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The risk of contralateral breast cancer: a SEER-based analysis
Vasily Giannakeas1,2,3, David W. Lim1 and Steven A. Narod 1,2,4

BACKGROUND: We sought to estimate the annual risk and 25-year cumulative risk of contralateral breast cancer among women
with stage 0–III unilateral breast cancer.
METHODS: We identified 812,851 women with unilateral breast cancer diagnosed between 1990 and 2015 in the SEER database
and followed them for contralateral breast cancer for up to 25 years. Women with a known bilateral mastectomy were excluded. We
calculated the annual risk of contralateral breast cancer by age at diagnosis, by time since diagnosis and by current age. We
compared risks by ductal carcinoma in situ (DCIS) versus invasive disease, by race and by oestrogen receptor (ER) status of the first
cancer.
RESULTS: There were 25,958 cases of contralateral invasive breast cancer diagnosed (3.2% of all patients). The annual risk of
contralateral breast cancer over the 25-year follow-up period was 0.37% and the 25-year actuarial risk of contralateral invasive
breast cancer was 9.9%. The annual risk varied to a small degree by age of diagnosis, by time elapsed since diagnosis and by
current age. The 25-year actuarial risk was similar for DCIS and invasive breast cancer patients (10.1 versus 9.9%). The 25-year
actuarial risk was higher for black women (12.7%) than for white women (9.7%) and was lower for women with ER-positive breast
cancer (9.5%) than for women with ER-negative breast cancer (11.2%).
CONCLUSIONS: Women with unilateral breast cancer experience an annual risk of contralateral breast cancer ~0.4% per year,
which persists over the 25-year follow-up period.

British Journal of Cancer (2021) 125:601–610; https://doi.org/10.1038/s41416-021-01417-7

BACKGROUND
A significant proportion of women with cancer in one breast,
including women with ductal carcinoma in situ (DCIS),1 opt for
bilateral mastectomy as their initial surgical treatment. Contral-
ateral prophylactic mastectomy rates increased from 5 to 12% of
all operations for unilateral breast cancer in the USA from 2004 to
2012.2 Amongst women having a mastectomy, contralateral
prophylactic mastectomy rates increased from <5% pre-2000 to
30% in 2012 (USA)3 and 25% in 2013 (Canada).4 Preventive
removal of the unaffected breast has been shown to reduce the
incidence of second primary cancers, but not of breast cancer
mortality in the general population.5,6 The anticipated benefit of a
preventive contralateral mastectomy depends on the lifetime risk
of contralateral breast cancer and is greater for younger women
(who have a long life expectancy) than for older women.7,8 It is not
clear to what extent the risk of contralateral breast cancer changes
with time elapsed since the first cancer diagnosis or with attained
age. To derive accurate estimates of contralateral risk by age at
diagnosis, by time elapsed since diagnosis and by current age, it is
necessary to follow a large cohort of breast cancer patients for 20
or more years after their first breast cancer.9 It is of interest to
determine to what extent various host factors, tumour factors, and
treatment impact on the risk of contralateral breast cancer and
whether or not these factors should be considered when
estimating the risk of contralateral breast cancer for an individual

patient. Accurate and personalised knowledge of risk may
facilitate counselling about the benefit of contralateral prophy-
lactic mastectomy for women who are considering a bilateral
mastectomy for the treatment of unilateral breast cancer.10 We
studied a large US-based cohort of women with first primary stage
0–III breast cancer. As a primary objective, we estimated the
annual and cumulative risks of contralateral breast cancer from
diagnosis until 25 years post diagnosis. Our secondary objective
was to identify host and tumour factors that modify these risks.

METHODS
Using SEER*Stat statistical software version 8.3.6, we performed a
case-listing session of women diagnosed with a first primary
in situ or invasive breast cancer in the SEER registries, up to and
including SEER 18 (November 2018 submission). Inclusion criteria
include women with a breast cancer diagnosis (in situ or invasive)
diagnosed between 1990 and 2015. We excluded women with a
prior cancer, women diagnosed at age <30 or age 80 and older,
had unknown laterality, undocumented nodal status, invasive
cancers with histology not of ductal, lobular or mixed
(ductal–lobular) subtype, in situ cancers with a histology not of
ductal, discordant data entry in the SEER database (i.e. T stage
classified as at least T1, but stage was classified as stage 0),
missing follow-up, had bilateral breast cancer or stage IV disease.
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We excluded women who had no surgery and those who had a
known bilateral mastectomy at diagnosis (Supplementary
Table S1A). To avoid bias caused by increased surveillance at
the time of treatment, and to avoid synchronous bilateral breast
cancer patients, we began follow-up at 6 months post diagnosis,11

thereby excluding women with a contralateral in situ or invasive
breast cancer diagnosed within 6 months of initial ipsilateral
diagnosis. We also excluded women who had a bilateral
mastectomy as a result of a new primary ipsilateral breast cancer
within 6 months of initial diagnosis, women who developed a new
(non-breast) primary malignancy within 6 months of initial breast
cancer diagnosis, women who died within 6 months of initial
diagnosis or women with only 6 months of follow-up available or
less (Supplementary Table S1B).
Patient informed consent was not required. Thus, our study was

exempted from review by the institutional review board of
Women’s College Hospital. This study adheres to the Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: guidelines for reporting observational
studies.12

For each case, we retrieved age at diagnosis, race, marital status
and neighbourhood household income. We collected data on year
of diagnosis, laterality, DCIS versus invasive disease, histologic
subtype (ductal, lobular or mixed) among invasive cases, size
(centimetres and T stage) and grade, nodal status (N stage),
clinical stage, and biomarker status (oestrogen receptor (ER) and
progesterone receptor (PR)). Treatments received include the type
of breast surgery (lumpectomy and mastectomy), chemotherapy
(yes, no and unknown) and radiotherapy (yes and no/unknown).
Information on endocrine therapy was not available in the
SEER*Stat database.
Patients were followed from 6 months after the diagnosis of

their first breast cancer until the development of a contralateral
invasive breast cancer, 25 years of follow-up, loss to follow-up,
death or the end of the study period (December 2015).
We calculated time from initial breast cancer diagnosis to a

contralateral invasive breast cancer. We did not include contral-
ateral in situ breast cancer events as an endpoint in our analysis.
We also collected information on death from breast cancer or
other causes (i.e. other cancer, heart disease, other diseases,
unknown cause) in the follow-up period.
The age-specific annual incidence rates for contralateral breast

cancer were calculated non-parametrically by dividing person-
time and contralateral breast cancer events into the correspond-
ing follow-up ages. We further calculated the annual risks of
contralateral breast cancer for the 25-year period following a
diagnosis of breast cancer for all women and for various
subgroups, including DCIS versus invasive disease, and by ER
status (among women with invasive breast cancer). Bootstrapping
was performed to obtain 95% confidence limits for age-specific
and annual rates of contralateral breast cancer. We performed
1000 bootstrap sampling iterations to generate these estimates.
Due to the depletion of the cohort with follow-up time, we
restricted some analyses to a 20-year follow-up to generate stable
estimates where appropriate.
The cumulative (actuarial) risk of contralateral breast cancer in

the 25-year period following a diagnosis of DCIS and invasive
breast cancer was estimated using the Kaplan–Meier method. We
estimated the 25-year cumulative incidence of contralateral
invasive breast cancer by age at diagnosis, by DCIS versus invasive
disease and for black versus white women.
We sought to identify predictors of contralateral breast cancer

though a semi-parametric survival analysis. We estimated sub-
distribution hazard ratios (sHRs) using the Fine and Gray
proportional sub-hazards model to account for potential compet-
ing risks of death (i.e. death from breast cancer, other cancer, heart
disease, other disease, unknown cause). Unadjusted and adjusted
sHRs were estimated for subgroups defined by age at diagnosis,

race, histological subtype, tumour grade, tumour size, nodal
status, ER and PR status, and receipt of chemotherapy and
radiotherapy. For the analysis of DCIS cases, nodal status and
chemotherapy were not included in the model. 95% Confidence
limits were generated for all HRs. P values were two-tailed with a
level of significance set at <0.05. All statistical analyses were
performed with SAS statistical software, version 9.4 (SAS Institute
Inc., Cary, NC).
For each woman in the cohort, we estimated a 25-year risk of

contralateral breast cancer given the woman’s risk factor profile. A
25-year risk of contralateral breast cancer probability was
estimated using a Cox proportional hazards model with inputted
covariates previously listed above.

RESULTS
Among the 812,851 eligible women with breast cancer in our
cohort, there were 659,639 cases of invasive breast cancer (81.2%)
and 153,212 cases of DCIS (18.8%). Patient demographics, breast
cancer characteristics and treatments received are presented for
the entire cohort (Table 1), and separately for women with DCIS
(Supplementary Table S2) and invasive breast cancer (Supple-
mentary Table S3). Slightly more than half of the women had
breast-conserving surgery (55.4%), 29.8% had a mastectomy and
the remaining 14.7% had an unknown surgery type (women with
a known bilateral mastectomy were excluded). The majority of
women received radiotherapy (54.2%) and more than one-third
received chemotherapy (34.1%). Information on anti-hormonal
therapy and ovarian suppression was not available. Of the 812,851
women in the cohort, 70,068 (8.6%) died from breast cancer in the
follow-up period. The 25-year actuarial breast cancer-specific
mortality was 20.9% for invasive cases and was 4.9% for DCIS
cases.
There were 25,958 cases of contralateral invasive breast cancer

diagnosed in the cohort (3.2% of all patients). The mean time
elapsed between the primary cancer and the contralateral cancer
was 7.1 years. The annual risk of contralateral breast cancer for the
entire cohort over the 25-year follow-up period was 0.37% and the
25-year cumulative incidence of contralateral invasive breast
cancer was 9.9%.
The 25-year cumulative risk of contralateral breast cancer was

similar for women of all ages at diagnosis (Fig. 1). The risk ranged
from 8% to 15% for the different ages (8–12% if we exclude the
33-year old patients). The risk was similar for women with DCIS
and invasive breast cancer (Supplementary Figure S1).
The annual risks of contralateral invasive breast cancer for each

year of follow-up in the 20 years following a diagnosis of breast
cancer are presented in Fig. 2. For women with invasive breast
cancer, the annual risk was relatively stable over the entire period,
ranging from 0.3% to 0.5%. The risk did not appear to be in
decline at the end of the follow-up period.
The rate of contralateral breast cancer for women with DCIS was

similar to women with invasive breast cancer (Fig. 2). The rate was
slightly higher for women with DCIS than for women with invasive
breast cancer in the first 5 years post diagnosis, after which the
risks were similar. The cumulative incidence curves of contralateral
invasive breast cancer for women with DCIS and invasive primary
breast cancer were nearly identical (Fig. 3). The 25-year actuarial
risk of contralateral breast cancer was 10.1% for women with DCIS
and 9.9% for women with invasive breast cancer.
Among women with invasive breast cancer, those with ER-

positive tumours had a lower 25-year contralateral breast cancer
risk than those with ER-negative tumours (9.5 versus 11.2%, P log-
rank <0.0001). For the first 10 years, women with ER-negative
invasive breast cancers have higher annual risks of contralateral
invasive breast cancer than women with ER-positive invasive
breast cancers (Fig. 4). After 10 years, the risks are similar for the
two groups. Compared to women with invasive ER+/PR+ breast
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cancer, the adjusted sHR for contralateral breast cancer in the first
10 years for those with invasive ER+/ PR− breast cancer was 0.92
(95% confidence interval (CI) 0.87–0.97, P= 0.0036), for those with
invasive ER−/PR+ breast cancer was 1.30 (95% CI 1.15–1.46, P <
0.0001) and for those with invasive ER−/PR− breast cancer was
1.40 (95% CI 1.33–1.46, P < 0.0001).
We used the age-specific person-years accumulated in the cohort

to calculate age-specific rates for contralateral breast cancer by
current age, for each year from age 30 to 80 years. The age-specific
annual rates of contralateral invasive breast cancer for the entire
cohort are presented in Supplementary Figure S2. The rate was
stable before age 55 years and rose slightly from age 55 to 75 years.
We also calculated the rate of a first primary breast cancer (in

one breast) using age-specific incidence rates from the SEER
registry (age-specific incidence divided by two). The annual risks
of contralateral invasive breast cancer and of first primary breast
cancer are compared in Supplementary Figure S2. The risk of first
primary cancer rises steadily with age until age 70 years, whereas
the annual risk of contralateral breast cancer is relatively stable. At
age 35 years, the risk of contralateral breast cancer is ~16 times
that of first primary cancer. At age 50 years, the annual risk of
contralateral invasive breast cancer is ~2.6 times that of first
cancer. At age 70 years, the annual risk of contralateral invasive
breast cancer is ~1.8 times that of the first cancer.

Table 1. Characteristics of breast cancer cohort.

Variable Value Total

Overall 812,851

Year of diagnosis (cat.) 1990–1994 66,862 (8.2%)

1995–1999 90,417 (11.1%)

2000–2004 198,296 (24.4%)

2005–2009 201,623 (24.8%)

2010–2015 255,653 (31.5%)

Age at diagnosis (cont.) Mean (SD) 58.0 (11.5)

Median (IQR) [range] 58.0 (49.0–67.0)
[30.0–79.0]

Age at diagnosis (cat.) 30–39 41,778 (5.1%)

40–49 170,047 (20.9%)

50–59 226,896 (27.9%)

60–69 216,939 (26.7%)

70–79 157,191 (19.3%)

Race White 652,024 (80.2%)

Black 82,785 (10.2%)

Asian 56,480 (6.9%)

Other/unknown 21,562 (2.7%)

Laterality Left 413,560 (50.9%)

Right 399,291 (49.1%)

Behaviour DCIS 153,212 (18.8%)

Invasive 659,639 (81.2%)

Stage 0 153,212 (18.8%)

I 343,074 (42.2%)

II 237,536 (29.2%)

III 79,029 (9.7%)

Grade Well differentiated
(grade I)

149,032 (18.3%)

Moderately
differentiated
(grade II)

308,660 (38.0%)

Poorly differentiated
(grade III/IV)

272,326 (33.5%)

Unknown 82,833 (10.2%)

Tumour size <1 cm 175,553 (21.6%)

1–1.9 cm 280,525 (34.5%)

2–2.9 cm 150,564 (18.5%)

3–4.9 cm 95,999 (11.8%)

5–9.9 cm 43,519 (5.4%)

10–15 cm 4486 (0.6%)

Unknown 62,205 (7.7%)

Nodal status N0 605,026 (74.4%)

N1 145,237 (17.9%)

N2 40,371 (5.0%)

N3 22,217 (2.7%)

ER status Negative 135,781 (16.7%)

Positive 565,634 (69.6%)

Unknown 111,436 (13.7%)

PR status Negative 202,845 (25.0%)

Positive 482,909 (59.4%)

Unknown 127,097 (15.6%)

Surgery Lumpectomy 450,700 (55.4%)

Mastectomy 242,179 (29.8%)

Table 1. continued

Variable Value Total

Unknown (prior
to 1998)

118,087 (14.5%)

Unknown 1885 (0.2%)

Radiotherapy No 354,432 (43.6%)

Yes 440,970 (54.2%)

Unknown 17,449 (2.1%)

Chemotherapy No/unknown 535,867 (65.9%)

Yes 276,984 (34.1%)

Contralateral invasive
breast cancer (outcome)

No 786,893 (96.8%)

Yes 25,958 (3.2%)

Time from diagnosis to
contralateral invasive
breast cancer (years)

Mean (SD) 7.1 (5.1)

Median (IQR) [range] 6.2 (2.8–10.3)
[0.1–25.0]

Contralateral in situ
breast cancer

No 803,682 (98.9%)

Yes 9169 (1.1%)

New primary (non-
breast) cancer

No 754,716 (92.8%)

Yes 58,135 (7.2%)

Follow-up time (years) Mean (SD) 8.7 (5.9)

Median (IQR) [range] 7.8 (3.8–12.8)
[0.1–25.0]

Vital status Alive 628,552 (77.3%)

Death from
breast cancer

70,068 (8.6%)

Death from
other cancer

28,031 (3.4%)

Death from heart
disease

35,190 (4.3%)

Death from other
disease

46,496 (5.7%)

Death from
unknown cause

4514 (0.6%)
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We calculated the 20-year actuarial risk of contralateral breast
cancer for women with invasive breast cancer (Table 2) and DCIS
(Supplementary Table S4) for various subgroups and estimated
sHRs for these. We chose a 20-year follow-up for the subgroup
analysis because in several subgroups there were too few events
after 20 years to generate a robust absolute risk estimate. Among
women with invasive breast cancer, we observed an increased risk
of contralateral breast cancer for those with mixed histology
(ductal/lobular) versus ductal histology (sHR 1.28; 95% CI
1.22–1.35, P < 0.0001) but not for those with lobular histology
versus ductal histology (sHR= 1.05; 95% CI 1.00–1.11, P= 0.0633).
Women with tumours >3 cm in size were associated with an
increased risk of contralateral invasive breast cancer, compared to
women with smaller tumours. Women who received chemother-
apy had a slightly decreased risk compared to those who did not
have chemotherapy (sHR 0.92, 95% CI 0.89–0.95, P < 0.0001),
whereas radiotherapy was associated with a slightly increased risk
of contralateral invasive breast cancer (sHR 1.08, 95% CI 1.05–1.12,
P < 0.0001). The sHR for radiotherapy was 1.04 (95% CI 0.98–1.10,
P= 0.1972) for those treated from 1990 to 1999 and was 1.09
(95% CI 1.05–1.14, P < 0.0001) for those treated from 2000 to 2015.
Relative rate estimates using Poisson regression are also reported
for women with DCIS patients (Supplementary Table S5) and
women with invasive breast cancer (Supplementary Table S6).
The 25-year cumulative incidence of contralateral invasive

breast cancer for black women was 12.7% and for white women

was 9.7% (Supplementary Figures S3 and S4). After adjustment for
patient characteristics, tumour factors and competing risks of
death, the sHR of contralateral breast cancer in black versus white
women remained elevated (sHR 1.17; 95% CI 1.12–1.22, P < 0.0001)
(Table 2).
We wished to assess the extent of variation in the (25-year) risk

of contralateral breast cancer, using all the variables in a
regression model. To do this, we used a Cox proportional hazards
model with a Breslow estimator to calculate the predicted 25-year
cumulative risk of contralateral breast cancer for each woman in
the database. The frequency distribution of the 25-year cumulative
risk of contralateral breast cancer is shown for all women in the
cohort (Supplementary Figure S5), DCIS cases (Supplementary
Figure S6) and invasive cases (Supplementary Figure S7). The
mean predicted 25-year risk of contralateral breast cancer for the
entire cohort was 10.2% and for 80% of the women in the cohort,
the risk fell between 7.5 and 13%.

DISCUSSION
Using a population-based observational cohort, we measured the
risk of contralateral breast cancer for 812,851 women with stage
0–III breast cancer. The cumulative risk of contralateral breast
cancer in the 25-year period following a first diagnosis was 9.9%,
or 0.4% annually and the risk did not vary substantially by age at
diagnosis, by years elapsed since diagnosis or by patient age. For
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the majority of women, the predicted 25-year risk fell within two
percentage points of 10%.
Prior studies suggest that women diagnosed with breast cancer

at a young age are at increased risk of contralateral breast cancer,
compared to older women.8,12,13,14 In our study, the cumulative
incidence of contralateral invasive breast cancers over a 25-year
period was not higher for younger women than for older women.
However, if the risk of contralateral breast cancer is constant at
0.4% per year, the risk of contralateral cancer to age 80 years for a
woman diagnosed at age 35 years would be 18%, compared to
8% for a woman diagnosed at age 60 years. We did not observe an
attenuation of risk with time since initial diagnosis; this suggests
that it is reasonable to extrapolate the risk beyond the 20-year
follow-up period.
Some breast cancer patients face higher risks of contralateral

cancer than those reported here; however, variables in our model
were restricted to those reported in SEER. In carriers of BRCA1 or
BRCA2 mutations, the risk is ~2% per year and a younger age at
diagnosis is associated with an increased risk of contralateral
cancer.15–20 For other susceptibility genes, such as CHEK2, PALB2
and ATM, the risk of contralateral breast cancer is not as well
characterised.21–23 The WECARE study demonstrated that a strong
family history of breast cancer alone confers an elevated risk of
contralateral breast cancer. Women with either a first-degree (RR
1.9, 95% CI 1.6–2.3) or second-degree (RR 1.4, 95% CI 1.2–1.7)
relative with breast cancer had a 90% and 40% increased risk for
contralateral breast cancer, respectively, compared to women
without a family history. In a sub-analysis excluding women who
were screened for and found to have a pathogenic variant in
BRCA1, BRCA2, ATM, CHEK2*1100delC or PALB2, women with any
affected first- or second-degree relative still had an elevated

relative risk (RR 1.8, 95% CI 1.3–2.40).24 In an analysis of 78,775
women in a Swedish population cohort, we determined that the
15-year contralateral breast cancer risk was higher for women with
a mother who had either unilateral (12%, 95% CI 11–13) or
bilateral (13%, 95% CI 9.5–17) breast cancer compared to women
with an unaffected mother (8.4%, 95% CI 8.1–8.7).25 These studies
demonstrate the importance of family history on contralateral
breast cancer risk, over and above genetic mutation status.
However, the SEER database does not capture family history or
genetic mutation status. SEER also does not capture information
on commonly occurring single-nucleotide polymorphisms (SNPs)
that have been reported to influence the risk for contralateral
breast cancer.26,27 In a large case–control study conducted by the
Breast Cancer Association Consortium, Kramer et al. reported on
the impact of a personal risk score (PRS) based on 313 SNPs on the
relative risk of developing metachronous contralateral breast
cancer. Compared to women who scored at the 50th percentile,
the odds ratios were 0.75 and 1.33 for those in the 10th percentile
and 90th percentile, respectively.27 The authors did not calculate
the actuarial risk of contralateral breast cancer in this case–control
study, but if we assume a 25-year risk of 10%, then the great
majority of women would fall within three percentage points of
this mean. It is yet to be shown that providing a PRS for
contralateral breast cancer will influence a woman’s surgical
decision.
The WECARE investigators conducted a series of case–control

studies with the goal of identifying predictors of contralateral
breast cancer. WECARE determined that regular alcohol consump-
tion (RR 1.3, 95% CI 1.0–1.6, P= 0.03) was associated with an
increased risk of contralateral breast cancer.28 Subsequently, they
found that women who smoked >10 cigarettes per day were also
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at increased risk (RR 1.50, 95% CI 1.08–2.08).29 The WECARE
investigators also found that women who reached menarche
before age 13 years were at an increased risk of contralateral
breast cancer (RR 1.26, 95% CI 1.01–1.58), and increasing parity
had a protective effect.30,31 They reported that obesity conferred
an elevated contralateral risk in women who had an ER− first
breast cancer only (RR 1.9, 95% CI 1.02–3.4).32 Other studies have
reported a positive association between body mass index and
contralateral risk.33 In women <45 years old, dense breasts
(25–50% density) were associated with higher contralateral breast
cancer risk compared to women with <25% mammographic
density.34 These variables were not captured in the SEER database.
A previous SEER study reported a 0.6% annual risk for patients

diagnosed between 1973 and 1996.35 A population-based study
from the Netherlands of patients diagnosed between 2003 and
2008 also estimated the risk at 0.6% per year.36 A review of the
MEDLINE database of studies published between 2000 and 2015
that evaluated risk of contralateral breast cancer cited the annual
risk to be between 0.5 and 0.75%.37 Our mean annual risk of
contralateral breast cancer of 0.4% is slightly lower than previous
estimates. Increasing the use of systemic treatment for breast
cancer may influence the current risk, as both chemotherapy and
endocrine therapy lower the contralateral risk (our patients were
diagnosed between 1990 and 2015).7,13,38 It is also possible that
not all contralateral events were captured in the SEER database.
The risk of contralateral breast cancer following a diagnosis of

DCIS was similar to the annual risk following invasive breast
cancer. This is consistent with the results of two previous studies
of the risk of contralateral invasive cancer post DCIS, one from
Memorial-Sloan Kettering Cancer Centre (0.6% per year)39 and one
from the Netherlands (0.45% per year) .40 In a previous analysis of
SEER data, which included 1286 DCIS patients, the annual risk was
0.4% per year.41 In our study, there was a slightly greater risk with
DCIS in the first 6 years compared to invasive disease. The
transient difference might be related to the more extensive use of
systemic therapy, including endocrine therapy, in invasive cancer
patients than in DCIS patients.
We found that ER positivity was associated with a lower risk of

contralateral breast cancer. Previous studies have shown that ER
−/PR− tumours are associated with a relatively high risk of
contralateral breast cancer.42 We believe this is a reflection of
the fact that women with hormone-receptor-positive cancers
often receive endocrine therapy, the effect of which on reducing

contralateral breast cancer risk is well recognised.43–45 After a 5-
year course of tamoxifen, women with hormone-receptor-positive
breast cancer experience an increase in recurrences from years 5
to 20,46 and for many women, endocrine treatment is now
extended to 10 years.47,48 As our cohort includes contemporary
patients diagnosed up to 2015, this is consistent with our
observation that the protective association with ER positivity
was only seen in the first 10 years of follow-up. In a classification
scheme based on ER and PR in combination, we found that the
risk for ER+/PR− patients was similar to that of ER+/PR+ patients
and the risk for ER−/PR+ patients was similar to that of ER−/PR−
patients.
While a previous study failed to show an influence of

chemotherapy on the risk of contralateral breast cancer,49 we
found that chemotherapy use was associated with a lower risk of
contralateral breast cancer, consistent with the recent WECARE
study45 and a population-based study from the Netherlands.50 In
contrast, we found that radiation treatment was associated with a
slightly increased risk of contralateral cancer, which has been
related to scatter radiation to the contralateral breast during
treatment. This was identified in prior SEER analyses of patients
diagnosed from 1973 to 2007.35,51,52 The HR associated with
radiotherapy did not show a decline with the calendar year.
However, this small increase in contralateral breast cancer risk has
not impacted radiotherapy treatment decisions.35

Black women had a higher cumulative incidence of contralateral
breast cancer at 25 years than white women (12.7 versus 9.7%).
This is consistent with a previous SEER analysis of cases diagnosed
between 1973 and 1999.35 It is unclear if this disparity relates to
inadequate screening after treatment of the first cancer or
treatment compliance with endocrine therapy or is an inherent
biologic phenomenon and this is an area for further research.53

We observed a rising risk of first primary breast cancer with age,
but a relatively stable risk of contralateral breast cancer. This
observation lends support to the theory first proposed by Peto
and Mack in 2000 that cancer susceptibility is a dichotomous state
and is subject to an on/off switch.54,55 It is reasonable to assume
that for an untreated woman, at any time point, the risk of cancer
in both breasts is the same. If a woman develops breast cancer at
age 30 in her left breast, the risk to her right breast is 0.4% per
year from then on. Under the assumption of symmetrical risk, we
suppose the risk of cancer to her left breast was also 0.4% a year
when she first developed breast cancer. This model implies that,
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for a woman of a given age, the risk of cancer in both breasts is
equal, and is either negligible or is 0.4% annually. Under this
paradigm, the increase in the risk of first primary cancer reflects an
increase in the proportion of susceptible women with age. That is,
the annual risk of cancer in the first breast is the product of the
proportion of women who are susceptible and 0.4%. Under this
model and based on the data in Supplementary Figure S2, we can
infer that the proportion of women who are susceptible to breast
cancer is 3% at age 30 years, increasing to 57% at age 70 years,
after which the proportion no longer rises. The effect of family
history on contralateral risk may be mediated through influencing
this probability.54,55

Rates of contralateral prophylactic mastectomy and bilateral
mastectomy are increasing among women with unilateral, sporadic
breast cancer.2–4,6,8 This is occurring despite consensus guidelines
discouraging the procedure in women of average risk.56–59 The
literature suggests that many women who chose bilateral
mastectomy overestimate their risk of developing a contralateral
breast cancer.8,10,60–62 This emphasises the importance of physician
counselling and improving patient education. Patients should be
provided with accurate risk information before they make surgical
decisions regarding contralateral prophylactic mastectomy.
Despite the need, current risk calculators for contralateral breast
cancer in the literature, including the Manchester tool,63 CBCRisk,64

and PredictCBC,65 have limited clinical use.66

In our study, we excluded 39,695 women with bilateral
mastectomy because they were not at risk for the primary
endpoint. However, based on our regression model, we can
calculate the estimated risk of contralateral breast cancer for these
women, assuming they had not had the contralateral mastectomy
(Supplementary Figure S8). The mean risk at 25 years was 10.1%
and was nearly the same as for those women who did not have a
bilateral mastectomy (10.2%). This observation suggests that
currently, decisions made about contralateral mastectomy are not
driven entirely based on empiric risk. Ideally, we would have data
on family history and other risk factors to fully evaluate this
hypothesis.
Based on these data, we question that it is clinically useful to tailor

the risk of contralateral breast cancer to individual women, based on
their risk factor profile. Other than age, there was very little
information in our model that could be useful to refine the risk. One
could incorporate the risk factors under the model proposed here,
but this would incur a degree of complexity. A simpler approach is to
provide a woman with a general risk estimate of 10% over 25 years;
~80% of all patients would fall within two percentage points of this
estimate. Exceptions would be made for carriers of pathogenic
variants in BRCA1 and BRCA2 and those with a first-degree relative
with breast cancer; these women would benefit from genetic
counselling. It is of interest (and possibly counter-intuitive) that the
risk of contralateral invasive breast cancer following a diagnosis of
DCIS is the same as that following a diagnosis of invasive cancer. This
challenges the opinion of those who consider a contralateral
mastectomy to be an acceptable treatment for a woman with
invasive cancer, but overtreatment for a woman with DCIS.
The strengths of our study were that we performed an analysis

on the risks of contralateral breast cancer using a contemporary
population-based cohort. This is the largest contemporary
population-based study of contralateral breast cancer studied to
date and patients were followed for an average of 8.7 years. We
were able to examine the influence of patient, tumour and
treatment factors on the risk.
There are several limitations. We did not have data on use of

endocrine therapy, and this may have influenced the risks of
contralateral cancer among ER+ breast cancer patients (invasive and
DCIS). We did not have data on family history or BRCA1 or BRCA2
variant status and these women are at higher than average risk of
contralateral breast cancer. We assumed that all contralateral cancer
events were second primaries and not metastases. There may have

been missed cases of contralateral breast cancer that were not
captured in the follow-up and this would result in an underestimate
of the risk for contralateral cancer. We did not consider contralateral
mastectomies that were performed after the initial diagnosis and we
did not censor patients at the time of contralateral mastectomy
following an ipsilateral recurrence or a contralateral in situ breast
cancer; however, we expect these cases to be few. We did not have
screening histories and many of the contralateral cancers might
have been the result of intensified screening efforts and this might
help explain the ethnic disparities.
In summary, these data demonstrate that the risk of contral-

ateral breast cancer in women with unilateral primary breast
cancer is relatively constant throughout a patient’s lifetime and
supports a model that breast cancer risk is determined by inherent
susceptibility. The proportion of susceptible women in the
population increases with age. To further examine this model,
studies of the molecular signature which characterises the off/on
susceptibility switch and which attempt to identify factors
associated with acquired susceptibility should be pursued.
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