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Introduction

Epidemiological studies of occupational, medical, and environmental exposures have
provided important information on lung cancer risk and how those risks might depend on
type of exposure, dose rate, and other potential modifying factors such as sex and age of

the exposed. Analyses of data from underground miner cohorts and residential case-control
studies provide convincing evidence that radon is a leading cause of lung cancer. For low-
LET radiation, risk models derived from results from the Lifespan Study of Japanese atomic
bomb survivors suggest that for acute exposures, lifetime attributable risks for lung cancer
are greater than for other specific cancer sites and are substantially larger for females than
males. However, for protracted and fractionated exposures other than from radon, results
from epidemiological studies are seemingly often contradictory.

This report includes summaries on oral presentations during a symposium on radiogenic
lung cancer risk given by a panel of experts on October 5 during the Radiation Research
Society’s 67t annual meeting. This session included presentations on: 1) the largest pooled
study of male uranium miners (PUMA) exposed to radon; 2) the most recent analysis of

the Canadian Fluoroscopy cohort featuring state-of-the-art dosimetry for radiation exposures
associated with frequent medical diagnostic procedures; 3) an update from the Million
Person Study on risks from fractionated occupational exposures, and 4) studies of second
primary malignancies — including lung cancer — in patients who had been treated for thyroid
cancer.

Low-level radon exposure and lung cancer in the Pooled Uranium Miners
Analysis (PUMA).

(D.B. Richardson, E. Rage, PA. Demers, M. Do, N. Fenske, V. Deffner, M. Kreuzer, J.
Samet, S. Bertke, K. Kelly-Reif, M.K. Schubauer-Berigan, L. Tomasek, L.B. Zablotska, C.
Wiggins, D. Laurier)
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this content is the personal opinion of the presenter. This does not represent opinion or
policy of IARC, NCI, NIH, DHHS or the RRS. The findings and conclusions of this

report are those of the authors and do not necessarily reflect those of the NIOSH or the
International Agency for Research on Cancer. Where authors are identified as personnel of
the International Agency for Research on Cancer / World Health Organization, the authors
alone are responsible for the views expressed in this article and they do not necessarily
represent the decisions, policy or views of the International Agency for Research on Cancer /
World Health Organization.

Two years after Marie Curie succeeded in isolating radium, radon was discovered while
studying radium’s decay chain. In the decades that followed, awareness of the risk of radon
as a cause of lung cancer in miners of uranium and other ores increased. The International
Agency for Research on Cancer classified radon and its decay products as “carcinogenic

to humans” (Group 1) in 1987 (IARC, 1988). The US EPA asked the National Academies
of Sciences (NAS) to undertake a study on radon and its decay products, and, in 1988,

a US NAS report concluded that epidemiological and experimental data established the
carcinogenicity of radon (NRC 1988). That report also provides estimates of risk based on
modeling of data from studies of underground miners. In 1999, a subsequent NAS report
(BEIR V1) further elaborated quantitative estimates of the radon-lung cancer association
based on an expanded epidemiological data set (NRC 1999). Building on the work of these
NAS committees, the PUMA study represents an international collaboration among partners
investigating radon exposures and mortality among uranium miners. PUMA includes major
cohorts of Canadian, Czech, French, German and US miners with quantitative exposure
assessments and reasonable follow-up to address the study questions (Rage et al. 2020,
Richardson et al. 2020). Here, the recent findings of the PUMA study are described.

This analysis of PUMA data is the largest pooled study of cohorts of male underground
uranium miners (n=118,329). The cohorts were followed from the 1940s and include 52,000
deaths and 4.1 million person-years of observation. Reference rates for each PUMA cohort
were based on national rates of cause-specific mortality for males by categories of age and
calendar period. Overall, all cause mortality is 5% in excess compared to reference mortality
rates, cancer mortality is 23% in excess, due primarily to excess lung cancer (nearly 8,000
lung cancers, almost twice what expected based on general population rates); there are also
excesses of cancer of the stomach (8%), liver (15%), and larynx (10%). There were no
excesses of chronic obstructive pulmonary disease, circulatory disease, or other smoking
related diseases, nor of leukemia or kidney cancer.

Focusing on miners employed during the more contemporary period of the uranium mining
industry when radon exposures tended to be comparatively low, and individual exposure data
are available, here we report on exposure-lung cancer trends in an analysis that includes
57,873 male uranium miners first employed in 1960 or later, encompassing 1,217 lung
cancer deaths, and 1.9 million person-years. Estimates of ERR per WLM of cumulative
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radon progeny exposure for mortality from lung cancer were derived by internal Poisson
regression. A 5-year lag assumption was made to allow for a time interval between exposure
and death from cancer, and to facilitate comparison with other studies of lung cancer among
underground miners. The relative rate of lung cancer increased in a linear fashion with
cumulative exposure to radon progeny (ERR/100 WLM=1.33; 95% CI: 0.89, 1.88). A test of
heterogeneity by study cohort was rejected. Attained age was a modifier of this association,
showing a decrease in ERR/WLM with increasing attained age. Further modifiers were age
at exposure or time since exposure and exposure rate.

International collaborative studies can strengthen our understanding of risks associated
with occupational and environmental radon exposures. Based on a collaborative initiative
including European and North American cohorts of uranium miners, PUMA provides

the most precise and informative estimates to-date of the association between low-level
exposure to radon progeny and lung cancer mortality. PUMA provides direct evidence at
lower exposure rates of a positive association between radon exposure and lung cancer risk,
compared with prior NAS reports; this is of major importance for consolidating the system
of radiological protection (Laurier 2020). The associations estimated from the PUMA
dataset are consistent with those from the earlier NAS reports in terms of projection at lower
exposure rates but are more precise. Previous results demonstrated that the carcinogenic
impact of radon exposure on lung cancer risk clearly diminishes with time since exposure.
Our results show that this can be equivalently described as an association that decreases
with attained age, and with younger ages at exposure. PUMA plans to address several
additional topics. These include risk of cancers other than lung; risk of non-malignant
disease; combined effects of radon and smoking; and effects of other exposures in uranium
mines.

Radon and its progeny are a leading environmental and occupational cause of lung cancer.
To better inform risk-based radiation protection standards, we assembled an international
cohort study of workers employed in uranium mining in Canada, the Czech Republic,
France, Germany, and the United States. We report standardized mortality ratios and an
analysis of exposure-lung cancer associations among miners employed during the more
contemporary period of the uranium mining industry when radon exposures tended to be
comparatively low and individual exposure data are available. Estimates of excess relative
rate (ERR) per working level month (WLM) of cumulative radon progeny exposure for
mortality from lung cancer were derived by internal Poisson regression. The relative rate
of lung cancer increased linearly with cumulative exposure to radon progeny, lagged 5
years (ERR/100 WLM=1.33; 95% CI: 0.89, 1.88). Attained age was a clear modifier of
this association, showing a decrease in ERR/WLM with increasing attained age. Further
modifiers were age at exposure or time since exposure and exposure rate. PUMA provides
the most precise and informative estimates to-date of the association between low-level
exposure to radon progeny and lung cancer mortality.

Int J Radiat Biol. Author manuscript; available in PMC 2024 January 01.
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Radiation Risks of Lung Cancer Mortality After Frequent X-ray Diagnostic
Imaging Procedures in the Canadian Fluoroscopy Cohort Study
(L. Zablotska, I. Apostoaei, B. Thomas, S. Simon, F.O. Hoffman, J.D. Boice, Jr.)

Disclaimer-

this content is the personal opinion of the presenter. This does not represent opinion or
policy of NCI, NIH, DHHS or the RRS

Introduction

Lung cancer is the second most common cancer, and by far the leading cause

of cancer death, accounting for 25% of all cancer deaths in Canada (Tables

84F0209X, CCSAC 2020, https://ccarcc.ca/canadian-cancer-statistics-a-2020-special-report-
on-lung-cancer/). Epidemiological studies of radiation-related risks of lung cancer showed
that high-dose exposures have been consistently associated with significantly increased

risks (UNSCEAR 2008, UNSCEAR 2010). However, these studies do not address radiation
exposures that are spread over time, as is the case with multiple computerized tomography
(CT) examinations (Linet et al. 2012). Studies of the association between multiple CT

scans in children and subsequent risk of many cancers have been published (Matthews

et al. 2013, Pearce et al. 2012) but concerns have been raised as to their validity and

absence of individual dosimetry (Walsh et al. 2014, Boice et al. 2015). Due to short
follow-up, these studies could not adequately investigate the effects on lung cancer. Data
from populations exposed to low-to-moderate doses from repeated X-ray examinations, who
were followed-up for a long time, could help verify current risk projections for diagnostic
imaging procedures based on the studies of high-dose exposures. Tuberculosis patients from
Canada and the U.S. (Massachusetts) were treated in tuberculosis sanatoria for several years
and received repeated fluoroscopies to monitor lung collapse therapy [pneumothorax (PT),
pneumoperitoneum (PP), aspirations (AS)] or non-pulmonary tuberculosis [(gastrointestinal
series (GI)] and chest radiographies. Previous analyses indicated significantly increased
risks of breast cancer (Howe et al. 1996, Boice et al. 1991), but not lung cancer (Howe

et al. 1995, Davis et al. 1989), suggesting that risks from fluoroscopic examinations could
be lower than would be predicted by current radiation risk models based on the study of
atomic bomb survivors. The excess relative risk per gray (ERR/Gy) for lung cancer in
Canada was estimated as: —0.00 (95% CI: -0.06, 0.07) (Howe et al. 1995). However, this
analysis assumed total dose estimates from PT only were delivered instantaneously at a fixed
point in time during treatment and did not allow examination of effects of time-dependent
annual radiation exposures on the risk of lung cancer. Lung collapse therapy and associated
fluoroscopy would occur every two weeks or so and could last between 3 to 5 years on
average. Here we present the results of analyses of mortality from lung cancer in the
Canadian Fluoroscopy Cohort Study (CFCS) using state-of-the art dosimetry for estimating
annual organ doses from all diagnostic procedures and applying time-dependent regression
models for risk estimation. Results are then compared with those from the previous analyses
of this cohort.
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The methods used to assemble the cohort have been described (Zablotska et al. 2014) and
are summarized briefly below. The medical records of tuberculosis patients in all Canadian
institutions treated during the period 1930-1969 were abstracted for information on personal
identifiers and on treatments for tuberculosis, including detailed histories of diagnostic
imaging procedures. Deaths of patients known to be alive at the start of follow-up in 1950
were ascertained via computerized record linkage with the Canadian Mortality Database for
1950-1987.

We recently developed a new dosimetry system (FLUXOR) to estimate 1,000 alternative
realizations of average individual organ doses from fluoroscopic examinations to cohort
members using up-to-date hybrid anthropomorphic phantoms (Apostoaei et al. 2015).

In order to properly account for shared exposure attributes in FLUXOR, radiation dose
estimates were reconstructed using the Two-Dimensional Monte Carlo method (Simon et
al. 2015). In the original analysis, only radiation doses associated with fluoroscopy with
pneumothorax (PT) procedures were estimated (Howe et al. 1995). In the current analysis,
we used newly estimated doses from PT, pneumoperitoneum (PP), aspirations (AS) and
gastrointestinal series (G1). We used a single value of mean dose to lungs (either from PT,
PP, AS, Gl or combined) per patient (averaged over the 1,000 realizations) to estimate the
effect of cumulative 10-year lagged X-ray doses on lung cancer mortality. ERR/Gy were
estimated using the grouped Poisson regression model of the EPICURE package (Preston et
al. 2015).

Table 1 presents descriptive characteristics of the CFCS cohort. A total of 63,715 patients
were included, 50% of whom were female. About 45% of patients were exposed to repeated
fluoroscopic examinations over an average period of 2.7 years (range: 0.05-35). The mean
cumulative dose to the lungs from PT averaged across all members of the cohort was 0.3
Gy (0.69 Gy among exposed) and was 0.32 Gy from all fluoroscopy-guided procedures.
The mean age at first fluoroscopy was 28 years (range: 1-84 years), with about 1 in 5
patients first exposed during childhood or adolescence. During follow-up, 1,161 patients
(25% females) died from lung cancer.

We repeated Howe et al. analyses (Howe et al. 1995) using new FLUXOR doses and
observed no increase in radiation risks of lung cancer mortality with either PT doses
(ERR/Gy: —0.03, 95% CI: -0.09, 0.06) or with doses from all procedures (PT+PP+AS+Gl)
(ERR/Gy = -0.03 (95%Cl: <-0.07, 0.06). We did not observe differences in risks for males
and females using doses from all procedures, ERR/Gy = 0.02 (-0.07, 0.14) and ERR/Gy = -
0.07 (95% CI: <-0.07, 0.02), respectively. We did not observe any significant heterogeneity
in radiation risks by age or time since first exposure or type of tuberculosis (pulmonary vs.
non-pulmonary). We observed significant heterogeneity in radiation risks (£<0.001) by stage
of tuberculosis (non-significant increased risks were estimated for moderate tuberculosis but
not for minimal or advanced stages) and by smoking category (highest radiation risks in
heavy smokers; 25+ cigarettes/day, ERR/Gy=0.16, 95%CI could not be estimated).

Int J Radiat Biol. Author manuscript; available in PMC 2024 January 01.
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The Canadian Fluoroscopy Cohort Study is one of the few studies uniquely positioned

to address critical gaps in knowledge of the effects of repeated radiation exposures from
diagnostic imaging procedures. The exposure regimen of CFCS patients is similar to that
of patients today receiving repeated CT scans. Additional strengths of this study include

its unique opportunity to have essentially a lifetime mortality follow-up in a nationwide
population sample, to implement doses based on most advanced and detailed representation
of the human body (Borrego et al. 2019), and to estimate radiation risks across various
cofactors such as sex, age at exposure, time since exposure and smoking history. The
CFCS covers a wide range of age at exposure distributions (1-81 years). More than half

of the cohort did not receive fluoroscopy examinations but were treated by other means
such as bed rest or surgery in the same Canadian hospitals, and thus provide a valuable
comparison group. One of the main limitations is the issue of relevance of lung cancer
risks in this cohort to a general population of people without severe lung damage. However,
radiation risks were also not increased among ~15% of the cohort who had non-pulmonary
tuberculosis.

The study team plans to capitalize on the existing CFCS study by: a) extending follow-up
though the Canadian Mortality Database by 32 years (1988-2019); b) broadening our
perspective by including incidence follow-up through the Canadian Incidence Database
(1969-2019); c) expanding the knowledge on radiation risks of fractionated radiation
exposures from X-ray fluoroscopies by using newly estimated organ doses from the
FLUXOR radiation dosimetry system; and d) improving precision of radiation-related risks
by using newly retrieved data from original medical records on lifestyle factors and new
statistical methods to assess effects of uncertainties in doses, of missing or incomplete data
and exposure misclassification on risk estimates. Further analyses will shed more light on
the effects of repeated radiation exposures on the risks of lung cancer (and other cancer and
non-cancer outcomes) and on any differences in radiation risks by sex or other co-factors.

We assessed the association between repeated exposure to X-ray radiation and the risk of
lung cancer mortality in a cohort of 63,715 patients (~50% female) within the Canadian
Fluoroscopy Cohort Study (CFCS). Patients were examined with fluoroscopic procedures
between 1930-1969 and followed through 1987. Cumulative 10-year lagged radiation lung
doses were estimated for each patient by applying the FLUoroscopy X-ray ORgan-specific
(FLUXOR) dosimetry system. Excess relative risks per gray (ERR/Gy) for lung cancer
mortality were estimated using a grouped Poisson regression model. We did not observe
associations between repeated exposures to X-ray radiation and lung cancer mortality,
neither from fluoroscopy exams related only to pneumothorax (PT) treatment (ERR/Gy
-0.03, 95% CI —0.09-0.06) or from all procedures involving fluoroscopy exams [PT,
pneumoperitoneum, aspirations or gastrointestinal series] (ERR/Gy = - 0.03 (95%Cl:
<-0.07, 0.06). We did not observe any differences in risk between males and females. There
was significant heterogeneity in radiation risks (£<0.001) by stage of tuberculosis and by
smoking history. Further analyses using extended mortality and incidence follow-up (1950-
2019) will address critical gaps in knowledge of the effects of protracted radiation exposures

Int J Radiat Biol. Author manuscript; available in PMC 2024 January 01.
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from diagnostic imaging procedures on the risks of lung cancer and on any differences in

radiation risks by sex.

Sex-specific lung cancer risk following fractionated low-dose radiation in

occupational cohorts: An update from the Million Person Study

Disclaimer-

(A. Golden, J.D. Boice, Jr., L.T. Dauer, S.C. Howard, S.S. Cohen, M.T. Mumma, E.D. Ellis,
K.F. Eckerman, R.W. Leggett)

this content is the personal opinion of the presenter. This does not represent opinion or
policy of ORAU, NCRP, or the RRS

Introduction:

Methods:

Previous studies of sex-specific differences in radiation induced lung cancer risks have
produced various results. Studies of the Japanese atomic bomb survivors indicate an almost
three times risk of lung cancer for females compared to males (Ozasa et al. 2012; NCRP
2014; Cahoon et al. 2017). Recently published results from five occupational cohorts within
the Million Person Study (MPS) and the Canadian TB-Fluoroscopy Cohort Study found
limited evidence that chronic or fractionated exposures increased the risk of lung cancer
(n=403,067 men and 50,679 women), with no significant differences observed between men
and women (Boice et al. 2019). This presentation at the Special Session on Lung Cancer

at the Radiation Research Society Virtual meeting discussed the preliminary sex-specific
lung cancer results from an additional four Million Person Study cohorts. These four cohorts
comprise approximately 95,570 males and 75,824 females with external exposures and/or
internal intakes of plutonium or uranium.

The four cohorts within the Million Person Study assessed in this review included: Los
Alamos National Laboratory (LANL) (Boice et al. 2022a); Tennessee Eastman Corporation
(TEC) (Boice 2022c), Rocky Flats (RF) (Wilkinson et al. 1987), and Medical Radiation
Workers (MRW) (Boice 2022b). While these cohorts are described in detail elsewhere, a
brief description is provided here. The LANL cohort includes 26,328 workers (25% females)
who were first employed in 1943-1980 and who worked at least 30 days. The RF cohort
includes 9,397 workers (16% females) 7 who were first employed in 1952-1970 for at

least 30 days. The TEC cohort includes 26,650 workers (52% females) who were employed
1943-1947 for at least 90 days. The MRW cohort includes 109,019 workers (49% females)
who were employed 1965-1994 and who worked at least 2 years.

For each of the workers in these cohorts, organ dose estimates were based on all sources of
exposure. These sources varied across cohorts but included exposures to gamma radiation
(all), neutrons (LANL, RF) and intakes of uranium (RF, TEC), or plutonium (LANL, RF).

Lung cancer was of primary concern because of the relatively high intakes of radionuclides
in these cohorts. For each of the four cohorts in this presentation, Cox Proportional

Int J Radiat Biol. Author manuscript; available in PMC 2024 January 01.
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Hazard Models and Excess Relative Risk (ERR) models analyzed the relationship between
sex-specific lung cancer mortality and cumulative radiation exposure with adjustments for
attained age (as underlying time-scale), birth cohort, and a measure of socioeconomic status
(education, pay type, or job category) as a surrogate for tobacco use. For a subset of the TEC
population, self-reported tobacco use was available and used in a nested sensitivity analyses
to evaluate the impact of smoking on the lung cancer dose-response relationship.

In total, the presentation reviewed the preliminary results for 95,570 males and 75,824
females with over 2,462 and 1,231 lung cancer deaths, respectively. These results pertain
to the four cohorts described in this review and do not include aggregate results from other
cohorts. The mean lung dose from all sources of exposure varied across cohorts, ranging
from <10 to over 400 mGy, with larger lung doses observed in cohorts with substantial
intakes of plutonium and/or uranium. Higher mean doses were observed for male workers
compared to female workers except for the TEC cohort.

The sex-adjusted ERRs (95% CI; number of lung cancer deaths) for lung cancer at 100 mGy
for LANL, RF, TEC, and MRW were 0.01 (-0.02, 0.03; n=839), 0.01 (-0.01, 0.02; n= 361),
-0.005 (-0.01. 0.001; n=1,654), and 0.15 (0.02, 0.27; n=850), respectively. No sex-specific
difference in lung cancer mortality was observed for LANL, RF, or TEC. While the ERR

for males in the MRW cohort was elevated and higher than that for females, confidence
intervals for the estimates were still overlapping, indicating no significant sex difference was
discernible in the data.

For TEC, tobacco use information was available for a subset of the cohort. Over 50% of

the cohort did not have reported tobacco use information, but a sensitivity analyses for both
male and female models were still completed. Among tobacco users, a higher proportion

of women were hourly compared with salaried workers, although the difference was not at
the level of statistical significance in part because just 20% of the women were salaried
workers and the ability to discern a statistical difference was limited. Overall, these results
suggested, similar to the previous study primarily of men (Dupree et al. 1995), that hourly
workers were more likely to use tobacco when compared with salaried workers, and that pay
code (hourly/salaried) could be considered a reasonable surrogate for smoking. A sensitivity
analysis, adjusting for tobacco use instead of pay category, did not modify the dose-response
relationship between lung cancer and internal radiation dose to lung for females. While the
ERR estimate was higher for males when adjusting tobacco use instead of pay category, the
estimates from the two models were not statistically different from one another.

Although many of these results are still preliminary, they provide evidence against large
sex-specific differences in lung cancer mortality in occupationally exposed, low-dose
radiation cohorts. The ability to assess female mortality in more contemporary cohorts
that experienced chronic, generally low dose exposure to various radiation sources over
the course of their careers is a major strength of these analyses. Individually, the results
from some of these cohorts are limited by low frequency of females and lower doses
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compared to males. However, within the TEC cohort, which did include more females

with a substantial number of lung cancer deaths and larger doses than males, the mortality
risk was not statistically different. A significant limitation of the analyses of these cohorts
was lack of direct tobacco use information. Although each model included a measure of
socioeconomic status, such as education or pay category, as a surrogate for tobacco use, only
the TEC cohort had direct tobacco use information available for a small subset of the cohort.
While the analyses of the TEC cohort with the direct tobacco use information did not show
meaningful differences with models adjusted for socioeconomic status, the possibility still
remains that tobacco use and its effect on lung cancer mortality may not be fully captured
by the socioeconomic status adjustment. Additionally, it can be very difficult to ascertain
co-exposures such as dust or beryllium for workers, which may affect the mortality risk
estimates. Despite these limitations, these cohorts provide further evidence that lung cancer
mortality risk may not be different between males and females exposed to fractionated, low
doses. More studies on sex-specific differences, particularly those that can pool multiple
cohorts such as these to increase statistical power, are needed to fully assess the possible
differences.

Risk of second primary malignancies after radioactive iodine treatment

for thyroid cancer in patients younger than 45 years: a SEER (1975-2017)

database analysis

Disclaimer-

Introduction

(E. Pasqual)

this content is the personal opinion of the presenter. This does not represent opinion or
policy of NCI or NIH.

The incidence of differentiated thyroid cancer (DTC) increased in the U.S. beginning in the
1970s, including in adolescents and young adults (Bernier et al. 2019, Ferlay et al. 2020).
Small (<1 cm) DTCs at low risk of recurrence which have an excellent (>98%) survival
rate are the main contributor to this increase. Radioactive iodine (RAI) is used to ablate
thyroid tissue remaining after surgical removal of the thyroid; however, emerging evidence
have shown small-to-no survival benefit of RAI in patients with low-risk DTC. Following
additional concerns over RAI late effects, the adult American Thyroid Association (ATA)
clinical guidelines (2009; 2015) have progressively recommended against the use of RAI
for low-risk DTCs (Cooper et al. 2009, Haugen et al. 2016). The ATA pediatric guidelines
have been slower in shifting towards a more restricting use of RAI (Francis et al. 2015).
RAI exposes many radiosensitive organs to doses >100 mGy and current evidence, based
mostly on study with relatively short follow-up (<10 years), indicate that RAI is associated
with increased leukemia risk about 2—-3 years after exposure (Yu et al. 2018). It remains
unclear if RAI is associated with increased risk of solid cancer. Additionally, despite it being
well known that children are at higher risk of radiation-induced malignancies (UNSCEAR
2013), only few studies were conducted in young populations (Marti et al. 2015, lyer et al.
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2011). Here, results of a recent published study aimed to estimate the risk of second primary
malignancies in patients diagnosed with DTC before age 45 and treated with radioactive
iodine (RAI) (Pasqual et al, 2022) are described.

Using 9 U.S. Surveillance, Epidemiology, and End Results cancer registries (1975-2017),
relative risks (RRs) were estimated for solid and hematopoietic malignancies associated with
RAI (yes versus no/funknown) with Poisson regression among 27,050 5- and 32,171 2-year
non-metastatic DTC survivors (<45 years at diagnosis), respectively. For comparison with
similar previous studies (Marti et al. 2015, lyer et al. 2011), the Standardized Incidence
Ratio (SIR) was also estimated, comparing cancer rate between each DTC survivor’s
treatment cohort (RAI versus non-RAI) and the general U.S. population.

Over a maximum follow-up of 43 years, RAI was associated with a statistically significant
increased RR for hematological malignancies (RR=1.92; 95% CI 1.04-3.56) and solid
cancer (RR=1.23; 95% CI 1.11-1.37), the latter particularly >20 years after DTC diagnosis
(RRsolid-cancer=1.47; 95% CI 1.24-1.74). Among solid cancer, RR was elevated for uterine
cancer (RR=1.55; 95% CI 1.03-2.32), breast (RR=1.18; 95% CI 0.99-1.40), lung (1.42;
95% ClI 0.97-2.08), and salivary gland cancer (2.15; 95% CI 0.91-5.08). There were
indications that confounding by smoking behavior might have biased the SIR estimation
(comparison with the general population) towards values below one for smoking related
cancer (including lung cancer), as it is well reported that thyroid cancer patients smoke less
than the general population (Cho et al. 2014). Indeed, the SIR for lung cancer was 0.62
(95% C1 0.49; 0.78) for the non-RAI cohort and 0.94 (95% CI 0.68; 1.27) for the RAI
cohort, and the Standardized Mortality Ratio (SMR) for Chronic Obstructive Pulmonary
Disease (COPD), a disease strongly associated with smoking but not with radiation, was
decreased for both RAI (0.46; 95% CI 0.21-0.88) and no-RAl cohorts (0.50; 95% CI 0.34—
0.72). As patient’s smoking behavior is not a factor influencing clinical decision over RAI
use for DTC, it is very unlikely that smoking behavior might have confounded the RR
estimation (comparison between RAI versus no-RAI cohorts).

Conclusions

This study confirmed previous studies reporting an association between RAI use for DTC
and increase risk of leukemia. Additionally, it is shown that RAI use for DTC in young
patients is associated with increased risks of several solid malignancies, including breast
and lung cancer, with the highest risks observed more than 20 years following DTC
diagnosis. Reliance on SIR estimation only to describe second cancer risk in thyroid cancer
survivors may challenge the interpretation of smoking-related cancer risk, since thyroid
cancer patients are less likely to smoke. Overall, these results may stimulate continued
discussion between patients and physicians over the risks versus benefits of RAI in young
DTC patients.
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Table 1.

Characteristics of the Canadian Fluoroscopy Cohort Study

Descriptive Characteristics Value
Number of subjects 63,715
Year of birth, median (range) 1917 (1853-1949)
Females (%) 49.9
Pulmonary TB (%) 86.8
Most advanced TB stage recorded, N (%)
minimal 15,264 (24.0)
moderate 22,696 (35.6)
advanced 16,253 (25.5)
Smoking, N (%)
non-smoker 3,456 (5.4)
ever smoker 10,172 (16.0)
not specified 50,079 (78.6)
Number of fluoroscopies,a mean (95% Cl)b 92 (1-360)
Duration of fluoroscopies,a years, mean (range) 2.7 (0.05-35)

Cumulative dose to the Iungs,CGy, mean (95% Cl)d

from PT 0.300 (0.140, 0.530)
from PP 0.020 (0.008, 0.037)
from AS 0.007 (0.003, 0.012)

from GI series

0.00007 (0.00001, 0.00023)

from all fluoroscopy-guided procedures

0.320 (0.160, 0.560)

Page 17

Abbreviations: AS, aspirations; Cl, confidence interval; Gl series, gastrointestinal series; Gy, gray; PP, pneumoperitoneum; PT, pneumothorax; SD,

standard deviation; TB, tuberculosis.

a . . . .
Averaged across all patients in the cohort who received any of the fluoroscopy-guided procedures.

b,

2.5th and 97.5th percentiles among patients in the cohort who received the listed procedure.

c
Averaged across all members of the cohort.

Mean and 95% CI of estimated cohort average doses from 1,000 alternative realizations using Monte Carlo sampling techniques.
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