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Programmed death 1(PD-1) blockade has shown promising efficacy in advanced gastric
cancer. Here, we performed a retrospective analysis of three patients with locally
advanced gastric cancer who received adjuvant PD-1 plus chemoradiotherapy as
neoadjuvant treatment. Neoadjuvant sintilimab plus concurrent chemoradiotherapy had
an acceptable side-effect profile. All three patients underwent surgical gastrectomy after a
median of 3.9 months. A major pathological response occurred in two resected tumors
and a pathologic complete response was observed in one patient. Our results suggest
that PD-1 blockade combined with chemoradiotherapy is a promising strategy as a
neoadjuvant therapy in patients with unresectable locally advanced gastric cancer.
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INTRODUCTION

Gastric cancer is one of the most common malignant tumors in the digestive system. The incidence
of gastric cancer is higher in Asian countries compared with other regions around the world (1).
Surgery remains the best therapy for gastric cancer with resectable tumor. But for the potentially
resectable and unresectable patients, preoperative chemoradiation is a recommended option (2).
Neoadjuvant chemoradiotherapy may improve overall resectability rate and the complete surgical
resection rate of the primary tumor. More specifically, neoadjuvant chemoradiotherapy may
eliminate latent micrometastases and reduce the risk of post-surgical recurrence. Thus
chemoradiotherapy is regarded as one of the standard treatment options for preoperative
treatment of locally advanced gastric carcinoma (3).

Immunotherapy drugs like PD-1/L1 inhibitors have shown promising efficacy in advanced
gastric cancer as monotherapy or combined with chemotherapy (4, 5). Recently, some studies have
reported that patients with solid cancer exhibited promising response rate to neoadjuvant immune
checkpoint blockade. A phase I study has shown promising efficacy of neoadjuvant nivolumab in
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resectable non-small cell lung cancer with major pathological
response rate of 45% (6). In addition, neoadjuvant ipilimumab
and nivolumab treatment has also shown to be effective in high-
risk resectable melanoma with pathologic complete response rate
of 45% (7). Though it has been well established in some solid
cancer, the neoadjuvant immunotherapy is a newer approach in
Asian gastric cancer patients. Importantly, it has been reported
that synergistic effects can be observed when anti-PD-1/L1
antibodies are used in combination with chemotherapy and/or
radiotherapy (8). Here, we report the case series of three patients
with locally advanced gastric cancer who exhibited a major
pathological response to neoadjuvant PD-1 blockade combined
with chemoradiotherapy.
MATERIALS AND METHODS

Immunohistochemistry (IHC) Staining
Programmed death ligand-1 (PD-L1) staining using Ventana
PD-L1 (SP263) kit (Roche, USA) was performed on a
BenchMark XT system (Roche, USA), and the specimen was
then counterstained with hematoxylin and coverslipped,
according to the manufacturer’s instructions.

Multiplexed IHC (mIHC) Staining
mIHC was used to identify the immune cell subsets in the tumor
immune microenvironment. mIHC staining was performed
using PANO7-plex IHC kit (Panovue, Beijing, China),
according to the manufacturer’s instructions. Different
antibodies were used to identify the immune cells, including
anti-CD8 (CST70306, USA), anti-CD56 (CST3576, USA), anti-
CD68 (BX50031, China), anti-HLA-DR (ab92511, USA), anti-
panCK (CST4545, USA), and anti-S100 (ab52642, USA). S100
staining was used to define the invasive margin and tumor
parenchyma. The invasive margin is defined as the region
centered on the border separating the normal part from the
malignant part, with an extent of 1 mm. The tumor parenchyma
corresponds to all the tissue inside the invasive margin. The
Mantra System (Akoya, USA) was used to scan the stained slides
and build image. The inForm software (Akoya, USA) was used
for image analysis.
CASE PRESENTATION

We identified three patients with locally advanced gastric cancer
in our hospital from July, 2018 to February, 2019, treated with
neoadjuvant anti-PD-1 therapy plus chemoradiotherapy. All of
the three patients were gastric adenocarcinoma, MSS status,
HER2 negative, and EBV negative. The TNM stage for the
three patients was cT3/4aN2M0 with hepatogastric lymph
node metastasis (Bulky N2) (Borrmann type 4), cT4a/bN3M0
(Borrmann type 3), cT4a/bN3M0 (Borrmann type 3),
respectively. The baseline characteristics for the three patients
are summarized in Table 1.
Frontiers in Oncology | www.frontiersin.org 2
The three patients were treated with the same therapy. The
selected therapeutic regimen consisted of one cycle of PD-1
blockade (sintilimab, 200 mg, on day 1), S-1 (40 mg/m2, twice
daily, day 1 to 14), and Nab-PTX (100–120 mg/m2, on day 1 and
8), one cycle of sintilimab (200 mg, every 3 weeks) and weekly
Nab-PTX (80–100 mg/m2), in combination with concurrent
radiotherapy (RT) (45 Gy in 25 fractions), and another cycle of
sintilimab, S-1, and Nab-PTX at the same dose used in the first
cycle. After treatment above all, surgery was decided by Multiple
Disciplinary Team (MDT). Another three cycles of sintilimab, S-
1, and Nab-PTX was used after surgery. The timeline of the
clinical treatment was shown in Figure 1A (Figure 1A). The
three patients suffered from neutropenia with grade from 2 to 3.
Patient 2 suffered from grade 2 rash and patient 3 suffered from
grade 1 anorexia and grade 1 non-immunotherapy related
pneumonitis. No deaths or discontinuation due to adverse
events occurred. So neoadjuvant sintilimab plus concurrent
chemoradiotherapy presented an acceptable side-effect profile.

Pre- and post-neoadjuvant therapy, the computed tomography
(CT)was performed in these three patients (Figure 1B). For patient
1, the CT had indicated significant reduction of the primary tumor
and lymph nodes. For patient 2, tumor andmetastatic lymph node
volumes were clearly reduced upon CT examination. For patient 3,
efficacy evaluation using CT revealed a partial response. All the
three patients received surgical D2 gastrectomy. Post-operative
pathology showed that a major pathological response occurred in
two resected tumors (patient 1 and patient 3) and a pathologic
complete response was observed in patient 2. The final TNM stage
was ypT3N0M0, ypT0N0M0, and ypT3N2M0, respectively.

Pre- and post-neoadjuvant therapy immune microenvironment
biomarkers were assessed in two patients (patient 1 and patient 2)
with adequate tumor tissues (biopsy samples and surgical samples)
(Figure 2). PD-L1 expression on immune cells (ICs), CD8+ T cells,
NK cells, and tumor-associated macrophages (TAMs) were
analyzed. For patient 1, pre- and post-neoadjuvant therapy, PD-
L1 was expressed on 20% and 10% of ICs. For patient 2, pre- and
post-neoadjuvant therapy, PD-L1 was Neoadjuvant therapy of
gastric cancer expressed on 40% and 80% of ICs. NK cells were
identified using the CD56 marker, and were divided into two
categories according to the intensity of membrane staining for the
CD56 protein: CD56dim (weak staining) and CD56bright (strong
staining). TAMs were identified by CD68 and HLA-DR, and were
divided into two categories: type M1 (CD68+ and HLA-DR+) and
type M2 (CD68+ and HLA-DR−). These distinctions were made
TABLE 1 | Patients characteristics at baseline.

Patient 1 Patient 2 Patient 3

Sex Female Male Male
Age 64 69 70
Histology adenocarcinoma adenocarcinoma adenocarcinoma
Grade 3 2 3
Stage cT3/4aN2M0 cT4a/bN3M0 cT4a/bN3M0
Borrmann type 4 3 3
HER-2 negative negative negative
MSI status MSS MSS MSS
EBER negative negative negative
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according to the existence of HLA-DR membrane staining.
Biomarker analyses are summarized in Table 2. For patient 1,
biomarker analyses suggested that CD8+ T cells, the ratio of NK
bright/NK dim cells and M1/M2 was increased post-neoadjuvant
therapy (Table 2) both in center and the invasive margin of tumor.
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Similar results were observed for patient 2 that the increased
population of CD8+ T cells, the increased ratio of NK bright/NK
dim cells and M1/M2 post-neoadjuvant therapy (Table 2).
Taken together, these results suggested that the combination of
PD-1 blockade and chemoradiotherapy would increase the
A

B

FIGURE 1 | Tumor responses after neoadjuvant therapy. (A) Timeline of disease status and corresponding treatment regimens. W, week. (B) Tumor lesion of pre-
and post-neoadjuvant therapy for three patients.
A

B

FIGURE 2 | Biomarker findings of the tumor tissue samples. PD-L1, CD8+ T cells, NK cells, and TAMs (tumor-associated macrophages) of pre- and post-
neoadjuvant therapy for patient 1 (A) and patient 2 (B). Original magnification ×200.
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immune-cell infiltration and the increase of immune-cell
infiltration might be associated with the response to PD-1
blockade plus chemoradiotherapy.
DISCUSSION

In the present study, we demonstrated three patients with
potentially unresectable locally advanced gastric cancer who
received neoadjuvant PD-1 blockade plus concurrent
chemoradiotherapy. Our results suggest neoadjuvant PD-1
blockade plus concurrent chemoradiotherapy may be
efficacious and tolerable in potentially unresectable locally
advanced gastric cancer. The increase of immune-cell
infiltration may be associated with the response of PD-1
blockade plus concurrent chemoradiotherapy.

Anti-PD-1/PD-L1 therapies have been approved for
advanced gastric cancer and further the Checkmate 649 study
has shown that Nivolumab plus chemotherapy as first-line
treatment for advanced gastric cancer can prolong the overall
survival when compared with chemotherapy (5). Meanwhile,
anti-PD-1/PD-L1 therapies have shown promising clinical
benefit in non-metastasis stages of several cancers (9). The
Checkmate 577 study showed that Nivolumab can be used as
adjuvant therapy in resected esophageal or gastroesophageal
junction cancer (GEJ) (10). For the unresectable non-small-cell
lung cancer, the PACIFIC study showed that concurrent
chemoradiotherapy followed by anti-PD-L1 drugs prolonged
the overall survival when compared with placebo (11). One
phase I/II study evaluated the efficacy of avelumab in
combination with chemoradiation treatment in stage II/III
resectable esophageal and GEJ cancer (12). The chemotherapy
drugs and radiation kill tumor cells and promote the release of
tumor antigens. This approach may result in a synergistic effect
with immuno-checkpoint inhibitors in various therapies
Frontiers in Oncology | www.frontiersin.org 4
targeting malignancies (13). In the cases presented here, the
clinical stages of patients were either cT3-4N2 or cT4N3.
Regardless, one patient had a pCR and the remaining two
patients had MPRs. Even though the final TNM stage for
patient 3 was T3N2M0, only a little number of tumor cells was
observed in primary tumor and lymph nodes (Supplemental
Figures 1A, B). Besides, the follow-up had been lasting and until
the case series were written, all the three patients were disease
free. These results show the promising efficacy of neoadjuvant
PD-1 blockade plus concurrent chemoradiotherapy in
potentially unresectable locally advanced gastric cancer patients.

The tumor immune microenvironment could reflect the
immune response, and changes in the numbers of CD8+ T
cells, cancer-associated macrophages, and NK cells infiltrating
in the tumor immune microenvironment correlate with clinical
outcomes in various malignancies, including gastric cancer,
melanoma, lung cancer, and others (14). And studies had also
showed that PD-L1 expression and tumor-infiltrating
lymphocytes were correlated with pCR in neoadjuvant therapy
(15, 16). We found a significant elevation of CD8+ T cells and
PD-L1 positivity of ICs after neoadjuvant therapy in patient 2,
who achieved pCR after treatment. Several studies have
suggested that the density of CD8+ T cells within tumor was
higher in PD-1 inhibitor responders than non-responders.
Moreover, the CD8+ T cell density in responders was
increased during the treatment (17–19). In line with our
findings, some studies have indicated that the pathologic and
clinical responses of neoadjuvant PD-1 blockade therapy were
associated with accumulation of exhausted CD8+ T cells (20, 21).
Besides, we also observed the increase of M1/M2 macrophages
ratio in patient 1 and 2. M1 macrophages were considered to be
activated to participate in anti-tumor immune responses (22).
And the ratio of M1/M2 macrophages in an ipilimumab
response group have been shown to be significantly higher
than that in a non-response group (23).
TABLE 2 | Biomarkers analysis summary.

Pre-neoadjuvant therapy Post-neoadjuvant therapy

Biomarker Types Solid area Peripheral area Solid area Peripheral area

No./mm2 % No./mm2 % No./mm2 % No./mm2 %

Patient 1
CD8 749 2.77 348 0.87 774 5.97 870 3.16
CD68+HLA-DR+ 399 1.48 399 1.00 87 0.67 640 2.32
CD68+HLA-DR- 1,025 3.79 459 1.15 24 0.19 144 0.52
CD68+HLA-DR+/CD68+HLA-DR- 0.39 0.87 3.63 4.44
CD56bright 8 0.03 3 0.01 39 0.3 227 0.82
CD56dim 667 2.46 56 0.14 66 0.51 90 0.33
CD56bright/CD56dim 0.01 0.05 0.59 2.52
Patient 2
CD8 425 1.93 615 2.73 1,180 2.83 2,853 4.62
CD68+HLA-DR+ 73 0.33 73 0.33 1,878 4.51 1,019 1.65
CD68+HLA-DR- 118 0.53 326 1.45 1,131 2.71 2,597 4.2
CD68+HLA-DR+/CD68+HLA-DR- 0.62 0.22 1.66 0.39
CD56bright 21 0.10 9 0.04 795 1.91 230 0.37
CD56dim 150 0.68 69 0.31 1,604 3.85 642 1.04
CD56bright/CD56dim 0.14 0.13 0.50 0.36
February 20
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Our findings could provide a reference for the use of neoadjuvant
PD-1 blockade plus concurrent chemoradiotherapy in patients with
potentially unresectable locally advanced gastric cancer patients.
However, there are some limitations such as the lack of control
cases (neoadjuvant treatment with only chemoradiotherapy). In the
future, prospective clinical studies with larger samples are required to
validate the clinical activity of PD-1 blockade plus concurrent
chemoradiotherapy in gastric cancer.
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