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Abstract
Background: Metastatic gastric cancer (GC) is an incurable and aggressive disease with a poor prognosis.
Immunotherapy is an attractive approach for treating patients with cancer, and studies using immunotherapy
have shown promising results in melanoma, kidney and non-small cell lung cancers, among others.
Case presentation: We present a case of a 50-year-old woman with metastatic GC whose cancer had progressed
after first-line chemotherapy and who received pembrolizumab as an experimental treatment. Molecular analyses
showed that her tumor was negative for PD-L1 expression, contained microsatellite stability and several focal somatic
copy number alterations. The patient experienced an almost complete response after eleven cycles of treatment. Her
symptoms related to the disease disappeared, and the medication was well tolerated.
Conclusions: Despite reports of promising responses in some patients, immunotherapy is not suitable for all patients;
therefore, we explored the molecular characteristics that could explain the exceptional response and clinical benefits
observed in our patient.
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Background
Gastric cancer (GC) is the fifth most common malignancy worldwide and the third leading cause of cancerrelated death [1]. The Cancer Genome Atlas (TCGA)
Project proposes a molecular classification of GC into
four types, [2] although this classification has not yet
been taken into account for clinical decision-making.
Metastatic disease has a dismal prognosis, with a median overall survival (OS) of approximately 11 months
for HER-2-negative patients [3]. Recently, immunotherapy has emerged as one of the most promising strategies
in cancer treatment, with outstanding results in many
tumor types [4–6]. In GC, a phase 1b pembrolizumab
trial have shown manageable toxicities and promising
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results [7]. Moreover, the use of nivolumab as a salvage
treatment after second- or later-line chemotherapy has
significantly improved OS, progression-free survival
(PFS) and response rates compared to placebo [8].
In this paper, we report a patient with HER-2-negative
metastatic GC who displayed a remarkable response to
treatment with pembrolizumab as second-line therapy.
We investigated the molecular characteristics that could
be responsible for this successful outcome.

Case presentation
A 50-year-old woman was diagnosed with locally advanced esophagogastric junction (EGJ) cancer in
September 2014. Neoadjuvant chemotherapy with epirubicin, oxaliplatin and capecitabine was delivered for
three cycles with significant diarrhea, peripheral neuropathy and asthenia. On October 13, 2014, she underwent a total gastrectomy. The pathology report
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evidenced a poor response (ypT3N2), so mFOLFOX6
adjuvant treatment was administered until January 2015.
She remained on follow-up until February 2016, when
metastatic disease in the lymph nodes was detected
on computed tomography (CT) scans. At that time,
mFOLFOX6 treatment has been initiated with palliative
intent at another center, and she came to our institution
for a second opinion. We decided to conduct a lymph
node biopsy in order to confirm the diagnosis and perform molecular testing.
After the confirmed diagnosis of metastatic adenocarcinoma, we performed a commercially targeted nextgeneration sequencing (NGS) assay (FoundationOne
from Foundation Medicine, Massachusetts, USA) in
order to identify targetable molecular alterations. The
assay revealed 18 somatic gene alterations and intermediate mutational load. Additionally, we analyzed the
expression of PD-L1 and four mismatch repair (MMR)
proteins (MLH1, MSH2, MSH6, and PMS2) by immunohistochemistry (IHC). We also measured Epstein Barr
virus (EBV) in tumor samples by fluorescent in situ
hybridization. The tumor samples were negative for PDL1 expression, the MMR proteins were present, and
EBV was not detected.
Due to the patient’s ability to tolerate mFOLFOX6, we
decided to continue this treatment. After 9 cycles, progressive disease in the lymph nodes and liver was detected. We discussed that the standard treatment would
be cytotoxic chemotherapy, preferably with paclitaxel
and ramucirumab. She denied the use of this protocol
due to the side effect of alopecia and the risk of worsening neuropathy.
We then offered to enroll the patient in the Keynote
181 clinical trial [9], which compares pembrolizumab to
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the investigator’s choice standard therapy. She was not
willing to receive any standard chemotherapy and refused to participate in this clinical trial. However, she
was very interested in immunotherapy. After tumor
board discussion and careful conversation about the limited evidence of the efficacy of this treatment, we decided to offer her a treatment regimen with 200 mg
pembrolizumab every three weeks.
In September 2016, she started pembrolizumab. After
4 cycles of treatment, an abdomen magnetic resonance
imaging scan revealed significant size reduction in all
disease sites. New scans were performed after the 11th
cycle of treatment. The retroperitoneal lymph nodes
responded completely, and liver metastases and perigastric lesions were significantly reduced. A new positron
emission tomography/computed tomography (PET/CT)
was performed after 16 cycles of pembrolizumab and evidenced a complete remission of disease (Fig. 1). This
patient has currently completed 12 months follow up
and is receiving the 19th cycle of pembrolizumab without any side effects related to the treatment.

Discussion and conclusion
Second-line treatment for GC usually consists of ramucirumab alone or in combination with paclitaxel or
agents not used in first-line regimens, with limited results [10–12]. Immunotherapy has emerged as a promising strategy and has shown great benefits in many
cancer types [4–6]. Although no single biomarker under
investigation can accurately identify patients who are
more likely to respond to immunotherapy, patients appear to be more responsive when their cancer harbors a
high mutational burden [13, 14]. The expression of PD-1
and its ligands (PD-L1 and PD-L2) is frequently used to

Fig. 1 Columns a, b and c are magnetic resonance imaging and column d is a PET/CT imaging. White arrows in the first line show the reduction
and complete remission of hepatic nodules. White arrows in the second line show the reduction and complete remission of a perihepatic lesion.
a: Baseline images. b: Images after four treatment cycles. c: Images after eleven treatment cycles. d: Images after sixteen cycles
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select patients for immunotherapy trials and appears to
correlate with treatment response. However, not all trials
select patients with increased PD-L1 expression, and responses are observed in tumors with low, high and negative PD-L1 expression [15, 16]. PD-L1 expression has
been identified in approximately 40% of GC samples
[17], and a recent phase 1b trial showed that 8 out of 39
patients with PD-L1-positive recurrent or metastatic GC
or EGJ cancer responded to treatment [7]. Interesting results with nivolumab as salvage treatment for unselected
patients based on PD-L1 results was also presented with
median OS of 5.32 months with nivolumab versus
4.14 months with placebo (hazard ratio [HR], 0.63;
p < 0.0001) [8].
Microsatellite instability (MSI) profiles also seem to
predict clinical benefits of immunotherapy in gastrointestinal tumors. A phase 2 trial that evaluated patients
with deficiencies in MMR (dMMR) proteins of the
gastrointestinal system found that the immune-related
objective response rate in patients with dMMR colorectal cancer was 40% versus 0% in patients with proficient
MMR (pMMR) tumors [18].
In patients with non-small cell lung cancer with a high
mutational load [more than 7 mutations found in the
Foundation Medicine Cancer Gene Panel (FM-CGP)], a
statistically significant anti-PD-1 treatment benefit was
detected when compared to patients bearing tumors
with a low mutational load (median PFS of 14.5 vs.
3.4 months, HR: 0.265, P = 0.005). These results suggest
that the mutational load identified by cancer genome
panels could represent a predictive clinical marker [19].
The tumor from our patient didn’t have expression of
PD-L1 by IHC and was also proficient for MMR proteins. In addition, FM-CGP revealed that the tumors
didn’t bear a high mutational load but instead contained
somatic copy number alterations (SCNAs) in several
genes. SCNAs are known to play a crucial role in carcinogenesis through the amplification of oncogenes or
deletion of tumor suppressor genes [20]. A recent study
investigated the different types of SCNAs (focal, arm
and whole-chromosome) and their influence in two hallmarks of cancer: cell proliferation and immune evasion.
The results showed that tumors with high levels of arm
and whole-chromosome SCNAs tended to have reduced
levels of cytotoxic immune infiltration, while focal
SCNAs were more strongly associated with cell-cycle
and proliferation signatures, implying distinct underlying
mechanisms. The investigators also analyzed SCNA
levels with regard to responses to anti-CTLA-4 inhibitors in metastatic melanoma patients. In this analysis,
arm and whole-chromosome SCNAs were associated
with worse outcomes and a poor prognosis [21]. In our
case, FM-CGP showed a diploid tumor with focal
SCNAs in several genes. This genomic landscape could
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be correlated with a less prominent immune evasion signature and, therefore, a positive response to immunotherapy. These are very preliminary data, and their
application needs to be further investigated in the context of larger immunotherapy trials, including patients
with other tumor types, such as GC, treated with antiPD-L1/2 inhibitors.
Improved comprehension of the molecular alterations
that drive carcinogenesis is important for precision
medicine in terms of matching the right drugs to the
right patients. Studies addressing molecular alterations
in GC have the potential to guide pharmaceutical development and better select treatments for patients. An interesting study by Deng et al. sought to identify the most
prevalent molecular alterations in GC using highresolution single nucleotide polymorphism arrays to profile copy number alterations. These authors identified 22
recurrent focal SCNAs (13 amplified genes and 9 focally
deleted genes) that include known targets such as
ERBB2 but also novel genes [22]. The TCGA group proposed a molecular classification of GC into four subtypes. The first is categorized by EBV positivity, the
second is characterized by MSI-high status, and the
remaining two are distinguished by the presence or absence of extensive SCNAs [2]. These four GC groups
have different molecular profiles that could potentially
guide treatment. For example, PD-L1 expression is
elevated in EBV-positive tumors, and a hypermutation
status is more common in the MSI-high group [2]. Despite being highly relevant and widely recognized, this
molecular classification currently has no practical application. Reports including molecular profiles in combination with clinical responses to novel therapies, such as
immunotherapy, are important tools for understanding
who can benefit from each type of treatment.
In conclusion, the selection of patients based solely on
the PD-L1 expression and/or MI profile may exclude patients that might benefit from immunotherapy like our
case. New and emerging knowledge about the role of
SCNAs as predictors for patient responses to immunotherapy, along with the impressive response observed in
our case, led us to hypothesize that the presence of focal
SCNAs may be correlated with a less prominent immune evasion signature and, therefore, a better scenario
for the use of immune checkpoint inhibitors. In order to
clarify the molecular characteristics that could predict
patient responses to immunotherapy, studies focusing
on deciphering the molecular pathways of cancer are
warranted, and molecular classification needs to be incorporated into future clinical trials.
Abbreviations
CT: Computed tomography; dMMR: Deficiencies in mismatch repair;
EBV: Measured Epstein Barr vírus; EGJ: Esophagogastric junction; FMCGP: Foundation Medicine Cancer Gene Panel; GC: Gastric cancer;

J Immunother Cancer: first published as 10.1186/s40425-017-0291-9 on 21 November 2017. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

dos Santos Fernandes et al. Journal for ImmunoTherapy of Cancer (2017) 5:84

IHC: Immunohistochemistry; MMR: Mismatch repair; MSI: Microsatellite
instability; NGS: Next-generation sequencing; OS: Overall survival; PET/
CT: Positron emission tomography/computed tomography; PFS: Progressionfree survival; pMMR: Proficient in mismatch repair; SCNAs: Somatic copy
number alterations; TCGA: The Cancer Genome Atlas
Acknowledgements
The Oncology Center of Hospital Sírio-Libanes supported this work.

8.

9.

Funding
This research received no specific grant from any funding agency in the
public, commercial, or not-for- profit sectors.
10.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
JP was responsible for analyzing and interpreting the patient’s images
through magnetic resonance imaging. RC performed the histological
examination of the biopsies, and interpreted data form the genomic analysis.
GF, DG and LF were responsible for writing the manuscript. All authors read
and approved the final manuscript.
Ethics approval and consent to participate
This case report was approved by the ethics committee of Hospital
Sirio-Libanes.
Consent for publication
Written informed consent was obtained from the patient/participant for
publication of their individual details and accompanying images in this
manuscript. The consent form is held by the authors and is available for
review by the Editor-in-Chief.

11.

12.

13.

14.

Competing interests
The authors declares that they have no competing interests.
15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Oncology, Hospital Sírio Libanês, Brasília, Brazil. 2Department
of Radiology, Hospital Sírio Libanês, Brasília, Brazil. 3Department of Pathology,
Hospital Sírio Libanês, São Paulo, Brazil.
Received: 27 July 2017 Accepted: 10 October 2017

References
1. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, et al.
GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC
CancerBase No. 11 [Internet]. Lyon, France: International Agency for
Research on Cancer; 2013. Available from: http://globocan.iarc.fr, accessed
on 21 Apr 2017.
2. Bass AJ, Thorsson V, Shmulevich I, Reynolds SM, Miller M, Bernard B, et al.
Comprehensive molecular characterization of gastric adenocarcinoma.
Nature. 2014;513(7517):202–9.
3. Bilici A. Treatment options in patients with metastatic gastric cancer: current
status and future perspectives. World J Gastroenterol. 2014;20(14):3905–15.
4. Reck M, Rodríguez-Abreu D, Robinson AG, Hui R, Csőszi T, Fülöp A, et al.
Pembrolizumab versus chemotherapy for PD-L1–positive non–small-cell
lung cancer. N Engl J Med. 2016;375(19):1823–33.
5. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al.
Combined Nivolumab and Ipilimumab or monotherapy in untreated
melanoma. N Engl J Med. 2015;373(1):23–34.
6. Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S, et
al. Nivolumab versus Everolimus in advanced renal-cell carcinoma. N Engl J
Med. 2015;373(19):1803–13.
7. Muro K, Chung HC, Shankaran V, Geva R, Catenacci D, Gupta S, et al.
Pembrolizumab for patients with PD-L1-positive advanced gastric cancer

16.
17.

18.

19.

20.

21.

22.

Page 4 of 4

(KEYNOTE-012): a multicentre, open-label, phase 1b trial. The Lancet
Oncology. 2016;17(6):717–26.
Kang Y, Satoh T, Ryu M, Chao Y, Kato K, Chung HC,, et al. Nivolumab
(ONO-4538/BMS-936558) as salvage treatment after second or later-line
chemotherapy for advanced gastric or gastro-esophageal junction
cancer (AGC): A double-blinded, randomized, phase III trial. J Clin
Oncol. 2017;35(suppl 4S; abstract 2).
Study of Pembrolizumab (MK-3475) Versus Investigator's Choice Standard
Therapy for Participants With Advanced Esophageal/Esophagogastric
Junction Carcinoma That Progressed After First-Line Therapy (MK-3475-181/
KEYNOTE-181). https://clinicaltrials.gov/ct2/show/NCT02564263?term=
NCT02564263&rank=1
Hironaka S, Ueda S, Yasui H, Nishina T, Tsuda M, Tsumura T, et al.
Randomized, open-label, phase III study comparing irinotecan with
paclitaxel in patients with advanced gastric cancer without severe
peritoneal metastasis after failure of prior combination chemotherapy
using fluoropyrimidine plus platinum: WJOG 4007 trial. Journal of
clinical oncology : official journal of the American Society of Clinical
Oncology. 2013;31(35):4438–44.
Fuchs CS, Tomasek J, Yong CJ, Dumitru F, Passalacqua R, Goswami C, et al.
Ramucirumab monotherapy for previously treated advanced gastric or
gastro-oesophageal junction adenocarcinoma (REGARD): an international,
randomised, multicentre, placebo-controlled, phase 3 trial. Lancet (London,
England). 2014;383(9911):31–9.
Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada Y, et al.
Ramucirumab plus paclitaxel versus placebo plus paclitaxel in patients
with previously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (RAINBOW): a double-blind, randomised phase 3 trial.
The Lancet Oncology. 2014;15(11):1224–35.
Snyder A, Makarov V, Merghoub T, Yuan J, Zaretsky JM, Desrichard A, et al.
Genetic basis for clinical response to CTLA-4 blockade in melanoma. N Engl
J Med. 2014;371(23):2189–99.
Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel JJ, et
al. Cancer immunology. Mutational landscape determines sensitivity to
PD-1 blockade in non-small cell lung cancer. Science (New York, NY).
2015;348(6230):124–8.
Yuasa T, Masuda H, Yamamoto S, Numao N, Yonese J. Biomarkers to predict
prognosis and response to checkpoint inhibitors. Int J Clin Oncol. 2017:1–6.
Diggs LP, Hsueh EC. Utility of PD-L1 immunohistochemistry assays for
predicting PD-1/PD-L1 inhibitor response. Biomarker research. 2017;5:12.
Wu C, Zhu Y, Jiang J, Zhao J, Zhang XG, Xu N. Immunohistochemical
localization of programmed death-1 ligand-1 (PD-L1) in gastric carcinoma
and its clinical significance. Acta Histochem. 2006;108(1):19–24.
Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al.
PD-1 blockade in tumors with mismatch-repair deficiency. N Engl J
Med. 2015;372(26):2509–20.
Campesato LF, Barroso-Sousa R, Jimenez L, Correa BR, Sabbaga J, Hoff PM,
et al. Comprehensive cancer-gene panels can be used to estimate
mutational load and predict clinical benefit to PD-1 blockade in clinical
practice. Oncotarget. 2015;6(33):34221–7.
Li Y, Zhang L, Ball RL, Liang X, Li J, Lin Z, et al. Comparative analysis of
somatic copy-number alterations across different human cancer types
reveals two distinct classes of breakpoint hotspots. Hum Mol Genet.
2012;21(22):4957–65.
Davoli T, Uno H, Wooten EC, Elledge SJ. Tumor aneuploidy correlates with
markers of immune evasion and with reduced response to immunotherapy.
Science (New York, NY). 2017;355(6322). doi:10.1126/science.aaf8399.
Deng N, Goh LK, Wang H, Das K, Tao J, Tan IB, et al. A comprehensive
survey of genomic alterations in gastric cancer reveals systematic patterns
of molecular exclusivity and co-occurrence among distinct therapeutic
targets. Gut. 2012;61(5):673–84.

J Immunother Cancer: first published as 10.1186/s40425-017-0291-9 on 21 November 2017. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

dos Santos Fernandes et al. Journal for ImmunoTherapy of Cancer (2017) 5:84

