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Abstract

Purpose To evaluate in a contemporary cohort the impacts of chemotherapy and oophorectomy on survival for breast cancer
patients with a BRCA I mutation.

Experimental design We reviewed the pathology reports and medical records of 372 women with breast cancer and a BRCA 1
mutation, diagnosed from 2005 to 2017, between the ages of 25 and 65 and followed them for death from all causes and
death from breast cancer. Death was ascertained through the Poland vital statistics registry. We performed survival analysis
to evaluate the impacts of chemotherapy (including neoadjuvant cisplatinum) and of oophorectomy on survival.

Results After a mean follow-up of 5.6 years (median 5.2), 66 of the 372 women died; 56 of the deaths were from breast cancer
and 6 were from ovarian cancer. 127 women received neoadjuvant cisplatinum and 245 women received other chemothera-
pies. Cisplatinum (versus all other therapies) was associated with a hazard ratio of 0.42 (95%CI 0.20-0.87) on breast cancer-
specific survival. The 10-year actuarial all-cause survival for women who had both cisplatinum and an oophorectomy was
94.4%. The 10-year all-cause survival for women who had neither cisplatinum nor an oophorectomy was 65.4% (p < 0.01).
Conclusions Cisplatinum and oophorectomy are effective therapies for women with breast cancer and a BRCAJ mutation.

Keywords BRCAI - Breast cancer - Survival - Cisplatinum - Oophorectomy

Introduction

The potential benefit of precision medicine as applied to
the management of breast cancer may be realized by defin-
ing combinations of host and tumor factors which predict
treatment response. Among the relevant host factors is the
presence of a genetic mutation in a susceptibility gene.
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A mutation may indicate a difference in the performance
of a specific prognostic factor, such as ER status and sur-
vival in BRCAZ2 carriers [1] or in outcome, such as poor
survival of PALB2 carriers with breast cancer [2]. BRCAI-
associated cancers differ from nonhereditary cancers for
a range of pathologic factors, including tumor grade and
histologic appearance [3, 4]. It is also reported that the
BRCA1 host genotype predicts response to treatment; for
example, BRCAI carriers differ from noncarriers in that very
small breast cancers appear to benefit from chemotherapy
[5]. We see a high rate of pathologic complete response
(PCR) with cisplatinum and with conventional chemothera-
pies [6, 7]. We have shown that ER-negative breast cancer
patients with a BRCAI mutation benefit from oophorectomy
[8—10]. Recently, a significant prolongation in cancer-free
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progression with the PARP inhibitor olaparib has been
reported [11].

The current study was performed as a component of a
large ongoing, multicenter research program conducted in
Poland at the Pomeranian Medical University, designed to
characterize the hereditary burden of breast cancer in the
country and to identify strategies for prevention, screening
and treatment for high-risk women. In Poland, there are three
BRCA 1 founder mutations (5382insC, C61G and 4153delA),
which account for the great majority of all BRCA I mutations
in Polish families [12]. The Pomeranian Medical University
Hereditary Cancer Center has collected information on fam-
ily history, on genetic test results and clinical information on
a large number of breast cancer patients diagnosed at various
centers throughout the country. Since 2005, genetic testing
of new breast cancer has been widespread in Poland and
oophorectomy has been routinely recommended. Neoadju-
vant cisplatinum has become standard therapy in three cent-
ers (Szczecin, Krakow, Bielsko-Biala). In an earlier study,
we reported that a high rate of complete pathologic response
was achieved using cisplatin chemotherapy as a single agent
for BRCAI carriers in the neoadjuvant setting [6], but it has
not been shown that the high rates of pathologic complete
response translate into better overall survival. In the cur-
rent report, we evaluate for the first time, the impact of cis-
platinum on cancer mortality in breast cancer patients with
and without an oophorectomy. The current study includes a
contemporary cohort of patients who were diagnosed and
treated from 2005 to 2017 all of whom tested positive for a
BRCA 1 founder mutation.

Materials and methods
Patient eligibility

Female patients age 25 years and above and who were known
to carry a BRCAI mutation were eligible. Patients were diag-
nosed between 2005 and 2017. Patients were recruited from
17 cancer hospitals in Poland affiliated with the Pomera-
nian Medical University. Death data were obtained from the
Poland vital statistics registry. The protocol was approved by
the Ethics Committee of the Pomeranian Medical University.

The patient’s course of treatment was at the physician’s
discretion and treatment decisions were not made as a result
of participating in this (observational) study. Neoadjuvant
chemotherapy was only offered to patients in selected cent-
ers. The recommendation for or against adjuvant chemo-
therapy following neoadjuvant chemotherapy was also at the
doctors’ discretion. Of the 86 women who had a PCR, 50
(63.2%) had adjuvant chemotherapy (7 missing data). Of
the 101 women who had no response or partial response to
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neoadjuvant therapy, 75 (78.1%) had adjuvant chemotherapy
(5 missing data).

Statistical methods

Actuarial survival rates were calculated using the
Kaplan—Meier method. In these analyses, left censoring to
the date of genetic testing was done. Oophorectomy was
considered as a time-dependent variable. A series of sur-
vival analyses were conducted using the Cox proportional
hazard model.

Size was assessed in two ways: Clinical size was based on
presurgical, pre-chemotherapy evaluation, based on imag-
ing (MRI, ultrasound, mammography) and physical exami-
nation. Clinical nodal status was defined in the same way.
Pathological size was defined by examination of the surgical
specimens (resected breast tissue and axillary lymph nodes).
For patients who received neoadjuvant chemotherapy, the
absence of cancer in the primary specimen and nodes was
considered to be a pathologic complete response.

Subjects were followed from the date of diagnosis until
death or July 2017. Covariates included clinical tumor size
(3 categories) clinical nodal status (negative/positive) and
ER status (&, missing). Chemotherapy was categorized
as platinum, other, none. Oophorectomy was categorized
as a time-dependent variable. Surgery was coded as mas-
tectomy or lumpectomy. For estimation of breast cancer-
specific mortality, women who died of another cause were
censored as unaffected at the date of death. Survival analysis
was done using left censoring to the date of genetic testing.
142 women had genetic testing prior to breast cancer and
228 women had genetic testing after breast cancer. Of those
that had testing after breast cancer, on average, 14.9 months
had elapsed from the date of diagnosis to the date of genetic
testing.

Results
Patient characteristics

Between November 2005 and December 2016, 447 poten-
tially eligible women were identified. Each of these women
had breast cancer and had been tested for the presence of
three BRCA founder mutations and each had been found
to be positive. Patients were excluded if the cancers were
noninvasive (DCIS) (n = 4); if they had previously been
treated for a contralateral breast cancer (n = 41) or if they
were older than age 65 at diagnosis (n = 16). 10 patients
were excluded because of a prior history of ovarian cancer;
5 subjects were excluded because of another chemotherapy
before cisplatinum for the same cancer.
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This patient population was notable for its young age at
diagnosis (median age 43.5 years) and the predominance
of triple-negative cancers (70.3%). Only 20 patients were
HER2-positive. 129 of the patients were (clinically) node-
positive at diagnosis.

Eleven women had bilateral cancer at diagnosis, of
these six had bilateral mastectomy (for the other 5, sur-
gery data were missing). 321 subjects had unilateral breast
cancer, of these four had bilateral mastectomy.

204 of the patients were treated with neoadjuvant chem-
otherapy, including 127 patients treated with cisplatinum.
Of the 127 patients treated with cisplatinum, 90 received
additional adjuvant chemotherapy after surgery (27 no; 10
missing). The patients who received neoadjuvant cisplati-
num chemotherapy are compared with the other patients
in Table 1.

183 of the patients had an oophorectomy (49%). Of
these, 54 had the oophorectomy prior to the diagnosis of
breast cancer, 84 had the oophorectomy within 1 year of
the diagnosis of breast cancer and 41 had the oophorec-
tomy one or more years after the breast cancer (4 missing
data of oophorectomy).

66 of the women have died. 56 died of breast cancer,
6 died of ovarian cancer one died of peritoneal cancer
and three died of other causes. The 5-year actuarial breast
cancer survival was 85.0%. The 10-year actuarial breast
cancer survival was 80.0%.

204 of the 372 patients received neoadjuvant chemo-
therapy. 127 women received neoadjuvant cisplatinum; of
these 75 (59.1%) had a PCR. 77 of the women received
another form of neoadjuvant chemotherapy; of these, 60
had pathological report, and 11 of the 60 (12.8%) had a
PCR.

Figure 1 shows the 10-year actuarial breast cancer mortal-
ity (Kaplan—Meier) for the 127 women who had neoadjuvant
cisplatinum chemotherapy compared with the 77 women
who had other types of neoadjuvant chemotherapy.

Figure 2 shows the 10-year actuarial breast cancer mortal-
ity (Kaplan—Meier) for the 86 women who had a PCR after
neoadjuvant chemotherapy compared with the 101 women
who had a partial response or no response after neoadjuvant
chemotherapy.

Cisplatinum was only given as neoadjuvant therapy, but
other forms of chemotherapy were given as adjuvant or neo-
adjuvant therapy. Figure 3 shows the 10-year actuarial breast
cancer mortality (Kaplan—Meier) for the 127 women who
had neoadjuvant cisplatinum compared with the 245 women
who had other types of chemotherapy or no chemotherapy.

Figure 4 shows the 10-year actuarial mortality from all
causes of death (Kaplan—Meir) for the 125 women who had
an oophorectomy after the diagnosis of breast cancer and
187 women who had no oophorectomy (neither before nor
after diagnosis).

Figure 5 shows the 10-year actuarial mortality from
breast cancer (Kaplan-Meir) for the 125 women who had an
oophorectomy before or after the diagnosis of breast can-
cer and the 187 women who had no oophorectomy (neither
before nor after diagnosis). The adjusted hazard ratio (all
cause mortality) for oophorectomy for cases of all ages was
0.59 (95% CI 0.32-1.07; p = 0.08). After excluding the 55
patients who had an oophorectomy before breast cancer, the
adjusted hazard ratio (all cause mortality) for oophorectomy
for cases of all ages was 0.49 (95% CI 0.25-0.96 p = 0.04).

We conducted a Cox proportional hazard model to com-
pare the effects of various chemotherapies on breast cancer-
specific survival. (Table 2) We included clinical tumor size
and clinical nodal status in the model because these values
were determined before chemotherapy (whereas pathologic
size and nodal status were determined after chemotherapy
for the cisplatinum group.) We also include ER status, age
of diagnosis and oophorectomy in the model. The survival
analysis was left censored to the date of genetic testing.
Oophorectomy was considered a time-dependent variable.
The first analysis was chemotherapy and breast cancer mor-
tality (platinum, other, none). Compared with women who
did not have chemotherapy, those who had neoadjuvant cis-
platinum had an adjusted hazard ratio of 0.19 (0.05-0.78;
p = 0.02) for breast cancer-specific death. Compared with
women who did not have chemotherapy, those who had other
forms of chemotherapy (adjuvant or neoadjuvant) had a haz-
ard ratio of 0.40 (0.11-1.44; p = 0.16) for breast cancer-
specific death.

Compared with women who had other forms of chemo-
therapy, those who had neoadjuvant cisplatinum had a haz-
ard ratio of 0.48 (0.23-1.01; p = 0.05) for breast cancer-
specific death.

Compared with women who had other forms of chemo-
therapy or no chemotherapy, those who had neoadjuvant
cisplatinum had a hazard ratio of 0.46 (95% CI 0.22-0.96;
p = 0.04 for breast cancer-specific death.

Figure 6 shows the ten-year actuarial mortality from
breast cancer (Kaplan—Meier) for the 75 women who had
an oophorectomy and platinum, for the 106 women who
had an oophorectomy only, for the 52 women who had plati-
num only and for the 135 women who had neither therapy.
Figure 7 shows the 10-year actuarial mortality from breast
cancer (Kaplan—Meier) for the 233 women who had an
oophorectomy or platinum and for the 135 women who had
neither therapy.

Discussion
In this study, we report that among newly diagnosed

cases of breast cancer in women with a BRCAI mutation,
those who were treated with neoadjuvant cisplatinum
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Table 1 Comparison of the

372 subjects who did and who

did not receive neoadjuvant
cisplatinum

@ Springer

Variables Cisplatinum n = 127 Others n = 245 p value
Age at diagnosis 43.0 (22-60) 439 (26-64) 0.32
Year of diagnosis 2012.3 (2007-2017) 2010.5 (2005-2017) < 0.0001
Year of genetic test 2009.1 (2001-2016) 2011.0 (2000-2017) < 0.0001
Vital status
Alive 116 (91.3) 190 (77.6)
Dead 11 8.7) 55 (22.5) 0.001
Dead of breast cancer 9(7.1) 47 (19.2) 0.002
Follow-up (mean years) 5.0 (0.3-10.5) 5.9 (0.4-11.7) 0.02
Oophorectomy
No 52(40.9) 135 (56.0) 0.006
Yes 75 (59.1) 106 (44.0) 0.001
Missing 0 4
Yes, before dx 34 (46.6) 20 (18.9)
Yes, after 1 year of dx 28 (38.4) 56 (52.8)
Yes, within 1 year of dx 11 (15.1) 30 (28.3)
Surgery
Bilateral mastectomy 3(2.5) 9(4.5) < 0.0001
Lumpectomy 1(0.9) 55(27.4)
Unilateral mastectomy 114 (96.6) 137 (68.2)
Missing 9 44
ER
Negative 99 (80.5) 163 (71.2) 0.06
Positive 24 (19.5) 66 (28.8)
Missing 4 16
PR
Negative 107 (87.7) 178 (78.1) 0.03
Positive 15 (12.3) 50 (21.9)
Missing 5 17
Her 2
Negative 121 (98.4) 207 (92.0) 0.01
Positive 2 (1.6) 18 (8.0)
Missing 4 20
Lymph node status®
Negative 87 (68.5) 142 (62.6) 0.26
Positive 40 (31.5) 85(37.4)
Missing 0 18
Clinical node status
Negative 87 (68.5) 125 (59.2) 0.10
Positive 40 (31.5) 85 (40.5)
Missing 0 35
Pathological node status
Negative 103 (85.1) 137 (63.1) < 0.0001
Positive 18 (14.9) 80 (36.9)
Missing 6 28
Radiotherapy
No 48 (55.2) 70 (33.3) 0.0005
Yes 39 (44.8) 140 (66.7)
Missing 40 35
Tumor size (cm)? 2.49 (0.5-15.0) 2.93 (0.5-11.5) 0.03
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Table 1 (continued) Variables Cisplatinum n = 127 Others n = 245 p value

0-1cm 9(7.3) 24 (11.1) 0.07
12 cm 54 (43.9) 54 (24.9)
2-5cm 52 (42.3) 115 (53.0)
>5cm 8 (6.5) 24 (11.1)
Missing 4 28

Clinic Tumor size (cm) 2.49 (0.6-15.0) 2.95 (0.5-11.5) 0.02
0-1cm 9(7.3) 22 (11.3) 0.08
1-2cm 54 (43.9) 47 (24.2)
2-5cm 52 (42.3) 104 (53.6)
>5cm 8 (6.5) 21 (10.8)
Missing 4 51

Path tumor size (cm) 1.77 (0.0-8.1) 2.27 (0.2-9.5) 0.03
0-1cm 16 (40.0) 23 (11.7) < 0.0001
1-2cm 15 (37.5) 64 (32.7)
2-5cm 6 (15.0) 104 (53.1)
>5cm 3(7.5) 5(2.6)
Missing 87 49

Tamoxifen
No 94 (79.7) 152 (68.2) 0.02
Yes 24 (20.3) 71 (31.8)
Missing 9 22

Neoadjuvant chemotherapy
No 0 151 (66.2) < 0.0001
Yes 127 (100) 77 (33.8)
Missing 0 17
Yes, Complete response 75 (59.1) 11 (14.3)
Yes, No response 2 (1.6) 9(11.7)
Yes, Stable disease 0(0.0) 1(1.3)
Yes, Partial response 46 (36.2) 44 (57.1)
Yes, Missing 4(3.2) 12 (15.6)

Adjuvant chemotherapy
No 27 (23.1) 42 (19.2) 0.40
Yes 90 (76.9) 177 (80.8)
Missing 10 26

Cancer type
Bilateral 3(2.5) 8(3.8) 0.53
Unilateral 117 (97.5) 204 (96.3)
Missing 7 33

4Size and node are the combined results of clinical data and pathological data; clinical data are used as
baseline; if baseline is missing, then we use pathological data

experienced a superior ten-year survival rate (90.5%)
than women who were treated with other forms of chemo-
therapy or with no chemotherapy (75.7%) (Fig. 3). Excep-
tional survival was seen for those patients who experi-
enced a pathologic complete response to neoadjuvant
cisplatinum (10 year survival 97%); among women who
experienced a partial response or no response the ten-year
survival rate was much less (67 and 11%, respectively).
The high rate of pathologic complete response reported

here among cisplatinum users (59%) is slightly less than
that we reported in an earlier analysis of this cohort (61%)
[6]. Until now, we were not confident that the high rates
of pathologic complete response would translate into a
high survival rate and we did not make clinical recom-
mendations based on PCR rates alone. However, in the
present study, of the 86 women who experienced a patho-
logic complete response, only two died of breast cancer
after a mean of 5.5 years of follow-up. The combination of
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Years after diagnosis

Fig.4 Breast cancer survival among BRCA1 carriers; Oophorectomy
versus no oophorectomy. Adjusted by age at diagnoses, left censored
at oophorectomy
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Fig.5 Breast cancer survival among BRCA1 carriers; Oophorectomy
after diagnosis vs no oophorectomy. Adjusted by age at diagnoses,
left censored at oophorectomy

cisplatinum and oophorectomy appears to be an efficacious
approach to treatment, and we encourage further research
in this area.

The principal strength of our study is that the primary
outcome of interest was death from all causes, and this was
determined systematically and in an identical fashion for all
patients by linkage to the Polish vital statistics registry. That
is, the evaluation of the benefit of cisplatinum was not reliant
on the judgment of physicians, nor did it require the review
of medical records and images (as is the case for treatment
response and for tumor-free progression). Further, the valid-
ity of mortality as a relevant clinical endpoint is not in doubt.
The determination of vital status per se was not subjective,
although there may be occasional issues related to assigning
the underlying cause of death.
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Table 2 Relative risk of breast
cancer deaths for selected

Variables

Univariate RR(95%CI)P

Multivariate? RR(95%CI)P

factors Age at diagnosis

Neoadjuvant cisplatinum
No
Yes

ER status
Negative
Positive

Size
0-2 cm
2-5cm
>5cm

Nodal status
Negative
Positive

Oophorectomy®
No
Yes

1.03 (1.00-1.07) 0.06

1
0.35 (0.17-0.72) 0.005

1
1.15 (0.62-2.12) 0.67

1
3.55 (1.55-8.14) 0.003
13.8 (5.63-33.9) < 0.0001

1
4.21 (2.36-7.52) < 0.0001

1
0.39 (0.21-0.73) 0.003

1.04 (1.01-1.08) 0.02

1
0.42 (0.20-0.87) 0.02

1
1.01 (0.54-1.92) 0.96

1
2.08 (0.86-5.03) 0.10
5.23 (1.86-14.7) 0.002

1
2.82 (1.48-5.39) 0.002

1
0.58 (0.30-1.12) 0.10

“time-dependent variable

badjusted for other variables in the table

mﬂE:!.—1

T

09 ]

0.8

0.7

Probability of survival

P<0.0001(Log—Rank test)

0.8 ——— Both,3/75

——— Oophorectomy, 10/106
Cisplatinum, 6/52
=== Neither, 35/135

0.5

0 1 2 3 4 5 6 7
Years after diagnosis

oo
©
=]

Fig.6 Breast cancer survival among BRCAI carriers; Cisplatinum/
oophorectomy

We also observed a survival benefit associated with bilat-
eral oophorectomy, confirming our earlier reports [8—10].
The principal indication for oophorectomy during the period
of this study was for the prevention of ovarian cancer, and, to
our knowledge, the timing of oophorectomy was not chosen
with the view to enhance breast cancer therapy. The hazard
ratio associated with oophorectomy done after diagnosis was
0.49 (95% 0.25-0.96). We suggest that the oophorectomy
be performed as soon as possible after breast cancer diag-
nosis, but data in this study are insufficient to allow us to
distinguish between patients with oophorectomies done in
the various time frames. Of the women who did not have
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Fig. 7 Breast cancer survival among BRCA1 carriers; Either cisplati-
num or oophorectomy or neither therapy

an oophorectomy, 41 died of breast cancer and six died of
ovarian cancer—supporting the premise that the benefit of
oophorectomy is based on a combination of outcomes.
Recently, enthusiasm has been expressed for the con-
duct of fallopian tubes-only surgery for cancer preven-
tion in women with BRCAI mutations [13]. The rationale
behind this approach is that the majority of serous cancers
in BRCAI carriers originate in the fallopian tubes [14], and
these can be prevented through salpingectomy, even if the
ovaries are left intact. Further, two recent cohort studies
did not support the hypothesis that oophorectomy prevents
breast cancer in BRCAI carriers [15, 16], and these studies
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dampened enthusiasm for preventive oophorectomy. How-
ever, we emphasize that preventive oophorectomy has been
associated with a large risk reduction in mortality after
breast cancer surgery in several studies and the substantial
benefit is not expected to be realized with tubes-only sur-
gery. Therefore, we recommend that candidacy for tubes-
only surgery be limited to women who have not been diag-
nosed with breast cancer.

We believe that our data support the rationale to offer
neoadjuvant cisplatinum as first-line treatment to women
with breast cancer and a BRCA mutation. However, sev-
eral important questions remain. In this study, 90 of the 127
women with cisplatinum also received adjuvant chemother-
apy and it is not clear if adjuvant chemotherapy needs to be
recommended to carriers who experience a PCR after single
agent cisplatinum. We did not include BRCA?2 carriers in
this study because these are rare in Poland and it is important
that these studies be replicated in countries where BRCA?2
mutations are prevalent.

Our study has several strengths. The identification of 372
mutation carriers with breast cancer was the result of a com-
prehensive genetic testing program coordinated throughout
the country, and the mutation-positive cohort represented
here is the product of our testing of 14,050 breast cancer
patients in a single laboratory between 2005 and 2016. Also,
we were able to enroll all the tested patients in our central
repository in our clinical research studies. In order to achieve
the maximum benefit from personalized therapy, it is impor-
tant that genetic testing be offered widely to breast cancer
patients in a timely fashion at the time of diagnosis.

There are also several weakness to our study. This is a
nonrandomized study, and treatment was at the discretion of
the individual physician. The choice of neoadjuvant plati-
num chemotherapy was based on BRCAI-status alone, but
for other forms of neoadjuvant chemotherapy, treatment was
given preferentially to those with locally advanced disease.
Thus, in the nonplatinum group, those who were given neo-
adjuvant chemotherapy had more advanced disease than
those who were given conventional adjuvant chemotherapy,
and the comparison of platinum-based versus other forms
of neoadjuvant chemotherapy is not robust. Although this is
the largest study of its type, the subgroups were relatively
small, and the conclusions were based only on 56 deaths
from breast cancer. The principal outcome is ten-year sur-
vival, and ideally, we would have 10 years of follow-up on
all patients. Cisplatinum was introduced in 2006 and the
average follow-up time was 5 years. It is important that we
expand this cohort and continue to follow it for new events.

It is inherently difficult to compare women treated with
neoadjuvant chemotherapy and those treated with adjuvant
chemotherapy in an observational cohort study, because of
the complexity in adjusting for tumor size and nodal status.
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Different sources of information are used; in the patients
treated with neoadjuvant therapy who experience a PCR,
pathologic size is recorded as ‘no tumor detected’ and
nodes are ‘clear’ and therefore for neoadjuvant patients,
stage must be determined prior to treatment using clinical
variables (examination and imaging). Lymph nodes which
are reported as negative on clinical examination may be
reported as positive on pathologic examination. We sought
to be comprehensive in obtaining complete stage infor-
mation from both clinical sources and from pathologic
reports and to be consistent in how stage was evaluated
when the two groups were compared, but there were many
patients with missing values and the adjusted analyses are
not robust because of missing information. Nevertheless,
we believe that the women who got cisplatinum and those
who got other forms of chemotherapy were comparable in
terms of inherent prognosis. Patients were not selected to
receive neoadjuvant chemotherapy based on tumor size,
on nodal status or on other prognostic factors, but rather
on where they received their treatment. 101 of the 127 of
the women who received neoadjuvant cisplatinum chemo-
therapy were treated in Szczecin and in this single center
101 of 127 (80%) of all patients received neoadjuvant cis-
platinum. We recognize that in ideal circumstances pref-
erences regarding the choice of chemotherapy should be
determined by randomized trial but randomized trials are
difficult to conduct and in general, in a given trial, compar-
isons are restricted to two of many possible treatments. To
our knowledge, no randomized trials are being conducted
using neoadjuvant or adjuvant cisplatinum in BRCAI car-
riers and we are not aware of other large clinical research
cohorts where this drug is now being administered. In the
realm of ‘precision medicine’ for other genetically defined
subgroups of cancer patients, benefit is often measured in
far less rigorous terms, such as the anecdotal ‘response to
treatment’ (tumor shrinkage) in one or a few patients or
‘progression-free survival’ and we are reluctant to offer
advice to our patients in the absence of a demonstrated
mortality difference.
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