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Abstract: A heterogenous disease with a dismal prognosis, esophageal cancer poses a major health 
challenge worldwide. In recent years, the treatment landscape for esophageal adenocarcinoma and squamous 
cell carcinoma (SCC) has undergone major evolution, with the elucidation of underlying biologic pathways 
and predispositions. Neoadjuvant chemoradiation has emerged as a leading approach for the management 
of locoregional esophageal cancer, while perioperative chemotherapy has shown promising outcomes 
specifically in adenocarcinoma of the lower esophagus and gastroesophageal junction (GEJ). Studies also 
explore the implementation of chemoradiation in various sequential preoperative strategies, as well as in 
the adjuvant setting. Definitive chemoradiation is considered a valid alternative for non-surgical candidates 
with SCC. Clinical trials currently evaluating the potential benefits of different approaches may shed 
light on existing controversies regarding optimal management of locoregional disease. For patients with 
metastatic cancer, chemotherapy remains the backbone of antineoplastic treatment alongside palliative care, 
moreover the discovery of novel biological targets has led to the initiation of targeted and immune therapy 
for specific subpopulations. Taken together, an era of burgeoning clinical trials and changing paradigms 
has evolved in esophageal oncology. Multidisciplinary collaboration is key to effective combination and 
sequencing of treatment modalities tailored per patient and per tumor histology. This work aims to 
provide a comprehensive overview of state-of-the-art oncological management of esophageal cancer, with 
consideration of new challenges and obstacles to be overcome.
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Introduction

Esophageal cancer is a unique gastrointestinal malignancy 
in its pathophysiology, prevalence and treatment, and 
poses a major health challenge worldwide. Two separate 
malignancies arise from the esophagus: squamous cell 
carcinoma (SCC) and adenocarcinoma, each harboring a 
distinct genomic backdrop (1). The former tends to appear 
in the midportion of the esophagus, has a proclivity for early 
lymphatic spread, and, in non-endemic regions, is often 
associated with heavy tobacco and alcohol consumption. 

The latter is generally located in the distal esophagus 
and gastroesophageal junction (GEJ), has overlapping 
characteristics with gastric cancer, and may be induced by 
chronic gastroesophageal reflux disease (2).

Incidence varies widely by geographic region, with 
disproportionate frequency in Eastern Asia as well as 
Southern and Eastern Africa; lower rates are reported in 
Europe and North America, and rarely in Northern and 
Western Africa and Central America (3). SCC predominates 
globally, while adenocarcinoma rates are rapidly rising in 
Western countries. Esophageal cancer comprises roughly 3% 
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of new malignancies diagnosed worldwide, nevertheless the 
case fatality rate approaches 90% (3) and five-year survival 
reaches 20% in total and 4.8% for metastatic disease (4)—
making esophageal cancer a disease with dismal prognosis.

In recent years, the landscape of esophageal cancer 
treatment has undergone major evolution. With the 
underlying biologic pathways and predispositions elucidated, 
and treatment modalities honed to target individual cancer 
types, a consistent yearly decrease in death rates of 0.9% 
has been observed (4). Multidisciplinary collaboration is 
the cornerstone of state-of-the-art management, in order 
to define optimal treatment sequencing. In this manuscript, 
we will comprehensively appraise current treatment 
paradigms for loco-regional esophageal cancer and review 
groundbreaking advances in metastatic disease, including 
the discovery of novel biological targets and use of immune 
checkpoint inhibitors. New challenges arising from the 
plethora of data and obstacles for further research will also 

be considered.

Locoregional esophageal carcinoma: 
chemotherapy and radiotherapy—neoadjuvant, 
perioperative, adjuvant, and definitive 
approaches

Roughly half of patients diagnosed with esophageal 
carcinoma present with localized or loco-regional 
disease, while in 40%, cancer has spread to distant sites 
(the remaining 10% present with unclear staging) (4). 
Historically, surgery has been the standard treatment for 
stage I to III disease, and survival rates barely exceeded  
one year (5). Radiation has also been used as monotherapy 
for loco-regional control of esophageal cancer, and 
rates were comparable to surgery (6). These poor long-
term outcomes provided the impetus for the advent 
of multimodality approaches to treat non-metastatic 

Figure 1 Landmark studies evaluating treatment approach in locoregional esophageal/GEJ cancer. Trials are phase III and enrolled patients 
with both adenocarcinoma and SCC unless otherwise indicated. Control arm is surgery alone unless otherwise specified. All P values listed 
are significant. OS, median overall survival; Chemorad, chemotherapy and radiation; Periop, perioperative; Postop, postoperative; NSB, no 
significant survival benefit; CF, cisplatin and fluorouracil; 5FU, fluorouracil; Cape, capecitabine; Oxali, oxaliplatin; Vin, vinorelbine; ECF, 
epirubicin cisplatin fluorouracil; EOX, epirubicin oxaliplatin capecitabine; ECX, epirubicin cisplatin capecitabine; m, months; y, years; GEJ, 
gastroesophageal junction.
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disease (Figure 1). Early T1–2N0 cancer is still effectively 
treated with single surgical approaches, but survival rates 
drop as T-stage increases or in the case of lymph node  
involvement (7). To date, international guidelines 
recommend neoadjuvant treatment for at least clinical 
T3 or N+ tumors (8,9). The rationale for combining 
chemotherapy and radiotherapy is the radio-sensitizing 
effect, to downstage disease and achieve local control, as 
well as to potentially eradicate micrometastatic disease and 
enhance long-term survival. 

Neoadjuvant chemoradiotherapy—preferred treatment 
paradigm for localized esophageal cancer (T3Nx)

Neoadjuvant concurrent chemoradiation prior to curative 
surgery has shown significant survival advantages compared 
with surgery alone, regardless of histology or tumor 
location. Three large randomized phase III trials published 
positive results for tri-modality therapy in resectable 
esophageal carcinoma, compared with surgery alone: 
the Dutch CROSS and the CALGB 9781, where the 
majority of patients had adenocarcinoma, and the Chinese 
NEOCRTEC5010 trial, where only patients with SCC 
were permitted. Of note, CALGB 9781 was closed early 
due to poor accrual, but results were significant.

In the largest and practice-changing Dutch CROSS 
trial (10), a low-dose weekly carboplatin plus paclitaxel 
regimen was used concurrently with 41.4 Gy radiation, 
while cisplatin plus fluorouracil (5-FU)/50.4 Gy protocol was 
used in CALGB 9781 (11) and vinorelbine and cisplatin/ 
40 Gy in the NEOCRTEC5010 trial (12). In CROSS, the 
microscopically complete resection (R0) rate was higher with 
chemoradiotherapy (92% vs. 69%), and 29% of those treated 
with chemoradiotherapy had a pathologic complete response 
(pCR). The rate of pCR in the SCC cohort was 49% and 
in the other two trials also above 40%. A persistent survival 
benefit was shown in all three studies compared with surgery 
alone. Median follow-up in the CROSS trial was 84 months, 
achieving median overall survival (OS) of 48.6 vs. 24 months, 
and a five-year survival rate of 47% versus 33% (13). The 
smaller group of patients with SCC had an OS of 81.6 vs. 
21.1 months. Overall recurrence rate was 35% compared to 
58% in the surgery alone group, further indicating that both 
locoregional recurrence and peritoneal carcinomatosis rate 
were significantly reduced. Median OS in the CALGB 9781 
trial was 4.5 vs. 1.8 years, in an intent-to-treat analysis, and 
in NEOCRTEC5010, 100.1 vs. 66.5 months. There were 
no differences in postoperative morbidity or mortality rates 

between the two groups in all three studies.
The utility of preoperative chemoradiotherapy has been 

confirmed in several subsequent meta-analyses showing 
improved overall survival when compared to all other 
treatment modalities including surgery alone, neoadjuvant 
chemotherapy and neoadjuvant radiotherapy, however 
at the cost of increased postoperative mortality (14,15). 
In a separate meta-analysis, the hazard ratio for all-cause 
mortality for neoadjuvant chemoradiotherapy was 0.78, 
yielding an absolute survival benefit of 8.7 percent at 
two years and a number-needed-to-treat to prevent one 
death of 11. Significance was maintained across histologic 
subtypes, and was not offset by postoperative mortality (16). 
A clear advantage to neoadjuvant chemoradiotherapy over 
neoadjuvant chemotherapy was not established.

An acceptable alternative chemotherapy regimen to 
the widely used protocols described above is fluorouracil-
oxaliplatin-folinic acid (FOLFOX), which has shown 
encouraging results in several phase II trials (17,18).

Perioperative chemotherapy—alternative for 
adenocarcinoma of the lower esophagus or GEJ

Two large phase III trials have placed perioperative 
chemotherapy in the forefront of treatment for GEJ and 
gastric cancer. In the seminal Medical Research Council 
Adjuvant Gastric Infusion Chemotherapy MAGIC trial (19)  
three cycles of both pre and post-operative epirubicin/
cisplatin/5-FU (ECF) were superior to surgery alone, with 
a 15% improvement in OS. Subsequently, the FLOT4 trial 
from Germany enrolled patients with GEJ (66%) or gastric 
(34%) adenocarcinoma, and reported superior results with 
four cycles of perioperative infusional-5-FU, oxaliplatin and 
docetaxel, as compared with the MAGIC regimen; median 
OS was 50 vs. 35 months, five-year OS was 45% vs. 36% (20).  
and higher rates of R0 resection and lower staging at 
surgery were observed, with pCR rate of 16% vs. 6% (21).  
Toxicity was comparable in both groups. Thereafter, the 
three drug FLOT regimen emerged as the preferred 
chemotherapy regimen for patients with locally advanced 
carcinoma of the GEJ. However, due to considerable 
toxicity, FLOT should be substituted with FOLFOX in 
those with inferior performance status. Furthermore, 
perioperative chemotherapy with cisplatin and fluorouracil 
(CF) is another viable option for both GEJ and lower 
esophageal adenocarcinoma, as shown in the FNCLCC 
ACCORD 07 trial, which demonstrated a 38% five-year OS 
rate vs. 24% for surgery alone (22).
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Neoadjuvant chemotherapy—acceptable alternative for 
adenocarcinoma

Preoperative chemotherapy is another evidence-based 
approach for locally advanced potentially resectable 
esophageal cancer, yet rarely used. In the Medical Research 
Council OEO2 trial, a median OS benefit of 16.8 vs.  
13.3 months was gained after preoperative CF compared 
to surgery alone (23), and long term follow-up confirmed 
a 23% vs. 17% five-year OS, respectively (24). Although 
treatment effect did not significantly differ by histology, 
the established efficacy of chemoradiation in SCC 
makes neoadjuvant chemotherapy a feasible approach in 
adenocarcinoma. Notably, triplet chemotherapy did not 
have an OS advantage in the OEO5 trial (25).

Neoadjuvant sequential chemotherapy and chemoradiation 
therapy

Sequential preoperative therapy, consisting of induction 
chemotherapy followed by concurrent chemoradiation, is 
under investigation in clinical trials, but has not yet shown 
superiority to other treatment approaches. A phase III study 
in adenocarcinoma patients showed higher probability 
of pCR and tumor-free lymph nodes at resection, with 
sequential treatment as compared with preoperative 
chemotherapy alone, as well as a trend towards a survival 
advantage that did not reach statistical significance (26). 
Numerous phase II studies showed mixed results but 
in general were not superior to those observed with 
preoperative chemoradiation (27,28). One exception is the 
phase II SAKK 75/02 trial, where docetaxel and cisplatin 
were administered to patients with SCC or adenocarcinoma, 
followed by chemoradiation with the same regimen, and 
showed R0 resection in 52 of the 57 participants, as well as 
an OS of 36.5 months (29). This approach should be further 
evaluated in phase III trials.

Adjuvant chemotherapy/ chemoradiotherapy for high  
risk GEJ 

Post-operative treatment remains a valid yet rarely 
implemented option in locally advanced esophageal and GEJ 
cancer, due to widespread use of the neoadjuvant approach. 
The landmark Intergroup INT-0116 trial investigated 
postoperative chemotherapy plus chemoradiation compared 
with surgery alone and enrolled patients with gastric 
and GEJ tumors (20%). A superior median OS of 36 vs.  

27 months was shown for combined treatment (30), which 
was maintained after 10 years of follow-up (31). Local 
and regional relapse rates were reduced. The majority of 
patients had advanced disease with pT3/4 tumors (69%) 
and positive locoregional nodes (85%). A limitation of this 
study is in the surgical technique, with a low rate of lymph 
node retrieval (54% underwent only D0 lymphadenectomy 
and only 10% a full D2 dissection), casting doubt on the 
quality of local control initially achieved. 

Other studies have added support for post-operative 
chemoradiation in specific subgroups of patients with 
esophageal and GEJ patients. Radiation concurrent with 
CF in poor prognosis patients showed improved OS, 
distant metastatic and locoregional control, in a phase II 
comparison with a matched historical cohort of surgery-
only patients (32). A recent meta-analysis also favored 
this approach rather than post-operative chemotherapy 
or radiotherapy alone (33). Additionally, post-operative 
chemoradiation may have a role in the case of involved 
surgical resection margins (R1), as demonstrated in long 
term results of the Int-113 trial, whereby adjuvant treatment 
was delivered following an R1 resection, and was found 
to enhance survival in a small percentage of patients (34). 
The role of adjuvant chemoradiation was addressed in the 
large international phase III trial, the CRITICS study, which 
showed no survival benefit for the addition of postoperative 
chemoradiotherapy to perioperative chemotherapy in 
patients with GEJ or gastric carcinoma (35).

Evidence for adjuvant chemotherapy only (not in the 
setting of perioperative treatment) is extrapolated from the 
CLASSIC trial, which evaluated adjuvant capecitabine and 
oxaliplatin in advanced gastric cancer following gastrectomy 
plus D2 lymph node dissection, and demonstrated improved 
five-year OS rate of 78%, compared with 69% with surgery 
alone (36).

It is important to note that to date, survival benefit of 
post-operative chemoradiation has not been demonstrated 
in a randomized trial in the subpopulation of esophageal 
cancer. Taken together, there is evidence to employ adjuvant 
chemoradiation only for high risk patients with GEJ cancer 
who have not received preoperative therapy. 

Definitive chemoradiotherapy—unresectable disease or 
poor surgical candidates, particularly SCC 

Concurrent chemoradiotherapy has been compared to 
RT alone and has consistently shown superior survival 
indices—making concurrent treatment the current standard 
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of care for inoperable disease (37). Notably, the landmark 
Radiation Therapy Oncology Group (RTOG) 85-01 trial 
enrolled patients with both SCC and adenocarcinoma and 
was closed prematurely due to significant survival advantage 
both locoregionally and distally, using CF as compared 
to RT with 64 Gy (38). Long term follow-up showed 
a five-year survival of 26% vs. 0% and median survival 
of 14 vs. 9 months (39,40). However, an unacceptably 
high locoregional failure rate of nearly 50% at one year 
was observed and subsequently addressed in a follow-up 
trial, INT 0123 (41). Herein, higher doses of RT (64.8 vs. 
50.4 Gy) were not associated with improved survival or 
locoregional control and rather more toxicity incurred, 
validating the standard dose of 50.4 Gy; notwithstanding, 
this was prior to the era of modern radiotherapy techniques. 

Newer randomized studies have found utility in other 
chemotherapeutic regimens when used as radiosensitizers. 
The phase II/III PRODIGE5/ACCORD17 presented 
promising results with concurrent FOLFOX, although 
survival endpoints were not superior to the control, 
CF (42). FOLFOX represents an effective alternative 
to CF. The docetaxel and cisplatin regimen has also 
demonstrated efficacy in SCC patients treated with definitive 
chemoradiotherapy (43).

A non-operative approach should be indicated for SCC 
located in the cervical esophagus. In the previous SCC 
study, the overall response rate was 98.3% with complete 
response achieved in 71% of patients and a median OS of  
23 months. Furthermore, as mentioned above for the CROSS 
trial, pCR was observed in 49% of SCCs compared with 
23% of adenocarcinomas. Of note, perioperative mortality is 
generally higher for SCC than for adenocarcinoma, perhaps 
due to associated comorbidity and higher tumor location 
(44,45). In a meta-analysis of randomized controlled studies 
comparing neoadjuvant versus definitive chemoradiation, 
mostly in SCC patients, there was no survival difference 
between the definitive chemoradiation group and the surgical 
group, while higher treatment related mortality was shown 
in the surgical group (46). Nevertheless, in a long term 
analysis of the FFCD 9102 trial, higher OS was shown for 
clinical non-responders who underwent surgery, than those 
who did not (17 vs. 5.5 months, respectively) (47), suggesting 
efficacy for a non-operative approach in chemoradiation  
responders only.

The European Society for Medical Oncology guidelines 
indicate that definitive chemoradiation may be considered a 
standard alternative to esophagectomy following neoadjuvant 
chemoradiation in locally advanced esophageal SCC (8), 

while the American National Comprehensive Cancer 
Network guidelines recommend definitive chemoradiation 
in the setting of locally advanced SCC only for patients who 
decline surgery or those with T4b tumors (9).

Targeted therapy

To date, no significant advantage has been observed with 
the addition of biological agents in localized esophageal 
carcinoma. The monoclonal antibody against the vascular 
endothelial growth factor (VEGF), bevacizumab alongside 
the oral tyrosine kinase inhibitor erlotinib, added to 
preoperative chemoradiotherapy failed to improve 
outcomes (48). Similar negative results were observed with 
another monoclonal antibody directed at the epidermal 
growth factor receptor (EGFR) cetuximab (49). Following 
a positive phase I/II trial, results are anticipated for an 
ongoing phase III trial RTOG 1010 (50), combining the 
HER2-targeted agent trastuzumab with neoadjuvant 
chemoradiotherapy and as adjuvant treatment for one year, 
in patients with HER2 positive esophageal adenocarcinoma. 
To date, however, anti-HER2 therapy is not considered 
standard treatment for localized HER2-positive esophageal 
cancer.

Metastatic disease

Approximately 40% of patients with esophageal cancer 
are diagnosed with metastatic disease; with the emergence 
of enhanced diagnostic tools such as staging-laparoscopy, 
this number may in fact be even higher. Five-year survival 
is poor, nearly reaching 5% in most studies. Palliation 
and best-supportive-care are paramount in the treatment 
paradigm of stage IV esophageal cancer and should be 
provided regardless of antineoplastic treatment. Systemic 
therapy for metastatic adenocarcinoma follows the same 
principles of care as gastric adenocarcinoma, as evidence 
has been extrapolated from gastric/GEJ cancer studies. 
Encouraging phase III data has emerged and drug approvals 
attained (Figure 2).

Chemotherapy

Historically,  the standard regimen for metastatic 
esophageal cancer has been the two-drug combination, 
CF. During the last decade, two large trials showed that 
capecitabine could be substituted for 5-FU and oxaliplatin 
for cisplatin with considerably less toxicity, in esophageal 
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Figure 2 Treatment lines for metastatic esophageal/GEJ cancer. In the first-line setting, doublet platinum and fluoropyrimidine 
chemotherapy are preferred. Gray inserts indicate personalized treatment; trastuzumab for HER2+ in the first-line setting only, anti-PDL1/
PD1 for MSI-H or positive CPS. †, regulatory approval gained for pembrolizumab. GEJ, gastroesophageal junction; CPS, combined positive 
score.
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SCC and adenocarcinoma in the REAL-2 study (51), 
and gastroesophageal adenocarcinoma (52). Thereafter 
FOLFOX emerged as the most widely used first-line 
chemotherapy regimen worldwide. Data for FOLFIRI 
(fluorouracil-irinotecan-folinic acid) in gastric and GEJ 
tumors show non-inferiority to platinum fluoropyrimidine 
therapy and suggest superior time to treatment failure (53), 
hence this serves as an alternative protocol in case platinum 
drugs should be avoided.

A three-drug regimen that included the addition of 
docetaxel to the platinum fluoropyrimidine backbone in 
GEJ and gastric cancer resulted in higher response-rate 
and time-to-progression, with a 0.6-month improvement in 
median survival (54). This regimen entails higher toxicity 
and may be administered for medically fit patients with 
excellent performance status and with frequent monitoring, 
mainly when high response rate is warranted. Doublet 
regimens remain the mainstay of first-line treatment.

For patients who progress on first-line treatment and 
are medically fit for chemotherapy, taxanes or irinotecan 
are considered standard options for second-line treatment. 
Studies show improved symptom control and disease-
specific quality of life, however, the OS benefit of 
cytotoxic chemotherapy compared with best supportive 
care is approximately 6 weeks, as was shown for second-
line docetaxel in COUGAR-02 (55). A new agent that has 
shown efficacy in heavily pretreated metastatic GEJ/gastric 

adenocarcinoma is the combined regimen of trifluridine (a 
nucleoside analog) and tipiracil (thymidine phosphorylase 
inhibitor), also known as TAS 102. TAS 102 gained 
regulatory approval in 2019 following the positive phase III 
TAGS trial that demonstrated a 2.1-month increase in OS 
as compared with best supportive care alone. Substantial 
hematological toxicity limits its administration to third line 
treatment of select patients with minimal symptoms and 
low volume disease (56).

Targeted biologic agents 

A greater understanding of the genomic landscape of 
esophageal cancer has prompted the initiation of tailored 
treatment in the metastatic setting (Figure 3). Due to the 
similar molecular origins of adenocarcinoma of the distal 
esophagus, GEJ, and proximal stomach as revealed in the 
Cancer Genome Atlas analysis (1), data from gastric/GEJ 
trials is extrapolated for distal esophageal cancer as well.

Human epidermal growth factor receptor 2 (HER2)
A known driver of tumorigenesis, HER2 amplification 
or overexpression has been found in 7–34% of gastric  
cancers (57). Recent data suggest oncogenic amplification 
in over 30% of esophageal adenocarcinomas, while in only 
3% of esophageal SCCs (1). The addition of trastuzumab 
to chemotherapy as compared to chemotherapy alone, was 
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found to significantly improve all endpoints evaluated in the 
phase III ToGA study for HER2- positive gastric and GEJ 
cancer, including anti-tumor response (47.3% vs. 34.5%), 
PFS (6.7 vs. 5.5 months) and OS (13.8 vs. 11.1 months)—
without remarkably increasing cardiac or other toxicity (57). 
Thereafter, trastuzumab became standard of care for first-
line treatment of HER2-positive metastatic esophageal 
adenocarcinoma. 

Significant OS benefit has not been demonstrated to 
date with second-line HER2 targeting agents. Lapatinib, 
a dual tyrosine kinase inhibitor of both HER2 and EGFR 
pathways, was evaluated in the TRIO-013/LOGiC study (58), 
and the monoclonal antibody, pertuzumab, in the JACOB 
study (59); neither improved OS. Interestingly, in TyTan, a 
phase III Asian study, efficacy for lapatinib and paclitaxel 
was shown for specific subgroups: immunohistochemistry 
3+ patients compared with 0/1+ and 2+ patients, as well 
as Chinese compared with Japanese patients (60). No 
improvements in survival indices were shown with the 
trastuzumab conjugate antimicrotubule agent, emtansine, 
T-DM1 in the GATSBY study (61). The lack of success 
in administering anti-HER2 agents beyond progression 
is attributed to intra-tumoral resistance mechanisms, 
such as mutations or co-amplification of pathways (62). 

Additionally, loss of HER2 overexpression has been 
identified in 16% of resistant patients (63).

Results of trials exploring two novel HER2-targeting 
antibodies in both gastric and breast cancer patients 
previously treated with HER2 inhibition are highly 
anticipated. Firstly, the antibody-drug conjugate DS-
8201 (trastuzumab deruxtecan), comprised of a humanized 
antibody against HER2, an enzyme-cleavable linker and 
a topoisomerase I inhibitor payload, has shown promising 
activity in a phase I trial of HER2 advanced gastric or 
GEJ cancer (64). Of the 44 participants, nineteen (43%) 
achieved a confirmed objective response. Median duration 
of response lasted 7 months and OS was 12.8 months. An 
additional drug, ZW25, is a biparatopic antibody capable 
of binding two HER2 epitopes: the ECD4 (trastuzumab) 
and ECD2 (pertuzumab) binding domains; this unique 
mechanism of action is hypothesized to overcome 
numerous resistance mechanisms. Of the seven patients 
with gastroesophageal cancers in the 23-patient phase I 
trial, three (43%) experienced a partial response and stable 
disease was observed in one patient (14%) (65). Both novel 
HER2 drugs have been granted fast track designation by 
the food and drug administration (FDA) and the phase 
II DESTINY-Gastric01 and ZW25 trials are currently 
underway (66).

VEGF
The VEGF pathway has been actively studied in 
gastroesophageal carcinoma, particularly monoclonal 
antibodies bevacizumab and ramucirumab and the 
multikinase inhibitor regorafenib. Of these,  only 
ramucirumab has attained regulatory approval, with 
significant OS benefit shown for patients with refractory 
gastric and GEJ adenocarcinoma, both as monotherapy 
in the REGARD trial (3.8 to 5.2 months) (67), and in 
conjunction with paclitaxel in the RAINBOW trial (9.6 to 
7.4 months) (68). Treatment was well-tolerated besides an 
increase in hypertension and in the latter, more neutropenia 
compared to paclitaxel alone. Data has not yet shown efficacy 
for ramucirumab as first-line treatment. Combination with 
FOLFOX did not improve survival compared to FOLFOX 
alone (69), and the subsequent phase III RAINFALL trial 
investigated the addition of ramucirumab to cisplatin and a 
fluoropyrimidine and found improved PFS by weeks and no 
significant improvement in OS (70). Thereby, ramucirumab 
in conjunction with paclitaxel has emerged as the standard 
second-line therapy for metastatic GEJ adenocarcinoma.

Figure 3 Major biological targets in esophageal/GEJ carcinoma. 
Gray tint indicates biological targets with approved therapeutic 
agents. Purple indicates targets with positive phase II trials that 
were not supported by phase III data. Green represents a target 
with ongoing phase III investigations. GEJ, gastroesophageal 
junction.
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Other emerging biological targets
Claudin 18.2 (CLDN18.2) is a tight junction protein 
known to be expressed in gastric and GEJ adenocarcinoma. 
Zolbetuximab (IMAB362) has demonstrated activity in 
CLDN18.2 expressing tumor cells both as single-agent 
treatment and in combination with chemotherapy. The 
phase II study (71) included gastric/GEJ/esophageal cancer 
patients, and met its endpoints of improved PFS (7.9 vs. 
5.7 months with or without IMAB362, respectively) and 
median OS (12.5 vs. 8.7), with higher expression correlating 
with response. Treatment was well tolerated and the phase 
III trial adding zolbetuximab to FOLFOX is underway 
(NCT03504397) (72). Despite encouraging phase II 
investigations, agents targeting EGFR, MTOR and MET 
have not yielded benefit in phase III studies (73-76). 

Immunotherapy

Immunotherapy has evolved as a promising new treatment 
modality across cancer types, and as of lately, joined 
the treatment arsenal for esophageal and gastric cancer  
(Figure 4A,B).

Pembrolizumab
The programmed cell death protein-1 (PD-1) monoclonal 
antibody, pembrolizumab, was granted accelerated approval 
by the FDA in 2017 for the treatment of patients with 
unresectable or metastatic MSI-High or deficient mismatch 
repair (dMMR) solid tumors that have progressed on prior 
treatment and who have no satisfactory alternative treatment 
options (77). The same year, pembrolizumab first gained 
FDA approval for patients with recurrent, locally advanced 
or metastatic programmed cell death ligand-1 (PD-L1)-
positive gastric or GEJ adenocarcinoma who progressed on 
two or more prior lines of therapy. PD-L1 positivity was 
defined as a combined positive score (CPS) of 1 or more; 
this novel score method quantifies the number of PD-L1 
staining tumor cells, lymphocytes and macrophages, divided 
by the total number of viable cells, multiplied by 100. 
This first approval of pembrolizumab in esophagogastric 
adenocarcinoma was based on the phase Ib KEYNOTE-012 
study (78) and the subsequent phase II KEYNOTE-059 (79)  
which showed an overall response rate of 15.5% in PD-
L1-positive tumors versus 6.4% in PD-L1-negative 
tumors, and a median response duration of 16.3 months. 
Pembrolizumab failed to show significant survival benefit 
in second-line treatment of gastric/GEJ adenocarcinoma 
in the phase III KEYNOTE-061 (80) however, toxicity was 

reduced in comparison to chemotherapy. 
Two recently published studies specifically targeted patients 

with esophageal cancer. The phase II KEYNOTE-180 (81) 
and phase III KEYNOTE-181 (82) evaluated pembrolizumab 
as second-line therapy for patients with advanced PD-L1-
positive SCC or adenocarcinoma of the esophagus and Siewert 
type I GEJ. Pembrolizumab significantly improved OS 
compared with chemotherapy when PD-L1 CPS ≥10, with a 
more favorable safety profile. Clinically meaningful but non-
significant survival was observed in patients with SCC and non-
significant in the intent-to-treat population. These data led to 
FDA approval in second-line therapy of esophageal SCC. 

Data regarding first-line treatment with pembrolizumab 
is currently underway. Preliminary results of an ongoing 
investigation of cohorts 2 and 3 of KEYNOTE-059 
mentioned above (83-85) suggest promising activity 
for pembrolizumab or its combination with CF as first-
line therapy in PD-L1-positive gastric/GEJ cancers. 
This combination will be further studied in the phase III 
KEYNOTE-590 trial (NCT03189719) (86), recruiting 
participants with advanced esophageal adenocarcinoma and 
SCC, and GEJ adenocarcinoma. Moreover, the eagerly 
awaited phase III KEYNOTE-062 (NCT02494583) (87) 
recently achieved its primary endpoint, showing that for 
patients with PD-L1 positive, HER2-negative, advanced 
gastric or GEJ cancer, first-line pembrolizumab resulted in 
non-inferior survival compared to standard chemotherapy. 
In tumors with CPS of 10 or more, OS was 17.4 months 
compared with 10.8 months for chemotherapy. This was 
maintained for a protracted period of time, with 39% of 
patients on pembrolizumab alive after two years compared 
with 22% of those on chemotherapy. In the chemotherapy 
plus pembrolizumab combination treatment arm, survival 
benefit was not shown, regardless of CPS. A limitation of 
the study is that the chemotherapy-only cohort rarely went 
on to second-line immunotherapy, whereas all patients in 
the other treatment arms received pembrolizumab, making 
it difficult to validate inferences regarding patient survival. 

In conclusion, pembrolizumab is now an approved third-
line treatment option for GEJ adenocarcinoma patients 
with PD-L1 expression levels by CPS of 1 or more; it is 
also an approved second-line option for MSI-H/dMMR 
tumors as well as esophageal SCC with CPS of 10 or 
more. First-line pembrolizumab is not yet approved by 
regulatory bodies, but may represent an alternative for GEJ 
cancer with a CPS of 10 or more, as this subgroup had a 
profound survival benefit. For those with CPS of 1 or more, 
pembrolizumab should be reserved for selected patients, 
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Figure 4 Immunotherapy. (A) Depiction of major trials evaluating PD1 inhibitors in esophageal/GEJ carcinoma. (A) Pembrolizumab is 
approved in the second and third-line setting by PDL-1 CPS criteria following KEYNOTE-181 and KEYNOTE-059, respectively, as 
highlighted in color. (B) Nivolumab trials have met their endpoints irrespectively of PDL-1 status. ATTRACTION-3 has shown significant 
results, highlighted in color. All trials are phase III unless indicated by parentheses after the study name. Phase II trials have no control arm 
comparator. GEJ, gastroesophageal junction.

such as frail patients for whom chemotherapy may be 
inappropriate, and in others, saved for later treatment lines. 
Combination treatment could be used in patients in need of 
a rapid response. 

Nivolumab and ipilimumab
Another PD-1 inhibitor, nivolumab and the cytotoxic 

T-lymphocyte-associated protein-4 inhibitor, ipilimumab, 
have also shown clinical utility in esophageal cancer, 
though significant results have only recently been published 
and not yet presented for drug approval. The phase I/II 
CheckMate-032 (88) found clinically meaningful activity for 
combination immune therapy in patients with advanced 
refractory esophagogastric cancer irrespective of PD-
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L1 status. In the larger phase III CheckMate-649 (89) 
for first-line treatment, the nivolumab/ipilimumab arm 
was terminated due to severe toxicity, while nivolumab 
combined with chemotherapy is ongoing. 

Single agent nivolumab has been studied in the phase II 
ATTRACTION-01 (90) study, which enrolled Asian patients 
with refractory esophageal SCC and showed a steady 
overall response rate of 17.2% after two years, and a median 
duration of response of 11.17 months (91), albeit a relatively 
high toxicity profile. The phase III ATTRACTION-3 (92) 
was designed based on these positive results in refractory 
SCC and enrolled patients from a variety of geographic 
locations. A significant OS advantage was recently shown 
across subgroups irrespective of PD-L1 expression, for 
second-line nivolumab compared with chemotherapy (10.9 
vs. 8.4 months, respectively), alongside a favorable safety 
profile. While overall responses were similar (19% vs. 22%), 
duration of response was longer with nivolumab (6.9 vs.  
3.9 months). 

Nivolumab for heavily pretreated gastric/GEJ cancer was 
also found to significantly improve OS (5.26 vs. 4.14 months 
in the placebo arm) in an Asian population, in the phase III 
ATTRACTION-2 (93) trial, which was maintained over time 
and associated with reduced toxicity. Separate subgroup 
analyses found that nivolumab was effective regardless of prior 
trastuzumab (94) or ramucirumab (95) use, and that response 
and progression free survival were numerically higher in those 
with prior ramucirumab use than in those without. Finally, 
first-line nivolumab in combination with capecitabine and 
oxaliplatin chemotherapy in advanced gastric/GEJ cancer is 
currently being evaluated in the phase III ATTRACTION-4 (96) 
study, following positive phase II results.

These data support nivolumab use in second-line 
treatment of esophageal SCC and GEJ cancer, regardless of 
PD-L1 expression. 

Challenges

As treatment of esophageal cancer improves, new challenges 
and obstacles must be addressed in order to further advance 
the field and improve patient outcomes. Three current 
controversies will be discussed. 

Preferred approach for localized disease 

Determining superiority of treatment approach is a matter 
of active dispute in the localized disease setting. This is still 
no mature head-to-head evidence comparing neoadjuvant 

chemoradiation with perioperative chemotherapy. An 
ongoing trial in Germany, ESOPEC (NCT92509286) (97), 
is evaluating the CROSS and FLOT regimens without 
radiotherapy, head-to-head, and may shed light on the 
preferred approach. Moreover, Neo-AEGIS ICORG 10-14 
(NCT01726452) (98) will assess CROSS versus pre and post-
operative chemotherapy with ECF/ECX and TOPGEAR 
(NCT01924819) (99), preoperative chemotherapy with ECF, 
with or without subsequent chemoradiation.

Standardization of radiation

Another unsolved issue in the neoadjuvant setting remains 
defining a uniform radiation dose. The CROSS study used 
41.4 Gy, while the commonly accepted dose is 50.4 Gy 
at 1.8 Gy per fraction, as employed in several prospective 
trials. The German Oesophageal Cancer Study Group 
and others used a dose-escalated regimen of up to 60 Gy, 
as non-operative care, an approach currently evaluated in 
the SCOPE2 trial (NCT02741856) (100). Optimization of 
radiation techniques in the modern era, with utilization of 
three-dimensional conformal radiation therapy, intensity-
modulated radiation therapy (IMRT), protons, and rigorous 
fractionation schedules, have greatly improved outcomes, 
with reduced toxicity and comparable survival rates (6). 
Chemotherapy with IMRT has not been compared to 
equivalent chemotherapy alongside started 3D radiotherapy.

Targeted therapy in advanced lines

Response to anti-HER2 therapies in advanced lines of 
care constitutes a biological challenge. In breast cancer, 
HER2 positive tumors remain responsive to successive anti-
HER2 therapy after progression on first-line trastuzumab, 
enabling the incorporation of a wide arsenal of anti-HER2 
agents. Unlike breast cancer, HER2-positive gastric/gastro-
esophageal cancer follows a differential biological course, 
as acquired resistance following first-line anti-HER2 
treatment prevails, significantly reducing responses to 
further anti-HER2 therapy. The evolution of liquid biopsies 
and extensive basic research may eventually reveal surrogate 
biomarkers to effectively select candidates for advanced 
lines of anti-HER2 therapy, as well as measures to regain 
sensitivity to anti-HER2 agents.

Conclusions

A heterogenous disease distinguished by tumor location, 
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histology and biology, esophageal cancer has entered the 
forefront of oncological research. As its genomic landscape 
is being elucidated and diverse treatment approaches 
explored, management is becoming increasingly tailored 
to disease traits and the host mechanisms. Ideally, a 
combination of chemotherapy, radiation, surgery, biologic 
therapy and palliation is determined by a multidisciplinary 
team prior to treatment onset and reevaluated throughout. 
Taken together, with the aim of improving patient outcomes 
and pushing their survival curves, these evolving paradigms 
ultimately bring about a new era in esophageal cancer care.
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