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The advent of immune checkpoint inhibitors (PD-1, PD-L1 and CTLA-4) has resulted in unprecedented
long-term remissions of unresectable cancers. The efficacy of checkpoint inhibitors was recently demon-
strated in gastrointestinal malignancies with mismatch repair deficiencies (dMMR). Pembrolizumab be-
came the first tissue-agnostic US FDA-approved drug based on the presence of the predictive biomarker
dMMR. In addition, the FDA in 2017 approved pembrolizumab for PD-L1-positive advanced gastric can-
cer in third-line and second-line hepatocellular therapy. Novel treatment strategies such as using anti-
carcinoembryonic antigen (CEA) bispecific T cells have led to remarkable responses in microsatellite
instability-low colorectal cancer. Other major breakthroughs in treating upper gastrointestinal malignan-
cies in 2017 are discussed.
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Greater insights into immunoncology and driver mutations have revolutionized cancer treatment. Tissue of origin
has become less relevant as the underlying pathophysiology of cancer biology and actionable aberrations have been
elucidated. Three treatment paradigms (surgery, chemotherapy and radiation therapy) have dominated therapy
for upper gastrointestinal (GI) malignancies during the last three decades, with surgical resection the only hope
for cure. With the advent of immune checkpoint inhibitors (PD-1, PD-L1 and CTLA-4), this model has been
challenged by unprecedented long-term remissions in patients with unresectable disease. These agents have become
standard of care for different solid tumors. The efficacy of checkpoint inhibitors was recently demonstrated in GI
malignancies with mismatch repair deficiencies. Tumors with DNA mismatch and repair (dMMR) are typically
characterized as having a high mutation burden that increases the likelihood of expressing a neoantigen. These
neoantigens can be recognized by the host immune system leading to a cytotoxic immune response against malignant
cells. Pembrolizumab recently became the first tissue-agnostic US FDA-approved drug based on the presence of
a predictive biomarker, dMMR deficiencies. In addition, the FDA in 2017 approved pembrolizumab for PD-L1-
positive advanced gastric cancer in third-line and second-line hepatocellular carcinoma (HCC) therapy (Figure 1).
The addition of novel immunotherapies such as inhibitors of IDO have led to increased responses in other tumor
types, such as melanoma. Combination immunotherapy has also been explored in GI malignancies. In addition,
novel treatment strategies such as using anti-CEA bispecific T cells have led to remarkable responses in microsatellite
instability (MSI)-low colorectal cancer and may open new venues for treating upper GI malignancies for which a
biomarker has been identified, in other words, HER2-positive gastroesophageal cancers.

Targeted therapies are better tolerated than cytotoxic chemotherapy and often provide greater response rates
(RRs). Approved targeted therapies in upper GI malignancies include monoclonal antibodies like ramucirumab
and trastuzumab (gastroesophageal cancer) as well as tyrosine kinase inhibitors such as sorafenib or regorafenib
(HCC) and erlotinib (pancreatic cancer). However, only in the case of trastuzumab has a predictive biomarker
of response, HER2 amplification, been identified by immunohistochemistry or fluorescent in situ hybridization
(FISH). The generalized use of next-generation sequencing resulted in identifying additional, low prevalence,
actionable aberrations in the upper GI malignancies (Table 1).
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Figure 1. Breakthrough trials of upper gastrointestinal malignancies.
†Tissue agnostic-MSI high pembrolizumab [106].
GEJ: Gastroesophageal junction.

Table 1. Incidence of selected actionable aberrations/mutations in upper gastrointestinal malignancy.
Genetic aberration Cancer Incidence (%) Ref.

HER2 amplification Gastric
Colorectal
Gallbladder

22
6
13

[87–89]

FGFR fusions Intrahepatic cholangiocarcinoma 8–14 [71,90]

IDH mutations Intrahepatic cholangiocarcinoma 23 [69]

NTRK fusion Colorectal
Pancreatic

4
1

[91,92]

BRCA1–2 mutation Pancreatic 1–7/1–3 [93]

MSI-H Esophagogastric
Pancreatic
Cholangiocarcinoma

6
�1–1
9

[94–97]
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Table 2. Updates in neoadjuvant therapy for esophageal, gastric and gastroesophageal junction cancer.
Study Trial Cancer type Eligibility Phase Number

of
patients
(n)

Timing Intervention End point Ref.

Shapiro et al. CROSS Esophageal/GEJ cT12N1M0 or
T2–3N0–1M0

III 368 Neoadjuvant CP + surgery vs surgery
alone

Median OS 48.6 vs
24.0 mo (p = 0.003)

[6]

Goodman et al. CALGB80803 Esophageal/GEJ cT3–4 or N+ II 257 Adjuvant FOLFOX-6 or CP, PET
nonresponders crossed
over to alternate
chemotherapy

pCR for
PET-nonresponders
pCR 15.6%

[9]

Al-Batran et al. FLOT4-AIO Gastric/GEJ cT2+ and/or
cN+

II/III 300 Adjuvant FLOT vs ECF/ECX 3y OS 57 vs 48% [98]

CP: Chemotherapy; ECF: Epirubicin, cisplatin, fluorouracil; ECX: Epirubicin, cisplatin, capecitabine; FLOT: Fluorouracil, leucovorin, oxaliplatin, docetaxel; GEJ: Gastroesophageal
junction; mo: Month; OS: Overall survival; pCR: Pathologic complete response rate; PET: Positron emission technology.

Other major breakthroughs in treating upper GI malignancies in 2017 are discussed.

Esophagogastric cancer
Esophageal cancer is the sixth cause of cancer mortality in the world. In the US, there were 16,940 diagnoses
and 15,690 deaths from esophageal cancer in 2017 [1]. Fewer than 50% of the patients are diagnosed with
locoregional disease and are candidates for resection [1]. For patients with high-grade dysplasia or carcinoma in situ,
endomucosal resection can be curative [2]. For patients with extensive high-grade dysplasia, ablation decreases the
risk of relapse [3,4]. Patients with tumors that invade the submucosa (T1b) or have positive lymph nodes after staging
endoscopic ultrasound and/or CT scan are typically treated with neoadjuvant chemoradiation per CROSS trial
data. The study showed improved survival with neoadjuvant chemoradiation compared with upfront resection for
both adenocarcinoma (43.2 vs 27.1 months; p = 0.038) and squamous cell carcinoma (GEJ; 81.6 vs 21.1 months;
p = 0.008) of the esophagus or gastroesophageal junction [5]. The pathologic complete response rate (pCR) for
squamous cell carcinoma was 50% (vs 23% for adenocarcinoma). Neoadjuvant chemoradiation did not increase
the incidence of postoperative complications. An update from this study demonstrated longer survivals in patients
who attained a pCR [6].

Different studies have evaluated intensification of neoadjuvant treatment in an effort to increase the likelihood
of attaining a pCR (Table 2). Strategies have included adding targeted therapies, and more recently, using positron
emission technology (PET) for early identification of non-PET responders that can be rescued by surgery or
crossover to a different chemotherapy backbone [7,8]. CALGB80803 was a randomized Phase II study in patients
with cT3–4 or N+ esophageal adenocarcinoma [9]. The study used PET at 5 weeks as an early pharmacodynamic
imaging test to evaluate response to induction chemotherapy with FOLFOX or carboplatin plus paclitaxel. PET
nonresponders (<35% decrease in standard uptake value) crossed over to the other chemotherapy backbone during
chemoradiation. The study’s hypothesis was that pCR among PET nonresponders would be 5–20% after crossover.
pCR for PET nonresponders who were treated with carboplatin plus paclitaxel (pCR = 19%) and FOLFOX (17%)
supported the study hypothesis. Interestingly, the pCR in selected patients (PET responders) in the carboplatin
plus paclitaxel arm was lower than expected (pCR 12.5 vs 23% in the CROSS trial). This is an intriguing finding.
It is possible that the low number of patients included in the study may account for this. It is also important to note
that no randomized Phase III trial has compared induction chemotherapy followed by chemoradiation and surgery
versus neoadjuvant chemoradiation in patients with esophageal adenocarcinoma. Therefore, this strategy is not
standard of care for these patients. Indeed, Phase II data using this approach have shown that adding chemotherapy
to neoadjuvant chemoradiation does not improve pCR compared with CROSS trial data [10,11].

For patients with resectable distal gastric cancer, perioperative epirubicin, cisplatin and 5-fluoruracil was the
standard of care for the last decade based on data from the MAGIC trial [12]. A recent trial adding bevacizumab to
epirubicin, cisplatin, fluorouracil (ECF) in the perioperative setting failed to improve outcome [13]. The FLOT4-
AIO, an investigator initiated, multicenter, randomized controlled Phase II/III trial was recently presented at ASCO
2017. In this study, patients with gastric (44%) or GEJ cancer (56%), cT2 or higher and/or nodal positive, were
randomized to perioperative ECF/ECX × three cycles or FLOT × four cycles (docetaxel 50 mg/m2, intravenous
oxaliplatin 85 mg/m2, intravenous leucovorin 200 mg/m2 and fluorouracil 2600 mg/m2 as a 24 h infusion) [14].
Most patients in both arms were able to undergo resection (97 and 94% for FLOT4 vs ECF/ECX). Downstaging
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was more frequent in the FLOT4 arm as shown by improvement in tumor-free resection margins (R0 84 vs 77%;
p = 0.011), smaller tumors at the time of resection (≤T1 25 vs 15%; p = 0.001) and higher incidence of lymph
node sterilization (49 vs 41%; p = 0.029). Both groups had similar rates of dose modifications. Patients in the
FLOT arm had a higher incidence of grade 3–4 infections (9 vs 1%; p < 0.001) and grade 3–4 diarrhea (10 vs 4%;
p = 0.002). However, the overall incidence of treatment-related serious adverse events (35 vs 34%) and toxic deaths
(<1%) was similar between both arms. Interestingly, treatment discontinuation per patient request was higher in
the ECF arm (13 vs 21%; no statistical significance provided). In subgroup analysis, tumors with intestinal type
histology demonstrated the highest benefit from FLOT. These data support FLOT as the new standard when
perioperative chemotherapy is considered for patients with gastric cancer. However, in our opinion, neoadjuvant
chemoradiation remains the standard of care for patients with GEJ cancers until the pCR in the Phase III trial
of FLOT is reported. In Phase II of FLOT, the pCR (15%) was lower than the one reported for adenocarcinoma
in the CROSS trial (23%). Given the impact of pCR in survival, we believe that maximizing the opportunity to
attain a pCR should influence our treatment choice. The ongoing ESOPEC trial (NCT02509286) is comparing a
FLOT versus CROSS schedule and will hopefully elucidate the standard of care in this setting.

Additional lessons can be taken from this study. The rate of completion of postoperative chemotherapy was low in
both arms (51 and 44% for FLOT and ECF, respectively), consistent with prior data from the MAGIC trial. Some
may argue that all chemotherapy should be given upfront when it is more likely to be better tolerated. However, the
MRC-OE02 and RTOG8911 studies provided conflicting results in this setting [15,16]. Also, as discussed above, the
use of preoperative chemoradiation has substantially increased the likelihood of attaining a pCR in these patients.

For patients with HER2-positive advanced gastric cancer, the ToGA trial demonstrated a survival improvement
when trastuzumab was added to cisplatin and 5-fluorouracil [17]. Retrospective data suggest that the level of
HER2 amplification is predictive of response to trastuzumab [18]. However, analysis of samples from ToGA did not
confirm this finding [19]. In this HER2 population, efforts to improve outcome have included using an antibody drug
conjugate and combination therapy, with disappointing results. The GATSBY trial was a randomized Phase II/III
study in patients with HER2-positive gastric or GEJ cancers [20]. Patients who progressed on first-line trastuzumab
were randomized to trastuzumab–emtansine (an antibody drug conjugate) versus taxane. There was no benefit with
trastuzumab–emtansine in these patients. In addition, dual HER2 blockade failed to improve survival in the first-
line setting in the JACOB study [21]. This was a randomized Phase III trial in HER2-positive patients (n = 780) with
metastatic gastric (75%) or GEJ cancers (25%) who were randomized to chemotherapy (capecitabine or cisplatin
plus 5-fluorouracil) plus trastuzumab, or chemotherapy plus trastuzumab and pertuzumab. Both arms had similar
safety profiles including low incidence of left ventricular systolic function but increased incidence of diarrhea with
pertuzumab. There was a 3-month improvement in overall survival (OS) with addition of pertuzumab, which was
not statistically significant (OS: 17.5 vs 14.2 months; hazard ratio [HR]: 0.84, p = 0.05).

The role of immunotherapy in advanced gastric and GEJ cancer is becoming evident. In a recent retrospective
review, PD-L1 expression was increased in 50% of patients with gastric cancer (n = 107) and was associated
with worse survival [22]. Different studies have provided evidence of activity with checkpoint inhibitors in heavily
pretreated patients with advanced esophageal cancers (Table 3).

The ATTRACTION-2 trial is the first randomized controlled trial comparing nivolumab to placebo in Asian
patients with unresectable or recurrent gastric or GEJ adenocarcinomas [23]. All patients had to have received two or
more prior lines of therapy. A total of 493 patients were enrolled in 49 centers in Japan, South Korea and Taiwan.
Nivolumab improved median OS (5.3 vs 4.1 months; HR: 0.63; p < 0.0001) and objective response rate (ORR:
11.2 vs 0%; p < 0.0001) compared with placebo. The progression-free survival (PFS) was similar between both
arms (1.61 vs 1.45 months; p < 0.0001). Rates of grade 3 and 4 adverse events were increased in the nivolumab
arm at 10.3% compared with 4.3% in the placebo arm. Ongoing studies will determine if survival benefit from
nivolumab is also seen in western populations.

KEYNOTE-059 is a Phase II study that has evaluated single agent pembrolizumab versus a combination of
cisplatin and fluoropyrimidine in chemotherapy-naive patients as well as single-agent pembrolizumab in heavily
pretreated patients (third or fourth line) [24,25]. ORR among the three cohorts was 11.6% (p-value not provided).
The highest ORR in subgroup analysis was in patients with MSI-high tumors at 57.1% compared with non-MSI-
high tumors at 9.0%. Of note, a significant decline in response was seen in patients receiving third-line versus
fourth-line therapy, at 16.4 and 6.4%, respectively. It is possible that heavily pretreated patients have increased
immunosuppression and are less likely to benefit from immunotherapy. This suggests that immunotherapy likely
needs to be evaluated at earlier stages, which also opens opportunities to prime responses with chemotherapy
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Table 3. Immunotherapy in esophageal, gastric and gastroesophageal junction cancer.
Trial Subtype

adeno/SCC
PD-L1+/any

Phase n Line of
therapy

Intervention Outcome
RR† (%)

Ref.

KEYNOTE-012
Muro et al.

Adeno Ib 39 �1 Pembrolizumab 22 [99]

CheckMate 032
Janjigian et al.

Both I/II 160 ≥2 Nivo(3) (n = 59)
Nivo(1) + ipi(3) (n = 49)
Nivo(3) + ipi(1) (n = 52)

12
24
8

[27]

Kudo et al. SCC II 65 �2 Nivolumab 17 [100]

KEYNOTE-059
Fuchs et al.

Adeno II 259
25

≥3
1

Pembrolizumab 3L
Pembrolizumab + 5-FU + cisplatin 1l

11.2
60

[24,25]

ATTRACTION-2
Kang TS et al.

Adeno III 493 ≥3 Nivolumab vs placebo 5.3 vs 4.1 m
HR: 0.63 (p � 0.0001)

[101]

CheckMate 649
Moehler et al.

Adeno III 1266 1 Nivo/ipi vs nivo vs chemotherapy
(oxaliplatin + fluoropyrimidine)

Ongoing [102]

CheckMate 649
Janjigian et al.

Both III 870 1 Nivo/ipi vs chemotherapy
(oxaliplatin + fluoropyrimidine)

Ongoing [103]

KEYNOTE-061
Ohtu et al.

Adeno (HER2+) III 720 2 Pembrolizumab vs paclitaxel Ongoing [104]

KEYNOTE-062
Tabernero et al.

Adeno
carcinoma
(PD-L1+/HER2 -)

III 750 1 Pembrolizumab vs
pembro + cisplatin + 5FU vs
placebo + cisplatin + 5-FU

Ongoing [105]

†RR except for ATTRACTION-2 (overall survival).
RR: Response rate; SCC: Squamous cell carcinoma.

or radiation. Results from KEYNOTE-059 led to the recent accelerated FDA approval of pembrolizumab for
PD-L1-positive advanced gastric cancer [26].

CheckMate 032 tested the hypothesis that an immunotherapy combination increases RR in patients with
metastatic gastroesophageal cancer. This was a Phase I/II study that included esophageal, gastric and GEJ cancer
patients treated in three different cohorts (nivolumab 3 mg/kg monotherapy [N3], nivolumab 1 mg/kg and
ipilimumab 3 mg/kg [N1 + I3] and nivolumab 3 mg/kg and ipilimumab 1 mg/kg [N3 + I1]) [27]. The trial
included 160 patients. Most patients were PD-L1-negative and 45% had received three or more lines of therapy
across all arms. Responses were more frequently seen in the N1 + I3 cohort (RR: 24%) compared with 12 and 8%
for N3 and N3 + I1, respectively. However, the median duration of response was similar (7.1 months in the N3,
7.9 months in N1 + IPI3). Sixty percent of the patients in any arm progressed within 2 months. Therefore, it will
be critical to develop predictive biomarkers to tease out subsets of patients who are likely to benefit. The OS in the
N1 + I3 cohort was 6.9 months compared with 6.2 months in N3 and 4.8 months in N3 + I1. Responses were seen
regardless of PD-L1 expression, although numerically more responses were seen in PD-L1 high (>1% expression)
patients. Toxicities were more frequently seen in either of the combination arms. The N1 + I3 cohort had the highest
rate of grade 3 and 4 adverse events at 35% compared with 17% for N3 + I1 and 5% for N3. Interestingly, for
PD-L1-negative patients, single-agent nivolumab seemed more effective than any of the combinations (12-month
survival rate: 45 vs 32 vs 25%). This could be due to the small number of patients or a true detrimental effect of
toxicities related to the combination in the subset of patients less likely to benefit.

Given the relatively small number of patients in each cohort and lack of formal statistical analysis, CheckMate
032 is only hypothesis generating. Consistent with evidence from melanoma, an immunotherapy combination
appears to be most active, but at the cost of a significant increase in toxicities [28]. The CheckMate 649 trial will
more definitively address the efficacy of combination anti-PD-1 and anti-CTLA-4 therapies for advanced and
metastatic esophageal, gastric and GEJ cancers. The role of immunotherapy in earlier lines of therapy is undergoing
evaluation (Table 3).

Hepatocellular carcinoma
In the US, liver and intrahepatic bile duct cancers are expected to account for 40,710 new cancer diagnoses and
28,920 deaths in 2017 [1]. In patients with advanced HCC, sorafenib gained regulatory approval based on the
results of two randomized Phase III studies that showed modest improvement in survival compared with placebo in
Child–Pugh class A patients [29,30]. The high prevalence of hepatitis B virus (HBV) in the Asia Pacific population
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compared with those in the SHARP study (75 vs 20%) likely contributed to the inferior outcome of both arms in
this study. Multiple agents have been directly compared with sorafenib including sunitinib, brivanib and linifanib
and all failed to demonstrate improved OS [31–33]. The addition of doxorubicin or erlotinib to sorafenib also did not
demonstrate improved OS [34,35]. The REFLECT study recently showed that lenvatinib is not inferior to sorafenib
in the first line [36]. Lenvatinib is a multi-tyrosine kinase inhibitor against VEGFR1–3, FGFR1–4, PDGFR, KIT
and RET. The study enrolled 907 patients with HCC and Child–Pugh A and was designed to test the noninferiority
of lenvatinib with a predefined noninferiority margin of 1.08. The median OS for lenvatinib versus sorafenib was
13.6 versus 12.3 months (HR: 0.92; 95% confidence interval [CI]: 0.79–1.06). Secondary efficacy end points
including RR (24 vs 9%; p < 0.001) and PFS (7.4 vs 3.7 months; HR: 0.66; 95% CI: 0.57–0.67) favored the
lenvatinib arm. The toxicity profile of both drugs was similar. Lenvatinib is not yet approved by the FDA, and its
role in the treatment landscape of HCC is likely to be limited especially if the results of the recently completed
CheckMate-459 demonstrate superiority of nivolumab over sorafenib [37].

In the second-line setting, multiple investigational drugs (brivanib, everolimus, ramucirumab and ADI-PEG
20) failed to demonstrate improved OS compared with placebo [38–41]. The RESORCE trial evaluated regorafenib
in the second-line setting after progression on sorafenib. In this randomized Phase III study, 573 patients were
allocated in a 2:1 fashion to regorafenib (multi-tyrosine kinase inhibitor) versus placebo [42]. The study limited
inclusion to patients with Child–Pugh A cirrhosis. A total of 573 patients were recruited, 216 from Asian countries.
Regorafenib showed improvement in survival (OS: 10.6 vs 7.8 months; HR: 0.63; p < 0.0001). Treatment-related
adverse events in the regorafenib arm were significant (50 vs 16%) despite the patients being preselected after
having tolerated first-line treatment with sorafenib. As expected, the most common grade 3 and 4 adverse events
in the regorafenib group were hypertension (15%), hand-foot skin reactions (13%), fatigue (9%) and diarrhea
(3%). No improvement in health-related quality of life (QoL) was found. Altogether, 2% of deaths of patients in
the regorafenib group, compared with 1% in the placebo group, were attributed to drug toxicity. A benefit from
regorafenib was seen regardless of hepatitis viral status. Regorafenib is currently a category 1 recommendation by
the National Comprehensive Cancer Network after progression on sorafenib [43].

As with esophageal, gastric and GEJ cancers, PD-L1 inhibitors are making inroads in HCC. The results of
CheckMate-040, a Phase I/II, open-label, noncomparative, dose escalation and expansion trial of nivolumab in
patients with advanced HCC were recently reported [44]. The study enrolled 262 patients with a Child–Pugh (CP)
score of 7 or less (CP 6 or less for the dose expansion). The maximum tolerated dose was not reached during dose
escalation and nivolumab 3 mg/kg was chosen for the dose expansion. Four cohorts were enrolled in the dose
expansion: sorafenib untreated or intolerant without viral hepatitis, sorafenib progressors without viral hepatitis,
hepatitis C virus (HCV)-infected and HBV-infected. ORR was 20% in dose expansion and 15% in the dose
escalation groups. Across all cohorts of the dose expansion phase, an additional 45% had stable disease (SD).
Similar to other malignancies, a trend toward increased response was seen in PD-L1-positive patients. However, a
sizeable number of PD-L1 negative patients benefited from nivolumab (ORR PD-L1-positive vs -negative: 26 vs
19%). The ORR of 20% is remarkable, especially because responses to sorafenib in the first line are rarely seen
(2%) [29]. Per CheckMate-040 results, the FDA granted accelerated approval of nivolumab at a fixed dose of 240 mg
for patients with HCC who progressed on sorafenib [45]. A randomized Phase III study comparing nivolumab to
sorafenib in the first line recently completed accrual and results are expected in 2018 (NCT2576509) [46].

Arterial-based therapy remains an appropriate option for unresectable, multinodular HCC. Multiple trials have
demonstrated improved survival compared with supportive care with this modality [47–49]. In addition, two recent
trials demonstrated no difference in median OS for arterial selective internal radiation therapy (SIRT) versus
sorafenib (Table 4). The decision about which agent is best used to start, sorafenib or arterially directed therapy, in
unresectable HCC remains at the discretion of the physician. Both are category 2A recommendations per National
Comprehensive Cancer Network guidelines [43].

The SARAH trial is a randomized controlled, open-label, Phase III study of systemically untreated HCC that
is locally advanced or recurrent but not amenable to other treatments or that has failed two or more rounds of
chemoembolization [50]. Patients were randomized 1:1 to SIRT with Y-90 resin microspheres or oral sorafenib
800 mg daily. A total of 459 patients were recruited and an intention to treat (ITT) analysis revealed no statistically
significant difference in median OS (8.0 months in the SIRT group vs 9.9 months in the sorafenib group; p = 0.179).
Similarly, no statistical difference in PFS was seen (4.1 months SIRT vs 3.7 months sorafenib groups; p = 0.727).
However, the cumulative incidence of radiological progression in the liver as first event was significantly lower in
SIRT patients than in sorafenib patients, with a 27% reduction (p = 0.015). RRs were also statistically improved in
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Table 4. Updates in hepatocellular carcinoma selective internal radiation.
Study Trial Phase Number of

patients
Child–Pugh
class

Line of
therapy

Intervention Median OS RR (%) Ref.

Vilgrain et al. SARAH III 459 A/B Failed
2 + rounds of
chemoem-
bolization

SIRT (Y-90) vs
sorafenib

8.0 vs 9.9 (months)
(p = 0.179)

19.0 vs 11.6
(p = 0.042)

[50]

Pierce et al. SIRveNIB III 360 A/B ≤2 rounds of
chemoem-
bolization

SIRT (Y-90) vs
sorafenib

8.8 vs 10.0 (months)
(p = 0.203)

16.5 vs 1.7
(p � 0.001)

[51]

Meyer et al. TACE 2 III 313 A 1 TACE + sorafenib
vs
TACE + placebo

631 vs 598 (days)
(p = 0.57)

36 vs 31 (p-value
not provided)

[53]

OS: Overall survival; RR: Response rate; SIRT: Selective internal radiation therapy; TACE: Transarterial chemoembolization.

patients treated with SIRT compared with sorafenib, 19.0 versus 11.6% (p = 0.042), respectively. Treatment-related
serious adverse events were similar between the two groups with 11.7% in the SIRT group compared with 16.5%
in the sorafenib group.

The SIRveNIB study is a randomized controlled trial comparing SIRT with Y-90 resin microspheres to so-
rafenib [51]. This trial included patients who had locally advanced HCC, Child–Pugh A or B and had received
two or fewer prior administrations of hepatic arterial-directed therapy. A total of 360 patients were enrolled. The
study enrolled an exclusively Asian population (HBV prevalence: 58%). No statistical difference was seen in OS
with a median OS of 8.8 months in the SIRT group versus 10.0 months (p = 0.203) in the sorafenib group. Like
the SARAH trial, the ITT population tumor RRs were higher in the SIRT cohort compared with the sorafenib
cohort (16.5 vs 1.7%; p < 0.001). No difference was seen in time to progression in the ITT groups. An important
limitation of this study was that up to 30% of patients in the SIRT arm did not receive the allocated treatment
intervention per protocol (vs 9% in the sorafenib arm). Needless to say, it is difficult to demonstrate a benefit from
an experimental arm when a third of patients did not receive such treatment. In a survival analysis of treatment
received, SIRT showed a 1-month improvement in survival (6.4 vs 5.3 months; HR: 0.73; p < 0.019). SIRT was
also better tolerated than sorafenib as shown by a decreased incidence of treatment-related adverse events (13% in
the SIRT arm vs 37% in the sorafenib arm). Based on results from the SARAH and SIRveNIB studies, SIRT is a
reasonable option for patients with multinodular HCC who do not wish to deal with the considerable side effects
of sorafenib.

It has been hypothesized that transarterial chemoembolization (TACE)-induced hypoxia promotes angiogenesis
and may drive cancer progression [52]. Therefore, the addition of angiogenesis inhibitors to TACE may benefit
patients with HCC. This hypothesis was recently tested in the TACE 2 trial [53]. Patients with unresectable liver-
confined HCC, Child–Pugh A, were randomized 1:1 to TACE or TACE plus sorafenib. Sorafenib was started within
24 hours of randomization. TACE was started 2–5 weeks postrandomization. Interestingly, the most common cause
of cirrhosis in this UK study was alcohol intake rather than HCV infection (42 vs 24%). The trial was terminated
early after a planned interim futility analysis showed no improvement in OS or PFS with the addition of sorafenib.
ORRs were similar between the two cohorts, 36% in the sorafenib group and 31% (no p-value provided) in the
placebo group. Increased toxicity was seen in the sorafenib cohort with higher rates of grade 3 and 4 fatigue (18 vs
13%), abdominal pain (13 vs 8%), diarrhea (10 vs 3%) and GI disorders (11 vs 8%). At least one serious adverse
event was seen in 41% of patients in the sorafenib group versus 32% in the placebo group. The SELECT and
STAH trials are currently testing the same hypothesis as the TACE 2 study in Asian patients [54,55].

Biliary cancer
Cholangiocarcinoma is a heterogeneous group of rare cancer types including intrahepatic cholangiocarcinoma
(IHCC) and extrahepatic cholangiocarcinoma (EHCC) as well as gallbladder cancer (GBCA) [56]. These tumors
have different patterns of relapse as well as unique molecular portraits [57]. They are often lumped together in
clinical trials which make interpretation of study results difficult. Fewer than 11,740 patients will be diagnosed
with EHCC or GBCA in the USA in 2017 [1]. The incidence of IHCC is less well reported as these patients are often
misdiagnosed as having carcinoma of unknown primary metastatic to the liver. A recent analysis of Surveillance
Epidemiology and End Results (SEER) data showed a 128% increase in the incidence of cholangiocarcinoma in
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the last four decades. The annual incidence of IHCC in USA is still fewer than 4000 new cases [58]. Most patients
are unresectable at the time of initial presentation. Even in the minority of patients who are eligible for potentially
curative surgical resection, the 5-year survival rate is 32.5% [59]. Until 2017, there was little evidence to support
adjuvant treatment in these patients. A randomized study in Japan that included patients with bile duct cancer,
pancreatic adenocarcinomas as well as ampullary cancers showed a survival benefit with mitomycin plus 5-FU
compared with placebo (5-year survival rate [5ySR]: 28 vs 14%; p = 0.0367) [60]. However, a large percentage of
patients enrolled in this study had suboptimal surgeries (40% for bile duct and 55% for GBCA).

More recently, the SWOG 0809 study demonstrated the feasibility of delivering adjuvant gemcitabine followed
by concurrent capecitabine and radiation for patients with resected bile duct cancer [61]. The BILCAP trial sought
to test the hypothesis that adjuvant capecitabine would improve OS in resectable bile duct cancers [62]. Patients
(n = 447) were randomized 1:1 to capecitabine (1250 mg/m2 D1–14 every 21 days for eight cycles) or observation.
The most common tumor type was distal EHCC (36%), followed by hilar cholangiocarcinoma (28%) and IHCC
and GBCA (both at 18%). The study included Eastern Cooperative Oncology Group (ECOG) performance
status (PS) 0–2 patients but fewer than 3% of patients had PS 2. Nearly 50% of patients had positive lymph
nodes and 40% had positive margins. Median OS of the capecitabine arm in the ITT population was 53 versus
36 months in the observation arm (HR: 0.80; 95% CI: 0.63–1.04; p = 0.097). Although the study was not
statistically significant, there was a clear separation between survival curves for each arm starting at around 10–
12 months. The difference in OS between arms is clinically meaningful. In addition, a sensitivity analysis adjusting
for nodal status, disease grade and gender showed the OS difference was statistically significant (HR: 0.71; 95%
CI: 0.55–0.92; p < 0.01). The analysis per protocol also showed a statistically significant improvement in OS
with adjuvant capecitabine (52.7 vs 36.1 months; 95% CI: 0.58–0.97; p = 0.028). The benefit was seen across
all subgroups regardless of gender, age, node and margin status with the exception of hilar cholangiocarcinoma.
Most grade 3–4 adverse events had an incidence rate of less than 10% except for hand-foot syndrome (21%).
A QoL study showed no difference between arms, and the authors concluded that treatment was well tolerated.
However, only 55% of patients could complete eight cycles of capecitabine and dose reductions are likely to be
needed, especially in the USA where patients typically experience greater toxicities with higher doses of capecitabine
compared with European patients [63]. Given the small percentage of PS 2 patients included in this study, we do
not believe these results can be extrapolated to frail patients.

Two clinical trials have demonstrated a statistical improvement in OS with gemcitabine and oxaliplatin (GEMOX)
versus best supportive care in cases of advanced GBCA [64,65]. UNICANCER GI, a Phase III clinical trial, sought
to evaluate the benefit of GEMOX compared with surveillance in patients with localized biliary tract cancer [66].
Relapse-free survival favored the GEMOX arm at 30.4 months versus 22.0 months; however, this was not statistically
significant (HR: 0.83; p = 0.31). GEMOX was generally well tolerated with at least one serious adverse event in
the GEMOX arm of 21.3 versus 10.1% in the surveillance arm. No improvement in QoL was found between
the cohorts. The negative results of the UNICANCER study could possibly be driven by the larger population of
IHCC patients compared with those in the BILCAP study (44 vs 18%).

Unfortunately, progress in treating patients with advanced biliary cancer has been modest. Gemcitabine in
combination with cisplatin continues to be the standard of care per ABC trial results. This doublet improved
survival compared with single-agent gemcitabine (OS of 11.7 vs 8.1 months; HR: 0.64; p < 0.001) [67]. There
are no randomized data to support second-line therapy. A retrospective, single-center cohort analysis of metastatic,
recurrent or inoperable biliary tract cancer, showed a 12-month OS of 53% for those who received second-line
chemotherapy versus 21% for patients who received only best supportive care, with an HR of 0.36 (p = 0.001) [68].
These results were possibly confounded as the group that received second-line therapy had statistically improved
prognostic variables (a higher Karnofsky Index; p = 0.0001), lower serum bilirubin (p = 0.03), higher hemoglobin
(p = 0.002) and higher serum albumin (p = 0.0007). Using inverse probability of treatment weighting, researchers
found no difference in OS when controlling for positive prognostic factors.

There are currently no approved targeted therapies for MSI-low cholangiocarcinoma. IDH1 mutations have
an unusually high predilection for IHCC, with one case series finding 23% possessed this mutation [69]. A Phase
I 3 + 3 designed trial testing the safety of an oral inhibitor of mIDH1 (AG-120) in IDH-positive recurrent or
progressive cholangiocarcinoma was found to be well-tolerated with no dose-limiting toxicities seen [70]. In this
biomarker selected population, the RR was disappointing at 6%, albeit 56% had SD and 6-month PFS was 40%. A
follow-up Phase III trial is ongoing (ClarIDHy) to determine AG-120’s efficacy, with plans to recruit 170 patients
(NCT02073994).
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Table 5. Updates in neoadjuvant therapy for pancreaticobiliary cancer.
Study Trial Cancer type Eligibility Phase Number

of
patients
(n)

Timing Intervention Outcome Ref.

Primrose et al. BILCAP Cholangiocarcinoma or
gallbladder cancer

Macroscopically
complete resection
(R0 and R1)

III 447 Adjuvant Capecitabine vs
observation

Median OS 51.1
vs 36.5 mo
(p = 0.097)

[62]

Edeline et al. UNICANCER Biliary tract Complete resection
(R0 and R1)

III 196 Adjuvant GEMOX vs
observation

Median RFS 30.4
vs 22.0 mo
(p = 0.31)

[66]

Neoptolemos et al.
ESPAC-4 Pancreatic Resected

adenocarcinoma of
the pancreas (R0 or
R1)

III 730 Adjuvant GEMCAP vs GEM Median OS 28.0
vs 25.5 mo
(p = 0.032)

[75]

mo: Month; OS: Overall survival; RFS: Relapse-free survival.

FGFR mutations are found in 15–20% of IHCC [71]. FGFR appears to be an independent prognostic factor
for cholangiocarcinoma. In a retrospective analysis of patients with cholangiocarcinoma and FGFR mutations who
received FGFR inhibitors, an improved OS was found of 33 versus 17 months (p = 0.010) [72]. Early results from
an ongoing open-label, Phase II study (NCT02150967) of BGJ398, a selective pan-FGFR inhibitor, were reported
in abstract form (n = 47) [73]. This trial recruited patients with cholangiocarcinoma who did not respond or were
intolerant to platinum-based chemotherapy and harbored a FGFR2 gene fusion or other FGFR genetic alterations.
The primary end point was ORR. At data cut-off, among 36 patients evaluable for response, 22% of patients had
a response per investigator assessment. Disease control rate was seen in 75% of patients and SD in 53%. Grade 3
or 4 adverse events were seen in 40% of patients, but were generally manageable with only two patients having to
completely discontinue the medication (n = 47).

Pancreatic cancer
In the US, an estimated 53,670 new cases of pancreatic cancer will be diagnosed in 2017. Despite pancreatic cancer’s
relatively low incidence rate, it is the fourth leading cause of cancer death in the US with an estimated 43,090 deaths
predicted in 2017 [1]. Surgery remains the only curative treatment for pancreatic cancer although less than 20% are
resectable at the time of diagnosis [74]. Five year mortality for resectable disease remains poor even with adjuvant
chemotherapy (Table 5). The ESPAC-4 study recently provided the best 5ySR following resection among western
populations (5ySR = 29%) [75]. In this study, patients (n = 732) with macroscopically resected adenocarcinoma of
the pancreas (R0 or R1) within 12 weeks of resection were randomly assigned 1:1 to single-agent gemcitabine versus
gemcitabine (1000 mg/m2 days 1, 8 and 15) plus capecitabine (825 mg/m2 p.o. b.i.d. days 1–21; GEMCAP). This
was a very poor prognosis patient population with high R1 resection rate (61%) and high percentage of positive
lymph nodes (80%). In addition, patients with elevated Ca19.9 were eligible. R1 resection in this protocol was
defined as any cancer cell within 1 mm of resection margin (CONKO-001, which showed a survival benefit with
single-agent gemcitabine, limited enrollment to Ca19.9 <92 IU) [76]. Patients in the GEMCAP arm had improved
median OS (28.0 vs 25.5 months; HR: 0.82; p = 0.032) [75]. A subset analysis in patients with R1 resection, showed
no difference in median OS compared with single agent (23.7 vs 23.0 months; HR: 0.90; 95% CI: 0.72–1.13).
However, the survival curves start to separate after 50% of events have occurred in each arm, and there seems to
be a clear trend toward improved survival with the combination (5ySR: 24 vs 17%). In addition, patients were not
randomized according to resection margins but only country of enrollment; therefore, in our opinion, the doublet
is the new standard of care for patients with good PS regardless of margin status. Toxicities were manageable.
It is important to note that 40% of patients in GEMCAP had grade 3–4 neutropenia. Although rates of febrile
neutropenia were reportedly low in both groups (exact percentages not provided), dose reductions are often needed
when using GEMCAP. Indeed, median dose intensity in the GEMCAP arm was around 80% for both gemcitabine
and capecitabine. The most common grade 3–4 adverse events in the GEMCAP arm other than neutropenia were
hand-foot syndrome (7%) and diarrhea (5%).

The benefit of chemotherapy in patients with advanced pancreatic cancer is modest. Cancer stem cells may play a
role in resistance to therapy [77]. Treatment strategies targeting stem cell population are of interest. The YOSEMITE
study recently failed to show a survival benefit when demcizumab, a Notch inhibitor, was added to nab-paclitaxel
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and gemcitabine in a randomized Phase II trial [78]. Napabucasin (BBI608), an oral first-in-class cancer stemness
inhibitor, showed a promising RR (51%) when added to nab-paclitaxel plus gemcitabine in a recent early Phase
I/II study [79]. It is important to remember that RRs are typically overestimated in early phase studies (for instance
RR in the Phase I trial with nab-paclitaxel and gemcitabine was 48% but only 23% in the MPACT trial) [80]. A
randomized Phase III trial is currently ongoing to test benefit from adding napabucasin to standard chemotherapy
(NCT02993731).

Targeting cancer cell metabolism is also an area of great interest in pancreatic cancer [81]. To meet high metabolic
demands from a rapid proliferation rate, cancer cells can metabolize glucose through aerobic mitochondrial
metabolism of pyruvate and also through anaerobic conversion of pyruvate to lactate (Warburg effect). A number
of drugs targeting cancer cell metabolism are undergoing development. CPI-613 is a first-in-class lipoate analog.
PDH and α-KGDH of the tricarboxylic acid (TCA) cycle need lipoate as a catalytic co-factor. CPI-613 binds to
PDH and α-KGDH and disrupts their activity [82]. A small Phase I study recently showed a RR of 61% when
CPI-613 was added to mFOLFIRINOX [83]. Unfortunately, on-treatment biopsies were not obtained and the study
provided no insight into biomarkers of response. A randomized Phase III study with CPI-613 in combination with
chemotherapy is currently being planned.

Targeting the tumor microenviroment has emerged as a potential target in solid tumors. PEGPH20, a re-
combinant human hyaluronidase enzyme, directly degrades hyaluronic acid (HA). It is hypothesized that HA
accumulation contributes to increased interstitial pressure and inhibits delivery of cytotoxic agents. A random-
ized Phase II study evaluated the benefit of adding PEGPH20 to nab-paclitaxel plus gemcitabine in chemonaive
metastatic pancreatic cancer (n = 279) [84]. The study was negative in the overall population. However, for patients
with high HA expression on baseline biopsies, the combination arm with PEGPH20 had improved PFS (HR:
0.73; 95% CI: 0.53–1.00; p = 0.048), and a trend toward improved OS (11.5 vs 8.5 months; HR: 0.96; 95% CI:
0.57–1.61) [84].

Conclusion
A major breakthrough in 2017 for the treatment of all cancers, but specifically advanced upper GI malignancies,
was the approval of pembrolizumab for patients with MSI-high tumors regardless of tissue of origin. More recently,
the FDA also granted accelerated approval of nivolumab for patients with HCC that had progressed on sorafenib
and pembrolizumab for PD-L1-positive advanced gastric cancer [26,45]. The recently completed CheckMate-047
results will be reported in the next months and can potentially lead to regulatory approval of nivolumab in the
first-line treatment of HCC. It is also likely that additional approvals will follow in patients with gastroesophageal
cancers.

It is evident that despite initial skepticism, immunoncology will play an important role in the treatment of
upper GI malignancies. There will be many challenges on the horizon. First, only a small subset of patients with
upper GI malignancies benefits from immunotherapy; and therefore, there is an urgent need to identify biomarkers
of response. Responses are generally enriched in patients with high tumor mutation burden and/or high PD-L1
expression; however, these are still suboptimal biomarkers of response. Ongoing efforts looking at predictive gene
signatures, T-cell clonality and frame-shift mutations leading to neoantigen expression will be critical. Combination
immunotherapy including vaccines, different checkpoint inhibitors (TIGIT, LAG-3, TIM-3 and CD47) and IDO
inhibitors are of great interest but are likely to increase immune related toxicities. In addition, the best assessment
method to evaluate response to immunotherapy has yet to be defined.

The treatment landscape for patients with pancreaticobiliary malignancies has also gone through significant
changes in 2017. Capecitabine has become a new standard of care for patients with resected bile duct cancer and
PS 0–1. Of note, in the BILCAP study, a survival benefit was not seen in patients with hilar EHCC. These patients
have a higher risk of locoregional relapse and could potentially benefit from intensification of local treatment
including addition of chemoradiation. Similarly, for patients with resected pancreatic cancer, the ESPAC-4 study
established GEMCAP as the new standard. The results of the recently completed APACT study are eagerly awaited
and, if positive, could provide an additional treatment option for these patients. If the APACT study results in OS
improvement, we could envision a scenario where GEMCAP could be offered to patients who do not desire to deal
with neuropathy or hair loss associated with nab-paclitaxel. Furthermore, nab-paclitaxel plus gemcitabine would be
a better option for patients on warfarin or with decreased kidney function. In addition, the use of next-generation
sequencing has led to the identification of actionable genetic aberrations in patients with advanced pancreatic
cancer that can potentially be targeted [85,86].
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In summary, the treatment landscape for upper GI malignancies has entered an exciting era of rapid advances.
Strategies to select patients likely to respond to immunotherapy and combination strategies with immunotherapy
and cytotoxic agents or targeted therapies that modify the tumor microenvironment to enhance response to
immunotherapy are warranted in the future.

Future perspective
Immunotherapy has emerged as a novel treatment paradigm for a subset of patients with upper GI malignancies.
Ongoing research will contribute to identify novel biomarkers of response to immunotherapy beyond PD-L1
expression and tumor mutation burden. The use of mass spectrometry and novel bioinformatic algorithms may
facilitate the identification of neoepitopes likely to trigger an immune response. These tools may be critical in
the future to enrich clinical trials with subsets of patients likely to benefit from immunotherapy. In addition,
targeted therapy will continue to expand as novel actionable aberrations (i.e., NTRK fusions) expressed at low
prevalence across different tumor types continue to be identified. Combinations of different immunotherapies or
immunotherapy with targeted therapy or chemotherapy are currently undergoing evaluation in patients with GI
malignancies and may contribute to change the treatment landscape for these groups of diseases in the next years.

Summary points

• FLOT4-AIO included gastric/gastroesophageal junction (GEJ) cancers cT2 or higher and/or nodal-positive and
were randomized to perioperative ECF/ECX × three cycles or FLOT × four cycles. Perioperative FLOT4
demonstrated superior tumor-free resection margins, lower T-stage at resection and high incidence of lymph
node sterilization.

• The ATTRACTION-2 trial demonstrated improved overall survival (OS) of nivolumab compared with placebo for
unresectable or recurrent gastric or GEJ adenocarcinomas refractory to two or more lines of therapy.

• The KEYNOTE-059 trial demonstrated high response rates for microsatellite instability-high gastric/GEJ tumors
compared with nonmicrosatellite instability-high (57 vs 9%) with pembrolizumab.

• The CheckMate 032 trial suggests improved response rates with combination immunotherapy (nivolumab and
ipilimumab) compared with monotherapy (nivolumab) but with comparable OS rates in gastroesophageal
cancers and was limited due to small recruitment numbers.

• The REFLECT study demonstrated that lenvatinib is not inferior to sorafenib in the first-line setting for
hepatocellular carcinoma (HCC) with equivalent median OS.

• The RESORCE trial evaluated regorafenib in the second-line setting after progression on sorafenib and showed
improvement in OS compared with placebo.

• The CheckMate-040 trial demonstrated safety and response rates of nivolumab for treatment of HCC leading to
its US FDA approval for second-line therapy.

• The SARAH trial demonstrated similar median OS and serious adverse events between selective internal radiation
therapy (SIRT) and sorafenib for treatment of locally advanced and recurrent HCC. The SIRveNIB trial
demonstrated marginally improved OS of SIRT compared with sorafenib (6.4 vs 5.3 months) and with significantly
fewer adverse events in the SIRT arm.

• The BILCAP trial demonstrated a trend toward improved median OS with adjuvant capecitabine compared with
placebo after resection of bile duct cancers.

• FGFR inhibitors have shown activity in patients with cholangiocarcinoma harboring FGFR fusions.

• The ESPAC-4 trial demonstrated improved median OS of gemcitabine plus capecitabine compared with single
agent gemcitabine in the adjuvant setting for resected pancreatic cancer.

• Targeting cancer stem cells, tumor microenvironment and cancer cell metabolism are novel targets for ongoing
clinical trials.
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