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BACKGROUND: Female thyroid cancer survivors are more likely to have a higher risk of breast cancer compared to the general
population, and the underlying causes are yet to be understood. The potential role of I-131 treatment on this association remains
controversial.
METHODS: We pooled individual data of women who were treated for differentiated thyroid cancer from 1934 to 2005 in France,
Italy and Sweden. Standardized incidence ratios (SIRs) for breast cancer were estimated by comparison with age, sex and calendar-
year expected values of the general population in each country. We estimated breast cancer risk in relation to I-131 treatment using
time-dependent Poisson models.
RESULTS: Of 8475 women (mean age at diagnosis: 45 years, range 2–90 years), 335 were diagnosed with breast cancer [SIR= 1.52,
95% confidence interval (CI): 1.36–1.69] during a median follow-up time of 12.7 years since diagnosis. Overall, breast cancer risk did
not differ between women treated or not with I-131 (relative risk=1.07, 95% CI 0.84–1.35). However, breast cancer risk increased
with increasing cumulative I-131 activity, without significant departure from linearity (excess relative risk per 100 mCi=17%, 95% CI:
2% to 38%). The higher risk associated with a cumulative I-131 activity of ≥100mCi and ≥400mCi was translated into 4 (95% CI −4
to 13) and 42 (95% CI −8 to 93) excess breast cancer cases per 10,000 person-years, respectively.
CONCLUSIONS: An elevated risk was observed for the highest cumulative administered activity (>=400mCi), and a significant
dose-dependent association was observed among thyroid cancer survivors who were treated with I-131. However, overall, I-131
treatment might only explain partly the increase in breast cancer risk among female thyroid cancer survivors.
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INTRODUCTION
Thyroid cancer is the most common endocrine cancer [1], with an
increasing observed incidence over the last decades, particularly
among women [2, 3]. Most cases are differentiated thyroid cancers
(DTC), including papillary and follicular thyroid cancers, peaking at
the age of 45–54 [2, 3]. Treatment for DTC consists of
thyroidectomy with or without a single administration of I-131
to ablate remnants and repeated administrations of I-131 in case
of neck recurrence or distant metastases. Most thyroid cancers
have a good prognosis with a 10-year overall survival exceeding

90% [4]. With a long-life expectancy, a major concern is thus long-
term adverse outcomes. Previous studies have shown a bidirec-
tional relationship between thyroid and breast cancers [5], in
which thyroid cancer survivors could have a 1.25-fold higher rate
of developing breast cancer compared to the general population
[6]. This increase cannot be explained by surveillance bias alone
[5–7]. There is a need of identifying factors that contribute to the
increased breast cancer risk among thyroid cancer survivors.
As the female breast tissue is one of the most radiosensitive

organs [8], I-131 treatment could be a factor constituting the
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elevated breast cancer risk after a thyroid cancer diagnosis, along
with genetic susceptibility, or shared hormonal and environmental
factors [7, 9]. Although ecological data from the Chernobyl
radiation accident previously suggested such an association
[10, 11], results on the exposure to medical I-131 treatment have
been conflicting. Some studies reported a higher breast cancer
risk among I-131-treated thyroid cancer survivors [9, 12, 13] while
others showed no association or even a lower risk compared to
non-I-131-treated patients [14–18]. In addition, the limited
number of cases and short follow-up time in some studies
[12, 15, 16], the lack of a non-I-131-treated comparison group [19]
and the unavailability of details on I-131 activities in some others
[17, 19, 20] also hamper the interpretation of the association
between I-131 treatment and breast cancer risk among thyroid
cancer survivors [21].
In a pooled analysis of three large cohorts in Europe, we

previously reported a higher breast cancer risk among thyroid
cancer survivors compared to the general population, which was
unlikely to be associated with I-131 treatment [22]. However, the
risk related to I-131 treatment was estimated based on a limited
number of cases. The present paper aimed to update results on
breast cancer incidence in these cohorts with new patients
included and a longer follow-up, and to evaluate the dose-
response relationship with cumulative I-131 activities.

METHODS
Population
We combined data from three European cohorts (The concerted action
FI4P-CT98–0078) for patients with histologically confirmed papillary or
follicular thyroid cancer diagnosis as the first primary cancer. These cohorts
have been described in detail elsewhere [22–25]. Briefly, the Swedish
cohort included all patients treated for thyroid cancer between 1950 and
1983 in six university hospitals. The Italian cohort consists of patients
diagnosed with or treated for thyroid cancer from 1958 to 1996 at the
General Hospital in Busto Arsizio, Italy. The French cohort included patients
treated for thyroid cancer from 1934 to 2005 at four hospitals. Compared
to the previous pooled analysis [22], the current study included 2202 and
92 new patients from the French and Italian cohorts, respectively, who
were initially treated during the period 1995–2005. The population from
the Swedish cohort remained as previously included. We extended the
follow-up time up to 7, 11 and 20 years for the Swedish, Italian, and French
cohorts, respectively.
We excluded patients with external radiotherapy prior to thyroid cancer

diagnosis (n= 80), any malignancy in the 2 years after thyroid cancer
diagnosis (n= 273), less than 2 years of follow-up (n= 543) or patients
who were diagnosed with thyroid cancer at the age of ≥95 (n= 1). Finally,
our study population included 8475 women (Fig. 1).
We retrieved information on thyroid cancer diagnosis, treatment

modalities (surgery, external radiotherapy, and internal radiotherapy with
I-131), all administration dates and administered activities from the
medical records of each hospital. I-131 activities for diagnostic purposes

were not systematically recorded in all centers and when available, the
information on whether I-131 administration was for diagnostic or
therapeutic purposes was not recorded. Therefore, we considered activities
of ≥10mCi (0.37 GBq) as therapeutic I-131 and lower activities as
diagnostic I-131. We used data on therapeutic I-131 to conduct our main
analyses and data on both diagnostic and therapeutic I-131 in a sensitivity
analysis. We also reconstructed doses incidentally delivered by I-131
administration and external radiotherapy (Supplementary Method 1).
Invasive subsequent cancer cases and deaths after 2 years of thyroid

cancer diagnosis were ascertained with medical records in the French and
Italian cohorts, and with national cancer and death registries in the
Swedish cohort. Follow-up time started on the date of thyroid cancer
diagnosis and ended on the date of any second cancer diagnosis (except
non-melanoma skin cancer), death, last visit to the treatment center, or the
end of the study period (December 31, 2004, December 31, 2008, and
December 31, 2014 for the Swedish, Italian, and French cohorts,
respectively), whichever occurred first. We censored the follow-up at age
95 years because beyond that age, second cancer records are likely to be
inaccurate (n= 31), and at the start date of external radiotherapy, if any, in
the Italian cohort because of the unavailability of technical parameters
needed for the dose calculation (n= 14).

Statistical analysis
We computed age-standardized incidence ratios (SIRs-, the ratio of
observed to expected number of breast cancer cases) and 95% confidence
intervals (CIs), assuming a Poisson distribution of the observed cases of
breast cancer. Expected numbers of cases were calculated using sex-, age-
and calendar-year-specific incident rates to the appropriate person-years at
risk in each country. The reference rates for the French, Italian, and
Swedish cohorts were from the estimations of cancer incidence in France
(period 1980–2012) [26], the registry of Varese, Lombardy (data availability
starting since 1978) [27], and the Swedish national cancer registry (data
availability starting since 1970) [28], respectively. In the French cohort, we
used the registry of Varese as the reference rates for 178 patients who
came from Italy. To compute the expected number of breast cancer cases
before the availability of the reference sources, we considered the rate
from the nearest available period of time for each country. We also
stratified SIRs according to age at thyroid cancer diagnosis (<30/30–40/
40–50/≥50 years of age), year at thyroid cancer diagnosis (≤1960/
1960–1980/>1980), and follow-up time (≤10/10–20/>20 years).
The use of I-131 treatment (yes/no) and cumulative activity (no I-131

treatment/<40/40–100/100–200/200–400/≥400mCi) were analyzed as
time-dependent variables. We assumed ten years as the shortest time
needed for the development and detection of breast cancer after I-131
treatment or external radiotherapy (hereafter, minimal latency time)
[29–31]. Accordingly, the relative risk (RR) of subsequent breast cancer at a
given calendar period and attained age was modeled as a function of the
expected number of breast cancer from the reference rates, and of the
cumulative activity of I-131 treatment administered ten years or more
before. We further adjusted for country, age at thyroid cancer diagnosis
and cumulative dose of external radiotherapy, except where stated
otherwise.
We assessed the dose–response association and a possible threshold

dose for breast cancer risk. The absolute excess risk (AER) was calculated as
the observed minus expected number of neoplasms, divided by the

9372 women in the pooled cohort

Excluded women with:
- Any radiotherapy before thyroid cancer diagnosis (n=80)
- Any malignant condition in two years after the thyroid cancer diagnosis (n=273)
- Less than 2 years of follow-up (n=543)
- Thyroid cancer diagnosis at the age of 95 or more (n=1)

8475 women included in the study

Fig. 1 Flowchart of the study. Flowchart describing the exclusions in the three European cohorts (France, Italy and Sweden).
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person-years at risk and multiplied by 10,000. We also estimated excess
relative risks (ERRs) per 100mCi, and evaluated possible departures from
linearity for the shape of dose-response models for therapeutic I-131
cumulative activity by comparing models with linear terms, linear-
quadratic terms, and linear-exponential terms. We evaluated possible
linear threshold models which specify a linear relationship starting at a
threshold activity (i.e., an activity below which there is no radiation effect)
(Supplementary Method 2) [32]. Possible effect modifications by external
radiotherapy, age/year at diagnosis and follow-up time were evaluated by
testing the statistical significance of an interaction term between I-131
treatment and the studied covariate (likelihood-ratio χ² tests). A single
administration of I-131 treatment is often considered for adjuvant therapy,
and can be repeated in case of neck recurrence or distant metastases, and
the current recommended activities in a single administration of I-131 is
<200mCi [33]. Therefore, we stratified the risk estimates according to the
number of administered activity (1/>1) and the maximum activity in a
single administration (200/≥200mCi).
Several sensitivity analyses were conducted. We computed risk

estimates incorporating both I-131 activities for diagnostic and therapeutic
purposes. We censored women after 10 years of external radiotherapy. As
data on thyroid cancer diagnosis and treatments could be erroneous in the
early years, we excluded women diagnosed with thyroid cancer before
1960. We evaluated the association between breast cancer risk and I-131
estimated cumulative absorbed doses among women aged >15 years at
thyroid cancer diagnosis (Supplementary Method 1). Because I-131-treated
women could be different from women without I-131 treatment in terms
of indications, and lost to follow-up, we conducted several analyses to
further understand to which extent this could bias the risk estimates: First,
we considered lost to follow-up as our primary outcome (instead of breast
cancer diagnoses). Second, we applied inverse probability weighting (IPW)
accounting for the probability of receiving I-131 treatment, external
radiotherapy and of lost to follow-up (Supplementary Method 3).
Analyses were performed using SAS software and the EPICURE AMFIT

software package [34]. 95% confidence intervals (CIs) were estimated with
maximum likelihood methods. When lower bounds could not be
estimated, results from Wald estimation were calculated.

RESULTS
In the study population, 8475 (100%) women were treated with
surgery, 5292 (62%) with I-131 treatment and 970 (11.4%) with
external radiotherapy (Table 1 and Supplementary Table 1). I-131-
treated patients received a median cumulative activity of 100 mCi
(range 10–1597 mCi) (Table 1). Compared to women not treated
with I-131, I-131-treated women were unlikely to have a longer
follow-up or to receive external radiotherapy (Supplementary
Tables 2 and 3).
During a median follow-up of 12.7 years, 335 women developed

breast cancer, i.e. 1.52 (95% CI 1.36–1.69) times more than the
expected rates from the general population (Supplementary
Table 3). This ratio did not substantially vary among the individual
cohorts (P-Cochran’s test= 0.16), but decreased with age at
thyroid cancer diagnosis, and increased with follow-up and
calendar year at thyroid cancer diagnosis (P-trends < 0.001).
The 10-year cumulative breast cancer incidences were 4.1%

(95% CI: 3.3–5.1%) and 0.5% (95% CI: 0.4–0.7%) among women
treated with and without I-131 treatment, respectively (P-log-rank
test <0.01) (Fig. 2). Overall, we found no significant association
between I-131 treatment and subsequent breast cancer risk
(RR= 1.07, 95% CI: 0.84–1.35, AER per 10,000 person-years= 0.8,
95% CI: −4.9–6.4). We found no evidence of departure from
linearity in the shape of dose-response models for I-131 activities.
There was a statistically significant increased risk with increasing
I-131 activity (ERR per 100mCi=17%, 95% CI: 2–38%, ERR per
100mGy= 5%, 95% CI: 0–14%). The highest relative risk was
observed among women who received a cumulative I-131 activity
of ≥400mCi (RR= 2.41, 95%CI: 1.13–3.52) (Table 2). We estimated
that among women who received a cumulative I-131 activity of
≥100 mCi and of ≥400mCi, the risk associated with the exposure
to I-131 was translated into 4 (95% CI −4 to 13) and 42 (95% CI:
−8 to 93) excess breast cancer cases per 10,000 person-years,

Table 1. Characteristics of the pooled cohort.

France (N= 5469) Italya (N= 1551) Sweden (N= 1455) Pooled cohort
(N= 8475)

Year of treatment, year, median (min–max) 1993 (1934–2005) 1988 (1958–1996) 1965 (1950–1983) 1989 (1934–2005)

Age at thyroid cancer diagnosis, year, mean
(min–max)

44 (2–90) 44 (5–81) 49 (5–90) 44.5 (2–90)

Follow-up time, year, median (min–max) 12 (2–66.5) 11 (2–37) 24 (2–55) 12.7 (2.0–66.5)

Breast cancer cases, n (%) 202 (3.7) 38 (2.5) 95 (6.5) 335 (4.0)

Time to breast cancer, year, median (min–max) 12 (2–55) 12 (2–35) 25 (2–46) 14.1 (2.0–55.2)

Treatment of thyroid cancer by ionising radiation

External radiotherapy, n (%) 430 (7.9) – 540 (37) 970 (11.4)

Time to the first administration since thyroid
cancer diagnosis, year, median (IQR)

0.2 (0.1–1.5) – 0 (0–0) 0 (0–0.3)

I-131 therapy, n (%) 3403 (62) 1307 (84) 582 (40) 5292 (62.4)

Time since thyroid cancer diagnosis,
median (IQR)

0.2 (0.1–0.4) 0.2 (0.1–0.3) 0 (0–0) 0.1 (0–0.2)

Number of therapeutic I-131 activity, median
(min–max)

1 (1–14) 1 (1–15) 1 (1–10) 1 (1–15)

Cumulative activity of therapeutic I-131, mCi,
median (min–max)

100 (10–1597) 100 (25–1491) 75 (10–1330) 100 (10–1597)

Both I-131 treatment and external radiotherapy 326 (6.0) – 199 (13.7) 525 (6.2)

Cumulative radiation dose delivered to the breasts

I-131 therapy, mGy, median (min–max)b 247 (25–3942) 247 (61–3680) 185 (25–3283) 247 (25–3942)

External radiotherapy, mGy, median (min–max) 1299 (10–43,480) – 272 (1–46,595) 566 (1–46,595)

Imputed dosimetry for external radiotherapy,
n (%)

61 (14) 0 406 (75) 467 (48)

aPatients with external radiotherapy were excluded at inclusion or censored at the start date of external radiotherapy.
bPatients aged >15 years at thyroid cancer diagnosis.
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respectively. Examining deviances to estimate the threshold dose,
we found the minimum deviance of the linear threshold models at
80mCi with the upper limit of 95% CI at 184mCi (Supplementary
Fig. 1).
The risk estimates remained consistent among women with a

maximum activity <200 mCi in a single administration. Stratifica-
tion by the number of I-131 administrations had little influence on
the risk estimates, except an increased risk among women who
received a single administration of 200–400mCi (RR= 2.45, 95%
CI 1.10–4.67), based on a few cases (Table 3). We found neither
significant modifying effects of other factors (Supplementary
Table 6), nor substantial difference between the main analyses
and the sensitivity analyses. Analysis accounting for IPW even
showed a stronger effect of I-131 treatment (Supplementary
Table 7).

DISCUSSION
We found that female thyroid cancer survivors had a 1.5-fold
higher breast cancer risk compared to the general population.
There was no significant association between breast cancer risk
and exposure to I-131 treatment overall, suggesting that I-131
treatment could not fully explain the higher breast cancer risk
among thyroid cancer survivors. However, accounting for a 10-
year minimal latency time, we found a linear dose–response
relationship between I-131 cumulative activities and breast cancer
risk with a significant ERR per 100mCi of 17% (ERR per 100mGy of
5%). Among women with a cumulative I-131 activity of ≥100 mCi
and ≥400mCi (based on a limited number of cases), 4 and 42
excess breast cancer cases, respectively, could occur for every
10,000 person-years. When considering a linear threshold model,
estimate of a threshold activity was 80mCi with an upper 95%
confidence bound of <200 mCi.
Exposure to ionizing radiation has been demonstrated to

increase the lifetime risk of female breast cancer [29]. However,
the ionizing radiation-related estimated risks varied considerably
across medically, occupationally, and environmentally exposed
populations. A recent study on breast cancer mortality associated
with I-131 treatment for hyperthyroidism with individualized
dosimetry estimated an increased risk of 12% per 100 mGy of
absorbed dose to the breast [35]. Our increased risk of 5% per
100mGy of I-131 absorbed dose to the breasts was 2–4-fold

higher than the risk associated with external radiation therapy
among cancer survivors (ERR/100 mGy varied from 0.01 to 0.03)
[36], but of the same magnitude as the risk estimates reported
from the US Radiologic Technologists Study (ERR/100 mGy= 0.07)
[37], the Life Span Study of Atomic Bomb Survivors (ERR/100 mGy
varied from 0.09 to 0.11) [38, 39], and the Techa River Incidence
Cohort (ERR/100 mGy: 0.19) [40] (Supplementary Method 4). The
discrepancy could possibly be due to differences in dose rate,
dose ranges, age at exposure, information quality, background
risks and statistical variability or uncertainties. Hypotheses and
approximations used for the dose reconstruction might also
contribute to the differences. For I-131 dosimetry, we could not go
further than a standard phantom and reference dose coefficients,
i.e., S-values, because we did not have detailed individualized data
on the anatomy of each subject. Our dosimetry, therefore, could
not account for anatomy-specific variations in dose distributions
or breast sub-volume dose heterogeneity, which might also play
a role.
Our findings support that increasing cumulative activity of I-131

was associated with an increased breast cancer risk among female
thyroid cancer survivors. However, a few previous studies found
no higher risks related to I-131 cumulative activities up to
>4.4 GBq or 150mCi, after adjusting for confounders [12, 15, 16].
Given the long latency time of radiation-induced breast cancers (a
minimal latency time of 10–15 years [29, 31] and of 5–10 years
[35, 41] after external and internal exposures to radiation,
respectively), breast cancer risk associated with I-131 treatment
was probably underestimated in studies with short follow-up
times [12, 15, 16]. Of note, in the previous pooled study, we found
a linear relationship between I-131 treatment and all solid cancer
risk, and the risk increased particularly among patients who
received a cumulative activity of 400mCi [22].
In our study, the lack of an effect modification by age at thyroid

cancer diagnosis (Supplementary Table 6) could be explained by a
large proportion of patients diagnosed in adulthood (80% of
patients were aged ≥30 years at thyroid cancer diagnosis).
Previous studies have shown that individuals exposed to ionizing
radiation are the most radiosensitive at early ages, mostly before
the age of 30 [13, 29, 39], and the highest risks are found around
menarche [39]. In this study, the limited number of women aged
before 30 years at thyroid cancer diagnosis limited our ability to
detect an effect modification in this setting. Due to the limited
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number of 7 breast cancer cases among women exposed to ≥1 Gy
of external radiotherapy after 10 years of latency, we were not
able to obtain reliable risk estimates related to the use of external
radiotherapy and investigate the interaction between
internal–external radiation.
Although the increased breast cancer risk among women with a

high cumulative activity of I-131 is biologically plausible and in
line with epidemiological studies on (external) radiation exposure,
our results could also be due to, at least partly, confounding by
indications, selection bias due to lost to follow-up, and
surveillance bias. Thyroid cancer survivors who received a high
cumulative activity of I-131 could have worse prognostic factors
and a higher probability of cancer recurrence [33, 42], which
require further management, possibly leading to a more intensive
follow-up and a more intensive screening strategy than women
without the treatment or with lower cumulative activities.
However, to date, no specific breast cancer screening program
has been recommended for thyroid cancer survivors. Analyses
considering a long latency time of 10 years after the exposure of
I-131 also minimized the potential surveillance bias. Restricting
analyses to the Swedish population which has a complete, passive
(non-selected) follow-up for all individuals through the national

registries yielded similar risk estimates (ERR= 24%, 95% CI −10 to
85%). Surprisingly, the results from sensitivity analyses which
considered lost to follow-up as an outcome or used IPW (to
neutralize the differences caused by a possible indication and/or
selection bias) suggested that the risk could have been under-
estimated among women with the highest cumulative activities of
I-131.
The current study has major strengths, including large

population size, with a confirmed thyroid cancer diagnosis. The
pooled cohort also includes detailed information on administra-
tion dates, and activities for I-131 treatment and external
radiotherapy. We were able to use both administered activities
and the estimate of absorbed doses of I-131 treatment, which
enabled us to yield risk estimates more precisely and compare
results with previous studies. We also had an internal comparison
group of thyroid cancer patients who did not receive I-131
treatment, which minimize indication bias.
We acknowledge several limitations. Since the possible effects

of I-131 are considered to be modest and can be subject to long
latency times, the follow-up could not be long enough to account
for all effects. The number of cases among patients treated at low
(e.g., <100 mCi) and high (>400mCi) dose of I-131 treatment were

Table 2. Breast cancer risk associated with therapeutic I-131 (considering a ten-year minimal latency time).

Pooled cohort

BC cases/person-years RRa (95% CI) AERb

Therapeutic I-131 activity

No 234/85,715 1

Yes 101/27,685 1.07 (0.84–1.35)

P-heterogeneity >0.5

Cumulative activity of therapeutic I-131 (mCi)

No I-131 treatment 234/85,715 1

<40 4/2316 0.49 (0.15–1.15)

40–100 16/6499 0.77 (0.44–1.25)

100–200 53/14,029 1.10 (0.80–1.47)

200–400 19/3731 1.55 (0.92–2.44)

≥400 9/1112 2.41 (1.13–4.52) 42 (−8–93)c

P-heterogeneity 0.039

P-trend 0.028

ERR per 100mCia 0.17 (0.02–0.38)

ERR per 100 mCi among women who
received I-131 treatmenta

0.30 (0.08–0.64)

Cumulative radiation dose of I-131 therapy (mGy)d

No I-131 treatment 232/83,162 1

<100 5/2644 0.54 (0.19–1.18)

100–250 52/16,637 0.91 (0.67–1.22)

250–500 20/4682 1.26 (0.76–1.95)

500–1000 16/2,043 2.34 (1.33–3.81) 37 (4–82)

≥1000 3/697 1.20 (0.29–3.18)

P-heterogeneity 0.033

P-trend 0.094

ERR per 100mGya,d 0.05 (0.00–0.14)

ERR per 100mGy among women who
received I-131 treatmenta,d

0.10 (0.01–0.24)

AER absolute excess risk per 10,000 person-years, BC breast cancer, CI confidence interval, ERR excess relative risk, RR relative risk.
aAdjusted for the country, age at diagnosis, and dose of external radiotherapy delivered to the breast in the background risks
bAER are shown only when the corresponding RRs were statistically significant at P < 0.05.
cThe lower bounds could not be estimated with maximum likelihood methods, AER calculated with Wald estimation was shown
dAnalysis conducted among women aged >15 years at thyroid cancer diagnosis.
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limited, and risk estimations among these populations should be
interpreted with caution. Details on cancer stage, grade, and
breast cancer form (unilateral or bilateral) were unavailable. Lack
of information on exposure to radiological examinations (e.g.,
chest X-rays, bone X-rays, CT-scans), environmental and occupa-
tional radiation, genetic characteristics, history of benign breast
disease, and relevant confounders (e.g., obesity, hormonal factors)
requires caution when interpreting the results. We were not able
to estimate reliably absorbed doses from I-131 administrations for
women aged ≤15 years at thyroid cancer diagnosis, and the risk
estimates related to I-131 absorbed doses might not be general-
ized to this population. Finally, we could not obtain information
on diagnostic I-131 administrations or estimate doses to the
external radiotherapy for the whole population.
In conclusion, we found a slightly higher breast cancer risk

among women treated for thyroid cancer compared to the general
population, which could be partly attributable to I-131 treatment,
especially among women who received a high cumulative activity
of I-131. Based on a limited number of cases, the estimated
attributable risk related to exposure to a cumulative activity of
I-131 of ≥100mCi and ≥400mCi could translate into 4 and 42
excess breast cancer cases per 10,000 person-years, respectively.
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