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Targeted therapies for gastroesophageal cancers

Andrew Hsu, Rani Chudasama, Khaldoun Almhanna, Alexander Raufi

Division of Hematology/Oncology, The Warren Alpert Medical School of Brown University, Lifespan Cancer Institute, Rhode Island Hospital,
Providence, RI, USA

Contributions: (I) Conception and design: None; (IT) Administrative support: None; (IIT) Provision of study materials or patients: None; (IV)
Collection and assembly of data: None; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All authors; (VII) Final approval of
manuscript: All authors.

Correspondence to: Andrew Hsu, MD. Division of Hematology/Oncology, The Warren Alpert Medical School of Brown University, 593 Eddy St,
George Building, Providence, RI 02903, USA. Email: andrew_hsul@brown.edu.

Abstract: Gastroesophageal cancers are some of the most common malignancies worldwide. A significant
portion of patients are diagnosed with advanced or metastatic disease given the insidious nature of
gastroesophageal cancers. In the instance where surgical resection for cure is no longer an option, the
prognosis is poor and generally less than a year. Traditionally, standard front-line chemotherapy included
two- to three-drug regimens with modest improvements in overall survival. Over the past two decades, with
increased understanding of the biology of cancer, targeted therapies have been developed to stop the actions
of molecules that are key in the growth and spread of cancer cells and have been successful in a number of
cancers. In gastroesophageal cancer, these gains have been more modest with limited approval—trastuzumab
being incorporated into front-line use in HER2-positive disease, and ramucirumab alone or in combination
with paclitaxel becoming the preferred second-line regimen in progressive disease. However, with increased
understanding of the biology of cancer, new and promising targeted therapies have emerged along with novel
strategies in combining targeted therapies with traditional chemotherapy and immunotherapy. In this article,
we will review the use of targeted therapies in the treatment of gastroesophageal cancer and touch upon

future treatment strategies and therapeutics currently under investigation.
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Introduction and adenocarcinoma. SCC remains the most common

. . histology worldwide; however, within the past half century,
Gastric and esophageal cancers, collectively termed as .

adenocarcinoma has become the most common subtype
in the Western World and within the United States (3).

This shift in histological subtype has been largely

gastroesophageal cancers, are among the leading causes
of cancer death worldwide. Esophageal cancer is the

cighteenth most common malignancy in the United attributed to changes in lifestyle such as decreased rates

States by incidence—17,650 new cases and 1.0% of all of tobacco and alcohol use and increased rates of obesity

new cancers diagnosed in 2019. Furthermore, esophageal
cancer accounted for 2.6% of cancer-related deaths in
2019 (1). Globally, esophageal cancer is the eighth most
common malignancy and the sixth leading cause of cancer-
related death (2). There are two major histological subtypes
of esophageal cancer: squamous cell carcinoma (SCC)
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and associated comorbidities such as Barrett’s esophagus or
gastroesophageal reflux disease (GERD) (4). For localized
or resectable disease, the 5-year survival is 19.9%; however,
the 5-year survival for metastatic disease is 4.8% (1).
Although the incidence of gastric cancer in the United
States is in a decline, it remains a significant health issue,
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with 27,510 new cases and 11,140 deaths in 2019. Globally,
gastric cancer represents a substantial disease burden; the
fifth most common malignancy and third leading cause
of death from cancer (5). Its incidence worldwide varies
depending on the geographical region, a high incidence
in Asia, Latin American, Central and Eastern Europe, and
a low incidence in Western Europe and North America.
This dichotomy is multifactorial and decreasing prevalence
of Helicobacter pylori infection likely plays a large role (6).
The 5-year survival rates for localized and metastatic
gastric cancer mirror those of esophageal cancer and are
approximately 31.5% and 5.3%, respectively (7).

Patients with early-stage gastroesophageal cancer may
present with anorexia, dyspepsia, dysphagia, abdominal
pain, or weight loss; however, approximately 40% of
patients remain asymptomatic and are diagnosed late,
with metastatic or unresectable disease (1,7). In earlier
stages, multimodality treatment is often required, with a
combination of surgery and chemotherapy, with or without
radiation. Multiple strategies exist on how to deliver
neoadjuvant and adjuvant chemotherapy; however, no
global consensus about the optimal strategy exists (8). With
some notable exceptions, such as in the case of esophageal
SCC, surgical resection often remains necessary to achieve
a cure. In the setting of metastatic or unresectable disease,
the prognosis remains poor and traditional standard-of-care
(SOC) therapies offer limited impact on patient outcomes
with median survival ranging between four months with
best supportive care (BSC), to twelve months with the use
of cytotoxic chemotherapy (9,10).

Over the past few decades, our understanding of the
molecular pathogenesis and biology of cancer has increased
significantly. This has led to the development of novel
targeted therapeutic strategies aimed at improving survival.
Currently, targeted therapies are available in two forms:
monoclonal antibodies (mAb) and small molecule inhibitors,
the majority of which are tyrosine kinase inhibitors (TKIs)
(Figure 1). In this review article we aim to summarize
currently approved targeted therapies for the treatment of
gastroesophageal cancer as well as highlight possible future
treatments currently under investigation.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-3265).

Epidermal growth factor receptor (EGFR)

EGFR is a transmembrane receptor tyrosine kinase that
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normally regulates epithelial tissue development and
homeostasis. It is a member of the erythroblastic oncogene B
(ErbB) family of receptors and overexpressing this receptor
or constitutive activation has been shown to increase
proliferation, metastasis, and resistance to apoptosis (11).
Aberrant expression has been linked to tumorigenesis in a
variety of cancers (11). In gastroesophageal cancer, EGFR
is overexpressed in 27-55% of cases and is associated
with poor prognosis (12-14). Given the high rates of
overexpression, EGFR is an attractive potential target for
treatment of gastroesophageal cancer.

Cetuximab was initially approved in 2004 and became
the first commercially available mAb targeting EGFR. It
has been approved for the treatment of colorectal cancer,
SCC of the head and neck, and NSCLC. Several trials have
sought to determine its efficacy in gastroesophageal cancer
with several phase II studies demonstrating improvements
in median overall survival (mOS) in patients with metastatic
gastric cancer supporting further exploration (15-18). The
EXPAND trial sought to examine its use in the front-line
setting for metastatic gastric and gastroesophageal junction
(GEJ) adenocarcinoma. This phase III trial included 904
patients and compared the combination of cisplatin and
capecitabine with or without cetuximab and demonstrated
a trend towards inferior median progression free survival
(mPFS) (4.4 vs. 5.6 months; HR 1.09; 95% CI, 0.92-1.29;
P=0.32) and inferior mOS (9.4 vs. 10.7 months; HR
1.00; 95% CI, 0.87-1.12; P=0.95). Toxicities were similar
between the two arms except for an increased incidence of
a rash with cetuximab use (19). Cetuximab has also been
examined in the neoadjuvant setting in the phase II/1I1
SCOPE-1 trial. Patients with resectable esophageal cancer
were randomized to receive chemoradiotherapy (CRT)
(capecitabine and cisplatin) alone or CRT with cetuximab.
The trial was ended prematurely, prior to the phase III
portion, because the trial met criteria for futility after
demonstrating inferior mOS (22.1 vs. 25.4 months; HR
1.53;95% CI, 1.03-2.27; P=0.035) (20).

Another anti-EGFR mAb, panitumumab, has also been
examined in gastroesophageal cancer. The REAL-3 trial
examined this agent in conjunction with chemotherapy in
untreated locally-advanced or metastatic gastroesophageal
adenocarcinoma. This phase II/III trial randomized
503 patients to receive panitumumab with modified
epirubicin, oxaliplatin, and capecitabine (EOX) versus
placebo with EOX. The addition of panitumumab to
modified EOX demonstrated inferior mOS when compared
to EOX (8.8 vs. 11.3 months; HR 1.37; 95% CI, 1.07-
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Figure 1 Monoclonal antibodies and tyrosine receptor kinase inhibitors and their targets in gastroesophageal cancer—mesenchymal-

epithelial transition (MET), hepatocyte growth factor (HGF), vascular endothelial growth factor (VEGF), epidermal growth factor receptor
(EGFR), human epidermal growth factor 2 (HER?2), claudin-18 isoform 2 (Claudin 18.2), rapidly accelerated fibrosarcoma (Raf), mammalian

target of rapamycin (mTOR).

1.76; P=0.013). Furthermore, despite dose-reductions in
oxaliplatin and capecitabine, toxicities were increased with
panitumumab, particularly grade 3-4 diarrhea (17% uvs.
11%), rash (11% vs. 1%), and mucositis (5% vs. 0%) (21).
Panitumumab has also been examined in the neoadjuvant
setting for resectable esophageal adenocarcinoma.
Panitumumab was given in combination with docetaxel and
cisplatin with concurrent radiotherapy in a phase II study
with 70 patients and demonstrated a pathologic complete
response (pCR) of 33% and near-pCR of 20.4%; however,
this was associated with significant toxicity as 48.5% had
grade 4 toxicity with a 3.7% operative mortality (22). Given
the significant toxicity, the authors argued that this regimen
should not be further evaluated in a phase I1I trial.

A third anti-EGFR mAb, nimotuzumab, has been
evaluated in combination with cisplatin and S-1 (CS). Both
of these agents are approved for the treatment of metastatic
gastroesophageal cancer in many Asian countries, as front-
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line treatment for unresectable or metastatic gastric cancer.
In a phase II trial, 62 patients were randomized to receive
nimotuzumab plus CS versus CS alone and unfortunately
resulted in no improvement in the overall response rate
(ORR) (54.8% wvs. 58.1%; P=0.798), inferior mPFS (4.8 vs.
7.2 months; HR 2.136; 95% CI, 1.19-3.83; P=0.011), and
inferior mOS (10.2 vs. 14.3 months; HR 1.776; 95% CI,
0.97-3.25; P=0.062) (23).

As in NSCLC, the failure of mAbs to improve outcomes
in patients prompted trials testing novel EGFR TKIs.
Erlotinib and gefitinib are small molecule TKIs; the latter
of which demonstrated activity with a signal for benefit
in phase II trials (24,25). In a phase III study, gefitinib
monotherapy was compared to BSC in patients with
metastatic esophageal cancer after failure of two lines of
chemotherapy and one line of chemoradiotherapy. Gefitinib
demonstrated a modest improvement in mPFS (1.57 vs.
1.17 months; HR 0.80; 95% CI, 0.66-0.96; P=0.020),
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but no improvement of mOS (3.73 vs. 3.67 months; HR
0.90; 95% CI, 0.74-1.09; P=0.29) (26). Gefitinib was also
examined in the neoadjuvant setting in the treatment of
locally-advanced gastroesophageal cancer in combination
with cisplatin and fluorouracil with concurrent radiotherapy
followed by maintenance and showed no difference in
locoregional control (77% vs. 76%, respectively; P=0.006)
or distant metastatic control (40% vs. 32%, respectively;
P=0.33) (27). Furthermore, 48% of patients were intolerant
of maintenance gefitinib secondary to increased rates of
toxicity.

Despite the high prevalence of EGFR overexpression
in gastroesophageal cancers, EGFR-targeted therapies
have been largely disappointing when examined in large
randomized trials. 7able 1 summarizes the landmark trials
without improvement in outcomes. Neither improvement
in mPFS nor mOS has been demonstrated and except for
use in a clinical trial these agents currently have no role in
the treatment of gastroesophageal cancer.

Human epidermal growth factor 2 (HER2)

HER? is a protein encoded by the ErbB2, and like EGFR,
is a member of the ErbB family. Dimerization leads
to downstream activation of signaling pathways which
modulate gene expression driving cell cycle progression,
proliferation, resistance to apoptosis, and tumorigenesis (39).
Akin to breast cancer, HER2 has become an attractive
target in the treatment of gastroesophageal cancer in which
a large subset of cases exhibit HER2 amplification, resulting
in HER2-receptor overexpression in up to 30% of cases (40).

‘Trastuzumab, a mAb targeting HER2, was approved in
2010 for front-line use in combination with chemotherapy
for metastatic, HER2-positive gastric and GE]
adenocarcinoma based on the results of the ToGA trial (41).
In this phase III trial, 584 patients were randomized to
trastuzumab with a fluoropyrimidine and cisplatin versus
a fluoropyrimidine with cisplatin only. HER2-positivity
was defined as 3+ on immunohistochemistry (IHC) or
a HER2:CEP17 ratio of 2 or greater by fluorescence
in situ hybridization (FISH). The addition of trastuzumab
to chemotherapy led to an improvement in mPFS
(6.7 vs. 5.5 months; HR 0.71; 95% CI, 0.59-0.85;
P=0.0002) and mOS (13.8 vs. 11.1 months; HR 0.74; 95%
CI, 0.60-0.91; P=0.0046). Furthermore, the trastuzumab
arm demonstrated an improvement in the duration of
response (6.9 vs. 4.8 months; HR 0.53; 95% CI, 0.40-0.73;
P<0.0001), ORR (47% wvs. 35%; P=0.0017), and a prolonged
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time to progression (T'TP) (7.1 vs. 5.6 months; HR 0.70;
95% CI, 0.58-0.85; P=0.0003) (41). Trastuzumab was
generally well-tolerated without any overall difference in
adverse effects. Post hoc analyses revealed that patients
with high HER2-positive disease, defined as IHC 2+ with
FISH positivity or IHC 3+, derived the most benefit from
trastuzumab while an IHCs of 0 or 1+ were unlikely to
benefit regardless of FISH positivity (41).

The phase III HELOISE trial evaluated the efficacy of
higher doses of trastuzumab for the treatment of metastatic
gastroesophageal cancer. The rationale for this trial was
the post hoc finding that patients in the ToGA trial with
the lowest quartile of the trastuzumab serum trough
concentration had a shorter mOS. It was theorized that
higher doses of trastuzumab would lead to an increase
in serum trough levels to improve mOS (42). Patients
were randomized to receive the standard loading-dose of
trastuzumab at 8 mg/kg followed by maintenance 6 mg/kg
versus a dose-escalated maintenance dose of 10 mg/kg.
While serum concentrations were increased, this trial
showed no improvement in mOS (10.6 vs. 12.5 months;
HR 1.24; 95% CI, 0.86-1.78; P=0.2401) with comparable
toxicity profiles (43). Other subsequent trials have sought
to evaluate different fluoropyrimidine and platinum
combinations with trastuzumab in an effort to reduce side
effects (44-46). The results from these trials suggested that in
combination with trastuzumab, fluorouracil or capecitabine,
and cisplatin or oxaliplatin can be used interchangeably
without significant reduction in efficacy.

In the last decade, the discovery of immune checkpoint
inhibition has been considered a major breakthrough
in the treatment of cancer; however, its success as a
monotherapy in gastroesophageal cancer has been modest
when compared to its use in other cancers. In an attempt to
improve outcomes, immunotherapy is now being examined
in combination with cytotoxic chemotherapies and targeted
therapies. Janjigian et 4/. examined the use of trastuzumab
in combination with pembrolizumab with a platinum and
a fluoropyrimidine in 37 patients with metastatic gastric,
esophageal, or GE]J cancer regardless of program cell
death ligand 1 (PD-L1) expression. The primary endpoint
was achieved in this phase II trial, with 26 of 37 patients
(70%) remaining progression free at 6 months (47). This
promising data is being further examined in the phase III
clinical trial, KEYNOTE-811 (48).

Given its success in metastatic HER2-positive disease,
trastuzumab has been examined in both the neoadjuvant and
adjuvant settings. Safran ez a/. examined the neoadjuvant use
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Table 1 Landmark trials with non-significant improvement or inferior outcomes
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Author (date), study Treatment regimen Tgtal Patlen.t ORR/CR mPFS (months), mOS (months), HR,
name patients  population HR, P value P value
Lordick et al. [2013], Cetuximab with Cisplatin & 904 G, GEJ 30%/<1%; 4.4 vs. 5.6; HR 9.4 vs. 10.7; HR
EXPAND (19)" Capecitabine vs. Placebo with 29%/<1% 1.09, P=0.32 1.00, P=0.95

Cisplatin & Capecitabine
Waddell et al. [2013]; Panitumumab with EOX vs. 503 GE 52%/2%; 6.0vs. 7.4; HR 8.8 vs. 11.3; HR
REAL-3 (21)" Placebo with EOX 45%/3% 1.22, P=0.068 1.37, P=0.013
Thuss-Patience, et al. Trastuzumab emtansine vs. 345 G 20%/NR; 2.7vs. 2.9; HR 7.9vs. 8.6; HR 1.15,
[2017]; GATSBY (28)% Docetaxel or Paclitaxel 19%/NR 1.13, P=0.31 P=0.86
Tabernero et al. [2018]; Pertuzumab with Trastuzumab 780 G, GEJ 56%/NR; 8.5vs. 7; HR0.73, 17.5vs. 14.2; HR
JACOB (29)" & Cisplatin with Capecitabine 48%/NR P=0.0001 0.84, P=0.057

or 5-FU vs. Placebo with

Trastuzumab & Cisplatin with
Capecitabine or 5-FU
Hecht et al. [2016]; Lapatinib with Capecitabine & 545 GE 53%/NR,; 6.0 vs. 5.4; HR 12.2 vs. 10.5; HR
TRIO-013/LOGIC (30)°"  Oxaliplatin (CapeOx) vs. Placebo 39%/NR 0.82, P=0.0381 0.91, P=0.3492
with CapeOx
Satoh et al. [2016] Lapatinib with paclitaxel vs. 261 G 27%/NR; 5.4vs. 4.4; HR 11.0vs. 8.9; HR
TyTAN (31)* placebo with paclitaxel 8%/NR 0.85, P=0.2441 0.84, P=0.1044
Ohtsu et al. [2011] Bevacizumab with Cisplatin and 774 G 46%/1%; 6.7 vs. 5.3; HR 12.1vs. 10.1; HR
AVAGAST (32)" Capecitabine or 5-FU vs. Placebo 37%/1% 0.80, P=0.0037 0.87, P=0.1002
with Cisplatin and Capecitabine or
5-FU

Shah et al. [2017]; Onartuzumab with 5-FU, 562 G, GEJ 53%/1%; 6.8 vs. 6.7; HR 11.3 vs. 11.0; HR
METGastric (33)' Leucovorin, Oxaliplatin (FOLFOX) 44%/1% 0.90, P=0.43 0.82, P=0.24

vs. Placebo with FOLFOX
Catenacci et al. [2017]; Rilotumumab with Epirubicin, 609 G, GEJ 29%/1%; 5.6 vs. 6.0; HR 8.8 vs. 10.7; HR
RILOMET-1 (34)" Cisplatin, & Capecitabine (ECX) vs. 44%/3% 1.26, P=0.83 1.34, P=0.003

Placebo with ECX

Ohtsu et al. [2013]; Everolimus vs. BSC only 656 G 4%/<1%; 1.7vs. 1.4;HR 5.4 vs. 4.3; HR 0.90,
GRANITE-1 (35)F 2%/0% 0.66, P<0.001 P=0.124
Al-Batran et al. [2017]; Everolimus with Paclitaxel vs. 300 G, GEJ 8.0%/NR; 2.1vs. 2.2; HR 5.1vs. 6.1; HR 0.92,
RADPAC (36) Placebo with Paclitaxel 7.3%/NR 0.88, P=0.3 P=0.48
Van Cutsem et al. AZDA4547 vs. Paclitaxel 71 G 2.6%/0%; 1.8vs. 3.5, HR 49vs. 4.6; HR1.31,
[2017]; SHINE (37)* 23.3%/0% 1.57, P=0.958 P=0.816
Bang et al. [2017]; Olaparib with paclitaxel vs. 643 G 24%/2%; 3.7vs. 3.2;HR  8.8vs. 6.9; HR0.79,
GOLD (38) Placebo with paclitaxel 16%/<1% 0.84, P=0.065 P=0.026

§, HER2-positive only; T, first-line setting; * second-line or further setting. NR, not reported; BSC, best supportive care; G, gastric, GEJ,

gastroesophageal junction; GE, gastroesophageal.

of trastuzumab with paclitaxel, carboplatin and concurrent
radiotherapy in locally-advanced HER2-positive esophageal
adenocarcinoma. This phase III study enrolled 571 patients
and found no improvement in mOS (38.5 vs. 38.9 months;
HR 1.01; 95% CI, 0.69-1.47) (49). The phase I TOXAG
trial, trastuzumab combined with oxaliplatin, capecitabine
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and concurrent radiotherapy was given to HER2-positive
gastric or GEJ adenocarcinoma patients who had undergone
curative resection. This trial completed accrual in October
2019 and preliminary results showed that 90.3% of patients
tolerated the combination regimen, but efficacy findings are
pending (50). As in the MAGIC trial, several studies have
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attempted to incorporate trastuzumab into perioperative
chemotherapy regimens. The NeoHX study combined
trastuzumab with capecitabine and oxaliplatin (CapeOx)
while HER-FLOT combined trastuzumab with docetaxel,
oxaliplatin, 5-FU, and leucovorin (FLOT). These phase 11
trials demonstrated a pCR of 8.3% and 22.2%, respectively,
and has prompted ongoing phase III trials with similar
treatment backbones (51-53).

Trastuzumab emtansine (T-DMI) is an antibody-
drug conjugate combining trastuzumab with emtansine, a
microtubule polymerization inhibitor. In the phase II/I1I
GATSBY trial, T-DM1 was compared to taxane for use in
the second-line setting for HER2-positive, unresectable,
locally advanced, or metastatic gastric and GE]
adenocarcinoma. Of the 228 patients assigned to receive
T-DM1, 173 (76%) had previously received trastuzumab.
The GATSBY trial failed to improve mOS (7.9 vs.
8.6 months; HR 1.15; 95% CI, 0.87-1.51; P=0.86) (28). In
the phase I/IT TRAX-HER?2 trial, T-DM1 was compared
to T-DM1 with capecitabine in HER2-positive locally-
advanced or metastatic gastric cancer after progressing
on one or more lines of trastuzumab-based therapy and
ultimately found no statistical difference in ORR (44.4%
vs. 36.3%; P=0.336) (54). The role of T-DM1 in patients
who have progressed on trastuzumab is unclear and further
investigation is needed.

Trastuzumab deruxtecan (DS-8201) is an antibody-
drug conjugate combining trastuzumab with deruxtecan,
a topoisomerase I inhibitor. In the phase II DESTINY-
Gastric01 trial, 187 patients with previously treated HER2-
positive advanced gastric cancer were randomized at a 2:1
ratio to DS-8201 or physicians’ choice of chemotherapy.
DS-8201 demonstrated a higher ORR (51% wvs. 14%,
P<0.001) along with an improved mOS (12.5 vs. 8.4 months;
HR 0.59; 95% CI, 0.39-0.88; P=0.01). The most common
adverse effects included myelosuppressive along with
drug-induced interstitial lung disease or pneumonitis (55).
Currently, the ongoing phase II trial, DESTINY-Gastric02,
is examining the second-line use of DS-8201 after receiving
first-line trastuzumab (56).

Pertuzumab, a mAb targeting a different epitope of
HER2 than trastuzumab, was examined in the first-
line setting in the JACOB trial. This phase III trial
examined the addition of pertuzumab to trastuzumab
with chemotherapy (i.e., a fluoropyrimidine, cisplatin)
versus placebo with trastuzumab and chemotherapy in
patients with metastatic, HER2-positive gastric or GE]
adenocarcinoma. This study demonstrated no significant
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improvement in mOS (17.5 vs. 14.2 months; HR 0.84; 95%
CI, 0.71-1.00; P=0.057) (29). There are several phase II
trials evaluating the use of pertuzumab in combination with
trastuzumab in the neoadjuvant and perioperative setting
such as the INNOVATE and Petrarca, respectively (57,58).
The final results of Petrarca were recently presented
and demonstrated that the addition of pertuzumab and
trastuzumab to FLOT leading to a significantly improved
pCR (35% wvs. 12%, P=0.02) and pathological lymph
node negativity in HER2-positive esophagogastric
adenocarcinoma (58). Other mAb targeting HER2 that
are currently under investigation includes ZW25 and
margetuximab (59,60).

Lapatinib is a dual antagonist of both HER2 and
EGFR and was studied as first-line therapy for metastatic
gastroesophageal adenocarcinoma in the phase III LOGiC/
TRIO-013 trial which compared lapatinib with CapeOx
to CapeOx alone. The addition of lapatinib led to a non-
significant improvement in mOS (12.2 vs. 10.5 months;
HR 0.91; 95% CI, 0.73-1.12; P=0.3492) and mPFS (6.0 vs.
5.4 months; HR 0.82; 95% CI, 0.68-1.00; P=0.0381) (30).
Lapatinib was also examined in the second-line setting in
combination with paclitaxel versus paclitaxel alone in the
phase III Ty TAN trial. This trial enrolled 261 Asian patients
with unresectable or metastatic gastric cancer. While the
addition of lapatinib improved ORR (OR 3.85, P<0.001),
it failed to improve mOS (11.0 vs. 8.9 months; HR 0.84;
95% CI, 0.64-1.11; P=0.1044), mPFS (5.4 vs. 4.4 months;
HR 0.85; 95% CI, 0.63-1.13; P=0.2441), or TTP (5.5 vs.
4.4 months; HR 0.80; 95% CI, 0.59-1.08; P=0.1321) (31).

HER? is one of the few successes in targeted therapies
in the treatment of gastroesophageal cancers. The
improvement in outcomes in the ToGA trial led to the
incorporation of trastuzumab in the first-line setting when
treating metastatic, HER2-positive disease (41). Table 2
summarized the landmark trials demonstrating improvement
in outcome. Currently, there are ongoing trials examining
the use of trastuzumab with and without pertuzumab
in resectable, HER2-positive disease. Furthermore,
immunotherapy is also being examined in combination
with trastuzumab-based regimens in the treatment of
gastroesophageal cancers (49).

Vascular endothelial growth factors (VEGF)

Angiogenesis is recognized as a key aspect of tumor growth,
progression, and metastasis. VEGEF, a key mediator of
this process; binding several transmembrane tyrosine
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Table 2 Landmark trials with significant improvement in outcomes
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Author (date), study Treatment regimen Tc.)tal Pat|eth ORR/CR mPFS (months), mOS (months), HR,
name patients  population HR, P value P value
Bang et al. [2010], Trastuzumab with cisplatin & 584 G, GEJ 47%/5%; 6.7vs.5.5;HR0.71, 13.8vs. 11.1; HR
ToGA (41)%" Capecitabine or Fluorouracil (5-FU) 35%/2% P=0.0002 0.74, P=0.0046
Fuchs et al. [2014], Ramucirumab vs. BSC only 355 G, GEJ 3%/<1%; 2.1vs. 1.3; HR 5.2 vs. 3.8; HR
REGARD (61)* 3%/0% 0.483, P<0.0001 0.776, P=0.47
Wilke et al. [2014], Ramucirumab with paclitaxel vs. 665 G, GEJ 28%/<1%; 4.4 vs. 2.9; HR 9.6 vs. 7.4; HR
RAINBOW (62)* placebo with paclitaxel 16%/<1% 0.635, P<0.0001 0.807, P=0.017
Pavlakis et al. [2016], Regorafenib vs. BSC only 152 G, GEJ 3%/NR; 2.6vs.0.9;HR 0.40, 5.8vs. 4.5; HR 0.74,
INTEGRATE (63)* 2%/NR P<0.001 P=0.147
Li et al. [2016] (64)* Apatinib vs. BSC only 267 G, GEJ 3%/NR; 2.6vs.1.8;HR 0.44, 6.5vs. 4.6; HR0.71,
0%/NR P<0.001 P=0.015
Sahin et al. [2019], Zolbetuximab with Epirubicin, 161 G, GEJ 39%/NR; 7.5vs. 5.3; HR 0.44, 13.0vs. 8.4; HR
FAST (65)" Oxaliplatin, Capecitabine (EOX) vs. 25%/NR P<0.0005 0.56, P=0.0008

Placebo with EOX

NR, not reported; BSC, best supportive care; G, gastric; GEJ, gastroesophageal junction; GE, gastroesophageal; %, HER2-positive only; ',

first-line setting; *, second-line or further setting.

kinase receptors (i.e., VEGFR-1 and VEGFR-2), and
inducing angiogenesis. Hence, both VEGF and VEGFR
family members have become attractive targets for cancer
therapeutics.

Early studies with bevacizumab, a mAb targeting
VEGEF-A, showed promising preclinical activity which
eventually led to the phase III AVAGAST trial where
774 treatment-naive patients with inoperable, locally
advanced or metastatic gastric or GE]J adenocarcinoma
were randomized to fluoropyrimidine and cisplatin with
or without bevacizumab (32). The trial demonstrated
a small improvement in mPFS (6.7 vs. 5.3 months; HR
0.80; 95% CI, 0.68-0.93; P=0.0037) and a non-significant
improvement in mOS (12.1 vs. 10.1 months; HR 0.87;
95% CI, 0.73-1.03; P=0.1002) (32). Preplanned subgroup
analysis of regional differences in outcomes revealed
improved mOS in patients from North American and
Latin American (11.5 vs. 6.8 months; HR 0.63; 95% CI,
0.43-0.94); however, Asian patients saw no benefit which
was attributed to regional differences in presentation
and management of gastric cancr (32). Bevacizumab has
also been evaluated for perioperative use for resectable
gastroesophageal cancer in the MAGIC-B/STO03 trial.
In this phase II/III trial, 1,063 patients were treated
with perioperative epirubicin, cisplatin, and capecitabine
(ECX) with or without bevacizumab. Again, there was no
improvement in 3-year OS (48.1% wvs. 50.3%, respectively;
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HR 1.08; 95% CI, 0.91-1.29; P=0.36) with increased wound
healing complications (12% wvs. 7%) and higher incidence of
grade 3 neutropenia in the bevacizumab arm (66).
Ramucirumab, an anti-VEGFR2 mAb, was examined
in the first-line setting in the treatment of metastatic
gastroesophageal cancer in the RAINFALL trial. In this
phase III trial, 645 patients with metastatic, HER2-negative
gastric or GEJ adenocarcinoma were randomized to receive
ramucirumab plus a fluoropyrimidine and cisplatin or
placebo plus a fluoropyrimidine and cisplatin. Ultimately,
this trial failed to demonstrate significant improvement in
mOS (11.2 vs. 10.7 months, HR 0.96; 95% CI, 0.80-1.15;
P=0.6757) and showed only a slight improvement in
mPFS (5.7 vs. 5.4 months; HR 0.75; 95% CI, 0.60-0.93;
P=0.0106) (67). However, in the phase III REGARD trial,
ramucirumab monotherapy was compared against BSC
only in the second-line setting for patients with gastric or
GEJ adenocarcinoma and demonstrated an improvement
in mOS (5.2 s. 3.8 months; HR 0.78; 95% CI, 0.60-0.99;
P=0.047) and mPFS (6.7 vs. 5.3 months; HR 0.80; 95% CI,
0.68-0.93; P=0.037) (61). Subsequently, the RAINBOW
trial randomized 665 patients to receive ramucirumab
plus paclitaxel or placebo plus paclitaxel. All patients had
gastric or GEJ adenocarcinoma and had progressed on, or
within 4 months, of first-line fluoropyrimidine-platinum
based chemotherapy with or without an anthracycline.
This phase III trial demonstrated a robust improvement
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in mOS (9.6 vs. 7.4 months; HR 0.81; 95% CI, 0.68-0.96;
P=0.0169) (62). The results of the RAINBOW trial led to
the approval of ramucirumab with paclitaxel in the second-
line setting and is currently the preferred second-line
regimen (62). Ramucirumab is currently being evaluated in
the second-line setting in combination with irinotecan for
patients previously treated with a fluoropyrimidine with or
without a platinum and taxane in the RINDBeRG trial (68).
Ramucirumab is also being evaluate in the second-line
setting in combination with fluorouracil, leucovorin,
and irinotecan (FOLFIRI) in the RIMIRIS trial. This
phase II trial recently completed and demonstrated no
improvement in mOS (6.8 vs. 7.6 months; P=0.77) and a
non-significant improvement in PFS (4.6 vs. 3.6 months;
P=0.12) (69). RAMSES is a phase II/III trial that recently
completed accrual in December 2019 that was examining
the perioperative use of ramucirumab with FLOT and the
results are pending (70).

Ziv-aflibercept is an antibody that binds both VEGF-1
and VEGF-2 which has been approved for use in colorectal
cancer in conjunction with FOLFIRI (71). Given a theoretical
advantage with dual VEGF binding, ziv-aflibercept was
examined in combination with fluorouracil, leucovorin, and
oxaliplatin (FOLFOX) in treatment-naive patients with
metastatic gastroesophageal adenocarcinoma but demonstrated
no improvement in mOS, mPFS, or ORR (72).

Sunitinib and sorafenib are potent multitargeted TKIs,
whose targets include VEGE, and is approved for use in
many different cancers. The efficacy of both TKIs has
been evaluated as monotherapy and in combination with
chemotherapy in refractory disease without improvement
in outcomes and has been associated with significant
toxicities which has prohibited any subsequent phase 111
trials (73-78). Regorafenib is another multitargeted TKI
whose targets include VEGF and is approved for use in
gastrointestinal stromal tumor (GIST), hepatocellular
carcinoma and colorectal cancer. It was evaluated for use
in gastroesophageal cancer in the phase II INTEGRATE
trial. A total of 152 patients with recurrent or metastatic
gastric or GEJ adenocarcinoma refractory to one or more
lines of chemotherapy were randomized at a two-to-one
ratio to regorafenib. This trial found improvement in
mPFS (2.6 vs. 0.9 months; HR 0.40; 95% CI, 0.28-0.59;
P<0.001) with a trend towards survival (5.8 vs. 4.5 months;
HR 0.74; P=0.147) (63). These results have led to the
subsequent INTEGRATE II which is an ongoing phase
III study examining the use of regorafenib in refractory
disease (79). The phase Ib REGONIVO trial examined the
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use of regorafenib with nivolumab 3 mg/kg administered
every two weeks in 50 patients with metastatic gastric or
colorectal cancer who had received two or more lines of
therapy. In gastric cancer, mPFS was 5.6 months (95%
CI, 2.7-10.4 months) and mOS was 12.3 months (95%
CI, 5.3-not reached). The most common grade 3 or more
treatment-related adverse effect was rash (12%), proteinuria
(12%), and palmar-plantar erythrodysesthesia (10%) 80).
REPEAT] a phase Ib trial examining the use of regorafenib
with paclitaxel in the second-line setting, completed accrual
in October 2019 and the results are pending (81).

Apatinib, a TKI targeting VEGFR-2, has been compared
to BSC only in the third-line setting in patients with
chemotherapy-refractory disease. In this phase II study, 144
Chinese patients were randomized to receive BSC only (group
A), apatinib 850 mg daily (group B), or apatinib 425 mg
twice daily (group C) and demonstrated improvement in
mOS in group B (2.50 vs. 4.83 months; HR 0.37; 95% CI,
0.22-0.62; P<0.001) and in group C (2.50 vs. 4.27 months;
HR 0.41; 95% CI, 0.24-0.72; P=0.0017). Furthermore,
there was an improvement in mPFS in both groups (1.40
vs. 3.67 vs. 3.20 months; HR 0.34; 95% CI, 0.18-0.64;
P<0.001). Grade 3 hand-foot syndrome (HFS) occurred
more often in the apatinib arm (4% and 13% in group B
and C, respectively) as well as grade 3 hypertension (9%
and 11% in group B and C, respectively) (82). Subsequently,
a phase III trial examined apatinib 850 mg daily against
BSC only in the third-line setting in 267 patients with
chemotherapy-refractory gastric and GEJ adenocarcinoma
and demonstrated improved mOS (6.5 vs. 4.6 months;
HR 0.71; 95% CI, 0.54-0.94; P=0.015) and mPFS
[2.6 vs. 1.8 months (HR 0.44; 95% CI, 0.33-0.59; P<0.001)].
Like the prior phase II, grade 3 HFS (8.5% vs. 0%) and
hypertension (4.5% wvs. 0%) occurred more often with
apatinib (64). While these results are promising, there is
little experience with apatinib outside of Asia. The phase III
ANGEL study examined the use of apatinib in 460 who had
failed at least two lines of prior therapy. This global study
randomized patients to receive apatinib or placebo. In the
third- and fourth-line setting, apatinib did not demonstrate
any improvement in mOS (5.8 vs. 5.1 months; P=0.485) but
did demonstrate improvement in mPFS (2.8 vs. 1.8 months;
P<0.0001). In fourth-line and beyond use, there was an
improvement in mOS (6.3 vs. 4.7 months; P=0.0195) and
mPFS (3.5 vs. 1.7 months; P<0.0001) (83).

The use of VEGF/VEGFR inhibitors has shown
promise, with ramucirumab with paclitaxel now being
incorporated into the treatment paradigm as the SOC
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second-line regimen in gastroesophageal cancer. Furthermore,
it is currently being explored in the perioperative setting
(62,69). Other agents such as regorafenib and apatinib also have
potential and are currently undergoing further evaluation (79).

Claudin

Claudins are a family of proteins involved in tight cell
junctions which control the influx of molecules between
cells forming epithelium and is highly expressed in
differentiated epithelial cells of the gastric mucosa. Isoform
2 of claudin-18 (CLDN18.2) has been implicated in tumor
development and progression and is present in approximately
50-70% of gastroesophageal tumors. This has spurred
interest to develop mAbs targeting CLDN18.2 (84).

Zolbetuximab, also known as Claudiximab, is a mAb
targeting CLDN18.2 which has been evaluated in the
front-line setting in combination with EOX for advanced or
recurrent, HER2-negative, CLDN18.2 expressing (defined
as greater than 2+ staining with anti-CLDN18 antibodies)
gastroesophageal cancer in the FAST trial. This phase II
trial demonstrated an improved mOS (13.0 vs. 8.4 months;
HR 0.56; 95% CI, 0.40-0.67; P=0.0008) and mPFS (7.5 vs.
5.3 months; HR 0.44; 95% CI, 0.29-0.67; P<0.0005) (65).
This convincing data served as the basis for the ongoing
phase III SPOTLIGHT trial which is examining the role of
zolbetuximab with FOLFOX versus FOLFOX alone in the
front-line setting for patients with advanced or metastatic,
HER2-negative, CLDN 18.2-expressing gastroesophageal
cancer (85). The results are much anticipated as it will help
determine what role CLDN18.2 inhibition will play in the
treatment of gastroesophageal cancer.

Mesenchymal-epithelial transition (MET)

The MET oncogene encodes the protein c-Met, also
called tyrosine-protein kinase Met or hepatocyte growth
factor receptor (HGFR), which plays an essential role in
embryonic development, organogenesis, as well as tissue
repair and regeneration. However, in gastroesophageal
cancer, overexpression of MET promotes cell proliferation,
survival, and metastasis and is associated with a poor
prognosis and more aggressive phenotype (86).
Onartuzumab is a mAb that binds to the extracellular
domain of MET which prevents binding to its ligand,
HGE, and thus preventing intracellular signaling. In the
phase III METGastric trial, treatment-naive patients with
metastatic, HER2-negative, MET-positive (membranous
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and cytoplasmic staining of 1+ or greater on IHC) gastric
or GEJ adenocarcinoma were randomized to treatment
with FOLFOX versus FOLFOX plus onartuzumab.
Unfortunately, the addition of onartuzumab with FOLFOX
did not improve mOS or mPFS (33).

Rilotumumab is a mAb that selectively targets HGF
and blocks downstream cell proliferation, migration,
and survival pathways. A phase Ib/II study compared
rilotumumab versus placebo in combination with ECX for
front-line use in patients with locally-advanced or metastatic
gastroesophageal cancers and demonstrated improved
mPFS and mOS independent of MET status. Of note,
in a subgroup analysis of patients with MET-positive (at
least 25% of tumor cells with membrane staining of 1+ or
greater intensity by IHC) tumors were found to have longer
mPFS and mOS (87). These results led to RILOMET-1,
a phase III study that assessed rilotumumab with ECX
versus placebo with ECX for front-line use in patients with
advanced MET-positive gastric or GEJ adenocarcinoma.
Disappointingly, the study failed to demonstrate an
improvement in mOS (8.8 vs. 10.7 months; P=0.003) or
mPFES (5.6 vs. 6.0 months; P=0.016) and the study treatment
was stopped early after an independent review found a
higher number of deaths and toxicity in the rilotumumab
arm (34). In both studies, the authors noted that MET
overexpression on IHC inadequately selected the optimal
patient population. Other explanations for the negative
results were that targeting of MET signaling did not
fundamentally affect tumor behavior or cancer outcomes
and that alternative targeting in the MET pathway may
be more fruitful. Given these findings, a role for MET-
targeted therapy in the treatment of gastroesophageal
cancer remains undetermined.

Mammalian target of rapamycin (nTOR)

Phosphatidylinositol 3-kinase (PI3K) and mTOR are
activated in 30% and 60% of gastric cancers, respectively (88).
Dysregulation of the mTOR pathway is associated with
chemotherapy-resistance and decreased survival (89).
Everolimus, an oral mTOR inhibitor, has been shown to
inhibit downstream signaling molecules, cell proliferation,
tumor growth and vascularization and has shown clinical
benefit and tolerability in various cancers. A phase II
study evaluated everolimus in patients with advanced
gastric cancer after progression on one or two lines of
chemotherapy and showed a disease control rate of 54.7%,
mPES of 2.7 months, and mOS of 10.1 months; however,

Ann Transl Med 2020;8(17):1104 | http://dx.doi.org/10.21037/atm-20-3265



Page 10 of 15

no complete or partial responses were obtained (90).
Everolimus has also been studied as a monotherapy and
in combination with paclitaxel after progression on first-
line treatment in the phase III GRANITE-1 and RADPAC
studies, respectively. In both studies, everolimus was
examined in patients with advanced gastric cancer who
had progressed after one or more lines of therapy and
failed to demonstrated improvement in mPFS or mOS and
was associated with increased toxicity when compared to
paclitaxel alone (35,36). It is felt that the identification of a
biomarker for various patient subpopulations with gastric
cancer would help define and predict who would derive
the most benefit from everolimus—an ongoing biomarker
analysis of patients in GRANITE-1 is eagerly anticipated to
help answer this question (35).

Fibroblast-growth factor receptor (FGFR)

The FGFR is a family of heparin-binding growth factor
receptors that promote angiogenesis, cell proliferation,
survival, migration and invasion, thus representing another
potential therapeutic target. AZD4547 is a selective FGFR-
1-3 inhibitor which has been evaluated in the second-line
setting in patients with advanced gastric adenocarcinoma
displaying FGFR-2 polysomy or gene amplification
by FISH. In the phase II Shine study, 71 patients were
randomized 3:2 (FGFR2 gene amplification) or 1:1 (FGFR2
polysomy) to receive AZD4547 or paclitaxel. This study
failed to meet its primary endpoint by demonstrating a
trend towards inferior mPFS (1.8 vs. 3.5 months; HR 1.57;
P=0.9581) and noted marked intratumor heterogeneity
of FGFR2 amplification and poor concordance with
amplification and polysomy (37). Currently, the role of
FGFR inhibitors in the treatment of gastroesophageal
cancer is unclear with further investigation ongoing.

Poly(ADP-Ribose) Polymerase (PARP)

Olaparib is an oral PARP inhibitor that inactivates PARP
upon its binding to single-strand DNA breaks. This
effectively prevents repair and generates DNA replication
blocks leading to double-strand DNA breaks. Olaparib has
shown clinical benefit in targeting tumors with deficiencies
in double-strand DNA break repair such as such as those
caused by homologous recombination repair deficiencies,
for example in patients with BRCA 1/2 mutations (91,92).
In a phase II trial, involving Asian patients with advanced
gastric cancer, olaparib combined with paclitaxel showed an
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improvement in mOS (13.1 vs. 8.3 months; HR 0.56; 80%
CI, 0.41-0.75; P=0.005) when compared to paclitaxel alone
in the second-line setting. Half of the control and study
arms were determined to have low ataxia telangiectasia
mutated (ATM) levels on IHC and this population had a
greater improvement in mOS (P=0.002) (93). Subsequently,
the randomized phase III GOLD trial was conducted
to determine efficacy of olaparib with paclitaxel in the
second-line setting of Asian patients with advanced, ATM-
negative gastric cancer. Unfortunately, this trial did not
demonstrate any significant improvement in mOS (8.8 vs.
6.9 months; HR 0.79; 97.5% CI, 0.63-1.00; P=0.026) (38).
PARP inhibition has been promising in other cancers;
however, its role in treatment of gastroesophageal cancer is
undetermined, requiring further studies to evaluate higher
dosing, its use in BRCA-mutated populations, or patients
previously treated with platinum-containing regimens.

Conclusions

While the use of targeted therapies have been successful
in the treatment of cancers, making their way into front-
line use in treatment paradigms for breast, colorectal,
kidney, lung, melanoma, prostate, thyroid and certain
hematological cancers, gains in gastroesophageal cancer
have been more modest with few instances of success.
Trastuzumab has found a role in combination with
chemotherapy for front-line use in HER2-positive disease
while ramucirumab with paclitaxel is the preferred second-
line regimen in progressive disease. These targeted
therapies are currently being evaluated for use in other
settings—resectable disease, first- or second-line in
combination with other chemotherapeutics, targeted
therapies such as pertuzumab, or immunotherapies. Other
agents, such as apatinib, regorafenib and zolbetuximab
have shown promising phase II results and are currently
being evaluated in larger randomized trials in hopes of
further improving outcomes.
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