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Introduction: Gastric cancer remains a challenging malignancy with a high global mortality rate. Recent advances in targeted
therapy and immunotherapy have shown promise in improving patient outcomes. This paper reviews the impact of incorporating
targeted agents such as trastuzumab and immunotherapeutic agents like pembrolizumab into standard chemotherapy regimens for
gastric cancer treatment.
Methods: A comprehensive analysis was conducted on pivotal clinical trials, including KEYNOTE-590, KEYNOTE-811, and ToGA,
focusing on their methodologies, patient populations, treatment regimens, and outcome measures. The review also explored
emerging research avenues in precision medicine, particularly genomic sequencing and biomarker identification.
Aim: To assess the efficacy and survival benefits of adding trastuzumab and pembrolizumab to standard chemotherapy in the
treatment of gastric cancer and to outline future directions in gastric cancer research.
Results: Including trastuzumab and pembrolizumab in treatment regimens for human epidermal growth factor receptor 2 (HER2)-
positive and PD-L1-expressing gastric cancers significantly improved progression-free and overall survival rates compared to
chemotherapy alone. These findings highlight the potential of personalized therapy in enhancing treatment outcomes. Furthermore,
ongoing research into the gastric cancer microenvironment and the role of the microbiome suggests novel targets for future
therapeutic interventions.
Conclusion: The integration of targeted and immunotherapeutic agents with traditional chemotherapy represents a pivotal shift in
gastric cancer treatment, moving towards more personalized and effective regimens.
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Introduction

Despite a gradual decrease in occurrence, gastric cancer, com-
monly referred to as cancer of the stomach, continues to be a
prevalent and very lethal form of neoplasm worldwide[1]. The
stomach, positioned in the gastrointestinal tract between the
esophagus and small intestine, releases enzymes and gastric acid
to facilitate the process of food digestion[2]. Additionally, it
releases the intrinsic factor essential for absorbing vitamin B12[2].
The stomach is covered with a mucous membrane that consists of
columnar epithelial cells and glands. These cells are susceptible to
inflammation, particularly gastritis, which can result in peptic
ulcers and, ultimately, cancer of the stomach[1].

Approximately one million instances of stomach cancer are
diagnosed annually worldwide. Stomach cancer ranks as the fifth

most frequently diagnosed cancer globally and the seventh most
widespread[1,3]. The overall lifetime risk of having stomach can-
cer is 1.87% formales and 0.79% for females globally, from birth
to age 74. Male individuals exhibit a higher incidence of gastric
cancer[3]. Males in developed countries have a 2.2 times higher
likelihood of being diagnosed with stomach cancer compared to
females. In less economically developed nations, the ratio stands
at 1.83. Gastric cancer has the most significant prevalence of all
cancers for males in 5 nations globally. No country has the
highest incidence of diagnosed cancer among females[1].

Stomach cancers are more commonly detected in developed
countries[3,4]. Among nations with a high-middle Human
Development Index (HDI), the average incidence rate for males is
20 per 100 000. In contrast, among countries with a low-middle
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HDI, the average rate is 6.6 per 100 000[1,3,4]. Until the mid-
1990s, gastric cancer was the leading cause of cancer-related
deaths worldwide. Gastric cancer causes 783 000 fatalities
annually, ranking it as the third most lethal cancer in males
globally[3]. Gastric cancer accounts for 8.3% of all cancer fatal-
ities. The overall lifetime risk of mortality due to stomach cancer
is 1.36% for males and 0.57% for females, spanning from birth
to the age of 74[1].

Review

Methods

A systematic literature search informed this narrative review in
PubMed, Scopus, Google Scholar, ISI, Embase, Science Direct,
and Cochrane databases that identified articles reporting. On
“Pembrolizumab” and “Trastuzumab” affecting “HER2-
Positive Gastric and Gastro-Esophageal Junction Cancer” to
search for studies in electronic databases. The initial search was
carried out on 10March 2024. Titles and abstracts were screened
for relevant articles. The reference lists of all included citations
were hand‐searched to identify other additional studies. After
removing duplicates, only original English language articles of
any study design were considered to inform the results of this
review as relevant to the review objectives. Subsequently, selected
articles were categorized into sections to summarize pertinent
information.

Types of gastric cancer

The Lauren classification of gastric cancer was established in
1965 and is currently the most used classification compared to
other existing categories[5]. The Lauren division identifies two
distinct histological subtypes of gastric cancer: intestinal and
diffuse[5]. Later, an additional subtype called indeterminate was
established to describe less common histology. Signet ring cell
carcinoma is classified as the diffuse subtype. Various investiga-
tions have demonstrated that the intestinal form is the most
prevalent, followed by the diffuse type and concluding with the
indeterminate kind[5,6]. Intestinal carcinoma is distinguished by
the presence of discernible glands and strong adhesion among the
tumor cells. The diffuse subtype consists of loosely cohesive cells
that diffusely infiltrate the stomach wall, with minimal or no
development of glands. The cells often have a compact, spherical
shape characterized by signet ring cell development[6]. The pre-
sence of the intestinal subtype is linked to the development of
intestinal metaplasia in the gastric mucosa and the prevalence of
H. pylori infection. Furthermore, research has shown that the
diffuse gastric cancer subtype is more prevalent among females
and younger patients. Additionally, this type of gastric cancer
arises from the normal gastric mucosa[6].

The 2010 WHO classification is considered the most com-
prehensive among all categorization systems[7]. In addition to
stomach adenocarcinomas, the WHO classification also includes
descriptions of other forms of gastric malignancies that have
reduced occurrence[7]. Gastric adenocarcinoma is a kind of can-
cer that can be further classified by subgroups such as tubular,
mucinous, papillary, and mixed carcinoma[8]. These subgroups
share similarities with the indeterminate type defined by the
Lauren classification system. The poorly cohesive carcinoma
subtype includes the signet ring cell carcinoma[6,8]. The remaining

stomach adenocarcinomas categorized as uncommon are char-
acterized mainly by their poor clinical significance. According to
the WHO classification, the most prevalent subtype of gastric
cancer is tubular adenocarcinoma, followed by the papillary and
mucinous kinds[6–8]. Signet ring cell carcinoma accounts for
around 10% of gastric cancers and is characterized by signet ring
cells in more than 50% of the tumors[8,9].

Signs and symptoms of gastric cancer

Gastric cancer symptoms are typically vague and often result in
diagnosis during a late stage. This is mainly because the stomach
and the abdominal cavity are spacious and flexible, allowing for
expansion[10]. Patients without cancer frequently experience
typical symptoms such as vague gastrointestinal pain, episodic
nausea, vomiting, and anorexia, which can also be early signs of
the disease. Unless they persist or progress over time, patients and
physicians frequently do not initially regard them seriously[10].

Most patients in the United States exhibit symptoms of an
advanced stage at presentation[11]. The predominant symptoms
observed in gastric malignancies include generalized weight loss,
chronic abdomen pain, difficulty swallowing, vomiting blood,
loss of appetite, sickness, premature feeling of fullness, and
indigestion[11]. Patients with locally advanced or metastatic dis-
ease typically experience pronounced abdominal discomfort,
possible accumulation of fluid in the abdomen (ascites), weight
loss, exhaustion, and exhibit visceral metastases on scans. They
may also develop gastric-outlet obstruction[11].

A frequently observed result of the physical examination is the
presence of a detectable abdominal mass, which suggests that the
disease has progressed significantly. The patient may also exhibit
indications of the dissemination of cancer cells through the lym-
phatic system, such as the presence of Virchow’s node (enlarged
lymph node in the left supraclavicular area), Sister Mary Joseph
node (nodule at the umbilicus), and Irish node (enlarged lymph

HIGHLIGHTS

• Approximately onemillion instances of stomach cancer are
diagnosed annually worldwide. Stomach cancer ranks as
the fifth most frequently diagnosed cancer globally and the
seventh most widespread.

• Two main therapy choices for gastric tumors, based on
their molecular characteristics, are ramucirumab and
trastuzumab.

• Blocking the PD1 pathway with antibodies like pembroli-
zumab restores T-cell activity and enhances anti-tumor
immunity.

• The KEYNOTE-811 trial’s findings highlight the efficacy of
pembrolizumab in combination with trastuzumab and
chemotherapy as a first-line treatment for metastatic human
epidermal growth factor receptor 2 (HER2)-positive gastro-
esophageal cancer.

• With advancements in genomic sequencing and biomarker
identification, upcoming studies aim to tailor therapies
more effectively to individual patient profiles, enhancing
efficacy while minimizing toxicity. Immuno-oncology
remains at the forefront, with novel checkpoint inhibitors,
immune modulators, and combination strategies being
explored to amplify anti-tumor responses.
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node in the left axillary region)[11,12]. Metastasis directly to the
peritoneum can manifest as Krukenberg’s tumor, which is a mass
in the ovary; Blumer’s shelf, which is a mass in the cul-de-sac;
ascites, which is the presence of cancer cells in the peritoneal fluid;
and hepatomegaly, which is an enlargement of the liver due to
widespread disease[10,11].

Paraneoplastic manifestations associated with gastric cancer
can include dermatological conditions such as diffuse seborrheic
keratosis or acanthosis nigricans, hematological conditions like
microangiopathic hemolytic anemia and hypercoagulable state
(known as Trousseau’s syndrome), renal conditions like mem-
branous nephropathy, and autoimmune conditions like poly-
arteritis nodosa. These clinical findings are rare and not specific to
gastric cancer[10–12].

Risk factors of gastric cancer

Gastric cancer has multifactorial etiologies, including genetic
predispositions and environmental factors[4]. Genetic mutations
such as the GSTM1-null phenotype and CDH1 gene mutations
increase the risk of developing hereditary diffuse gastric cancer
(HDGC), which can also lead to lobular breast cancer, prostate
cancer, and colorectal cancer[4,13]. Other genetic factors like IL-
17 and IL-10 polymorphisms, especially in Asian populations,
and conditions such as Lynch syndrome and familial adenoma-
tous polyposis (FAP) contribute to a heightened risk of gastric
cancer[13].

Despite these genetic predispositions, environmental factors
are crucial, with Helicobacter pylori infection being the primary
risk factor[13,14]. This bacterium’s discovery emphasized its role
in peptic ulcer disease and its link to gastric cancer, particularly
the non-cardia subtype. The interaction between genetics and
environmental factors like diet, smoking, alcohol consumption,
and chemical exposure underscores the complex etiology of
gastric cancer[13,14].

Lifestyle factors such as obesity and conditions like pernicious
anemia and gastro-esophageal reflux disease (GERD) further
modulate risk. The impact of gastric surgery, radiation exposure,
Epstein-Barr virus (EBV) infection, socioeconomic status, blood
group, sex, and race/ethnicity on gastric cancer incidence high-
lights the disease’s multifaceted nature. Overall, the intricate
interplay between genetic susceptibility and environmental
exposures shapes the risk and incidence of gastric cancer across
populations[4,13,14].

Traditional therapy for gastric cancer

Surgical intervention is pivotal in gastric cancer (GC) treatment,
especially effective when the tumor is most responsive to
chemotherapy[15,16]. Recent advancements such as endoscopic
resection and minimally invasive techniques like laparoscopic
and robotic-assisted surgeries have revolutionized GC treatment,
offering benefits like reduced postoperative complications[1]).
Endoscopic mucosal resection and endoscopic submucosal dis-
section are preferred for early, differentiated types of GCwithout
ulceration, showing favorable long-term outcomes[15,16].
Comprehensive surgical resection remains a cornerstone, parti-
cularly with lymphadenectomy D2 for curative intent. Adjuvant
chemotherapy, notably with fluorouracil-based regimens, has
significantly improved survival rates post-surgery, with newer
trials suggesting the benefits of perioperative chemotherapy and
targeted agents like pembrolizumab in specific settings[17].

Neoadjuvant chemotherapy has also emerged as a critical com-
ponent in managing resectable and locally advanced GC,
improving survival outcomes compared to surgery alone[15–17].

Prognosis of gastric cancer

The size of the tumor determines the prognosis of gastric cancer
and involves both the involvement of nearby lymph nodes and the
spread of the tumor beyond the walls of the stomach.

More than half of patients with localized distal gastric cancer
can be cured, but early-stage disease represents only 10–20% of
all identified cases in the United States[18]. The remaining patients
with gastric cancer exhibit metastatic illness in either nearby or
faraway locations. The 5-year survival rate for individuals with
disseminated illness is close to nil, while patients with distant,
resectable localized disease had a survival rate of about 50%[4,11].
The 5-year survival rate for patients with proximal gastric cancer,
even when the illness appears to be confined to a specific area, is
just 10–15%. Although therapy for people with diffuse gastric
cancer can provide relief from symptoms and some extension of
life, long-lasting periods of improvement are rare[10,18].

Targeted therapy for gastric cancer

Two main therapy choices for gastric tumors, based on their
molecular characteristics, are ramucirumab and trastuzumab.
Ramucirumab targets VEGFR2, whereas trastuzumab targets
human epidermal growth factor receptor 2 (HER2)[18,19]. Gastric
cancer frequently exhibits heterogeneity in the HER2 genotype
and phenotype, which could contribute to inaccuracies in
testing[19]. Phase II trials investigated the combination of trastu-
zumab and chemotherapy (cisplatin, capecitabine) compared to
chemotherapy alone in patients with advanced gastric cancer
who have HER2+ tumors[20]. The results emphasized that tras-
tuzumab is the most suitable treatment option for highly HER2+
tumors[20,21]. Additional research has indicated that lapatinib,
when used as a sole targeted treatment, has limited effectiveness
against gastric cancer. This could be attributed to the absence of
antibody-dependent cell-mediated cytotoxicity (ADCC) in the
small molecule therapeutic approach[22]. Pertuzumab is an
additional monoclonal antibody that specifically targets the
interaction between HER2 and other members of the EGFR
family, hence inhibiting HER2 heterodimerization[23].

Approximately 5% of gastric tumors exhibit amplification of
the epidermal growth factor receptor (EGFR), which is associated
with a poor prognosis. Studies have demonstrated a direct rela-
tionship between the overexpression of EGFR and the respon-
siveness to cetuximab treatment[23]. A phase II trial investigating
the combination of cetuximab with oxaliplatin/leucovorin/5-
fluorouracil demonstrated a correlation between a more sig-
nificant EGFR copy number and improved overall survival[24].

Tumor growth is reliant on the presence of blood vessels.
Tumors develop new blood vessels to get nutrients from the host,
facilitating the tumor’s capacity to spread to distant locations[25].
The activity of the vascular endothelial growth factor (VEGF)
pathway is closely associated with angiogenesis, metastasis, and
vascular development in the majority of solid tumors[25,26].
Comprehending this pathway is crucial for advancing medica-
tions that aim at VEGF, such as neutralizing antibodies that
target VEGF or its receptor (VEGFR) and targeted TKIs against
VEGFR[25].
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Bevacizumab is a synthetic antibody derived from human
genes and has been modified to target and block the action of
VEGF, a protein involved in the growth of blood vessels[27].
Bevacizumab binds to vascular endothelial growth factor (VEGF)
to prevent the activation of vascular endothelial growth factor
receptor (VEGFR), hence suppressing the formation of blood
vessels that supply tumors (tumor angiogenesis)[27–29]. Shah
et al.[28] conducted a study to evaluate the efficacy of combining
bevacizumab and irinotecan with cisplatin for treating advanced
gastric cancer. Out of a total of 47 patients with untreated
metastatic stomach or gastro-esophageal junction cancer, the rate
of effectiveness was 65%, and the median survival duration was
12.3 months. The conclusive histology findings demonstrated a
remission rate of 75%[28].

Sunitinib is a specific type of medication called a tyrosine
kinase inhibitor. It targets a protein called VEGFR and blocks its
activity[30]. It also inhibits the activity of other proteins, such as
Raf, platelet-derived growth factor-beta receptor, fibroblast
growth factor receptor, and c-KIT, which are involved in many
cellular pathways[30,31]. Sorafenib is a highly effective inhibitor of
Raf and other receptor tyrosine kinase inhibitors in advanced
gastric cancer. Sun et al.[31] found that sorafenib effectively sup-
pressed the development and angiogenesis of gastric cancer
xenografts. In a study including 44 patients with advanced gastric
cancer, the combination of sorafenib with either cisplatin or
docetaxel as a second-line treatment resulted in a median pro-
gression-free survival (PFS) of 5.8 months and a median overall
survival (OS) of 13.6 months[31].

The signaling pathway dependent on VEGF/VEGFR2 plays a
crucial role in tumor angiogenesis[32]. Research has observed a
correlation between the status and serum levels of VEGF and
advanced stage and poor prognosis in cases of GC[32]. The
REGARD research assessed the efficacy of ramucirumab. This
monoclonal antibody targets VEGFR2 as a second-line treatment
for patients with unresectable, advanced gastro-esophageal can-
cers who had seen disease progression after the first
chemotherapy[24]. The efficacy of this antibody, in conjunction
with paclitaxel, was evaluated in phase III research (RAINBOW)
as a second-line treatment for patients with metastatic gastric
cancer who experienced disease progression after the first
chemotherapy[33]. The paclitaxel plus ramucirumab group sig-
nificantly improved overall survival compared to the placebo
group[33].

Approximately 10% of gastric cancers exhibit overexpression
of the fibroblast growth factor 2 receptor tyrosine kinase
(FGFR2), and its amplification is associated with lymphatic
invasion and an unfavorable prognosis[34]. Ongoing clinical trials
are being conducted to treat patients with FGFR2 amplification
with inhibitors, such as dovitinib or AZD4547[35]. The PI3K/
AKT/mTOR pathway is frequently activated in GCmalignancies.
A phase III clinical trial examined the efficacy of the mTOR
inhibitor (everolimus) in patients with advanced gastric cancer.
The findings revealed no enhancement in the overall survival
rate[36]. Furthermore, a phase II trial of MK-2206, a substance
that inhibits AKT, yielded no favorable outcomes[37].

Role of HER2 inhibitor

The increased expression of theHER2 gene and an increased level
of the HER2 protein is present in 15–20% of individuals diag-
nosed with gastric cancer[38]. The level of HER2 overexpression

and amplification differs depending on the location of the carci-
noma, with greater expression observed in the gastro-esophageal
and proximal regions compared to the distal areas of the
stomach[38]. In addition, there appears to be a correlation
between HER2 overexpression and amplification and the Lauren
histological classification. Specifically, more significant amounts
of HER2 are observed in the intestinal phenotype than in the
diffuse and mixed types[38,39]. The predictive features of HER2
overexpression and amplification remain a subject of discussion,
but a substantial body of research suggests HER2 is associated
with a bad prognosis[39]. The efficacy of HER2-targeted therapy
in gastric cancer was proven in the ToGA study, where patients
with advanced gastric and gastro-esophageal junction adeno-
carcinomawho tested positive for HER2were randomly assigned
to receive either 5-FU/capecitabine and cisplatin alone or in
combination with trastuzumab[40]. Patient survival significantly
increased when treated with a combination of trastuzumab and
chemotherapy. Individuals with a significant overabundance of
the HER2 protein (IHC3+ ) experienced notable advantages
from the therapy, resulting in a median overall survival of
17.9 months[40]. Due to the favorable outcomes shown in the
ToGA study, it has become standard practice to screen patients
with advanced stomach or gastro-esophageal junction adeno-
carcinoma for the presence of HER2[40,41]. The ToGA trial is
considered a significant milestone in treating gastric cancer. It has
led to the development of several new HER2-targeted com-
pounds, including pertuzumab, ado-trastuzumab emtansine,
lapatinib, afatinib, and dacomitinib. These compounds are cur-
rently being tested in phase II and III clinical trials[39–41].

Mechanism of action of pembrolizumab and trastuzumab

Immune checkpoints like CTLA4 and PD1 are crucial in reg-
ulating T-cell function and maintaining self-tolerance by inhi-
biting T-cell activation[42]. CTLA4, expressed on T-cells,
competitively binds to CD80 and CD86 on antigen-presenting
cells (APCs), reducing CD28-mediated co-stimulation and
thereby T-cell activation[42]. PD1, a receptor found on activated
lymphocytes, interacts with its ligands PDL1 and PDL2, expres-
sed in various cells, including tumor cells[43]. The engagement of
PD1 with PDL1 or PDL2 delivers an inhibitory signal to T-cells,
reducing T-cell activity and contributing to tumor immune
evasion[43]. PDL1 expression on cancer cells can be intrinsic, due
to genetic aberrations, and adaptive, in response to factors like
interferon γ in the tumor microenvironment[42,43]. This expres-
sion allows tumors to evade immune detection by inhibiting
cytotoxic T-cell function[42].

Blocking the PD1 pathway with antibodies like pem-
brolizumab restores T-cell activity and enhances anti-tumor
immunity[44]. Pembrolizumab, a humanized monoclonal anti-
body targeting PD1, does not activate complement or Fc recep-
tors, minimizing cytotoxic activity[45]. Its pharmacokinetics
reveal a dose-proportional increase in concentration, with
adjustments for body weight to ensure consistent exposure.
Clinically, pembrolizumab has been evaluated in various cancers,
demonstrating its potential to improve patient outcomes by
reactivating the immune response against tumors[44,45].

Trastuzumab, targeting HER2, marks a pivotal shift towards
biologic therapy in HER2-positive gastric cancer, reflecting its
overexpression in 10–25% of cases[46]. This overexpression is
associated with poor prognosis, especially in intestinal-type
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cancers. Trastuzumab, a humanized monoclonal antibody, inhi-
bits HER2-amplified tumor cell lines by blocking the receptor and
its downstream signaling pathways, leading to growth arrest and
potentially enhancing cell-mediated cytotoxicity[46,47]. Critical
studies, like the ToGA trial, have evaluated trastuzumab’s addi-
tion to chemotherapy, showing its potential to improve outcomes
in HER2-positive GC patients, underscoring the importance of
targeted therapies in managing advanced gastric cancer[48].
Figure 1 and Figure 2 demonstrate the mechanism of action of
Pembrolizumab and Trastuzumab.

Critical analysis of ToGA trial

The ToGA trial stands as a landmark study in the field of gastric
cancer, focusing on the efficacy and safety of adding trastuzumab,
a monoclonal antibody targeting the HER2 receptor, to standard
chemotherapy in patients with HER2-positive advanced gastric
or gastro-esophageal junction cancer. Conducted across 122
centers in 24 countries, this international, phase 3, open-label,
randomized controlled trial enrolled 594 patients into two
groups: one receiving trastuzumab plus chemotherapy (n=298)
and the other receiving chemotherapy alone (n=296). The trial’s
primary endpoint was overall survival, with progression-free
survival, tumor response rate, and safety measures as secondary
endpoints[49].

The results demonstrated a clear benefit of incorporating
trastuzumab into the treatment regimen. Patients treated with
trastuzumab plus chemotherapy experienced a significant
extension inmedian overall survival to 13.8months, compared to
11.1 months for those receiving chemotherapy alone, marking a
26% reduction in the risk of death [hazard ratio (HR) 0.74, 95%
CI 0.60–0.91; P=0.0046] and adding trastuzumab improved
progression-free survival, with a median of 6.7 months versus
5.5 months in the chemotherapy-alone group (HR 0.71, 95% CI
0.59–0.85; P=0.0002). The overall tumor response rate was also
higher in the trastuzumab combination group at 47%, compared
to 35% in those receiving only chemotherapy[40].

Regarding safety, the trial revealed that adding trastuzumab
did not significantly increase the incidence of adverse events. The
most reported adverse effects across both treatment arms were
nausea, vomiting, and neutropenia, with grade 3 or 4 adverse
events occurring in 68% of patients in both groups. Importantly,
cardiac adverse events were observed at similar rates in both the
trastuzumab plus chemotherapy group and the chemotherapy-
alone group (6%), suggesting no significant increase in cardio-
toxicity due to trastuzumab[40].

The ToGA trial’s findings have profound implications for
managing HER2-positive advanced gastric or gastro-esophageal
junction cancer. By demonstrating a significant improvement in
overall survival without substantially increasing toxicity, the
study supports the addition of trastuzumab to standard che-
motherapy as a new standard of care for this patient population.
The results underscore the importance of HER2 as a therapeutic

Figure 1. Mechanism of action of Pembrolizumab.

Figure 2. Mechanism of action of Trastuzumab. HER2, human epidermal
growth factor receptor 2.
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target in gastric cancer andmark a significant advancement in the
treatment of a disease that has historically been associated with a
poor prognosis[40].

Critical analysis of KEYNOTE-590 trial

The KEYNOTE-590 study, a phase 3, randomized, placebo-
controlled trial, was pivotal in advancing the treatment landscape
for patients with previously untreated advanced esophageal
cancer, including Siewert type 1 gastro-esophageal junction
cancer. Conducted across 26 countries in 168medical centers, the
trial enrolled 749 patients who were randomized to receive either
pembrolizumab plus chemotherapy (n=373) or placebo plus
chemotherapy (n= 376), aiming to evaluate the efficacy and
safety of the combination compared to chemotherapy alone[48].
The trial’s results were noteworthy, particularly in enhancing OS
and PFS across several patient subgroups. For instance, in the
subset with esophageal squamous cell carcinoma and a PD-L1
combined positive score (CPS) of 10 or more, the addition of
pembrolizumab led to a median OS of 13.9 months, significantly
longer than the 8.8 months observed in the placebo group,
marking a 43% reduction in the risk of death[48]. This trend of
improved survival was consistent across all randomized patients,
with those receiving pembrolizumab achieving a median OS of
12.4 months compared to 9.8 months in the placebo cohort[48].

Furthermore, the study highlighted a superior PFS in the
pembrolizumab group. The median PFS reached 6.3 months
versus 5.8 months in those receiving placebo, alongside a higher
overall tumor response rate, indicating the combination’s potent
anti-tumor activity[48]. Despite these efficacy benefits, the safety
profile of pembrolizumab plus chemotherapy remained man-
ageable and aligned with expectations based on the known
adverse effects of the components. Treatment-related adverse
events of grade 3 or higher were slightly more prevalent in the
pembrolizumab group (72%) compared to the placebo group
(68%), with common adverse effects including nausea, decreased
appetite, anemia, and fatigue[48].

In conclusion, the KEYNOTE-590 trial’s findings substantiate
pembrolizumab in combination with chemotherapy as a sig-
nificant advancement in the first-line treatment of advanced
esophageal cancer, irrespective of PD-L1 expression status. By
offering substantial improvements in survival outcomes without
considerably increasing toxicity, this combination therapy
emerges as a new standard of care, providing a promising treat-
ment option for patients with a historically poor prognosis,
thereby potentially improving survival rates and quality of life for
this challenging patient population[48].

Critical analysis of KEYNOTE-811 trial

The KEYNOTE-811 trial, a phase 3 study, offers significant
insights into the treatment of HER2-positive gastro-esophageal
cancer, specifically assessing the impact of adding pem-
brolizumab to standard trastuzumab and chemotherapy (fluor-
opyrimidine and platinum-based therapy). Conducted across 168
medical centers in 20 countries, this trial randomized 698 patients
to either pembrolizumab (n=350) or placebo (n=348), along-
side chemotherapy and trastuzumab, aiming to evaluate the
regimen’s efficacy in terms of PFS and OS, as well as its safety
profile[49].

In the second interim analysis, with a median follow-up of
28.3 months for the pembrolizumab group and 28.5 months for

the placebo group, the trial demonstrated a notable improvement
in median PFS for patients receiving pembrolizumab
(10.0 months) compared to those in the placebo group
(8.1 months), achieving a HR of 0.72 (P=0.0002). This indicates
a 28% reduction in the risk of disease progression or death for
patients treated with pembrolizumab[49].

However, while the median OS at this analysis showed an
extension in the pembrolizumab group (20.0 months) versus the
placebo group (16.9months), the result did not reach prespecified
criteria for statistical significance (HR 0.87, P=0.084), suggest-
ing the need for continued follow-up[49].

The safety analysis revealed that grade 3 or worse treatment-
related adverse events were slightly more common in the pem-
brolizumab group (58%) compared to the placebo group (51%).
Treatment-related deaths occurred in a small number of patients
in both groups (1% in the pembrolizumab group and less than
1% in the placebo group). The most frequent treatment-related
adverse events of any grade included diarrhea, nausea, and ane-
mia, with comparable incidence rates between the two groups[49].

The KEYNOTE-811 trial’s findings underscore the efficacy of
pembrolizumab in combination with trastuzumab and che-
motherapy as a first-line treatment for metastatic HER2-positive
gastro-esophageal cancer, particularly in patients with PD-L1
combined positive score of 1 or more. The significant improve-
ment in progression-free survival highlights pembrolizumab’s
potential in enhancing treatment outcomes. Although the
improvement in overall survival did not meet the criteria for
significance in this interim analysis, the ongoing follow-up for the
final analysis may provide further insights. This study reinforces
the role of immunotherapy combined with targeted therapy and
chemotherapy in managing advanced HER2-positive gastro-
esophageal cancers, offering a promising therapeutic strategy for
this challenging condition[49].

A summary of recent clinical trials of this therapy in gastric
cancer is shown in Table 1.

Other combinations available

Trastuzumab + Fluoropyrimidine and platinum-based
chemotherapy

This is a standard first-line treatment for HER2-positive
advanced gastric cancer[50]. Themost common regimen combines
trastuzumab with a fluoropyrimidine (such as capecitabine or 5-
fluorouracil) and a platinum compound (such as cisplatin or
oxaliplatin)[50,51]. The ToGA trial, which established this com-
bination, showed significantly improved survival rates in patients
treated with trastuzumab and chemotherapy compared to che-
motherapy alone[51].

Trastuzumab + Ramucirumab

This combination targets the HER2 protein and the VEGFR2
pathway, which is involved in angiogenesis. While primarily
researched in clinical trial settings, preliminary data suggest that
combining these two targeted therapies could benefit tumor
growth and improve survival[52].

Trastuzumab + Pertuzumab

Althoughmore commonly used in breast cancer, the combination
of trastuzumab and pertuzumab (another monoclonal antibody
targeting a different epitope of the HER2 receptor) is being
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investigated in gastric cancer[53]. This dual HER2 blockade has
shown promising results in breast cancer and is expected to
enhance the therapeutic effects in gastric cancer by preventing
HER2 signaling more comprehensively[53].

Trastuzumab Deruxtecan (T-DXd)

A newer agent, trastuzumab deruxtecan, is an antibody-drug
conjugate that combines trastuzumab with a cytotoxic drug,
allowing direct delivery of chemotherapy to HER2-expressing
cells[54]. This has shown promising activity in patients with
previously treated HER2-positive gastric cancer[54].

These combinations are typically considered based on the
patient’s previous treatments, overall health, and specific char-
acteristics of the cancer. Clinical trials continually update the
landscape of available treatments, indicating a dynamic and
evolving approach to managing HER2-positive gastric cancers.

Limitations and challenges

The ToGA trial focused on patients with high HER2 expression,
potentially limiting its applicability to the broader population of
gastric cancer patients who may have lower or heterogeneous
expression levels. Outcomes and responses varied significantly
across different regions, which may affect the generalizability of
the findings. While statistically significant, the survival benefits
were relatively modest, indicating a need for more effective
treatment combinations or strategies[55].

As an early phase trial, KEYNOTE-511may face challenges in
biomarker identification and validation that could impact the
stratification and interpretation of efficacy results. The addition
of immunotherapy with pembrolizumab increases the complex-
ity of managing side effects, particularly immune-related adverse
events, which require diligent monitoring and management[55].

The KEYNOTE-811 Trial has its share of limitations and
challenges. The combination of pembrolizumab with trastuzu-
mab and chemotherapy introduces complexities related to dos-
ing schedules, drug interactions, and increased potential for
adverse reactions. As with many advanced cancer trials, selecting
and retaining a homogeneous patient population is challenging,
potentially leading to variability in treatment outcomes.
Determining the most appropriate endpoints and translating
these into real-world benefits remains a significant challenge,
particularly in trials involving multiple therapeutic agents[56].

All three trials mentioned above have limitations in biomarker
identification. Identifying and validating predictive biomarkers
for treatment response is crucial but remains challenging. These
trials must integrate robust biomarker programs to select
patients more likely to benefit from the treatment. Issues such as
non-randomization in some study arms, potential biases in
patient selection, and short follow-up periods can limit the
strength of the conclusions drawn from these trials[54–56].

Risk of misdiagnosis

The diagnosis and treatment of gastric or gastro-esophageal
junction cancer in older patients come with unique challenges,
primarily due to the higher prevalence of comorbid chronic
diseases in this age group. Older patients often have multiple
health issues, such as gastrointestinal disorders (like GERD or
ulcers), which can mimic or obscure the symptoms of gastric
cancers[57]. Symptoms like abdominal pain, nausea, or weight
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loss might be misattributed to these more common conditions in
elderly patients. Conditions like dementia or decreased cognitive
function can make accurate history-taking and symptom
reporting more complex, complicating the diagnostic process[58].
Older patients might have various benign conditions such as
calcifications or arteriosclerotic changes that could complicate
the interpretation of imaging studies like computed tomography
(CT) scans or endoscopies used to diagnose gastric cancer[59].

Age-related changes in tissue density and the presence of other
pathologies can make biopsy samples harder to interpret.
Inflammation from other diseasesmight bemistaken for cancer or
vice versa. Cardiovascular diseases are common in older adults
and can significantly impact the type of anesthesia and surgery
options available for treating gastric cancer[59]. For instance, a
patient with severe cardiovascular disease might not be a candi-
date for extensive surgery due to the risk of cardiac complica-
tions. Older patients have a higher risk of having multiple
primary malignancies, complicating treatment plans and prog-
nosis estimations[59,60]. A thorough geriatric assessment to eval-
uate an elderly patient’s functional status, comorbidities,
cognition, nutritional status, and social support is crucial to
effectively tailor the diagnostic and treatment processes.
Coordination between gastroenterologists, surgeons, oncolo-
gists, radiologists, and geriatric specialists can help make a
comprehensive evaluation and treatment plan. Considering less
invasive or less aggressive treatment optionsmight be appropriate
for some elderly patients to balance quality of life with treatment
efficacy.

Economic implications

Incorporating high-cost therapies into standard treatment regi-
mens for gastric cancer presents significant economic implica-
tions, particularly given the global variance in healthcare systems.
Advanced therapies like targeted biologics and immunotherapies,
while potentially improving survival rates and quality of life, are
often prohibitively expensive[60,61]. This can strain public health
budgets, especially in low- and middle-income countries with
limited healthcare funding. The financial burden of these treat-
ments may lead to disparities in access, with patients in wealthier
nations more likely to benefit from the latest advancements than
those in developing countries. Additionally, the high cost of these
treatments can impact insurance premiums and out-of-pocket
expenses, potentially limiting accessibility even in more devel-
oped healthcare systems[61]. Policymakers and healthcare provi-
ders must balance the benefits of these advanced therapies with
their cost-effectiveness. Strategies such as price negotiations,
generic drug options, and tiered pricing models can help mitigate
these economic challenges and broaden access to these critical
treatments.

Role of microbiome

The human microbiome, particularly the diverse communities of
bacteria residing in the stomach, plays a significant role in the
pathogenesis and progression of gastric and gastro-esophageal
junction cancer. Beyond Helicobacter pylori, recent research
suggests that the broader gastric microbiome might also influence
cancer risk. Variations in microbial composition and diversity
can affect the mucosal immune response, disrupt epithelial bar-
rier functions, and modulate the production of carcinogenic
compounds. These microbial interactions can contribute to the

etiology of gastric cancers by influencing metabolic pathways,
immune responses, and the local production of carcinogens or
anti-carcinogenic compounds[62].

Additionally, the interaction between dietary factors and the
microbiome is an area of growing interest, as diet can significantly
alter microbial populations and their metabolic activities, which
may impact cancer risk. The potential therapeutic implications
include using probiotics, prebiotics, or antibiotics to modify the
microbiome and possibly reduce the risk of cancer or enhance the
efficacy of cancer treatments[62].

Future trials in gastric cancer

Future trials and research in gastric cancer are poised to revolu-
tionize the treatment landscape further, focusing on unraveling
the molecular complexity of the disease and harnessing the
potential of precision medicine. With advancements in genomic
sequencing and biomarker identification, upcoming studies aim
to tailor therapies more effectively to individual patient profiles,
enhancing efficacy while minimizing toxicity. Immuno-oncology
remains at the forefront, with novel checkpoint inhibitors,
immune modulators, and combination strategies being explored
to amplify anti-tumor responses. Additionally, integrating tar-
geted therapies against new molecular targets beyond HER2,
such as CLDN18.2, MET, and EGFR, offers promise for subsets
of patients with specific genetic aberrations[63]. Research is also
expanding into the microbiome’s role in gastric carcinogenesis
and response to therapy, potentially opening avenues for micro-
biome-modulating treatments. Furthermore, developing vaccine-
based therapies and oncolytic viruses represents an innovative
approach to stimulating the immune system against gastric cancer
cells[64]. As we progress, the emphasis on personalized and
combination therapies, supported by robust biomarker-driven
clinical trials, is expected to yield significant improvements in
outcomes for patients with gastric cancer, transitioning towards
more individualized, effective, and less toxic treatment
modalities.

Conclusion

In conclusion, pembrolizumab combined with trastuzumab
represents a significant step forward in the treatment of HER2-
positive advanced gastric or gastro-esophageal junction cancer. It
underscores the importance of continued innovation and research
in targeted therapies that can providemore effective and less toxic
treatment options. This treatment modality offers a targeted
approach by leveraging the synergistic effects of pembrolizumab,
an immune checkpoint inhibitor that enhances T-cell function,
and trastuzumab, a monoclonal antibody that antagonizes
explicitly the HER2 receptor, which is overexpressed in certain
gastric cancers. The evidence gathered and analyzed from mul-
tiple clinical trials and observational studies suggests that this
combination therapy enhances the overall survival and progres-
sion-free survival rates and maintains a manageable safety pro-
file. Notably, the treatment has shown efficacy in a patient
population that is often challenging to treat due to the aggressive
nature of HER2-positive advanced gastric cancers.Moreover, the
therapy has been associated with improved quality of life indi-
cators, emphasizing its role in palliative care settings alongside its
efficacy in extending life. This dual benefit is crucial for patients
who often face significant symptomatic burdens due to their

Qureshi et al. Annals of Medicine & Surgery (2024) Annals of Medicine & Surgery

4654



disease. While the results are encouraging, the variability in
response among different demographic and genetic subgroups
calls for further research to optimize treatment protocols and
personalize therapy based on individual patient profiles. Future
studies should aim to refine patient selection criteria, explore
combinatory strategies with other therapeutic agents, and ulti-
mately guide the development of clinical guidelines that can
maximize patient outcomes in this challenging oncological
context.
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