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Abstract
Objectives: This study aimed to investigate the prognostic prediction of germline BRCA1 and BRCA2 mutations by comparing the maximum
standardized uptake value (SUVmax) obtained from 18fluoride-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG
PET/CT), which is considered a prognostic factor in breast cancer (BC).
Methods: Retrospective interdisciplinary laboratory results of 92 patients with BC who had germline BRCA1 or BRCA2 mutation profiles and
underwent 18F-FDG PET/CT were compared. Genotyping was made by next-generation sequencing, and PET/CT scans were re-evaluated.
The histopathological data, genetic results, and clinical demographics of all patients were recorded. Patients were divided into two groups in
accordance with the presence of germline BRCA1 and/or BRCA2 mutations. Between-group statistical comparison was performed.
Results: In PET/CT performed for primary staging, patients with BRCA-positive BC had significantly higher SUVmax (p=0.039), larger tumor size
(p=0.025), and presence of axillary nodal metastases (p=0.023) than patients with BRCA-negative BC. Although the Ki-67 index was higher in
the BRCA-positive group than BRCA-negative group, this difference was not significant (p=0.157). Moreover, in the BRCA-positive and negative
groups, SUVmax, Ki-67 index, and tumor size, grade, and stage were significantly correlated with each other.
Conclusion: The results of this study showed a strong association between BRCA mutations and SUVmax, which indicates the poor prognosis of BC.
Keywords: BRCA1-2 mutation, SUVmax, 18F-FDG PET/CT, breast cancer

Öz
Amaç: Bu çalışmanın amacı, meme kanserlerinde (MK) germline BRCA1-BRCA2 mutasyonlarının tahmini prognostik değerini, 18F-florodeoksiglikoz
pozitron emisyon tomografi/bilgisayarlı tomografi (18F-FDG PET/BT) tetkikinden elde edilen ve prognostik bir faktör olduğu kabul edilen maksimum
standardize tutulum değeri (SUVmaks) ile karşılaştırarak araştırmaktır.
Yöntem: Germline BRCA1 veya BRCA2 mutasyon profilleri olan ve 18F-FDG PET/BT taraması yapılan MK’li 92 hastanın retrospektif olarak
laboratuvar sonuçları karşılaştırıldı. Genotipleme yeni nesil sıralama tekniği ile yapıldı ve PET/BT taramaları yeniden değerlendirilerek tüm hastaların
histopatolojik, genetik sonuçları ve klinik demografik özellikleri not edildi. Hastalar germline BRCA1 ve/veya BRCA2 mutasyonlarının varlığına göre
iki gruba ayrıldı ve gruplar arasında istatistiksel karşılaştırma yapıldı.
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Bulgular: BRCA pozitif MK hastalarının, primer evreleme için yapılan 18F-FDG PET/BT görüntülemesinde, SUVmaks değerleri (p=0,039), tümör
boyutu (p=0,025) ve aksiller nodal metastaz varlığı (p=0,023) BRCA negatif MK hastalarından önemli ölçüde daha yüksek bulundu. Ki-67 değeri,
BRCA pozitif grupta BRCA negatif gruba göre daha yüksek olmasına rağmen, bu fark istatistiksel olarak anlamlı değildi (p=0,157). Ayrıca BRCA
pozitif ve negatif gruplarında; SUVmaks, Ki-67, tümör boyutu, grade ve evre değerlerinin birbirleriyle anlamlı korelasyon gösterdiği bulundu.
Sonuç: Mevcut çalışma sonuçlarına göre, BRCA mutasyonları ile SUVmaks değerleri arasında MK için kötü prognozu gösteren güçlü bir ilişki vardır.
Anahtar kelimeler: BRCA1-2 mutasyonu, SUVmaks, 18F-FDG PET/BT, meme kanseri

Introduction
Breast cancer (BC) is one of the most common types
of cancer in women and has a variable spectrum of
phenotypic and clinical behaviors, which are caused by
genetics, lifestyle, and environmental factors (1,2). One
of the main genetic risk factors is the presence of BRCA12 mutations. BRCA1-2 germline mutations contribute to
5-10% of BC in most populations. BRCA1 and BRCA2
provide instructions for making a protein that acts as
a tumor suppressor (3,4). Tumor suppressor proteins
prevent cancer formation by preventing the uncontrolled
growth and division of cells or by promoting apoptosis.
Hence, mutations in BRCA genes can lead to irregular cell
growth and tumor development.
These mutations are inherited in an autosomal dominant
manner and show a high degree of penetrance. A metaanalysis indicated that BRCA1 and BRCA2 carriers have 5765% and 45-49% probability of developing BC throughout
their life, respectively (5). BRCA1-associated BC types often
have high histological grade and are triple-negative. BRCA2associated breast tumors are usually high-grade, estrogen
receptor positive, and human epidermal growth factor
receptor-2 (HER-2)-negative (3,6). However, the effect of
BRCA mutation carrier on prognosis is still controversial.
While some studies have claimed that patients with BC who
are BRCA carriers have reduced overall survival compared
with patients with sporadic BC, some studies have also
stated that it does not affect surveillance or even results in
better surveillance (7,8,9,10).
In BC, 18fluoride-fluorodeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT)
is frequently performed for staging to obtain long-term
prognostic information, evaluation of recurrent disease, and
estimation of therapeutic response. Through radiolabeled
glucose with 18F-FDG PET/CT, the presence of the primary
tumor, nodal involvement, and distant metastasis can
be displayed simultaneously; as a result, tumor-nodemetastasis (TNM) classification can be most accurately
performed (11,12,13). The maximum standardized uptake
value (SUVmax) obtained from 18F-FDG PET/CT, which
is a metabolic indicator, is an accepted parameter in
determining BC prognosis. Many studies have shown that

high SUVmax is an indicator of poor prognosis (13,14,15).
Therefore, this study aimed to investigate the relationship
between SUVmax and BRCA positivity to predict the effect
of BRCA mutation on prognosis.

Materials and Methods
Study Groups
A total of 92 female patients were selected retrospectively
among patients with BC who had germline BRCA1 or
BRCA2 analysis and who underwent PET/CT between 2017
and 2020. All patients received routine PET/CT imaging
protocol. Imaging was completed with a Biograph Duo LSO
18
F-FDG PET/CT scanner (Siemens, Germany). Patients who
were pathologically diagnosed with BC and underwent
PET for primary staging were included in this study.
Multidisciplinary laboratory results from histopathology,
genetics, and PET/CT and some clinical demographics of
all patients were noted. All patients had a family history
of BC. None of the patients had undergone surgery, and
BRCA gene analyses were made before surgery. Patients
were divided into two groups in accordance with the
presence of germline BRCA1 and/or BRCA2 mutations.
Group 1 (BRCA-positive group) was composed of patients
who had BRCA1 and/or BRCA2 mutation (n=18), while
group 2 (BRCA-negative group) comprised patients who
had no germline BRCA1 and BRCA2 mutations (n=74). In
the BRCA-positive group (mean age, 50.11±11.98 years),
11 women were 50 years old or younger. In the BRCAnegative group (mean age, 51.36±10.86 years), 37 women
were 50 years old or younger. The clinical characteristics,
histopathological features, and PET/CT parameters of the
cohorts are shown in Table 1. Only patients who underwent
PET/CT for primary staging were included in this study.
Patients whose pathology results could not be obtained
and who did not undergo PET/CT for primary staging were
excluded from the study.
All patients provided written informed consent. The
archives of the university and state hospital were used with
the permission of the institution. The study was approved
by the Çanakkale Onsekiz Mart University Ethics Committee
(protocol no: 2020-04, date: 26.02.2020).
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Table 1. Laboratory and clinical characteristics of patients with breast cancer
Patient cohort
(n=92)
Clinical characteristics

BRCA1-2-positive group
(n=18)

BRCA1-2-negative group
(n=74)

Mean age (years)
Mean ± SD
Median
Min-max
≤50, n (%)
>50, n (%)

50.11±11.98
49
31-74
11 (61.1)
7 (38.9)

51.36±10.86
51
32-78
37 (50.0)
37 (50.0)

Smoke (+)

8 (44.4)

20 (27.0)

0.248

Alcohol (+)

1 (5.6)

8 (10.8)

0.817

Ki-67
Mean ± SD
Median
Min-max

32.89±19.16
32.50
(5.00-70.00)

26.17±16.72
20.00
(2.00-70.00)

Histopathologic feature

n (%
%)

n (%
%)

Tumor histotype
Invasive ductal carcinoma (IDC)
IDC (papillary type)
IDC (mucinous type)
IDC (medullary type)
IDC (tubular type)
Invasive lobular carcinoma

14 (77.8)
0 (0.0)
1 (5.6)
1 (5.6)
0 (0.0)
2 (11.1)

62 (83.8)
2 (2.7)
2 (2.7)
0 (0.0)
1 (1.4)
5 (6.8)

Progesterone receptor status
Positive
Negative

8 (44.4)
10 (55.6)

45 (60.8)
29 (39.2)

0.320

Estrogen receptor status
Positive
Negative

9 (50.0)
9 (50.0)

56 (75.7)
18 (24.3)

0.063

Hormone receptor status
Positive
Negative

9 (50.0)
9 (50.0)

61 (82.4)
13 (17.6)

0.010**

Molecular subtypes
HR+/HER-2- (luminal A)
HR-/HER-2- (triple-negative)
HR+/HER-2 (luminal B)
HR-/HER-2+ (HER-2 enriched)

4 (22.2)
4 (22.2)
5 (27.7)
5 (27.7)

41 (55.4)
11 (14.8)
20 (27.2)
2 (2.7)

0.024**
0.578
0.949
0.002

Grades
1
2
3

4 (22.2)
13 (72.2)
1 (5.6)

31 (41.9)
35 (47.3)
8 (10.8)

Stage
I
II A
II-B
III A
III B
III C
IV

1 (5.6)
5 (27.8)
5 (27.8)
3 (16.7)
1 (5.6)
0 (0)
3 (16.7)

24 (32.4)
17 (23.0)
11 (14.9)
7 (9.4)
4 (5.4)
6 (8.1)
5 (6.8)

PET/CT parameters
Primary tumor size (max) (mm)
Mean ± SD
Min-max

p value

0.629
0.397

0.157
p value

0.411

0.165*

0.080**

p value
30.11±10.90
15-51
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Table 1. Continued
Patient cohort
(n=92)
Clinical characteristics

BRCA1-2-positive group
(n=18)

BRCA1-2-negative group
(n=74)

p value

Primary lesion SUVmax
Mean ± SD
Min-max

10.93±8.29
2.60-30.72

6.76±3.90
2.0-17.3

0.039**

Axillary nodal metastasis, n (%
%)
Positive
Negative

15 (83.3)
3 (16.7)

40 (54.1)
34 (45.9)

0.023*

Distant metastasis, n (%
%)
Positive
Negative

3 (16.7)
15 (83.3)

6 (8.1)
68 (91.9)

0.371***

*Pearson chi-square, **Mann-Whitney U test, ***Fisher’s Exact test, SD: Standard deviation, min: Minimum, max: Maximum, HER-2: Human epidermal growth factor
receptor-2, SUVmax: Maximum standardized uptake value

F-FDG PET/CT and Data Analysis
Before PET/CT was performed, patients were instructed
to fast for at least 6 h, and serum glucose levels should
be <160 mg/dL. All images were acquired approximately
1 h later by a PET/CT scanner after intravenous injection
of 3.7 MBq/kg of 18F-FDG. Initial guideline scout images
were obtained, and non-contrasted CT images were taken
for the body regions from the vertex to 1/3 proximal
thigh, followed by PET. PET/CT images were taken with
mean 7-8 bed positions and 2 mm slices. PET/CT images
were re-evaluated independently by two nuclear medicine
physicians. The SUVmax of the primary tumor lesion was
automatically calculated according to the region of
interest. The TNM classification was made according to
PET/CT data.
Tumor size, presence of axillary node metastasis, and
distant metastasis parameters, which are obtained from
PET/CT images used for TNM classification, were statistically
compared. The obtained SUVmax values of the two groups
were also compared.
18

Genotyping of Target BRCA Genes
Targeted next-generation sequencing (NGS) of candidate
BC-associated genes was performed on blood samples
from patients with BC. Total genomic DNA was extracted
from whole-blood samples and submitted at recruitment
for BRCA1 and BRCA2 genotyping. The mutational profiles
of 43 patients with primary breast tumors were correlated
with clinicopathological data and compared with individuals
without BC (non-BC controls). DHS-102Z Human BRC1 and
BRCA2 multiplex amplicon-based library preparation panel
and Qiagen Illumina NGS run system (Qiagen, QIAseq,
Germany) were used for target gene profiling of breastcancer-susceptibility genes including BRCA1 and BRCA2.
For sequencing, an Illumina HiSeq2500 NDS Platform

(Illumina, Little Chesterford, UK; appendix pp. 20-21) was
used. In this study, predicted variants of missense, silent,
frameshift, non-sense, and other splice site exchanges were
defined and confirmed by Sanger sequencing. DNAs were
isolated by sample preparation nucleic acid kit (Qiagen,
MiniseqMN00813), and amplifications of target breastcancer-susceptibility genes were performed by QIAseq
targeted DNA panel Illumina NGS run and evaluated by
QIAseq targeted DNA panel analysis pipeline. All data were
interpreted by ingenuity variant analysis. Some variants of
uncertain significance (VUS) and/or specific variants were
evaluated by ExAC, GnomAD, ClinVAR, Varsome, GERP,
LRT, MetaLR, MetaSVM, MutationAssesor, MutationTaster,
DANN, dbNSFP.FATHMM, and Provean.
Statistical Analysis
All data analysis was performed using statistical package
software SPSS (Statistical Package for Social Sciences)
version 20.0. Descriptive data were presented as
frequency, percentage, mean, standard deviation, median,
minimum, and maximum values. According to the number
of patients in the groups, the compatibility of variables to
normal distribution was examined using the Shapiro-Wilk
test. Non-parametric tests were preferred as the analysis
method by examining the sample size and compliance
tests with normal distribution. Mann-Whitney U test was
used to compare age and continuous variables between
groups. Pearson chi-square and Fisher’s exact test were
used to compare categorical variables between groups. A
value of p<0.05 was considered significant.
Relationships between PET/CT and histopathological
parameters were analyzed with Spearman correlation
analysis. Correlation was interpreted as follows: 0.00-0.24,
weak; 0.25-0.49, medium; 0.50-0.74, strong; 0.75-1.00,
very strong relationship.
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Results
The study population consisted of 92 female patients
with BC who underwent 18F-FDG PET/CT for primary
staging and who also had germline BRCA1 or BRCA2
analysis. The mean age of the patients was 51.13±11.01
(minimum-maximum: 32-78) years. The mean ages of
patients in the germline BRCA1 or BRCA2-positive (n=18)
and BRCA-negative (n=74) groups were 50.11±11.98 and
51.36±10.86 years, respectively (Table 1). Although the
number of patients aged <50 years was higher in the BRCApositive group (61.1%) than in the BRCA-negative group
(50%), the difference was not significant. All patients who
were evaluated in this study had a family history of BC. No
significant difference was found between both groups in
terms of smoking and alcohol use. Other details about the
demographic and clinical characteristics of the cohorts are
summarized in Table 1.
Table 1 also shows the histopathological types, hormone
receptor status, and molecular subtypes for the BC cohort
in this study. The mean Ki-67 index was lower in the
BRCA-positive group than in the BRCA-negative group,
but the difference was not significant (p=0.157). While
no significant difference was found between the two
groups in terms of histopathological type, grade, and stage
of the tumor, differences were found in the molecular
subtypes. The rate of hormone receptor (estrogen and/
or progesterone) positivity was significantly higher in the
BRCA-negative group (82.4%) than in the BRCA-positive

group (50%), (p=0.010). The most common subtype was
Luminal A (HR+/HER-2-) in 55.4% of the BRCA-negative
group, and the difference between the two groups of
patients was significant (p=0.024). The least common
subtype was HER-2 enriched (HR-/HER-2+) in 2.7% of
the BRCA-negative group, and this difference was also
significant (p=0.002) (Table 1).
Considering the PET/CT parameters between the groups,
the size and SUVmax of the primary breast tumor lesion
were significantly higher in the BRCA-positive group
(p=0.025, p=0.039) according to the TNM criteria. After
the diagnosis of cancer, results of PET/CT performed for
staging purposes revealed that axillary node involvement
was significantly higher in the BRCA-positive group than in
the BRCA-negative group (Table 1). However, the presence
of distant metastases at the time of primary staging was
not significantly different in both groups.
Correlation analyses among SUVmax, Ki-67 index, tumor
size, tumor grade, tumor stage, and age were performed
in all groups. All parameters, except for age, showed a
significant correlation with each other at a medium-strong
level. These correlation rates were nearly comparable in
both groups, so the difference was not significant (Table
2, 3).
In this study, we found a strong correlation between
SUVmax and Ki-67 values (Table 1, Figure 1). In addition,
SUVmax correlated moderately with tumor size and highly
correlated with tumor grade and stage (Table 1).

Table 2. Significant relationship between SUVmax values of histopathological variables such as Ki-67 value, primary tumor
size, tumor stage, and age at diagnosis of patients with mutated breast tumors (group 1)
Spearman’s correlation analysis
group 1 (n=18)

Tumor
SUVmax

Ki-67

Size

Grade

Stage

Age

SUVmax
rho
p value
Ki-67
rho
p value

0.678
<0.001*

Tumor size
rho
p value

0.462
<0.001*

0.308
0.003*

Tumor grade
rho
p value

0.533
<0.001*

0.551
<0.001*

0.357
<0.001*

Tumor stage
rho
p value

0.594
<0.001*

0.364
<0.001*

0.692
<0.001*

0.514
<0.001*

Age
rho
p value

-0.069
0.513

0.150
0.154

0.127
0.226

0.034
0.747

0.086
0.415

*Correlation is significant at the 0.05 level (two-tailed). Rho: Correlation coefficient, p: Spearman correlation analysis, SUVmax: Maximum standardized uptake value
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Various structural point mutations were detected in
BRCA1 and BRCA2 genes in the current cohort. In
addition, 4 (4.3%) patients showed BRCA1 mutation, 11
(11.9%) showed BRCA2 mutation, and 3 (3.2%) showed
mutations in both BRCA1 and BRCA2. No point mutation
was detected in the remaining patients (80.5%) with BC

(Table 4). Moreover, 2 frameshift and 3 missense point
mutations were detected in BRCA1, and 4 frameshift and
12 missense point mutations were detected in BRCA2 (Table
4). All missense and frameshift mutations were located in
various exonic frames for both genes. The detected point
mutations showed different levels of clinical significance

Figure 1. Median SUVmax (A) and Ki-67 (B) values between mutated and non-mutated groups
SUVmax: Maximum standardized uptake value

Table 3. Significant relationship between the SUVmax values of histopathological variables such as Ki-67 value, primary
tumor size, tumor stage, and age at diagnosis in patients without mutated breast tumors (group 2)
Spearman’s correlation analysis
group 2 (n=74)

SUVmax

Ki-67

Tumor
Size

Grade

Stage

Age

SUVmax
rho
p value
Ki-67
rho
p value

0.731
<0.001*

Tumor size
rho
p value

0.379
<0.001*

0.397
0.003*

Tumor grade
rho
p value

0.512
<0.001*

0.564
<0.001*

0.294
<0.011*

Tumor stage
rho
p value

0.579
<0.001*

0.408
<0.001*

0.676
<0.001*

0.495
<0.001*

Age
rho
p value

-0.092
0.438

-0.147
0.213

0.051
0.664

-0.027
0.820

0.008
0.947

*Correlation is significant at the 0.05 level (two-tailed). Rho: Correlation coefficient, p: Spearman correlation analysis, SUVmax: Maximum standardized uptake value
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when compared with the latest literature findings. One
missense point mutation in exon 27 of BRCA2 was likely
benign, and five missense point mutation in various exons
in BRCA2 were of VUS. Two pathogenic and 16 pathogenic
point mutations were detected in the present breast tumor
cohort (Table 4).
An example of case of BRCA1-positive BC is shown in
Figure 2, 3. Figure 2 shows the NGS mutated profiles for
BRCA1 for this case. Figure 3 shows the 18F-FDG PET/CT of
axial slices of the same case. In this BRCA1-positive case,
the high SUVmax and the presence of a conglomerate of
metastatic axillary LAP are observed as indicators of poor
prognosis.

Discussion
This study was conducted to investigate the prognostic
value of BRCA1-2 germline mutations in patients with BC
by comparing 18F-FDG PET/CT findings. Various clinical and
meta-analytic studies indicate that patients with cancer
having a high primary SUVmax may have a worse prognosis
(16,17,18). Moreover, SUVmax has been reported to be a
prognostic factor of BC (16,19,20). For example, Kitajima
et al. (21) performed a prospective study to compare PET/
CT and magnetic resonance imaging findings and reported
that the preoperative SUVmax of primary BC lesion is a
prognostic factor, but not apparent diffusion coefficient. In
addition, Ravina et al. (12) claimed that the pretreatment

tumor SUVmax could be used as an independent imaging
biomarker of poor prognosis. In a review study, Caresia
Aroztegui et al. (22) revealed that baseline tumor glycolytic
activity is associated with biology and prognosis.
Many parameters affecting prognosis such as patient
age, tumor size, expression of HER-2, and estrogen and
progesterone hormone receptors have also been defined in
BC (23,24,25,26). However, data about the effect of BRCA
mutation on BC prognosis are limited and varied. Many
studies have indicated that the presence of BRCA mutations
reduces or does not affect overall survival of patients with
BC when compared with those having sporadic BC and
even leads to good surveillance (8,10,27,28,29,30). A
meta-analysis assessing the association of BRCA mutations
with survival in patients with BC claimed that BRCA1
and BRCA2 mutations were associated with poor overall
survival in patients with BC, but had no significant impact
on BC-specific survival or event-free survival (31). Similarly,
Taneja et al. (32) reported that BRCA1/2 carriers with BC
often show high nuclear grades and, thus, are associated
with poor prognosis.
However, De Talhouet et al. (3) reported that the effect of
mutation on prognosis depends on BC subtypes; in the nontriple-negative BC group, the BRCA1/2 mutations did not
have any impact on survival, whereas in the triple-negative
BC group, BRCA1/2 germline mutations are associated
with prolonged survival.

Figure 2. NGS mutated profiles of BRCA1 gene for a 54-year-old patient with breast cancer. Arrow indicates the germline A>C transversion in codon
61 for exon 4
NGS: Next-generation sequencing
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Table 4. Mutated genes, exon, codon, base substitution, mutation type, and clinical significance of germline BRCA1-2
mutation profiles detected in patients with breast cancer
BRCA gene

Mutation

1

Location

Type

Exon 10
c.3835G>A (p.Ala1279Thr)

Missense

+

Exon 27
c.9934A>G (p.lle3312Val)

Missense

2

+

Exon 10
c.943T>A (p.Cys315Ser)

Missense

+

3

+

Exon 27
c.9976A>T (p.Lys3326Ter)

Missense

+

Exon 4
c.181T>G (p.Cys61Gly)

Missense

Exon 10
c.1792A>G (p.Thr598Ala)

Missense

Exon 10
c.2800C>T (p.Q934*)

Frameshift

+

+

Exon 11
c.44914_4915insA (p.val1639fs)

Missense

+

+

Exon 26
c.9586A>G (p.Lys3196Glu)

Missense

+

+

Exon 11
c.6613G>A (p.Val2205Met)

Missense

+

9

+

Exon 27
c.9934A>G (p.I3312V)

Missense

+

10

+

Exon 22
c.8940delA (p.Glu298ILysfs*7)

Frameshift

+

Case no

2

+
1

4

+
+

5

+

6
7
8

Clinical significance
LB

VUS

PP

P
+

+

+
+

11

+

Exon 4
c.182T>G (p.Cys61Gly)

Missense

+

12

+

Exon 11
c.3333delA (p.E1112fs*5)

Frameshift

+

13

+

Exon 19
c.8452G>A (p.Val281IIe)

Missense

14

+

Exon 22
c.8940delA (p.Glu2981Lysfs*8)

Frameshift

+

+

Exon 7
c.599C>T (p.Thr200lle)

Missense

+

Exon 10
c.3333delA (p.Glu1112AsnfsTer5)

Frameshift

+

Exon 27
c.9976A>T (p.Lys3326Ter)

Missense

Exon 20
c.5329dupC (p.Gln1777fsTer*74)

Frameshift

+

Exon 11
c.5427C>A (p.Cys1809ter)

Missense

+

15
+
16

+
17
18

+
+

LB: Likely benign, VUS: Variants of uncertain significance, PP: Probably pathogenic, P: Pathogenic
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Figure 3. 18F-FDG PET/CT images of axial slices. The blue arrow indicates increased 18F-FDG (SUVmax of 8.6) uptake of 25-mm primary breast lesion in
the left breast of the patient with germline BRCA1 gene point mutation shown in Figure 2. The white arrow also indicates increased 18F-FDG (SUVmax
of 9.7) uptake in conglomerate LAP in left axillary level III in the same case
F-FDG PET/CT: 18Fluoride-fluorodeoxyglucose positron emission tomography/computed tomography, SUVmax: Maximum standardized uptake value

18

In this study, BRCA mutations were detected in 19.5% of
92 patients with BC. The mutation rate is higher than that in
the normal population because BRCA gene analyses were
performed in patients with a family history of BC. BRCA1/2
germline mutations are more common in patients with a
family history of BC. The incidence of BRCA1-2 mutation in
unselected patients with BC is 5-10% in most populations.
In the literature, the age at BC diagnosis is lower in patients
with germline BRCA mutation than in those with sporadic
cancer (33,34). However, our cohort consisted of BRCApositive and wild-type BC cases with positive BC family
histories, and no significant difference was found between
the groups in terms of age at diagnosis and the number of
patients aged <50 years.
The Ki-67 index, which is a cell proliferation marker in
predicting BC prognosis, has also been investigated,
and conflicting results have been reported. In addition,
correlation levels between Ki-67 index and SUVmax varied
from low to high (35,36,37). The results of the present
study showed a strong correlation between SUVmax and Ki67 values. SUVmax also correlated moderately with tumor
size and highly correlated with tumor grade and stage.
The finding of comparable correlation rates between the
groups and the lack of difference was consistent with
other results.

Remarkably, in the present study, the rate of hormone
receptor (estrogen and/or progesterone) positivity was
significantly higher in the BRCA-negative group (p=0.010).
In the literature, BRCA1 carriers were more likely to be
estrogen or progesterone receptor-negative, whereas those
with BRCA2-mutated BC were more likely to be estrogennegative or progesterone-positive (33). However, owing to
the small number of our patients, we could not analyze
the difference between BRCA1 and BRCA2 in terms of
the presence of hormone receptors. Likewise, the most
common subtype was Luminal A (HR+/HER-2-) in 55.4%
and the least common subtype was HER-2 enriched (HR-/
HER-2+) in 2.7% of the BRCA-negative group. Hormone
receptor-positive BC has a better prognosis. Therefore,
based on this information alone, it would not be wrong to
claim that BRCA-negative BC will show a better prognosis.
Moreover, the SUVmax, which is already used routinely to
predict prognosis, was higher in the BRCA-positive group,
which supports the prediction of poor prognosis. In
addition, the rate of having a larger tumor size and axillary
lymph node involvement was higher in the BRCA-positive
group than in the BRCA-negative group, and this finding
support our claim for a worse prognosis.
In a Chinese cohort, BRCA mutation carriers were more
likely to have lymph node involvement upon BC diagnosis.
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Even after adjusting the clinical prognostic factors, the
results were significantly worse, suggesting that BRCA
mutation is an independent factor of poor prognosis (38).
Mori et al. (39) also have published similar results that
patients with BRCA tumors having a family history of BC
were associated with a poor prognosis. Our results were
similar to the results of these two studies.
Study Limitations
The major limitation of this study was the small population
size. Thus, the results of this study needs to be confirmed
by larger-scale studies to clarify the prognostic value
of BRCA mutations. In addition, these results should be
supported by studies evaluating the relationship of BRCA
mutation status with clinical outcomes such as disease-free
survival and overall survival.

Conclusion
The prognostic role of germline BRCA1 or BRCA2
point mutations in patients with BC is unclear. In this
retrospective study, we analyzed and compared the
interdisciplinary laboratory findings derived from 92
patients with BC of which 18 were BRCA mutation
carriers. Various structural point mutations were also
found, e.g., 6 missense and 15 frameshift mutations
were detected in 19.5% of BRCA mutation carriers, and
a strong association was found between SUVmax values.
The results of this study show a strong correlation
between BRCA mutations and SUVmax, which indicate
the poor prognosis of BC. Risk stratification based
on this finding can play a very important role in the
management of patients with BRCA-positive BC. Based
on the current results, it is possible to estimate the
strong association of BC-susceptible BRCA gene variants
with SUVmax criteria that indicates the poor prognosis
of BC. However, the interpretation of the results of this
study are limited by the retrospective study design,
high risk of selection bias, lack of data about disease
treatment related to BRCA mutation carriers and
non-carriers, and the relatively small sample size. The
results of this study suggest that germline BRCA1 and
BRCA2 mutation status has a significant prognostic
value and those remarks are strongly supported by
SUVmax. Clearly, further prospective and/or retrospective
studies with larger sample size are needed to clarify the
interdisciplinary laboratory corrections in patients with
BC.
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