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BACKGROUND: The natural history of breast cancer among BRCA2 carriers has not been clearly established. In a previous study
from Iceland, positive ER status was a negative prognostic factor. We sought to identify factors that predicted survival after invasive
breast cancer in an expanded cohort of BRCA2 carriers.

METHODS: We studied 608 women with invasive breast cancer and a pathogenic BRCA2 mutation (variant) from four Nordic
countries. Information on prognostic factors and treatment was retrieved from health records and by analysis of archived tissue
specimens. Hazard ratios (HR) were estimated for breast cancer-specific survival using Cox regression.

RESULTS: About 77% of cancers were ER-positive, with the highest proportion (83%) in patients under 40 years. ER-positive breast
cancers were more likely to be node-positive (59%) than ER-negative cancers (34%) (P < 0.001). The survival analysis included 584
patients. Positive ER status was protective in the first 5 years from diagnosis (multivariate HR = 0.49; 95% Cl 0.26-0.93, P = 0.03);
thereafter, the effect was adverse (HR=1.91; 95% Cl 1.07-3.39, P = 0.03). The adverse effect of positive ER status was limited to
women who did not undergo endocrine treatment (HR = 2.36; 95% Cl 1.26-4.44, P=0.01) and patients with intact ovaries (HR =
1.99; 95% Cl 1.11-3.59, P = 0.02).

CONCLUSIONS: The adverse effect of a positive ER status in BRCA2 carriers with breast cancer may be contingent on exposure to
ovarian hormones.
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BACKGROUND

BRCA2 mutation carriers have a high lifetime risk of breast cancer.
It is not well understood how the BRCA2 mutation impacts on
survival or the response to treatment. Breast cancers in BRCA2
carriers are predominantly ER-positive, in contrast to BRCAT
carriers, who mainly present with basal-like (ER-negative) breast
cancers. In an Icelandic cohort study published in 2016, 285 BRCA2
carriers diagnosed from 1935 to 2012 and 570 matched non-
carriers were followed until 2014, and we showed that positive ER
status was an adverse prognostic factor in BRCA2 carriers.' This
was in contrast to the non-carriers, for whom ER-positive patients
had superior survival. We sought to confirm these findings in a
larger group of BRCA2 carriers, with a range of pathogenic
variants. We collected clinical information for BRCA2 mutation

carriers with invasive breast cancer from four Nordic countries
(Denmark, Iceland, Norway and Sweden). Each centre contributed
data on clinical presentation, treatment and outcome for breast
cancer patients with a known pathogenic BRCA2 variant from their
institutions. The associations between prognostic factors, includ-
ing ER status, tumour grade and various treatments, and death
from breast cancer were investigated.

METHODS

Clinical information was retrieved by record linkage using the
unique personal identification number assigned at birth to each
citizen of the Nordic countries. The identification number is used
in all contacts with the health system. Information was collected
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from health registries, including cancer registries, clinical registries,
pathology laboratories and patient charts. When necessary, it was
enriched by immunohistochemistry analyses of archived tissue
specimens. We excluded women with invasive cancer at any site
before breast cancer, except for non-melanoma skin cancer. We
also excluded in situ breast cancer (DCIS) and patients with
primary metastatic disease (Stage IV).

Study populations

Denmark. BRCA2 mutational screening was offered in Denmark
as a diagnostic test from 1997 onwards. Clinical information about
breast cancer diagnosis and treatment is available for Danish
patients diagnosed from year 1977 and onwards from The Danish
Breast Cancer Group (DBCG).?

Patients were included based on a positive family history of
breast and/or ovarian cancer or early diagnosis of breast cancer or
both breast and ovarian cancer in the patient. The national
guidelines original stated that there should be at least 10% risk of
detecting a pathogenic BRCA1/2 variant, but they were not always
followed.

Iceland. The Icelandic carrier cases were identified from among
3577 women diagnosed with breast cancer in 1935-2012, tested
for the BRCA2 999del5 founder mutation in the period 1995-2012
in the context of research projects. The majority was selected for
BRCA2 screening according to defined periods of diagnosis and
year of birth, and only 0.3% were included on the basis of family
history. For further description see ref.' For most of the patients in
this historical population-based cohort, paraffin-embedded
tumour specimens from pathology archives were used to establish
mutation status. In the current study, we included all 187 carrier
cases diagnosed in 1980 or later.

Norway. The Norwegian Radium Hospital invited unaffected
women at high risk, for surveillance from 1988 onwards. Initially,
this was based on family history, but later included women based
on genetic test results. For the current study, incident breast
cancer cases who were diagnosed in the follow-up period and
carried a pathogenic BRCA2 germline variant, and for whom the
relevant variables were available, were included.?

Sweden. The majority of the Swedish participants (41 patients)
came from a hereditary cancer clinic in Lund, where breast cancer
patients with a positive family history for breast or ovarian cancer,
young age at breast cancer diagnosis and/or contralateral breast
cancer and/or ovarian cancer have been offered familial- and
genetic counselling since year 1993. The remaining 21 carriers
came from studies based on three population-based cohorts of
breast cancer patients. All four cohorts have been described in
previous publications.*”’

Prognostic factors and treatment

For patients in all centres, information was requested on
prognostic variables, method of breast cancer detection, date of
diagnosis, date of BRCA2 analysis and treatment. For 98% of the
Danish group and 52% of the Icelandic group, ER status was
indicated by percentage of cells staining positive by the
immunohistochemical staining assay (IHC). The cut-off point used
for positive was >1% for Denmark and >1% for Iceland. For the
remaining women in those countries, only binary information
(yes/no) was recorded. For Sweden and Norway, the cut-off point
was 10%.

Grouping of variants according to nucleotide position

Rebbeck et al. describe three groups of BRCA2 mutations
according to the association between nucleotide position and
the ratio of breast vs ovarian cancer hazard ratios.® Pathological
variants were described using the Human Genome Variation
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Society nomenclature in which the nucleotide numbering is from
the A of the ATG translation initiator codon. Multiple putative
breast cancer cluster regions (BCCRs) were observed:
BCCR1 spanning c.1 to ¢.596, BCCR1’ spanning ¢.772 to ¢.1806
and BCCR2 spanning ¢.7394 to ¢.8904. Two ovarian cancer cluster
regions (OCCRs) were observed: OCCR1 spanning ¢.3249 to ¢.5681
and OCCR2 spanning c.6645 to c.7471. We grouped the Nordic
mutations into three categories according to whether they were
located in BCCRs, OCCRs or outside those cluster regions (“Other”).

Statistical analysis

Chi-square test was used for comparing proportions of clinico-
pathological variables by ER status, and Chi-square trend test for
proportions® was used for assessing whether associations with age
were statistically significant. All statistical tests were two-sided,
and P values < 0.05 were considered to be statistically significant.
In the survival analysis, patients were followed from the date of
diagnosis of the first invasive breast cancer or date of sampling
(BRCA2 testing), whichever came last, until death or the last date
of follow-up. Graphs were adjusted for competing risks of death
by applying the user-written Stata command stcompet'® for non-
parametric estimation of the breast cancer-specific cumulative
incidence function, treating death due to other causes as a
competing event.

Adjusted hazard ratios (HRs) were estimated by using Cox
proportional hazard models. We used flexible parametric models,
for checking and investigating violation of the proportional hazard
assumption with baseline 5 df."" The Norwegian carriers were not
included in the survival analyses, as they lacked information on
therapy other than surgery, and on cause of death. In the
multivariable analysis, the hazard ratio was adjusted for size (T1,
T2 and T3), lymph node metastases (yes/no), grade (2 and 3 vs 1),
ER status (positive/negative), surgery (mastectomy/lumpectomy),
oophorectomy (yes/no), prophylactic contralateral mastectomy
(yes/no), chemotherapy (yes/no), radiation (yes/no) and hormone
therapy (yes/no), country, mutation location and year of diagnosis.
The variables neoadjuvant therapy and anti-HER2 therapy were
not included in the survival analysis because only 16 women (3%)
received each of those therapies.

Regarding missing values, we did sensitivity analyses; for each
variable, we allocated a special code to unknown values and
compared the survival curve for this specific category with curves
for other categories. We then allocated the missing variable to the
category for which the curve was most similar, e.g.,, for lymph
node status, the unknowns were converted to a positive status.
Neither leaving out unknowns, nor including them this way,
changed the results in sensitivity analyses as compared to
allocating a separate code for unknowns, except for grade, for
which unknown was kept as a separate category.

To avoid survivorship bias, we used left-truncated survival
analysis, that is, the follow-up time began at the date of sampling
(BRCA2 validation) for all women who were genetically tested
using a blood sample drawn after diagnosis. To avoid immortal
person-time bias,'* bilateral oophorectomy and contralateral
prophylactic mastectomy were included in the multivariate
analysis as time-dependent covariates, e.g., the time at risk
considered them as a time-dependent variable with value 0 before
oophorectomy and 1 after. To avoid potential selection bias
resulting from the fact that women with a more favourable
disease development might be prioritised for those operations, we
considered only oophorectomies and prophylactic mastectomies
occurring within 2 years from diagnosis (early oophorectomies).
Operations occurring thereafter were treated as if they had not
occurred. We compared women who had an early oophorectomy
with those who did not, to check for selection bias that might
affect the survival analyses.

As the proportional hazard assumption was not fulfilled for ER
status (Grambsch-Therneau test, i.e., test of nonzero slope of
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Schoenfeld residuals vs time), we divided the follow-up interval
into 0-5 years and 5+ years. By including an interaction term
between ER status and the respective variables in the Cox model
and using the Wald test, we tested in separate models for
interactions with menopausal status (age < 50 years vs 51+ years),
bilateral oophorectomy, endocrine therapy, chemotherapy and
mutation location. All analyses were performed using STATA
Statistical Software Stata/IC 14.1 for Windows.

RESULTS

This study population consisted of 608 breast cancer patients with
a pathogenic BRCA2 variant, diagnosed between 1975 and 2018
(Table 1). The median follow-up time was 9.8 years. There were
379 premenopausal cases (i.e, <50 years at diagnosis) and 229
postmenopausal cases.

Overall, 77% of the tumours were ER-positive. The proportion of
ER-positive tumours declined with age; it was 83%, 79% and 72%
for patients diagnosed <39 years, 40-50 years and >50 years,
respectively (P for trend = 0.01). Overall, 52% of the tumours were
lymph node positive; 59% of ER-positive patients were node-
positive vs 34% of ER-negative patients (P < 0.001).

In the survival analyses, the total number of patients (excluding
Norwegian cases) was 584 (Table 2). As expected, mortality
increased with increasing tumour size and lymph node involve-
ment. The crude survival for Grade 1 cancers was poorer than that
for Grade 2 and 3 cancers, as shown in Fig. 1. In the adjusted
analysis, this association was not statistically significant (Table 2).
However, there were many fewer patients with Grade 1 tumours
(n=61) compared with Grade 2 and 3 tumours (n = 472).

The 15-year survival was 60% for both ER-positive and ER-
negative cancer patients (Fig. 2a). The multivariate hazard ratio for
positive ER status and death was 1.15 (95% Cl 0.74-1.79, P = 0.52);
however, the hazard ratio was not constant over the follow-up
period. During years 0-5, the HR for ER-positive status was 0.49
(95% Cl 0.26-0.93, P = 0.03) and from year 5 onwards, it was 1.91
(95% Cl 1.07-3.39, P =0.03). Age at diagnosis was not associated
with survival (data not shown), and menopausal status did not
have a significant interaction with ER status (Table 3).

Endocrine treatment was given to 55% of the patients (the
majority took tamoxifen). The hazard ratio for endocrine therapy
was 0.84 (95% Cl 0.53-1.32, P = 0.44). After 5 years of follow-up, a
positive ER status was adverse in women who did not have
endocrine therapy (HR=2.36; 95% Cl| 1.26-4.44, P=0.01), but
beneficial in women who received endocrine therapy (HR =0.72;
95% Cl 0.32-1.61, P=0.43) (Table 3 and Fig. 2b, c¢). P=0.01 for
interaction with ER status.

Of the total group, 358 (59%) underwent bilateral oophor-
ectomy, 11% before breast cancer diagnosis, 44% within 2 years
from diagnosis and 45% 2 or more years after diagnosis. The
proportion of women with oophorectomy ranged from 26% in
Iceland (none of whom knew their mutation status) to 83% in
Norway (all of whom knew their mutation status). In total, 32% of
the subjects had an early oophorectomy (within the first 2 years of
follow-up, including before diagnosis), and they were similar to
women who did not undergo oophorectomy with respect to
grade, tumour size, ER status and nodal status (data not shown),
but they were diagnosed in more recent years. Early oophor-
ectomy was associated with a modest non-significant reduction in
the risk of death from breast cancer in the multivariate model
(HR=0.67; 95% Cl 0.38-1.20, P=0.18).

During the first 5 years, a positive ER status was beneficial in
oophorectomised women (HR = 0.03; 95% Cl 0.00-0.29, P < 0.01)
(Table 3). An adverse association with a positive ER status 5 years
from diagnosis was limited to women who did not have early
oophorectomy (HR=1.99; 95% Cl 1.11-3.59, P = 0.02). This effect
is shown in Fig. 2d, e. The association between ER status and
survival differs greatly according to oophorectomy, in a similar

way as for endocrine treatment (Fig. 2b, c). Of cases included in
the survival analysis, 64% had either early oophorectomy or
endocrine treatment. P for interaction between ER status and
oophorectomy was 0.03 (Table 3).

About 63% of the patients received adjuvant chemotherapy
(the majority received an anthracycline). After adjustment for
other variables, women who received adjuvant chemotherapy had
a marginally significantly lower risk of death than women who did
not (HR = 0.65; 95% Cl 0.43-1.00, P = 0.05) (Table 2). The effect of
chemotherapy was not contingent on ER status, as P values for
interaction with ER status were not statistically significant. Neither
mastectomy nor radiation were associated with survival in the
multivariate analysis.

The 608 Nordic patients carried 118 different pathogenic
BRCA2 variants (Supplementary Table 1). All Icelandic cases
carried the same variant (995del5), which is located in a breast
cancer cluster region (BCCR). Overall, 48% of all mutations were
located in BCCRs, 18% were located in ovarian cancer cluster
regions (OCCRs) and 34% were located outside those clusters
(“Other”) (Supplementary Table 2). In the multivariate regression,
location was not associated with survival, and inclusion of
mutation location did not impact on estimates for other
parameters. Interaction between mutation location and ER
status was significant (Table 3).

DISCUSSION

In general, breast cancer patients with ER-positive breast tumours
have better prognosis than patients with ER-negative cancers,
although the benefit is mainly limited to the first 5 years after
diagnosis."”®> Low grade is also a well-established positive
prognostic marker. In the current group of Nordic BRCA2 carriers,
these associations were not seen. An adverse effect of a positive
ER status in BRCA2 carriers was manifest 5 years from diagnosis. A
favourable effect of positive ER status was present in BRCA2
carriers shortly after diagnosis, but it was limited to 64% of cases
who were not exposed to ovarian hormones, either because they
had oophorectomy or received endocrine therapy that blocked
oestrogen signalling.

A positive ER status was associated with higher prevalence of
lymph node metastases at diagnosis (59%) than was a negative ER
status (34%). This was reported earlier for Icelandic BRCA2
carriers,' in contrast with Icelandic non-carriers, where the
percentage of lymph node-positive patients was lower for ER-
positive than for ER-negative cancers.' This implies that ER-
positive breast cancers in BRCA2 carriers are more prone to
regional metastasis than are ER-positive tumours in the general
population (we did not have data on Stage IV cancers to see if this
was also true for distant metastases). Further, the proportion of ER-
positive tumours was higher in carrier cases younger than 40 years
at diagnosis (83%), than in those aged 51 or more (72%). This is in
contrast to breast cancer patients in the general population, for
whom the proportion of ER-positive tumours is the lowest at
young ages (in a group of 27,000 Danish patients, it was 57%
under the age of 40) and increases with advancing age at
diagnosis.'® ™ We have shown previously that BRCA2 patients
have this paradoxical inverse relationship between ER-positive
status and age, whereas BRCAT patients follow the conventional
pattern.'®

The impact of chemotherapy on death from breast cancer
(HR = 0.65) was marginally significant after adjusting for stage and
all other variables. We did not include a non-carrier control group,
but in an earlier Icelandic study,' the positive effect associated
with adjuvant chemotherapy was considerably stronger for BRCA2
carriers than for non-carriers. In another study, neoadjuvant
chemotherapy was associated with a higher rate of pathological
complete response in BRCAT and BRCA2 carriers than in other
patients with triple-negative breast cancer.”
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Table 1. Baseline characteristics and treatment among Nordic BRCA2 carriers according to country.

Denmark Iceland Norway Sweden Total
Number of invasive cases 335 187 24 62 608
Year at dx, median [range] 2005 [1977-2018] 1994 [1980-2012] 2006 [1994-2012] 2002 [1975-2016] 2001 [1975-2018]
Exit year, final check of life status 2019 2017 2014 1991-2019 1991-2019
Years of follow-up, median [range] 10.1 [1-37] 11.2 [1-38] 6.3 [2-20] 8.3 [1-37] 9.8 [1-38]
Age at dx, median [range] 45 [24-91] 48 [29-82] 52 [30-74] 46 [27-86] 46 [24-91]
Number of deaths 72 (21%) 116 (62%) 3 (13%) 25 (40%) 216 (36%)
BC deaths 45 78 - 19 142
Unknown cause 1 0 3 0 4
Timing of genetic testing 335 187 24 60 606
Before or at dx 62 (18%) 136 (73%) 24 (100%) 9 (15%) 231 (38%)
Within 2y after dx 127 (38%) 34 (18%) 0 (0%) 26 (43%) 187 (31%)
>2y after dx 146 (44%) 17 (9%) 0 (0%) 25 (42%) 188 (31%)
Unknown 0 0 0 2 2
Morphology
Ductal 287 (87%) 160 (86%) - 48 (92%) 495 (87%)
Lobular 24 (7%) 19 (10%) - 4 (8%) 47 (8%)
Other 18 (5%) 8 (4%) - 0 26 (5%)
Unknown 6 0 62 10 78
Size in mm, median [range] 19 [1-120] 20 [1-110] 10 [0-51] 20 [4-51] 20 [0-120]
Unknown 5 14 1 1 21
Lymph node positive 173 (53%) 94 (52%) 5 (25%) 32 (52%) 304 (52%)
Unknown 8 6 4 1 19
Grade 1 39 (13%) 20 (11%) 3 (14%) 2 (5%) 64 (11%)
2 138 (44%) 85 (47%) 12 (57%) 13 (33%) 248 (45%)
3 135 (43%) 76 (42%) 6 (29%) 25 (62%) 242 (44%)
Unknown 23 6 3 22 54
Oestrogen-receptor positive 253 (79%) 136 (74%) 15 (75%) 43 (78%) 447 (77%)
Unknown 15 4 4 7 30
Her2 positive 20 (7%) 4 (10%) - 3 (10%) 27 (8%)
Unknown 48 146 24 32 250
Bilateral oophorectomy 254 (76%) 48 (26%) 20 (83%) 36 (58%) 358 (59%)
Before BC dx 16 (6%) 8 (17%) 14 (70%) 1 (3%) 39 (11%)
<2 years after dx 122 (48%) 13 (27%) 5 (25%) 16 (44%) 156 (44%)
>2 years after dx 116 (46%) 27 (56%) 1 (5%) 19 (53%) 163 (45%)
Surgery at diagnosis
Lumpectomy 143 (44%) 48 (26%) 6 (29%) 16 (26%) 213 (36%)
Mastectomy 185 (56%) 138 (74%) 15 (71%) 46 (74%) 384 (64%)
Unknown 7 1 3 0 11
Adjuvant chemotherapy
None 88 (30%) 82 (45%) - 31 (50%) 201 (37%)
Any 207 (70 %) 101 (55%) - 31 (50%) 339 (63%)
Anthracycline 163 51 - 24 238
Non-anthracycline 41 50 - 7 98
Unknown type 3 0 - 0 3
Unknown 40 4 24 0 68
Radiation
None 71 (26%) 86 (47%) - 23 (37%) 180 (35%)
Any 204 (74%) 98 (53%) - 39 (63%) 341 (65%)
Unknown 60 3 24 0 87
Endocrine therapy
None 123 (44%) 94 (51%) - 22 (36%) 239 (45%)
Any 159 (56%) 89 (49%) - 39 (64%) 287 (55%)
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Table 1. continued
Denmark Iceland Norway Sweden Total
Tamoxifen 35 74 - 21 130
Other type 12 14 - 18 44
Unknown type 112 1 - 0 113
Unknown 53 4 24 1 82
Anti-HER2 therapy
None 322 (96%) 184 (99%) - 60 (97%) 566 (97%)
Any 13 (4%) 1 (1%) - 2 (3%) 16 (3%)
Unknown 0 2 24 0 26
Table 2. Risk of breast cancer-specific death in 584 Nordic carriers of BRCA2 mutations according to key tumour characteristics, oophorectomy and
treatment.
Univariate Multivariate®
disease-specific survival disease-specific survival
HR (95% CI) P value HR (95% Cl) P value
Year of diagnosis Continuous 0.96 (0.94-0.98) <0.001 0.98 (0.95-1.01) 0.16
Size >20-<50 vs <20 mm 244 vs 311 1.73 (1.23-2.45) <0.01 1.57 (1.07-2.32) 0.02
>50 vs <20 mm 29 vs 311 2.78 (1.49-5.19) <0.01 2.65 (1.32-5.34) 0.01
Lymph node status (pos/neg) 314 vs 270 1.49 (1.06-2.09) 0.02 1.65 (1.04-2.62) 0.03
Grade 2+ 3 vs 1 472 vs 61 0.65 (0.40-1.05) 0.08 0.71 (0.43-1.16) 0.17
ER+ 0-5y vs ER— b 354 vs 126 0.42 (0.23-0.77) <0.01 0.49 (0.26-0.93) 0.03
ER+ 5+y vs ER— © 377 vs 126 1.60 (0.94-2.74) 0.09 1.91 (1.07-3.39) 0.03
Oophorectomyd 176 vs 408 0.39 (0.24-0.64) <0.001 0.67 (0.38-1.20) 0.18
Mastectomy vs lumpectomy 369 vs 215 1.34 (0.92-1.93) 0.12 0.94 (0.59-1.51) 0.81
Adjuvant chemotherapy, any 383 vs 201 0.75 (0.54-1.05) 0.01 0.65 (0.43-1.00) 0.05
Radiation 404 vs 180 1.02 (0.72-1.45) 0.90 1.08 (0.70-1.65) 0.74
Endocrine therapy, any 345 vs 239 0.74 (0.53-1.04) 0.08 0.84 (0.53-1.32) 0.44
Mutation location, OCCRs + BCCRs vs “Other”® 391 vs 193 1.58 (1.04-2.41) 0.03 1.26 (0.76-2.09) 0.38
2Adjusted also for country, prophylactic mastectomy and unknown grade.
POestrogen-receptor positive up to 5 years after diagnosis vs oestrogen-receptor negative.
“Oestrogen-receptor positive 5 years or more after diagnosis vs oestrogen-receptor negative.
9Before or within 2 years from diagnosis.
€Other locations than ovarian cancer cluster regions (OCCRs) or breast cancer cluster regions (BCCRs).
The interaction between ER status and mutation location was
081 Grade 1 Grade 2 significant. This suggests that the location of the mutation in the
Grade 3 BRCA2 gene might relate to how the tumour responds to ovarian
06 4 hormones. However, this is the only study to date of BRCA2
8 mutation location and survival, and the biological basis of the
% potential association is unknown. This finding needs confirmation
= 044 in other studies.
E The strengths of our study include a large group of BRCA2
g carriers for whom comprehensive clinical information was
3 02 available. The current study is the largest to date. All Nordic
countries have population-based health registries and national
cancer registries. The use of unique personal identification
f . ‘ , i numbers allows accurate record linkage to assess vital status,
0 5 10 15 20 and loss to follow-up is negligible. For patients with blood samples
Years since diagnosis drawn after diagnosis, we used left truncation in the survival
sk e 8 a4 o 10 analysis in order to avoid survivor bias.'® The patient populations
Grade 2 90 152 85 53 24 and their treatment varied considerably between countries. The
Grade 3 87 199 % 8 & Norwegian group was limited to women diagnosed while under
Fig. 1 Cumulative incidence of breast cancer death according to  surveillance for breast cancer because of BRCA2 mutations

grade (deaths due to other causes treated as competing events).

(prospective cases), which might explain why the Norwegian
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Fig. 2 Cumulative incidence of breast cancer death according to ER status, stratified on oophorectomy and endocrine therapy (deaths
due to other causes treated as competing events). a Without stratification. b Patients who did not undergo early oophorectomy. ¢ Patients
who underwent early oophorectomy. d Patients who did not receive endocrine therapy. e Patients who received endocrine therapy.

patients were, for the most part, diagnosed with early-stage
cancers. On the other hand, only one of the 187 Icelandic patients
had been mutation-tested before diagnosis, and for most of those
patients, testing was based on stored paraffin samples or blood
samples drawn at diagnosis. The year of diagnosis ranged from
1975 to 2018, so many patients were not given current treatment.
The resulting variation in treatment confers a strength to our
study, allowing contrasting effects of treatment vs no treatment to
be evaluated. There was a large number of BRCA2 variants in this
Nordic study, but adjusting for variant location did not impact on
the multivariate results. Currently, patients may be diagnosed with

less advanced cancers due to more frequent screening and the
introduction of MRI screening.

The definition of an ER-positive status varied with time and
between countries. However, random misclassification would bias
the HRs towards unity, and this variation is not likely to explain the
associations observed in this study. We did not have information
on the use of menopausal hormone treatment (MHT) after
oophorectomy, but this is discouraged for breast cancer patients.
We did not have information on menopausal status at diagnosis
and used age 51 years as a surrogate for menopausal status. We
could neither check any potential effects of the duration of
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Table 3. Risk of breast cancer-specific death according to ER status (ER-positive vs ER-negative) for short (0-5 years) and long (5+ years) periods from
diagnosis.
0-5 years from diagnosis 5+ years from diagnosis
HR? (95% Cl; P value) P-value interaction HR? (95% Cl; P value) P-value interaction

Age

>50y 0.46 (0.21-1.01; 0.05) 1.48 (0.75-2.91; 0.25)

<50y 0.45 (0.22-0.91; 0.03) 0.98 1.91 (1.06-3.43; 0.03) 0.32
Endocrine treatment

Yes 0.18 (0.08-0.43; <0.001) 0.01 0.72 (0.32-1.61; 0.43) 0.01

No 0.73 (0.33-1.63; 0.45) 2.36 (1.26-4.44; 0.01)
Bilateral oophorectomy

Yes 0.03 (0.00-0.29; <0.01) 0.01 0.61 (0.20-1.81; 0.37) 0.03

No 0.65 (0.33-1.27; 0.20) 1.99 (1.11-3.59; 0.02)
Chemotherapy

Yes 0.31 (0.14-0.68; <0.01) 0.10 1.41 (0.73-2.72; 0.37) 0.23

No 0.75 (0.31-1.81; 0.20) 2.40 (1.10-5.28; 0.02)
BRCA2 mutation location

0+BP 0.63 (0.32-1.25; 0.19) 0.01 2.23 (1.21-4.10; 0.01) 0.01

Other 0.07 (0.02-0.36; <0.01) 0.56 (0.22-1.44; 0.24)
Stratification by age, endocrine treatment, bilateral oophorectomy, chemotherapy and mutation location. Also shown are P values for interaction between ER
status and the respective variable.
“Multivariate HR comparing ER+ with ER—, adjusting for other stratification variables in the table and also for year of diagnosis, size, lymph node status and
prophylactic mastectomy.
POvarian cancer cluster regions (OCCRs) and breast cancer cluster regions (BCCRs).

endocrine therapy nor of ovarian suppression, as this information
was not available.

In 2016, we reported that among carriers of an Icelandic BRCA2
founder mutation, patients with ER-positive breast tumours had
worse prognosis than patients with ER-negative cancers.' Few of
those carriers had undergone bilateral oophorectomies, as none
knew their BRCA2 mutation status. Those results were later
confirmed in other studies.'” > A similar inverse association
between a positive ER status and poor prognosis has been
reported in young women with breast cancer.?' >

The lack of observed association between low tumour grade
and favourable prognosis was also atypical. In 2013, we reported
for carriers of an Icelandic BRCA2 founder mutation a worse
prognosis associated with a low proliferation rate than with a high
proliferation rate.>* We did not have information on S-phase
fraction or Ki-67 in the present study, but evaluation criteria for
histological grade include proliferation.?® Sotiriou C et al.*®
identified 97 genes that were associated with histologic grade,
and most of them were involved in cell cycle regulation and
proliferation.

Our findings suggest that the BRCA2 protein could have a role
in protecting the epithelial tissue of the breast against cancer-
promoting effects of ovarian hormones. Cancers in hormonally
responsive tissue with low amounts of the BRCA2 protein, would
be abnormally stimulated by ovarian hormones. The current
observation of a survival disadvantage 5 years from diagnosis in
BRCA2 carriers exposed to ovarian hormones supports such a
possibility. Also, in support of this is the high proportion of ER-
positive tumours among young BRCA2 mutation carriers. Finally,
the association between low grade and poorer prognosis in BRCA2
carriers also points in this direction, as low grade is associated with
more intact oestrogen signalling than is high grade.

These results suggest that the normal BRCA2 protein may have
some function beyond that of preventing the initiation of cancer,

and may hinder cancer progression mediated by sex hormones. In
BRCA2-associated breast cancers, only half the amount of normal
BRCA2 protein is expressed because only one functional copy of
the gene is present, or there is loss of expression because of
frequent loss of heterozygosity (around 50%)%’ or gene silencing.
The observed associations between ER status, survival and
exposure to ovarian hormones may relate to the tissue specificity
of cancers in BRCA2 mutation carriers; mutation carriers have
dramatic increases in susceptibility to both female breast and
ovarian cancer, and breast cancer in males. All of the patients in
the current study had germline BRCA2 mutations, and it will be
important to see if these relationships exist in breast cancer
patients with somatic but no germline mutations.

The patients in the present study with ER-positive tumours
benefitted from oophorectomies and endocrine therapy. How-
ever, half of the cases were diagnosed in 1975 through 2000 and
37% of patients did not receive chemotherapy. Therefore, we
cannot conclude whether oophorectomies confer an additional
advantage for BRCA2 carriers who are treated according to current
recommendations.

In summary, we find that ER-positive tumours have a poor long-
term prognosis in BRCA2 carriers, but blocking exposure to female
hormones in the form of bilateral oophorectomy or endocrine
therapy appears to mitigate this effect. BRCA2 mutation carriers
may be more sensitive to ovarian hormones than other breast
cancer patients. Chemotherapy had a marginally significant effect,
retained after adjusting for prognostic factors and other
treatment. This study highlights the value of a woman knowing
her BRCA2 carrier status at the time her treatment is planned.
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