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Abstract 

We report a rare case of 62-year-old South Asian women who visited the Molecular 
Pathology and Genomics Department for hereditary germline cancer genetic testing after being 
diagnosed with oesophageal cancer, reported as invasive keratinizing squamous cell carcinoma 
metastasized to the lymph nodes. Her personal history revealed that she was diagnosed with 
triple-negative breast cancer ϐive years before oesophageal cancer. Germline cancer testing 
showed pathogenic variants in BRCA1 gene c.68_69delAG, which proved it a hereditary breast 
and ovarian cancer syndrome. She was started on PARP inhibitors but developed some secondary 
respiratory failure and succumbed to death. 

Less than 10 cases have been reported in the literature of the association of germline 
BRCA1 and Squamous cell Carcinoma – the esophagus. The article focuses on the probable 
pathogenesis of BRCA1 mutation with non-classic malignancies and the response of Poly 
adenosine diphosphate ribose polymerase inhibitors (PARP) inhibitors in such a scenario. We 
report an unusual manifestation of the BRCA1 gene with second primary oesophageal squamous 
cell cancer occurring ϐive years later to triple-negative breast cancer.

Introduction
BRCA1 (BReast CAncer gene 1) or BRCA2 (BReast CAncer 

gene 2) genes have signiϐicantly elevated the risk of developing 
breast, ovarian, fallopian tubes, pancreatic or prostate cancer, 
which can either germline or somatic. Breast and Ovarian 
Cancer Syndrome (HBOC) stands out as one of the prevalent 
hereditary tumor conditions arising from germline pathogenic 
variations [1]. BRCA1 pathogenic variations independently 
serve as adverse prognostic factors, correlating with a 
heightened risk of cancer recurrence or mortality [2]. A study 
indicated that out of 1177 cases, 587 cases were positive for 
the BRCA1 gene; out of which only 11% of the cases were 
positive for other cancers except breast and ovary which were 
reported to be present as 60% and 30% respectively [3]. 

Approximately, 7% of Barrett’s Oesophagus and 
oesophageal Adenocarcinoma cases are considered familial 
[4]. The majority of the hereditary cancers in esophageal 
cancers are BLM/RECQL3, RHBDF2, FANCD1, BRCA2, and 

FANCN (PALB2) in the literature [5]. However, BRCA 1 
familial-based studies showed a high risk of speciϐic cancers 
tested in the population; the study resulted in an increased 
relative risk in esophagus cancer of 2.9 (95% CI 1.1-6.0) and 
stomach at 2.4 (95% CI 1.2-4.3) [6]. Less than 10 cases have 
been reported in the literature of the association of germline 
BRCA 1 and Squamous cell Carcinoma – the esophagus [7]. 
The present case showed BRCA1 pathogenic mutation in 
association with second primary Squamous Cell Carcinoma 
(SCC) - esophagus featuring a prior history of Triple-Negative 
Breast Cancer (TNBC). 

Case report
A 62 years old female, with a known case of right Triple-

Negative Breast Cancer (TNBC), presented with dysphagia, 
and sore throat for 2 months. Biopsy from the upper 
esophageal growth for the frozen section showed an invasive 
keratinizing squamous cell carcinoma. Additional Biopsy from 
the right cervical lymph node showed tumor cells arranged 
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in diffuse sheets with tumor necrosis, diagnostic of metastatic 
squamous carcinoma, consistent with an origin from a known 
primary in the oesophagus. The patient was treated with 3 
cycles of chemotherapy with Paclitaxel + Carboplatin but due 
to complaints of dysphagia chemotherapy planned to switch to 
Irinotecan+ Cisplatin followed by 12 cycles weekly Paclitaxel.

The patient was referred to the Molecular Pathology 
and Genomics Department for germline testing given dual 
primary malignancies. The EDTA blood sample was taken and 
subjected to 113 gene panel hereditary cancer testing using 
Illumina Dragen enrichment. The reporting was done using 
ACMG Guidelines. The complete family history was taken and 
a pedigree chart was drawn. She has a family history of cancer 
in a sister (60 years) diagnosed at 33 years with breast cancer 
and a paternal uncle diagnosed in the late 60s with oral cancer. 
The elder daughter also presented with triple-negative breast 
cancer at the age of 34 years (Figure 1). 

The Bioinformatics analysis detected a pathogenic variant 
in the BRCA1 gene with a deletion on exon 2 c.68_69delAG 
(Figure 2). The identiϐied gene mutations are reported based 
on ACMG guidelines. The mutation conϐirmation by Sanger 
sequencing was offered to the family members. Multiplex 
ligation Probe ampliϐication did not show deletions more than 
30bp. The same variant was detected in her elder daughter 
(37 years) who was diagnosed with TNBC. The patient refused 
chemotherapy and radiotherapy. Hence, she was counseled 
and informed about the role of Poly adenosine diphosphate 
ribose polymerase inhibitors in BRCA1 tumors to which she 
consented. And then the patient was subsequently started 
on oral PARP inhibitors but couldn’t recover from secondary 
respiratory infections and distress. 

Case discussion
BRCA1 (BReast CAncer gene 1) and BRCA2 (BReast CAncer 

gene 2) are tumor suppressor genes, responsible for encoding 
proteins that play a crucial role in the repair of damaged DNA 
via homologous recombination pathway. Individuals carrying 

harmful variants in either BRCA1 or BRCA2 face elevated risks 
of gynecological malignancies like the endometrium, fallopian 
tubes, breast and ovarian cancer, as well as several other 
types [8,9]. Among the non-classic malignancies, the results 
of a large-scale registry-based study involving over 63000 
patients (data derived from BioBank Japan) revealed that 
pathogenic variants of BRCA1 and BRCA 2 are linked to an 
increased risk of esophageal, gastric, and biliary malignancies 
in addition to the well-known ovarian and breast cancers. 
Odds ratio [OR]: 17.4 for biliary tract cancer-linked pathogenic 
variants in BRCA1, and 5.6 for esophageal cancer-linked 
pathogenic variants in BRCA2. Gastric cancer was linked 
to variations in BRCA1 (OR, 5.2) and BRCA2 (OR, 4.7) [10]. 
Conversely, oesophageal cancers with a clinical diagnosis 
of SCC show a high rate of BRCA2 mutations and have been 
reported in high-risk regions of northeast India, high- and 
low-risk Chinese populations, in the Turkmen population of 
Iran [11-13]. Moran et al, in a family-based study, observed 
a relative risk increase of Oesophageal cancer (regardless of 
histology) (relative risk 2.9, 95%CI: 1.1-6) in families with 
BRCA1 mutations [14]. However, based on a literature search 
it has been seen that less than 10 cases have been reported 
of esophageal squamous cell carcinoma linked to a BRCA1 
mutation [7]. With this case, we hope to emphasize that PARP 
inhibitors can potentially be considered as an alternative 
treatment option. 

This case centers around a 62-year-old female with a 
known case of right Triple-Negative Breast Cancer (TNBC). 
The patient underwent an initial treatment course of 12 cycles 
of chemotherapy with weekly Paclitaxel, and the patient 
responded well with disease-free survival for 4 years. Later 
in 2023, the patient presented with lymphadenopathy. Biopsy 
from the right cervical lymph node and upper oesophagus 
revealed an invasive keratinizing squamous carcinoma in the 
upper esophagus with metastasis to the right cervical lymph 
node concurrently identiϐied, aligning with the esophageal 
primary (Figure 3A,B). Tumor cells displayed diffuse sheet 
arrangements with evidence of necrosis. The patient was 
started on Paclitaxel+ Carboplatin and then shifted to 
Irinotecan+ Cisplatin due to the emergence of dysphagia. The 
patient was referred to the Molecular Pathology and Genomics 
Department due to dual malignancies for germline cancer 
testing. Germline cancer testing was performed covering 113 
genes panel (Illumina) which revealed a pathogenic variant 
in the BRCA1 gene (c.68_69delAG), as identiϐied in her elder 
daughter, diagnosed with TNBC at 34 years old. 

Approvals of PARPi in classic malignancies

The US Food and Drug Administration (FDA) and 
the European Medicines Agency (EMA) have approved 
PARP inhibitors, namely olaparib, niraparib, rucaparib, 
and talazoparib, as monotherapies for the treatment of 
breast, ovarian, fallopian, primary peritoneal, prostate, and 
pancreatic cancer [15]. The “synthetic lethality” underlies Figure 1: Pedigree of the family which shows multiple affected family members.
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PARPi in Gastrointestinal (GI) cancers

Combining PARP inhibitors with chemotherapy and 
radiation therapy are currently used to treat GI malignancies, 
may enhance treatment response. Currently, some clinical 
trials are assessing the effectiveness and safety of this strategy 
[17]. In clinical studies, the use of PARPi monotherapy for GI 
tumors is currently being studied. Apart from its function 
in the development of tumors and the advancement of 
gastrointestinal malignancies, the DDR PARP enzymes 
also affect the reaction to treatment [18]. Polyadenosine 
diphosphate ribose polymerase inhibitors (PARPi) cause 
synthetic lethality in DNA repair and synthesis [19]. High-
ϐidelity DNA repair is integral to cell survival and repair of 

Figure 2: There was a 2 base pair deletion in the BRCA1 gene (c.68_69delAG) and the sequence alignments were viewed using the Integrative Genomics 
Viewer (IGV).

a b

Figure 3: A and B: Oesophageal biopsy showing stratiϐied Squamous Carcinoma showed an invasive keratinizing squamous carcinoma showing singly 
scattered malignant cells arranged in sheets with high N/C ratio, pleomorphism, vesicular nucleus, and scanty cytoplasm.

all of these approvals, to be considered eligible for PARPi 
therapy is based on HR gene status HR gene activity a HR 
repair. The HR repair mechanism involves six important HR 
proteins (BRCA1, BRCA2, ATM, RAD51, MRE11, and PALB2) 
that predict response to PARP inhibitors and are included 
in FDA-approved [16]. Because of the alteration in HR 
proteins repair mechanism is lost which makes cancer cells 
more vulnerable to PARPi monotherapy [10]. Apart from its 
potential applications as a stand-alone treatment, PARPi could 
potentially be beneϐicial when combined with other therapies 
which makes it an attractive therapeutic option. Through 
a variety of pathways, targeting the oncogenic factors PI3K, 
MEK, and CDK 4/6 decrease HR repair proϐiciency [17].
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DNA [20]. Repair processes are inϐluenced by double-strand 
breaks (DSB) [21]. In the absence of functional HR, pathways, 
SBR are converted into DSB which are converted towards 
error-prone with Non-Homologous End Joining (NHEJ) 
[22]. The accumulation of DNA errors leads to progressive 
genomic instability and cell death. This suggests that PARPi 
may have a function in boosting the effectiveness of cytotoxic 
drugs that damage DNA. Pre-clinical and clinical research on 
this targeting strategy is presently being conducted on GI 
malignancies [17]. 

Resistance to PARP inhibitors

The patient refused to take systemic chemotherapy and 
radiation therapy and was offered PARP inhibitor based 
on Germline testing but progressed on disease 3 months 
later and ϐinally succumbed to death. There is seen to be a 
commensurate rise in the number of women with de novo 
or acquired resistance to PARPi as the drug is used more 
frequently. A signiϐicant percentage of women progress on 
treatment, as evidenced by numerous trials assessing PARPi 
as monotherapy or as post-chemotherapy maintenance 
[17]. This underscores the urgent need to identify the best 
post-progression treatment, the selection of which may be 
inϐluenced by the mechanism(s) of PARPi resistance. However, 
several studies have proven resistance to PARPi owing to 
alterations in PARP1, restoration of functional HR-associated 
proteins (BRCA and RAD51 related mutations, demethylation, 
loss of 53BP1 and DYNLL1, increased histone methylation) 
and replication fork stability and PARPi efϐicacy [23].

Zabloska et al evaluated the risk of SCC following chest 
wall radiation in patients with breast cancer and the risk 
was conϐined to the upper and middle esophagus [24]. 
Another possibility could be whether the BRCA 1 mutation 
in the present scenario is considered the primary driver or 
passenger mutation (Figure 4). In re-occurrent and multi-
sequenced cancers, the majority of mutations are shown to 
be passengers. The signiϐicance of these passenger mutations 
is largely unknown. However, literature has classiϐied 
them as effectively neutral and shows a dual weak effect on 

progression but their cumulative effect can proportionately 
increase the effect of driver mutations, leading to a tug-of-war 
between drivers and passengers [25]. Likely, the tumors not 
classically associated with BRCA1 mutations do not respond 
as favorably to PARP inhibitors [26].

Positive preclinical research, however, suggests that 
PARPi in conjunction with a DNA-damaging agent may be 
advantageous in this situation [27]. Additionally, Oesophageal 
Carcinoma cells seem to be more sensitive to fractionated 
proton irradiation when exposed to the PARPi olaparib [11].

However, phase 1 clinical trials enrolling oesophageal 
cancers investigating ϐluzoparib with paclitaxel and apatinib 
in gastro-oesophageal adenocarcinomas showed a median 
PFS of 4.9 months and the beneϐit of this regimen is still 
unknown [28]. Another combination is the combination of 
FOLFIRI with Rucaparib is under investigation in oesophageal 
adenocarcinoma [29].

Conclusion
The identiϐication of a pathogenic BRCA1 variant unveils a 

hereditary aspect of the patient’s cancer journey. Simultaneous 
TNBC and esophageal SCC pose intriguing questions 
about shared genetic factors or underlying mechanisms. 
An interesting logic in carcinogenesis could be the role of 
previous radiation in addition to the BRCA 1 mutation. This 
limitation was the inability to measure the disease response as 
the patient succumbed to death due to secondary causes. The 
present case also highlights the need to undergo treatment 
with PARP inhibitors to understand the signiϐicance of the 
gene and its potential association as a driver or passenger 
mutation in non-classical malignancies. Probably, the presence 
of squamous carcinoma in the esophagus and cervical lymph 
nodes further complicates the clinical picture, emphasizing 
the necessity for further exploration and genetic counseling 
for at-risk family members.
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