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Successful personalized chemotherapy for metastatic
gastric cancer based on quantitative BRCA1
mRNA expression level: A case report
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Abstract. Personalized chemotherapy is based on the specific
genetic profile of individual patients and is replacing the tradi-
tional ‘one size fits all’ medicine. Breast cancer 1 (BRCA1)
plays a central role in the chemotherapy-induced DNA damage
response. It has been repeatedly demonstrated that BRCA1
mRNA levels were negatively associated with cisplatin sensi-
tivity, but positively associated with docetaxel sensitivity
in patients with gastric cancer in experimental and clinical
studies. This feature leads to customized chemotherapy based
on the BRCA1 mRNA expression level and results in a high
efficacy of treatment. The present study describes the case of
a 77-year-old patient with metastatic gastric cancer who was
treated with personalized chemotherapy based on quantitative
BRCA1 mRNA expression level. This study and the available
literature data suggest that the expression level of BRCAI1
mRNA is dynamic to BRCAl-based chemotherapy. More
importantly, de novo assessment of BRCA1 status is a preferable
option for ciscisplatin- or docetaxel-resistant patients, since the
expression levels of BRCA1 mRNA in certain patients may alter
significantly following treatment. Therefore, BRCA1 expression
should be assessed for predicting differential chemosensitivity
and tailoring chemotherapy in gastric cancer.

Introduction
The median overall survival (OS) time of patients with

metastatic gastric cancer is only ~4 months, and the median
overall survival time of such patients who are >75 years old
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is <3 months (1). Personalized chemotherapy delivers the
appropriate care to the correct patient at the right time and
results in measurable improvements in outcomes (2). Breast
cancer 1 (BRCA1) acts mainly in the response to DNA damage
by participating in DNA repair, cell cycle regulation, nRNA
transcription, and protein ubiquitination and SUMOylation,
and in the response to antimicrotubules by regulating the
spindle checkpoint (3). A growing amount of evidence has
indicated that low BRCAI expression confers increased sensi-
tivity to DNA-damaging chemotherapeutic agents, including
cisplatin and oxaliplatin, while high BRCA1 expression leads
to sensitivity to mitotic spindle poisons, such as docetaxel (4).
The BRCAI1 gene has been identified as a useful predictive
marker for chemotherapeutic choice in breast cancer, ovarian
cancer or non-small cell lung cancer (NSCLC). A recent study
showed a beneficial effect of second-line docetaxel-based
chemotherapy on the survival of patients with advanced-stage
gastric cancer (5). Another study indicated that plasma BRCA1
mRNA expression levels may also have a promising role as
potential predictive biomarkers for chemotherapy (6). The
present study describes BRCA1-specific gastric cancer in a
patient who was twice treated with personalized chemotherapy
base on quantitative gene expression data. Written informed
consent was obtained from the patient for publication of this
case report and any accompanying images.

Case report

A 7T7-year-old man presented to Nanjing Drum Tower
Hospital (Nanjing, Jiangsu, China) on May 21, 2013, due to
epigastric discomfort, bloating and melena that had persisted
for 1 month. Gastroscopy demonstrated a huge ulcer in the
gastric cardia and body. Examination of a biopsy specimen
showed the presence of poorly differentiated adenocarcinoma.
The expression of human epidermal growth factor receptor-2
was negative.Computed tomography scans revealed massive
liver metastases (Fig. 1A). The largest metastatic lesions were
located in the right lobe of the liver and its diameter was
~1.3cm. The patient's carbohydrate antigen (CA) 19-9 tumor
marker level was 9,736 U/ml (normal range, 0-39 U/ml).
Other tumor markers, including CA12-5, CA242, CA72-4,
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Figure 1. Abdominal and chest computed tomography scans revealing (A) multiple and massive liver metastases prior to therapy; (B) partial remission of the
metastatic liver lesions after 2 cycles of docetaxel + calcium folinate + 5-fluorouracil chemotherapy; (C) progression of the metastatic liver lesions following
7 cycles of treatment; and (D) stable liver lesions following 2 cycles of oxaliplatin and S-1 chemotherapy.
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Figure 2. (A) BRCA1 mRNA expression at first time (March 2013) showing high levels (>100). (B) BRCA1 mRNA expression later (February 2014) showing

low levels (0.59). BRCAL, breast cancer 1.

carcinoembryonic antigen and alpha-fetoprotein were tested.
CA12-5 (59.7 U/ml; normal range, 0-30.2 U/ml) and CA242
(27.9 U/ml; normal range, 0-15 U/ml) levels were slightly
abnormal. The medical history included a 10-year history of
hypertension and type 2 diabetes, and surgeries consisting of
a cholecystectomy in 1989, prostatectomy in 2010 and phaco-
emulsification in 2013. The current diagnosis was of advanced
gastric cancer with liver metastases.

A high BRCAI mRNA expression level in the peripheral
blood was first detected in March 2013 by quantitative poly-
merase chain reaction (QPCR) (Fig. 2A). Briefly, RNA was
extracted using a proteinase K-containing buffer (Applied
Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA,

USA) and treated with DNAse I (Applied Biosystems;
Thermo Fisher Scientific, Inc.). Template cDNA was ampli-
fied with specific primers and probes for 3-actin and BRCA1
and Tagman Universal Master Mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The primers and probes
(Applied Biosystems; Thermo Fisher Scientific, Inc.) were
as follows: pB-actin, forward 5'-TGAGCGCGGCTACAG
CTT-3, reverse 5"TCCTTAATGTCACGCACGATTT-3' and
probe 6FAM-5'-ACCACCACGGCCGAGCGG-3-TAMRA;
BRCALI, forward 5-GGCTATCCTCTCAGAGTGACATTT
TA-3', reverse 5'-GCTTTATCAGGTTATGTTGCATGG
T-3' and probe 6FAM-5'-CCACTCAGCAGAGGG-3'-MGB.
qPCR was performed using the ABI Prism 7900HT Sequence
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Figure 3. Analysis of CA19-9 serum level. A clear reduction in marker serum level was observed following 7 cycles of treatment with Doc + CF + 5-FU
chemotherapy. This level remained within the normal range for almost 8 months. This was followed by a rebound in the levels of CA19-9, and the patient was
administered a different chemotherapy regimen consisting of Oxa + S-1. The CA19-9 serum level consequently decreased once again. CA19-9, carbohydrate
antigen 19-9; Doc, docetaxel; CF, calcium folinate; 5-FU, 5-fluorouracil; Oxa, oxaliplatin.

Detection System (Applied Biosystems®; Thermo Fisher Scien-
tific, Inc.) under the following conditions: 50°C for 2 min, 95°C
for 10 min, followed by 45 cycles at 95°C for 15 sec and 60°C
for 1 min. The experiments were performed three times and
the quantification of relative gene expression was according
to the comparative Cq method using [3-actin as an endogenous
control (7). According to this methodology, final values were
determined using the formula 2-24% = 2-(ACq sample-ACq
calibrator), where ACq values of the calibrator and sample are
determined by subtracting the Cq value of the target gene from
the value of the f-actin gene. All analyses were performed at
The Comprehensive Cancer Center of Nanjing Drum Tower
Hospital, The Affiliated Hospital of Nanjing University
Medical School (Nanjing, China).

Due to the high BRACI mRNA levels, the patient
was administered personalized chemotherapy using a
docetaxel + calcium folinate + 5-fluorouracil (5-FU)
drug regimen (docetaxel, 35 mg/m? on day 1; folinic acid,
200 mg/m? as a 2 h infusion on day 1; 5-FU, 600 mg/m? 22 h
infusion on days 1 and 2; every two weeks). After 2 cycles of
chemotherapy, the metastatic liver lesions responded partially
(Fig. 1B) and the level of tumor marker CA19-9 concomitantly
declined markedly (4146 U/ml). However, the metastatic liver
lesions progressed after 7 cycles of treatment (Fig. 1C), and at
the same time, there was a rebound in the level of the tumor
marker (CA19-9, 3252 U/ml). qPCR was performed again in
February 2014 for BRCA1 mRNA level, and the result was
completely different from the first time, showing that the
BRCA1 mRNA expression level was now low (Fig. 2B). The
patient was subsequently administered further personalized
chemotherapy using a combination of oxaliplatin and S-1
(oxaliplatin, 85 mg/m? on day 1; S-1, 40 mg/m? twice a day
on day 1-4; every two weeks). As a consequence, the meta-
static liver lesions stabilized again (Fig. 1D). The levels of
tumor marker during the whole treatment are shown in Fig. 3.
Since April 2014 the patient was yet to receive two cycles of
oxaliplatin and S-1 chemotherapy. The patient refused further
treatment and was lost to follow-up.

Discussion

The present study reports a case of personalized chemotherapy
based on quantitative gene expression data. The patient was
>75 years old, had presented with several primary diseases and
was in poor health. The patient has currently remained alive
for almost 2 years post-diagnosis of advanced gastric cancer.
The clinical benefits that were obtained from personalized
chemotherapy based on BRCA1 mRNA expression is notable.
Certain studies have shown that BRCA1 mRNA expression
modulates chemosensitivity to chemotherapeutic agents in
DNA repair, by recruiting BRCA1-A complex subunit RAP80,
protein inhibitor of activated STAT family of proteins and
BRCA1/BRCA1-associated RING domain 1 heterodimer (8).
It is important for patients to receive secondary detection
of BRAC1 mRNA expression levels in peripheral blood.
gPCR tests for secondary BRCA1 mRNA expression in
docetaxel-treated cancers with high BRCA1 expression may
be clinically important, as tumors with altered BRCA1 expres-
sion, such as in the present study, are likely to be sensitive
to oxaliplatin. Quinn et al (4) suggest that sporadic epithelial
ovarian cancer patients with low levels of BRCA1 mRNA
expression may obtain therapeutic benefit from platinum
chemotherapy agents, whereas patients with higher levels of
BRCAI potentially have an improved response to regimens
containing taxanes. Larger clinical studies are warranted to
further determine the prevalence and clinical significance
of the secondary expression of BRCA1 in BRCAI-specific
cancer. The present findings could have implications for gastric
cancers with regard to gene detection and clinical application.
Moreover, altered BRCAI1 expression may predict differential
chemosensitivity to different anticancer drugs, which is advan-
tageous when compared with molecular-targeted therapy.
For example, a comprehensive review has shown that k-RAS
mutations confer a high level of resistance to EGFR-targeting
strategies in patients with either metastatic colorectal cancer
or NSCLC (9). Therefore, BRCA1 may not only be associated
with chemotherapeutic sensitivity to first-line treatment, but
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may also be a useful and quantitative biomarker for acquired
BRCA I-resistant cancer, which should enhance efficiency in
customized chemotherapy.

In the present case, the clinical benefits achieved by an older
patient who was in poor bad health indicated that customized
chemotherapy based on the monitoring of quantitative BRCA1
mRNA expression may provide a promising treatment for
those patients presenting with metastatic gastric cancer, even
following resistance.
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