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Abstract
Background: BRCA1/2 pathogenic (P) and likely pathogenic (LP) germline variants are frequent among patients
with ovarian carcinoma. However, these variants have not been extensively characterized in patients with ovarian
cancer in Brazil.
Methods: In this retrospective study we evaluated clinical characteristics and BRCA1/2 genetic test results from
patients with ovarian carcinoma who underwent genetic counseling at A.C.Camargo Cancer Center (Brazil) between
2015 and 2017 and had performed germline genetic testing of BRCA1/2 genes.
Results: Among 158 patients, 33 P and LP variants and were found (20.8%), 27 in BRCA1 and six in BRCA2, and six
variants of unknown clinical significance (VUS). Thirteen percent of the patients did not have Multiplex Ligationdependent Probe Amplification (MLPA) results. Three P variants in BRCA1 were found in more than one patient: c.
5266dupC (p.Gln1756Profs*74), c.3331_3334delCAAG (p.Gln1111Asnfs5*), and c.211A > G (p.Arg71Gly). One LP
variant in BRCA1 had not been previously described, c.4153_4154delCT (p.Leu1385Ilefs*5). Patients with previous
diagnosis of breast cancer were carriers of P or LP variant in 8 of 12 cases (66.7%), and patients with a family history
of ovarian or breast cancer in first- or second-degree relatives were carriers of P or LP variant in 26.7% of cases
compared to 16.9% for patients without family history (p = 0.166).
Conclusion: Prevalence of BRCA1/2 germline P and LP variants is slightly higher than previously described by the
largest occidental studies, with a high prevalence of variant c.5266dupC (p.Gln1756Profs*74) in BRCA1 observed.
Moreover, we identified a new LP variant.
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Background
Ovarian cancer is the most lethal gynecological cancer. In the United States, 22,240 new cases and
14,070 deaths due to ovarian cancer are expected,
making it as the 5th most lethal cancer among
women [1]. In Brazil, 6150 new cases are expected in
2018 [2]. The high lethality is partially due to diagnosis of the disease in its advanced disease stages in
most cases. Even if screening can lead to small benefits in selected high risk groups [3, 4] there is still an
unmet need for early diagnosis strategies.
Hereditary Breast and Ovarian Cancer Syndrome
(HBOC) occur most often in the presence of germline
BRCA1 or BRCA2 pathogenic variants. Carriers of BRCA1
and BRCA2 pathogenic variants have a risk of developing
ovarian cancer about 45 and 20% until 80 years old, respectively [5]. Risk-reducing salpingo-oophorectomy decreases
the incidence and mortality due to ovarian cancer in this
high risk group [6]. Moreover, in the last decade the emergence of PARP inhibitors expanded the importance of
BRCA pathogenic variants detection not only to prevention
but also to treatment of ovarian cancer patients [7–9].
Earlier studies evaluating exclusively ovarian cancer
patients found a frequency of 11 to 15% germline
pathogenic variants in BRCA1 or BRCA2 among epithelial ovarian cancer patients [10–15]. The ovarian
cancer TCGA confirmed a frequency of 17% germline
pathogenic variants in BRCA1 or BRCA2 in 489 unselected ovarian cancer cases [16]. More recent studies
in populations from different countries showed a
wider range of frequency of pathogenic variants in
BRCA1 or BRCA2 depending on the study, with the
highest frequencies found in Asian populations reaching 27% of ovarian cancer patients [17–23].
Germline pathogenic variants in other genes related to
homologous recombination pathway have also been associated with hereditary ovarian cancer such as PALB2,
RAD51C and RAD51D, and are found in about 3 to 5%
of ovarian cancer patients [18, 24].
To the best of our knowledge there is only one
study that did a comprehensive evaluation of BRCA1
and BRCA2 variants in 100 ovarian cancer patients in
Brazil and found a frequency of 19% of pathogenic
variants [25]. On the other hand, a second study
evaluating only five specific variants in BRCA1 and
three in BRCA2 in 103 patients found no pathogenic
variants [26].
Since 2014, BRCA germline testing has been done routinely after genetic counseling at our institution for epithelial ovarian cancer patients. The aim of the present
study is to evaluate the frequency of pathogenic and
likely pathogenic variants in BRCA1 and BRCA2 among
epithelial ovarian cancer Brazilian patients and compare
clinical features of BRCA1/2 carriers and non-carriers.
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Methods
Patients

It is a retrospective cohort study including all consecutive patients with ovarian carcinoma tested for BRCA1
and BRCA2 germline mutations seen for genetic counseling in the Oncogenetics Department at A.C. Camargo
Cancer Center from January 2015 to November 2017 irrespective o the date of diagnosis (Fig. 1).
Genetic test results

All patients included in the study went through genetic
counseling consultation at the Oncogenetics Department. Patients were referred to germline BRCA1 and
BRCA2 genetic testing, which was performed in different
commercial laboratories. Data on identified variants
were retrieved from genetic test reports. Patients who
presented no pathogenic or likely pathogenic variants in
BRCA1 or BRCA2 were routinely recommended to follow the investigation looking for copy number alterations with MLPA. Patients without MLPA results were
not excluded from the study.
All pathogenic and likely pathogenic variants and variants of uncertain significance reported by commercial laboratories were reviewed at the Genomics and
Molecular Biology Laboratory at A.C. Camargo Cancer
Center and reclassified according to the American College of Medical Genetics (ACMG) guidelines in a five
tier classification: 1 = benign (B); 2 = likely benign (LB);
3 = variant of unknown significance (VUS); 4 = likely
pathogenic (LP); 5 = pathogenic(P) [27].
Clinical data

Clinical findings were retrieved from the medical records. Baseline characteristics included date of diagnosis,
age at diagnosis of ovarian cancer, tumor histological
subtype, staging, personal history of ovarian and breast
cancer, pretreatment CA125 level. Family pedigrees were
reviewed to identify family history of ovarian or breast
cancer.
Data on treatment and follow up from the diagnosis
until the last date of consultation at the hospital were
also retrieved and included: primary versus interval
debulking surgery, date of surgery, residual disease,
chemotherapy used at first-line treatment, date of last
platinum infusion at first-line treatment, response to
chemotherapy, date of first recurrence. Data on recurrences included: treatment with secondary debulking
surgery, chemotherapy used, date of first and last
chemotherapy infusion, response to chemotherapy, and
date of disease progression.
Recurrence was defined according to the GCIG
(Gynecological Cancer Intergroup) criteria after the analysis of RECIST (Response Evaluation Criteria in Solid
Tumors) and CA125 progression was obtained from the
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Fig. 1 Flowchart representative of the inclusion criteria adopted in the study

medical records. The date of the earlier event was considered for progression [28, 29]. The recurrence detected
after 6 months of the last platinum infusion was defined
as platinum sensitive recurrence. The recurrence detected within less than 6 months after the last platinum
infusion was defined as platinum resistant recurrence.
All recurrences that followed this first platinum resistant
recurrence were also considered as platinum resistant.
Progression-free survival (PFS) was defined as the interval between the date of diagnosis and disease progression or death by any cause. Overall survival (OS) was
defined as the interval between the dates of diagnosis
and death by any cause. The interval between the date
of the last platinum compound infusion and the date of
the disease progression was defined as platinum-free
interval (PFI).
Response to platinum retreatment data was retrieved
from the medical records, and revised for clinical findings, data of CA125 levels and image reports were also
collected. GCIG criteria were used to evaluate RECIST
and CA125 response [28, 29]. In accordance, each case
was categorized as having “response” (complete or partial response) or “no response” (stable disease or disease
progression).
Statistical analysis

Statistical analyzes were performed using the SPSS (v.
21.0; SPSS, Chicago, IL, USA) software, adopting a
two-tailed P < 0.05 value as significant.
Frequencies, medians and interquartile range (IQR)
were used to describe patients’ characteristics and genetic test findings.
The associations between clinical characteristics and
response rate to chemotherapy with presence of

pathogenic or likely pathogenic variants were investigated using Qui-square test or Fisher’s Exact test when
necessary.
Overall survival and progression free survival analyses
were performed using Kaplan-Meier, log rank test, and
hazard ratios were calculated with cox regression
analysis.

Results
One hundred and fifty-eight patients were included. Median age was 54.7 years (IQR = 43.1 years to 67.7 years),
70.3% presented high grade serous carcinoma (HGSC),
23.3% presented at FIGO stages I or II and 80.7% presented at FIGO stages III or IV. Baseline clinical characteristics are described in Table 1 according to the final
mutational status.
Genetic test results

Median time from diagnosis of ovarian cancer to genetic
testing was 21.6 months (IQR 10.3 months to 44.5
months). Most patients (53.2%) were tested after first
line treatment and before first recurrence, 32.9% were
tested in the platinum sensitive recurrent setting, and
8.9% were tested in the platinum resistant setting. Only
21 patients (13.3%) did not have MLPA results available.
Forty-five variants classified as P, LP or VUS were
identified among the 158 tested patients according to
commercial laboratories reports. After reviewing and reclassifying all P, LP variants and VUS according to
ACMG Guidelines we found conflicting interpretation in
8 variants. In BRCA1, the variant c.67_75delGAGT
GTCCC (p.Glu23_Pro25del) first classified as VUS was
reclassified as LP, based on experimental analysis of
three tumors from this patient that showed
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Table 1 Clinical and Pathological features of ovarian cancer patients according to pathogenic and likely pathogenic BRCA1 and
BRCA2 variants
Characteristics

BRCA 1/2 wt
(N = 125)

BRCA 1/2 mut
(N = 33)

p

Median age at diagnosis in years (IQR)

54.44 (42.7–67.7)

60.65 (43.8–67.2)

0.946

Time between diagnosis and genetic testing in months (IQR)

23.91 (10.75–45.15)

18.95 (8.86–39.77)

0.390

Serous

83 (66.4)

27 (81.8)

Non-serous

40 (32.0)

6 (18.2)

Missing

2 (1.2)

0 (0)

I/II

29 (23.2)

5 (15.1)

III/IV

86 (68.8)

26 (78.8)

Missing

10 (8.0)

2 (6.1)

Positive

4 (3.2)

8 (24.2)

Negative

105 (84.0)

22 (66.6)

Missing

16 (12.8)

3 (9.1)

Positive (first and/or second degree relatives)

55 (44.0)

20 (60.6)

Negative

54 (43.2)

11 (33.3)

Not completely Known/ Unknown

16 (12.8)

2 (9.1)

436.5 (117.5–1163.0)

681.5 (126.5–2062.5)

Histology

0.109

FIGO stage

0.288

Personal history of breast cancer

0.001

Family history for breast and/or ovarian cancer

Median pretreatment CA-125 (IQR)

0.115

Treatment

0.351
0.414

First-line

65 (52.0)

19 (57.7)

Platinum-sensitive

41 (32.8)

11 (33.3)

Platinum-resistant

13 (10.4)

1 (3.0)

Unknown

6 (4.8)

2 (6.0)

BRCA1/2 wt = no pathogenic or likely pathogenic variants. BRCA1/2 mut = presence of pathogenic or likely pathogenic variant. IQR Interquartile range

loss-of-heterozygosity for the normal BRCA1 allele (data
not shown). The variant c.4964C > T (p.Ser1655Phe) first
classified as P was reclassified as LP, the variant
c.2368A > G
(p.Thr790Ala)
and
c.1067A > G
(p.Gln356Arg) both first classified as VUS were reclassified as LB and B respectively. In BRCA2 the variants
c.794-22C > T, c.7601A > G (p.Ala2534Val), c.1792A > G
(p.Thr598Ala), and c.4928 T > C (p.Val1643Ala), first
classified as VUS were all reclassified as LB.
After reclassification there were 33 P or LP variants,
representing a frequency of 20.8%, 27 in BRCA1 and six
in BRCA2, and six VUS, three in BRCA1 and three in
BRCA2. One of the 33 P or LP variants was a large deletion of exon 16 in BRCA1. All variants first classified as
P, LP or VUS according to commercial laboratories are
described in Table 2 according to their reclassification
status.
Three variants were found in more than one patient,
all in BRCA1: the Ashkenazi founder mutation
c.5266dupC (p.Gln1756Profs*74) was found in five

patients. One of the five patients carrying this variant
had a recognized Jewish ancestry; the variant
c.3331_3334delCAAG (p.Gln1111Asnfs5*) was found in
three patients; and the variant c.211A > G (p.Arg71Gly)
was found in two patients.
One LP variant in BRCA1 has not been described before in Brazilian patients, nor in any consulted public
databases (Clinvar, BIC and LOVD) c.4153_4154delCT
(p.Leu1385Ilefs*5).
Pathogenic and likely pathogenic variants and clinical
characteristics

Median age at diagnosis and median time from diagnosis
to genetic testing was not different between P and LP
variant carriers and non-carriers. FIGO stage and
CA125 baseline levels were also not different between P
and LP variant carriers and non-carriers (Table 1).
Patients with high grade serous carcinoma were found
to carry a P or LP variant in 24.5% of cases compared to
13.0% for other histological subtypes (p = 0.105). Among
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Table 2 Description of BRCA1 and BRCA2 variants and clinical and pathological characteristics
HGVS cDNA

HGVS protein

ACMG Classification

Variant Type

Age Ranges

Histology

FIGO stage

Family Historya

1

c.4153_4154delCT

p.Leu1385llefs*5

LP

F

40-49

S

IIIC

+

2

c.5074 + 2 T > C

p.?

P

Ss

60–69

LGSC

IIIC

+

3

c.211A > G

p.Arg71Gly

P

M

40–49

S

IIIC

+

4

C.4484G > T

p.Argt1495Met

P

M

40–49

E

IIIC

+

5

c.1612C > T

p.Gln538Ter

P

N

60–69

S

IV

+

ID
BRCA1

*

6

c.3331_3334delCAAG

p.Gln1111Asnfs 5

P

F

40-49

S

IIIC

+

7

c.3331_3334delCAAG

p.Gln1111Asnfs*5

P

F

30-39

S

IIIC

+

*

8

c.3331_3334delCAAG

p.Gln1111Asnfs 5

P

F

50-59

S

IIIC

+

9

c.5266dup

p.Gln1756Profs*74

P

F

60-69

S

IV

–

*

10

c.5266dup

p.Gln1756Profs 74

P

F

70-79

S

IV

+

11

c.5266dup

p.Gln1756Profs*74

P

F

40-49

S

IIIC

+

12

c.5266dup

p.Gln1756Profs 74

P

F

50-59

UC

IIIC

–

13

c.5266dup

p.Gln1756Profs*74

P

F

40-49

S

IIIC

+

14

c.1687C > T

p.Gln563Ter

P

N

50–59

S

IV

–

15

c.67_75delGAGTGTCCC

p.Glu23_Pro25del

LP

Indel

60–69

S

IIIC

–

16

c.4117G > T

p.Glu1373Ter

P

N

40–49

UC

IIB

–

17

c.3477_3480delAAAG

p.Ile1159Metfs

P

F

50–59

S

IIIC

+

18

c.188 T > A

p.Leu63Ter

P

N

40–49

S

IV

+

19

c.1961delA

p.Lys654Serfs*47

P

F

60-69

S

IIIC

+

20

c.3270_3273delACCT

p.Pro1091Argfs*17

LP

F

40-49

S

IIIB

–

21

c.798_799delTT

p.Ser267Lysfs*19

P

F

50-59

S

IIIC

+

22

c.2368A > G

p.Thr790Ala

LB

M

30–39

LGSC

IIIC

–

23

c.5558A > G

p.Tyr1853Cys

US

M

50–59

S

IIIC

+

24

c.533 T > C

p.Val178Ala

US

M

30–39

E

IIIC

–

25

c.2077_2078insTA

p.Asp693Valfs*9

P

F

40-49

S

IV

+

26

c.1067A > G

p.Gln356Arg

B

M

60–69

S

IIIC

–

27

c.5123C > A

p.Ala1708Glu

P

M

40–49

S

IIIC

+

28

c.1066C > T

p.Gln356Ter

P

N

50–59

S

IV

–

29

c.4964C > T

p.Ser1655Phe

US

M

40–49

E

IIIC

+

30

c. 211A > G

p.Arg71Gly

P

M

40–49

S

IIIC

+

31

del exon 16

p?

P

D

40–49

S

IIIC

–

32

c.547 + 2 T > A

p?

P

Ss

50–59

S

IV

–

33

c.4129A > G

p.Asn1377Asp

US

M

30–39

S

IIIC

–

34

c.8488-1G > A

p.?

P

Ss

50–59

S

IIIC

–

35

c.794-22C > T

p.?

LB

Ss

30–39

S

IIIC

–

36

c.7601C > T

p.Ala2534Val

LB

M

60–69

CC

IV

+

37

c.323A > G

p.Asn108Ser

US

M

70–79

S

IIIC

38

c.6491_6494delAGTT

p.Gln2164Argfs*3

P

F

50–59

CS

IIIC

*

BRCA2

+

39

c.3680_3681delTG

p.Leu1227Glnfs 5

P

F

60-69

S

IIIC

–

40

c.8878C > T

p.Gln2960Ter

P

N

50–59

S

IIIC

+

41

c.6656C > G

p.Ser2219Ter

P

N

50–59

S

IIIC

–

42

c.1792A > G

p.Thr598Ala

LB

M

40–49

S

IC

–

*
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Table 2 Description of BRCA1 and BRCA2 variants and clinical and pathological characteristics (Continued)
ID

ACMG Classification

Variant Type

Age Ranges

Histology

FIGO stage

Family Historya

HGVS cDNA

HGVS protein

43

c.4928 T > C

p.Val1643Ala

LB

M

80–89

S

IIIC

–

44

c.738delT

p.Phe246Leufs*5

LP

F

40-49

S

IV

–

45

c.9101A > G

p.Gln3034Arg

US

M

80–89

S

IV

+

P Pathogenic variant, LP Likely pathogenic variant, US Variant of uncertain significance, LB Likely benign variant, B Benign variant, F Frameshift, N Non sense, M
Missense, IndDel Inframe insertions or deletions, Ss Splice site, D Large deletion, S High grade serous carcinoma, E Endometrioid carcinoma, UC Undifferentiated
carcinoma, CC Clear cell carcinoma, CS Carcinossarcoma, LGSC Low grade serous carcinoma
a
Positive family history if: history of breast or ovarian carcinoma in first or second degree relatives or patient with previous breast cancer

histological subtypes other than HGSC, P or LP variants
were found in one endometrioid tumor, one low grade
serous carcinoma, two undifferentiated carcinomas and
two carcinosarcomas. Patients with previous diagnosis of
breast cancer were found to carry a P or LP variant in 8
of 12 cases (66.7%) compared to 18.0% for patients without previous history of breast cancer (p = 0.001). Patients
with family history of ovarian or breast cancer in first or
second degree relatives were found to carry a P or LP
variant in 26.7% of cases compared to 16.9% for patients
without previous history of family history of ovarian or
breast cancer (p = 0.166). According to the time point
genetic testing was taken, patients tested at the first line,
platinum sensitive and platinum resistant settings were
found to carry P or LP variants in 22.6, 21.2 and 7.1% of
cases respectively (p = 0.493) (Fig. 2).
Clinical endpoints indicating better prognosis and
greater sensitivity to platinum therapy were not different
according to P or LP carrier status. With a median
follow-up time since diagnosis of 63.0 months, estimated
median OS for all patients was 110.9 months and median PFS after first line treatment was 19.6 months.
Comparing P and LP carriers with non-carriers, median
OS was 122.8 months versus 110.9 months (p = 0.971)

Fig. 2 Frequency of pathogenic or likely pathogenic variants in
BRCA1 and BRCA2 according to clinical characteristics

with a HR = 1.01 (95%CI 0.55–1.88; p = 0.971), and median PFS was 17.3 versus 20.8 months (p = 0.997) with a
HR = 1.04 (95%CI 0.64–1.69; p = 0.889). First recurrence
was classified as platinum sensitive in 75.0% versus
70.0% of cases (p = 0.876) and second recurrence after
first platinum sensitive recurrence was classified as platinum sensitive in 72.7% versus 59.4% of cases (p = 0.494)
(Fig. 3).

Discussion
This is the largest series evaluating germline BRCA1 and
BRCA2 with comprehensive gene analysis in a Brazilian
population of ovarian cancer patients. We found a frequency of 17.1% of P and LP variants in BRCA1, 3.7% in
BRCA2, and 3.7% of VUS considering both genes. Frequency and type of BRCA pathogenic variants among
ovarian cancer patients varies according to the studied
populations. Most European and US studies have shown
frequencies between 11 and 17% [10–13, 15, 23]. One
recent German study found a slightly higher frequency
of BRCA pathogenic variants of 20% [30]. Studies from
non-European or US populations showed higher frequencies, with 23% in Korean patients [21, 31], 27% in
Chinese patients [19, 20] and 29% in Arabic patients
[22]. Our findings put the frequency of pathogenic variants in BRCA in Brazilian ovarian patients on the upper
frequency range of European and US studies. One previous study in Colombian patients found a frequency of
15% [14] and one previous Brazilian study found a frequency of 19% [25]. All these studies did comprehensive
sequencing of BRCA1 and BRCA2.
We included only patients that were referred to genetic
counseling, this could lead to a selection bias because patients who are referred to genetic counseling could be those
who have a more suspicious family history. Indeed, only
41% of our patients had no history of breast or ovarian cancer or personal history of breast cancer. This selection bias
could be one of the reasons of the higher prevalence found
in our study.
Three pathogenic variants in BRCA1, c.5266dupC
(p.Gln1756Profs*74), c.3331_3334delCAAG (p.Gln111
1Asnfs5*), and c.211A > G (p.Arg71Gly) were found more
than once. The variant c.5266dupC (p.Gln1756Profs*74) is
an Ashkenazi founder mutation that has already been
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Fig. 3 a Overall survival according to BRCA status, b Progression free survival according to BRCA status, c Frequency of platinum sensitive
recurrence at first recurrence, and after second recurrence following the first platinum sensitive recurrence according to BRCA status. BRCAmut =
pathogenic or likely pathogenic variant. BRCAwt = no pathogenic or likely pathogenic variants

described as a frequent variant in Brazilian patients with
Hereditary Breast and Ovarian Cancer Syndrome [25, 32].
The variant c.3331_3334delCAAG (p.Gln1111Asnfs5*)
is probably originated in Spain and has also been previously described as a frequent variant in ovarian cancer patients in Brazil and Latin America [25]. The
variant c.211A > G (p.Arg71Gly) is a missense variant
in the second-last position of the donor splice site of
exon 5, which was proved to interfere in the splicing
of this exon and results in a deletion of 22 bp of exon
five, creating with the first bases of exon 6 a termination codon at position 64 [33]. It is a Spanish
founder mutation and has been described in Latin
American patients and, to a lesser extent, in Brazilian
patients [33, 34].
One LP variant in BRCA1 has not been described before c.4153_4154delCT (p.Leu1385Ilefs*5). It is a frameshift variant that leads to a premature stop codon and
for these reason was classified as LP variant according to
ACMG Guidelines [27].
Four variants in BRCA1 and four variants in BRCA2
had conflicting interpretation when reviewed at our institution in comparison to commercial laboratories reports, a frequency of 17.7% disagreement. Balmaña et al.

reported discrepancies on variant interpretation among
laboratories to be as high as 27% [35]. As expected,
seven of the eight variants with conflicting interpretation
were missense variants, and six of eight presented discordances between VUS and B or LB calls that would
not have changed clinical management. Besides, 13% of
patients did not have results on MLPA. The possibility
of misinterpreted variants as non P or LP by commercial
laboratories and the absence of MLPA results for 13% of
patients may have led to an underestimation of BRCA P
or LP variants in our study.
In accordance with previous studies, high frequency of
BRCA1 and BRCA2 P or LP variants was present even
in the subgroups with the lowest rates, for instance patients with no family history of breast or ovarian cancer
and no previous breast cancer had P or LP variants in
16.9% of cases, justifying genetic testing for all patients
[30]. The highest frequency was found among women
with previous breast cancer, who had a chance of 66.7%
of carrying P or LP variants in BRCA1 or BRCA2. Patients with platinum sensitive relapse showed the same
odds of carrying P or LP variants as patients after primary treatment, and patients with platinum resistant relapse showed P or LP variants in 7.1%. The smaller
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frequency of P and LP variants among patients tested at
the platinum resistant scenario could be explained by
the higher sensibility of BRCA mutated tumors to platinum therapy, and has also been described before [18].
We did not find a longer progression free or overall survival for P and LP carriers, but the small number of patients in the study and the number of deaths lower than
expected for ovarian cancer patients hampers any conclusion on this regard. The small number of death
events may be due to a not long enough follow-up time
and the selection bias present in the study since patients
diagnosed before 2015 were included if they were seen
in the Oncogenetics department after 2015.

Conclusion
In conclusion, we confirmed a frequency of P and LP
variants in BRCA1 and BRCA2 in patients with ovarian
carcinoma slightly above the expected for European and
US populations but smaller than shown by Asian studies, demonstrating the specific genetic characteristics of
Brazilian ovarian cancer patients who present a high frequency of the c.5266dupC (p.Gln1756Profs*74) variant
and one not previously described variant.
Acknowledgementes We acknowledge Misses Gisleine
Nieto for the support with the paperwork.
Abbreviations
ACMG: American College of Medical Genetics; B: Benign; BRCA: Breast cancer;
CC: Clear cell carcinoma; CS: Carcinossarcoma; D: Large deletion;
E: Endometrioid carcinoma; F: Frameshift; FIGO: International Federation of
Gynecology and Obstetrics; GCIG: Gynecological Cancer Intergroup;
HBOC: Hereditary Breast and Ovarian Cancer Syndrome; HGSC: High grade
serous carcinoma; IndDel: Inframe insertions or deletions; IQR: Interquartile
range; LB: Likely benign; LGSC: Low grade serous carcinoma; LP: Likely
pathogenic; M: Missense; MLPA: Multiplex Ligation-dependent Probe Amplification; N: Non sense; OS: Overall survival; P: Pathogenic; PFI: Platinum-free
interval; PFS: Progression-free survival; RECIST: Response Evaluation Criteria in
Solid Tumors; Ss: Splice site; UC: Undifferentiated carcinoma; USA: United
States of America; VUS: Variant of unknown significance
Funding
We had no financial support.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
DBP, AABAC conceived and designed the study. ARGR NCP, CC, CCCM, DP,
DCQS, RJ, HM, GB and MNF contributed with clinical data acquisition,
analysis and interpretation. GTT and DMC analyzed and reclassified genomic
variants in genetic reports. GB and LB contributed with loss of heterozigosity
analysis in the tumor samples. AABAC performed the statistical analysis.
AABAC and DBP wrote and edited the manuscript. All authors read and
approved the final version of the manuscript.
Ethics approval and consent to participate
The A.C. Camargo Cancer Center Ethics Committee approved the study
(CEP# 2450/17). The need for informed consent has been waived by the A.C.
Camargo Cancer Center Ethics Committee.

Page 8 of 9

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Medical Oncology, AC Camargo Cancer Center, Rua
Professor Antonio Prudente 211, São Paulo CEP: 01509-900, Brazil.
2
Department of Oncogenetics, AC Camargo Cancer Center, Rua Professor
Antonio Prudente 211, São Paulo CEP: 01509-900, Brazil. 3Department of
Gynecologic Oncology, AC Camargo Cancer Center, São Paulo, Brazil.
4
Department of Pathology, AC Camargo Cancer Center, São Paulo, Brazil.
5
Genomics and Molecular Biology Laboratory, AC Camargo Cancer Center,
São Paulo, Brazil.
Received: 18 September 2018 Accepted: 19 December 2018

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;
68:7–30.
2. Instituto Nacional De Câncer (Brasil). Estimativa 2018. Incidência do Câncer
no Brasil. Rio de Janeiro: INCA; 2018. [INCA Web site] Available at: http://
www1.inca.gov.br/estimativa/2018/. Accessed 13 Sept 2018.
3. Jacobs IJ, Menon U, Ryan A, Gentry-Maharaj A, Burnell M, Kalsi K, et al.
Ovarian cancer screening and mortality in the UK collaborative trial of
ovarian Cancer screening (UKCTOCS): a randomised controlled trial. Lancet.
2016;387:945–56.
4. Rosenthal AN, Fraser LSM, Philpott S, Manchanda R, Burnell M, Badman P,
et al. Evidence of stage shift in women diagnosed with ovarian Cancer
during phase II of the United Kingdom familial ovarian Cancer screening
study. J Clin Oncol. 2017;35:1411–20.
5. Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips K-A, Mooij TM, Roos-Blom
M-J, et al. Risks of breast, ovarian, and contralateral breast Cancer for
BRCA1and BRCA2Mutation carriers. JAMA. 2017;317:2402–15.
6. Marchetti C, De Felice F, Palaia I, Perniola G, Musella A, Musio D, et al. Riskreducing salpingo-oophorectomy: a meta-analysis on impact on ovarian
cancer risk and all cause mortality in BRCA 1 and BRCA 2 mutation carriers.
BMC Womens Health. 2014;14:150–6.
7. Pujade-Lauraine E, Ledermann JA, Selle F, Gebski V, Penson RT, Oza AM,
et al. Olaparib tablets as maintenance therapy in patients with platinumsensitive, relapsed ovarian cancer and a BRCA1/2 mutation (SOLO2/ENGOTOv21): a double-blind, randomised, placebo-controlled, phase 3 trial. Lancet
Oncol. 2017;18:1274–84.
8. Coleman RL, Oza AM, Lorusso D, Aghajanian C, Oaknin A, Dean A, et al.
Rucaparib maintenance treatment for recurrent ovarian carcinoma after
response to platinum therapy (ARIEL3): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet. 2017;390:1949–61.
9. Mirza MR, Monk BJ, Herrstedt J, Oza AM, Mahner S, Redondo A, et al.
Niraparib maintenance therapy in platinum-sensitive, recurrent ovarian
cancer. N Engl J Med. 2016;375:2154–64.
10. Risch HA, McLaughlin JR, Cole DEC, Rosen B, Bradley L, Kwan E, et al.
Prevalence and penetrance of germline BRCA1 and BRCA2 mutations in a
population series of 649 women with ovarian Cancer. Am J Hum Genet.
2001;68:700–10.
11. Pal T, Permuth-Wey J, Betts JA, Krischer JP, Fiorica J, Arango H, et al.
BRCA1and BRCA2mutations account for a large proportion of ovarian
carcinoma cases. Cancer. 2005;104:2807–16.
12. Risch HA, McLaughlin JR, Cole DEC, Rosen B, Bradley L, Fan I, et al.
Population BRCA1 and BRCA2 mutation frequencies and Cancer
Penetrances: a kin–cohort study in Ontario, Canada. J Natl Cancer Inst. 2006;
98:1694–706.
13. Zhang S, Royer R, Li S, McLaughlin JR, Rosen B, Risch HA, et al. Frequencies
of BRCA1 and BRCA2 mutations among 1,342 unselected patients with
invasive ovarian cancer. Gynecol Oncol. 2011;121:353–7.

Cotrim et al. BMC Cancer

(2019) 19:4

14. Rodríguez AO, Llacuachaqui M, Pardo GG, Royer R, Larson G, Weitzel JN,
et al. BRCA1 and BRCA2 mutations among ovarian cancer patients from
Colombia. Gynecol Oncol. 2012;124:236–43.
15. Alsop K, Fereday S, Meldrum C, deFazio A, Emmanuel C, George J, et al.
BRCA mutation frequency and patterns of treatment response in BRCA
mutation–positive women with ovarian Cancer: a report from the Australian
ovarian Cancer study group. J Clin Oncol. 2012;30:2654–63.
16. TCGA. Integrated genomic analyses of ovarian carcinoma. Nature. 2011;474:
609–15.
17. Synowiec A, Wcisło G, Bodnar L, Górski B, Szenajch J, Szarlej-Wcisło K, et al.
Clinical features and outcomes of germline mutation BRCA1-linked versus
sporadic ovarian cancer patients. Hered Cancer Clin Pract. 2016;14:1–8.
18. Harter P, Hauke J, Heitz F, Reuss A, Kommoss S, Marmé F, et al. Prevalence of
deleterious germline variants in risk genes including BRCA1/2 in consecutive
ovarian cancer patients (AGO-TR-1). PLoS One. 2017;12:e0186043–12.
19. Wu X, Wu L, Kong B, Liu J, Yin R, Wen H, et al. The first Nationwide
multicenter prevalence study of germline BRCA1 and BRCA2 mutations in
Chinese ovarian Cancer patients. Int J Gynecol Cancer. 2017;27:1650–7.
20. Li A, Xie R, Zhi Q, Deng Y, Wu Y, Li W, et al. BRCA germline mutations in an
unselected nationwide cohort of Chinese patients with ovarian cancer and
healthy controls. Gynecol Oncol. 2018;151:145–52.
21. Choi MC, Bae J-S, Jung SG, Park H, Joo WD, Song SH, et al. Prevalence of
germline BRCAmutations among women with carcinoma of the
peritoneum or fallopian tube. J Gynecol Oncol. 2018;29:1–9.
22. Alhuqail A-J, Alzahrani A, Almubarak H, Al-Qadheeb S, Alghofaili L,
Almoghrabi N, et al. High prevalence of deleterious BRCA1 and BRCA2
germline mutations in Arab breast and ovarian cancer patients. Breast
Cancer Res Treat. 2018;168:695–702.
23. Rust K, Spiliopoulou P, Tang CY, Bell C, Stirling D, Phang T, et al. Routine
germline BRCA1and BRCA2testing in patients with ovarian carcinoma:
analysis of the Scottish real-life experience. BJOG. 2018;49:1374–8.
24. Norquist BM, Harrell MI, Brady MF, Walsh T, Lee MK, Gulsuner S, et al. Inherited
mutations in women with ovarian carcinoma. JAMA Oncol. 2016;2:482–9.
25. Maistro S, Teixeira N, Encinas G, Katayama MLH, Niewiadonski VDT, Cabral
LG, et al. Germline mutations in BRCA1 and BRCA2 in epithelial ovarian
cancer patients in Brazil. BMC Cancer. 2016;16:934.
26. Schayek H, De Marco L, Starinsky-Elbaz S, Rossette M, Laitman Y, BastosRodrigues L, et al. The rate of recurrent BRCA1, BRCA2, and TP53 mutations
in the general population, and unselected ovarian cancer cases, in Belo
Horizonte, Brazil. Cancer Genet. 2016;209:50–2.
27. on behalf of the ACMG Laboratory Quality Assurance Committee, Richards
S, Aziz N, Bale S, Bick D, Das S, et al. Standards and guidelines for the
interpretation of sequence variants: a joint consensus recommendation of
the American College of Medical Genetics and Genomics and the
association for molecular pathology. Genet Med. 2015;17:405–23.
28. Vergote I, Rustin GJS, Eisenhauer EA, Kristensen GB, Pujade-Lauraine E,
Parmar MKB, et al. Re: new guidelines to evaluate the response to treatment
in solid tumors [ovarian Cancer]. J Natl Cancer Inst. 2000;92:1534–5.
29. Rustin GJS, Quinn M, Thigpen T, Bois d A, Pujade-Lauraine E, Jakobsen A,
et al. Re: new guidelines to evaluate the response to treatment in solid
tumors (ovarian Cancer). J Natl Cancer Inst. 2004;96:487–8.
30. Harter P, Hauke J, Heitz F, Reuss A, Kommoss S, Marmé F, et al. Prevalence of
deleterious germline variants in risk genes including BRCA1/2 in consecutive
ovarian cancer patients (AGO-TR-1). PLoS One. 2017;12(10):e0186043.
31. Lim MC, Kang S, Seo S-S, Kong S-Y, Lee B-Y, Lee S-K, et al. BRCA1 and
BRCA2 germline mutations in Korean ovarian cancer patients. J Cancer Res
Clin Oncol. 2009;135:1593–9.
32. Ewald IP, Izetti P, Vargas FR, Moreira MA, Moreira AS, Moreira-Filho CA, et al.
Prevalence of the BRCA1 founder mutation c.5266dupin Brazilian individuals
at-risk for the hereditary breast and ovarian cancer syndrome. Hered Cancer
Clin Pract. 2011;9:12.
33. Vega A, Campos B, Bressac-de-Paillerets B, Bond PM, Janin N, Douglas FS,
et al. The R71G BRCA is a founder Spanish mutation and leads to aberrant
splicing of the transcript. Hum Mutat. 2018;17(6):520–1.
34. Ossa CA, Torres D. Founder and recurrent mutations in BRCA1 and BRCA2
genes in Latin American countries: state of the art and literature review.
Oncologist. 2016;21:832–9.
35. Balmaña J, Digiovanni L, Gaddam P, Walsh MF, Joseph V, Stadler ZK, et al.
Conflicting interpretation of genetic variants and Cancer risk by commercial
laboratories as assessed by the prospective registry of multiplex testing. J
Clin Oncol. 2016;34:4071–8.

Page 9 of 9

