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Some pertinent studies have demonstrated that Epstein—-Barr virus-associated gastric
cancer (EBVaGC) patients showed a favorable clinical outcome to immunotherapy and
Epstein—-Barr virus (EBV)-positive status might be a potential biomarker for
immunotherapy in gastric cancer (GC). However, knowledge of given exposure to
EBVaGC to the first-line immunotherapy is largely inadequate. Moreover, whether
camrelizumab can be as effective as other PD-1 inhibitors in the treatment of advanced
EBVaGC has not been reported. We report a case of advanced EBVaGC patient with a
positive expression of PD-L1, enriched PD-L1+CD68+macrophages, and high TMB who
had a long-term partial response and manageable toxicity to the combined approach of
camrelizumab (a novel PD-1 inhibitor) and oxaliplatin plus oral S-1 (SOX). As the first-line
treatment of advanced EBVaGC patients, camrelizumab combined with SOX regimen
may provide a novel combined approach with favorable response and manageable safety.
Combination of multiple biomarkers could have a higher effective predictive capacity to
immunotherapy. Integrated treatment (chemo-immunotherapy and radiotherapy) might
be the optimal strategy for patients with oligometastasis. It deserves prospective research
to further validate the efficacy.

Keywords: EBV-associated gastric cancer, camrelizumab, immunotherapy, programmed cell death ligand-1 (PD-
L1) positive, favorable response, manageable toxicity

INTRODUCTION

Gastric cancer (GC) remains a significant burden worldwide with an estimated 1,089,103 new cases
and 768,793 deaths in 2020 (1). The prognosis and survival are much worse for advanced GC. Based
on the CheckMate 649 trial (2), nivolumab combined with fluoropyrimidine and oxaliplatin has
been adopted as the first-line treatment for advanced GC patients with HER2 overexpression
negative and PD-L1 CPS 25 in the NCCN guideline (3). Epstein-Barr virus-associated gastric
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cancer (EBVaGC), as one of four subtypes of gastric carcinoma,
accounts for ~9% of GC (4, 5). Although very limited data in
EBVaGCs are known, some pertinent studies have demonstrated
that EBVaGC patients showed a favorable clinical outcome to
immunotherapy and EBV-positive status might be a potential
biomarker for immunotherapy in GC. Kim et al. showed a
striking result that compared with the overall response rate
(ORR) of 85.7% in microsatellite instability-high metastatic
gastric cancer (mGC), ORR in EBV-positive mGC is 100% (6).
In a prospective observational study, 66.7% of EBVaGC patients
showed a partial response (PR) after combined immunotherapy
(7). Plausible explanations contributing to favorable efficacy of
the anti-PD-1 antibody in EBVaGC mainly involve the EBV-
related cancer-intrinsic characteristics, including the tumor-
associated immune cell-rich phenotype as well as the
overexpression of PD-L1. Since late-stage EBVaGC patients
receiving treatments only comprise ~3% of GC cases,
knowledge of given exposure to EBVaGC to the first-line
immunotherapy is largely inadequate. Trials of applying
nivolumab and pembrolizumab to the first-line treatment of
advanced GC have been carried out one after another and
achieved corresponding success (2, 8). Whether the
aforementioned observations in these anti-PD-1 antibodies
may analogously be extended to advanced GC treated with
camrelizumab, especially EBVaGC, has not been reported. We
herein report a case of a metastatic EBVaGC patient with an
overexpression of PD-L1, enriched PD-L1+CD68+macrophages,
and high TMB who had early tumor shrinkage, deep response,
long-term duration of response, and manageable toxicity to
camrelizumab, a novel PD-1 blockade, in combination with
standard chemotherapy as a first-line setting.

CASE PRESENTATION

A 56-year-old Chinese woman was admitted to our hospital
emergency room in September 2020 with repeat fatigue,
abdominal distension, and melena for 1 month. Abdominal
computerized tomography (CT) suggested obviously uneven
thickening and strengthening of the gastric body and gastric
antrum wall, possibly accompanied by ulcers and multiple lymph
nodes adjacent to the stomach enlarged. Gastroscopic examination
revealed a giant ulcerative lesion located in the posterior wall of the
gastric antrum, with the invasion of stomach angle and pylorus.
Subsequent pathological examination of the biopsy showed poorly
differentiated adenocarcinoma. On September 19, 2020, she
underwent radical gastrectomy for distal gastric cancer and D2
lymphadenectomy. Pathohistological results of distal gastric cancer
resection showed that the tumor was poorly differentiated
adenocarcinoma with lymphoid stroma component (Figure 1),
without any cancer in the surgical margin and metastasis to regional
lymph nodes. An EBV-encoded RNA (EBER) assay demonstrated
strong positive staining parallel to the tumor harboring EBV
infection (Figure 1). Meanwhile, the immunohistochemistry
indicated that MLH1, MSH2, MSH6, and PMS2 were
overexpressed (pMMR) and human epidermal growth factor
receptor 2 (HER2) was not amplified. The tumor was confirmed

FIGURE 1 | (A) Representative pathological image of gastric mass
magnifications shows intense infiltrate of lymphocytes within the primary
tumor (hematoxylin and eosin). (B) The brown cells in EBER-ISH x200
magnification images are the cells harboring EBV infection (EBV-encoded
small RNA in situ hybridization, EBER-ISH). (C) Immunohistochemical staining
indicated broadly positive programmed death-ligand 1 (PD-L1) expression in
the primary tumor. (D-G) Multiplex immunohistochemical analysis from a
variety of cells in the tumor microenvironment. (D) PD-L1+ cells (orange).

(E) PD-1+ cells (purple). (F) CD8+T cells (green). (G) PD-L1+ CD68+
macrophages (yellow). Original magnification x200.

as pT4bNOMO poorly gastric antrum differentiated
adenocarcinoma with lymphoid stroma component (EBER-ISH+
and HER2-). The outcomes of next-generation sequencing (NGS)
verified fifteen gene mutations (Table 1), a high tumor mutation
burden (TMB) with 10.8 Muts/Mb, and microsatellite stable (MSS)

TABLE 1 | The fifteen gene mutations of the patient.

Gene Mutations Mutation abundance (%)
PIK3CA €.1634A>C p.E545A 10.93%
ABL1 ¢.3010C>T p.P1004S 8.51%
ARID1B C.4296G>A p.M1432] 10.41%
CASP8 c.1414C>T p.R472* 10.86%
EPHAS c.414C>A p.N138K 8.84%
FBXW7 €.1258C>T p.H420Y 8.79%
JAK2 €.1258C>T p.H420Y 8.79%
MLH3 €.1258C>T p.H420Y 11.7%
MYCL ¢.1034C>T p.S345F 9.8%
NF2 ¢.1034C>T p.S345F 19.7%
PTPN11 €.1508G>T p.G503V 19.7%
RAD21 C.335A>C p.E112A 10.27%
RICTOR €.872C>T p.T2911 2.16%
SOX9 c.872C>T p.T2911 0.46%
TET2 ¢.5059C>T p.Q1687* 0.69%

*means the termination codons. ¢.5059C>T p.Q1687* :aminoacids changes from
Glutarnine(Q) to termination codons ().
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status. Immunohistochemical (IHC) data of the tumor tissue
suggested that the positive expression of PD-L1 protein and the
tumor proportion score (TPS) was 70% and the combined positive
score (CPS) was 75 (Figure 1). The immune microenvironment was
examined by multiplex immunohistochemical staining and
quantitative analysis (Figure 1 and Table 2). Two months after
the operation, abdominal CT showed enlargement of mass located
in the gastrocolic ligament (Figure 2), which indicated metastatic
lymph node (LN). Oxaliplatin 200 mg on day 1 plus oral S-1 60 mg
twice a day, from days 1 to 14, along with camrelizumab 200 mg on
day 1, repeated every 3 weeks, was administered as first-line
treatment. Then, radiographic evaluation was performed every 8
weeks by enhanced CT. The significant resolution of the lymph
node was observed after two cycles’ exposure of regimen SOX
combined with camrelizumab, and the best efficacy evaluation was
PR based on RECIST 1.1. Early tumor shrinkage was observed after
8 weeks, and persistent shrinkage of LN was achieved after 4 cycles
(Figure 2). From then on, she had been exposed to SOX combined
with camrelizumab up to 8 months and still achieved continuous
PR. Moreover, the quality of life of the patient was good.
Chemotherapy-associated AEs (grade 1 nausea, vomit and grade
2 anemia, grade 2 decreased neutrophil count, and decreased white
blood cell count) were observed, and grade 1 reactive cutaneous
capillary endothelial proliferation (RCCEP) was presented without
any other immune-related adverse event. After 7 cycles’ SOX plus
camrelizumab, the lesion was still unresectable due to whole
abdominal adhesions. After multidisciplinary team (MDT)
consultation, the patient underwent external-beam radiotherapy

TABLE 2 | Tumor-infiltrating immune cell test results.

Test indicators (multiplex IHC) Test result
CD8+ T cells +(10.59%)
PD-1+ cells +(1.07%)
CD8+PD-1+ T cells +(0.33%)
CD68+ macrophage cells +(38.71%)
CD68+PD-L1+ macrophage +(28.83%)

cycles). White arrows: lymph node metastasis.

(EBRT) and received 50 Gy/25 fractions. She received S-1 and
camrelizumab as the maintenance therapy up to 10 cycles followed
by EBRT. Tumor is gradually and continuously shrinking in the
latest visit and in deep response with a >80% decrease in size
(Figure 2). Until now, PFS reached at least 12 months and the
duration of response was beyond 10 months with
manageable toxicity.

DISCUSSION

Searching for electrical databases, few clinical studies have focused
on camrelizumab combined with chemotherapy as a first-line
setting for gastric cancer, let alone for EBVaGC. As far as we know,
this is the first report to show long-term response and safety of
camrelizumab combined with chemotherapy in the first-line
treatment of advanced EBVaGC. The cancer of the patient
shown in this case quickly metastasized in a short period of
time after the operation, which reflected the high degree of
malignancy and poor biological behavior of the tumor. Then,
early tumor shrinkage to PR was observed after two cycles’
exposure of camrelizumab combined with SOX regimen and
persistency of response was observed. Notably, the median OS
was 13.1 months in the nivolumab-plus-chemotherapy arm
(patients with PD-L1 CPS >5) and the median PFS was 7.7
months (95% CI 7.0-9.2) with nivolumab plus chemotherapy in
the CheckMate 649 study (2), in contrast, the PFS benefit (beyond
12 months) was more prominent in our case, which could be
translated into a long-term survival benefit for this patient. The
favorable responses of this patient may attribute to the unique
characteristics of EBV-related cancers. Enriched tumor-infiltrating
immune cells (lymphocyte and tumor-associated macrophages)
exist in the EBVaGC microenvironment (9, 10). The density of
CD68+macrophages was significantly higher in EBVaGC patients
compared to Epstein-Barr virus-negative gastric cancer
(EBVnGC), which was positively correlated with the expression
rate of PD-L1 (11, 12). Compared with EBVnGC, the density of

FIGURE 2 | (A) CT image presented lymph node metastasis before treatment. (B) CT image showed early tumor shrinkage to PR after two cycles’ treatment.
(C) CT image showed that lymph node metastasis was smaller (sustained PR) after four cycles. (D-F) CT and PET/CT images indicated lymph node metastasis
with decrease >80% in size and mild uptake on 18F-FDG-PET/CT after seven cycles’ SOX + camrelizumab and three cycles’ S-1 + camrelizumab (total ten
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PD-L1+ tumor infiltrating immune cells was significantly greater
in EBVaGC (10). Interestingly, several studies have shown that the
quantity of PD-L1+CD68+macrophage may serve as an
independent prognostic factor for survival or be significantly
associated with favorable outcome to immunotherapy-based
treatment in other malignancies, such as non-small-cell lung
cancer, testicular lymphoma, and breast cancer (13-15). Hence,
the quantity of PD-L1+CD68+macrophage may also serve as both
an independent prognostic factor of EBVaGC and an effective
predictor of EBVaGC in immunotherapy. Concordantly, through
multiplex immunohistochemistry (mIHC), numerous infiltrated
CD8+T lymphocytes and CD68+PD-L1+macrophages were
observed in our case (Figure 1 and Table 2), which provides a
good antitumor environment. Next, the high levels of PD-L1 in
cancer cells and inflammatory cells may be another interpretation
for favorable outcomes (10). As the interaction of PD-L1 in cancer
cells and programmed cell death protein 1 (PD-1) on the surface
of T-cells enables tumor cells to escape from antitumor immunity,
the high expression of PD-L1 in EBVaGC can be considered to be
related to tumor progression (16). Accordingly, treatment with
anti-PD-1/PD-L1 may prevent this interaction, thereby restoring
the immune response against cancer cells. Thirdly, the high TMB
in this patient may also play an important role in favorable
outcomes. Although the predictive role of TMB in
immunotherapy is still controversial, many immune-based
studies indicated that due to its influence to invigoration of
immune cells, patients with high TMB showed better curative
effect to immune checkpoint inhibitors (ICIs) than those with
non-high-TMB (6, 17).

Camrelizumab, a novel PD-1 inhibitor, possesses the
characteristics of lower IC50 and EC50 values, increased
affinity, and higher PD-1 receptor occupancy rate (>85%),
which results in enhanced antitumor activity, compared to
other PD-1 inhibitors (18, 19). Furthermore, camrelizumab
showed impressive efficacy and manageable toxicity in a wide
spectrum of solid tumors, including Hodgkin lymphoma (20), B-
cell lymphoma (21), esophageal squamous cell carcinoma (22),
gastric and gastroesophageal junction cancer (23), hepatocellular
carcinoma (23), nasopharyngeal cancer, and non-squamous,
non-small cell lung cancer (24). Hence, the possibility of long-
term tolerance coming from low toxicity should be taken into
account. No serious adverse events have been shown during the
treatment outside of grade 1 nausea and vomit, grade 2 anemia,
decreased neutrophil count, and decreased white blood cell
count, which were more prone to chemotherapy-related
toxicities. Under prolonged exposure to camrelizumab, mild
RCCEPs were observed without any other immune-related
adverse event. Further follow-up is needed.

The complexity of the relationship between cancer and the
immune system renders it difficult to identify a single predictive
biomarker. Although favorable clinical outcomes were observed in
patients with EBV-negative PD-L1 positive treated with
chemotherapy plus PD-L1 antibody in a published study (25),
PD-L1 expression levels might not be a robust predictor for anti-
PD-1/PD-L1 therapies in GC (25-27). Commonly, EBVaGC
patients showed a favorable clinical outcome to immunotherapy,

and almost EBV+GC cases presented high PD-L1 CPS (28, 29), just
as this patient with CPS = 75, and this phenomenon was seldom
seen in EBVnGC. Hence, we believed that the EBV-positive status
might be a superior predictor than PD-L1 for immunotherapy in
GC (7, 30). Could the combination of different factors become a
more accurate biomarker? High PD-L1, enriched PD-L1+CD68
+macrophages, and high TMB were presented in this patient with
EBVaGC. Combination of multiple biomarkers could have a higher
efficacy predictive capacity to immunotherapy. This speculation
was consistent with a previous study in which 3 patients with
EBVaGC showing PR were PD-L1 positive and at the last follow-up,
their durations of the response were 13.8, 18, and 10 months,
respectively (7), whose finding highlighted the long-lasting nature
of immunotherapy. This assumption requires further large-scale
clinical trials for verification.

To our knowledge, this is the first case with high PD-L1
(TPS = 70%, CPS = 75), enriched PD-L1+CD68+macrophages
(28.83%), and high TMB (10.8 Muts/Mb). EBVaGC was treated
with camrelizumab combined with oxaliplatin and S-1 as
the first-line therapy. Early tumor shrinkage, deep response,
durable PFS, and manageable toxicities were exhibited.
Moreover, multidisciplinary approaches—camrelizumab plus
SOX (induction therapy), radiotherapy (local therapy), and
camrelizumab plus S-1 (maintenance therapy)—might be the
more suitable integrated treatment for this patient with
oligometastatic lesion. It remained unclear, however, whether
prominent PD-L1+CD68+macrophages were a common finding
in EBVaGC or just for our patient. Next, cross talk among PD-
L1+CD68+macrophages, T cells, and cancer cells was unknown.
Additionally, repeated mIHC examinations, although better,
were difficult to apply in real-world clinical practice.

In conclusion, the present study suggests that camrelizumab
combined with SOX might be a promising and well-tolerated
regimen as the first-line treatment in metastatic EBVaGC with
high PD-L1 CPS and enriched PD-L1+CD68+macrophages in
the tumor microenvironment. For a highly heterogeneous
malignancy, we recommend gene sequencing and multiplex
immunohistochemical to find a new strategy. It deserves
prospective research to further validate the efficacy.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by West China Hospital of Sichuan University
Biomedical Research Ethics Committee. The patients/
participants provided their written informed consent to

Frontiers in Oncology | www.frontiersin.org

January 2022 | Volume 11 | Article 759652


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lv et al.

Camrelizumab with SOX in EBV-GC

participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

XL and HL performed the radiological analysis of CT images. LF,
CC, and JL collected the clinical data. WL and KC wrote the first

REFERENCES

—_

10.

11.

12.

13.

. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.

Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA: Cancer J Clin
(2021) 71(3):209-49. doi: 10.3322/caac.21660

. Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, et al. First-

Line Nivolumab Plus Chemotherapy Versus Chemotherapy Alone for
Advanced Gastric, Gastro-Oesophageal Junction, and Oesophageal
Adenocarcinoma (CheckMate 649): A Randomised, Open-Label, Phase 3
Trial. Lancet (London England) (2021) 398(10294):27-40. doi: 10.1016/s0140-
6736(21)00797-2

. Gastric Cancer, Version 52021, NCCN Clinical Practice Guidelines in

Oncology (2021). Available at: https://www.nccn.org/professionals/
physician_gls/pdf/gastric.pdf.

. Murphy G, Pfeiffer R, Camargo MC, Rabkin CS. Meta-Analysis Shows That

Prevalence of Epstein-Barr Virus-Positive Gastric Cancer Differs Based on Sex
and Anatomic Location. Gastroenterology (2009) 137(3):824-33. doi: 10.1053/
j.gastro.2009.05.001

. Zhang W. TCGA Divides Gastric Cancer Into Four Molecular Subtypes:

Implications for Individualized Therapeutics. Chin ] Cancer (2014) 33
(10):469-70. doi: 10.5732/cjc.014.10117

. Kim H, Hong JY, Lee J, Park SH, Park JO, Park Y, et al. Clinical Sequencing

to Assess Tumor Mutational Burden as a Useful Biomarker to
Immunotherapy in Various Solid Tumors. Ther Adv Med Oncol (2021)
13:1758835921992992. doi: 10.1177/1758835921992992

. Xie T, Liu Y, Zhang Z, Zhang X, Gong J, Qi C, et al. Positive Status of Epstein-

Barr Virus as a Biomarker for Gastric Cancer Immunotherapy: A Prospective
Observational Study. J Immunother (Hagerstown Md: 1997) (2020) 43
(4):139-44. doi: 10.1097/cji.0000000000000316

. Shitara K, Van Cutsem E, Bang YJ, Fuchs C, Wyrwicz L, Lee KW, et al.

Efficacy and Safety of Pembrolizumab or Pembrolizumab Plus Chemotherapy
vs Chemotherapy Alone for Patients With First-Line, Advanced Gastric
Cancer: The KEYNOTE-062 Phase 3 Randomized Clinical Trial. JAMA
Oncol (2020) 6(10):1571-80. doi: 10.1001/jamaoncol.2020.3370

. Grogg KL, Lohse CM, Pankratz VS, Halling KC, Smyrk TC. Lymphocyte-Rich

Gastric Cancer: Associations With Epstein-Barr Virus, Microsatellite Instability,
Histology, and Survival. Modern Pathol: An Off ] United States Can Acad Pathol
Inc (2003) 16(7):641-51. doi: 10.1097/01.Mp.0000076980.73826.C0O

Derks S, Liao X, Chiaravalli AM, Xu X, Camargo MC, Solcia E, et al.
Abundant PD-L1 Expression in Epstein-Barr Virus-Infected Gastric
Cancers. Oncotarget (2016) 7(22):32925-32. doi: 10.18632/oncotarget.9076
Jia X, Guo T, Li Z, Zhang M, Feng Y, Dong B, et al. Clinicopathological and
Immunomicroenvironment Characteristics of Epstein-Barr Virus-Associated
Gastric Cancer in a Chinese Population. Front Oncol (2020) 10:586752.
doi: 10.3389/fonc.2020.586752

Wang YL, Gong Y, Lv Z, Li L, Yuan Y. Expression of PD1/PDLI in Gastric
Cancer at Different Microsatellite Status and its Correlation With Infiltrating
Immune Cells in the Tumor Microenvironment. ] Cancer (2021) 12(6):1698—
707. doi: 10.7150/jca.40500

Liu Y, Zugazagoitia ], Ahmed FS, Henick BS, Gettinger SN, Herbst RS, et al.
Immune Cell PD-L1 Colocalizes With Macrophages and Is Associated With
Outcome in PD-1 Pathway Blockade Therapy. Clin Cancer Res: An Off ] Am
Assoc Cancer Res (2020) 26(4):970-7. doi: 10.1158/1078-0432.Ccr-19-1040

draft of the manuscript. DC wrote the sections of the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

This research was partly supported by Sichuan Province Health
Planning Committee Research Project (No. 19PJ083).

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

24.

25.

Pollari M, Briick O, Pellinen T, Vihamurto P, Karjalainen-Lindsberg ML,
Mannisto S, et al. PD-L1(+) Tumor-Associated Macrophages and PD-1(+)
Tumor-Infiltrating Lymphocytes Predict Survival in Primary Testicular
Lymphoma. Haematologica (2018) 103(11):1908-14. doi: 10.3324/haematol.
2018.197194

Wang J, Browne L, Slapetova I, Shang F, Lee K, Lynch J, et al. Multiplexed
Immunofluorescence Identifies High Stromal CD68(+)PD-L1(+)
Macrophages as a Predictor of Improved Survival in Triple Negative Breast
Cancer. Sci Rep (2021) 11(1):21608. doi: 10.1038/541598-021-01116-6

Cho J, Kang MS, Kim KM. Epstein-Barr Virus-Associated Gastric Carcinoma
and Specific Features of the Accompanying Immune Response. | Gastric
Cancer (2016) 16(1):1-7. doi: 10.5230/jgc.2016.16.1.1

Wei XL, Xu JY, Wang DS, Chen DL, Ren C, Li JN, et al. Baseline Lesion
Number as an Efficacy Predictive and Independent Prognostic Factor and its
Joint Utility With TMB for PD-1 Inhibitor Treatment in Advanced Gastric
Cancer. Ther Adv Med Oncol (2021) 13:1758835921988996. doi: 10.1177/
1758835921988996

Lickliter JD, Gan HK, Voskoboynik M, Arulananda S, Gao B, Nagrial A, et al.
A First-In-Human Dose Finding Study of Camrelizumab in Patients With
Advanced or Metastatic Cancer in Australia. Drug Design Dev Ther (2020)
14:1177-89. doi: 10.2147/dddt.S243787

Mo H, Huang J, Xu J, Chen X, Wu D, Qu D, et al. Safety, Anti-Tumour
Activity, and Pharmacokinetics of Fixed-Dose SHR-1210, an Anti-PD-1
Antibody in Advanced Solid Tumours: A Dose-Escalation, Phase 1 Study.
Br ] Cancer (2018) 119(5):538-45. doi: 10.1038/s41416-018-0100-3

Nie J, Wang C, Liu Y, Yang Q, Mei Q, Dong L, et al. Addition of Low-Dose
Decitabine to Anti-PD-1 Antibody Camrelizumab in Relapsed/Refractory
Classical Hodgkin Lymphoma. J Clin Oncol: Off ] Am Soc Clin Oncol (2019) 37
(17):1479-89. doi: 10.1200/jc0.18.02151

Mei Q, Zhang W, Liu Y, Yang Q, Rasko JEJ, Nie J, et al. Camrelizumab Plus
Gemcitabine, Vinorelbine, and Pegylated Liposomal Doxorubicin in
Relapsed/Refractory Primary Mediastinal B-Cell Lymphoma: A Single-Arm,
Open-Label, Phase II Trial. Clin Cancer Res: An Off ] Am Assoc Cancer Res
(2020) 26(17):4521-30. doi: 10.1158/1078-0432.Ccr-20-0514

Huang J, Xu J, Chen Y, Zhuang W, Zhang Y, Chen Z, et al. Camrelizumab
Versus Investigator’s Choice of Chemotherapy as Second-Line Therapy for
Advanced or Metastatic Oesophageal Squamous Cell Carcinoma (ESCORT):
A Multicentre, Randomised, Open-Label, Phase 3 Study. Lancet Oncol (2020)
21(6):832-42. doi: 10.1016/s1470-2045(20)30110-8

. XuJ, Zhang Y, Jia R, Yue C, Chang L, Liu R, et al. Anti-PD-1 Antibody SHR-

1210 Combined With Apatinib for Advanced Hepatocellular Carcinoma,
Gastric, or Esophagogastric Junction Cancer: An Open-Label, Dose Escalation
and Expansion Study. Clin Cancer Res: An Off ] Am Assoc Cancer Res (2019)
25(2):515-23. doi: 10.1158/1078-0432.Ccr-18-2484

Fang W, Yang Y, Ma Y, Hong S, Lin L, He X, et al. Camrelizumab (SHR-1210)
Alone or in Combination With Gemcitabine Plus Cisplatin for
Nasopharyngeal Carcinoma: Results From Two Single-Arm, Phase 1 Trials.
Lancet Oncol (2018) 19(10):1338-50. doi: 10.1016/s1470-2045(18)30495-9
Kawazoe A, Yamaguchi K, Yasui H, Negoro Y, Azuma M, Amagai K, et al.
Safety and Efficacy of Pembrolizumab in Combination With S-1 Plus
Oxaliplatin as a First-Line Treatment in Patients With Advanced Gastric/
Gastroesophageal Junction Cancer: Cohort 1 Data From the KEYNOTE-659
Phase IIb Study. Eur ] Cancer (Oxford England: 1990) (2020) 129:97-106.
doi: 10.1016/j.ejca.2020.02.002

Frontiers in Oncology | www.frontiersin.org

January 2022 | Volume 11 | Article 759652


https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/s0140-6736(21)00797-2
https://doi.org/10.1016/s0140-6736(21)00797-2
https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf
https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf
https://doi.org/10.1053/j.gastro.2009.05.001
https://doi.org/10.1053/j.gastro.2009.05.001
https://doi.org/10.5732/cjc.014.10117
https://doi.org/10.1177/1758835921992992
https://doi.org/10.1097/cji.0000000000000316
https://doi.org/10.1001/jamaoncol.2020.3370
https://doi.org/10.1097/01.Mp.0000076980.73826.C0
https://doi.org/10.18632/oncotarget.9076
https://doi.org/10.3389/fonc.2020.586752
https://doi.org/10.7150/jca.40500
https://doi.org/10.1158/1078-0432.Ccr-19-1040
https://doi.org/10.3324/haematol.2018.197194
https://doi.org/10.3324/haematol.2018.197194
https://doi.org/10.1038/s41598-021-01116-6
https://doi.org/10.5230/jgc.2016.16.1.1
https://doi.org/10.1177/1758835921988996
https://doi.org/10.1177/1758835921988996
https://doi.org/10.2147/dddt.S243787
https://doi.org/10.1038/s41416-018-0100-3
https://doi.org/10.1200/jco.18.02151
https://doi.org/10.1158/1078-0432.Ccr-20-0514
https://doi.org/10.1016/s1470-2045(20)30110-8
https://doi.org/10.1158/1078-0432.Ccr-18-2484
https://doi.org/10.1016/s1470-2045(18)30495-9
https://doi.org/10.1016/j.ejca.2020.02.002
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lv et al.

Camrelizumab with SOX in EBV-GC

26.

27.

28.

29.

30.

Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in
Patients With Advanced Gastric or Gastro-Oesophageal Junction Cancer
Refractory to, or Intolerant of, at Least Two Previous Chemotherapy
Regimens (ONO-4538-12, ATTRACTION-2): A Randomised, Double-
Blind, Placebo-Controlled, Phase 3 Trial. Lancet (Lond Engl) (2017) 390
(10111):2461-71. doi: 10.1016/s0140-6736(17)31827-5

Bang YJ, Ruiz EY, Van Cutsem E, Lee KW, Wyrwicz L, Schenker M, et al.
Randomised Trial of Avelumab Versus Physician’s Choice of Chemotherapy as
Third-Line Treatment of Patients With Advanced Gastric or Gastro-Oesophageal
Junction Cancer: Primary Analysis of JAVELIN Gastric 300. Ann Oncol: Off ] Eur
Soc Med Oncol (2018) 29(10):2052-60. doi: 10.1093/annonc/mdy264

Yang J, Liu Z, Zeng B, Hu G, Gan R. Epstein-Barr Virus-Associated Gastric
Cancer: A Distinct Subtype. Cancer Lett (2020) 495:191-9. doi: 10.1016/
j.canlet.2020.09.019

Naseem M, Barzi A, Brezden-Masley C, Puccini A, Berger MD, Tokunaga R,
et al. Outlooks on Epstein-Barr Virus Associated Gastric Cancer. Cancer Treat
Rev (2018) 66:15-22. doi: 10.1016/j.ctrv.2018.03.006

Kim ST, Cristescu R, Bass AJ, Kim KM, Odegaard JI, Kim K, et al.
Comprehensive Molecular Characterization of Clinical Responses to PD-1

Inhibition in Metastatic Gastric Cancer. Nat Med (2018) 24(9):1449-58.
doi: 10.1038/s41591-018-0101-z

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Lv, Cheng, Li, Feng, Li, Li, Chang and Cao. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

January 2022 | Volume 11 | Article 759652


https://doi.org/10.1016/s0140-6736(17)31827-5
https://doi.org/10.1093/annonc/mdy264
https://doi.org/10.1016/j.canlet.2020.09.019
https://doi.org/10.1016/j.canlet.2020.09.019
https://doi.org/10.1016/j.ctrv.2018.03.006
https://doi.org/10.1038/s41591-018-0101-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Case Report: Favorable Response and Manageable Toxicity to the Combination of Camrelizumab, Oxaliplatin, and Oral S-1 in a Patient With Advanced Epstein–Barr Virus-Associated Gastric Cancer
	Introduction
	Case Presentation
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


