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Gastric cancer (GC) is a malignancy with poor prognosis and high heterogeneity.
For HER2-positive, PD-L1 negative metastatic GC patients, chemotherapy plus
trastuzumab is the first-line therapy. However, such patients soon acquired
resistance to treatment, especially to trastuzumab during the treatment.
Improving the therapeutic resistance of HER2-positive, PD-L1 negative
metastatic GC is still a dilemma. We present the case of a metastatic GC
patient with HER2-positive and PD-L1-negative expression who suffered
progression after a short remission with trastuzumab plus chemotherapy. The
patient exhibited strong heterogeneity in the primary and metastatic lesions. His
resistance to trastuzumab was overcome after the addition of a PD-1 inhibitor,
after which he received a durable response for more than 8 months. In HER2-
positive, PD-L1-negative metastatic GC, the addition of PD-1 inhibitors after first-
line chemotherapy and trastuzumab treatment resistance may be an option.
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Introduction

As the fifth most common cancer and the fourth most common cause of death globally,
gastric cancer (GC) has a high degree of malignancy and is highly heterogeneous (Sung
et al., 2021). Approximately 20% of GC overexpresses human epidermal growth factor
receptor 2 (HER2), predicting a more aggressive biological behavior and poorer prognosis
(Allgayer et al., 2000; Cancer genome atlas research network, 2014). HER2, a key driver of
tumorigenesis, is a well-established therapeutic target in patients with metastatic GC (Joshi
and Badgwell, 2021). Chemotherapy plus trastuzumab is generally the first-line standard of
care in patients with HER2-positive metastatic GC, irrespective of programmed death
ligand 1 (PD-L1) expression, with a median overall survival of 13.8 months (Bang
et al., 2010).

Recently, the third interim analysis of KEYNOTE-811, which included locally advanced
or metastatic HER2-positive gastric/GEJ adenocarcinoma, showed that pembrolizumab
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plus trastuzumab and chemotherapy showed remarkable
improvement in complete (16.6% vs. 11.2%) and objective
response rates (72.6% vs. 60.1%) compared with trastuzumab and
chemotherapy. The progression-free survival benefit with
pembrolizumab was significant in patients with tumors with a
PD-L1 CPS of 1 or more (Janjigian et al., 2023). Based on this
finding, the FDA has approved pembrolizumab plus trastuzumab,
fluoropyrimidine and platinum-containing chemotherapy for the
first-line treatment of locally advanced ormetastatic HER2- and PD-
L1-positive (CPS≥1) gastric/GEJ adenocarcinoma. However, for
HER2-positive and PD-L1-negative GC patients, the current first-
line standard regimen is still chemotherapy combined with
trastuzumab. After the first line of trastuzumab combined with
chemotherapy, it is still unknown whether the addition of immune
checkpoint inhibitors can reverse trastuzumab resistance and
provide a survival benefit after trastuzumab resistance.

We here report a case of a 66-year-old male patient with
metastatic HER2-positive and PD-L1 negative GC whose
trastuzumab resistance was reversed by a PD-1 inhibitor.

Case presentation

In November 2022, a 66-year-old Chinese male with a history of
hypertension and type II diabetes and no family cancer history or
psychosocial disease history was admitted to our hospital after
having dull epigastric pain, acid reflux, and melena for 2 months.
He received a 6.5-unit red blood cell transfusion because of severe
anemia before endoscopy. The latter showed a tumor at his gastric
body and swelling of the duodenal mucosa (Figure 1A). The biopsy
of his gastric body tissue revealed adenocarcinoma (tubular
adenocarcinoma). IHC staining was positive for MSH2, MSH6,
MLH1, PMS2, P53 (separated cells, wild type), and HER2(2+)
and negative for PD-L1(CPS <1, evaluated by 22C3 antibody)
and EBER1/2-ISH. HER2 amplification was validated by FISH
(Figure 1C). CT revealed an unevenly enhanced and thickened
stomach body with multiple swollen lymph nodes around the
small curvature of the stomach, the portal area of the liver, the
para-aorta of the abdomen, and the superior mesenteric artery.

Sacral bone metastasis from GC was suspected. No apparent
peritoneal metastases were present. Chest CT showed multiple
micronodules and interstitial pneumonia in both lungs. MRI of
the upper abdomen suggested multiple lesions in both liver lobes,
considering multiple liver metastases from gastric carcinoma
(Figure 2). He was diagnosed with gastric body adenocarcinoma,
as well as liver and para-aortic lymph node metastases (cT4bN +
M1, stage IVB).

The patient received four cycles of SOX (S-1 orally administered
at a dosage of 60 mg twice a day on days 1–14, every 3 weeks;
oxaliplatin: intravenously administered at a dose of 220 mg on day 1,
every 3 weeks) plus trastuzumab (initial dose: 520 mg intravenously;
maintenance dose: 360 mg intravenously, every 3 weeks). A follow-
up CT scan in February 2023 revealed disease progression in the
lung and bone, but the metastases of the liver and para-aortic lymph
nodes showed significant shrinkage. The efficacy evaluation was
progressive disease (PD), but there was a marked heterogeneous
response in the lung, bone, liver, and para-aortic lymph nodes.

A biopsy of the pulmonary lesion confirmed metastasis from
GC. IHC staining was positive for CK7、MLH1、MSH2、
MSH6、PMS2、and HER2(2+) and negative for CK20、
CDX2、TTF-1、and Napsin A (Figure 1C). A FISH test of
HER2 and a PD-L1 test were not performed due to the patient’s
will. The patient received first-line therapy, and multiple new lesions
were detected in the lung and bone, but the metastases of the liver
and para-aortic lymph nodes were significant shrunken. We
negotiated with the patient his next regimen, of either switching
to second-line therapy or adding a PD-1 inhibitor to his first-line
therapy. After we informed the patient of the possible response and
adverse events of PD-1 inhibitor, he chose to add a PD-1 inhibitor,
sintilimab, to his previous regimen instead of switching to second-
line therapy. Zoledronic acid was used to prevent skeletal-related
events in patients with bone metastasis. After two cycles of
treatment, efficacy evaluation was PR. The tumor volume
continued to shrink during the treatment. Endoscopy showed
shrinkage in the GC lesions after eight cycles of treatment
(Figure 1B). No immune-related pneumonitis and skeletal-
related events were observed. The patient received maintenance
therapy of trastuzumab plus sintilimab until CT showed PD on

FIGURE 1
Endoscopy and pathological results patient’s stomach tissue. (A) Gastric antrum and body pictures under endoscopy diagnosis. (B) Gastric antrum,
angle, and body pictures under endoscopy after eight cycles of therapy. (C) H&E, HER2, HER2, FISH, and PD-L1 staining of the primary gastric cancer
tissue; H&E and HER2 staining of the metastatic lung tissue.
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30 October 2023. The patient had a progression-free survival of
more than 8 months until progression. No immune-related or
chemotherapy-related adverse events and skeletal-related events
were observed.

Discussion

We reported a patient with metastatic HER2-positive and PD-
L1-negative GC whose trastuzumab resistance was reversed by

FIGURE 2
Timeline and representative computed tomography (CT) images. (A) CT images showing patient’s baseline disease, progression after four cycles of
SOX plus trastuzumab, and response of PD-1 inhibitor plus SOX plus trastuzumab; (B) Summary of disease course, treatment procedure, and efficacy
evaluation of each treatment procedure.
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sintilimab. The patient received first-line SOX combined with
trastuzumab, and the metastases of the liver and para-aortic
lymph nodes were significant shrunken, but multiple new lesions
were detected in the lung and bone. Surprisingly, after the addition
of a PD-1 inhibitor, all lesions shrank, and the patient achieved
sustained PR. Therefore, the combination of PD-1 inhibitors with
trastuzumab could be proposed as a possible new strategy for
overcoming trastuzumab resistance in patients with HER2-
positive, PD-L1-negative metastatic GC.

Trastuzumab, a humanized monoclonal anti-HER2 antibody,
combined with chemotherapy significantly improves median overall
survival (mOS) in patients with metastatic HER2-positive GC
compared to chemotherapy alone (13.8 vs. 11.1 months, HR 0.74;
95% CI 0.60–0.91; p = 0.0046). Thus, trastuzumab is approved as the
standard frontline of metastatic HER2-positive GC based on the
“Trastuzumab for Gastric Cancer” (ToGA) trial (Bang et al., 2010).

Little progress in the first-line treatment of patients with
metastatic HER2-positive GC occurred until PD-1 inhibitors
emerged. These combined with anti-HER2 therapy was a feasible
option for treating patients with HER2-positive GC based on the
synergistic mechanism of anti-HER2 therapy and PD-1 inhibitors
(Yamashita et al., 2021). In the KEYNOTE-811 trial, the ORR of
patients with metastatic HER2 positive GC was improved 12.8%
when pembrolizumab was combined with trastuzumab and
chemotherapy compared to just trastuzumab and chemotherapy.
In May 2021, the FDA approved pembrolizumab in combination
with trastuzumab and chemotherapy for the first-line treatment of
patients with locally advanced unresectable or metastatic HER2-
positive gastric/GEJ adenocarcinoma, regardless of PD-L1 CPS
expression, based on the first analysis of KEYNOTE-811
(Janjigian et al., 2021). At the third interim analysis, the HR for
OS and PFS in patients (N = 104) with PD-L1 CPS <1 were 1.41
(95% CI 0.90, 2.20) and 1.03 (95% CI 0.65, 1.64), respectively. In
patients (N = 594) with PD-L1 CPS≥1, the HR for OS and PFS were
0.81 (95% CI 0.67, 0.98) and 0.70 (95% CI 0.58, 0.85), respectively
(Janjigian et al., 2023; US Food and Drug Administration, 2023).
Based on the interim analysis, in November 2023 the FDA revised
the existing indication of pembrolizumab with trastuzumab and
chemotherapy for the first-line treatment of patients (CPS≥1).
Recently, results from the final analyses of KEYNOTE-811
showed that in PD-L1-positive patients (CPS ≥1),
pembrolizumab combined with trastuzumab and chemotherapy
improved PFS (10.9 vs. 7.3 months, HR 0.72; 95 CI% 0.60–0.87)
and OS (20.1 vs. 15.7 months, HR 0.79; 95% CI 0.66–0.95) (Janjigian
et al., 2024). Data from KEYNOTE-811 have led to European
Medicines Agency (EMA) and FDA-approved pembrolizumab
combined with trastuzumab and chemotherapy in patients with
metastatic HER2- and PD-L1 dual-positive GC. For HER2-positive
and PD-L1 negative metastatic GC patients, chemotherapy
combined with trastuzumab is still standard treatment. The use
of PD-1 inhibitors in second- or third-line patients with metastatic
HER2-positive and PD-L1-negative GC needs further investigation.

Nearly half the patients with metastatic HER2-positive GC
experience disease progression or death after trastuzumab
treatment, and the mechanisms of drug resistance are relatively
complex and uncertain (Bang et al., 2010; Valabrega et al., 2007).
Second-line standard therapy, such as ramucirumab and/or
paclitaxel, might be offered to patients with progression disease

after first-line treatments. In addition, continued anti-HER2 therapy
is an option. The HER2-targeted antibody–drug conjugates, such as
trastuzumab deruxtecan (T-DXd/DS-8201) and disitamab vedotin
(RC48), have shown clinical benefit after trastuzumab resistance.
The ORR of T-DXd as second-line therapy in patients with HER2-
positive advanced gastric/GEJ adenocarcinoma was 42% (95% CI:
30.8–53.4). Third-line or subsequent treatment of T-DXd for HER2-
positive GC patients showed longer OS than chemotherapy
(median, 12.5 vs. 8.4 months; HR for death, 0.59; 95% CI:
0.39 to 0.88; P = 0.01. The ORR was 24.8% (95% CI: 17.5%–
33.3%) (Shitara et al., 2020). The median PFS and OS were
4.1 months (95% CI: 3.7–4.9 months) and 7.9 months (95% CI:
6.7–9.9 months) for RC48 as third-line or subsequent treatment for
HER2-positive advanced gastric/GEJ adenocarcinoma (Peng et al.,
2021). Both the FDA and EMA have approved T-DXd in adult
patients with locally advanced or metastatic HER2-positive gastric/
GEJ adenocarcinoma who had received a trastuzumab-based
regimen (US Food and Drug Administration, 2021; European
Medicines Agency, 2021). Research has also explored the
continuation of trastuzumab with new chemotherapy regimens
beyond progression disease. Although continuing treatment of
trastuzumab combined with new chemotherapy regimens beyond
first-line therapy progression have shown possibly effective in some
retrospective studies (Palle et al., 2017; Li et al., 2016; Narita et al.,
2017), a randomized prospective T-ACT study showed that the
strategy had no benefit (Makiyama et al., 2020). A new combination
of trastuzumab beyond progression was further explored. A phase
Ib/II open-label single-arm trial of trastuzumab in combination with
ramucirumab and paclitaxel has recently reported very promising
gains in median progression-free (7.1 months, 95% CI: 4.8–9.4) and
overall survival (13.6 months, 95% CI: 9.4–17.7) in patients with
previously treated metastatic HER2-positive GC (Kim et al., 2023).

Here, we report a case who experienced progression disease after
first-line trastuzumab plus chemotherapy. At that point, T-DXd was
not feasible in China, and RC48 was approved for the third-line
treatment of HER2-positive gastric or GEJ adenocarcinoma. The
FDA accelerated the approval for pembrolizumab in combination
with trastuzumab and chemotherapy in HER2-positive gastric or
GEJ adenocarcinoma based on the ORR in the first analysis of
KEYNOTE-811. In this case, despite progressive lung and bone
disease, liver metastases, and para-aortic lymph-node metastases
shrank markedly. We thus negotiated with the patient that the
addition of sintilimab to his first-line therapy was an option. Partial
response was seen for more than 8 months. In the patient, it was
observed that PD-1 inhibitor could overcome trastuzumab
resistance in PD-L1 negative tumors. What then are the potential
mechanisms? PD-L1 upregulation was thought to be the mechanism
of trastuzumab resistance. Yamashita et al. (2021) observed PD-L1
upregulation by trastuzumab in GC cells. In breast cancer cells,
trastuzumab stimulated INF-gamma secretion to upregulate PD-L1
(Chaganty et al., 2018). In in vivo models, anit-PD-1 or
-CD137 could improve the therapeutic activity of anti-HER2
(Stagg et al., 2011). Pembrolizumab in combination with
trastuzumab had shown activity in patients with trastuzumab-
resistant, advanced HER2-positive breast cancer (Loi et al., 2019).
In a single-arm phase 1b-2 trial which explored margetuximab and
pembrolizumab combination treatment in patients with HER2-
positive gastric/GEJ adenocarcinoma, the synergistic antitumor
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activity of anti-HER2 agent (margetuximab) with anti-PD-
1 checkpoint blockade (pembrolizumab) was observed in patients
of previously treated HER2 positive gastric/GEJ adenocarcinoma
(Catenacci et al., 2020). Apart from this, there is also trial
(NCT05270889) recruiting previously treated HER2-positive
advanced gastric/GEJ adenocarcinoma patients to assess the
safety and clinical efficacy of this combined chemotherapy-free
regimen (zanidatamab and tislelizumab) in second-line therapy.
Other contributing factors could be the dynamic of PD-L1
expression and the heterogeneity of PD-L1 expression in tumor
tissues (Kerr and Hirsch, 2016). More studies are warranted to
validate this result, especially for patients with metastatic HER2-
positive and PD-L1-negative GC.

The heterogeneity of HER2 is a pivotal reason why anti-HER2
therapies fail in patients with metastatic HER2-positive GC
(Roviello et al., 2021). Temporal and spatial heterogeneity of
HER2 might be important in predicting response to anti-HER2
therapies (Marusyk et al., 2020; Wolff et al., 2018; Lee et al., 2013;
Hofmann et al., 2008; Rüschoff et al., 2012). Loss of
HER2 expression was detected in 34.8% of patients after first-
line anti-HER2 therapies (Kim et al., 2023). Hence, it is necessary
to monitor the dynamic of HER2 expression for subsequent
treatments to be developed. To test whether there was a
spatial heterogeneity of HER2 in our case, a CT-guided needle
biopsy of the left lung was performed, with the HER2 expression
still a 2+ score by IHC. Thus, it was postulated that the patient
might necessarily gain a clinically significant benefit from the
continuation of trastuzumab. Lastly, our clinical evidence
substantiated this speculation in our case.

We here reported a rare case of PD-1 inhibitors overcoming
trastuzumab resistance in patients with metastatic HER2-positive
and PD-L1-negative GC. For this specific type of patient, continued
use of anti-HER2 drugs combined with the immune checkpoint
blockade may be a new regimen. More studies are encouraged to
investigate the underlying mechanisms that trastuzumab resistance
can be overcome by PD-1 inhibitors.
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