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Abstract: Treatment of advanced gastroesophageal cancers remains challenging for clinicians, patients,

and caregivers alike. Despite considerable research, the therapeutic armamentarium is restricted and hardly

personalized. In the first-line setting, trastuzumab with a fluoropyrimidine and platinum agent is the

standard-of-care in patients with HER2-positive tumor. For the others, a platinum-based doublet (preferably

with oxaliplatin) is recommended. Three-drug cytotoxic regimens should be reserved for exceptional cases

where patients have good performance status. Triple combinations produce higher toxicity and provide

marginal advantage. In the second line setting, the combination of paclitaxel and ramucirumab is preferred

over all others. Currently, nothing is approved in the 3" or later line. Nivolumab has resulted in an improved

benefit in an Asian trial. Early trials of TAS-102, STAT?3 inhibitors, anti-claudin 18.2 and other immune

checkpoint inhibitors (alone or in combination) are ongoing. However, development of reproducible

biomarkers for patient enrichment is critical for future progress.
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Introduction

Gastric and esophageal cancers are respectively the 3"
and the 6™ most common cause of cancer-related death
worldwide (1), essentially because the majority patients
are diagnosed in advanced, stage, resulting in a five-
year survival rate of 18.8% and 30.6% for esophageal
cancer and gastric cancer (GC), respectively (2). Systemic
chemotherapy remains the backbone therapy for advanced
gastroesophageal cancer but its efficacy is disappointing,
with median overall survival (OS) not exceeding
12 months and often <10 months. The anti-HER2 antibody
trastuzumab was the first example of modestly successful
therapy based on enrichment (3). Anti-angiogenic agents
have also produced modest benefit but without patient

© Annals of Translational Medicine. All rights reserved.

selection in the second (4) and third-line (5) settings.
Immune system modulating agents are actively being
studied in these diseases and expectations are high as one
phase TIT trial in the 3™ and later line has produced survival
advantage in Asian patients (6). Other therapeutic targets
have emerged such as claudin18.2 or STAT3. Fortunately,
the clinical trial infrastructure for gastroesophageal cancer
research is strong and many trials can be completed in a

timely manner.

HER2-positive tumors
Trastuzumab

The epidermal growth factor receptor (EGFR) family of
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genes is involved in human carcinogenesis, by stimulating
several pathways leading to increased proliferation
and migration, as well as impaired differentiation and
apoptosis (7). Each receptor consists of an extracellular
domain, an intracellular domain with kinase activity and
a short, lipophilic, transmembrane domain (8). EGFR
(receptor I) is activated by ligand binding and induces
downstream signaling that involves the Ras/Raf/mitogen-
activated protein kinase and phosphatidylinositol-3
kinase/protein kinase-B/mammalian target of rapamycin
(PI3K/Akt/mTOR) pathways (9). The HER2-receptor
(receptor II) has no known ligand (10). The HER2-
receptor can be activated either by homodimerization or
heterodimerization with other members of the EGFR
family. Overexpression of the HER2-receptor is often
associated with cell tumorigenesis and cell proliferation. In
a meta-analysis conducted in 17,494 GC patients, HER?2
positive rate was 19.1%, even if it seemed slightly lower in
Europe than in Asia (respectively 16.9% vs. 19.5%) (11).
In this study, it was associated with a poorer prognosis,
with a relative risk (RR) of death of 1.47 [95% confidence
interval (CI), 1.09-1.98]. The College of American
Pathologists, the American Society for Clinical Pathology,
and the American Society of Clinical Oncology recently
published guidelines for HER2 testing in gastroesophageal
adenocarcinoma (ADK) (12). In summary, pathologists
should first perform immunohistochemistry (IHC). In case
of HER?2 positivity (3+) or negativity (0 or 1+), no further
test is required. If the IHC results are equivocal (2+), an
in situ hybridization method is warranted, and a ratio of
HER? signal to CEP17 (centromere) of 2.0 or greater is
considered positive. An increase in gene copy number in
the absence of at least 2+ staining by IHC is considered a
negative result (HER2 negative).

Trastuzumab is a monoclonal antibody that binds to
the extracellular domain of the HER2 receptor leading
to antibody-dependent cellular cytotoxicity, inhibition
of downstream HER?2 signaling (13). In 2010, Bang et al.
reported a phase III study evaluating trastuzumab in
combination with chemotherapy versus chemotherapy
alone for patients with HER2-positive advanced gastric or
gastroesophageal junction (GEJ) adenocarcinoma (ToGA
trial) (3) (Table 1). The median OS was 13.8 months for the
experimental arm compared to 11.1 months for the control
arm [hazard ratio (HR) =0.74; 95% CI, 0.60-0.91]. Overall
response rate (ORR) was also significantly increased in the
trastuzumab arm (47% vs. 35%, P=0.0017). Patients who
had tumor with either 3+ overexpression by IHC or IHC
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2+ with gene amplification derived more benefit than other
subgroups. However, the US FDA analyzed data with a
longer follow up and found that initial median OS and HR
differences reduced considerably (29). In the ToGA trial, 5%
of the patients in the trastuzumab arm experienced a 210%
drop in left ventricular ejection function (LVEF) to an
absolute value <50%. This was consistent with the incidence
rate of LVEF decrease in breast cancer patients treated with
trastuzumab, which was 7.5% in a meta-analysis published
in 2011 (30).

Due to a more favorable safety profile without efficacy
compromise, substitution of cisplatin by oxaliplatin is a
desirable in most patients (31). To date, two single-arm
phase II studies have combined trastuzumab, oxaliplatin
and capecitabine in patients with HER2-positive advanced
gastric cancer (AGC) (32,33). The results were similar
to initial ToGA results (32,33). Pre-clinical studies
showed synergism between oxaliplatin and trastuzumab
due to a downregulation of the excision repair cross-
complementation group 1 (ERCCI) protein (34).

S-1 is an oral anticancer drug that combines tegafur, a
pro-drug of 5-fluorouracil (5-FU), with two modulators
(gimeracil and oteracil) (35), which seems to have a better
safety profile than 5-FU or capecitabine (36). Japanese
phase III trials showed that S-1 was non-inferior to 5-FU
and that 5-weekly S-1 plus cisplatin regimen was superior
to S-1 alone in AGC patients (16,37). S-1 plus cisplatin with
trastuzumab has also been reported with reasonable results
in non-randomized studies (38-40). S-1 in combination is a
standard first-line treatment of AGC in Japan and it is also
approved by the EMA but it is investigational in the USA.

The maintenance of anti-HER?2 is often used in breast
cancer patients without the lack of strong evidence (41,42).
Data in AGC are scarce (43), but a randomized phase
II trial is currently evaluating the issue of maintenance
in non-progressive patients (NCT02678182) (Table 2).
In metastatic colorectal cancer, continuation of anti-
angiogenic therapy in second-line despite progression is a
standard-of-care (44). To our knowledge, no randomized-
controlled trial (RCT) assessed this concept in AGC.
However, in a retrospective study conducted in 43
patients treated at the MD Anderson Cancer Center,
continuation of trastuzumab beyond disease progression
was associated to a median progression free survival
(PFS) of 5 months and a median OS of 11 months (45).
In another French retrospective multicenter study,
continuation (n=39) versus discontinuation (n=65) of
trastuzumab beyond progression was significantly associated
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Table 1 Selected first-line phase II and III trials for advanced gastroesophageal cancers

Trial/author Phase Target Regimens Nc?. of Median OS HR Median PFS HR ORR

patients (month) (95% Cl) (month) (95% Cl) (%)

Al-Batran (14) 1} - FOLFOX 112 10.7 NR 5.8 NR 34.8

LV5FU2 + cisplatin 108 8.8 3.9 24.5

FFCD 0307 (15) 1l - ECX then FOLFIRI 209 9.5 1.01 (0.82-1.24) 5.3 0.99 (0.81-1.21) 39.2

FOLFIRI then ECX 207 9.7 5.8 37.8

SPIRITS (16) 11l - S-1 + cisplatin 149 13.0 0.77 (0.61-0.98) 6.0 0.57 (0.44-0.73) 54.0

S-1 150 11.0 4.0 31.0

REAL2 (17) I - ECF 263 9.9 NR 6.2 NR 40.7

ECX 250 9.9 6.7 46.4

EOF 245 9.3 6.5 42.4

EOX 244 11.2 7.0 47.9

V325 (18) I - DCF 221 9.2 1.29 (1.00-1.60) NR NR 37.0

Cisplatin + 5-FU 224 8.6 NR 25.0

Wang (19) 11l - mDCF 119 10.2 0.71 (0.52-0.97) 7.2 0.58 (0.42-0.80) 48.7

Cisplatin + 5-FU 115 8.5 4.9 33.9

Hironaka (20) Il - SOX 47 18.4 0.59 (0.37—0.93)T 8.3 0.60 (0.35-1 .02)T 66.0

S-1 + cisplatin 48 12.6 0.76 (0.47-1 .24)t 5.6 0.52 (0.30—0.88)1 46.0

S-1 + leucovorin 47 15.6 4.2 43.0

ToGA (3) 1 HER2  FP/XP + trastuzumab 294 13.8 0.74 (0.60-0.91) 6.7 0.71 (0.59-0.85) 47.0

FP/XP 290 11.0 55 35.0

LOGIC (21) I HER2 XELOX + lapatinib 272 12.2 0.91(0.73-1.12) 6.0 0.82 (0.68 -1.00) 53.0

XELOX 273 10.5 5.4 39.0

AVAGAST (22) 11l VEGF  XP + bevacizumab 387 121 0.87 (0.73-1.03) 6.7 0.80 (0.68-0.93) 46.0

XP + placebo 387 10.1 5.3 37.0

EXPAND (23) I EGFR XP + cetuximab 455 9.4 1.00 (0.97-1.17) 4.4 1.09 (0.92-1.29) 30.4

XP 449 10.7 5.6 30.4

REALS3 (24) 11l EGFR EOX + panitumumab 276 8.8 1.37 (1.07-1.76) 6.0 1.22 (0.98-1.52) 46.0

EOX 266 11.3 7.4 42.0

RILOMET-1 (25) I HGF ECX + rilotumumab 304 9.6 1.36 (1.05-1.75) 5.7 1.27 (1.05-1.62) 30.0

ECX + placebo 305 11.5 5.7 39.2

METGastric (26) I MET FOLFOX + 283 11.0 0.82 (0.59-1.15) 6.7 0.90 (0.71-1.19)  46.0
onartuzumab

FOLFOX + placebo 279 11.3 6.8 41.0

Table 1 (continued)
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Trial/author Phase Target Regimens No. of Median OS HR Median PFS HR ORR

9 9 patients  (month) (95% Cl) (month) (95% Cl) (%)

PHOENIX-GC 1l - IP paclitaxel + S-1 + 122 17.7 0.72 (0.49-1.04) NR NR 53.0
27) paclitaxel

S-1 + cisplatin 61 15.2 NR 60.0

FAST (28) I CLDN18.2 EOX +IMAB362 84 13.2 0.51 (0.36-0.73) 7.9 0.47 (0.31-0.70) 25.0

EOX 77 8.4 4.8 39.0

T versus S-1 + cisplatin; * versus S-1 + leucovorin. OS, overall survival; PFS, progression free survival; HR, hazard ratio; ORR, overall
response rate = complete response rate + partial response rate; NR, not reported; FOLFOX, 5-FU + leucovorin + oxaliplatin; LV5-FU2,
5-FU + leucovorin; ECX, epirubicin + cisplatin + capecitabine; FOLFIRI, 5-FU + leucovorin + irinotecan; ECF, epirubicin + cisplatin + 5-FU;
EOF, epirubicin + oxaliplatin + 5-FU; EOX, epirubicin + oxaliplatin + capecitabine; DCF, docetaxel + cisplatin + 5-FU; mDCF, modified DCF;
TEF, docetaxel + oxaliplatin + 5-FU + leucovorin; TEX, docetaxel + oxaliplatin + capecitabine; TE, docetaxel + oxaliplatin; SOX, S-1 +
oxaliplatin; FP, 5-FU + cisplatin; XP, capecitabine + cisplatin; XELOX, capecitabine + oxaliplatin; IP, intraperitoneal.

with an increase on PFS (4.4 vs. 2.3 months; P=0.002) and
OS (12.6 vs. 6.1 months; P=0.001) (46). Finally, a Chinese
multicenter prospective observational cohort study showed
that continuation of trastuzumab beyond progression
after first line-therapy improved PFS but not OS (47).
In previously treated and progressive HER2-positive
tumor patients, the association of trastuzumab, MK-2206
(Akt-inhibitor) and paclitaxel showed significant clinical
activity in phase I studies despite prior HER2-directed
therapy (48,49). However, further evaluation is needed for
considering trastuzumab continuation beyond progression
in our daily practice.

In HER2-positive AGC patients who did not receive
trastuzumab in first line, the latter could be considered
in the second-line. No phase III study assessed this issue,
but a Japanese phase II study was recently published (50).
Forty-seven patients with unresectable or recurrent
gastric ADK, previously treated (without trastuzumab
or taxane), received paclitaxel and trastuzumab. ORR
was 37%, median PFS and OS were respectively 5.1 and
17.1 months. Safety profile was not different compared to
the first-line setting.

T-DM1

T-DMI1 is an antibody-drug conjugate of trastuzumab
and emtansine (DM1), a microtubule inhibitor. This
component delivers cytotoxic drugs directly to cancer
cells, and demonstrated promising anti-tumor effect in
preclinical models (51). In the advanced breast cancer
setting, T-DM]1 has been associated with significant
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efficacy and minimal toxicity even in heavily pretreated
patients (52). GATSBY trial was a randomized phase
II/1IT study evaluating T-DMI1 vs. taxane (docetaxel or
paclitaxel) in patients with HER2-positive AGC who
progressed during or after first-line therapy (53) (Table 3).
Among the 415 included patients, nearly 80% had
previously received anti-HER2 therapy. Median OS
(primary endpoint) was not improved with T-DM1
compared to taxane treatment (respectively 7.9 wvs.
8.6 months; P=0.86). ORRs were also similar, around
20% in both arms. Incidence of grade 3 or more adverse
events (mainly hematologic toxicity) was slightly lower in
the experimental group compared to the control group
(60% and 70% respectively). As a consequence, T-DM1
cannot be considered as a second-line treatment option
for patients with HER2-positive AGC.

Lapatinib

Lapatinib is a tyrosine kinase inhibitor (TKI) targeting
intracellular domain of HER2 and EGFR, and prevents
activation of PI3K and Ras pathways. Efficacy was suggested
in HER2-positive GC animal models (68), but the activity
in human studies was modest (69). In the LOGIC phase
IIT trial, lapatinib was evaluated with capecitabine and
oxaliplatin in treatment-naive patients with advanced
HER2-positive tumors (21). Median OS (primary endpoint)
and PFS were not significantly improved with lapatinib,
compared to the control arm.

In the Ty TAN phase III study, 261 Asian patients with
advanced HER2-FISH amplified GC, progressive after

atm.amegroups.com Ann Transl Med 2018;6(4):78
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Table 2 Selected ongoing and recently completed trials for advanced gastroesophageal cancers
Trial NCT identifier Line Phase Control arm Experimental arm(s) Target(s)
JACOB NCT01774786 First I} XP or FP + trastuzumab + Pertuzumab HER2
GASTFOX NCT03006432 First 1} FOLFOX TFOX -
SOLAR NCT02322593 First 1] S-1 + cisplatin TAS-118 + oxaliplatin -
RAINFALL NCT02314117 First 11l XP + Ramucirumab VEGFR2
NCT03130790 First 171 FOLFOX + Varlitinib EGFR, HER2, HER4
NCT01746771 First I/ - Poziotinib + trastuzumab EGFR, HER2, HER4
+ paclitaxel
GAMMA-1 NCT02545504 First 11l FOLFOX + Andecaliximab MMP9
KEYNOTE-062 NCT02494583 First I} XP or FP + Pembrolizumab or PD-1
pembrolizumab alone
PLATFORM NCT02678182 Maintenance Il Trastuzumab Surveillance or PD-L1
capecitabine or
durvalumab
ARMANI NCT02934464 Maintenance I} FOLFOX or XELOX Ramucirumab VEGFR2
+ paclitaxel
Gastric 100 NCT02625610 Maintenance I} FOLFOX or XELOX Avelumab PD-L1
NCT01522768 Second 1l - Afatinib + paclitaxel EGFR, HER2, HER4
REPEAT NCT02406170 Second I/1 - Regorafenib VEGFR1, VEGFR2, TIE2
+ paclitaxel
ENRICH NCT01813253 Second I} Irinotecan + Nimotuzumab EGFR
BRIGHTER NCT02178956 Second 1} Paclitaxel + Napabucasin STAT3
KEYNOTE-181 NCT02564263 Second I} Paclitaxel or docetaxel or Pembrolizumab PD-1
irinotecan
KEYNOTE-061 NCT02370498 Second I} Paclitaxel Pembrolizumab PD-1
NCT02317991 Second Il - Nab-paclitaxel VEGFR2
+ ramucirumab
NCT02746796 Second 10 SOX or XELOX + Nivolumab PD-1
NCT02689284 > Second I/l - Margetuximab HER2, PD-1
+ pembrolizumab
Tags NCT02500043 > Third I} Placebo TAS-102 -
Gastric 300 NCT02625623 > Third I} Paclitaxel or irinotecan or Avelumab PD-LA1

BSC

XP, capecitabine + cisplatin; FP, 5-FU + cisplatin; FOLFOX, 5-FU + leucovorin + oxaliplatin; TFOX, docetaxel + 5-FU + oxaliplatin; XELOX,
capecitabine + oxaliplatin; SOX, S-1 + oxaliplatin; BSC, best supportive care.

a first-line therapy, were randomly assigned to receive
lapatinib 1,500 mg/day plus paclitaxel 80 mg/m*/week
or paclitaxel alone (61). Almost all patients were previously
treated with trastuzumab (94%). Median OS was not
significantly improved in the lapatinib/paclitaxel group
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compared to the paclitaxel group (11.0 vs. 8.9 months;
P=0.104). As a consequence, this study was closed
prematurely for futility. Similar to the first-line setting,
lapatinib should not be prescribed in patients with AGC
outside clinical trials.
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Table 3 Selected second-line and beyond phase II and III trials for advanced gastroesophageal cancers

No. of Median OS Median PFS
1 i i 0, 0, 0,
Trial/author Phase Line Target (s) Regimens patients  (month) HR (95% Cl) (month) HR (95% CI) ORR (%)
Kang (54) I 2or3 - Docetaxel or 133 5.3 0.66 NR NR 13.4
irinotecan + BSC (0.49-0.89)
BSC 69 3.8 NR NR
Thuss-Patience 1 2 - Irinotecan 21 4.0 0.48 2.6 NR 0.0
(55) (0.25-0.92)
BSC 19 2.4 NR NR
COUGAR-02 (56) I 2 - Docetaxel + BSC 84 5.2 0.67 NR NR 7.0
(0.49-0.92)
BSC 84 3.6 NR NR
WJOG 4007 (57) I 2 - Paclitaxel 111 9.5 1.13 (0.86- 3.6 1.14 20.9
1.49) (0.88-1.49)
Irinotecan 112 8.4 2.3 13.6
JACCRO GC-05 I/l 2 - S-1 + irinotecan 153 8.8 0.99 3.8 0.85 7.6
(58) (0.78-1.25) (0.67-1.07)
Irinotecan 151 9.5 3.4 7.4
DREAM (59) 11l 2 - DHP107 (oral 106 9.7 1.04 3.0 0.86 17.8
paclitaxel) (0.76-1.41) (0.64-1.13)
Intravenous paclitaxel 116 8.9 2.6 254
ABSOLUTE' (60) I 2 - Nab-paclitaxel/3 247 10.3 1.06 (0.87- NR NR NR
weeks 1.31)i
Weekly nab-paclitaxel 246 111 0.97 NR NR NR
(0.76-1.23)"
Weekly solvent-based 248 10.9 NR NR
paclitaxel
GATSBY (53) /101 2 HER2 T-DM1 228 7.9 1.15 2.7 1.13 20.6
(0.87-1.51) (0.89-1.43)
Paclitaxel or docetaxel 117 8.6 2.9 19.6
TyTAN (61) 11l 2 HER2 Lapatinib + paclitaxel =~ 132 11.0 0.84 5.4 0.85 27.0
(0.64-1.11) (0.63-1.13)
Paclitaxel 129 8.9 4.4 9.0
REGARD (62) 11l 2 VEGFR-2 Ramucirumab 238 5.2 0.776 (0.61- 2.1 0.48 3.4
1.00) (0.38-0.62)
Placebo 117 3.8 1.3 3.0
RAINBOW (4) 11l 2 VEGFR-2 Ramucirumab + 330 9.6 0.81 4.4 0.63 27.6
paclitaxel (0.68-0.96) (0.54-0.75)
Placebo + paclitaxel 335 7.4 2.9 16.3
Li (5) 11l =3 VEGFR-2 Apatinib 181 6.5 0.71 2.6 0.44 2.8
(0.54-0.94) (0.33-0.60)
Placebo 92 4.7 1.8 0.0

Table 3 (continued)
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Table 3 (continued)

Page 7 of 19

No. of Median OS Median PFS
1 i H 0, 0, 0,
Trial/author Phase Line Target (s) Regimens patients  (month) HR (95% ClI) (month) HR (95% CI) ORR (%)
INTEGRATE (63) I 2o0r3 VEGFR, Regorafenib 100 5.8 0.74 2.6 0.40 3.0
RET, RAF (0.51-1.08) (0.28-0.59)
Placebo 52 4.5 0.9 2.0
COG (64) 11l >2 EGFR Gefitinib 224 3.7 0.90 1.6 0.80 2.7
(0.74-1.09) (0.66-0.96)
Placebo 225 3.7 1.2 0.4
Satoh (24) Il 2 EGFR Nimotuzumab + 40 7.2 0.99 2.4 0.86 18.4
irinotecan (0.61-1.60) (0.52-1.44)
Irinotecan 43 7.6 2.8 10.3
GRANITE-1 (65) Il 20or3 mTOR  Everolimus + BSC 439 5.4 0.90 1.7 0.66 43
(0.75-1.08) (0.56-0.78)
Placebo + BSC 217 4.3 1.4 2.0
SHINE (66) Il 2 FGFR1-3 AZD4547 41 NR NR 1.8 1.57 NR
(1.12-2.21)
Placebo 30 NR 3.5 NR
GOLD (67) 11l 2 PARP  Olaparib + paclitaxel 263 8.8 0.79 3.7 0.84 24.0
(0.63-1.00) (0.67-1.04)
Placebo + paclitaxel 262 6.9 3.2 15.8
Kang (6) 11l >3 PD-1 Nivolumab 330 5.3 0.63 1.6 0.60 11.2
(0.50-0.78) (0.49-0.75)
Placebo 163 41 1.5 0.0

T, non-inferiority trial; ¥, versus weekly solvent-based paclitaxel. OS, overall survival; HR, hazard ratio; PFS, progression free survival; ORR,
overall response rate = complete response rate + partial response rate; BSC, best supportive care.

Pertuzumab

Pertuzumab is a recombinant, humanized, monoclonal
antibody that targets HER2. It binds to the dimerization
domain of HER2 (70). Pertuzumab with trastuzumab have
significant antitumor activity in HER2-positive human GC
xenograft models (71). The combination of pertuzumab
and trastuzumab is effective for breast cancer patients. A
phase III trial evaluating the value of this combination
with chemotherapy in the first-line treatment in patients
with HER2-positive advanced gastroesophageal cancer has
completed accrual and results are pending (NCT01774786).

Pan-HER TKIs

Afatinib is an oral irreversible pan-HER TKI targeting
HERI1 (EGFR), HER2 and HER4 (72). It demonstrated

© Annals of Translational Medicine. All rights reserved.

antitumor activity in a HER2-positive xenograft mouse
model (73). In a phase II study enrolling 20 patients with
advanced HER2-positive (IHC 3+ or FISH amplified)
esophagogastric ADK, refractory to trastuzumab, disease
stabilization rate was 42% at 4 months (74). Tolerance was
acceptable, with mainly grade 1 or 2 skin and digestive
toxicities. A phase II study is currently evaluating afatinib
combined to paclitaxel in HER2-positive esophago GC
patients, progressive after a first-line trastuzumab-based
therapy (NCT01522768).

Dacomitinib is another oral pan-HER TKI, which
irreversibly inhibits HER1, HER2 and HER4, but also
prevents HER1/HER2, HER2/HER3, and HER3/HER4
heterodimerization (75). In a small phase II study conducted
in 27 previously treated patients with HER-2 positive GC,
the disease control rate was 40.7%, with a good safety
profile (76). To our knowledge, no other study evaluating

atm.amegroups.com Ann Transl Med 2018;6(4):78
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this drug is ongoing.

New anti-HER antibodies

Margetuximab is a monoclonal antibody derived from
4DS5, the parent antibody of trastuzumab. It binds the same
epitope of HER2 than trastuzumab, with similar affinity,
but it engineered with increased affinity for both isoforms
of CD16A, a stimulatory receptor present on natural killer
cells and macrophages, essential for mediating antibody-
dependent cell-mediated cytotoxicity (77). Results of a
phase I study evaluating margetuximab in HER-2 positive
advanced solid tumors were recently published (78). Twenty
patients had a gastroesophageal cancer and the median
number of prior chemotherapy regimens was three. The
safety profile was excellent, with less than 5% of grade 3 or
more adverse events. Two patients had a partial response. A
study of margetuximab in combination with pembrolizumab,
an anti-programmed death-1 (PD-1) antibody, is ongoing
(NCTO02689284). MM-111 is an antibody inhibiting
heregulin-activated HER3 signaling in HER2+ tumors (79).
A randomized phase II study of paclitaxel and trastuzumab =
MM-111 has recently been completed in previously treated
patients with advanced HER2-positive esophagogastric
cancer (NCT01774851). Results are pending. DS-8201a is
a HER2-targeting antibody—drug conjugate which delivers
cytotoxic chemotherapy (DXd, a novel topoisomerase I
inhibitor) directly to cancer cells. In trastuzumab pretreated
AGC patients, DS-8201a was associated with an ORR of
38%, with an acceptable safety profile (80). The phase
IT is underway (NCT02564900). Finally, ZW25 is a
bispecific antibody that can simultaneously bind two non-
overlapping epitopes of HER2, resulting in dual HER?2
signal blockade. Consequences could be an increased
cytotoxicity, an enhanced antibody internalization and
HER2 downregulation and an enhanced blockade of
ligand-dependent/independent tumor growth. A phase I
study is currently recruiting patients with advanced HER2-
expressing cancers (NCT02892123).

In summary, the association of trastuzumab with
chemotherapy based on platinum components and 5-FU is
the standard-of-care in the first-line setting of patients with
HER2-positive advanced gastroesophageal cancer. In case of
progression after a first-line treatment without trastuzumab,
the latter can be used as a second-line therapy, combined
with chemotherapy. All prescribed second-line treatments
for HER2-negative patients can also be suitable for
patients with HER2-positive tumors. Trastuzumab beyond
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progression and maintenance treatment with trastuzumab
are two concepts which warrant further evaluation.

HER2-negative tumors
Chemotherapy

Platinum-based chemotherapies were evaluated first,
with median OS between 8 and 11 months (14,17,81,82).
Combination of 5-FU and irinotecan is also feasible,
with similar efficacy and a better safety profile than
anthracycline-containing triplet epirubicin, cisplatin,
and capecitabine (ECX) (15). However, in various
randomized trials, irinotecan has never produced OS
advantage, therefore, irinotecan-based combinations are
not recommended in the first line setting. In a recent and
well-conducted network meta-analysis, increased efficacy
was demonstrated for fluoropyrimidine non-cisplatin
doublets over cisplatin doublets, with respective HR for
death of 0.85 (95% CI, 0.71-0.99) and 0.83 (95% CI,
0.71-0.98) for 5-FU/irinotecan (FI) and 5-FU/oxaliplatin
(FOX) (18). Moreover, PFS was significantly improved
with FOX compared to 5-FU/cisplatin (HR =0.82; 95%
CI, 0.66-0.99). No difference was observed between FI and
FOX concerning OS or PFS. The 2017 NCCN guidelines
stated that two-drug cytotoxic regimens should be preferred
to triplets due to a lower toxicity (31). In the 2016 ESMO
guidelines, doublet or triplet platinum/fluoropyrimidine
combinations were both recommended, but authors
indicated that it remained controversy regarding the utility
of triplet regimens (83).

However, triplets containing taxane such as DCF
(docetaxel/5-FU/cisplatin) are also an evidence-based
treatment choice for first-line chemotherapy, but these
regimens are associated with safety concerns (19,84,85).
The most promising chemotherapy triplet associates
docetaxel, 5-FU and oxaliplatin (DFOX or TFOX or
FLOT). Interesting results were recently reported in a
perioperative setting (86). According to the network meta-
analysis of Ter Veer et al., PFS was slightly improved
with TFOX regimen compared to FI and FOX, but OS
was similar (18). However, hematologic and digestive
toxicity rates were increased with TFOX versus FOX.
A phase III study comparing TFOX and FOLFOX in
naive patients with AGC is ongoing (NCT03006432). S-1
could also be an alternative to conventional 5-FU (20).
Peritoneal dissemination is common in case of AGC, and
it is associated to a poor survival. However, combined to
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intravenous paclitaxel and S-1, intraperitoneal paclitaxel
does not significantly improve OS compared to S-1 plus
cisplatin (27).

Second line therapies (and third line therapies) seem to
contribute to patient survival in a minor way and should be
considered when patient’s general condition is reasonable.
According to a recent meta-analysis, both taxane and
irinotecan as single agents showed significantly prolong
survival compared to best supportive care (BSC), without
difference between these two regimens (87). It confirmed
data issued from phase III trials (54-57). Addition of S-1 to
irinotecan does not improve survival (58).

In the DREAM study, oral paclitaxel (DHP107) was
non-inferior to intravenous paclitaxel in terms of PFS, with
a similar safety profile (59). In the ABSOLUTE phase III
trial, nab-paclitaxel was non-inferior to paclitaxel in terms
of OS (60), but due to the additional cost, the former will
not replace the latter. TAS-102 is a novel oral nucleoside
antitumor agent containing trifluridine and tipiracil
hydrochloride, which prevents the degradation of trifluridine.

It showed interesting results in a phase II study (88),
justifying third-line phase III study (NCT02500043).

Targeted therapies

Vascular endothelial growth factor (VEGF) is overexpressed
in 30% to 60% of esophageal cancers and this is associated
with an increased risk of recurrence, distant metastasis and
death (89). However, targeted therapies against VEGF
do not seem relevant in the first-line treatment of AGC
(22,90,91), contrary to the second-line setting. After
showing efficacy as a monotherapy (62), ramucirumab
became a standard-of-care in association with paclitaxel
in previously treated patients with advanced gastric or
GE]J ADK (4). After progression with two or more lines
of chemotherapy, data were lacking. Apatinib is a small-
molecule TKI that highly selectively binds to and strongly
inhibits VEGFR-2, with a decrease in VEGF-mediated
endothelial cell migration, proliferation, and tumor
microvascular density. In 2016, a placebo-controlled
randomized study provided the first robust evidence for
a third-line therapy based on apatinib in advanced gastric
and GEJ tumors (5). Finally, regorafenib is another oral
multitarget TKI which showed efficacy in chemorefractory
advanced colorectal cancer and hepatocellular carcinoma. In
patients with AGC, progressive after one or more lines of
chemotherapy, regorafenib improved median PFS but not
OS (63). A phase III study with a similar design in the third-
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line setting is planned (NCT02773524). Regorafenib is also
tested combined with paclitaxel as a second-line treatment
(NCT02406170).

Anti-EGFR antibodies are approved for patients with
metastatic colorectal cancer without RAS mutations (44).
KRAS mutation rate appears very low in upper
gastrointestinal malignancies, approximatively 4% in
GC (92) and 2% in esophageal cancers (93). However, anti-
EGFR therapies in addition to standard chemotherapy failed
to demonstrate additional benefit of cetuximab (23,94) or
panitumumab (24). Nimotuzumab, another antibody against
EGFR, was also non-effective in a phase II randomized
trial (95). However, combination of nimotuzumab and
irinotecan showed potential efficacy as second-line therapy
in patients with AGC overexpressing EGFR (EGFR 2+/3+
in IHC) based on improved response, PES, and OS (96).
A phase III trial is ongoing in this subgroup of patients
(NCT01813253). Erlotinib, an EGFR oral TKI, showed
contrasted results in advanced esophagogastric cancer
(97,98) whereby no further investigation is ongoing on
this molecule. Gefitinib, an oral EGFR TKI, also failed to
improve OS (64).

Mesenchymal epidermal transition (c-MET) is a proto-
oncogene coding for a hepatocyte growth factor (HGF)
receptor. It is overexpressed in 40% of GC and associated
with worse OS (99). Despite encouraging results in
phase II studies, two antibodies targeting HGF or MET,
rilotumumab and onartuzumab, did not improve OS
compared to chemotherapy alone in patients with advanced
MET-positive untreated gastric or GEJ cancer (25,26).

As mentioned above, research on targeted therapies
in advanced upper gastrointestinal malignancies was very
disappointing, with several negative studies. However, very
interesting results were reported during the ASCO® 2016
about a new therapeutic class. Claudin18.2 (CLDN18.2)
is a tight junction protein expressed by several cancers, but
not by normal cells. In the phase II FAST study, patients
with advanced/recurrent gastric and GEJ cancer were
randomized to first-line EOX (epirubicin, oxaliplatin,
capecitabine) with or without IMAB362, a chimeric
IgG1 monoclonal antibody that mediates specific killing
of CLDN18.2-positive cancer cells (28). IMAB362 (or
claudiximab) stimulates cellular and soluble immune
effectors that activate antibody-dependent cytotoxicity
(ADCC) and complement dependent cytotoxicity (CDC).
It can also induce apoptosis and inhibit cell proliferation.
When combined with chemotherapy, claudiximab
enhances T-cell infiltration and induce pro-inflammatory
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cytokines (100). In the FAST study, only patients with
CLDNI18.2-positive tumors were included (CLDN18.2
expression of 22+ in 240% tumor cells), representing
46% of screened patients. IMAB362 plus EOX improved
median PFS (7.9 vs. 4.8 months, P=0.001) and median OS
(13.8 vs. 8.4 months, P=0.001) compared to chemotherapy
alone. In the subpopulation with very high CLDN18.2
expression (=2+ intensity in 270% tumor cells), efficacy on
OS was more pronounced (16.7 vs. 9.0 months, P<0.001).
Neutropenia and vomiting episodes were increased in the
experimental arm compared to the control arm (respectively
44.2% wvs. 33.3% and 58.4% vs. 36.9%). This study
provided strong evidence for a positive impact of IMAB362
on survival of patients with CLDN18.2-positive AGC. This
new molecule has the potential for changing our practices
in a near future. However, a phase III trial is warranted, and
to our knowledge, it is still pending.

Other activation pathways, such as mTOR (65),
FGFR (66), or PARP (67) were recently targeted, but
with frustrating results. STAT3 is a transcription factor
regulating activation of key genes involved in cell
proliferation, apoptosis, inflammatory response and
angiogenesis (101). Activated STAT3 protein expression
has been noted in 30-70% of GC, and is correlated to
differentiation, stage of disease, lymph node metastases and
poor survival (101). Napabucasin is an oral STAT3 inhibitor
which was tested in addition to weekly paclitaxel in a phase
Ib/II study among 46 patients with advanced, pre-treated
(one or more line) gastric or GEJ ADK (102). Safety profile
was acceptable with less than 10% of grade 3 or more
adverse events. Disease control rate varied between 68%
and 83% depending on previous received chemotherapies.
The BRIGHTER phase III trial has been terminated after
an interim analysis due to lack of efficacy (NCT02178956).
Finally, we can cite andecaliximab, a monoclonal antibody
inhibitor of matrix metalloproteinase 9, an extracellular
enzyme involved in matrix remodeling, tumor growth,
and metastasis. After recent encouraging preliminary
results (103), those of the phase III in combination with
FOLFOX as first-line treatment has completed accrual
(NCT02545504).

In conclusion, in patients with HER2-negative AGC, a
platinum-based doublet (preferably FOX) is recommended
in the first-line setting. Three-drug cytotoxic regimens
should be reserved for medically fit patients with good
performance status, due to higher toxicity. In such
case, TFOX regimen seems to be the most promising
triplet protocol. If available, S-1 can replace 5-FU. After
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progression, second-line regimen of choice combines
ramucirumab and paclitaxel, but taxane or irinotecan
monotherapy protocols are also relevant options. Apatinib
should be considered as a standard-of-care in the third-line
setting, however, it has been approved only in China.

Immune checkpoint inbibitors

Since 2011, immune checkpoint inhibitors disrupted
the prognosis of metastatic melanoma (104) and lung
cancer (105). However, results were more contrasted
in gastrointestinal malignancies. PD-1 is a negative co-
stimulatory receptor mainly expressed on activated T
cells, which downregulates excessive immune responses by
binding to its ligands, PD-L1 and PD-L2 (106). In tumor
tissues, binding of PD-1 to PD-L1 inhibits effector T-cell
function, leading to suppression of the antitumor immune
response and enabling neoplastic growth. Most of studies
are consistent about the PD-L1 overexpression rate in
upper gastrointestinal malignancies, around 40% (107).
It is correlated with poorer outcome (108). Recently, results
of the first phase III trial evaluating a PD-1 antibody
(nivolumab) in unresectable advanced or recurrent gastric or
GE] patients were reported (6). After two or more previous
chemotherapies failure, 493 subjects were randomized
to receive nivolumab 3 mg/kg (n=330) or placebo
(n=163) every 2 weeks. Primary endpoint was met, with a
median OS of 5.3 months in the nivolumab group versus
4.1 months in the control group (P<0.0001). Median PFS
was also slightly improved with nivolumab compared to
placebo (HR =0.60; 95% CI, 0.49-0.75). No data about the
PD-L1 status was reported.

Nivolumab was also tested in combination with
ipilimumab, an anti-CTLA4 antibody, in the phase 1/
IT study CheckMate-032 (109). Patients (n=160) were
randomized in 3 groups: nivolumab alone (3 mg/kg),
nivolumab + ipilimumab (respectively 1 and 3 mg/kg) and
nivolumab + ipilimumab (respectively 3 and 1 mg/kg). After
4 cycles, all patients received nivolumab 3 mg/kg/2 weeks
until confirmed disease progression or intolerable toxicity.
ORR was 12%, 24% and 8% in the first, the second and the
third group, respectively, and seemed better in case of PD-
L1 expression. Corresponding median OS were 6.2, 6.9 and
4.8 months (not reached in PD-L1+ subgroups). Toxicity
was increased with bi-therapy (47% of grade 3 or 4 adverse
events and treatment discontinuation due to toxicity in
20% of the cases in the second group). A phase III trial is
planned.
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Pembrolizumab (anti-PD-1 antibody) is tested alone or in
combination in 3 different cohorts in the KEYNOTE-059
study. In cohort 1, patients were progressive after 2 or
more chemotherapy lines and received pembrolizumab
monotherapy at 200 mg/3 weeks. After encouraging results
published in 2016 (ORR of 22% in 39 patients) (110), study
was continued in phase II (111). A total of 259 were included
(52% in third-line, 48% in 4"™-line or more), of whom 57%
had a PD-L1-positive tumor. ORR was 11.6% (15.5% if
PD-L1+ and 6.4% if PD-L1). Interestingly, 57% of the
patients with a MSI tumor were responders compared with
only 9% of those with a MSS tumor. Almost one patient out
of four was alive at one year. Rate of grade 3 or 4 adverse
events was only 4.6% (fatigue, anemia, diarrhea, skin rash),
confirming the excellent safety profile of immunotherapy.
Cohort 2 included treatment-naive patients with HER2-
negative gastric or GEJ ADK, who received combination
of pembrolizumab (200 mg/3 weeks) and chemotherapy
(cisplatin + 5-FU or capecitabine). Preliminary results in
25 patients showed an ORR of 60% and a median PFS
of 6.6 months (112). These results suggest that immune
checkpoint inhibitors seem more effective in association
with conventional chemotherapy and in a first-line setting.
Three phase III studies are currently testing pembrolizumab
as a monotherapy or in combination with chemotherapy, in
first-line (NCT02494583) or second-line (NCT02564263,
NCT02370498) treatment.

Finally, avelumab, an anti-PD-L1 antibody, was evaluated
in the phase Ib JAVELIN trial in 151 patients with advanced
gastric or GEJ cancer, as a first-line maintenance (group 1)
or second-line therapy (group 2) (113). ORR was 9.0%
and 9.7% in group 1 and 2, respectively. Corresponding
median PFS were 12.0 and 6.0 weeks. Two phase III trials
are currently evaluating avelumab in metastatic gastric
or GEJ ADK, as a third-line treatment (Gastric 300 or
NCT02625623) or as a maintenance therapy (Gastric 100
or NCT02625610).

New generation immune-oncology drugs are currently
evaluated in preliminary studies, including novel inhibitory
compounds (e.g., TIM-3, VISTA, LAG-3, IDO, KIR)
and newly developed co-stimulatory antibodies [e.g.,
CD40, glucocorticoid-induced TNF-R-related protein
(GITR), OX40, CD137, ICOS] (114). VISTA (v-domain
Ig suppressor of T cell activation), also known as B7-HS5, is
«gs) and tumors.
It depletes cytokine synthesis and T cell function while

mainly expressed by regulatory T cells (T,

inducing forkhead/winged-helix transcription factor box
p3 (Foxp3) synthesis. Foxp3 is a key regulator for CD4+
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CD25+ Treg cell differentiation and function. These latter
can kill allogeneic target cells including activated CD4+ and
CD8+ T cells, CD14+ monocytes, and both immature and
mature dendritic cells in a perforin-dependent manner (115).
Immunosuppression mediated by Tregs is therefore a key
facilitator of tumor immune evasion. VISTA expression
is about 9% in GC and seems to be associated with PD-
L1 expression (116). Blocking both VISTA and PD-L1
could therefore provide stronger stimulation of anti-tumor
immunity. After encouraging results in multiple iz vivo
models, CA-170, a first-in-class oral small-molecule
antagonist that selectively targets PD-L1 and VISTA, is
currently tested in a phase I study in patients with advanced
tumors and lymphomas (NCT02812875). A fully human
IgG1 kappa anti-VISTA monoclonal antibody (JNJ-
61610588) is also under evaluation (NCT02671955).
IDO (indoleaminepyrrole-2,3-dioxygenase-1,2) catalysis
oxidative cleavage of tryptophan in the kynurenine pathway,
resulting in a decreased tryptophan level which then
suppresses 1" cell proliferation (117). High expression of
IDO was independently associated with poor postoperative
clinical outcome of patients with GC (118). Ipilimumab
leads to IDO-1,2 overexpression and subsequently to an
increased PD-1/PD-L1 stimulation, explaining one of the
resistance mechanisms to immunotherapy. Research on
IDO-1,2 inhibitors is extensive, but no objective response
was reported in patients with advanced esophageal cancer
treated with indoximod alone (119) or combined with
docetaxel (120) in two phase I studies. However, sample size
was very small (respectively 1 and 2 patients). Once again,
combination of IDO and PD-L1 inhibitors is intensively
evaluating, but with modest preliminary results. In a phase
Ib study, partial response rate was 9% with the GDC-
0919 (IDO1 inhibitor)/atezolizumab (PD-L1 inhibitor)
association in 45 pretreated patients with locally advanced
or metastatic solid tumors (121). Agonistic antibodies
activating immune cells are another attractive alternative.
ICOS (inducible T cell co-stimulator or CD278) is mainly
expressed on activated T cells and its ligand (B7-H2) on B
cells and dendritic cells. Activation of this pathway leads
to increased production of cytokines, especially 1L-10.
ICOS agonists are currently tested alone (GSK3359609)
or in combination with nivolumab (NCT02904226) in
phase I/II studies for patients with advanced solid tumors,
including esophageal cancers. The GITR and its ligand
are present on T, CD4+/CD8+ T cells and natural killer
cells. This pathway inhibits T,

in downregulation of antitumor immunity (122). Several

known as major players

egs)
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phase I studies are evaluating agonistic GITR antibodies
alone (NCT02628574) or associated to pembrolizumab
(NCT02132754).

Finally, individualized vaccine targeting cancer neo-
epitope repertoire is another interesting approach. Different
techniques are under assessment, but the concept is to
select, expand and administer T cells which will selectively
target and destruct cancer cells based on tumor-associated
antigens (TAAs) recognition. The latter can be selected
thanks to patient’s dendritic cells analysis. To date, the only
approved vaccine in oncology is sipuleucel-T, indicated for
prostate cancer. Whole tumor cells are another source of
TAAs, with the advantage of allowing the complete array
of TAAs possible to be presented to the immune system.
Protein and peptide vaccines are easier to manufacture but
they present a smaller spectrum of antigens to the host
immune system. HER2-peptide vaccination of patients
with metastatic HER2-positive GC is currently testing
(NCT02276300). Viral-based vaccines could be interesting
vectors for vaccines. The idea is to encode TAAs in an
attenuated virus, which will transduce host cells and lead to
antigen expression. However, this approach did not provide
positive signals in terms of efficacy at this time.

In conclusion, nivolumab alone showed modest efficacy
in a third-line RCT, but combination of different types
of immune checkpoint inhibitors as well as association of
chemotherapy and immunotherapy seem more promising.
Finding relevant predictors of efficacy is needed, but
PD-L1 positivity in tumor cells showed limits, contrary
to MSI status. Recently, Le er 4/. analyzed efficacy of
pembrolizumab in a cohort of 86 patients with MSI+ tumors
(76% if digestive cancers, 5 gastroesophageal tumors) (123).
ORR was 53%, of which 21% of complete response. After
2-year follow-up, 53% of the patients did not progress and
64% were still alive (median OS and PFS were not reached).
Considering that 22% of GC patients are MSI+ (124), great
hopes are permitted with immunotherapy for this subgroup.

Conclusions

Treatment of advanced upper gastrointestinal malignancies
remains challenging. Several hopes generated by positive
phase II studies were not confirmed in phase III trials.
We have to learn from past failures, by creating a real
personalized medicine. It starts with a better knowledge
of molecular profiles in esophageal and GC, as well as
anti-tumor immunity, because it seems illusory to find a
unique active drug for a majority of patients. Significant
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improvements were recently made in this domain,
especially with the Cancer Genome Atlas (TCGA) network
(124,125). Genomic profiling is becoming widely available,
but we must avoid a simplistic view in which one tumor
with a genomic alteration will be treated successfully with
the targeted therapy against this abnormality. Cancers
can display multiple simultaneous driver mutations and
develop several and complex escape mechanisms. Two
ways of research seem essential: the development of robust
predictors and the combination of different therapeutic
classes for overcoming current drug resistance. Recent
preclinical studies showed that overexpression of heregulin,
a HER3 ligand, conferred robust resistance to lapatinib and
trastuzumab via HER3-Akt pathway activation followed
by survivin overexpression (126). In the future, high intra-
tumor heregulin level could be used for predicting anti-
HER? therapy resistance and for improving patient selection
in clinical studies. In the same way, aberrant V-ATPase
activity in lysosomes could also be a potential biomarker
for predicting T-DM1 resistance (127). Concerning
immunotherapy, tumor PD-L1 expression reveals its
limitations for predicting immune checkpoint inhibitor
efficacy. Nevertheless, microsatellite instability status (128)
and neoantigen load could be stronger predictors (129).
Recently, an aggregated score (immunophenoscore) was
built, based on the expression of the representative genes
or gene sets comprising four categories: MHC molecules,
immunomodulators, effector cells and suppressor cells (130).
This score showed a predictive value for efficacy of
immune checkpoints inhibitors superior to the expression
of checkpoints molecules. For overcoming primary
resistance to trastuzumab, the addition of the mTOR
inhibitor everolimus could be a way of research, as has been
demonstrated in breast cancer (131). The novel HER2/
CD3 bispecific antibody also showed interesting results in
GC patient-derived xenografts (132). Because ORR does
not exceed 30% in case of single-agent immunotherapy, it
may be more effective to develop combination treatments
to improve outcomes. As mentioned above, several studies
are currently evaluating combination of different types
of immune checkpoint inhibitors or in association with
chemotherapy. Recent data were also reported about
combination of pembrolizumab and ramucirumab in
previously treated patients (133). Despite a prognosis
which remains poor, the esophagogastric cancer treatment
armamentarium is becoming broader, but finding relevant
predictors for efficacy is needed if we want to make the
most of these advances.
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