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Abstract

Background
The radiation-related risk of breast cancer among women following the Chornobyl accident remains uncertain.
During pregnancy, there is rapid cell proliferation in the breast while radioactive iodine from fallout exposure
can concentrate in lactating breast tissues.

Methods
We conducted a standardized incidence ratio (SIR) analysis of breast cancer in a cohort of 2,631 women who
were lactating and/or pregnant at any time during the two-month period of radioiodine fallout (April 26, 1986 -
June 30, 1986). There were 37,151 person-years of follow-up, and 26 incident breast cancers were identi�ed
through linkage with the National Cancer Registry of Ukraine. Breast cancer rates among pregnant or lactating
women were compared to the general population rates, and SIRs were adjusted for oblast, urban/rural, age,
and calendar year.

Results
The SIR was non-signi�cantly elevated for women lactating at the time of accident (SIR = 1.30, 95% CI: 0.40;
3.01), but not for women initiating lactation within the two months of the accident (SIR = 0.82, 95% CI: 0.32;
1.65) or women pregnant at the time of the accident (SIR = 0.75, 95% CI: 0.44; 1.18).

Conclusions
The increased SIR for breast cancer among lactating women is consistent with the results of a similar study in
Belarus and indicates the need to quantify the radiation risk of breast cancer in a larger study of women
lactating during the period of fallout exposure.

Introduction
Breast cancer is a leading cancer and cause of death among women in many countries, including Ukraine[1, 2].
While breast tissue is known to be radiosensitive [3, 4], limited epidemiological data is available for breast
cancer risk from environmental exposure to radiation after nuclear accidents. The accident at the Chornobyl
(Chernobyl) nuclear power plant (NPP) in northern Ukraine that occurred on April 26, 1986 resulted in a
massive release of contaminants including Iodine-131 (131I), which has a half-life of eight days, in addition to
longer-lived cesium isotopes[5, 6]. Rapid cell proliferation during pregnancy and radioactive iodine
accumulation in the lactating mammary gland suggest that exposure to fallout during these two reproductive
periods may increase breast cancer risk [7].

Studies of breast cancer incidence following the Chornobyl accident have focused on female liquidators
(cleanup workers), evacuees of the exclusion zone, and women residing in areas contaminated by fallout.
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Increased breast cancer risks have been reported among female liquidators when compared to the general
population [8]. In a recent ecological study in Belarus and Ukraine, Zupunski and colleagues reported no
increase in breast cancer incidence in contaminated areas [9]. However, this study did not include individual
breast doses, and did not account for reproductive factors aside from age. Epidemiological data for women
that were either pregnant or lactating at the time of radiation exposure are sparse. Cahoon and colleagues
were the �rst to examine rates of breast cancer among women residing in contaminated regions in Belarus
who may have been exposed to Chornobyl fallout during these reproductive periods, �nding a signi�cantly
increased breast cancer risk among women lactating, but not pregnant at the time of the accident[10].
However, the limited sample size in that study underscores the need for additional data in this potentially
vulnerable population.

The objective of this study is to compare the rates of breast cancer among women in Ukraine who were
exposed to Chornobyl fallout while pregnant or lactating to the rates in the general population. National cancer
registry data and well-established long-term thyroid screening cohorts of individuals exposed to Chornobyl
fallout as children and in utero were used to examine whether mothers of these subjects were at increased
breast cancer risk.

Materials And Methods

Study population
Our study cohort included mothers of subjects derived from two existing cohorts: the Ukrainian-American
thyroid cohort (UkrAm) and the Ukraine In-utero (UkrIU) cohort. Detailed descriptions of these two cohorts are
given elsewhere [11–13]. At the time of the accident, in both cohorts, subjects and mothers of the subjects
resided in the most radioactively contaminated areas of northern oblasts (an oblast is an administrative area
similar in size to a state or province) of Ukraine, mainly Chernihiv and Zhytomyr[14]. The study population
includes 2,631 mothers of infants aged 0–6 months at the time of the accident or women who were pregnant
at the time of the accident and were breast-cancer free at study entry (Fig. 1). The reasons for exclusion (in
series) included missing or incomplete data on mother (n = 36), low expected frequency of breastfeeding
because child was 6 months or older (n = 220), non-residence in Zhytomyr and Chernihiv oblasts (n = 138),
death (n = 6) or diagnosis with breast cancer (n = 4) before start of follow-up.

Pregnancy and lactation status
Questionnaire data collected from UkrAm subjects was used to assess whether their mothers were nursing at
the time of the Chornobyl accident and to estimate the thyroid dose from 131I intake. A parent or a close
relative was interviewed for the UkrAm subjects that were younger than 10 years at the time of accident. UkrIU
mothers were administered questionnaires to assess both pregnancy and nursing status at the time of the
Chornobyl accident in order to determine UkrIU study eligibility and to estimate fetal and infant thyroid dose
from 131I. Because of the short physical half-life of 131I (eight days) radioiodine exposure over the two-month
period of April 26 - June 30, 1986 was considered the critical exposure period.
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Our cohort of 2,631 women consisted of 1,809 pregnant women (all mothers of the UkrIU subjects) and 822
lactating women. Among lactating women, there were 218 UkrAm mothers that were already lactating at the
time of the accident. UkrIU mothers who were both pregnant and lactating during between April and June 1986
were categorized into the lactating group because of their potentially higher exposure to the mammary gland
due to 131I intake.

Breast cancer incidence
Breast cancer incidence was ascertained through linkage with the National Cancer Registry of Ukraine (NCRU)
from 1990 to 2016. The NCRU is a nationwide population-based cancer registry that monitors cancer incidence
and mortality and represents a network of regional population-based cancer registries (PBCR) in Ukraine’s
administrative regions. The NCRU depends on mandatory reporting of cancer diagnoses by local medical
practitioners to regional oncological institutions (oncological dispensaries). The data collected by each
regional PBCRs are then submitted annually to the central unit of the NCRU operating in the Department of the
National Cancer Institute of Ukraine. Established in 1988, the database reached near-universal coverage by
2000. Ryzhov et al reported on the quality of the data in the NCRU and noted that the incidence data are in
accordance with international cancer registry standards with respect to timeliness, completeness, validity, and
comparability [15]. Information collected includes the patient’s last, �rst and patronymic names, date of birth,
sex, place of residence, date and place of cancer diagnosis, methods used for the basis of diagnosis, cancer
diagnosis coded according to International Classi�cation of Diseases (ICD) and ICD-O-3 classi�cation, and
follow-up information including migration and date of death.

An electronic database containing demographic data (last, �rst and patronymic names, patronymic name, date
of birth, address of residence) for mothers of UkrAm and UkrIU cohort subjects was created and linked with the
NCRU data for identi�cation of breast cancer cases. The linkage procedure was based on a computerized
deterministic record linkage technique with probabilistic elements incorporating a set of comparison functions
using last, �rst and patronymic names, date of birth, and complete residential address. Each computer link
was also reviewed by the team of Ukrainian researchers. Breast cancer cases with con�rmed identities were
included in the study. Corresponding census-based population counts were obtained from the State Statistics
Service of Ukraine[16].

Statistical analysis
Study entry dates of January 1, 1998 and January 1, 2003 were selected for mothers of the UkrAm and UkrIU
subjects, respectively, to minimize selection bias because these were the dates when full-scale screening in the
respective cohorts began. We followed the study population from study entry until the earliest of (i) date of
�rst breast cancer diagnosis, (ii) date of death or migration out of the country, or (iii) closing date of linkage
with the cancer registry (12/31/2016).

We created person-event time tables for the study population stratifying person-years and breast cancer cases
by pregnancy/lactation status (lactating in period April-June 1986, pregnant but not lactating in period April-
June 1986), attained age (10-year categories from age 30 to 79 years), oblast of residence at the time of study
entry (Zhytomyr and Chernihiv), urban/rural residence at the time of study entry, and calendar period of follow-
up (1998–2002, 2003–2011, and 2012–2016). We calculated standardized incidence ratios (SIR) by dividing
the number of observed cases by the number of expected cases based on national cancer incidence rates,
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strati�ed by oblast, urban/rural, age, and calendar period using identical categories. All statistical tests were
two-sided with p ≤ 0.05 considered to be statistically signi�cant. Model parameters and 95% con�dence
intervals (CIs) were estimated using Epicure [17].

Results
There were altogether 37,151 person-years at risk and 26 incident breast cancer cases identi�ed in the study
cohort during up to 18 years of follow up (Table 1). The median age of study subjects at time of the accident
was 24 years (range: 16 to 45) and the median attained age was 55 years (range: 39 to 76). At the time of
study entry, roughly half of women in the study were residents of Chernihiv oblast (51%) and most lived in rural
settings (58%). For pregnant women, all of whom were mothers of the UkrIU cohort subjects, we found an SIR
of less than unity (0.75, 95% CI: 0.44; 1.18) (Table 1). There was no signi�cant heterogeneity in the SIRs across
the categories of age at time of accident, calendar year, attained age, urban/rural residence, or oblast
(Zhytomyr vs. Chernihiv) in this group.

Table 1. Breast cancer standardized incidence ratio estimates by selected characteristics in women exposed
while pregnant or lactating to Chornobyl fallout while residing in Ukraine.
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Pregnant during April-June, 1986 Lactating during April-June, 1986

PYRs Women Obs Exp SIR
(95%
CI)

PYRs Women Obs Exp SIR
(95%
CI)

Total 24,856 1,809 16 21.29 0.75
(0.44,
1.18)

12,295 822 10 10.43 0.96
(0.48,
1.68)

Study

     
 UkrAm

4,040 218 4 3.08 1.30
(0.40,
3.01)

       UkrIU 24,856 1,809 16 21.29 0.75
(0.44,
1.18)

8,255 604 6 7.35 0.82
(0.32,
1.65)

Age at time of accident

       15-19 3,388 244 1 1.95 0.51
(0.03,
2.26)

1,174 79 0 0.67

       20-24 9,440 684 7 7 1.00
(0.43,
1.93)

4,752 314 2 3.43 0.58
(0.10,
1.80)

       25-49 12,029 881 8 12.34 0.65
(0.30,
1.21)

6,368 429 8 6.34 1.26
(0.58,
2.35)

Calendar year

       1998-
2002

1,086 0 0.56

       2003-
2011

16,097 11 12.03 0.91
(0.47,
1.57)

7,300 5 5.66 0.88
(0.32,
1.90)

       2012-
2016

8,759 5 9.27 0.54
(0.19,
1.16)

3,909 5 4.21 1.19
(0.43,
2.55)

Attained age

       30-39 1,913 0 0.62 1,219 0 0.42

       40-49 12,412 9 9.38 0.96
(0.46,
1.73)

5,830 3 4.41 0.68
(0.17,
1.76)

       50-59 9,087 7 9.42 0.74
(0.32,
1.44)

4,431 6 4.53 1.32
(0.53,
2.68)

       60-69 1,413 0 1.84 796 1 1.05 0.95
(0.05,
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4.20)

       70-80 31 0 0.04 18 0 0.02

Urban status at �rst screening

       Rural 14,311 1,045 10 10.27 0.97
(0.49,
1.71)

7,233 473 4 5.2 0.77
(0.24,
1.79)

       Urban 10,545 764 6 11.02 0.54
(0.22,
1.10)

5,062 349 6 5.24 1.15
(0.46,
2.32)

Oblast at �rst screening

     
 Zhytomyr

12,342 900 8 9.84 0.81
(0.37,
1.51)

5,694 391 3 4.77 0.63
(0.16,
1.63)

     
 Chernihiv

12,514 909 8 11.45 0.70
(0.32,
1.30)

6,601 431 7 5.66 1.24
(0.53,
2.39)

 Abbreviations: PYRs, person-years; Obs, number of observed cases; Exp, number of expected cases; SIR,
standardized incidence ratio; CI, con�dence interval, UkrAm, Ukraine-American Thyroid Disease Study; UkrIU,
Ukraine In Utero Study.

* Adjusted for oblast, urban status, attained age group (10-year categories from 30 to 79 years), and calendar
year categories (1998-2002, 2003-2011, 2012-2016). Entry date for UkrAm is 1/1/1998 and for UkrIU 1/1/2003
with exit at earliest date of breast cancer diagnosis, date of death, or date of linkage with the cancer registry
(12/31/2016). Time-dependent variables for calendar year and attained age do not include number of
subjects. P for heterogeneity non-signi�cant for study, urban status, or oblast for either exposure group. P for
trend non-signi�cant for age at time of accident, calendar year, and attained age for either exposure group.

For lactating women, the breast cancer risk was close to unity (SIR = 0.96; 95% CI: 0.48; 1.68) for UkrAm and
UkrIU mothers combined. However, the SIR for UkrAm mothers (who were lactating at the time of the Chornobyl
accident) was higher than unity (SIR = 1.30; 95% CI: 0.40, 3.01), while lower than unity for UkrIU mothers (who
initiated lactation within 2 months of the accident) (SIR = 0.82; 95% CI: 0.32, 1.65). The difference in the two
SIRs was not signi�cant (p for heterogeneity = 0.48). No signi�cant heterogeneity was observed in SIRs for
lactating women across the categories of age, calendar year, urban/rural residence, and oblast, but we noted
higher SIRs for those exposed at age 25 years or older and women residing in Chernihiv oblast.

Discussion
In this cohort of Ukrainian women exposed to Chornobyl fallout during pregnancy and lactation, we found a
non-signi�cantly elevated breast cancer risk for women in Ukraine who were lactating at the time of the
Chornobyl accident when compared to the general population. There was little indication of excess risk among
women initiating lactation within the two months of the accident or women pregnant at the time of the
accident. This study of breast cancer in Ukrainian women was conducted following a similar study of
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pregnant and lactating women residing in Belarus. Our �ndings are broadly similar to those of the Belarus
study, though the estimated elevation in the risk for lactating women was somewhat less than that seen in that
study [10].

In both the Ukrainian and Belarussian studies, the highest breast cancer risks were found for mothers who
were lactating at the time of the accident. As in the Belarussian study, the SIR was lower for mothers who
started lactation within the two-month window of April 26-June 30, 1986, than for mothers who gave birth
following the accident. We found little indication of elevated breast cancer risk for women who were pregnant
in either study population. Although the SIR in the UkrAm women lactating at the time of the accident did not
reach statistical signi�cance, the consistency in the SIR patterns by pregnancy/lactation status in both
Ukrainian and Belarussian women is noteworthy. This suggests that women residing in the areas most
affected by the Chornobyl accident offers a unique opportunity to investigate effects of radioiodine exposure
at these important reproductive stages.

The female breast undergoes dramatic changes in size, shape, and function during puberty, pregnancy,
lactation, and postmenopausal regression [18]. Exposure to ionizing radiation around the time of menarche
has been associated with markedly increased breast cancer risks in the Japanese atomic bomb survivors [19]
and among women under 13 years exposed to Chornobyl fallout in Bryansk, Russia [20]. Both puberty and
pregnancy are marked by rapid cell proliferation [21], however, we did not �nd increased risk of breast cancer
among women pregnant at the time of the accident. One possible reason for the null �nding could be low
exposure levels in this group, similar to the general population. The majority of the affected population was
exposed to low doses of ionizing radiation due to intake of short-lived radioisotopes of iodine, 131I, external
irradiation to gamma-emitting radionuclides deposited on the ground, and ingestion of long-lived 134,137Cs[5].
Between 1986 and 2016, the mean cumulative breast dose of 5.7 mGy was reported in Ukraine, with the
maximum dose of 54 mGy in Narodychi rayon of Zhytomyr oblast[9].

Several studies have demonstrated 131I uptake in lactating breasts following therapeutic radioiodine [22–25]
treatment. Active iodide transport occurs in the lactating mammary gland and is secreted into breast milk used
by the nursing newborn for the biosynthesis of thyroid hormones [26–28]. Increased 131I exposure in the
lactating group of women may explain why risks were highest in this group.

The most important limitation of this study is the lack of individual estimates of radiation dose. This study is
therefore fundamentally ecological in design and the possibilities of bias in such studies are well known [29].
Known breast cancer risk factors such as age at menarche, parity, and age at �rst birth could not be controlled
for. In addition, women that may relocate or die before the cancer reporting process is either initiated or
completed are sometimes not recorded in the cancer registry data and may be missed in our data. Our study
had small sample size that resulted in limited power to examine associations by reproductive stage, age at
exposure, calendar year, and oblast.

The results of this study in combination with those of a similar study from Belarus, suggest that 131I exposure
could be an important contributor to breast cancer risk in lactating women. Future well-powered studies
examining breast cancer risk among women exposed during radiosensitive reproductive periods and with
individual dose estimates are necessary to quantify any increased risk. Such studies are important from both
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public health perspective as well as to monitor long-term effects of radiation in the context of potential future
radiological and nuclear disasters.
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Figure 1

Flowchart of participants in the study of breast cancer among Ukrainian women exposed to Chornobyl fallout
while pregnant or lactating, 1998–2016. UkrAm, Ukrainian-American Cohort; UkrIU, Ukrainian In Utero Cohort


