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Background

In the United States, cancers of the esophagus are uncommon 
but aggressive. In 2017, an estimated 16,940 patients  
will be diagnosed, with an estimated 15,690 deaths from this 
disease (1). These poor outcomes notwithstanding, survival 
has actually improved over time. In the period from 1975 
to 1977 and 2000 to 2007, 5-year survival for esophageal 
cancer has increased from 5% to 19%. This likely reflects 
improved outcomes with primary surgical management 
and the now accepted and standard usage of neoadjuvant 

chemotherapy or chemoradiation combined with surgery. In 
the palliative setting, improvements in chemotherapy have 
largely been incremental.

Scientific rationale for targeted therapies

Most investigators believe that the potential for making 
significant progress lies in understanding and exploiting 
the molecular biology of these tumors. The focus of 
recent study has shifted toward testing newer agents that 
target specific molecular abnormalities known to occur in 
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esophagogastric cancers (EGCs).
Gene expression profiling of 296 EGCs from a Western 

population by Dulak et al. found amplified genes in 37% 
of samples, including in several of the therapeutically 
targetable kinases that are discussed here [specifically 
epidermal growth factor receptor (EGFR), Her2 and 
MET], along with fibroblast growth factor receptor and 
K-ras (2). A similar analysis of 193 tumors (mostly from 
Singapore and East Asia) also identified amplifications of the 
exact same five targets (3). On the other hand, mutations in 
the K-ras and B-raf oncogenes, which are common in some 
other solid tumors, are rare in EGCs (4).

Therefore, the molecular targets of agents that are currently 
under active clinical evaluation include Her2, vascular 
endothelial growth factor (VEGF) or its receptor, MET and its 
ligand, hepatocyte growth factor (HGF), mammalian target of 
rapamycin (mTOR) and poly (ADP-ribose) polymerase (PARP) 
and claudin 18.2 (CLDN18.2) (Figure 1).

EGFR

EGFR or ERBB1 is a member of the ERBB transmembrane 
growth factor receptor family, which initiates signal 
transduction by activation of a receptor-associated tyrosine 
kinase (TK); ERBB also includes ERBB2 (Her2), ERBB3 
and ERBB4 (5). Downstream pathways activated by 
signaling through this family include the MAP kinase 
pathway and the PI3K/Akt pathway.

In EGCs, EGFR overexpression by immunohistochemistry 
(IHC) or gene amplification by fluorescent  in situ 
hybridization (FISH) occur in 30–90% of tumors and 
correlate with increased invasion, a more advanced stage, 
and a more poorly differentiated histology and a worse 
prognosis (6-9).

Anti-EGFR monoclonal antibodies (cetuximab 
and panitumumab)

Four completed phase III trials of cetuximab and 
panitumumab have been reported or published. Individually, 
each of these studies has been negative; collectively, they 
have dampened enthusiasm for further evaluation of these 
drugs in an unselected population.

In the metastatic setting, two studies have been 
published. The REAL3 study randomized 553 patients 
with advanced EG adenocarcinoma to EOC (epirubicin/
oxaliplatin/capecitabine) chemotherapy alone or the 

addition of panitumumab (10). Unfortunately, the addition 
of panitumumab resulted in a statistically significant 
inferior OS [11.3 vs. 8.8 months, hazard ratio (HR) =1.37, 
P=0.013], which was the primary end-point. The addition 
of panitumumab also resulted in a trend toward inferior 
progression-free survival (PFS) (6.0 vs. 7.4 months, 
HR =1.22, P=0.068) and did not improve RRs (46% vs. 
42%, P=0.42). Toxicities were also increased with adding 
panitumumab and included higher rates of grade 3/4 diarrhea,  
mucositis, rash and hypomagnesemia, all class-effects of 
anti-EGFR mAbs.

These disappointing results cannot be easily explained. 
One possibility is that increased toxicities seen when 
panitumumab was initially added to full-dose EOC 
chemotherapy led to dose reductions in oxaliplatin (by 23%)  
and capecitabine (by 20%). These dose reductions in 
chemotherapy—coupled with a lack of biologic benefit or 
even harm from the addition of panitumumab—could have 
resulted in the inferior OS in the experimental arm.

Similarly, EXPAND, a phase III trial of 904 patients with 
advanced EG adenocarcinoma treated with capecitabine/
cisplatin with or without cetuximab, also failed to show a 
benefit in PFS, the primary end-point (4.4 vs. 5.6 months, 
HR =1.09, P=0.32) (11). RRs (30% vs. 29%, P=0.77) and 
OS (9.4 vs. 10.7 months, P=0.95) were also not improved. 
There was no difference in the primary outcome based on 
EGFR expression by IHC. Again, toxicities were increased 
in the cetuximab arm, including grade 3/4 diarrhea, rash, 
hand-foot syndrome and hypomagnesemia.

While all of these studies have focused on adenocarcinoma 
histology, a German randomized phase II study evaluated 
5-FU/cisplatin with or without cetuximab in 62 esophageal 
SCC patients (12). The RR rate was not improved with the 
addition of cetuximab (19% vs. 13%, P=0.79) and there was 
only a trend toward improved time-to-treatment-failure 
(3.4 vs. 1.6 months, P=0.25) and OS (9.5 vs. 5.5 months,  
P=0.32). Despite these equivocal results, a phase III study 
was initiated in Germany to randomize patients to 5-FU/
cisplatin with or without panitumumab. The study was closed 
after an interim analysis demonstrated futility and results just 
presented in abstract form show no improvement in survival 
and increased toxicities for adding panitumumab (13).

In the locally advanced setting, two studies have 
evaluated the addition of cetuximab to chemoradiation 
for locally advanced esophageal and GE junction (GEJ) 
tumors. The U.K. SCOPE-1 study treated 258 patients 
with capecitabine/cisplatin and radiation with or without 
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Figure 1 Targeted therapies in esophagogastric cancer. EGFR, epidermal growth factor receptor; VEGFR, vascular endothelial growth 
factor receptor; HER2, human epidermal growth factor receptor 2; HGF, hepatocyte growth factor; mTOR, mammalian target of 
rapamycin; PARP, poly (ADP-ribose) polymerase; CLDN18.2, claudin 18.2; NK, natural killer.

cetuximab (14). Seventy-three percent of patients had SCC 
histology and 60% had stage III disease. The study was 
stopped after a pre-planned analysis of the first 180 patients 
who had completed 24 weeks of follow-up occurred because 
it met pre-determined criteria for futility. The primary 
endpoint of being treatment-failure free at 24 weeks was 
lower in the cetuximab-arm [66.4%, 90% confidence 
interval (CI): 58.6–73.6] vs. the standard arm (76.9%, 90% 
CI: 69.7–83.0). The patients who received cetuximab also 
had inferior OS (22.1 vs. 25.4 months, HR =1.45, P=0.035).

Finally and most recently, the results of the Radiation 
Therapy Oncology Group (RTOG) 0436 study were 
presented in abstract form (15). This study evaluated 
cisplatin/paclitaxel and radiation with or without cetuximab 
in the non-operative setting for locally advanced esophageal 
SCC and adenocarcinoma. There was no difference in 

outcomes between both arms, confirming a lack of benefit 
for cetuximab combined with chemoradiation.

Other anti-EGFR mAbs

Matuzumab is another humanized anti-EGFR mAb. In a 
randomized phase II study, 72 patients with advanced EG 
adenocarcinoma received ECX chemotherapy (epirubicin/
cisplatin/capecitabine) with or without matuzumab (16). Its 
addition did not improve RRs or survival outcomes.

Nimotuzumab is  a lso a  humanized anti-EGFR 
mAb. A phase II study investigating the combination of 
nimotuzumab and irinotecan was negative (17). A Japanese/
Korean phase III study is currently accruing 400 patients 
with GEJ/gastric adenocarcinoma to second-line irinotecan 
with or without nimotuzumab (NCT01813253) but is 
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unlikely to complete accrual given the negative phase II 
results of this combination.

Anti-EGFR tyrosine kinase inhibitors (TKIs)

TKIs are oral agents which lead to complete inhibition of 
EGFR autophosphorylation and signal transduction (18). 
Two oral TKIs, gefitinib and erlotinib, have been investigated 
in advanced EGCs, with negative outcomes. In addition to a 
number of mixed phase II studies (19,20), the phase III COG 
(Cancer Oesophagus Gefitinib) trial enrolled 450 patients, 
who had received ≤2 prior regimens and were randomized to 
gefitinib vs. placebo (21). There was a clinically insignificant 
increase in PFS (49 vs. 35 days, HR =0.795, P=0.017), with 
no improvement in overall survival.

Phase II studies of erlotinib have also not suggested 
activity. A phase II study of second-line erlotinib was 
performed here at Memorial Sloan-Kettering Cancer 
Center (MSKCC) (22). In this study of 30 patients with 
advanced esophageal and GEJ tumors, 2 (7%) had PRs 
while 10 (33%) had SD. Both patients with a PR had 
SCC histology (2 of 13 patients vs. 0 of 17 patients with 
adenocarcinoma), EGFR overexpression and nodal-
limited disease. Median TTP was longer in SCC vs. 
adenocarcinoma patients (3.3 vs. 1.6 months, P=0.026).

The Southwest Oncology Group (SWOG) performed a 
phase II study of erlotinib as first-line therapy for gastric/
GEJ adenocarcinoma. The patients were stratified into a 
GEJ (44 patients) and gastric (26 patients) stratum (23). 
There were no responses in the patients with gastric 
primaries. In the GEJ stratum, the RR was 9% (1 complete 
response or CR and 3 PRs). The median OS was 3.5 and  
6.7 months for the gastric and GEJ strata respectively.

It is clear from these studies evaluating both erlotinib 
and gefitinib, they do not have much activity as single-
agents in EGCs.

Anti-HER2 therapy

Her2 is another member of the ERBB TK receptor family. 
Ligand binding to these receptors leads to dimerization of a 
receptor either with itself or another member of the ERBB 
family. At least nine such homo- and heterodimers exist. In 
this network, Her2 plays a major coordinating role since 
each receptor with a specific ligand appears to prefer Her2 
as its heterodimeric partner. This preference is further 
biased by overexpression of Her2, as seen in many types of 
human cancer cells (24).

In EGCs, Her2 over-expression has been variably 
demonstrated in esophageal SCC (mean 23%, range, 
0–52%) and GEJ adenocarcinoma (mean 22%, range, 
0–43%) (25,26). The wide range of expression reflects the 
differences in receptor testing based on IHC or FISH, as 
well as the varied cancer stages of patients.

The significance of Her2 expression as a prognostic/
predictive marker is unclear. In esophageal SCC, Her2 
over-expression has been correlated with extramural 
invasion, poor response to neoadjuvant chemotherapy 
and inferior 5-year survival (27). However, a more recent 
study from the Mayo Clinic suggested that Her2 over-
expression is actually associated with a lower tumor grade, 
fewer malignant lymph nodes and the presence of Barrett’s 
esophagus (28). In gastric and GEJ adenocarcinoma, some 
studies have demonstrated a correlation between Her2 
amplification as determined by FISH with increasing depth 
of invasion, lymph node and distant organ metastasis and 
overall poor survival (29). The worse prognosis conveyed by 
Her2 positivity appears to be confirmed by a meta-analysis 
of 49 studies involving 11,337 patients with localized and 
metastatic tumors (30).

However, more recent studies not included in this meta-
analysis have suggested otherwise. A study by our group 
indicates that Her2 over-expression is more common in 
intestinal vs. diffuse/mixed histology (33% vs. 8%, P=0.001) 
but that it is not an independent prognostic factor in 
the metastatic setting (31). Similarly, patients with Her2 
positive tumors actually had improved RRs and OS in either 
arm of the EXPAND trial compared to patients with Her2 
negative tumors (11).

In the locally advanced setting, large retrospective reviews 
also did not show Her2 to be prognostic or predictive either of 
benefit from peri-operative chemotherapy (in the U.K. MAGIC 
study with epirubicin/cisplatin/5-FU) (32) or from adjuvant 
chemotherapy following up-front surgery (in the Japanese 
ACTS-GC trial with the oral 5-FU pro-drug S-1) (33).

Part of the discrepancy of these results may arise because 
of differences in IHC staining and scoring for Her2. The 
more contemporary studies cited here used IHC and FISH 
techniques similar to those used in the ToGA study (discussed 
below), which may make their conclusions more relevant.

Trastuzumab

Trastuzumab, a mAb against Her2, was the first targeted 
therapy approved by the U.S. Food and Drug Administration 
(FDA) for EGCs. In the pivotal ToGA (Trastuzumab for 
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Gastric Cancer) trial, the addition of trastuzumab to a 
fluoropyrimidine/cisplatin doublet for patients with GEJ and 
gastric adenocarcinomas, whose tumors were Her2 positive 
by IHC (3+) or FISH (Her2/CEP17 ratio ≥2), improved 
outcomes (34). RRs (47% vs. 35%, P=0.0017), median PFS 
(6.7 vs. 5.5 months, P=0.0002) and OS (13.8 vs. 11.1 months,  
P=0.0046) were all improved with the addition of 
trastuzumab. The greatest benefit seen for the addition of 
trastuzumab was in high Her2 over-expressors with IHC 3+ 
or FISH-positive/IHC 2+ patients. Based on this differential 
benefit, trastuzumab is approved in the European Union 
only for this subgroup of high Her2 over-expressors; in the 
U.S., it is approved for any patient who met the eligibility 
criteria for the ToGA study, including patients with FISH-
positive status only.

The phase III trial Heloise study, which was recently 
published, compared standard-of-care trastuzumab (8 mg/kg  
loading followed by 6 mg/kg every 3 weeks) plus chemotherapy  
(cisplatin/capecitabine) with higher-dose (HD) trastuzumab 
(8 mg/kg loading followed by 10 mg/kg every 3 weeks) 
plus chemotherapy in first-line HER2 positive metastatic 
gastric or GEJ adenocarcinoma (35). HD trastuzumab arm 
did not increase efficacy and there was no difference in OS  
(12.5 months in the standard of care trastuzumab arm vs. 
10.6 months in the HD trastuzumab arm, HR =1.24; 95% 
CI: 0.86−1.78; P=0.2401).

Trastuzumab is currently undergoing evaluation in 
the peri-operative setting. Based on the results of a small 
phase I study, the RTOG 1010 study (NCT01196390) is 
randomizing patients with Her2-positive esophageal and 
GEJ adenocarcinomas to pre-operative chemoradiation with 
carboplatin/paclitaxel with or without trastuzumab. Patients 
in the trastuzumab arm also receive adjuvant trastuzumab 
for one year following surgery. In addition, a German group 
has completed accrual to the single-arm phase II HerFLOT 
study (NCT01472029), which is evaluating the pathologic 
complete response rate of pre-operative 5-FU/leucovorin/
oxaliplatin/docetaxel and trastuzumab; patients on this study 
also receive adjuvant trastuzumab.

Other anti-HER mAbs

Building on the results of the ToGA study and mirroring 
strategies and drugs that have proven to be beneficial in 
Her2-positive breast cancer, other anti-Her2 antibody 
strategies are currently undergoing phase III evaluation. 
Trastuzumab emtansine (T-DM1) is an antibody-drug 
conjugate of trastuzumab and DM1 (a microtubule inhibitor 

derived from maytansine), which has been approved by the 
FDA for use in Her2-positive breast cancer that is refractory 
to trastuzumab and a taxane, based on the phase III EMILIA 
study (36). T-DM1 binds to Her2, releasing DM1 into the 
cytoplasm via receptor-mediated internalization and resulting 
in apoptosis. The randomized phase II/III GATSBY trial 
compared T-DM1 vs. docetaxel/paclitaxel in the second-
line treatment of Her2-positive metastatic gastric cancer 
progressing on trastuzumab based therapy (37). Results 
revealed no improvement in OS (7.9 vs. 8.6 months, P=0.86) 
or PFS (2.7 vs. 2.9 months, P=0.31) for patients treated with 
trastuzumab emtansine compared with patients treated with 
a taxane and the proportion of patients who achieved an 
objective response was 20·6% vs. 19·6%.

Pertuzumab is a humanized monoclonal antibody that binds 
to the domain II dimerization arm of Her2, leading to inhibition 
of Her2 dimerization with other ErBB family members 
and antibody dependent cell-mediated cytotoxicity (38,39).  
Pertuzumab was initially FDA-approved in combination 
with trastuzumab and docetaxel for previously untreated 
Her2-positive breast cancer on the basis of the CLEOPATRA 
study (40).

The phase II JOSHUA study randomized 30 Her2-
positive EG adenocarcinoma patients to two different doses 
of pertuzumab in combination with capecitabine/cisplatin 
and trastuzumab (41). Fifteen patients received pertuzumab 
at a dose of 840 mg every 3 weeks for 6 cycles and the 
other 15 patients received 840 mg of pertuzumab for cycle 
1 followed by 420 mg every 3 weeks for the next 5 cycles. 
Both doses reached the pre-defined trough concentrations 
of pertuzumab on day 43. The disease-control rates 
(complete plus partial response plus stable disease) at the 
end of 6 cycles were 82% and 100% respectively in each 
arm. Toxicities appeared to be similar in both arms and 
diarrhea, mostly grade 1/2, was the most common toxicity. 
The higher dose of 840 mg every 3 weeks was selected 
for the ongoing phase III JACOB study (NCT01774786), 
which has completed accrual and is randomizing 780 
patients to fluoropyrimidine/cisplatin and trastuzumab with 
or without pertuzumab.

Similar to trastuzumab, the incorporation of pertuzumab 
to a trastuzumab/chemotherapy backbone is being 
investigated in the perioperative setting. The PETRARCA 
trial is phase II/III study investigating FLOT vs. FLOT/
trastuzumab/pertuzumab in the perioperative setting. 
Patients will receive 4 cycles pre- and post-surgery 
(NCT02581462) and INNOVATION trial is a phase 
II neoadjuvant study of cisplatin/5FU + trastuzumab ± 
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pertuzumab in patients with Her2+ adenocarcinoma of 
gastric/GEJ origin (NCT02205047).

In addition to blocking Her2, trastuzumab mediates 
antibody-dependent cell-mediated cytotoxicity (ADCC) (42).  
Margetuximab is an anti-Her2 monoclonal antibody that 
binds with elevated affinity to both the lower and higher 
affinity forms of CD16A, an Fc-receptor important for 
ADCC against tumor cells. A phase I study investigated 
margetuximab in patients with Her2+ tumors, 66% of 
whom had been treated with at least 1 line of Her2-directed 
therapy (43). A total of 66 patients were enrolled, 20 of 
which had EGC. The greatest signal of activity was seen 
in breast cancer but 2 (10%) patients with EGC had a PR. 
Margetuximab has entered a phase III trial (SOPHIA) 
in Her2+ breast cancer (NCT02492711). It is also being 
investigated in EGC in a phase I study combined with 
pembrolizumab an anti-PD-1 mAb (NCT02689284).

Lastly, another antibody drug conjugate targeting Her2 
has entered early phase I studies. DS-8201a is composed 
of a humanized IgG1 mAb identical to trastuzumab and a 
derivative of exatecan, which is a topoisomerase I inhibitor 
is used as the cytotoxic component. The drug-to-antibody 
ratio (DAR) for DS-8201a is 8, compared to a DAR of  
3.5 for T-DM1 (44). This results in more drug being 
delivered into the Her2+ cancer cell. A phase I study has 
begun enrollment, testing this drug in both Her2+ EGC 
and breast cancer (NCT02564900).

Anti-HER2 TKI agents

Lapatinib is an oral TKI that has activity against EGFR 
and Her2. To date, results of two phase II evaluations 
of lapatinib have been reported. The SWOG evaluated 
lapatinib as first-line therapy in 47 unselected patients with 
advanced gastric cancer (45). Only 4 patients (9%) had a 
confirmed PR; the median time-to-treatment failure was  
1.9 months and median OS was 4.8 months.

Despite the modest results, the randomized phase 
III TyTAN study evaluated the addition of lapatinib to 
second-line paclitaxel and did show some activity (46). Two 
hundred and sixty-one Asian patients with Her2 positive 
gastric cancer by FISH were enrolled. In the intention-
to-treat population the median OS was not improved, 
however, a planned subset analysis of patients who were 
also 3+ by IHC revealed an OS benefit for lapatinib (14 vs.  
7.6 months, P=0.0176). Patients on this study were 
essentially trastuzumab naive, with only 6% having received 
prior trastuzumab in the lapatinib arm vs. 5% in the 

paclitaxel alone arm.
Ultimately, the question of whether there is clear benefit 

for lapatinib was determined with the results of the phase 
III LOGiC trial (47). This study added lapatinib to first-
line chemotherapy with capecitabine/oxaliplatin for Her2-
overexpressing EGCs. This was a negative trial, with 
no improvement in OS, the primary endpoint (12.2 vs.  
10.5 months; HR =0.91; 95% CI: 0.73−1.12; P=0.3492). 
However, the lapatinib arm showed a statistically significant 
higher response rate (53% vs. 39%; P=0.0031). Also in a 
preplanned exploratory subgroup analysis, Asian patients 
experienced a more pronounced OS benefit (16.5 vs. 10.9 
months; HR =0.68; 95% CI: 0.48−0.96; P=0.0261).

Finally, a trial of a novel pan-ERBB irreversible inhibitor, 
dacomitinib, enrolled 27 Korean patients with advanced 
Her2-positive gastric cancer (48). This was a heavily pre-
treated population and 41% of patients had received ≥3 prior  
chemotherapy regimens; 22% had received prior anti-
Her2 therapy. The response rate was 7.4% and the disease 
control rate (PR plus SD) was 40.7%. Median PFS was  
2.1 months and median OS was 7.1 months. Such survival 
data are promising in such a chemorefractory patient 
population, although gastric cancer patients who have received 
more than three prior chemotherapy regimens and remain 
sufficiently well to participate in a clinical trial are clearly not 
representative of the general treatment population.

VEGF 

Angiogenesis and its targeting with VEGF-directed therapy 
is being investigated in many solid tumor malignancies. 
Folkman and others have provided compelling evidence 
linking tumor growth and metastases with angiogenesis (49).

In esophageal cancer, VEGF is over-expressed in 30–60% 
of patients, with several studies demonstrating a correlation 
between high levels of VEGF expression, advanced stage 
and poor survival in patients undergoing esophagectomy 
(50-54). Similarly, increased VEGF expression on tumors 
and increased serum VEGF levels have been correlated with 
worse prognoses in gastric cancer (55,56).

Anti-VEGF mAb (bevacizumab)

The phase III AVAGAST trial evaluated the addition of 
bevacizumab, a monoclonal antibody against VEGF, to 
capecitabine/cisplatin, as first-line therapy for patients 
with advanced EG adenocarcinoma (57). Results showed 
no improvement in OS, which was the primary endpoint, 
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despite improved RRs and PFS. However, there was a  
non-statistically significant trend toward improved 
survival for the addition of bevacizumab to chemotherapy  
(12.1 vs. 10.1 months, P=0.1002). In a planned subset 
analysis, there did appear to be more benefit for European 
and Pan-American patients than Asian patients.

The contention that gastric cancer in East Asia is 
fundamentally different than in the rest of the world 
was bolstered by a biomarker analysis of the AVAGAST 
study (58). Baseline VEGF-A levels as well as baseline 
levels of neuropilin-1, transmembrane glycoproteins 
involved in angiogenesis and tumor growth, were found 
to be prognostic and predictive. In patients who received 
chemotherapy alone, higher VEGF-A level and lower 
neuropilin-1 expression were associated with shorter OS. 
In patients who received bevacizumab and chemotherapy, 
this same pattern was associated with greater benefit 
from the addition of bevacizumab. Noticeably, the 
relationship between baseline VEGF-A levels and benefit 
from bevacizumab was seen only in non-Asian patients. 
Additional evidence to suggest that bevacizumab may 
offer greater benefits to a Western population comes from 
the two phase II studies performed by our group that 
paved the way for the AVAGAST study (59,60). In both 
of these studies, the addition of bevacizumab to different 
chemotherapy regimens improved survival outcomes 
significantly, compared to historical control.

Anti-VEGF receptor 2 mAb (ramucirumab)

Momentum for the evaluation of anti-VEGF therapies 
in EGC was halted after the AVAGAST trial until the 
results of the phase III REGARD study were made 
available (61). Three hundred and fifty-five patients with 
EG adenocarcinoma with prior progression on first-line 
fluoropyrimidine and/or platinum based chemotherapy 
were randomized 2:1 to receive ramucirumab, an antibody 
against VEGFR2 (which is the main receptor for VEGF-A), 
vs. placebo. PFS (2.1 vs. 1.3 months, HR =0.48, P<0.0001) 
and OS (5.2 vs. 3.8 months, HR =0.78, P=0.047) were 
improved in the ramucirumab arm. There was no difference 
in response rate observed between ramucirumab and 
placebo (3% in both arms). Hypertension was more 
common with the use of ramucirumab, being reported in 8% 
of patients. On the basis of this study, the FDA approved 
ramucirumab as second-line monotherapy in April 2014.

In addition, the phase III RAINBOW study evaluated 
ramucirumab in combination with second-line chemotherapy. 

The trial enrolled 665 patients and randomized them 
to pacl i taxel  with or  without  ramucirumab (62) .  
Median OS was superior for the ramucirumab/paclitaxel 
arm (9.6 vs. 7.4 months, P=0.017); RRs (28% vs. 16%, 
P=0.0001) and PFS (4.4 vs. 2.9 months, P<0.0001) were also 
improved. When combined with paclitaxel, the only other 
toxicity observed in addition to hypertension was a higher 
incidence of grade 3/4 neutropenia (41% vs. 19%) but not a 
higher rate of neutropenic fever (3% vs. 2%). The survival 
in the combination arm compares very favorably with other 
phase III studies that have shown a survival benefit for 2nd-
line taxane [5.2 months in the U.K. COUGAR-02 study (63) 
and 5.3 months in a Korean study where patients received 
either docetaxel or irinotecan (64)]. Survival in these 
chemotherapy-only studies also suggests that single-agent 
ramucirumab conveys a similar survival benefit as single-
agent taxane or irinotecan.

A subset analysis that compared 140 Japanese patients 
on this study with 398 patients from Western countries has 
been published (65). It showed that the Japanese patients 
appeared to derive more benefit in terms of improvements 
in RR and PFS with the addition of ramucirumab. The RRs 
of Japanese patients who received ramucirumab/paclitaxel 
vs. paclitaxel was 41% vs. 19% respectively (P=0.0035) 
compared to 27% vs. 13% respectively (P=0.0004) for 
Western patients. Similarly, the median PFS for Japanese 
patients who received ramucirumab/paclitaxel vs. paclitaxel 
was 5.6 vs. 2.8 months (HR =0.503, P=0.0002) compared 
to 4.2 vs. 2.8 months in Western patients (HR =0.631, 
P<0.0001). However, there was no OS benefit in the 
Japanese patients (11.4 vs. 11.5 months, P=0.5113), whereas 
Western patients did have improved OS (8.6 vs. 5.9 months, 
P=0.0050). This may have been because of the increased 
use of post-discontinuation therapy in Japanese patients 
compared to Western patients (75% vs. 37%). When only 
Japanese patients who did not receive additional therapy 
upon progression were analyzed, those who received 
ramucirumab did have superior OS (9.6 vs. 4.3 months,  
HR =0.338, 95% CI: 0.124−0.922). Whether Japanese 
patients were able to receive more second-line and beyond 
therapy because of a more favorable tumor biology that 
led to a slower decline in performance status, superior 
oncologic care or some other factor is not known.

On the other hand, the results of a randomized 
phase II study of FOLFOX chemotherapy (bolus and 
infusional 5-FU/leucovorin/oxaliplatin) with or without 
ramucirumab as first-line therapy in esophageal and gastric 
adenocarcinoma were negative (66). There was a higher rate 
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of premature discontinuation observed in the ramucirumab 
arm. The reasons for stopping treatment are not clear and 
did not implicate a specific AE. This raises the possibility 
that the addition of ramucirumab to mFOLFOX6 led to 
increased toxicity. In an unplanned subset analysis, there 
was a suggestion that patients with GEJ/gastric tumors who 
came off-study for a reason other that disease progression 
derived more benefit than patients with esophageal 
tumors. It seems doubtful that this represents a meaningful 
distinction since it is difficult clinically to determine if the 
primary tumor truly arises from the esophagus or contacts 
the GEJ.

A number of these unanswered questions will be 
addressed in the phase III study evaluating first-line 
fluoropyrimidine/cisplatin with or without ramucirumab, 
which has completed accrual (RAINFALL; clinicaltrials.gov 
NCT02314117).

Anti-VEGF TKIs

Sunitinib is an oral TKI that has activity against multiple 
receptor kinases including VEGFR. It has undergone 
disappointing single-agent assessment in EGC. In a 
German study, 51 patients with progression on at least 
one prior chemotherapy regimen received sunitinib (67). 
Unfortunately, both the RR (3.9%) and median PFS  
(1.28 months) were low. In another multinational study 
of GEJ and gastric adenocarcinoma (94% of patients had 
gastric tumors), sunitinib administered as second-line 
therapy was associated with similarly low RR (2.6%), PFS  
(2.3 months) and OS (6.8 months) (68). Similarly, 
disappointing results have been noted in a randomized 
phase II study of second-line docetaxel chemotherapy with 
or without sunitinib in 105 Korean gastric cancer patients 
with prior progression on a fluoropyrimidine/platinum  
regimen (69). While RRs were improved in the combination 
therapy arm (41% vs. 14%, P=0.0002), there was only a 
numerically but not statistically significant improvement 
in TTP (3.9 vs. 2.6 months, P=0.206) with the addition of 
sunitinib. Finally, sunitinib has also been studied in the adjuvant 
setting in a phase II study of pre-operative chemoradiation 
fol lowed by surgery and adjuvant sunit inib (70) .  
Of 70 patients who were initially enrolled, 25% did not start 
sunitinib and, of those who received adjuvant therapy, 28% 
discontinued therapy for toxicity. Survival did not appear to 
be clearly improved compared to historical controls.

Sorafenib is another multi-target TKI with activity 
against several targets, including VEGFR-1 and -2.  

In contrast to the negative sunitinib studies,  two 
encouraging single-arm studies combining sorafenib with 
chemotherapy have been performed. In the first study 
sorafenib was combined with docetaxel/cisplatin as first-line 
therapy in 44 patients with metastatic or unresectable gastric 
and GEJ adenocarcinoma (74% had GEJ tumors) (71). The 
RR was 41%, median PFS was 5.8 months, while median 
OS was 13.6 months. Despite these promising outcomes, 
toxicity on this trial appeared to be substantial: 91% of 
patients developed grade 3 treatment-related toxicity. 
The most common grade ≥3 toxicity was neutropenia 
(64%) and there were 2 treatment-related deaths (5%).  
Twenty-three percent of patients discontinued treatment 
because of toxicity.

A Korean phase I study, involving 21 patients with 
advanced gastric/GEJ cancer, evaluated escalating doses 
of sorafenib in combination with capecitabine/cisplatin as 
first-line therapy (72). The RR was 62.5%, with a median 
PFS and OS of 10.0 and 14.7 months respectively. Again, 
hematologic toxicity was substantial (grade 3/4 neutropenia 
in 66.7% of patients but neutropenic fever in only 1 
patient). At MSKCC, we completed a single-arm phase 
II study of sorafenib (NCT00917462) in patients with 
advanced chemorefractory esophageal cancer (with median 
of two prior therapies) (73). In 34 evaluable patients, 
the median PFS was 3.6 months and median OS was  
8.8 months. One patient experienced a durable complete 
response that is ongoing at 40+ months. Overall, 20 of 34 
patients were progression-free at 2 months, which met the 
statistical end-point for this study.

Apatinib, an anti-VEGFR2 TKI, was evaluated in a phase 
III study in 267 Chinese GEJ and gastric adenocarcinoma 
patients who had received ≥2 prior chemotherapy  
regimens (74). Patients were randomized to receive either 
apatinib or placebo. Median OS was significantly improved in 
the apatinib group (6.5 vs. 4.7 months, HR =0.71, P=0.0149), 
as was PFS (2.6 vs. 1.8 months, HR =0.444, P<0.001). 
Responses in the apatinib group were rare (2.84% vs. 0% 
for placebo-treated patients). Toxicities were consistent with 
those of other anti-VEGFR TKIs. On the basis of this study, 
apatinib is approved in China for this indication.

Additional evidence that anti-VEGFR TKIs are active in 
non-Asian patients with EG adenocarcinoma comes from 
a randomized phase II INTEGRATE study of regorafenib, 
another VEGFR2 TKI, which randomized 152 GEJ and 
gastric adenocarcinoma patients from Australia, New 
Zealand, South Korea and Canada who had received ≤2 prior 
regimens in a 2:1 fashion to regorafenib vs. placebo (75).  
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The primary endpoint was PFS, which was improved in the 
regorafenib arm (2.6 vs. 0.9 months, HR =0.40, P<0.001). 
There was a trend toward improved OS (5.8 vs. 4.5 months, 
HR =0.74, P=0.147) and an OS benefit may have been 
obscured by the fact that the study permitted cross-over 
to regorafenib at the time of progression. The grade 3/4 
toxicity rate appears to be similar to those of apatinib. 
Interestingly, the benefit for regorafenib seemed to be 
greater in the South Korean than other patients (HR: 0.12 
vs. 0.61, P<0.001). On the basis of this study, a phase III 
study (INTEGRATE II, clinicaltrials.gov NCT02773524) 
has recently opened in the U.S.

It is worth noting that the hazard ratio for PFS and OS 
are virtually identical for apatinib and regorafenib (and 
very similar for single-agent second-line ramucirumab), 
suggesting a robust anti-angiogenic class effect for these 
drugs in EG adenocarcinoma. It is also important to note 
that none of the patients in these studies received prior 
ramucirumab so it is unclear if VEGFR TKIs will have 
activity in this increasingly common group of patients. 
INTEGRATE II will permit prior ramucirumab and 
will hopefully definitively answer this question. For now, 
especially given its superior toxicity profile relative to the 
VEGFR TKIs, ramucirumab in the second-line setting 
remains standard.

mTOR inhibition

The mTOR serine-threonine kinase, is a downstream 
component of the phosphatidylinositol 3-kinase (PI3K)/Akt 
kinase pathway and has been identified as a new therapeutic 
target for many differing types of cancer. In gastric cancer, 
upregulation of this pathway has been correlated with a 
worse prognosis (76) and may contribute to chemotherapy 
resistance (77).

The oral mTOR inhibitor everolimus demonstrated 
promising efficacy in a phase II study in 53 patients with 
advanced gastric cancer whose disease progressed after 
one or two previous chemotherapy lines (78). The disease 
control rate was 54.7%, median PFS was 2.7 months, 
and median OS was 10.1 months. Based on these results, 
everolimus was investigated in the phase III GRANITE-1 
study, which treated patients with progression on ≤2 prior 
chemotherapy regimens (79). There was no improvement in 
the primary endpoint of OS (median OS: 5.4 vs. 4.3 months, 
HR =0.90; 95% CI: 0.75 to 1.08; P=0.124) or PFS (median 
PFS: 1.7 vs. 1.4 months, HR =0.66; 95% CI: 0.56 to 0.78).

The ability of everolimus to improve the efficacy of 

second-line therapy with paclitaxel, was investigated in a 
randomized phase III study, which enrolled 300 patients (80). 
Results were presented in abstract form earlier this year, 
which showed there was no significant difference in median 
PFS (2.2 vs. 2.07 months, HR =0.88, P=0.3) or median OS 
(6.1 vs. 5.1 months, HR =0.92, P=0.48). The combination of 
paclitaxel and everolimus was tolerated; however, there was 
less mucositis (15.8% vs. 37.2%), neutropenia (13.0% vs. 
27.6%), leukopenia (11.6% vs. 21.4%), thrombocytopenia 
(2.1% vs. 14.5%) and fever (10.3% vs. 20.7%) in the placebo 
arm. Although everolimus failed to improve survival in 
pretreated patients with EGC, future biomarker studies will 
be performed in an attempt to identify subgroups that may 
derive a benefit.

MET inhibition

The TK receptor for HGF is MET, which has become 
a target of interest for EGC (81). The MET oncogene is 
amplified in 10–15% of gastric cancers (82) and the MET 
protein is overexpressed by IHC in approximately 40% of 
EGCs, which has been shown to be a poor prognostic factor 
in EGC (83,84).

Much of the interest in inhibition of this pathway 
comes from the positive results of a phase II study of the 
monoclonal antibody against HGF, rilotumumab (85). In 
this study rilotumumab was combined with chemotherapy 
and met its primary endpoint of improving PFS (5.6 vs. 
4.2 months, HR =0.64, 80% CI: 0.48–0.85). In a subset 
analysis, patients whose tumors overexpressed MET (as 
determined by IHC) appeared to derive more benefit from 
rilotumumab therapy in terms of PFS (6.9 vs. 4.6 months, 
HR =0.53, 80% CI: 0.25–1.13) and OS (11.1 vs. 5.7 months, 
P=0.012). On the basis of these results, a global phase III 
trial (RILOMET-1) was commenced for patients who 
over-expressed MET by IHC (86). The study enrolled 609 
previously untreated patients and randomized them to ECX 
with or without rilotumumab. The study was stopped early 
due a deleterious effect of rilotumumab, with OS (placebo, 
11.5 vs. 9.6 months, rilotumumab), PFS (5.7 months in both 
cohorts) and ORR (placebo, 39% vs. 30% rilotumumab) 
favoring the placebo. No subgroups appeared to benefit 
from rilotumumab, including those with high expression of 
MET.

Another monoclonal antibody targeting MET called 
onartuzumab, failed to demonstrate an improvement in PFS 
when combined with FOLFOX chemotherapy in a phase II 
study in both an unselected population or in a MET IHC-
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positive population (87). As a consequence of these negative 
results the phase III study was stopped after 562 patients were 
enrolled. OS (11.3 vs. 11 months) and PFS (6.8 vs. 6.7 months) 
were similar in the placebo and onartuzumab arms (88).  

There was no benefit seen in the group of patients with 
high expression of MET by IHC.

Anti-MET TKIs

Similarly to MET monoclonal antibody directed therapy, 
early evaluations of MET TKIs have been underwhelming. 
A number of agents have been tested including, crizotinib, 
foretinib and tivantinib, all with negative results.

Tivantinib has been tested in combination with 
FOLFOX chemotherapy in a phase II study (89). The 
combination treatment showed a RR and PFS in the range 
of historical controls for first-line FOLFOX therapy. 
However, 3 patients did have extended time on study  
(16+ months). There are currently no active trials 
investigating this agent further in advanced EGC. Another 
agent called AMG 337, showed very encouraging results 
in a phase 1 study of MET inhibition in solid tumors (90). 
The ORR was 62% (8/13) in patients with EGC. This 
agent subsequently entered phase II testing in advanced 
EGC but was terminated following an interim review of 
efficacy and safety data (NCT02016534); results have yet to 
be presented.

The results of the trials targeting MET in EGC have 
been disappointing, raising doubts about the usefulness of 
further testing agents that inhibit the MET pathway in this 
disease. One possible explanation for the negative results 
with MET inhibition is that patient selection has not been 
correct. Patients have been selected on the basis of IHC, 
which does not distinguish between MET overexpression 
and MET amplification.

The PARP inhibition

Human cells have at least five primary pathways of DNA 
repair, one of which is double-strand break recombinational 
repair,  which includes both non-homologous and 
homologous recombinational (HR) repair (91). The PARP 
are a family of enzymes, which are activated by DNA 
damage and which facilitate DNA repair (92). PARP 
inhibitors trap inactivated PARP onto single-strand DNA 
breaks, preventing repair and leading to double strand 
DNA breaks (93). BRCA-mutated cells are incapable of HR, 
therefore PARP inhibition results in genomic instability 

and cell death. Consistent with this, olaparib, an oral PARP 
inhibitor has demonstrated significant clinical benefit in 
patients with BRCA-mutated tumors, most notably ovarian 
and breast cancer. It is FDA approved for germline BRCA 
mutated advanced ovarian cancer that has received three or 
more prior lines of chemotherapy. The OlympiAD trial was 
published recently, which showed that olaparib improved 
response rates and prolonged PFS by 3 months compared 
to standard chemotherapy in patients with germline BRCA 
mutated metastatic breast cancer who had received ≤2 
lines of therapy (94). However, there is a low prevalence of 
BRCA mutations in gastric cancer. Low ataxia telangiectasia 
mutated (ATM) levels have been shown to be associated 
with olaparib sensitivity (95). In addition, olaparib 
sensitivity was seen in gastric cancer cell lines deficient in 
ATM (96) with approximately 13% to 22% of tumors from 
patients with gastric cancer having low or undetectable 
ATM expression (97). Similar to BRCA mutated cancers, 
tumors low in ATM are an attractive target for PARP 
inhibition.

A phase II study investigated the oral PARP inhibitor 
olaparib combined with paclitaxel versus paclitaxel alone as 
second-line therapy in Asian patients with advanced gastric 
cancer (98). One hundred and twenty-four patients were 
randomly assigned to paclitaxel with olaparib vs. placebo. 
The screening prevalence of ATM low patients was 14%. 
Olaparib did not lead to a significant improvement in PFS, 
the primary endpoint. It did however, significantly improve 
OS vs. placebo in both the overall population (13.1 vs. 
8.3 months, P=0.005) and the ATM low population (not 
reached vs. 8.2 months, P=0.002).

However, in the phase III GOLD trial, olaparib/
paclitaxel did not meet its primary endpoint of improving 
OS in patients with advanced gastric cancer (99). The study 
randomized 525 Asian patients to olaparib plus weekly 
paclitaxel or paclitaxel alone. The co-primary endpoints 
were OS in all patients and OS in patients with ATM 
protein–negative tumors. Median OS was 8.8 months in the 
olaparib arm and 6.9 months in the placebo arm (HR =0.79, 
P=0.0262). In ATM protein-negative patients (n=94), OS was 
12.0 vs. 10.0 months, respectively (HR =0.73, P=0.2458). The 
lack of benefit was seen in both the entire study population 
and in patients selected for ATM protein negativity.

Anti-CLDN 18.2 targeted therapy

Claudins are a family of proteins, which play a role in 
maintaining tight cell junctions. Different claudin subtypes 
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are expressed on different tissues. Claudin 18 isoform 2 
(CLDN18.2) expression in normal tissues is restricted to 
cells of the gastric mucosa and is absent from other healthy 
tissues (100). However, CLDN 18.2 is expressed in 70% of 
primary gastric adenocarcinomas and its metastases (101). 
It has also been shown to be expressed in a number of other 
cancers, including pancreatic (50%), esophagus (30%) and 
NSCLC (25%) (101). The identification of CLDN18.2 on 
gastric cancer became a potential target with the ensuing 
development of a monoclonal antibody against CLDN18.2, 
claudiximab (IMAB362).

Claudiximab is a chimeric IgG1 antibody directed against 
CLDN18.2. Upon administration, claudiximab specifically 
binds to CLDN18.2, which exerts its mechanism of 
action by activation of complement-dependent cellular 
cytotoxicity (CDCC) and antibody-dependent cellular 
cytotoxicity (ADCC). Additionally, it may interfere with the 
biological function of CLDN18.2 in cancer cells, resulting 
in antiproliferative and proapoptotic effects, the exact 
mechanism of which is not precisely known at this time.

A phase I trial investigated claudiximab in combination 
with zoledronic acid and interleukin-2 in patients with 
CLDN18.2+ in EGCs (102). Twenty-eight patients with 
metastatic disease who had received >1 line of therapy were 
enrolled. There were 20 evaluable patients, 11 of which 
achieved disease control, 10 patients had stable disease and 
1 patient had a PR. An encouraging PFS (12.7 weeks) and 
OS (40 weeks) was observed.

The phase II (MONO) study, investigated claudiximab 
as a single agent in 54 patients with advanced disease (103). 
Results showed a response rate of 10%, and the disease 
control rate was 30%.

Most recently, results of the randomized phase II 
(FAST) study were presented (104). This study investigated 
claudiximab as first line therapy in patients with metastatic 
gastric and GEJ cancer. Patients were eligible if their 
tumors expressed CLDN18.2 (defined as ≥2+ in ≥40% 
tumor cells by IHC). Of the 739 patients screened,  
352 (48%) tested CLDN18.2 positive. One hundred and 
sixty-one of these patients were randomized to EOX 
chemotherapy (epirubicin/oxaliplatin/capecitabine) with 
or without claudiximab. The combination of claudiximab 
plus EOX significantly improved PFS (median 7.9 vs.  
4.8 months; HR =0.47; P = 0.0001) and OS (median 13.3 vs. 
8.4 months; HR 0.51, P < 0.001). In an exploratory analysis, 
patients with higher CLDN18.2 expression (defined as ≥2+ 
intensity in ≥70% tumor cells), superior outcomes were 
seen (PFS, 7.2 vs. 5.6 months; HR =0.36; P = 0.0005; OS, 

16.6 vs. 9.3 months; HR 0.44, P < 0.0005). The objective 
response rate was also higher in the claudiximab arm (39% 
vs. 25%). Vomiting was the most frequent toxicity reported 
in the claudiximab arm (grade 1/2 vomiting rates were 
55.8% vs. 34%, while grade 3/4 vomiting rates were 10.4% 
vs. 3%). The results for claudiximab are very promising and 
results of the confirmatory phase III trial, which is due to 
open later this year, will be eagerly anticipated. In addition 
to combining claudiximab with chemotherapy, combination 
of claudiximab with immune stimulating therapies e.g., 
checkpoint inhibitors or agents that stimulate natural killer 
(NK) cells, will be worth pursuing, given that claudiximab 
exerts its main effect through stimulation of CDCC and 
ADCC.

Conclusions

Targeted therapy for EGC has seen an unprecedented 
growth as a result of our better understanding of the 
molecular mechanisms involved in esophagogastric 
tumorigenesis. Demonstration of the benefit of adding 
trastuzumab to first-line chemotherapy for patients with 
Her2 positive tumors was an important milestone. Since 
then, strategies that have been successful in Her2-positive 
breast cancer, have failed in EGC. The one remaining 
study, the phase III JACOB study with pertuzumab, has yet 
to be presented.

More recently, the approval of ramucirumab as second-
line monotherapy has expanded options for our patients. 
However, phase III studies of anti-EGFR mAbs and TKIs 
have been uniformly negative and have severely dampened 
enthusiasm for further evaluation of any currently available 
anti-EGFR therapy in this disease. Similarly, phase III 
studies investigating both mTOR and MET inhibition have 
resulted in negative findings and it is hard to justify further 
testing of these targets in EGC going forward.

Despite a negative phase III study of PARP inhibition 
wi th  o lapar ib ,  PARP target ing  warrants  fur ther 
investigation, possibly in combination with other targeted 
therapies or immune checkpoint inhibition and in a 
biomarker-selected population. The identification of 
CLDN18.2 and its targeting with claudiximab is very 
promising and accrual to the phase III will likely be swift.

In the future, these and other trials aim to clarify the 
role of these targeted therapies, both as single agents 
in combination with established treatments in both the 
metastatic and peri-operative setting. It is hoped that these 
biologically-plausible trials, which incorporate informative 
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correlative components, will further our understanding 
of the biology of EGCs and add to the armamentarium 
available to treat them.
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