2 13.6 14.2 14.8 16.8
East North Central 15.8 15.1 15.1 15.2 15.3 17.2
Mountain 15.8 13.6 15.2 14.9 14.5 16.6
West South Central 11.6 13.3 14.6 14.5 14.3 16.7
East South Central 10.4 14.7 15.9 15.7 15.4 17.5
South Atlantic 12.8 14.7 14.6 15.5 16.4 18.6
Average, ALL 14.9 14.8 14.8 14.9 14.9 16.9
Average, High-5 16.7 153 14.6 14.7 14.7 16.6
Average, Low-4 12.7 14.1 15.1 15.1 15.2 17.4
Ratio, Hi5/Lo4 1.32 1.09 0.97 0.97 0.97 0.95
Table 13-B.

Genital Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race.”

Both Sexes Male Female
1940 23.5 15.2 32.1
1950 21.0 14.9 27.2
1960 18.5 14.6 22.4
1970 - 14.8 18.0
1979-81 - 15.0 13.7
1989-1991 - 16.9 -

e - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.693, "Malignant
neoplasms of genital organs (171-179)" ICD/7.

e - 1970: All rates are interpolations (Chap. 4, Parts 2b, 2c).

e - 1980: All rates (ICD/9, 179-187) come from the reference NatCtrHS 1980.

e - 1990 male rates by Divisions and National come from Monthly Vital Statistics Vol.43,
No.8, January 31, 1995. Females: Not available.

- 160 -




CHAPTER 14

Genital Cancers, Females: Relation with Medical Radiation, and Discussion

Part 1. How a Dose-Response Fails to Develop, 1921-1940
Part 2. Division of This Cancer MortRate into Uterus vs. Other
Part 3. Findings in the Most Recent Report on A-Bomb Survivors

Part 4. Ovarian Cancer and Talcum Powder

Part 5. Cervical Cancer and Human Papilloma Virus ... and Co-Actors

Part 6. A Likely Explanation for the Absent Dose-Response

Box 1. Summary-Results from All Ten Regression Analyses.

Box 2. Input-Data for Graph of Figure 14-A.
Figure 14-A. Graph of the Strongest Dose-Response.

Tables 14-A, 14-B. Genital Cancer MortRates, 1940-1980.

e Part 1. How a Dose-Response Fails to Develop, 1921-1940

Female genital cancers include cancers of the cervix uteri, corpus uteri, ovaries, fallopian
tubes, broad ligament, and other female genital organs (see Chapter 4, Part 5, Number 9).

Inspection, of the 1940 MortRates in Table 14-A, shows that the 1940 Hi5/Lo4 MortRate ratio
is near unity (1.04). We have not seen such a low ratio in any of the previous chapters. Because the
response (cancer MortRate) is so nearly alike in the Nine Census Divisions, it is highly unlikely that
any significant dose-response exists in these data. And indeed, regression analysis confirms the
absence of any dose-response. (We do not show the standard ten regressions in this chapter. Of
course, the y-values are always the 1940 MortRates from Table 14-A, and the x-values are always the
ten familiar sets of PhysPops, from Table 3-A.)

The summary-results of the regression analyses are presented in Box 1. In the maximum
relationship (2j), the two measures of significance are both exceedingly low. The highest R-squared
value is 0.0683. The highest ratio of the X-Coefficient over its Standard Error is 0.7163.

Box 2 prepares the input for Figure 14-A. As expected, Figure 14-A shows nine boxy symbols
which predict a line of best fit which is nearly flat. In other words, an increment in dose (PhysPop)
hardly produces any increment in response (MortRate).

Before moving to other considerations, we further explored the absence of a dose-response for
female Genital Cancers by regressing the non-white 1940 MortRates upon PhysPop. Like the all-race
MortRates for 1940, the non-white MortRates come from Grove 1968, Table 67. Although the
Hi5/Lo4 ratio for the non-white study-group is 1.35 instead of 1.04, the correlation of the non-white
1940 MortRates with PhysPop is just as poor as it is for the all-race MortRates:

Census Div. 1940

PhysPop
Pacific 159.72
New England 161.55
WestNoCentral 123.14
Mid-Atlantic 169.76
EastNoCentral 133.36
Mountain 119.89
WestSoCentral 103.94
EastSoCentral 85.83
So Atlantic 100.74

1940
MortRate
33.9
60.4
65.0
55.8
61.3
27.5
45.6
46.0
44.9

Genital Ca, non-white Females:
Regression Output:

Constant 36.7668
Std Err of Y Est 13.3506
R Squared 0.0484
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0946
Std Err of Coef. 0.1586
XCoef/S.E. = 0.5964

Among all the cancers studied in this monograph, female Genital Cancers turn out to be the
ONLY group of cancers whose 1940 MortRates have no significant relationship with PhysPop (Chapter
22, Box 1). What are the possible explanations?
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"Small numbers" are clearly not the explanation for the absence of any significant
dose-response. The 1940 female MortRates for Genital Cancers are many times higher than the female
MortRates for Urinary Cancer in Chapter 12 --~ where a strong dose-response develops by 1940. We
see no reason to think that the absent dose-response reflects misdiagnosis of female Genital Cancers.
And there is no reason to believe that the female pelvis escaped exposure to medical irradiation,
inasmuch as it received exposure from xrays of the hip, lumbar spine, lumbo-sacral spine,
kidney-ureter-bladder, lower gastro-intestinal tract, pelvimetry, etc. We note that significant
dose-responses occur for both digestive-system and urinary-system cancers in females (Chapters 10
and 12).

For female genital cancers, the absence of a dose-response is not a marginal matter. The
results do not fall BARELY below some arbitrary level of statistical significance. The difference from
every other set of cancers is like "night versus day."

® Part 2. The Subsets of Female Genital Cancers

We wish to ascertain which was the most important subset of female Genital Cancers in 1940.
Grove 1968 (in Table 65, p.589), provides National 1940 MortRates for three groups of female Genital
Cancers per 100,000 population (male + female), which is why the total rate of 16.0 (shown below) is
approximately HALF of the National values in our Table 14-B. In 1960, Grove’s Table 65 (p.597)
provides separate entries for four groups of female Genital Cancers, so we will examine the 1960
entries, too. Although the 1960 entries are not age-adjusted to the 1940 reference year, we can use
them "as is" to calculate percentages:

100.0% 16.0 = 1940 MortRate for all female Genital Cancers.
79.4% 12.7 = 1940 MortRate for cancer of the uterus (corpus + cervix).
17.5% 2.8 = 1940 MortRate for cancer of ovary, fallopian tube, and parametrium.
3.1% 0.5 = 1940 MortRate for cancer of vagina, vulva, and unspecified sites.
100.0% 13.0 = 1960 MortRate for all female Genital Cancers.
36.2% 4.7 = 1960 MortRate, malignant neoplasm of cervix uteri.
25.4% 3.3 = 1960 MortRate, malignant neoplasm of other parts of the uterus.
34.6% 4.5 = 1960 MortRate, malig. neoplasm of ovary, fallopian tube, broad ligament.
3.8% 0.5 = 1960 MortRate, malig. neoplasm of unspecifed female genital organs.

In both 1940 and 1960, the two major parts of the uterus (cervix and corpus) dominate the
cancer death-rates in the grouping called female Genital Cancers. And in the uterus, the cervix
accounts for more cancer mortality in 1960 than does the corpus. It is noteworthy that, by 1988,
age-adjusted MortRates from Ovarian Cancer and from Uterine Cancer (including Cervical Cancer)
had become approximately equal (our Figure 67-A). During the 1940-1988 period, MortRates from
Ovarian Cancers increased somewhat, while MortRates from Uterine Cancers fell drastically. A
contribution to the latter’s fall may have come from a high rate of womb-removal in the USA.

Naturally, we wondered what the findings are for induction of female Genital Cancers by
bomb-radiation in the A-Bomb Survivor Study.

The most recent follow-up (1950-1990) of the A-Bomb Survivors is presented in Pierce
1996-b. There (at page 15), we find Table X, "Numbers of Cancer Deaths and One-Sided P-Values
for a Dose-Effect.” The P-value for cancer of the uterus (cervix + corpus) is presented as 0.092. The
P-value for cancer of the ovary is presented as 0.010. With one result (uterus) statistically suggestive
and the other (ovary) statistically significant, the message is VERY different from the findings in our
Box 1 --- where statistical significance is not even approached at all.

This difference is a clue of some sort. One would expect the statistically stronger results to
occur in the larger study, all other things being equal. But we find the reverse, even though our xray
study has millions of female participants and the A-Bomb Study has only about 50,000 females ---
most of whom were hardly irradiated at all by the bomb (Chapter 2, Part 5a).
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In view of the results in the A~-Bomb Study, as well as the 1940 results in our studies for all
cancers EXCEPT female Genital Cancers, we would expect to find a significant and positive
dose-response relationship between medical radiation (PhysPop) and female Genital Cancers.
Therefore, one ought to ask: What might make it appear that this relationship does NOT exist, if it
DOES exist?

If the nine dose-groups (the populations of the Nine Census Divisions) happen to be badly
matched for nonxray causes of female Genital Cancers, the bad matching could explain the complete
absence of a dose-response in our Box 1 of this chapter. The effect of poor matching can vary in
degree, of course. In Chapter S, our Figure 5-D illustrates degradation of statistical strength from
perfection (R-squared = 1.00) to a strength which is still highly significant (R-squared = 0.7112). Our
Figure 5-E illustrates that an INVERSE relationship, between PhysPop and some other powerful cause
of the same cancers, can even make a truly positive dose~response between medical radiation and those
cancers appear to be negative. Between these extreme illustrations lies a range of concealment where
poor matching just makes a signficant positive dose-response appear to be non-existent (so that the line
of best-fit is approximately flat, with about the same response at all dose-levels).

Parts 4 and 5 discuss, for illustrative purposes, two of the several nonxray causes of female
Genital Cancers which might be badly matched across our nine dose-groups. We emphasize "might,"
because we doubt very much that any useful data exist on the geographical distribution of these two
causes before (or after) 1940.

® Part 4. Ovarian Cancer and Talcum Powder

For decades, there has been suspicion that the substance, talc, might be gaining access to the
ovary by the vagina-uterus-oviduct route, and that talc might be an ovarian carcinogen.

4a. The Background as Presented by Cramer et al, 1982

Daniel W. Cramer and associates begin their 1982 paper by stating (Cramer 1982, p.372):
"The possibility that ovarian cancer may be caused by exposure to certain hydrous magnesium silicates
such as talc and asbestos has been raised by several researchers (Graham 1967 + Henderson 1971 +
Longo 1979). The lack of epidemiologic studies regarding this hypothesis prompted us to investigate
talc exposures in a case-control study of ovarian cancer." In their discussion, they state (Cramer 1982,
p-375):

"The argument linking talc and ovarian cancer includes four elements: The chemical
relationship between talc and asbestos, asbestos as a cause of pleural and peritoneal mesotheliomas, the
possible relationship between epithelial ovarian cancers and mesotheliomas, and the ability of talc to
enter the pelvic cavity. The mineral talc is a specific hydrous magnesium silicate chemically related to
several asbestos group minerals and occurring in nature with them. Generic ‘talc’ is seldom pure and
may be contaminated with asbestos, particularly in powders formulated prior to 1976 (Cralley 1968 +
Rohl 1976)." And they add (Cramer 1982, p.375):

"Although greeted with skepticism, the finding of talc particles embedded in normal and
abnormal ovaries suggests that talc is a substance that can enter the pelvic cavity via the vagina
(Henderson 1971)."

4b. Results of the Talc Study by Cramer et al. 1982

The Cramer study compared 215 white females with epithelial ovarian cancers with 215 control
women from the general population matched by age (average age = 53), race, residence, educational
level, and religion. They were not matched for parity, however (Table 1). Relative risks had to be
adjusted for this and some other "potential confounders" (Cramer 1982, p.373). Results:

"Ninety-two of the cases (42.8%) regularly used talc either as a dusting powder on the
perineum or on sanitary napkins compared with 61 (28.4%) controls. Adjusted for parity and
menopausal status, this difference yielded a relative risk of 1.92 (P < 0.003) for ovarian cancer
associated with these practices. Women who had regularly engaged in both practices had an adjusted
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relative risk of 3.28 (P < 0.001) compared to women with neither exposure. This provides some
support for an association between talc and ovarian cancer ... The authors also investigated
opportunities for potential talc exposure from rubber products such as condoms or diaphragms or from
pelvic surgery. No significant differences were noted between cases and controls in these exposures
..." (Cramer 1982, p.372). In the end, they conclude (Cramer 1982, p.376):

"If talc is involved in the etiology of ovarian cancer, it is not clear whether this derives from
the asbestos content of talc or from the uniqueness of the ovary which might make it susceptible to
carcinogenesis from both talc and other particulates.” And (p.376): "It is hoped that this report will
stimulate further study of talc exposure in relation to ovarian cancer.”

Exposure to genital powders is very common among American women (Part 4c, below).

4c. Results of the Powder and Spray Study by Cook et al. 1997

Linda S. Cook and colleagues begin their 1997 paper as follows (Cook 1997, p.459):

"Studies documenting the migration of carbon particles and radioactive particulate agents from
the vagina to the ovaries (2 references), as well as those that have identified talc-like particles more
frequently in ovarian tumors than in normal human ovarian tissue (1 reference), have raised concern
that genital powder exposure may increase a woman's risk of developing ovarian cancer. While the
results of several epidemiological studies have suggested elevated risks for ovarian cancer among
women with genital powder exposures (8 references), results have been inconsistent for particular
methods of powder application (1 reference). In this population-based case-control study, information
on the method, duration, and frequency of powder application was collected to evaluate the impact of
genital powder exposures on the risk of epithelial ovarian cancer.” Their study consisted of 313
ovarian cancer cases and 422 controls. One of the featured results (Cook 1997, p.459):

" After adjustment for age and other methods of genital powder application (none vs. any), an
elevated relative risk of ovarian cancer was noted only for women with a history of perineal dusting
(RR = 1.6, 95% CI 1.1-2.3) or use of genital deodorant spray (RR = 1.9,95% CI 1.1-3.1). These
results offer support for the hypothesis, raised by prior epidemiologic studies, that powder exposure
from perineal dusting contributes to the development of ovarian cancer, and they suggest that use of
genital deodorant sprays may do so as well."

At the end of their paper, Cook and co-workers urge additional studies, and point out (Cook
1997, p.465):

"The prevalence of genital powder exposure reported among control women in this and other
studies conducted in the United States ranges from 28 percent to 51 percent (5 references). Given such
a common practice, even the modest elevation of ovarian cancer risk associated with genital powder
application suggested by most of the epidemiologic studies could have a notable impact on the incidence
of ovarian cancer in the United States.”

o Part 5. Cervical Cancer and d Co-Acto

f

There seems to be little doubt that infection of the female genital tract, with human papilloma
viruses (HPV), plays a very important role in the causation of squamous-cell carcinoma of the cervix
("cervical cancer"). Dr. Keerti Shah comments on some of the recent findings in an editorial in the
New England Journal of Medicine (Nov. 6, 1997). Indeed, Shah states (Shah 1997, p.1387): "In all
parts of the world, infections with genital HPVs appear to account for nearly 100 percent of cervical
cancers (Bosch 1995 and unpublished data).” And (p.1387): "In most cancers, the HPV genome is
integrated into the cellular DNA."

Among about 30 strains of HPV which can infect the cervix, only a few strains -—— most
especially HPV-16, 18, 31, and 45 —-- seem to be carcinogenic. A 1998 study indicates that
infection even by these "high-risk” HPV strains often clears up (Ho 1998, p.424, Table 1.)

Several lines of evidence indicate that the HPV virus needs help from carcinogenic co-actors, in

order to produce a case of fatal cervical cancer (ZurHausen 1998). For example, work by Apple (1994,
1995) suggests that a woman’s particular mixture, of inherited genes for HLA proteins, has an
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influence on her risk of developing cervical cancer after cervical infection with HPV-16. Other recent
work (Storey 1998) suggests that women who inherit a particular variant of the p53 gene are
most at risk for the CONSEQUENCES of infection by the "high-risk" HPV strains.

Prokopczyk, another investigator into the etiology of cervical cancer, explicitly asserts that
HPV infection by itself is not enough to cause cervical cancer in women. He suggests: "There must be
another factor initially damaging the cervical DNA" (Prokopczyk 1996, p.282). Some experimental
work with mice (Arbeit 1996) also seems to suggest that HPV alone does not suffice. According to
Prokopczyk and colleagues (Prokopczyk 1997, p.869):

"HPV-modified DNA has been detected in up to 93% of cervical tumor specimens (IARC 1995
+ Bosch 1995). However, because HPV infections are widespread in the general population and
HPV-immortalized cell lines are generally not tumorigenic, HPV infection likely interacts with one or
more co-factors before cancer develops.” They mention deficiency in micronutrients, lower
socioeconomic status, use of oral contraceptives, and cigarette smoking as co—factors which have been
explored.

With respect to smoking, they state (Prokopcyzk 1997, p.869): "Winkelstein (1990) reviewed
18 studies of cigarette smoking and cervical cancer: 15 of these studies supported an increased risk (up
to 4.3-fold higher) of cervical cancer among smokers, and several of these studies demonstrated a
dose~response relationship (2 references). Environmental exposure to cigarette smoke has also been
suggested to increase the risk of cervical cancer (Slattery 1989) ..." Later (at p.872), Prokopcyzk et al
report that "Smoking-related DNA damage has been demonstrated by several studies (5 references)
through P-32 postlabeling techniques; however, structures of these putative adducts remain unknown."

These workers undertook a small pilot study in which they found that that cervical mucus, from
women who smoke, contains a significantly higher concentration of a carcinogenic tobacco-specific
nitrosamine (NNK) than cervical mucus from nonsmokers (Prokopcyzk 1997, p.871, Table 1).

e Part 6. A Likely Explanation for the Absent Dose-Response

t %1

Cancer is a disease having multiple causes. Indeed, co-action among two or more causes may
be required to produce most of the fatal cases. In every chapter of Section 2 except this chapter, we
find that medical radiation was a NECESSARY cause in a very high fraction of all cancers which were
fatal in 1940.

We doubt very much that medical radiation plays no role at all in female Genital Cancers. We
think the probable explanation, for the absence of any dose-response in these data, is bad matching
(across the Nine Census Divisions) of some co-actors which are potent in causing female Genital
Cancers but are not potent in causing the other cancers. There is no doubt that badly matched
dose-groups can mask a true dose-response beyond detection. This is such a common pitfall, in
human epidemiological research, that it is reasonable to suspect it to be the explanation here.

DOODOOOO>>

- 165 -



Box 1 of Chap. 14

Summary: Regression Outputs, Genital Cancers, Females.

Below are the summary-results from regressing the 1940 cancer MortRates upon
the ten sets of PhysPops (1921-1940).

Part PhysPop R-squared
2a 1921 0.0006
2b 1923 0.0020
2c 1925 0.0163
2d 1927 0.0262
2e 1929 0.0318
2f 1931 0.0427
2g 1934 0.0534
2h 1936 0.0458
2i 1938 0.0539

2j ---> 1940 Max

0.0683

Constant

31.06
30.77
29.56
29.18
29.05
28.89
28.92
29.19
29.13
29.06

X-Coef

0.0034
0.0058
0.0155
0.0188
0.0200
0.0211
0.0208
0.0185
0.0189
0.0191

Std Err

0.0529
0.0493
0.0454
0.0433
0.0417
0.0378
0.0331
0.0320
0.0299
0.0267

X-Coef/SE

0.0643
0.1171
0.3410
0.4340
0.4798
0.5587
0.6285
0.5793
0.6316
0.7163

Box 2 of Chap. 14

Input-Data for Figure 14-A. Genital Cancers. Females.

Part 2j, Best-Fit Equation: Calc. MortRate = (0.0191 * 1940 PhysPop) + (29.06)

Census Divisions

Pacific

New England
West No. Central
Mid-Atlantic
East No. Central
Mountain

West So. Central
East So. Central
South Atlantic

Additional PhysPops
--- not "observed" ---
down to zero PhysPop

(zero medical radiation).

For each, we calculate
a best-fit MortRate.

These additional x,y pairs

are also part of the

best-fit line (Chap 5, Part Se).

1940
Observed
PhysPops

159.72
161.55
123.14
169.76
133.36
119.89
103.94

85.83
100.74

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0

1940
Observed
MortRates

33.1
32.8
28.4
32.7
33.2
27.8
30.0
33.2
325

Best-Fit
Calc.
MortRates

32.111
32.146
31.412
32.302
31.607
31.350
31.045
30.699
30.984

30.397
30.206
30.015
29.824
29.633
29.442
29.251
29.060
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Genital-System Cancer: Females

Figure 14-A.

Genital—-Cancer MortRate/ 100K Females

50

40

30

20

10

1940 Genital-System Cancer Mortality-Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.
Dose-Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

R-Squared = 0.0683

- X-Coef/SE = 0.7163

National MortRate 1940 = 32.1

per 100,000 females.

No significance in these relationships.

) S S [ (N T N T N SN SR N N | | L1

0 20 40 60 80 100 120 140 160 180 200

Physicians per 100,000 Population
———- Calc CA Mort/100K O Observed CA Mort/100K

On the X-axis, PhysPop values = Physicians per 100,000 Population in the Nine
Census Divisions of the USA Population, Year 1940. This variable is a surrogate for
accumulated radiation dose --- the more physicians per 100,000 people, the more
radiation procedures are done per 100,000 people.

On the Y-axis, Genital-Cancer Mortality-Rate per 100,000 females = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940,
for all "races” combined, no exclusions.

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. There is no dose-response relationship detected with these
data, so the presumptive Fractional Causation in 1940 by medical radiation is zero.
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Table 14-A.

Genital Cancer Mortality Rates by Census Divisions: Females.

Rates are annual deaths per 100,000 female population, USA, age—adjusted to the
1940 reference year. Sources are provided in Chapter 4, Part 2. There are no
exclusions by color or "race.” The tabulation includes averages (not
population-weighted) and the Hi5/Lo4 ratios —-- explained at the outset of

Chapter 4.

Census Division 1940 1950 1960 1970 1980 1990
Pacific 33.1 25.5 20.0 16.7 13.3 -—
New England 32.8 25.1 21.7 17.6 13.4 --
West North Central 28.4 23.4 20.3 16.8 13.3 -
Mid-Atlantic 32.7 27.2 22.2 18.3 14.3 -
East North Central 33.2 28.3 24.2 19.4 14.5 -
Mountain 27.8 23.6 18.4 15.0 11.7 -
West South Central 30.0 27.4 22.1 17.3 12.5 -
East South Central 33.2 29.7 24.7 19.5 14.3 -
South Atlantic 32.5 29.9 24.0 18.8 13.5 -
Average, ALL 31.5 26.7 22.0 17.7 13.4 -
Average, High-5 32.0 25.9 21.7 17.7 13.8 -
Average, Low-4 30.9 27.7 22.3 17.7 13.0 -
Ratio, Hi5/Lo4 1.04 0.94 0.97 1.00 1.06 -~

Table 14-B.
Genital Cancer Mortality Rates, USA National.

Rates are age—adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race.”

Both Sexes Male Female
1940 23.5 15.2 32.1
1950 21.0 14.9 27.2
1960 18.5 14.6 22.4
1970 - 14.8 18.0
1979-81 13.5 15.0 13.7
1990 - 16.9 -

e - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.693, "Malignant
neoplasms of genital organs (171-179)" ICD/7.

e - 1970: All rates are interpolations (Chap. 4, Parts 2b, 2¢).

e - 1980: All rates (ICD/9, 179-187) come from the reference NatCtrHS 1980.

e - 1990 male rates by Divisions and National come from Monthly Vital Statistics Vol.43,
No.8, January 31, 1995. Females: Not available.
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o Part 1. Introduction

e Part 2. How the Dose-Response Develops, 1921-1940

CHAPTER 15
Buccal-Cavity & Pharynx Cancers, Males: Relation with Medical Radiation

Buccal-Cavity and Pharynx Cancers include cancers of the lip, tongue, unspecified parts of the
buccal cavity, and the pharynx (see Chapter 4, Part 5, Number 5). The MortRates in Table 15-A
clearly present a "small numbers problem.” The problem is so severe for the females --- as indicated
by their lower national MortRate in Table 15-B --- that we did not analyse the female data.

o - Part 2a.

New England
West North Central
Mid-Atlantic
East North Central

West South Central
East South Central
South Atlantic

New England
West North Central
Mid-Atlantic
East North Central

West South Central
East South Central
South Atlantic

New England
West North Central
Mid-Atlantic
East North Central

West South Central
East South Central
South Atlantic

New England
West North Central
Mid-Atlantic
East North Central

West South Central
East South Central
South Atlantic

e — Part 2b.

.........................................................

e - Part 2d.
PhysPop

157.83
137.50
131.54
138.40
126.18
118.75
108.25
102.07
102.13
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wWwowwoaosn

P e N
Wowxwonh Wwowmoanr

LR ROE O
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Buccal + Pharynx Ca, Males
Regression Output:

Constant -0.3152
Std Err of Y Est 1.2889
R Squared 0.1884
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0373
Std Err of Coef. 0.0293
Coefficient / S.E. 1.2746

...............................................................

Buccal + Pharynx Ca, Males
Regression Output:

Constant -0.6198
Std Err of Y Est 1.2327
R Squared 0.2577
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0407
Std Err of Coef. 0.0261
Coefficient / S.E. 1.5589

...............................................................

Buccal + Pharynx Ca, Males
Regression Output:

Constant -0.7436
Std Err of Y Est 1.1670
R Squared 0.3346
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0430
Std Err of Coef. 0.0229
Coefficient / S.E. 1.8763

...............................................................

Buccal + Pharynx Ca, Males
Regression Output:

Constant -1.2380
Std Err of Y Est 1.0624
R Squared 0.4486
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0477
Std Err of Coef. 0.0200
Coefficient / S.E. 2.3862

...............................................................



1940
MortRate
5.3
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Buccal + Pharynx Ca, Males
Regression Output:

Constant -1.1282
Std Err of Y Est 1.0421
R Squared 0.4695
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0472
Std Err of Coef. 0.0190
Coefficient / S.E. 2.4891

........................................................................................................................
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Buccal + Pharynx Ca, Males
Regression Output:

Constant -0.7783
Std Err of Y Est 1.0182
R Squared 0.4935
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0441
Std Err of Coef. 0.0169
Coefficient / S.E. 2.6115

........................................................................................................................

._
2
83
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Buccal + Pharynx Ca, Males
Regression Output:

Constant -0.6732
Std Err of Y Est 0.8985
R Squared 0.6056
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0430
Std Err of Coef. 0.0131
Coefficient / S.E. 3.2784

........................................................................................................................

MortRate
53

AWAN SO RO
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Buccal + Pharynx Ca, Males
Regression QOutput:

Constant -0.5979
Std Err of Y Est 0.8714
R Squared 0.6290
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0422
Std Err of Coef. 0.0122
Coefficient / S.E. 3.4453

........................................................................................................................

MortRate
5.3
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WWOWWWONM

Buccal + Pharynx Ca, Males
Regression Output:

Constant -0.4713
Std Err of Y Est 0.8197
R Squared 0.6718
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0409
Std Err of Coef. 0.0108
Coefficient / S.E. 3.7853

........................................................................................................................

Chap.15
e - Part 2e. 1929
PhysPop
Pacific 156.64
New England 138.46
West North Central 128.72
Mid-Atlantic 138.49
East North Central 126.51
Mountain 118.68
West South Central 105.60
East South Central 99.41
South Atlantic 100.86
e - Part 2f. 1931
PhysPop
Pacific 159.97
New England 142.35
West North Central 126.50
Mid-Atlantic 140.82
East North Central 128.59
Mountain 118.89
West South Central 105.95
East South Central 96.73
South Atlantic 99.59
e - Part 2g 1934
PhysPop
Pacific 160.09
New England 148.60
West North Central 125.96
Mid-Atlantic 149.62
East North Central 129.36
Mountain 117.16
West South Central 104.68
East South Central 92.00
South Atlantic 98.41
e - Part 2h. 1936
PhysPop
Pacific 158.44
New England 150.18
West North Central 126.14
Mid-Atlantic 155.05
East North Central 130.42
Mountain 119.80
West South Central 103.52
East South Central 89.94
South Atlantic 99.16
® — Part 2i 1938
PhysPop
Pacific 157.62
New England 154.08
West North Central 124.95
Mid-Atlantic 160.69
East North Central 131.98
Mountain 119.88
West South Central 102.79
East South Central 88.21
South Atlantic 99.26
® — Part 2j 1940
PhysPop
Pacific 159.72
New England 161.55
West North Central 123.14
Mid-Atlantic 169.76
East North Central 133.36
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Buccal + Pharynx Ca, Males
Regression Output:

Constant -0.2081
Std Err of Y Est 0.7525
R Squared 0.7234
No. of Observations 9
Degrees of Freedom 7
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Mountain

West South Central
East South Central
South Atlantic

119.89
103.94

85.83
100.74

2.8

4.0 X Coefficient(s)
3.3 Std Err of Coef.
4.3 Coefficient / S.E.

0.0382
0.0089
4.2782

Std Err  X-Coef/SE

0.0293
0.0261
0.0229
0.0200
0.0190
0.0169
0.0131
0.0122
0.0108
0.0089

Box 1 of Chap. 15
Summary: Regression Outputs, Buccal Cav. & Pharynx Cancers, Males.
Below are the summary-results from regressing the 1940 cancer MortRates upon the ten sets

of PhysPops (1921-1940), as presented in Parts 2a-2j of this chapter.

Part PhysPop R-squared Constant X-Coef

2a 1921 0.1884 -0.32 0.0373

2b 1923 0.2577 -0.62 0.0407

2c 1925 0.3346 -0.74 0.0430

2d 1927 0.4486 -1.24 0.0477

2e 1929 0.4695 -1.13 0.0472

2f 1931 0.4935 -0.78 0.0441

2g 1934 0.6056 -0.67 0.0430

2h 1936 0.6290 ~0.60 0.0422

2i 1938 0.6718 -0.47 0.0409

2j ——-> 1940 Max 0.7234 -0.21 0.0382

1.2746
1.5589
1.8763
2.3862
2.4891
2.6115
3.2784
3.4453
3.7853
4.2782

Input-Data for Figure 15-A. Buccal Cav. & Pharynx Cancers. Males.

Box 2 of Chap. 15

Part 2j, Best-Fit Equation: Calc. MortRate = (0.0382 * PhysPop) + ( -0.21)

Census Divisions

Pacific

New England
West No. Central
Mid-Atlantic
East No. Central
Mountain

West So. Central
East So. Central
South Atlantic

Additional PhysPops

—--- not "observed" —--
down to zero PhysPop
(zero medical radiation).
For each, we calculate

a best-fit MortRate.
These additional x,y pairs

are also part of the

best-fit line (Chap 5, Part Se).

1940
Observed
PhysPops

159.72
161.55
123.14
169.76
133.36
119.89
103.94

85.83
100.74

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0

1940
Observed
MortRates

ot
w

PWANRO R
WWOmwxonh

Best-Fit
Calc.
MortRates

5.891
5.961
4.494
6.275
4.884
4.370
3.761
3.069
3.638

2.464
2.082
1.700
1.318
0.936
0.554
0.172
-0.210
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Box 3 of Chap. 15
Presumptive Fraction of Cancer MortRate Attributable to Medical Radjation.

Please see text in Chapter 6, Parts 4 and 6.

Buccal-Cavity + Pharynx Cancers. MALES.

e MALE National MortRate (MR) 1940, from Table 15-B 5.1 National MortRate
e Constant, from regression, Part 2j -0.2081 Constant
e Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 104.1% # Frac. Causation

# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

.................................................................................................................................

X-Coefficient, from Part 2j 0.0382 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2j 0.0089 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.0528 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = -1.8771 New Constant

Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 136.8% # New Frac. Caus’n.
# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.0236 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 1.9892 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 61.0% New Frac. Caus’n.

Box 4 of Chap. 15
Error-Check on Our Own Work: Buccal-Cav. & Pharynx Cancers, Males.
Please see text in Chapter 6, Part 5.
Below, Columns A, C, and E come directly from the regression input in Part 2j. Column B, the
fraction of the whole 1940 population in each Census Division, comes from Table 3-B in Chapter 3.
Each Column-D entry is the product of (B-entry times C-entry). Each Column-F entry is the product
of (B-entry times E-entry). PhysPops and MortRates are each "per 100,000."
The Weighted-Avg. Nat'l PhysPop, 1940, is the sum of Column-D entries = 132.04
The Weighted-Avg. Nat’l Male MortRate, 1940, is sum of Col.F entries = 5.03
The Nat’'l Male MortRate is also (X-Coef * Nat’l PhysPop) + Constant = 4.84
Comparison: The Nat’l Male MortRate, 1940, in Table 15-B = 5.10
(A) (B) © (D) (E) F)

Census Pop'n PhysPop  Weighted MortRate Weighted

Division Fraction 1940 PhysPop 1940 MortRate
Pacific 0.0739 159.72 11.80 5.3 0.39
New England 0.0641 161.55 10.36 6.4 0.41
West No. Central 0.1027 123.14 12.65 4.6 0.47
Mid-Atlantic 0.2092 169.76 35.51 6.9 1.44
East No. Central 0.2022 133.36 26.97 4.8 0.97
Mountain 0.0315 119.89 3.78 2.8 0.09
West So. Central 0.0992 103.94 10.31 4.0 0.40
East So. Central 0.0819 85.83 7.03 33 0.27
South Atlantic 0.1354 100.74 13.64 4.3 0.58

Sums 1.0000 132.04 5.03
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Buccal/Pharnyx Cancers: Males. Figure 15-A.

Buccal/Pharynx—~Cancer MtRt/ 100K Males

1940 Buccal/Pharynx Mortality—Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.
Dose—Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

10

R-Squared = 0.7234
X~-Coef/SE = 4.2782
National MortRate 1940 = 5.1
per 100,000 males.

—1 | S (SN N [y N N A S (N EN R TN TN SR N SR N B |

0 20 40 60 80 100 120 140 160 180 200

Physicians per 100,000 Population
———— Calc CA Mort/100K 0 Observed CA Mort/100K

On the X-axis, PhysPop values = Physicians per 100,000 Population in
the Nine Census Divisions of the USA Population, Year 1940. This variable is
a surrogate for accumulated radiation dose --- the more physicians per 100,000
people, the more radiation procedures are done per 100,000 people.

On the Y-axis, Buccal/Pharnyx Mortality-Rate per 100,000 males = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional causation is (Natl MortRate minus the
Y -intercept) / (Natl MortRate).

Fractional Causation of Buccal/Pharynx Cancer Mortality-Rate in Males
by Medical Radiation = ~ 100 % from Best Estimate (Box 3).
61 % at Lower 90% Conf. Limit (Box 3). ~100 % at Upper 90 % Conf. Limit (Box 3).
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Table 15-A.
Buccal-Cav. & Pharynx Cancer MortRates by Census Divisions: Males.

Rates are annual deaths per 100,000 male population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race.” Sources are stated in Table
15-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1990
Pacific 5.3 4.7 4.6 4.4 4.2 -
New England 6.4 6.5 6.6 6.2 5.7 -
West North Central 4.6 4.5 4.0 3.8 3.5 -
Mid-Atlantic 6.9 5.9 5.4 53 5.1 -
East North Central 4.8 4.9 4.9 4.8 4.6 -
Mountain 2.8 3.2 2.6 2.8 2.9 -
West South Central 4.0 4.3 3.9 4.1 4.2 -—
East South Central 33 4.2 42 4.3 4.4 -
South Atlantic 4.3 4.7 4.5 4.8 5.0 -
Average, ALL 4.7 4.8 4.5 4.5 4.4 -
Average, High-5 5.6 5.3 5.1 4.9 4.6 -
Average, Low-4 3.6 4.1 3.8 4.0 4.1 -
Ratio, Hi5/Lo4 1.56 1.29 1.34 1.2 1.12 -
Table 15-B.

Buccal-Cavity & Pharynx Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per
100,000 population (males + females). Males: Deaths per 100,000 male
population. Females: Deaths per 100,000 female population. No exclusions by
color or "race.”

Both Sexes Male Female
1940 3.1 5.1 1.1
1950 3.0 5.0 1.2
1960 3.0 4.7 1.3
1970 - 4.65 1.4
1979-81 2.9 4.6 1.5
1989-91 - - -

e - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.679, "Malignant
neoplasm of buccal cavity and pharynx (140-148)," ICD/7.

e - 1970: All rates are interpolations (Chap. 4, Parts 2b, 2c).

e - 1980: All rates (ICD/9, 140-149) come from the reference NatCtrHS 1980.

e - 1990: No data obtained. Please see Chap. 4, Part 2c.
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@ Part 1. Introduction

CHAPTER 16

Respiratory-System Cancers, Males: Relation with Medical Radiation
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Respiratory-System Ca, Males
Regression Output:

Constant -6.1174
Std Err of Y Est 3.4686
R Squared 0.2466
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.1192
Std Err of Coef. 0.0788
Coefficient / S.E. 1.5136

Regression Output:

Constant ~6.9754
Std Err of Y Est 3.2642
R Squared 0.3328
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.1291
Std Err of Coef. 0.0691
Coefficient / S.E. 1.8685

Regression Output:

Constant -6.2251
Std Err of Y Est 3.1543
R Squared 0.3769
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.1275
Std Err of Coef. 0.0619
Coefficient / S.E. 2.0578

Regression Output:

Constant -7.7067
Std Err of Y Est 2.8082
R Squared 0.5062
No. of Observations 9
Degrees of Freedom 7

nd trachea, of lung
primary or secondary, and of other parts of the

situation, we hesitate to use any
at the true Fractional Causation
ose-response in Part 2j is highly



Chap.16 Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease John W. Gofman
Mountain 118.75 7.8
West South Central 108.25 7.6 X Coefficient(s) 0.1415
East South Central 102.07 4.9 Std Err of Coef. 0.0528
South Atlantic 102.13 83 Coefficient / S.E. 2.6786
e - Part 2e. 1929 1940 Respiratory-System Ca, Males
PhysPop MortRate Regression Output:
Pacific 156.64 12.0 Constant -7.6693
New England 138.46 13.5 Std Err of Y Est 2.6878
West North Central 128.72 7.7 R Squared 0.5476
Mid-Atlantic 138.49 17.1 No. of Observations 9
East North Central 126.51 10.6 Degrees of Freedom 7
Mountain 118.68 7.8
West South Central 105.60 7.6 X Coefficient(s) 0.1424
East South Central 99.41 4.9 Std Err of Coef. 0.0489
South Atlantic 100.86 8.3 Coefficient / S.E. 2.9109
o — Part 2f. 1931 1940 Respiratory-System Ca, Males
PhysPop MortRate Regression Output:
Pacific 159.97 12.0 Constant -6.7703
New England 142.35 13.5 Std Err of Y Est 2.5697
West North Central 126.50 7.7 R Squared 0.5865
Mid-Atlantic 140.82 17.1 No. of Observations 9
East North Central 128.59 10.6 Degrees of Freedom 7
Mountain 118.89 7.8
West South Central 105.95 7.6 X Coefficient(s) 0.1344
East South Central 96.73 4.9 Std Err of Coef. 0.0426
South Atlantic 99.59 8.3 Coefficient / S.E. 3.1510
e — Part 2g. 1934 1940 Respiratory-System Ca, Males
PhysPop MortRate Regression Output:
Pacific 160.09 12.0 Constant -6.2805
New England 148.60 13.5 Std Err of Y Est 2.1708
West North Central 125.96 7.7 R Squared 0.7049
Mid-Atlantic 149.62 17.1 No. of Observations 9
East North Central 129.36 10.6 Degrees of Freedom 7
Mountain 117.16 7.8
West South Central 104.68 7.6 X Coefficient(s) 0.1297
East South Central 92.00 4.9 Std Err of Coef. 0.0317
South Atlantic 98.41 8.3 Coefficient / S.E. 4.0891
e - Part 2h. 1936 1940 Respiratory-System Ca, Males
PhysPop MortRate Regression Output:
Pacific 158.44 12.0 Constant -6.3345
New England 150.18 13.5 Std Err of Y Est 1.9653
West North Central 126.14 1.7 R Squared 0.7581
Mid-Atlantic 155.05 17.1 No. of Observations 9
East North Central 130.42 10.6 Degrees of Freedom 7
Mountain 119.80 7.8
West South Central 103.52 7.6 X Coefficient(s) 0.1294
East South Central 89.94 4.9 Std Err of Coef. 0.0276
South Atlantic 99.16 8.3 Coefficient / S.E. 4.6842
e - Part 2i 1938 1940 Respiratory-System Ca, Males
PhysPop MortRate Regression Output:
Pacific 157.62 12.0 Constant -5.9557
New England 154.08 13.5 Std Err of Y Est 1.7390
West North Central 124.95 7.7 R Squared 0.8106
Mid-Atlantic 160.69 17.1 No. of Observations 9
East North Central 131.98 10.6 Degrees of Freedom 7
Mountain 119.88 7.8
West South Central 102.79 7.6 X Coefficient(s) 0.1256
East South Central 88.21 4.9 Std Err of Coef. 0.0229
South Atlantic 99.26 8.3 Coefficient / S.E. 5.4740
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e - Part 2j. 1940 1940 Respiratory-System Ca, Males
PhysPop MortRate Regression Output:
Pacific 159.72 12.0 Constant -5.1002
New England 161.55 13.5 Std Err of Y Est 1.4558
West North Central 123.14 7.7 R Squared 0.8673
Mid-Atlantic 169.76 17.1 No. of Observations 9
East North Central 133.36 10.6 Degrees of Freedom 7
Mountain 119.89 7.8
West South Central 103.94 7.6 X Coefficient(s) 0.1169
East South Central 85.83 4.9 Std Err of Coef. 0.0173
South Atlantic 100.74 8.3 Coefficient / S.E. 6.7636

Box 1 of Chap. 16
Summary: Regression Outputs, Respiratory-System Cancers, Males.

Below are the summary-results from regressing the 1940 cancer MortRates upon the
ten sets of PhysPops (1921-1940), as presented in Parts 2a-2j of this chapter.

Part PhysPop R-squared Constant X-Coef Std Err X-Coef/SE
2a 1921 0.2466 -6.12 0.1192 0.0788 1.5136
2b 1923 0.3328 -6.98 0.1291 0.0691 1.8685
2c 1925 0.3769 -6.23 0.1275 0.0619 2.0578
2d 1927 0.5062 -7.71 0.1415 0.0528 2.6786
2e 1929 0.5476 -7.67 0.1424 0.0489 2.9109
2f 1931 0.5865 -6.77 0.1344 0.0426 3.1510
2g 1934 0.7049 -6.28 0.1297 0.0317 4.0891
2h 1936 0.7581 -6.33 0.1294 0.0276 4.6842
2i 1938 0.8106 -5.96 0.1256 0.0229 5.4740
25 —--> 1940 Max 0.8673 -5.10 0.1169 0.0173 6.7636

Box 2 of Chap. 16
Input-Data for Figure 16-A. Respiratory-System Cancers. Males.

Part 2j, Best-Fit Equation: Calc. MortRate = (0.1169 * PhysPop) + ( -5.10)

Census Divisions 1940 1940 Best-Fit
Observed Observed Calc.
PhysPops MortRates MortRates
Pacific 159.72 12.0 13.571
New England 161.55 13.5 13.785
West No. Central 123.14 7.7 9.295
Mid-Atlantic 169.76 17.1 14.745
East No. Central 133.36 10.6 10.490
Mountain 119.89 7.8 8.915
West So. Central 103.94 7.6 7.051
East So. Central 85.83 4.9 4.934
South Atlantic 100.74 8.3 6.677
Additional PhysPops 70.00 3.083
-—- not "observed" -—- 60.00 1.914
down to zero PhysPop 50.00 0.745
(zero medical radiation). 40.00 ~0.424
For each, we calculate 30.00 -1.593
a best-fit MortRate. 20.00 -2.762
These additional X,y pairs 10.00 -3.931
are also part of the 0 -5.100

best-fit line (Chap 5, Part Se).
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Box 3 of Chap. 16
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.

Respiratory-System Cancers. MALES.

e MALE National MortRate (MR) 1940, from Table 16-B 11.0 National MortRate
e Constant, from regression, Part 2j -5.1002 Constant
e Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 146.4% # Frac. Causation

# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

...................................................................................................................................

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2j 0.1169 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2j 0.0173 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.1454 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = -8.1931 New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 174.5% # New Frac. Caus’n.
# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.0884 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = -0.6778 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 106.2% # New Frac. Caus’n.

# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

Box 4 of Chap. 16
Error-Check on Our Own Work: Respiratory-System Cancer, Males.
Please see text in Chapter 6, Part 5.
Below, Columns A, C, and E come directly from the regression input in Part 2j. Column B, the
fraction of the whole 1940 population in each Census Division, comes from Table 3-B in Chapter 3.
Each Column-D entry is the product of (B-entry times C-entry). Each Column-F entry is the product
of (B-entry times E-entry). PhysPops and MortRates are each "per 100,000."
The Weighted-Avg. Nat’l PhysPop, 1940, is the sum of Column-D entries = 132.04
The Weighted-Avg. Nat’]l Male MortRate, 1940, is sum of Col.F entries = 10.79
The Nat’]l Male MortRate is also (X-Coef * Nat’l PhysPop) + Constant = 10.34
Comparison: The Nat’l Male MortRate, 1940, in Table 16-B = 11.00
(A) (B) © (D) E) (F)

Census Pop’n PhysPop  Weighted MortRate Weighted

Division Fraction 1940 PhysPop 1940  MortRate
Pacific 0.0739 159.72 11.80 12.0 0.89
New England 0.0641 161.55 10.36 13.5 0.87
West No. Central 0.1027 123.14 12.65 7.7 0.79
Mid-Atlantic 0.2092 169.76 35.51 17.1 3.58
East No. Central 0.2022 133.36 26.97 10.6 2.14
Mountain 0.0315 119.89 3.78 7.8 0.25
West So. Central 0.0992 103.94 10.31 7.6 0.75
East So. Central 0.0819 85.83 7.03 4.9 0.40
South Atlantic 0.1354 100.74 13.64 8.3 1.12

Sums 1.0000 132.04 10.79
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Respiratory Cancers: Males.

Figure 16-A.

Respiratory—Cancer MortRate/ 100K Males

1940 Respiratory Cancer Mortality-Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.
Dose—Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

25
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0
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0
R-Squared = 0.8673
X-Coef/SE = 6.764
i National MortRate 1940 = 11.0
-5 per 100,000 males.
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On the X-axis, PhysPop values = Physicians per 100,000 Population in
the Nine Census Divisions of the USA Population, Year 1940. This variable is
a surrogate for accumulated radiation dose ——- the more physicians per 100,000
people, the more radiation procedures are done per 100,000 people.

On the Y-axis, Respiratory Cancer Mortality-Rate per 100,000 males = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940,

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study.

Fractional Causation of Respiratory Cancer Mortality-Rate (Male) by
Medical Radiation: ~ 100 % is far more likely than a low percent. See
Text, Part 1.
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Table 16-A.
Respiratory-System Cancer MortRates by Census Divisions: Males.

Rates are annual deaths per 100,000 male population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race." Sources are stated in Table
16-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1988
Pacific 12.0 21.1 34.9 44.2 53.5 50.7
New England 13.5 23.6 38.1 47.7 573 56.3
West North Central 7.7 16.5 28.4 41.1 53.7 56.2
Mid-Atlantic 17.1 28.4 40.6 49.5 58.4 57.5
East North Central 10.6 21.8 35.7 48.6 61.4 62.3
Mountain 7.8 16.7 25.5 34.6 43.6 44.2
West South Central 7.6 19.0 349 48.9 62.8 67.9
East South Central 4.9 14.7 29.0 49.9 70.8 79.1
South Atlantic 8.3 19.8 35.7 50.5 65.2 68.5
Average, ALL 9.9 20.2 33.6 46.1 58.5 60.3
Average, High-5 12.2 22.3 35.5 46.2 56.9 56.6
Average, Low-4 7.2 17.6 313 45.9 60.6 64.9
Ratio, Hi5/Lo4 1.70 1.27 1.14 1.01 0.94 0.87
Table 16-B.

Respiratory-System Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race."

Both Sexes Male Female
1940 7.2 11.0 3.3
1950 13.0 21.6 4.6
1960 19.5 35.2 53
1970 28.4 47.3 11.7
1979-81 36.1 59.4 18.0
1987-89 - 59.7 24.5

e - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.686, "Malignant
neoplasm of respiratory system, not specified as secondary (160-164)," ICD/7.

e - 1970: All rates by Divisions are interpolations (Chap. 4, Parts 2b, 2c), except that
the 1970 National "Both Sexes" rate comes from PHS 1995, Table 30, p.110.

e - 1980: All rates (ICD/9, 160-165) come from the reference NatCtrHS 1980.

e - 1990: All rates for 1987-1989 come from Monthly Vital Statistics Vol.41, No.7,
December 1992. The 1988 rates are an acceptable approximation for 1990 (Chap.4, Part

2b.)
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CHAPTER 17

Respiratory-System Cancers, Females: Relation with Medical Radiation

Respiratory-System Cancers include cancers of the larynx, bronchus and trachea, of lung
specified as primary, of lung unspecified as to whether primary or secondary, and of other parts of the
respiratory-system (see Chapter 4, Part 5, Number 7). Although the 1940 female MortRates present a
severe "small numbers problem,” we analyze these data here because the "small numbers” will not

persist -—~ as shown in Table 17-A.

e Part 2. How the Dose-Response Develops, 1921-1940

E

55

o - Part 2a. 1921 1940

PhysPop MortRate
Pacific 165.11 3.8
New England 142.24 4.1
West North Central 140.93 3.1
Mid-Atlantic 137.29 4.2
East North Central 136.06 3.2
Mountain 135.38 2.9
West South Central 125.15 2.4
East South Central 119.76 2.4
South Atlantic 110.32 2.4
@ ~ Part 2b. 1923 1940

PhysPop MortRate
Pacific 163.06 3.8
New England 137.39 4.1
West North Central 138.31 3.1
Mid-Atlantic 138.92 4.2
East North Central 131.82 3.2
Mountain 130.51 2.9
West South Central 119.16 2.4
East South Central 113.16 2.4
South Atlantic 106.79 2.4
® - Part 2¢ 1925 1940

PhysPop MortRate
Pacific 161.67 3.8
New England 138.31 4.1
West North Central 133.92 3.1
Mid-Atlantic 134.36 4.2
East North Central 127.54 3.2
Mountain 122.30 2.9
West South Central 112.83 2.4
East South Central 107.22 2.4
South Atlantic 103.61 2.4
e - Part 2d. 1927 1940

PhysPop MortRate
Pacific 157.83 3.8
New England 137.50 4.1
West North Central 131.54 3.1
Mid-Atlantic 138.40 4.2
East North Central 126.18 3.2
Mountain 118.75 2.9
West South Central 108.25 2.4
East South Central 102.07 2.4
South Atlantic 102.13 2.4

........................................................................................................................

Respiratory-System Ca, Females
Regression Output:

Constant -1.4119
Std Err of Y Est 0.5265
R Squared 0.5358
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0340
Std Err of Coef. 0.0120
Coefficient / S.E. 2.8427

Respiratory-System Ca, Females
Regression Output:

Constant -1.2648
Std Err of Y Est 0.4823
R Squared 0.6104
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0338
Std Err of Coef. 0.0102
Coefficient / S.E. 3.3120

Respiratory-System Ca, Females
Regression Qutput:

Constant -0.9861
Std Err of Y Est 0.4473
R Squared 0.6649
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0327
Std Err of Coef. 0.0088
Coefficient / S.E. 3.7266

Respiratory-System Ca, Females
Regression Output:

Constant -1.0503
Std Err of Y Est 0.3685
R Squared 0.7726
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0338
Std Err of Coef. 0.0069
Coefficient / S.E. 4.8768

...........................
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Chap.17 Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease
e - Part 2e. 1929 1940 Respiratory-System Ca, Females
PhysPop MortRate Regression Output:
Pacific 156.64 3.8 Constant -0.9727
New England 138.46 4.1 Std Err of Y Est 0.3379
West North Central 128.72 3.1 R Squared 0.8088
Mid-Atlantic 138.49 4.2 No. of Observations 9
East North Central 126.51 3.2 Degrees of Freedom 7
Mountain 118.68 2.9
West South Central 105.60 2.4 X Coefficient(s) 0.0335
East South Central 99.41 2.4 Std Err of Coef. 0.0061
South Atlantic 100.86 2.4 Coefficient / S.E. 5.4408
e - Part 2f. 1931 1940 Respiratory-System Ca, Females
PhysPop MortRate Regression Output:
Pacific 159.97 3.8 Constant -0.6736
New England 142.35 4.1 Std Err of Y Est 0.3206
West North Central 126.50 3.1 R Squared 0.8279
Mid-Atlantic 140.82 4.2 No. of Observations 9
East North Central 128.59 3.2 Degrees of Freedom 7
Mountain 118.89 2.9
West South Central 105.95 2.4 X Coefficient(s) 0.0309
East South Central 96.73 2.4 Std Err of Coef. 0.0053
South Atlantic 99.59 2.4 Coefficient / S.E. 5.8033
e - Part 2g. 1934 1940 Respiratory-System Ca, Females
PhysPop MortRate Regression Output:
Pacific 160.09 3.8 Constant -0.3885
New England 148.60 4.1 Std Err of Y Est 0.2381
West North Central 125.96 3.1 R Squared 0.9051
Mid-Atlantic 149.62 4.2 No. of Observations 9
East North Central 129.36 3.2 Degrees of Freedom 7
Mountain 117.16 2.9
West South Central 104.68 2.4 X Coefficient(s) 0.0284
East South Central 92.00 2.4 Std Err of Coef. 0.0035
South Atlantic 98.41 2.4 Coefficient / S.E. 8.1685
e - Part 2h. 1936 1940 Respiratory-System Ca, Females
PhysPop MortRate Regression Output:
Pacific 158.44 3.8 Constant -0.3215
New England 150.18 4.1 Std Err of Y Est 0.2032
West North Central 126.14 3.1 R Squared 0.9309
Mid-Atlantic 155.05 4.2 No. of Observations 9
East North Central 130.42 3.2 Degrees of Freedom 7
Mountain 119.80 2.9
West South Central 103.52 2.4 X Coefficient(s) 0.0277
East South Central 89.94 2.4 Std Err of Coef. 0.0029
South Atlantic 99.16 2.4 Coefficient / S.E. 9.7080
e - Part 2i. 1938 1940 Respiratory-System Ca, Females
PhysPop MortRate Regression Output:
Pacific 157.62 3.8 Constant -0.1666
New England 154.08 4.1 Std Err of Y Est 0.1681
West North Central 124.95 3.1 R Squared 0.9527
Mid-Atlantic 160.69 4.2 No. of Observations 9
East North Central 131.98 3.2 Degrees of Freedom 7
Mountain 119.88 2.9
West South Central 102.79 2.4 X Coefficient(s) 0.0263
East South Central 88.21 2.4 Std Err of Coef. 0.0022
South Atlantic 99.26 2.4 Coefficient / S.E. 11.8728

........................................................................................................................
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Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease

® - Part 2j. 1940 1940

PhysPop MortRate
Pacific 159.72 3.8
New England 161.55 4.1
West North Central 123.14 3.1
Mid-Atlantic 169.76 4.2
East North Central 133.36 3.2
Mountain 119.89 2.9
West South Central 103.94 2.4
East South Central 85.83 2.4
South Atlantic 100.74 2.4

John W. Gofman

Respiratory-System Ca, Females
Regression Output:

Constant 0.1019
Std Err of Y Est 0.1496
R Squared 0.9625
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.0238
Std Err of Coef. 0.0018
Coefficient / S.E. 13.4046

Box 1 of Chap. 17
Summary: Regression Outputs, Respiratory-System Cancers, Females.

Below are the summary-results from re

gressing the 1940 cancer MortRates upon the

ten sets of PhysPops (1921-1940), as presented in Parts 2a-2j of this chapter.

Part PhysPop R-squared Constant
2a 1921 0.5358 -1.41
2b 1923 0.6104 -1.26
2c 1925 0.6649 -0.99
2d 1927 0.7726 -1.05
2e 1929 0.8088 -0.97
2f 1931 0.8279 -0.67
2g 1934 0.9051 -0.39
2h 1936 0.9309 -0.32
2i 1938 0.9527 -0.17
2j ~==> 1940 Max 0.9625 0.10

X-Coef Std Err  X-Coef/SE
0.0340 0.0120 2.8427
0.0338 0.0102 3.3120
0.0327 0.0088 3.7266
0.0338 0.0069 4.8768
0.0335 0.0061 5.4408
0.0309 0.0053 5.8033
0.0284 0.0035 8.1685
0.0277 0.0029 9.7080
0.0263 0.0022 11.8728
0.0238 0.0018  13.4046

Box 2 of Chap. 17
Input-Data for Figure 17-A. Respiratory-System Cancers. Females.

Part 2j, Best-Fit Equation: Calc. MortRate = (0.0238 * PhysPop) + (0.10)

Census Divisions

Pacific

New England
West No. Central
Mid-Atlantic
East No. Central
Mountain

West So. Central
East So. Central
South Atlantic

Additional PhysPops

——- not "observed" ——-

down to zero PhysPop

(zero medical radiation).

For each, we calculate

a best-fit MortRate.

These additional x,y pairs

are also part of the

best-fit line (Chap 5, Part Se).

1940
Observed
PhysPops

159.72
161.55
123.14
169.76
133.36
119.89
103.94

85.83
100.74

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0

1940
Observed
MortRates

NN WAWARW
LEhRONON=~®

Best-Fit
Calc.
MortRates

3.901
3.945
3.031
4.140
3.274
2.953
2.574
2.143
2.498

1.766
1.528
1.290
1.052
0.814
0.576
0.338
0.100
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Box 3 of Chap. 17
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.
Respiratory-System Cancers. FEMALES.

e FEMALE National MortRate (MR) 1940, from Table 17-B 3.3 National MortRate
e Constant, from regression, Part 2j 0.1019 Constant
e Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 96.9% Frac. Causation

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2) 0.0238 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2j 0.0018 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.0268 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = -0.2335 New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 107.1% # New Frac. Caus’n.
# The Upper-Limit is 100%. Negative Constants produce values > 100%. See Chapter 22, Part 3.

Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.0208 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 0.5484 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 83.4% New Frac. Caus’n.

Box 4 of Chap. 17
Error-Check on Our Own Work: Respiratory-System Cancer, Females.
Please see text in Chapter 6, Part 5.
Below, Columns A, C, and E come directly from the regression input in Part 2j. Column B, the
fraction of the whole 1940 population in each Census Division, comes from Table 3-B in Chapter 3.
Each Column-D entry is the product of (B-entry times C-entry). Each Column-F entry is the product
of (B-entry times E-entry). PhysPops and MortRates are each "per 100,000."
The Weighted-Avg. Nat’l PhysPop, 1940, is the sum of Column-D entries = 132.04
The Weighted-Avg. Nat’l Female MortRate, 1940, is sum of Col.F entries = 3.24
The Nat'l Female MortRate is also (X-Coef * Nat'l PhysPop) + Constant = 3.24
Comparison: The Nat’'l Female MortRate, 1940, in Table 17-B = 3.30
(A) (B) © () (E) )

Census Pop’n PhysPop  Weighted MortRate Weighted

Division Fraction 1940 PhysPop 1940 MortRate
Pacific 0.0739 159.72 11.80 3.8 0.28
New England 0.0641 161.55 10.36 4.1 0.26
West No. Central 0.1027 123.14 12.65 3.1 0.32
Mid-Atlantic 0.2092 169.76 35.51 4.2 0.88
East No. Central 0.2022 133.36 26.97 3.2 0.65
Mountain 0.0315 119.89 3.78 2.9 0.09
West So. Central 0.0992 103.94 10.31 2.4 0.24
East So. Central 0.0819 85.83 7.03 2.4 0.20
South Atlantic 0.1354 100.74 13.64 2.4 0.32

Sums 1.0000 132.04 3.24
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Respiratory Cancers: Females. Figure 17-A.

1940 Respiratory Cancer Mortality—Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.

Dose—Response Relationship

PhysPop is a surrogate for accumulated dose from medical irradiation

10

R-Squared = 0.9625
6k X-Coef/SE = 13.405
National MortRate 1940 = 3.3
per 100,000 females.

Respiratory—Cancer MortRt/ 100K Females
o
T

| Y VS I WU SN N NN U U N N | | I N U S
0

0 20 40 60 80 100 120 140 160 180 200

Physicians per 100,000 Population
———— Calc CA Mort/100K 0 Observed CA Mort/100K

On the X-axis, PhysPop values = Physicians per 100,000 Population in
the Nine Census Divisions of the USA Population, Year 1940. This variable is
a surrogate for accumulated radiation dose ——- the more physicians per 100,000
people, the more radiation procedures are done per 100,000 people.

On the Y-axis, Respiratory Cancer Mortality-Rate per 100,000 females = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional causation is (Natl MortRate minus the
Y-intercept) / (Natl MortRate).

Fractional Causation of Respiratory Cancer Mort-Rate (Female) by Medical Rad’n
97 % from Best Estimate (Box 3).
83 % at lower 90 % confidence limit (Box 3). ~100 % at upper 90 % confidence limit (Box 3).
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Table 17-A.
Respiratory-System Cancer MortRates by Census Divisions: Females.

Rates are annual deaths per 100,000 female population, USA, age-adjusted to the 1940
reference year. There are no exclusions by color or "race.” Sources are stated in Table
17-B, and described in Chap. 4, Part 2. The Nine Census-Division MortRates are
population-weighted (Chap. 4, Part 2b). The averages below them are not.

Census Division 1940 1950 1960 1970 1980 1988
Pacific 38 4.4 5.9 13.6 21.2 27.8
New England 4.1 4.1 5.6 12.1 18.5 26.9
West North Central 3.1 4.8 4.4 9.7 15.0 23.1
Mid-Adtlantic 4.2 5.0 6.0 12.3 18.5 25.8
East North Central 3.2 4.5 5.1 11.6 18.1 26.4
Mountain 2.9 4.2 4.1 9.5 14.9 22.2
West South Central 2.4 43 5.2 11.3 17.3 26.6
East South Central 2.4 4.7 4.7 10.9 17.0 26.6
South Atlantic 2.4 4.7 5.0 11.5 17.9 26.6
Average, ALL 3.2 4.5 5.1 11.4 17.6 25.8
Average, High-5 3.7 4.6 5.4 11.8 18.3 26.0
Average, Low-4 2.5 4.5 4.8 10.8 16.8 25.5
Ratio, Hi5/Lo4 1.46 1.02 1.14 1.10 1.09 1.02

e — 1940: Although the MortRates for WestSoCentral, EastSoCentral, and SouthAtlantic
are identical, they are truly the entries for these Census Divisions in Grove 1968, Table 67,
page 687.

® - 1950: These entries are such that the Hi5/Lo4 Ratio suddenly drops from 1.46 in
1940 to 1.02 in 1950. This seems unlikely to be correct, and may result from random
fluctuations in small numbers, or from reporting-errors. On the other hand, the values may
be accurate. In any case, the official values have been copied correctly by us from Grove
1568.

e - 1988: Although the MortRates for WestSoCentral, EastSoCentral, and SouthAtlantic
are identical (again), we have double-checked the state-values from the government, as
well as our own calculations which combined these various state-values into Census
Divisions. We find no errors.

Table 17-B.
Respiratory-System Cancer Mortality Rates, USA National.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race.”

color or "race.”

Both Sexes Male Female
1940 7.2 11.0 33
1950 13.0 21.6 4.6
1960 19.5 35.2 5.3
1970 28.4 47.3 11.7
1979-81 36.1 59.4 18.0
1987-89 - 59.7 24.5

e - 1940, 1950, 1960: All rates come from Grove 1968, Table 67, p.686, "Malignant
neoplasm of respiratory system, not specified as secondary (160-164)," ICD/7.

e - 1970: All rates by Divisions are interpolations {(Chap. 4, Parts 2b, 2c), except that
the 1970 National "Both Sexes" rate comes from PHS 1995, Table 30, p.110.

o - 1980: All rates (ICD/9, 160-165) come from the reference NatCtrHS 1980.

o - 1990: All rates for 1987 -1989 come from Monthly Vital Statistics Vol.41, No.7,
December 1992. The 1988 rates are an acceptable approximation for 1990 (Chap.4, Part
2b.)
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CHAPTER

18

"Difference” Cancers, Males: Relation with Medical Radiation

e Part 1. Introduction

k

Difference-Cancers are All-Cancers-Minus-Respiratory-System Cancers. The dramatic
increase in Respiratory-System Cancers since 1940 has put such cancers into a class by themselves.
By subtracting Respiratory-System Cancers from All-Cancers, we can observe how all the REST of
the cancers behave. We are not alone in creating a cancer category for
National Cancer Institute regularly presents an entry for
SEER Program (Surveillance, Epidemiology,

1997, p.45).

@ Part 2. How the Dose-Res

..............................................................................

..........................................................................

e - Part 2a. 1921
PhysPop
Pacific 165.11
New England 142.24
West North Central 140.93
Mid- Atlantic 137.29
East North Central 136.06
Mountain 135.38
West South Central 125.15
East South Central 119.76
South Atlantic 110.32
® - Part 2b. 1923
PhysPop
Pacific 163.06
New England 137.39
West North Central 138.31
Mid-Atlantic 138.92
East North Central 131.82
Mountain 130.51
West South Central 119.16
East South Central 113.16
South Atlantic 106.79
e — Part 2c. 1925
PhysPop
Pacific 161.67
New England 138.31
West North Central 133.92
Mid- Atlantic 134.36
East North Central 127.54
Mountain 122.30
West South Central 112.83
East South Central 107.22
South Atlantic 103.61
e - Part 2d. 1927
PhysPop
Pacific 157.83
New England 137.50
West North Central 131.54
Mid-Atlantic 138.40
East North Central 126.18
Mountain 118.75
West South Central 108.25

1940
MortRate
110.9
122.0
103.2
123.8
109.0
92.0
79.3
68.7
80.6

MortRate
110.9
122.0
103.2
123.8
109.0

92.0
79.3
68.7
80.6

MortRate
110.9
122.0
103.2
123.8
109.0

92.0
79.3
68.7
80.6

MortRate
110.9
122.0
103.2
123.8
109.0

92.0
79.3
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Difference-Cancers, Males
Regression Output:

Constant -20.9581
Std Err of Y Est 14.9455
R Squared 0.4951
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.8894
Std Err of Coef. 0.3395
Coefficient / S.E. 2.6199

Difference-Cancers, Males
Regression QOutput:

Constant -17.8582
Std Err of Y Est 13.7707
R Squared 0.5714
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.8907
Std Err of Coef. 0.2916
Coefficient / S.E. 3.0546

Difference-Cancers, Males
Regression Output:

Constant -10.3231
Std Err of Y Est 12.9650
R Squared 0.6200
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.8604
Std Err of Coef. 0.2546
Coefficient / S.E. 3.3798

Difference-Cancers, Males
Regression Output:

Constant -13.2331
Std Err of Y Est 10.7969
R Squared 0.7365
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.8984

"All-Minus-Respiratory.” The
"All Except Lung" in its reports from the
and End Results Program --- for example, see SEER

..........................................

..............................................



Chap.18

Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease

John W. Gofman

East South Central
South Atlantic

........................................................................

e - Part 2e.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

........................................................................

o - Part 2f.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

e - Part 2g.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

........................................................................

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

e - Part 2i.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

102.07
102.13

138.46
128.72
138.49
126.51
118.68
105.60

99.41
100.86

PhysPop
158.44
150.18
126.14
155.05
130.42
119.80
103.52

89.94
99.16

68.7
80.6

MortRate
110.9
122.0
103.2
123.8
109.0

92.0
79.3
68.7
80.6

MortRate
110.9
122.0
103.2
123.8
109.0

92.0
79.3
68.7
80.6

MortRate
110.9
122.0
103.2
123.8
109.0

32.0
79.3
68.7
80.6

MortRate
110.9
122.0
103.2
123.8
109.0

92.0
79.3
68.7
80.6

MortRate
110.9
122.0
103.2
123.8
109.0

92.0
79.3
68.7
80.6

Std Err of Coef.
Coefficient / S.E.

0.2031
4.4232

............................................

Difference-Cancers, Males
Regression Output:

Constant -11.6016
Std Err of Y Est 9.9319
R Squared 0.7770
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.8927
Std Err of Coef. 0.1807
Coefficient / S.E. 4.9390

............................................

Difference-Cancers, Males
Regression Output:

Constant -3.6338
Std Err of Y Est 9.5091
R Squared 0.7956
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.8238
Std Err of Coef. 0.1578
Coefficient / S.E. 5.2199

Difference-Cancers, Males
Regression Output:

Constant 3.6805
Std Err of Y Est 7.4329
R Squared 0.8751
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.7606
Std Err of Coef. 0.1086
Coefficient / S.E. 7.0037

Difference-Cancers, Males
Regression Output:

Constant 49134
Std Err of Y Est 6.2783
R Squared 0.9109
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.7463
Std Err of Coef. 0.0882
Coefficient / S.E. 8.4596

Difference-Cancers, Males
Regression Output:

Constant 9.0069
Std Err of Y Est 5.4086
R Squared 0.9339
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.7095
Std Err of Coef. 0.0714
Coefficient / S.E. 9.9430
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Chap.18

Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease

John W. Gofman

® - Part 2j. 1940 1940 Difference-Cancers, Males
PhysPop MortRate Regression Output:

Pacific 159.72 110.9 Constant 16.6486

New England 161.55 122.0 Std Err of Y Est 5.3951

West North Central 123.14 103.2 R Squared 0.9342

Mid-Atlantic 169.76 123.8 No. of Observations 9

East North Central 133.36 109.0 Degrees of Freedom 7

Mountain 119.89 92.0

West South Central 103.94 79.3 X Coefficient(s) 0.6388

East South Central 85.83 68.7 Std Err of Coef. 0.0641

South Atlantic 100.74 80.6 Coefficient / S.E. 9.9695

Box 1 of Chap. 18
Summary: Regression Outputs, "Difference” Cancers, Males.
Below are the summary-results from regressing the 1940 cancer MortRates upon the
ten sets of PhysPops (1921-1940), as presented in Parts 2a-2j of this chapter.
Part PhysPop R-squared Constant X-Coef Std Err X-Coef/SE
2a 1921 0.4951 -20.96 0.8894 0.3395 2.6199
2b 1923 0.5714 -17.86 0.8907 0.2916 3.0546
2c 1925 0.6200 -10.32 0.8604 0.2546 3.3798
2d 1927 0.7365 -13.23 0.8984 0.2031 4.4232
2e 1929 0.7770 ~-11.60 0.8927 0.1807 4.9390
2f 1931 0.7956 -3.63 0.8238 0.1578 5.2199
2g 1934 0.8751 3.68 0.7606 0.1086 7.0037
2h 1936 0.9109 491 0.7463 0.0882 8.4596
2i 1938 0.9339 9.01 0.7095 0.0714 9.9430
2j ---> 1940 Max 0.9342 16.65 0.6388 0.0641 9.9695
Box 2 of Chap. 18
Input-Data for Figure 18-A. "Difference” Cancers. Males.
Part 2j, Best-Fit Equation: Calc. MortRate = (0.6388 * PhysPop) + (16.65)
Census Divisions 1940 1940 Best-Fit
Observed Observed Calc.
PhysPops MortRates MortRates

Pacific 159.72 110.9 118.679
New England 161.55 122.0 119.848
West No. Central 123.14 103.2 95.312
Mid-Atlantic 169.76 123.8 125.093
East No. Central 133.36 109.0 101.840
Mountain 119.89 92.0 93.236
West So. Central 103.94 79.3 83.047
East So. Central 85.83 68.7 71.478
South Atlantic 100.74 80.6 81.003
Additional PhysPops 70.00 61.366
—-—- not "observed” --—- 60.00 54.978
down to zero PhysPop 50.00 48.590
(zero medical radiation). 40.00 42.202
For each, we calculate 30.00 35.814
a best-fit MortRate. 20.00 29.426
These additional x,y pairs 10.00 23.038
are also part of the 0 16.650
best-fit line (Chap 5, Part Se).
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Box 3 of Chap. 18
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.
Difference-Cancers. MALES.

o MALE National MortRate (MR) 1940, from Table 18-B 104.0 National MortRate
e Constant, from regression, Part 2j 16.6486 Constant
o Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 84.0% Frac. Causation

....................................................................................................................................

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2j 0.6388 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2; 0.0641 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.7442 New X-Coefficient
New Constant = (Natl MR) - (New X—-Coef * 1940 Natl PhysPop) = 5.7300 New Constant
Frac. Causation, High-Limit = (Natl MR - New Constant) / Natl MR = 94.5% New Frac. Caus’n.
Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.5334 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 33.5757 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 67.7% New Frac. Caus'n.

Box 4 of Chap. 18
Error-Check on Our Own Work: “Difference” Cancers, Males.
Please see text in Chapter 6, Part 5.
Below, Columns A, C, and E come directly from the regression input in Part 2j. Column B,
the fraction of the whole 1940 population in each Census Division, comes from Table 3-B in
Chapter 3. Each Column-D entry is the product of (B-entry times C-entry). Each Column-F
entry is the product of (B-entry times E-entry). PhysPops and MortRates are each "per
100,000."
The Weighted-Avg. Nat’]l PhysPop, 1940, is the sum of Column-D entries = 132.04
The Weighted—-Avg. Nat’'l Male MortRate, 1940, is sum of Col.F entries = 101.86
The Nat’l Male MortRate is also (X-Coef * Nat’l PhysPop) + Constant = 101.00
Comparison: The Nat’l Male MortRate, 1940, in Table 18-B = 104.00
(A) (B) © D) (E) ®

Census Pop’n PhysPop  Weighted MortRate Weighted

Division Fraction 1940 PhysPop 1940 MortRate
Pacific 0.0739 159.72 11.80 110.9 8.20
New England 0.0641 161.55 10.36 122.0 7.82
West No. Central 0.1027 123.14 12.65 103.2 10.60
Mid-Atlantic 0.2092 169.76 35.51 123.8 25.90
East No. Central 0.2022 133.36 26.97 109.0 22.04
Mountain 0.0315 119.89 3.78 92.0 2.90
West So. Central 0.0992 103.94 10.31 79.3 7.87
East So. Central 0.0819 85.83 7.03 68.7 5.63
South Atlantic 0.1354 100.74 13.64 80.6 10.91

Sums 1.0000 132.04 101.86
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"Difference” Cancers: Males. Figure 18-A.

1940 "Difference” Cancer Mortality—Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.

Dose—Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.
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Physicians per 100,000 Population
———— Calc CA Mort/100K O Observed CA Mort/100K

R-Squared = 0.9342
X-Coef/SE = 9.970

National MortRate 1940 = 104.0
per 100,000 males.

“Difference’ ’—~Cancer MortRt/ 100K Males

On the X-axis, PhysPop values = Physicians per 100,000 Population in
the Nine Census Divisions of the USA Population, Year 1940. This variable is
a surrogate for accumulated radiation dose —-- the more physicians per 100,000
people, the more radiation procedures are done per 100,000 people.

On the Y-axis, "Difference" Cancer Mortality—-Rate per 100,000 males = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the strongest relationship between these two
variables (Part 2j). The nine datapoints (boxy symbols) were collected long
ago for other purposes, and are free from potential bias with respect to this
dose-response study. Fractional causation is (Natl MortRate minus the
Y -intercept) / (Natl MortRate).

Fractional Causation of "Difference*” Cancer Mort-Rate (Male) by Medical Rad’n
84 % from Best Estimate (Box 3).
68 % at lower 90 % confidence limit (Box 3). ~94 % at upper 90 % confidence limit (Box 3).
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Table 18-A.
"Difference” Cancer MortRates by Census Divisions: Males.

"Difference” Cancers are (All-Cancers minus Respiratory-System Cancers). The entries
below are the corresponding entries in Table 6-~A (All-Cancers, Male) minus the
corresponding entries in Table 16-A (Respiratory-System Cancers, Male). Rates are
annual deaths per 100,000 male population, USA, age-adjusted to the 1940 reference year.
There are no exclusions by color or "race.”

Census Division 1940 1950 1960 1970 1980 1988
Pacific 110.9 106.1 105.8 103.0 100.2 97.8
New England 122.0 128.8 126.5 119.8 113.0 110.8
West North Central 103.2 108.8 107.2 102.8 98.3 99.7
Mid-Atlantic 123.8 127.6 123.4 118.4 113.4 110.9
East North Central 109.0 116.5 115.0 111.6 108.1 108.9
Mountain 92.0 91.4 93.2 92.2 91.1 94.9
West South Central 79.3 93.7 98.9 99.5 100.1 105.0
East South Central 68.7 90.0 96.1 99.7 103.3 109.1
South Atlantic 80.6 96.5 101.4 103.7 106.2 107.3
Average, ALL 98.8 106.6 107.5 105.6 103.7 104.9
Average, High-5 113.8 117.6 115.6 111.1 106.6 105.6
Average, Low-4 80.2 92.9 97.4 98.8 100.2 104.1
Ratio, Hi5/Lo4 1.42 1.27 1.19 1.12 1.06 1.01
Table 18-B.

"Difference* Cancer Mortality Rates, USA National.

Annual MortRates in Table 18-B are obtained by subtracting Table 16-B from Table 6-B.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000
population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race."

Both Sexes Male Female
1940 113.1 104.0 122.8
1950 114.7 111.2 118.6
1960 109.6 110.5 109.6
1970 101.4 107.8 100.0
1979-81 95.8 105.1 90.5
1987-89 -- 103.0 86.8

@ - Sources are stated in Table 16-B and Table 6-B.
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e Part 1. Introduction

CHAPTER 19

*Difference” Cancers, Females: Relation with Medical Radiation

Difference~Cancers are All-Cancers-Minus-Respiratory-System Cancers. Please see Chapter

18, Part 1.

e Part 2. How the Dose-Response Develops, 1921-1940

e — Part 2a.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

e - Part 2b.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

........................................................................................................................

e - Part 2c.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

........................................................................................................................

e — Part 2d.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

........................................................................................................................

o — Part 2e.

Pacific

1940
MortRate
123.6
141.2
117.0
138.7
128.2
108.9
97.4
100.1
104.5

MortRate
123.6
141.2
117.0
138.7
128.2
108.9

97.4
100.1
104.5

MortRate
123.6
141.2
117.0
138.7
128.2
108.9

97.4
100.1
104.5

MortRate
123.6
141.2
117.0
138.7
128.2
108.9

97.4
100.1
104.5

MortRate
123.6
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Difference—-Cancers, Females
Regression Output:

Constant 34.7966
Std Err of Y Est 14.0275
R Squared 0.3479
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6157
Std Err of Coef. 0.3186
Coefficient / S.E. 1.9326

Difference-Cancers, Females
Regression Qutput:

Constant 36.2380
Std Err of Y Est 13.3595
R Squared 0.4085
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6220
Std Err of Coef. 0.2829
Coefficient / S.E. 2.1989

Difference-Cancers, Females
Regression Output:

Constant 38.8866
Std Err of Y Est 12.5952
R Squared 0.4743
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6215
Std Err of Coef. 0.2473
Coefficient / S.E. 2.5130

Difference-Cancers, Females
Regression Output:

Constant 34.8682
Std Err of Y Est 11.1182
R Squared 0.5904
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6643
Std Err of Coef. 0.2092
Coefficient / S.E. 3.1762

Difference-Cancers, Females
Regression Output:

Constant 35.0373



Chap.19

Radiation (Medical) in the Pathogenesis of Cancer and Ischemic Heart Disease

John W. Gofman

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

138.46
128.72
138.49
126.51
118.68
105.60

99.41
100.86

141.2
117.0
138.7
128.2
108.9

97.4
100.1
104.5

Std Err of Y Est 10.4406
R Squared 0.6388
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6685
Std Err of Coef. 0.1900
Coefficient / S.E. 3.5183

........................................................................................................................

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate
123.6
141.2
117.0
138.7
128.2
108.9

97.4

Difference-Cancers, Females
Regression Output:

Constant 40.4276
Std Err of Y Est 10.0708
R Squared 0.6639
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.6215
Std Err of Coef. 0.1671
Coefficient / S.E. 3.7185

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
123.6
141.2
117.0
138.7
128.2
108.9

97.4
100.1
104.5

Difference-Cancers, Females
Regression Output:

Constant 44.6430
Std Err of Y Est 8.5632
R Squared 0.7570
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5843
Std Err of Coef. 0.1251
Coefficient / S.E. 4.6697

e - Part 2h.

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

MortRate
123.6
141.2
117.0
138.7
128.2
108.9

97.4
100.1
104.5

Difference-Cancers, Females
Regression Output:

Constant 45.2814
Std Err of Y Est 7.8708
R Squared 0.7947
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5757
Std Err of Coef. 0.1106
Coefficient / S.E. 5.2055

e - Part 2i.

Pacific

New England

West North Central
Mid-Atlantic

East North Central

Mountain

West South Central
East South Central

South Atlantic

MortRate
123.6
141.2
117.0
138.7
128.2
108.9

97.4
100.1
104.5

Difference-Cancers, Females
Regression Output:

Constant 47.6201
Std Err of Y Est 7.0749
R Squared 0.8341
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5538
Std Err of Coef. 0.0933
Coefficient / S.E. 5.9331

Pacific

New England

West North Central
Mid-Atlantic

East North Central
Mountain

West South Central
East South Central
South Atlantic

103.94
85.83
100.74

MortRate
123.6
141.2
117.0
138.7
128.2
108.9

97.4
100.1
104.5
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Difference-Cancers, Females
Regression Output:

Constant 52.8821
Std Err of Y Est 6.6648
R Squared 0.8528
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.5041
Std Err of Coef. 0.0792
Coefficient / S.E. 6.3682




Box 1 of Chap. 19

Summary: Regression Outputs, "Difference” Cancers, Females.

Below are the summary-results from regressing the 1940 cancer MortRates upon the
ten sets of PhysPops (1921~1940), as presented in Parts 2a-2j of this chapter.

Part PhysPop R-squared Constant X-Coef Std Err  X-Coef/SE
2a 1921 0.3479 34.80 0.6157 0.3186 1.9326
2b 1923 0.4085 36.24 0.6220 0.2829 2.1989
2c 1925 0.4743 38.89 0.6215 0.2473 2.5130
2d 1927 0.5904 34.87 0.6643 0.2092 3.1762
2e 1929 0.6388 35.04 0.6685 0.1900 3.5183
2f 1931 0.6639 40.43 0.6215 0.1671 3.7185
2g 1934 0.7570 44.64 0.5843 0.1251 4.6697
2h 1936 0.7947 45.28 0.5757 0.1106 5.2055
2i 1938 0.8341 47.62 0.5538 0.0933 5.9331
2j -——> 1940 Max 0.8528 52.88 0.5041 0.0792 6.3682
Box 2 of Chap. 19
Input-Data for Figure 19-A. "Difference” Cancers. Females.
Part 2j, Best-Fit Equation: Calc. MortRate = (0.5041 * PhysPop) + (52.88)
Census Divisions 1940 1940 Best-Fit
Observed Observed Calc.
PhysPops MortRates MortRates
Pacific 159.72 123.6 133.395
New England 161.55 141.2 134.317
West No. Central 123.14 117.0 114.955
Mid-Atlantic 169.76 138.7 138.456
East No. Central 133.36 128.2 120.107
Mountain 119.89 108.9 113.317
West So. Central 103.94 97.4 105.276
East So. Central 85.83 100.1 96.147
South Atlantic 100.74 104.5 103.663
Additional PhysPops 70.00 88.167
—-—- not "observed" --- 60.00 83.126
down to zero PhysPop 50.00 78.085
(zero medical radiation). 40.00 73.044
For each, we calculate 30.00 68.003
a best-fit MortRate. 20.00 62.962
These additional x,y pairs 10.00 57.921
are also part of the 0 52.880

best-fit line (Chap 5, Part Se).
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Box 3 of Chap. 19
Presumptive Fraction of Cancer MortRate Attributable to Medical Radiation.

Please see text in Chapter 6, Parts 4 and 6.

Difference-Cancers. FEMALES.

o FEMALE National MortRate (MR) 1940, from Table 19-B 122.8 National MortRate
e Constant, from regression, Part 2j 52.8821 Constant
e Fractional Causation, Best Est. = (Natl MR - Constant) / Natl MR 56.9% Frac. Causation

90% Confidence-Limits (C.L.) on Fractional Causation. See text in Chapter 6, Part 4b, please.

X-Coefficient, from Part 2 0.5041 X-Coef., Best Est.
Standard Error (SE) of X-Coefficient, from Part 2} 0.0792 Standard Error
Upper 90% C.L. on X-Coef. = (Coef) + (1.645 * SE) = 0.6344 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 39.0359 New Constant
Frac. Causation, High~Limit = (Natl MR - New Constant) / Natl MR = 68.2% New Frac. Caus’n.
Lower 90% C.L. on X-Coef. = (Coef) - (1.645 * SE) = 0.3738 New X-Coefficient
New Constant = (Natl MR) - (New X-Coef * 1940 Natl PhysPop) = 73.4413 New Constant
Frac. Causation, Low-Limit = (Natl MR - New Constant) / Natl MR = 40.2% New Frac. Caus’n.
Box 4 of Chap. 19
Error-Check on Our Own Work: "Difference” Cancers, Females.
Below, Columns A, C, and E come directly from the regression input in Part 2j. Column B,
the fraction of the whole 1940 population in each Census Division, comes from Table 3-B in
Chapter 3. Each Column-D entry is the product of (B-entry times C-entry). Each Column-F
entry is the product of (B-entry times E-entry). PhysPops and MortRates are each "per
100,000."
The Weighted-Avg. Nat’l PhysPop, 1940, is the sum of Column-D entries = 132.04
The Weighted-Avg. Nat’l Female MortRate, 1940, is sum of Col.F entries = 120.58
The Nat'l Female MortRate is also (X~Coef * Nat’l PhysPop) + Constant = 119.44
Comparison: The Nat'l Female MortRate, 1940, in Table 19-B = 122.80
(A) (B) © D) (E) F)
Census Pop’'n PhysPop  Weighted MortRate Weighted
Division Fraction 1940 PhysPop 1940 MortRate
Pacific 0.0739 159.72 11.80 123.6 9.13
New England 0.0641 161.55 10.36 141.2 9.05
West No. Central 0.1027 123.14 12.65 117.0 12.02
Mid-Atlantic 0.2092 169.76 35.51 138.7 29.02
East No. Central 0.2022 133.36 26.97 128.2 25.92
Mountain 0.0315 119.89 3.78 108.9 3.43
West So. Central 0.0992 103.94 10.31 97.4 9.66
East So. Central 0.0819 85.83 7.03 100.1 8.20
South Atlantic 0.1354 100.74 13.64 104.5 14.15
Sums 1.0000 132.04 120.58
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"Difference” Cancers: Females. Figure 19-A.

1940 "Difference” Cancer Mortality—Rates versus
1940 PhysPop Values for the 9 Census Divisions, USA.
Dose—Response Relationship
PhysPop is a surrogate for accumulated dose from medical irradiation.

200
190
180
170
160
150 -
140 -
130
120 -
110 -
100 -
90 +-
80 -
70
60 -
50
40 R-Squared = (0.8528
30 - X~Coef/SE = 6.368

National MortRate 1940 = 122.8
20 per 100,000 females.

10
| 1 | | 1 L ] | 1 | ] | | | 1 | 1 L 1
0 |

0 20 40 60 80 100 120 140 160 180 200

“"Difference’’—Cancer MortRt/ 100K Females

Physicians per 100,000 Population
—-—-- Calc CA Mort/100K O Observed CA Mort/100K

On the X-axis, PhysPop values = Physicians per 100,000 Population in
the Nine Census Divisions of the USA Population, Year 1940. This variable is
a surrogate for accumulated radiation dose ~-- the more physicians per 100,000
people, the more radiation procedures are done per 100,000 people.

On the Y-axis, "Difference” Cancer Mortality-Rate per 100,000 females = the
reported rates in USA Vital Statistics for the Nine Census Divisions, Year 1940.

Shown above is the relationship between these two variables (Part
2j). The nine datapoints (boxy symbols) were collected long ago for other
purposes, and are free from potential bias with respect to this
dose-response study. Fractional causation is (Natl MortRate minus the
Y-intercept) / (Natl MortRate).

Fractional Causation of "Difference” Cancer Mort-Rate (Female) by Medical Rad’n
57 % from Best Estimate (Box 3).
40 % at Iower 90 % confidence limit (Box 3). ~68 % at upper 90 % confidence limit (Box 3).
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Table 19-A.
"Difference” Cancer MortRates by Census Divisions: Females.

"Difference” Cancers are (All-Cancers minus Respiratory-System Cancers). The entries

below are the corresponding entries in Table 7-A (All-Cancers, Female) minus the

corresponding entries in Table 17-A (Respiratory~System Cancers, Female). Rates are
annual deaths per 100,000 female population, USA, age-adjusted to the 1940 reference

year. There are no exclusions by color or "race.”

Census Division 1940 1950 1960 1970 1980 1988
Pacific 123.6 113.3 104.2 96.7 89.2 83.7
New England 141.2 128.0 116.8 107.4 97.9 89.5
West North Central 117.0 112.3 104.9 95.4 86.0 83.7
Mid-Atlantic 138.7 132.0 121.4 110.2 99.0 92.8
East North Central 128.2 123.0 114.7 104.3 93.9 90.1
Mountain 108.9 101.8 96.9 88.4 80.0 78.2
West South Central 97.4 105.0 97.7 90.3 82.8 83.2
East South Central 100.1 105.6 100.1 93.2 86.2 86.1
South Atlantic 104.5 108.6 102.4 94.8 87.1 85.0
Average, ALL 117.7 114.4 106.6 97.8 89.1 85.8
Average, High-5 113.8 117.6 115.6 I11.1 106.6 105.6
Average, Low-4 80.2 92.9 97.4 98.8 100.2 104.1
Ratio, Hi5/Lo4 1.42 1.27 1.19 1.12 1.06 1.01
Table 19-B.

"Difference” Cancer Mortality Rates, USA National.

Annual MortRates in Table 19-B are obtained by subtracting Table 17-B from

Table 7-B.

Rates are age-adjusted to the 1940 reference year. Both sexes: Deaths per 100,000

population (males + females). Males: Deaths per 100,000 male population. Females:
Deaths per 100,000 female population. No exclusions by color or "race."

1940
1950
1960
1970
1979-81
1987-89

Both Sexes

113.1
114.7
109.6
101.4
95.8

Male

104.0
111.2
110.5
107.8
105.1
103.0

Female

122.8
118.6
109.6
100.1
90.5
86.8

@ - Sources are stated in Table 17-B and Table 7-B.
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CHAPTER 20

" All-Cancer-Except-Genital-Cancer”: Relation with Medical Radiation

ePart 1

* All-Cancer-Except-Genital-Cancer":

A Result of Chapter 14

In Chapter 14, we found that the MortRate for female Genital Cancers showed no significant
relationship, either positive or negative, with medical radiation (discussion in Chapter 14). In this
chapter, we obtain the estimated Fractional Causation by medical radiation for female All-Cancer
deaths in 1940 except for Genital-Cancer deaths -—- a group which can be called
" All-Cancer-Except-Genital” or "All-Minus-Genital." The "All-Minus-Genital" group accounts for
74.5% of all cancer—deaths in 1940 among females (Table 20-A, Row 26, at the end of this chapter).

Although Chapter 13 uncovered a strong relationship between medical radiation and MALE
Genital-Cancer MortRates in 1940, we do the analysis here for All-Minus-Genital for males too.
All-Minus-Genital accounts for 86.8% of All-Cancer deaths in 1940 among males (Table 20-A, Row 13).

e Part 2. Regression Analysis, with Estimated Fractional Causation

Below, we show the linear regression analyses for the 1940 MortRates regressed upon the 1940
PhysPops ——— males first (Part 2a), then females (Part 2b). We omit the "build-up” years which use
PhysPops prior to 1940. The Universal PhysPop Table 3-A, and Table 20-A, provide the input-data

for these regressions. Box | does not exist in this chapter.

.................................................................................................................................

Part 2a. MALES. 1940

PhysPop
Pacific 159.72
New England 161.55
West North Central 123.14
Mid-Atlantic 169.76
East North Central 133.36
Mountain 119.89
West South Central 103.94
East South Central 85.83
South Atlantic 100.74
Part 2b. FEMALES. 1940

PhysPop
Pacific 159.72
New England 161.55
West North Central 123.14
Mid-Atlantic 169.76
East North Central 133.36
Mountain 119.89
West South Central 103.94
East South Central 85.83
South Atlantic 100.74

DOSOOSD>>>

Box 4 will precede Box 3.

MortRate
105.7
117.3

94.4
125.1
103.8

84.0

MortRate
94.3
112.5
91.7
110.2
98.2

84.0

69.8
69.3

74.4

MALES: All-Minus-Genital
Regression Qutput:

Constant

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.
Coefficient / S.E.

6.4004
5.1290
0.9468
9
7

0.6799
0.0609

11.1621

.................................................................................................................................

FEMALES: All-Minus-Genital
Regression Output:

Constant

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)

Std Err of Coef.
Coefficient / S.E.
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23.9237

6.3277
0.8675
9
7

0.5087
0.0751
6.7698



Box 2 of Chap. 20
Input-Data for Figure 20-A (males), Figure 20-B (females).
Part 2a, Best-Fit Equation: Calc. MortRate = (0.6799 * PhysPop) + (6.4004)
Part 2b, Best-Fit Equation: Calc. MortRate = (0.5087 * PhysPop) + (23.9237)
Census Divisions 1940 1940  Best-Fit 1940  Best~Fit
Observed Observed Calc. Observed Calc.
PhysPops MortRates MortRates MortRates MortRates
MALES MALES FEMALE FEMALES
Pacific 159.72 105.7 114.994 94.3 105.173
New England 161.55 117.3  116.238 112.5 106.104
West No. Central 123.14 94.4 90.123 91.7 86.565
Mid-Atlantic 169.76 125.1 121.820 110.2 110.281
East No. Central 133.36 103.8 97.072 98.2 91.764
Mountain 119.89 84.0 87.914 84.0 84.912
West So. Central 103.94 753 77.069 69.8 76.798
East So. Central 85.83 63.2 64.756 69.3 67.585
South Atlantic 100.74 76.1 74.894 74.4 75.170
Additional PhysPops 70.00 53.993 59.533
-—- not "observed” —- 60.00 47.194 54.446
down to zero PhysPop 50.00 40.395 49.359
(zero med. radiation). 40.00 33.596 44.272
For each, we calculate 30.00 26.797 39.185
a best-fit MortRate. 20.00 19.998 34.098
These additional x,y 10.00 13.199 29.011
pairs are also part of 0 6.400 23.924
the best-fit line (Chap 5, Part Se).
Box 4 of Chap. 20
Error—Check on Our Own Work: All-Minus—Genital.
The Weighted-Avg. Nat’l PhysPop, 1940, is the sum of Column-D entries = 132.04
The Weighted-Avg. Nat’l MALE MortRate of 1940 is the sum of Column-F entries = 97.78
The Nat’l Male MortRate is also (X-Coef * 1940 Nat’l PhysPop) + Constant = 96.17
Comparison: The National MALE MortRate of 1940, in Table 20-A, Row 12 = 99.80
The Weighted-Avg. Nat’l FEM. MortRate of 1940 is the sum of Column-H entries = 91.83
The Nat’l Female MortRate is also (X-Coef * 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>