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Abstract

Background: To help BRCA1 and 2 mutation carriers make informed decisions regarding use of combined-type oral contracep-
tive preparation (COCP), absolute risk-benefit estimates are needed for COCP-associated cancer. Methods: For a hypothetical
cohort of 10000 women, we calculated the increased or decreased cumulative incidence of COCP-associated (breast, ovarian,
endometrial) cancer, examining 18 scenarios with differences in duration and timing of COCP use, uptake of prophylactic sur-
geries, and menopausal hormone therapy. Results: COCP use initially increased breast cancer risk and decreased ovarian and
endometrial cancer risk long term. For 10000 BRCA1 mutation carriers, 10 years of COCP use from age 20 to 30 years resulted
in 66 additional COCP-associated cancer cases by the age of 35 years, in addition to 625 cases expected for never users. By the
age of 70 years such COCP use resulted in 907 fewer cancer cases than the expected 9093 cases in never users. Triple-negative
breast cancer estimates resulted in 196 additional COCP-associated cases by age 40 years, in addition to the 1454 expected.
For 10000 BRCA2 mutation carriers using COCP from age 20 to 30 years, 80 excess cancer cases were estimated by age 40 years
in addition to 651 expected cases; by the age of 70 years, we calculated 382 fewer cases compared with the 6156 cases
expected. The long-term benefit of COCP use diminished after risk-reducing bilateral salpingo-oophorectomy followed by
menopausal hormone therapy use. Conclusion: Although COCP use in BRCA1 and BRCA2 mutation carriers initially increases
breast, ovarian, and endometrial cancer risk, it strongly decreases lifetime cancer risk. Risk-reducing bilateral salpingo-
oophorectomy and menopausal hormone therapy use appear to counteract the long-term COCP-benefit.

In the general population, use of combined-type oral contracep- relative risk [RR] = 0.50) (1,2). In contrast, current COCP use is as-
tive preparations (COCP) greatly reduces the risks of ovarian sociated with a small increased risk of breast cancer (RR=1.17-
and endometrial cancer compared with never users (typical 1.27) (3-6). The increases and decreases in relative risk are
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amplified with longer durations of COCP use and attenuate after
stopping COCP use (1-6).

Carriers of pathogenic BRCA1 and BRCA2 mutations are at high
lifetime risk of developing breast and/or ovarian cancer. To help
BRCA1 and BRCA2 mutation carriers make informed decisions re-
garding COCP use, absolute cancer risk-benefit estimates are
needed, specifically for breast, ovarian, and endometrial cancer.

Methods

Statistical Analysis

For a hypothetical cohort of 10000 BRCA1 or BRCA2 mutation
carriers, we used lifetable methods to estimate the absolute
risks and benefits of COCP use with respect to breast, ovarian,
and endometrial cancer cumulative incidence. Absolute and
age-specific COCP-associated increases (or decreases) of cumu-
lative incidences throughout life were calculated for each can-
cer type by subtracting the age-specific cumulative incidence
among nonusers of COCP (= absolute background incidence)
from the cumulative incidence among COCP users. We summed
the age- and cancer-specific increased and decreased cumula-
tive incidences of the 3 cancer types to calculate the overall
risk-benefit outcome.

We examined 18 scenarios (A-R; see Table 1) with varying du-
ration of COCP use (continuous use: 5, 10, and 15years; 10-year
interrupted use: 5-year use, 5-year no use, and 5-year use), age at
first COCP use (age at start 15 or 20years) and uptake of prophy-
lactic surgeries (no prophylactic surgery, only risk-reducing bilat-
eral salpingo-oophorectomy [RRSO] at age 40years, both risk-
reducing bilateral mastectomy [RRM] and RRSO at age 40years,
or RRM at age 30years and RRSO at age 40years). By definition,
there was no loss to follow-up during COCP use. For all scenarios,
the reference group consisted of non-COCP users.

The absolute cumulative incidence estimates were derived
from 1) incidence rates of breast, ovarian, and endometrial can-
cer in BRCA1 and BRCA2 mutation carriers; 2) survival rates of
breast, ovarian, and endometrial cancer; 3) competing mortality
due to death from other causes; and 4) relative risks for the
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associations between COCP use and risks of breast, ovarian, and
endometrial cancer. The risk-benefit calculation is explained in
detail in the Supplementary Methods (available online).

Model Parameters

Age-specific breast and ovarian cancer incidence rates for mu-
tation carriers were estimated using data from the BRCA1 and
BRCA2 Cohort Consortium [personal communication AC
Antoniou (7)], adjusted for the underlying exposure to COCP use
(Supplementary Table 1, available online). For endometrial can-
cer, we used national incidence rates from the Netherlands
Cancer Registry, because there is no convincing evidence of an
increased risk in mutation carriers yet (8). For survival after
breast, ovarian, and endometrial cancer, we used data for the
Dutch general population, stratified on age at diagnosis and
time since diagnosis (8). The population at risk decreased during
follow-up, because of ovarian cancer mortality in the calcula-
tions for breast and endometrial cancer and because of mortal-
ity from breast cancer in the calculations for ovarian and
endometrial cancer, based on BRCA1-, BRCA2-, and COCP-
specific breast and ovarian cancer incidences and correspond-
ing survival rates (Supplementary Table 2, available online). For
the decreasing population at risk due to other causes of death
during follow-up, we used age-specific mortality rates from the
Dutch general population, excluding the mortality of breast,
ovarian, and endometrial cancer [2011-2015; Statistics
Netherlands (9); Supplementary Table 3, available online].
Observed associations (measured in terms of relative risk)
between COCP use and risks of breast and ovarian cancer do not
appear to differ between mutation carriers and women in the
general population (10,11). Therefore, we applied relative risks
derived from meta-analyses of studies in the general population
(1-6). For breast cancer, we conducted a new meta-analysis on
all studies that were large enough to examine the interaction
between recency and duration of COCP use and risk of breast
cancer (1-6,10,11) (current use, duration <7 years: RR=1.17; cur-
rent use, duration >7 years: RR=1.27; <5years ago: RR=1.14;
>5 years ago, RR=1.11; see Supplementary Methods, available

Table 1. Scenarios for absolute risk calculations, varying duration, and age at first use of oral contraceptive preparations (COCP) and uptake of
prophylactic surgeries by 10 000 BRCA1 and 10000 BRCA2 mutation carriers®

Scenario COCP duration Age at COCP use, y Age atRRM, y Age at RRSO, y
A 5y continuous 20-24 No surgery No surgery
B 10y continuous 20-29 No surgery No surgery
@ 10y interrupted 20-24 and 30-34 No surgery No surgery
D 10y continuous 15-24 No surgery No surgery
E 15y continuous 15-29 No surgery No surgery
F 5y continuous 20-24 No surgery 40

G 10y continuous 20-29 No surgery 40

H 10y interrupted 20-24 and 30-34 No surgery 40

I 10y continuous 15-24 No surgery 40

J 15y continuous 15-29 No surgery 40

K 5y continuous 20-24 40 40

L 10y continuous 20-29 40 40

M 10y interrupted 20-24 and 30-34 40 40

N 10y continuous 15-24 40 40

o 5y continuous 20-24 30 40

P 10y continuous 20-29 30 40

Q 10y interrupted 20-24 and 30-34 30 40

R 10y continuous 15-24 30 40

#COCP= combined-type oral contraceptive preparations; RRM = risk-reducing bilateral mastectomy; RRSO = risk-reducing bilateral salpingo-oophorectomy.
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online). For ovarian and endometrial cancer, we used the find-
ings of the Collaborative Group on Epidemiological Studies of
Ovarian Cancer and the Collaborative Group on Epidemiological
Studies of Endometrial Cancer, respectively, showing a risk re-
duction that was larger and lasted longer with longer durations
of COCP use (Supplementary Table 4, available online). We fur-
ther assumed that the relative risks of the 3 types of cancer are
independent.

In many Western countries, the majority (70%-75%) of BRCA1
and 2 carriers nowadays opt for RRSO between ages 35 and
40years, after childbearing is completed. We assumed that
RRSO reduced the incidence of ovarian cancer in the years after
RRSO by 80% (12). Furthermore, we assumed that RRSO did not
reduce breast cancer incidence in BRCA1l mutation carriers,
whereas RRSO reduced the risk by 50% from 5 years after RRSO
in BRCA2 mutation carriers (13).

Compared with the uptake of RRSO, the uptake of RRM for
BRCA1 and 2 mutation carriers is much lower (2.7%-36.6%) and
varies widely between countries (13). In the risk-benefit calcula-
tions including the uptake of an RRM, the incidence of breast
cancer for BRCA1 and BRCA2 mutation carriers was reduced by
95% in the years following the RRM (14). We assumed that ovar-
ian cancer incidence was not altered following an RRM and the
risk of endometrial cancer was not affected by the uptake of
RRSO or RRM.

Sensitivity Analyses

Sensitivity analyses included scenarios accounting for 1) use of
menopausal hormone therapy following RRSO; 2) assuming a
different COCP-association for triple-negative breast cancer
(TNBC; BRCA1); 3) absolute cumulative risk-benefit calculation
of mortality; 4) uptake of hysterectomy together with RRSO; 5)
no breast cancer risk reduction following RRSO (BRCA2) (15-17);
6) a larger ovarian cancer risk reduction after RRSO (18); and 7)
improved BRCA1- and BRCA2-specific breast and ovarian cancer
survival (19,20).

Sensitivity analysis 1 included scenarios with 5- or 10-year
menopausal hormone therapy use (estrogen and progestogen
[E+P], estrogen only [E-only], and tibolone) following RRSO.
Relative risks were based on associations reported for the general
population (21-24) (Supplementary Table 5, available online).

Breast tumors of BRCAI mutation carriers are often TNBC
(25). In a meta-analysis for the general population, Li et al. (26)
showed that the odds ratio (OR) for COCP (ever/never) compar-
ing TNBC with other breast cancer subtypes was 1.31 (95% confi-
dence interval [CI] = 1.18 to 1.45). We used this estimate for
sensitivity analysis 2.

For sensitivity analysis 3, we expanded the absolute cumula-
tive incidence model to a mortality model, where mortality is
estimated by multiplying the numbers of breast, ovarian, and
endometrial cancer cases per 5-year age category by cancer-
and survival time-specific rates.

Results

Main Results

For a hypothetical cohort of 10000 BRCA1 mutation carriers,
10years of continuous COCP use (no prophylactic surgeries; sce-
nario B) resulted in 99 additional cases of breast cancer by age
35years, in addition to the 572 cases expected for women with
no COCP use (Figure 1). In contrast, by age 35years, 32 fewer

cases of ovarian cancer occurred in 10000 BRCA1 mutation car-
riers with 10years of COCP use (20-30years) compared with the
52 expected cases with no COCP use. No case of endometrial
cancer was expected for women aged 35years, irrespective of
their COCP use. Taken together, by age 35years, a maximum of
66 additional cases of COCP-associated cancers occurred com-
pared with the 625 expected for women with no COCP use. From
age 35years onward, the excess number of cancers associated
with COCP use decreased and became a deficit of cancers. By
age 70years, 907 fewer COCP-associated cancers occurred com-
pared with 9093 expected cases for women with no COCP use
(Figures 1 and 2).

Because of the underlying differences in cancer incidence, the
maximum increased and decreased cumulative incidences due to
COCP use shifted to older ages for BRCA2 mutation carriers com-
pared with BRCA1 mutation carriers. For BRCA2 mutation carriers,
a maximum of 80 additional COCP-associated cancer cases oc-
curred at age 40years compared with the 651 cases expected for
women with no COCP use (Figures 1 and 2). By age 70years, 382
fewer cancers occurred compared with an expected number of
6156 for the 3 cancer sites for women with no COCP use.

For comparison, for women in the general population, 5 ad-
ditional COCP-associated cancer cases occurred in COCP users
by age 40years, compared with the 71 expected in nonusers
(Figure 1). By age 70 years, 55 fewer cases occurred in COCP
users compared with the 1021 expected.

The most prevalent patterns of COCP use of Dutch BRCA1
and BRCA2 mutation carriers (27) are 10 years of COCP use at 20-
30years combined with prophylactic surgeries (scenarios G, L,
P). The maximum additional number of COCP-associated can-
cers had the same magnitude and timing after prophylactic sur-
geries, if these took place at age 40 years (scenarios G and L; see
Figures 3 and 4; Supplementary Figure 1, available online). In
the longer term, the uptake of RRSO at age 40 years reduced the
risk of ovarian cancer and, thereby, decreased the benefits from
COCP use. For BRCA1 mutation carriers, COCP use followed by
an RRSO at age 40years resulted in 324 fewer COCP-associated
cancer cases than the 6762 expected among women with no
COCP use (scenario G), COCP use followed by RRSO and RRM at
age 40years decreased incidence by 332 cases (2688 expected;
scenario L), and COCP use not followed by prophylactic surger-
ies (scenario B) led to a deficit of 907 cases (9093 expected). For
BRCA2 mutation carriers, 73 fewer COCP-associated cancer
cases occurred (3408 expected for women who never used
COCP) when COCP use was followed by RRSO at age 40years
(scenario G). An RRM at age 40years in addition to the RRSO did
not change the estimates (61 fewer cases than 1287 expected
with no COCP use; scenario L). For comparison, COCP use with
no prophylactic surgery (scenario B) decreased the incidence of
COCP-associated cancer by 382 cases (6156 expected without
COCP use). An RRM at age 30years (scenario P) resulted in a
smaller maximum increase of COCP-associated cancer cases
(BRCA1: >45, expected without COCP use: 187; BRCA2: >22,
expected without COCP use: 97) and a larger decrease (BRCAI:
<440, expected without COCP use: 1818: BRCA2: <122, expected
without COCP use: 791) of COCP-associated cancer cases.

The pattern that COCP use increased the absolute cumula-
tive incidence in the early years following COCP use, but de-
creased the long-term risks, was qualitatively similar for other
scenarios in which the duration of use and age at first COCP use
were varied (Figures 3, B, and 4, B; Supplementary Figure 2 and
Supplementary Tables 7 and 8, available online). For a longer
duration of COCP use and for first use at older ages, both the ab-
solute increased cumulative incidences in the early years
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Scenario B: 10 years COCP use, start age 20 years, no prophylactic surgeries
Attained age, y

Population at risk 20 25 30 35 40 45 50 55 60 65 70

(n =10 000)
General population Absolute cumulative incidence
Breast cancer
Never users - 1 8 28 66 135 248 393 527 684 859
COCP users - 1 10 33 75 144 257 402 536 693 867
Difference - 0 2 5 9 9 9 9 9 9 9
Ovarian cancer
Never users - 1 2 3 5 7 12 20 32 47 67
COCP users - 0 1 1 2 3 6 11 17 33 47
Difference - 0 -1 -2 -3 -4 -7 -10 -14 -17 -20 OU
Endometrial cancer §
Never users - 0 0 0 1 2 6 15 34 62 95 g
COCP users - 0 0 0 1 2 7 15 32 51 &
Difference - 0 0 0 -1 -2 -4 -9 -24 -38 -44 =
Total hormonal cancer g
Never users (baseline) - 2 10 31 71 144 266 428 593 793 1021 =
COCP users - 2 11 34 76 147 265 419 569 755 966 g
Total difference — 0 1 3 5 3 -1 -9 -24 -38 -55 2
BRCAI mutation carriers Absolute cumulative incidence §
Breast cancer &
Never users - 33 184 572 1167 1960 2888 3774 4476 4956 5264 3
COCP users - 39 230 671 1324 2106 3032 3937 4678 5204 5558 g
Difference - 6 46 99 157 147 144 162 202 249 293 5
Ovarian cancer 8
Never users - 1 3 52 286 873 1488 2116 2729 3300 3758 _i
COCP users - 1 1 21 112 416 745 1154 1569 2127 2587 3'
Difference - 0 -1 -32 -174 -457 -744 -962 -1160 -1173 -1170 n;)
Endometrial cancer [}
Never users - 0 0 0 1 2 6 14 29 49 70 e
COCP users - 0 0 0 0 1 2 6 14 27 41 N
Difference - 0 0 0 -1 -2 -4 -8 -15 -23 -30 =
Total hormonal cancer g
Never users (baseline)? - 34 187 625 1454 2835 4382 5904 7234 8305 9093 >
COCP users - 29 232 691 1437 2523 3779 5097 6260 7358 8186 A
Total difference® - 5 45 66 -17 -312 -603 -807 -974 -947 -907
BRCA2 mutation carriers Absolute cumulative incidence
Breast cancer
Never users - 19 94 286 640 1171 1815 2537 3304 4041 4765
COCP users - 22 117 336 726 1253 1891 2607 3375 4124 4872
Difference - 3 23 50 87 82 76 71 71 83 108
Ovarian cancer
Never users - 1 3 5 10 26 109 499 1028 1245 1307
COCP users - 1 1 2 4 12 55 289 613 801 856
Difference - 0 -1 -3 -6 -14 -55 210 -415  -443 -451 &
Endometrial cancer E
Never users - 0 0 0 1 2 6 15 32 57 85 =
COCP users -0 0 0 0 1 2 7 15 29 46 &
Difference - 0 0 0 -1 -2 -4 -8 -18 -28 -39 QZ)
Total hormonal cancer ‘<N
Never users (baseline)? - 20 97 292 651 1199 1930 3050 4365 5343 6156 S
COCP users - 23 119 336 731 1265 1948 2903 4003 4955 5774 N
Total difference® — 3 22 46 80 66 18 -147 -362 -388  -382

<50 increased number of cases per 10 000 women
>50 increased number of cases per 10 000 women
<50 decreased number of cases per 10 000 women
>50 decreased number of cases per 10 000 women

Figure 1. Increased or decreased absolute cumulative incidence of breast, ovarian, and endometrial cancer per 10000 women (general population, BRCA1 and BRCA2
mutation carriers, attributable to 10years of continuous COCP use starting at age 20 years with no uptake of prophylactic surgeries (scenario B). The numbers in the
chart do not always add up because of rounding. COCP = combined-type oral contraceptive preparations. *These are the values displayed in Figures 3 (BRCA1) and 4
(BRCA2).
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due to COCP use per 10 000 women (n)

Scenario B
-900
--- Breast cancer

Cancer-specific difference in absolute cumulative incidence

-1000 - QOvarian cancer
-1100 —- Endometrial cancer
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2

Scenario B
-800 --- Breast cancer

Cancer-specific difference in absolute cumulative incidence

+ QOvarian cancer
—- Endometrial cancer
-1000 — Total

Figure 2. Increased or decreased absolute cumulative incidence of breast, ovarian, and endometrial cancer per 10000 BRCA1 (A) or BRCA2 (B) mutation carrier, attribut-
able to 10-year continuous COCP use and no prophylactic surgeries and stratified by type of cancer. COCP = combined-type oral contraceptive preparations; RRM =
risk-reducing bilateral mastectomy; RRSO = risk-reducing bilateral salpingo-oophorectomy.

following COCP use and the absolute decreased long-term inci-
dences were larger. In all scenarios, prophylactic surgeries re-
duced the long-term benefit of COCP use.

The breast cancer risk difference attributable to COCP use in-
creased throughout life, even many years after stopping COCP use
(eg, BRCA1: from 202 cases by age 60 years to 293 cases by age 70
years; Figure 1). This increase was caused by the extra person-
years for COCP users because of the COCP-associated protection
against ovarian cancer (age-group 65-70years: hypothetical cohort
at risk for breast cancer in the nonuser group 2969 women vs 3397
women in the COCP-user group; scenario B; data not shown).

Sensitivity Analyses

With regard to hormone therapy (HT) after RRSO, 10 years of HT
use (age 40-51years; E+P, E-only, or tibolone) not only

counteracted the long-term benefit of 10-year COCP use but also
substantially increased the absolute long-term COCP-associated
cancer incidence compared with no COCP and no HT use
(Table 2; sensitivity analysis 1). Among 10000 women, 10-year
COCP use followed by RRSO resulted in 324 (BRCAI) and 73
(BRCA2) fewer cases diagnosed throughout life (scenario G;
expected without COCP wuse: BRCA1=6762, BRCA2=3408).
However, if COCP use was followed by RRSO and 10-year E+P
HT use, then 1586 (BRCAI) and 970 (BRCA2) additional COCP-
associated cancer cases occurred throughout life. If RRSO was
followed by 10-year E-only (+hysterectomy) HT use, 853 (BRCA1)
and 533 (BRCA2) additional COCP-associated cancer cases oc-
curred; after 10-year tibolone use, 1010 (BRCA1) and 614 (BRCA2)
additional COCP-associated cancer cases occurred. With 5-year
HT use, the long-term absolute increased risk was smaller but
still cancelled out the benefit of 10-year COCP use.
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BRCAI mutation carriers at risk (n =10 000)

Attained age, y

20 25

30 35 40 45 50 55 60 65 70

Scenario B (Duration: 10 years, Start age: 20 years, RRM: No, RRSO: No)

Difference in absolute cumulative incidence
Breast cancer -

Ovarian cancer -

Endometrial cancer -
Total® —

S S

5

46 99 157 147 144 162 202 249 293
-1 =32 -174 457 -744 962 -1160 -1173  -1170
0 0 -1 -2 -4 -8 -15 -23 -30

45 66 -17 312 -603 -807 -974 -947  -907

Scenario G (Duration: 10 years, Start age: 20 years, RRM: No, RRSO: age 40 years)

Difference in absolute cumulative incidence
Breast cancer -

Ovarian cancer -
Endometrial cancer -
Total? -

S O

W

46 99 157 147 139 137 140 147 154
-1 =32 -174 231 -293  -347  -403 424 -441
0 0 -1 -2 -4 -8 -17 -26 -37
45 66 -17 -86 -157 -218 -280 -303 -324

Scenario L (Duration: 10 years, Start age: 20 years, RRM: age 40 years, RRSO: age 40 years)

Difference in absolute cumulative incidence
Breast cancer -

Ovarian cancer -
Endometrial cancer -
Total? -

S O

W

46 99 157 127 156 156 156 157 157
-1 =32 -174 231 -293  -348  -407  -429  -449
0 0 -1 -2 -4 -8 -17 -28 -40
45 66 -17 -75 -140 -200 -267 -300 -332

Scenario P (Duration: 10 years, Start age: 20 years, RRM: age 30 years, RRSO: age 40 years)

Difference in absolute cumulative incidence
Breast cancer -

Ovarian cancer -

Endometrial cancer -
Total? —

hn O O

46 49 52 52 52 53 54 55 56
-1 32 -174 231 295 351 412 -434 455
o o0 -1 2 4 8 -18 28 -4l
45 17 -123 -181 246 307 -376 -408  -440

<50 increased number of cases per 10 000 women
>50 increased number of cases per 10 000 women
<50 decreased number of cases per 10 000 women
>50 decreased number of cases per 10 000 women

Figure 3. Increased or decreased absolute cumulative incidence of breast, ovarian, and endometrial cancer attributable to COCP use per 10000 BRCA1 mutation carriers.
A) Increased or decreased absolute cumulative incidence of breast, ovarian, and endometrial cancer per 10000 BRCA1 mutation carriers, attributable to 10years COCP
use at age 20years, varying uptake of prophylactic surgeries. B) Increased or decreased absolute cumulative incidence of breast, ovarian, and endometrial cancer per
10000 BRCA1 mutation carriers, attributable to COCP use, varying both use of COCP and uptake of prophylactic surgeries. The numbers in the chart do not always add
up because of rounding. COCP = combined-type oral contraceptive preparations; RRM = risk-reducing bilateral mastectomy; RRSO = risk-reducing bilateral salpingo-

oophorectomy. *These are the values displayed in Figure 3, B.

Breast tumors of BRCA1 mutation carriers are often TNBC
(25). Using TNBC-specific relative risk estimates for 10-year
COCP use by 10000 BRCA1 mutation carriers, we found an early
increase of cumulative incidence of 196 cases by age 40years
(1454 expected), and we estimated 821 fewer cases by age
70years (9093 expected) (see Table 2; scenarios B and G, sensi-
tivity analysis 2).

Absolute COCP-associated cumulative mortality from breast,
ovarian, and endometrial cancer showed similar patterns as the
COCP-associated cumulative incidence of these tumor types
(Table 2; sensitivity analysis 3). However, both risks and benefits
following COCP use were delayed by 10years and of smaller
magnitude (Table 2; sensitivity analysis 3). Following 10 years of
COCP use, the maximum number of additional deaths was 4
(BRCA1; expected 21) and 6 (BRCA2; expected 40). In the long
term, the number of deaths was decreased by 681 (BRCA1; no
prophylactic surgery), 203 (BRCA1; RRSO at age 40years), 277
(BRCA2; no prophylactic surgery), and 42 (BRCA2; RRSO at age
40years).

The results of the remaining sensitivity analyses were virtu-
ally similar to the results of the main analyses (Table 2; sensitiv-
ity analyses 4-7).

Discussion

Our life table model, applied on a hypothetical cohort of 10000
BRCA1 and BRCA2 mutation carriers, showed that COCP use ini-
tially increased breast cancer risk and decreased ovarian and
endometrial cancer risk long-term. For breast, ovarian, and en-
dometrial cancer combined, a substantial long-term decrease of
the absolute cumulative incidence was estimated for COCP
users compared with women who never used COCP. However,
at young ages, an increase of the absolute cumulative incidence
of the COCP-associated cancers was observed, which was attrib-
utable to an early increase of COCP-associated breast cancer
risk. For BRCA1 mutation carriers, by age 35years we estimated
a maximum increase of 1 extra COCP-associated cancer case
per 152 women who used COCP between ages 20 and 30years.
For BRCA2 mutation carriers, COCP use caused a greater short-
term increased incidence (1 extra cancer case per 125 women by
age 40years for COCP use at 20-30 years), COCP use became pro-
tective at a later age and was less beneficial throughout life
than for BRCA1 mutation carriers. For both BRCA1 and BRCA2
mutation carriers, durations of COCP use longer than 10years
and COCP use at ages older than age 30years resulted in larger
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BRCAI mutation carriers at risk (n =10 000)
Parameters in calculation

Attained age, y

Duration of ~ Ageat first ~ Ageat Age at

Scenario  C0cp e, y COCPuse.y RRM.y RRSO.y 20 25 30 35 40 45 50 55 60 65 70
Baseline absolute cumulative incidence
- 0 NA No No 1 34 187 625 1454 2835 4382 5904 7234 8305 9093
Difference in absolute cumulative incidence
A. 5 20 No No - 5 25 43 50 273 -447 -601 -630 -643 -640
B. 10 20 No No - 5 45 66 -17 -312 -603 -807 -974 -947  -907
C. 5+5 20 No No - 5 25 43 55 208 -496 -786 -1027 -1156 -1231
D. 10 15 No No 0 8 28 39 -80 -367 -588 -786 -793 -783  -764
E. 15 15 No No 0 8 48 69 -15 -309 -597 -799 -967 -40  -902
Baseline absolute cumulative incidence
- 0 NA No 40 1 34 187 625 1454 2365 3436 4513 5455 6199 6762
Difference in absolute cumulative incidence
F. 5 20 No 40 - 5 25 43 50 98 -139 -181 201 -222 241
G. 10 20 No 40 - 5 45 66 -17 -8 -157 -218 280 -303 -324
H. 5+5 20 No 40 - 5 25 43 55 75 61 -4l  -144 226 -295
L 10 15 No 40 0 8 28 39 -80 -140 -191 -243 -261 -282 -302
1. 15 15 No 40 0 8 48 69 ~-15 -83 -154 215 277 -300 -322
Baseline absolute cumulative incidence
- 0 NA 40 40 1 34 187 625 1454 1612 1797 2007 2233 2468 2688
Difference in absolute cumulative incidence
K. 5 20 40 40 - 5 25 43 50 95 -135 -181 208 -238  -267
L. 10 20 40 40 - 5 45 66 -17 -75 -140 200 -267 -300 -332
M. 5+5 20 40 40 - 5 25 43 55 12 88 -163 245 -319 -390
N. 10 15 40 40 0 8 28 39 80 -I137 -190 249 277 -310 -342
Baseline absolute cumulative incidence
- 0 NA 30 40 1 34 187 256 522 685 878 1099 1338 1586 1818
Difference in absolute cumulative incidence
0. 5 20 30 40 - 5 25 3 86 -130 -171 -218 246 -277 -306
P. 10 20 30 40 - 5 45 17 -123 -181 -246 -307 -376 -408  -440
Q. 5+5 20 30 40 - 5 25 3 -131 -198 273 -349 -432 -507 -580
R. 10 15 30 40 0 8 28 0 -115 -173 -226 -287 -316 -349 -383

<50 increased number of cases per 10 000 women
>50 increased number of cases per 10 000 women
<50 decreased number of cases per 10 000 women
>50 decreased number of cases per 10 000 women

Figure 3. Continued

short-term increases and long-term decreases of the cumula-
tive cancer incidence. As expected, RRSO, which is associated
with a substantial reduction of ovarian cancer risk, markedly re-
duced the long-term benefit of COCP use. If, in practice, HT use
followed RRSO, the joint COCP and HT effect considerably in-
creased cancer risk throughout life.

To our knowledge, this is the first modeling study in BRCA1
and BRCA2 mutation carriers weighing the absolute increase
and decrease of the cumulative breast, ovarian, and endome-
trial cancer risk associated with use of COCP, using various real-
istic scenarios. Scenarios differed with respect to timing and
duration of COCP use and uptake of prophylactic surgeries
(RRSO, RRM, or both). We aimed to present the results of the

model including the most likely parameters and assumptions.
The uncertainties were evaluated with various sensitivity anal-
yses. The assumption that the relative risks of breast, ovarian,
and endometrial cancer associated with COCP use represent
causal relationships could not be evaluated in this modeling
study.

The existing literature does not show clear evidence that rel-
ative risks of breast, ovarian, and endometrial cancer associated
with COCP use differ for BRCA1 and BRCA2 mutation carriers
and women in the general population (10,11,28). Therefore, in
our BRCA models, we used relative risks reported for the general
population. As BRCA1 mutation carriers often develop TNBC
(25), we conducted sensitivity analysis 1 using the TNBC-
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BRCA2 mutation carriers at risk (n = 10 000)

Attained age, y

20 25

30 35 40 45 50 55 60 65 70

Scenario B (Duration: 10 years, Start age: 20 years, RRM: No, RRSO: No)

Difference in absolute cumulative incidence
Breast cancer -

Ovarian cancer -
Endometrial cancer -
Total* -

3
0
0

3

23 50 &7 82 76 71 71 83 108
-1 3 -6 -14 55 2210 -415  -443  -451
0 0 -1 -2 -4 -8 -18 -28 -39
22 46 80 66 18 -147  -362 -388  -382

Scenario G (Duration: 10 years, Start age: 20 years, RRM: No, RRSO: age 40 years)

Difference in absolute cumulative incidence
Breast cancer -

Ovarian cancer
Endometrial cancer -
Totala B

3
0
0

3

23 50 &7 84 81 78 75 73 72
-3 -6 -8 -16 -47 -92
0 0 -1 -2 -4 -8 -18 -29 -42
22 46 80 75 62 22 -35 -56 -73

Scenario L (Duration: 10 years, Start age: 20 years, RRM: age 40 years, RRSO: age 40 years)

Difference in absolute cumulative incidence
Breast cancer -

Ovarian cancer
Endometrial cancer -
Total® -

W O O W

23 50 &7 86 86 86 85 85 85
-3 -6 -8 -16 -48 93 -101  -104
0 0 -1 -2 -4 -8 -18 -29 -43
22 46 80 77 67 30 -25 -45 -61

Scenario P (Duration: 10 years, Start age: 20 years, RRM: age 30 years, RRSO: age 40 years)

Difference in absolute cumulative incidence
Breast cancer -

Ovarian cancer

Endometrial cancer -
Total® —

w o o W

23 25 27 27 27 26 26 26 27

1 3 6 -8 -6 -4 94 -102 -105
0 o0 -1 2 -4 9 .18 30 44
2 21 20 17 7 30 86 -106 -122

<50 increased number of cases per 10 000 women
>50 increased number of cases per 10 000 women
<50 decreased number of cases per 10 000 women
>50 decreased number of cases per 10 000 women

Figure 4. Increased or decreased absolute cumulative incidence of breast, ovarian, and endometrial cancer attributable to COCP use per 10000 BRCA2 mutation carriers.
A) Increased or decreased absolute cumulative incidence of breast, ovarian, and endometrial cancer per 10000 BRCA2 mutation carriers, attributable to 10 years of
COCP use at age 20 years, varying uptake of prophylactic surgeries. B) Increased or decreased absolute cumulative incidence of breast, ovarian, and endometrial cancer
per 10000 BRCA2 mutation carriers, attributable to COCP use, varying both use of COCP and uptake of prophylactic surgeries. The numbers in the chart do not always
add up because of rounding. COCP = combined-type oral contraceptive preparations; RRM = risk-reducing bilateral mastectomy; RRSO = risk-reducing bilateral sal-

pingo-oophorectomy. *These are the values displayed in Figure 4, B.

specific relative risks of greater magnitude. Results showed that
1 extra cancer case per 51 BRCA1 mutation carriers, which uses
COCP between ages 20 and 30years, would occur by age
40years. Thus, the estimated 1 extra cancer per 152 women,
according to our standard approach, may represent an underes-
timation. Clearly, more prospective research on COCP-
associated risk of breast cancer subtypes is needed, especially
in young mutation carriers during ages when COCP is used.

To evaluate the uncertainty of the relative risks, we repeated
the calculations using the lower and upper limits of the 95% confi-
dence interval of the relative risk estimates of COCP use and the
risks of breast, ovarian, and endometrial cancer, respectively. From
the 36 combinations possible, we took the most unfavorable one
(the largest risk-increasing effect and the smallest risk-decreasing
effects) and the most favorable one (the smallest risk-increasing ef-
fect with the largest risk-decreasing effects). Our standard ap-
proach showed an increased cumulative risk of the COCP-
associated cancers of 66 additional cases at age 35 years for scenar-
ios B and G (BRCA1). The most favorable and most unfavorable
combinations of relative risk estimates result in a range of 19 fewer
to 138 additional cases at age 35years. For BRCA2 mutation car-
riers, the increased cumulative risk of the COCP-associated cancers

was 80 additional cases at age 40years according to our standard
approach, with a range of 6-124 at age 40years using the most fa-
vorable and most unfavorable combinations of relative risk esti-
mates. However, this range should not be interpreted as a 95%
confidence interval.

In our life table method, we used Dutch general population
reference rates for endometrial cancer, because there is no clear
evidence of an increased risk in mutation carriers (8,9). The
background risk of endometrial cancer in Europe (cumulative
incidence by age 75years: Netherlands = 1.6%, United Kingdom
= 1.8%, France = 1.4%) and Australia (cumulative risk = 1.5%)
(29) is lower than in the United States (cumulative risk = 2.4%),
most probably because of a higher body mass index in the
United States (30) [mean: Netherlands = 25.1kg/m? United
States = 28.7 kg/m? ; 2011-2015 (31)]. Therefore, in our absolute
risk calculation, the contribution of endometrial cancer
decreases because COCP use was minimal and will be some-
what larger in the United States.

For the general population, several studies examined the ab-
solute risk-benefit of COCP comparing the attributable risk of
COCP use on lifetime cancer risk in Western countries (32-38).
Studies that evaluated the risk-benefit throughout life
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BRCA2 mutation carriers at risk (n =10 000)
Parameters in calculation

Attained age, y

Duration of Age at first Ageat  Ageat

Scenario COCPuse,y COCPuse,y RRM,y RRSO,y 20 25 30 35 40 45 50 55 60 65 70
Baseline absolute cumulative incidence
- 0 NA No No 120 97 292 651 1199 1930 3050 4365 5343 6156
Difference in absolute cumulative incidence
A. 5 20 No No - 3 12 32 28 20 -10 -135 220 248 247
B. 10 20 No No - 3 22 46 80 66 18 -147 -362 -388  -382
C. 5+5 20 No No - 3 12 32 122 178 180 -38 -316 -409  -429
D. 10 15 No No 0 4 14 33 29 18 -19 -182 268 297 -297
E. 15 15 No No 0 4 23 48 81 68 19  -147 -365 -391  -385
Baseline absolute cumulative incidence
- 0 NA No 40 120 97 292 651 921 1273 1749 2318 2855 3408
Difference in absolute cumulative incidence
F. 5 20 No 40 - 3 12 32 28 26 18 -12 36 -51 -6l
G. 10 20 No 40 - 3 22 46 80 75 62 22 35 56 T3
H. 5+5 20 No 40 - 3 12 32 122 152 170 116 43 2 26
L 10 15 No 40 0 4 14 33 29 25 16 22 -49 -68  -83
1. 15 15 No 40 0 4 23 48 81 76 63 23 34 -56 -T2
Baseline absolute cumulative incidence
- 0 NA 40 40 1 20 97 292 651 682 736 866 1046 1177 1287
Difference in absolute cumulative incidence
K. 5 20 40 40 - 3 12 32 28 26 20 9 33 -48 59
L. 10 20 40 40 - 3 22 46 8 77 67 30 25 -45 -6l
M. 5+5 20 40 40 - 3 12 32 122 123 113 67 1 33 =57
N. 10 15 40 40 0 4 14 33 29 26 17 -19 -46 65 -8l
Baseline absolute cumulative incidence
- 0 NA 30 40 1 20 97 109 133 165 222 355 540 676 791
Difference in absolute cumulative incidence
0. 5 20 30 40 - 3 12 12 10 8 1 28 52 67 78
P. 10 20 30 40 - 3 22 21 20 17 7 30 -8 -106 -122
Q. 5+5 20 30 40 - 3 12 12 13 14 5 -4  -107 -141 -164
R. 10 15 30 40 0 4 14 13 10 8 -1 38 65 85  -101

<50 increased number of cases per 10 000 women
>50 increased number of cases per 10 000 women
<50 decreased number of cases per 10 000 women
>50 decreased number of cases per 10 000 women

Figure 4. Continued

concluded that before age 35-40years the fraction of cancer
cases attributable to COCP use was slightly increased, whereas
lifetime cancer risk after COCP use was reduced. This pattern
was comparable to our results for the general population
(Figure 1). The Centers for Disease Control and Prevention (CDC)
(34) also estimated the risk-benefit of COCP use for BRCA1 and 2
mutation carriers. For a mean 5 years of COCP use at age 20-
24 years, the CDC found larger long-term benefits (—917 cases
[BRCA1] and —403 cases [BRCA2] per 10000 women) than esti-
mated in the present study (—640 cases [BRCAI] and —247 cases

[BRCAZ2]; scenario A). Differences with our results for the muta-
tion carriers may be explained by the fact that the CDC consid-
ered fixed effects of COCP use and by the larger contribution of
endometrial cancer (see previous paragraph) (34).

The most important indication for COCP use is to prevent
unwanted pregnancies. BRCA1 and 2 mutation carriers and their
clinicians have to judge what increased COCP-associated cancer
risk is acceptable. In our risk-benefit estimations, the burden
from breast, ovarian, and endometrial cancer was equally
weighted. However, in terms of the impact on quality of life,
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social impact, and costs to health systems, other options may
be preferable. For thrombosis [cumulative incidence 20 per
10000 per 10-year use (39)], an absolute increased incidence of
around 85 per 10000 during 10-year COCP use containing deso-
gestrel, gestoden, and drospirenon was reason to prioritize a
levonorgestrel-containing COCP [increased risk around 40 per
10000 women during 10-year COCP use (39)]. The increased risk
of cancer per 10000 women (BRCA1l: 66 cases, age 35years;
TNBC-specific: 196 cases, age 40years; and BRCA2: 80 cases, age
40years) for 10years of COCP use (at ages 20-30years) may or
may not be judged differently against the already high back-
ground risk for BRCA mutation carriers who did not use COCP
(cumulative risk of breast, ovarian, and endometrial cancer of
625 at age 35years, 1454 at age 40 years [BRCA1], and 651 at age
40years [BRCA2] per 10000 women), compared with women in
the general population (5 additional cancer cases after COCP
use at age 20-30years, whereas 71 cases were expected for
women who never used COCP; Figures 2-4).

To conclude, COCP use by BRCA1 and 2 mutation carriers
appears to reduce the combined breast, ovarian, and endome-
trial cancer long-term risk. However, this long-term benefit is
preceded by an increased cumulative COCP-associated cancer
incidence, implying 1 extra COCP-associated cancer diagnosis
per 50-150 women for 10years of COCP use. The temporal in-
creased risk is higher for durations of use longer than 10years
and for use at ages older than 30years. The long-term benefit is
much smaller after RRSO and is canceled out by 5 or more years
of HT use following RRSO.
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