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ABSTRACT

OBJECTIVE: The objective of our study is to evaluate breast cancer patients with BRCA1 or BRCA2 gene mutations and compare
them with patients without these mutations. Specifically, we aim to assess the acute side effects of radiotherapy in both groups.

METHODS: Data were collected from four participating centers, comprising information from 73 patients who underwent
known mutation analysis and had complete data. Patients were monitored on a weekly basis throughout their treatment for
acute toxicity, which was evaluated using the Radiation Therapy Oncology Group (RTOG) acute toxicity criteria.

RESULTS: The median age of the 73 patients included in our study was 43. Among them, 17 had BRCA1-positive mutations
and 19 had BRCA2-positive mutations. Invasive ductal carcinoma was present in 67 patients, all of whom underwent surgery.
Of the patients, 57 received conventional radiotherapy doses, while 16 received hypofractionated radiotherapy doses. During
follow-up, metastasis occurred in three patients. In BRCA-positive patients, those under 40 years of age (p<0.001), with
high nodal positivity (p=0.008), grade 2-3 (p=0.022), and lymphovascular invasion (p=0.002) were significantly more fre-
quent compared to BRCA-negative patients (p<0.001). The median survival was 35.8 months. Grade 1 dysphagia developed
in seven BRCA-negative patients and four BRCA-positive patients, with no significant difference observed between the two
groups (p=0.351). There was also no statistical difference observed in the occurrence of grade 2-3 skin reactions, with 11
BRCA-negative patients and eight BRCA-positive patients experiencing these side effects.

CONCLUSION: Our study supports existing literature by identifying an association between the presence of BRCA mutations
and young age, nodal status, grade, and lymphovascular invasion. Additionally, we found no significant difference in the
occurrence of radiotherapy toxicity between BRCA-positive and BRCA-negative patients. These findings suggest that radio-
therapy can be safely administered to BRCA-positive patients after breast-conserving surgery or mastectomy. Keywords for
our study include breast cancer, BRCA mutation, radiotherapy, and side effects.
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Breast cancer is a prevalent and widespread disease
affecting a large number of women worldwide [1].
While various factors such as lifestyle and environmental
influences contribute to the majority of breast cancer cases,
hereditary factors also play a significant role in the devel-
opment of certain forms of the disease [2]. Among heredi-
tary breast cancers, mutations in the BRCA1 and BRCA2
genes are the most frequently observed. These genes play
a critical role in DNA repair and cell cycle regulation, and
mutations in these genes substantially increase the risk of
developing breast and other types of cancer [3]. Conse-
quently, the identification of BRCA mutations in breast
cancer patients holds great importance for genetic coun-
seling, treatment decision-making, and family screening.

Furthermore, genetic testing for BRCA mutations is
strongly recommended for individuals with a personal or
family history of breast or ovarian cancer, as well as those
who meet other criteria indicative of an inherited predis-
position to cancer. By undergoing genetic testing, individ-
uals can gain valuable insights into their potential genetic
risk factors, enabling them to make informed decisions re-
garding preventive measures and tailored treatment plans.

The treatment of breast cancer often involves the in-
clusion of radiotherapy, which is typically administered
after surgery. The primary objective of radiotherapy is to
induce DNA damage in cancerous cells using ionizing
radiation. This damage hinders cell division and growth,
ultimately leading to tumor reduction or elimination [4].
However, despite its effectiveness, radiotherapy can also
give rise to a range of side effects, both acute and late
in nature [5]. This occurs because normal tissues near
the tumor area may also be exposed to radiation, which
can result in long-term damage. Therefore, it is crucial
to carefully monitor patients undergoing radiotherapy to
minimize the potential for adverse side effects.

Studies have indicated that BRCA1 and BRCA2
gene mutations may enhance the response of tumor cells
to radiotherapy by increasing their sensitivity to ionizing
radiation and DNA damage [6]. However, it is essential
to acknowledge that these mutations can also influence
the susceptibility of patients to complications associat-
ed with radiotherapy. This underscores the importance
of carefully evaluating toxicity profiles in patients with
BRCA mutations who undergo radiotherapy. By con-
sidering the potential risks and benefits of radiotherapy
in this specific population, healthcare professionals can
strive to optimize treatment outcomes while minimizing
the potential for adverse side effects.

Highlight key points

e BRCA1 and BRCA2 gene mutations are critical genetic fac-
tors that significantly increase the risk of breast and ovarian
cancer.

e Breast cancer patients carrying BRCA mutations may be
more sensitive to radiotherapy toxicity.

e The detection of patients’ BRCA mutations and the assess-
ment of radiotherapy toxicity play a crucial role in making
appropriate treatment decisions.

e Understanding the relationship between BRCA mutations
and radiotherapy toxicity can contribute to the development
of more personalized treatment approaches for breast can-
cer patients.

e More research on the relationship between BRCA mutations
and radiotherapy toxicity is needed.

By assessing the acute side effects of radiotherapy
in breast cancer patients with BRCA mutations, this
study will significantly contribute to our understand-
ing of the potential benefits and risks associated with
radiotherapy in this specific patient population. The
findings will assist healthcare professionals in making
informed decisions regarding the use of radiotherapy
in the treatment of breast cancer patients with BRCA
mutations, allowing for the optimization of treatment
strategies tailored to this group of patients. Further-
more, the study results may have broader implications
for the development of new therapeutic approaches
and the design of future clinical trials in breast can-
cer research. Ultimately, the study aims to advance
our knowledge of treating breast cancer patients with
BRCA mutations and contribute to the improvement
of patient outcomes in this population.

MATERIALS AND METHODS

This is a multicenter retrospective cohort study that was
presented as a project at the Radiation Therapy Oncol-
ogy Group (RTOG) workshop. Data regarding the tox-
icity profiles of breast cancer patients with and without
BRCA1/2 mutations between 2019-2022 have been col-
lected from four different centers collaborated in this study.

The study includes a total of 73 breast cancer pa-
tients from four participating centers which pro-
vided complete requested clinical data with known
BRCA1/2 mutation analyses. Also, acute radiation
toxicity data collected during treatment were record-
ed. All patients had undergone surgery. Demographic
information, clinical characteristics, and data collected
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TABLE 1. Shows the RTOG acute toxicity grades for dysphagia and esophagitis during breast cancer treatment

Grade Dysphagia Esophagitis

0 None None

1 Mild, discomfort Mild, asymptomatic

2 Moderate, soft diet Moderate, symptomatic, analgesic use

3 Severe, liquid diet Severe, nasogastric tube feeding or hospitalization required

4 Parenteral nutrition only Esophageal perforation, fistula, bleeding, or surgical intervention required
5 Death Death

RTOG: Radiation therapy oncology group.

TABLE 2. Shows the RTOG acute toxicity grades for skin toxicity during cancer treatment

Grade Skin toxicity

0 None

1 Faint erythema or dry desquamation

2 Moderate to brisk erythema; patchy moist desquamation, mostly confined to skin folds and creases; moderate edema

3 Moist desquamation in areas other than skin folds and creases; bleeding induced by minor trauma or abrasion

4 Life-threatening consequences; full-thickness skin necrosis or ulceration of the dermis, spontaneous bleeding from
involved site, skin graft indicated

5 Death

RTOG: Radiation therapy oncology group.

before and during treatment of the patients were re-
corded. The selection criteria encompassed individuals
with a confirmed diagnosis of breast cancer, who had
undergone radiotherapy treatment and BRCA1/2 mu-
tation analysis. Furthermore, patients were included
in the study based on the availability of accurate and
complete data records, ensuring the robustness of the
data collection process. It is important to note that pa-
tients with co-positive BRCA1 and BRCA2 mutations
were not included in the study. In the analysis, patients
with positive BRCA1 and/or BRCA2 mutations were
collectively referred to as “BRCA positivity” to account
for the evaluation of these mutations together. Howev-
et, the specific consideration of BRCA1 and BRCA2
co-positivity was not taken into account in this study.
During the radiotherapy treatment, the patients were
closely monitored, and their acute toxicity was evalu-
ated on a weekly basis. The evaluation of acute toxic-
ity was done using the RTOG acute toxicity criteria,
which is a widely recognized system used to assess the

severity and frequency of acute tissue reactions result-
ing from radiotherapy [7]. The toxicity criteria are ex-

plained in Table 1 and Table 2.

Statistical Analysis

The statistical analysis was conducted using IBM SPSS
Statistics for Windows, version 20 software (IBM Corp.,
Armonk, New York, USA). Categorical variables were
presented as percentages, while continuous variables
were reported as median values with corresponding
ranges. The demographic and clinical characteristics of
the patients were compared between the two groups us-
ing either the chi-square test or Fisher’s exact test for cat-
egorical variables. Continuous variables were compared
using the Mann-Whitney U test. Furthermore, the as-
sociation between the incidence and severity of toxici-
ty was assessed using Spearman correlation analysis. A
significance level of p<0.05 was considered statistically
significant for all analyses.
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TABLE 3. Characteristics of included patients in our study

Variable n=73 (%) Variable n=73 (%)
Age RT dose technique
<40 37 Conventional 78.1
>40 63 Hypofractionated 21.9
Triple negative (TNBC) RT field
TNBC 26 Breast 30.1
Non-TNBC 74 Breast + lymphatic 17.8
Breast Surgery Chest wall 6.8
BCS 50.7 Chest wall + lymphatic 45.2
MRM 37 Boost
MRM reconstruction 12.3 Absent 50.7
Axillary surgery Present 49.3
None 1.4 RT technique
SLNB 46.6 Conformal 20.5
ALND 28.8 FIF IMRT 49.3
SLNB + ALND 233 Tomotherapy 30.1
T stage RT hormonal therapy
Tis+1+2 86.3 Absent 69.9
T3+ 4 13.7 Present 30.1
N stage Skin reaction
NO.1 79.5 Absent 32.9
N2.3 20.5 Grade 1 41.1
Grade Grade 2 17.8
Grade 1 6.8 Grade 3 8.2
Grade 2-3 93.2 Dysphagia
Histology Absent 84.9
Invasive ductal 91.8 Present (Grade 1) 15.1
Invasive lobular 8.2 BRCA
ECE Negative 50.7
Absent 89 BRCA1+ 233
Present 11 BRCA2+ 26
LVI Metastasis
Absent 79.5 Absent 95.9
Present 20.5 Present 4.1
Chemotherapy Final status
Absent 5.5 Alive 97.3
Present 94.5 Deceased 2.7

ALND: Axillary lymph node dissection; BCS: Breast-conserving surgery; BRCA1+: BRCA1 positive; BRCA2+: BRCA2 positive; ECE: Extracapsular extension; FIF IMRT:
Field-in-field intensity-modulated radiotherapy; LVI: Lymphovascular invasion; MRM: Madified radical mastectomy; PNI: Perineural invasion; RT: Radiotherapy; SLNB:

Sentinel lymph node biopsy; TNBC: Triple-negative breast cancer.

Ethics Committee Approval and Patient Consent

This study was carried out in compliance with the
principles outlined in the Helsinki Declaration. The
research protocol received approval from the ethics
committee of Kartal Dr. Luth Kirdar Training and
Research Hospital on December 6, 2019, with the

reference number 2019/514/167/16. Informed con-
sent was obtained from all participating patients, who
provided their consent by signing the appropriate con-
sent forms prior to their involvement in the study. To
safeguard patient confidentiality, all data utilized in the
study were anonymized.
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RESULTS

Among the 73 patients included in this study, the medi-
an age was 43 years. Out of these patients, 17 were iden-
tified as BRCA1-positive (+), while 19 were identified
as BRCA2-positive (+). Among the cases, 67 patients
were diagnosed with invasive ductal carcinoma (IDC).
Ten patients had T3-T4 stage tumors, and 15 patients
had lymph node involvement classified as N2-3. In terms
of radiotherapy, 57 patients received conventional doses,
while 16 patients received hypofractionated doses. Ra-
diotherapy was administered to the breast in 22 patients,
to the breast and lymphatics in 13 patients, to the chest
wall and lymphatics in 33 patients, and solely to the chest
wall in 5 patients. Detailed patient characteristics are

presented in Table 3.

During the follow-up period, metastases were detect-
ed in 3 patients, all of whom had invasive ductal carcino-
ma and tested negative for BRCA mutations. Among pa-
tients under the age of 40, those with BRCA mutations
exhibited significantly higher rates of high node posi-
tivity, grade 2—3 tumors, and lymphovascular invasion
compared to BRCA-negative patients (p<0.001). The
median survival time was calculated to be 35.8 months.
Grade 1 dysphagia was observed in 7 BRCA-negative
patients and 4 BRCA-positive patients, with no sig-
nificant difference between the two groups (p=0.351).
Similarly, the occurrence of grade 2—3 skin reactions did
not differ significantly between BRCA-negative patients
(11 patients) and BRCA-positive patients (8 patients).
Regarding the distribution of BRCA status, 37 patients
(50.7%) were BRCA-negative, 17 patients (23.3%) were
BRCA1 positive, and 19 patients (26%) were BRCA2
positive. Further details and a summary of these findings

can be found in Table 4.

Although the distribution of BRCA-positive and
BRCA-negative patient groups in this study is not per-
fectly balanced, the overall proportion of BRCA-negative
patients is slightly higher than that of BRCA-positive pa-
tients. Furthermore, the distribution between BRCA1 and
BRCAZ2 positive patient groups is relatively even. Table 2
provides a comprehensive comparison of demographic,
clinical, and treatment factors between BRCA-negative
and BRCA-positive breast cancer patients, with corre-
sponding p-values indicating the presence of significant
differences between the two groups for each factor. It is
crucial to acknowledge that further research with larger
sample sizes is necessary to ascertain whether this distri-
bution accurately represents the entire population.

TABLE 4. Various demographic, clinical, and treatment factors

between BRCA (-) and BRCA (+) breast cancer patients

Variable BRCA (-) BRCA (+) p
(n=37) (n=36)

Age <0.001
<40 16.2 58.3
>40 83.8 41.7

Smoking 0.854
No 70.3 72.2
Yes 29.7 27.8

TNBC 0.384
Non-TNBC 78.4 69.4
TNBC 21.6 30.6

T stage 0.467
Tis+1+2 89.2 83.3
T3+4 10.8 16.7

N stage 0.008
NO.1 91.9 66.7
N2.3 8.1 33.3

Grade 0.022
Grade 1 13.5 0
Grade 2-3 86.5 100

Histology 0.012
Invasive ductal 83.8 100
Invasive lobular 16.2 0

ECE 0.967
No 89.2 88.9
Yes 10.8 111

LVI 0.002
No 91.9 61.1
Yes 8.1 38.9

PNI 0.818
No 78.4 80.6
Yes 21.6 19.4

Chemotherapy 0.042
No 10.8 0
Yes 89.2 100

RT dose technique 0.078
Conventional 86.5 69.4
Hypofractionated 13.5 30.6

RT hormone therapy 0.665
No 67.6 72.2
Yes 32.4 27.8

Skin reaction grade 0.465
Gro0-1 70.3 77.8
Gr2-3 29.7 22.2

Desquamation 0.013
No 73 94.4
Yes 27 5.6

Dysphagia 0.058
No 91.9 100
Yes 8.1 0

T stage: Tumor stage; N Stage: Lymph node stage; ECE: Extracapsular exten-
sion; LVI: Lymphovascular invasion; PNI: Perineural invasion; RT: Radiotherapy;

Gr: Grade.
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DISCUSSION

The presence of BRCA mutations is a genetic factor that
has been linked to an elevated risk of breast cancer and in-
creased mortality rates [8]. The findings of our study align
with previous research [9], indicating that BRCA-positive
patients tend to be younger and exhibit higher rates of nod-
al involvement, tumor grade, and lymphovascular invasion.
Despite variations in the administration of radiotherapy,
including dosage and fractionation methods, our results
demonstrate that these factors do not significantly influ-
ence the occurrence of toxicity between BRCA-positive
and BRCA-negative patients. Therefore, careful consider-
ation should be given to the application of radiotherapy in
patients with a genetic predisposition [10].

Hypofractionated doses of radiotherapy are character-
ized by shorter treatment durations but higher doses ad-
ministered per session. This approach has been proposed
as a potential strategy to reduce side effects in certain cases
compared to conventional fractionated radiotherapy [11].
However, the results of this study suggest that the use of
hypofractionated doses did not have a significant impact
on the occurrence of toxicity in both BRCA-positive and
BRCA-negative patients.

In conclusion, the treatment of patients with BRCA
mutations requires careful consideration of various fac-
tors. However, the findings of this study suggest that fac-
tors such as T stage, nodal involvement, the irradiated area,
and the use of hypofractionated doses do not significantly
influence the occurrence of toxicity between BRCA-posi-
tive and BRCA—negative patients. Therefore, it is essential
to individualize radiotherapy approaches based on patient
characteristics and long-term follow-up data [12].

Furthermore, this study revealed no significant differ-
ence in terms of dysphagia and skin reactions between the
BRCA-positive and BRCA-negative patient groups, which
is consistent with some existing studies in the literature
(13]. To gain a more precise and comprehensive under-
standing of the factors influencing radiotherapy toxicity,
larger-scale, multicenter studies are needed.

The primary objective of the current study was to
explore the disparities in toxicity outcomes between
BRCA-positive and BRCA-negative patients receiving
radiotherapy, and our findings align with the existing lit-
erature. Our results demonstrated that all BRCA-posi-
tive patients had invasive ductal carcinoma and were un-
der the age of 40, in contrast to BRCA-negative patients.
These findings indicate that the presence of BRCA1 and

BRCA2 mutations is associated with more aggressive

breast cancer characteristics, including increased nodal
involvement and eatlier disease onset [14].

The present study found no significant difference in
radiotherapy-related toxicity between the BRCA-negative
and BRCA-positive patient groups. Similar findings have
been reported in some studies in the literature [15], sug-
gesting that radiotherapy is a safe and effective treatment
option for patients with BRCA1 and BRCA2 mutations.
However, it is important to acknowledge that a more ro-
bust understanding of the differences in toxicity can be
attained through larger-scale, multicenter studies, which
would provide more definitive evidence regarding the safety
and efficacy of radiotherapy in this specific patient popula-
tion. Furthermore, ongoing research efforts should focus on
developing strategies to mitigate radiotherapy-related tox-
icity and exploring potential treatment modifications that
could enhance outcomes for individuals with BRCA1 and
BRCA2 mutations [16].

The findings from this study are in alignment with the
existing literature, highlighting the consistent differenc-
es observed between BRCA-positive and BRCA-negative
groups. The more aggressive clinical features observed in
BRCA-positive patients emphasize the necessity for a cau-
tious and tailored approach to their treatment. Individual-
izing radiotherapy applications based on patient character-
istics and relying on comprehensive, long-term follow-up
data are essential for making informed clinical decisions. By
adopting such an approach, clinicians can strive to provide
optimal care for patients with BRCA1 and BRCA2 muta-
tions while minimizing the potential risks of treatment-re-
lated complications.

In this study, we acknowledge certain limitations that
should be considered. One limitation is the challenge
of finding and including an adequate number of both
BRCA-positive and BRCA-negative patients, which may
have impacted the statistical power and generalizability of
our results due to the small sample size. However, despite
these limitations, our study provides valuable insights into
the significance of BRCA1 and BRCA?2 gene mutations in
breast cancer treatment. We have demonstrated the strong
relationship between BRCA mutations and breast and
ovarian cancer risk, as well as the potential increased sen-
sitivity of BRCA-positive patients to radiotherapy toxicity.
Our findings emphasize the importance of BRCA testing
in making informed treatment decisions and the potential
for more personalized approaches in breast cancer treat-
ment, Nevertheless, further research is needed to explore
the intricate relationship between BRCA mutations and
radiotherapy toxicity in greater depth.
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Conclusion

In summary, our study confirms the association of
BRCA mutation with young age, nodal status, grade, and
lymphovascular invasion. Additionally, it indicates that
BRCA positivity does not impact treatment toxicity, and
radiotherapy can be safely administered after BCS or
mastectomy for BRCA-positive patients. These findings
hold important implications for clinical practice, facili-
tating more personalized and effective approaches to the
treatment of BRCA-positive patients.
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