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Background and Objective: Esophageal cancer is an aggressive disease that is the sixth leading cause
of cancer-related death worldwide. The overall treatment paradigm for esophageal cancer has changed
considerably over the past decade. This narrative review aims to summarize the current landscape of
radiation oncology for esophageal cancer.

Methods: A systematic search of the MEDLINE/PubMed database and Clinicaltrials.gov was performed,
focusing on studies published within the last 10 years. Our search queried “esophageal cancer [AND]
neoadjuvant radiation” as well as “locally advanced esophageal cancer [AND] definitive radiation”. Our
search resulted in 298 total references. These were manually reviewed, and only 58 references were within
our scope of interest ranging from 2012-2022.

Key Content and Findings: For resectable esophageal cancer, neoadjuvant chemoradiation followed by
surgery has been defined as the standard of care over the past decade. In patients with incomplete response
to neoadjuvant chemoradiation, the benefit of immunotherapy in the adjuvant setting has recently been
established. Ongoing studies are examining whether perioperative chemotherapy may be equivalent to
neoadjuvant chemoradiation in resectable esophageal adenocarcinoma. For locally advanced esophageal
cancer, recent studies have failed to show a benefit with radiation dose escalation in an unselected population,
although the use of early positron emission tomography (PET) response to guide dose escalation is currently
being studied. Other ongoing studies aiming to improve outcomes in locally advanced esophageal cancer
involve using proton beam therapy to reduce toxicity and combining immunotherapy or targeted therapies
with chemoradiation to amplify response.

Conclusions: Recent advances in radiation oncology may continue to improve outcomes for patients with

esophageal cancer.
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Introduction

Esophageal cancer is the sixth leading cause of cancer-
related death and the eighth most common cancer
worldwide (1). The landscape of treatment for esophageal
cancer has changed dramatically over the past two decades.
The Chemoradiation for Oesophageal Cancer Followed
by Surgery Study (CROSS) trial first published in 2012
established a new standard of care for resectable esophageal
cancer by finding an increase in overall survival (OS)
with the use of chemoradiation before surgery (2). The
recommended neoadjuvant chemoradiation dose is between
41.4-50.4 Gy in 1.8 Gy per fraction (3). Despite this,
the optimal treatment strategy remains controversial for
certain subtypes such as esophageal adenocarcinoma and
gastroesophageal junction (GEJ) cancers (3-6).
Furthermore, the question of whether radiation dose
escalation may improve outcomes in locally advanced
esophageal cancer has been of great interest ever since
the heavily critiqued Intergroup 0123 trial (7) failed to
show any benefit to dose escalation. The negative results
of two recently published phase III randomized trials,
ARTDECO (8) and CONCORDE (9), have likely to
put to rest any debate regarding the benefit of radiation
dose escalation in unselected patients with locally
advanced esophageal cancer. The recommended definitive
chemoradiation dose remains 50.4 Gy in 1.8 Gy per
fraction (3). Ongoing investigations are examining other
ways to improve outcomes in these patients, such as by using
early positron emission tomography (PET) response to
guide dose escalation, using proton beam therapy to reduce
toxicity, or combining immunotherapy or targeted therapies
with chemoradiation to amplify response. The purpose of
this narrative review is to summarize the current landscape
of radiation oncology in the treatment of esophageal cancer.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-22-939/rc).

Methods

A systematic search of the MEDLINE/PubMed database
and Clinicaltrials.gov was performed, focusing on studies
published within the last 10 years. Our search queried
“esophageal cancer [AND] neoadjuvant radiation” as well
as “locally advanced esophageal cancer [AND] definitive
radiation” and was limited only to prospective studies,
retrospective studies, and metanalyses, omitting abstracts,
books, documents, and reviews. Our search resulted in 298
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total references. These were manually reviewed, and only
58 references were within our scope of interest ranging
from 2012 to 2022. Prospective randomized studies were
prioritized as having the highest level of evidence, followed
by prospective single-arm studies, followed by metanalyses
of retrospective studies, followed by retrospective studies. A
search strategy summary can be seen in Tible 1.

Discussion

Neoadjuvant chemoradiation as standard of care for
esophageal cancer

The CROSS trial established the standard of care for the
treatment of esophageal and GEJ (Siewert I-1I) cancer over
the past decade. Prior to the CROSS trial, there was some
suggestion of a survival benefit with the use of neoadjuvant
therapies compared to surgery alone by a few metanalyses
(10,11). CROSS was a randomized phase III trial of 368
patients with T1 N1 or T2-3 NO-1 esophageal or GEJ
cancer treated with neoadjuvant chemoradiation to a dose
of 41.4 Gy in 23 fractions using a 3-dimensional conformal
technique (3D-CRT) with concurrent weekly carboplatin
and paclitaxel vs. surgery alone. Ten-year outcomes from the
CROSS trial were recently published in 2021 (12), which
showed a persistent OS benefit with the use of neoadjuvant
chemoradiation. With a median follow-up of 147 months,
the 10-year OS rate was 38% in the chemoradiation arm
vs. 25% in the surgery alone arm (P=0.004). Locoregional
recurrence was reduced with neoadjuvant chemoradiation
[hazard ratio (HR) 0.40, 95% confidence interval (CI):
0.26-0.72] compared to surgery, although the rate of distant
recurrence was similar in both arms (27% vs. 28%). Patients
with squamous cell carcinoma (SCC) histology appeared
to have improved outcomes with this regimen compared
to adenocarcinoma, with a 10-year OS rate of 46% wvs.
36%, although this study was inadequately powered to
compare OS across subgroups. From the initial publication
in 2012 (2), patients with SCC histology also appeared to
have higher pathological complete response (pCR) rates
compared to adenocarcinoma (49% vs. 23%), although the
study was inadequately powered to detect any difference.
The addition of neoadjuvant chemoradiation did not
increase the rate of postoperative complications or death,
and the most common grade 3+ toxicities associated with
this regimen were leukopenia (6%) and anorexia (5%). The
difference in pCR seen between SCC and adenocarcinoma
in the CROSS trial has led clinicians to consider offering
non-operative management to patients with esophageal
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Table 1 Search strategy summary

Liu et al. Radiation for esophageal cancer narrative review

Iltems Specification

Date of search 4/1/2022
Databases and other sources searched

Search terms used

definitive radiation”
Timeframe 1/1/2012-4/1/2022

Inclusion and exclusion criteria
language

MEDLINE, PubMed, Clinicaltrials.gov

“esophageal cancer [AND] neoadjuvant radiation”, “locally advanced esophageal cancer [AND]

Inclusion criteria: prospective studies, retrospective studies, and metanalyses, English

Exclusion criteria: abstracts, books, documents, and reviews

Selection process

Additional considerations

First author performed initial literature review, with feedback from principal investigator

References of selected papers were also screened for additional papers that met the

predetermined selection criteria

SCC who demonstrate favorable response to concurrent
chemoradiation (13). The recommended neoadjuvant
chemoradiation dose is between 41.4-50.4 Gy in 1.8 Gy
per fraction (3). An National Cancer Database (NCDB)
analysis by Haque ez 4/. (14) found that the most common
neoadjuvant chemoradiation dose used in the United States
was 50.4 Gy (95%), although the use of 41.4 Gy has been
rising over the past decade.

Despite the durable OS benefit of neoadjuvant
chemoradiation, there is a lack of consensus between
published guidelines regarding the optimal treatment for
esophageal cancer, particularly for esophageal adenocarcinoma
and GE]J cancer. The National Comprehensive Cancer
Network (NCCN) guidelines (3) and the American Radium
Society (ARS) Appropriate Use Criteria (6) both favor
the use of neoadjuvant chemoradiation for esophageal
adenocarcinoma and SCC, whereas the American Society
of Clinical Oncology (ASCO) guidelines (4,5) support the
use of either neoadjuvant chemoradiation or perioperative
chemotherapy for esophageal adenocarcinoma and either
neoadjuvant or definitive chemoradiation for esophageal
SCC. Evidence to support alternative recommendations will
be discussed in the following sections.

Perioperative chemotberapy in esophageal and GEF
adenocarcinoma

Although most guidelines favor the use of neoadjuvant
chemoradiation over perioperative chemotherapy for
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esophageal and GE] adenocarcinoma, some argue that
recent advances in systemic therapy have made it so that
perioperative chemotherapy is equivalent to neoadjuvant
chemoradiation. The emergence of perioperative FLOT
(fluorouracil plus leucovorin, oxaliplatin and docetaxel) in
GE]J and gastric cancer have led some to question whether
outcomes may be similar to the CROSS regimen in
esophageal and GEJ adenocarcinoma. The use of FLOT in
GEJ and gastric cancer was established by the FLOT4-AIO
trial (15), which found an OS benefit with perioperative
FLOT compared to the MAGIC (ECF; epirubicin,
cisplatin, and infused fluorouracil) regimen in 716
patients with GEJ and gastric cancer (median OS of 50 wvs.
35 months, P=0.012). FLOT differs from ECF/ECX in
several features. The most important difference appears
to be the use of the docetaxel instead of the epirubicin as
a third drug, but also, that FLOT is a 2-week regimen,
whereas ECF/ECX is a 3-week regimen, and that FLOT
contains oxaliplatin instead of cisplatin. Additionally,
the schedule and doses of the fluoropyrimidines differ.
Therefore, it is difficult to speculate whether other
docetaxel-based three-drug regimens such as the parent
DCF would be associated with comparable safety and
efficacy in the perioperative setting.

There are currently four ongoing trials comparing
perioperative FLOT vs. neoadjuvant chemoradiation in
esophageal and GEJ adenocarcinoma: NEO-AEGIS (16),
ESOPEC (17), RACE (18), and POWERRANGER (19). A
summary of these studies can be found in 7ible 2. Currently,
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Table 2 Ongoing studies comparing neoadjuvant chemoradiation vs. perioperative chemotherapy

Target

Trial Phase Eligibility acerual

Treatment arms

Primary

Secondary outcome
outcome

NEO-AEGIS (16) Il T2-3 NO-3 esophageal or 377

GEJ adenocarcinoma

Perioperative MAGIC/FLOT (O]
regimen vs. CROSS regimen

Perioperative FLOT regimen vs. OS
CROSS regimen

Perioperative FLOT regimen vs. PFS
preoperative FLOT x2 followed

Response rate, DFS,
toxicity, postop
complications, QOL

PFS, patterns of
failure, toxicity, postop
complications, QOL

OS, RO resection rate,
patterns of failure, QOL

by 45 Gy with oxaliplatin/5-FU

ESOPEC (17) I} T2+ or N+ esophageal or 438
GEJ adenocarcinoma

RACE (18) I} T3+ or N+ esophageal or 340
GEJ adenocarcinoma

POWERRANGER I T2+ or N+ esophageal or 60

(19) GEJ adenocarcinoma

Perioperative MAGIC/FLOT
regimen vs. preoperative 45 Gy response rate

Compliance, 0OS, PFS, QOL

with carboplatin/paclitaxel

GEJ, gastroesophageal; OS, overall survival; DFS, disease-free survival; PFS, progression-free survival; QOL, quality of life.

only the NEO-AEGIS trial has published interim results in
abstract form (20). Of the 362 evaluable patients in NEO-
AEGIS, 178 patients were treated with the CROSS regimen,
and 184 were treated with perioperative chemotherapy
(MAGIC/FLOT regimen). With a median follow-up of
24.5 months, the 3-year estimated survival probability was
similar in both arms (56% vs. 57%). However, most other
secondary endpoints showed an absolute improvement
in the neoadjuvant chemoradiation (CROSS) arm,
although statistical significance was not reported. The RO
resection rate was 95% in the CROSS arm vs. 82% in the
MAGIC/FLOT arm, and the pCR rates were 16% vs. 5%
respectively. The rate of grade 3 or higher neutropenia was
lower in the CROSS arm vs. the MAGIC/FLOT arm, 3%
vs. 14%. There was a decrease in postoperative pneumonia
in the CROSS arm vs. MAGIC/FLOT arm (16% vs. 20%),
but there was a higher rate of acute respiratory distress
syndrome (ARDS) in the CROSS arm vs. MAGIC/FLOT
arm (4.3% vs. 0.6%). There was no difference in the rate
of postoperative in-hospital deaths between the two arms
(3% for both arms). More mature data are needed to guide
treatment decisions. A retrospective review by Ahmed
et al. (21) found that neoadjuvant chemoradiation was
associated with a higher degree of pathologically tumor
regression compared to perioperative chemotherapy.
Patients with major tumor regression had a better outcome
than those with minimal to poor response. There was a
trend toward improved time to tumor recurrence with
chemoradiation but no difference in OS.

One reason to favor neoadjuvant chemoradiation over
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perioperative chemotherapy is that the use of adjuvant
nivolumab has been shown to improve disease free
survival (DFS) in patients with incomplete response to
neoadjuvant chemoradiation based on the CheckMate 577
study (22). This phase III trial randomized 532 patients
with completely resected stage II-III esophageal or GEJ
cancer who had incomplete response to neoadjuvant
chemoradiation in a 2:1 fashion to receive adjuvant
nivolumab vs. placebo. With a median follow-up of
24.4 months, the median DFS was 22.4 months in the
nivolumab arm vs. 11.0 in the placebo arm (P<0.001). DFS
favored nivolumab across multiple prespecified subgroups
independent of PD-L1 expression, HER? status, histology,
and radiotherapy dose. Grade 3 or higher toxicities
occurred in 13% of patients in the nivolumab arm vs. 6%
of patients in the placebo arm. Such data does not yet exist
in the setting of perioperative chemotherapy, which further
supports the use of chemoradiation in these patients in
order to utilize immunotherapy as part of a multi-modality
approach. Ongoing studies examining the benefit of
immunotherapy with perioperative chemotherapy in GEJ
and gastric cancer include EA2174 (23) (nivolumab and
ipilimumab), KEYNOTE 585 (24) (pembrolizumab), and
MATTERHORN (25) (durvalumab), among others.

Nonoperative approach with selective esophagectomy in
esophageal SCC

Given that pCR rates were as high as 50% after neoadjuvant
chemoradiation for SCC histology in the CROSS trial (26),
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there is a growing interest in a nonoperative approach
for patients with esophageal SCC who have a complete
clinical response (cCR) after initial therapy. A nonoperative
approach is attractive for both patients and providers
since these patients often have medical comorbidities
that increase the risk of surgery, and morbidity tends to
be higher in patients with SCC since esophageal SCC is
usually located in the upper or mid esophagus and requires
a higher anastomosis as part of the surgical approach (27).

The use of definitive chemoradiation for esophageal
SCC was first established by two European studies, one by
Stahl ez 4l. (28) and the second by Bedenne et a/. (29). The
Stahl (28) trial randomized 172 patients with T3-4
esophageal SCC to receive neoadjuvant chemoradiation
followed by surgery vs. definitive chemoradiation. There was
no difference in OS between the two arms (median OS of
16 vs. 15 months), although the 2-year freedom from local
progression (FFLP) was higher with surgery compared to
chemoradiation alone (64% vs. 41%, P=0.003). Treatment-
related mortality was significantly higher in the surgery arm
compared to the chemoradiation alone arm (12.8% wvs. 3.5%,
P=0.03). The Bedenne (29) trial similarly randomized 259
patients with T3NO0-1 mostly esophageal SCC (90%) to
receive neoadjuvant chemoradiation followed by surgery wvs.
definitive chemoradiation. There was no difference in OS
between the two arms (median OS 18 vs. 19 months), and
the 2-year local control was higher with surgery compared
to chemoradiation alone (66% vs. 57%, P=0.03). The
3-month mortality rate indicative of treatment-related death
was significantly higher in the surgery arm compared to the
chemoradiation arm (9.3% vs. 0.8%, P=0.002). Based on
the results of these studies, the ASCO guidelines (4,5) now
recommend that definitive chemoradiation with selective
esophagectomy may be considered for esophageal SCC.
The benefit of concurrent chemotherapy with radiation has
been long established by the RTOG 8501 trial (30), which
found an OS benefit and higher rates of acute toxicity with
the use of chemoradiation vs. radiation alone.

RTOG 0246 (31) was the first prospective phase II trial
to demonstrate that a nonoperative approach was feasible
and effective in patients with esophageal cancer who
achieved a cCR after definitive chemoradiation. A total of
43 patients with operable nonmetastatic esophageal cancer
(27% SCC) received induction 5-fluorouracil, cisplatin,
and paclitaxel followed by chemoradiation to a dose of
50.4 Gy in 28 fractions with concurrent 5-fluorouracil and
cisplatin. Response was then evaluated using computed

tomography (CT), endoscopic ultrasound (EUS), and
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optimal PET scan. Patients who achieved a ¢cCR underwent
observation, and those who had incomplete response
underwent surgery. The cCR rate was 37% in this cohort.
51% of patients who achieved a cCR eventually underwent
surgery (41% due to patient choice, 10% due to recurrent
disease). The 5-year OS rate was 37% for all patients,
although it was much higher for patients who achieved
a cCR at 53%. Although results are favorable, OS data
appears less favorable compared to the CROSS trial (12),
which found a 5-year OS rate of 47% in all patients. This
may be due to selection bias in this study toward those with
poorer performance status. A retrospective study by Markar
et al. (32) found much more favorable outcomes, with a
3-year OS rate of 56.2% and a 3-year DFS rate of 51.6%
in 308 patients (64.9% SCC) who were observed after
cCR and received esophagectomy in the salvage setting.
The results of this large multicenter study suggests that a
nonoperative approach can offer acceptable short- and long-
term outcomes in select patients at experienced centers.

Radiation dose escalation in locally advanced esophageal
cancer

The Intergroup 0123 (7) trial published over two decades
ago was the first landmark dose escalation study that
randomized patients with locally advanced esophageal
cancer to receive high dose (64.8 Gy in 36 fractions) vs.
standard dose (50.4 Gy in 28 fractions) chemoradiation.
The study found no benefit with dose escalation. However,
many of these deaths occurred prior to receiving 50.4 Gy. It
has been hypothesized that the failure of the study to show
any benefit with dose escalation was due to problems with
patient selection from improper staging and rudimentary
radiation treatment techniques, both of which may have
contributed to the early deaths.

More recently, the ARTDECO (8) and CONCORDE (9)
studies clearly indicate that radiation dose escalation does
not provide a clinical benefit in an unselected population,
even with more modern radiation therapy techniques and
proper staging. ARTDECO (8) was a phase III trial that
randomized 260 patients with T2-4 N0-3 inoperable
esophageal cancer to receive either standard dose 50.4 Gy
in 28 fractions vs. dose escalated 61.6 Gy in 28 fractions
using a simultaneous integrated boost (SIB) technique
chemoradiation with weekly carboplatin and paclitaxel.
With a median follow-up of 50 months, the 3-year OS rate
was 42% in the standard dose arm vs. 39% in the high dose
arm (P=0.22). There was no difference in the 3-year local
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progression free survival (LPFS) between the two arms (52%
vs. 59%, P=0.08). There was no difference in LPFS between
the two arms when stratified by SCC or adenocarcinoma
histology. The rate of grade 4 or higher toxicities was not
significantly different between the two groups (17% uvs.
24%, P=0.15). CONCORDE (9) is an ongoing phase III
trial that has yet to be published, but interim results were
recently published in abstract form. This study randomized
160 patients with inoperable esophageal cancer to receive
40 Gy elective nodal irradiation followed by a standard
10 Gy boost (arm A) vs. a dose escalated 26 Gy boost (arm
B) with concurrent FOLFOX-4 for 3 cycles followed by
3 cycles of adjuvant chemotherapy. With a median follow-
up of 35.3 months, there was no significant difference in
OS (median 25.2 vs. 23.5 months, P=0.44) or LPFS (median
16.2 vs. 18.4 months, P=0.88) between the two arms.
There was also no difference in grade 3 or higher toxicities
between the two arms (29.5% vs. 29.3%, P=not reported).

Given the negative results of these studies, the benefit
of radiation dose escalation in an unselected population is
rightfully in question. However, there could be a subset of
patients with poor response to neoadjuvant therapy who
may still benefit from dose escalation. CALGB 80803 (33)
found that making an early change in systemic therapy for
PET non-responders improved pCR rates after neoadjuvant
chemoradiation. It is possible that increasing the radiation
dose for PET non-responders may similarly improve
outcomes. The SCOPE2 (34) trial is currently underway and
uses early PET response after beginning chemoradiation to
guide the use of radiation dose escalation.

Using proton beam therapy to reduce toxicities

Over the past decade, there have been significant
improvements in the technology used to deliver
radiotherapy, particularly proton beam therapy (PBT).
PBT allows for more conformal doses to be delivered to the
esophagus, which is located at the center of thorax and along
the lung and heart. Radiation dose to the lungs can result in
pneumonitis, and radiation dose to the heart can result in
pericarditis, cardiac effusion, and myocardial infarction (35).
Theoretically, protons are ideally suited for the treatment
of esophageal cancers because of their characteristic Bragg
peak, which allows for a rapid dose fall off at the distal edge
of the target, sparing the heart and lung.

Several studies (36-40) have shown that PBT is
dosimetrically superior to photon therapy, and several
clinical reports have also shown reduced toxicities with
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PBT compared to photon therapy. A phase IIb trial by Lin
et al. (41) prospectively randomized 107 patients with
esophageal cancer to receive PBT (N=46) or intensity
modulated radiation therapy (IMRT) (N=61) to a dose of
50.4 Gy in 28 fractions. The primary endpoint was total
toxicity burden. 51 patients (30 IMRT, 21 PBT) underwent
esophagectomy; 80% of PBT was passive scattering. The
total toxicity burden was 2.3 times higher for IMRT than
PBT, and the postoperative complication rate was 7.6 times
higher for IMRT than PBT. The 3-year PFS rate (50.8%
vs. 51.2%) and the 3-year OS rate (44.5% vs. 44.5%) were
similar for both arms. Authors concluded that PBT reduced
the risk and severity of adverse effects compared with IMRT
while maintaining similar PFS and OS. Several retrospective
studies (42-44) have also found lower rates of grade 4
lymphopenia with definitive chemoradiation treated with
PBT compared to IMRT. A comparison of patient-reported
health-related quality of life (HRQOL) in a prospective
registry by Garant er al. (45) found that 189 patients with
esophageal cancer treated with PBT reported less decline
in HRQOL compared to patients treated with IMRT based
on the functional assessment of cancer therapy-esophageal
(FACT-E) scoring system. These studies and others support
the use of PBT in the treatment of esophageal cancer to
lessen toxicities and improve quality of life (46-48).

Combining immunotherapy with chemoradiation in
esophageal cancer

The benefit of adjuvant nivolumab after partial response
to neoadjuvant chemoradiation was established by the
CheckMate 577 (22) study. An active area of investigation
is whether immunotherapy may also improve outcomes
in the neoadjuvant setting when combined with
chemoradiation. The PERFECT (49) study was a single-
arm phase II feasibility trial that included 40 patients with
resectable esophageal cancer treated with neoadjuvant
chemoradiation plus atezolizumab. 83% of patients
treated with this regimen underwent surgery, lower than
historical controls of 89% with neoadjuvant chemoradiation
alone (26) and 94% with chemotherapy alone (15). Reasons
for not undergoing surgery were progression (10%),
patient choice (5%), and death (2.5%). The pCR rate was
25%, which appears similar to the pCR rate of 29% in
the CROSS trial (26). However, the pCR rate was much
higher at 37.5% in patients with PD-L1 scores >25 and
high interferon-gamma signatures, highlighting the need
for optimal patient selection based on immunologic factors.
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Table 3 Summary of studies examining the combination of EGFR inhibitors with chemoradiation

Trial Phase Patients Treatment arms

oS PFS Toxicity

SCOPE1 (52) 1lI
cancer (N=258)

cetuximab
RTOG 0436 Il T1 N1 orT2-4
(53) esophageal or GEJ
cancer (N=344)
LEOPARD-2 I Unresectable
(54) esophageal cancer

(N=68)

Xie et al. (55) |l Medically inoperable
esophageal SCC

(N=352)

SAKK 75/08 I T2 N1-3 or T3-4
(56) esophageal and GEJ
cancer (N=300)
cetuximab

Stage I-lll esophageal Definitive 50 Gy plus cisplatin/
capecitabine with cetuximab vs. without 25 months

cetuximab vs. without cetuximab

Definitive 60 Gy plus cisplatin/paclitaxel
with erlotinib vs. without erlotinib

Median 22 vs. Median 16 vs. Grade 3+ non-
22 months heme 79% vs.
63%

Definitive 50.4 Gy plus cisplatin/paclitaxel 34% vs. 28% 51% for both Grade 3+ 73%
with cetuximab vs. without cetuximab

at 3 years at 3 years vs. 68%

Definitive 50.4 Gy plus cisplatin/5-FU with 71% vs. 53% 56% vs. 44% Grade 3+ 76%

at 2 years at 2 years vs. 79%

40% vs. 27% 37% vs. 24% Grade 3+

at 5 years at 5 years esophageal
stenosis 11% vs.
10%

Preop cisplatin/docetaxel x2 followed by Median 5.1 vs. Median 2.9 vs. Postop mortality
45 Gy plus cisplatin/docetaxel followed
by surgery with cetuximab vs. without

3.0 years 2.0 years 6% for both

EGFR, epidermal growth factor receptor; OS, overall survival; PFS, progression-free survival; SCC, squamous cell carcinoma; GEJ, gastroesophageal.

Serious adverse effects leading to hospitalization or death
were observed in 13 (33%) of patients treated with this
regimen; therefore, caution should be taken in treating
patients with this regimen in the future. Several other trials
examining the benefit of combination immunotherapy with
chemoradiation in both the neoadjuvant and definitive
setting are currently underway, with at least 30 trials listed
on Clinicaltrials.gov. One of the largest ongoing trials is
KEYNOTE-975 (50), which aims to examine the safety
and efficacy of pembrolizumab combined with definitive
chemoradiation in locally advanced esophageal cancer.

Combining targeted therapies with chemoradiation in
esophageal cancer

Several targeted therapies have shown promise in
pairing with radiation in preclinical and clinical studies,
including epidermal growth factor receptor (EGFR)
inhibitors, receptor tyrosine kinase (RTK) inhibitors,
cell cycle checkpoint inhibitors (Weel, Chk1/2), and
vascular endothelial growth factor (VEGF) inhibitors,
among others (51). Regarding EGFR inhibitors, the data
supporting its use in combination with chemoradiation
for esophageal cancer has been mixed. In the definitive
setting, the SCOPEL (52) and RTOG 0436 (53)
trials both showed no benefit with adding cetuximab
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to chemoradiation, while the LEOPARD-2 (54)
and Xie et al. (55) trials both showed a benefit. In the
neoadjuvant setting, the SAKK 75/08 (56) showed a benefit
with adding cetuximab to chemoradiation. It is unclear
why outcomes differed so greatly between studies, but it
is hypothesized that outcomes were less favorable in the
SCOPEIL trial because a higher proportion of patients did
not receive radiation (19%) or were unable to receive the
full dose of radiation (22%) in the cetuximab arm. In the
RTOG 0436 trial, it is hypothesized that outcomes were
less favorable compared to other studies because a smaller
proportion of patients had SCC histology (37%) compared
to the SCOPEI (71%), LEOPARD-2 (84%), and Xie ez 4.
(100%) trials. Optimal patient selection is important in
maximizing the benefit of cetuximab in esophageal cancer,
and EGFR overexpression is the only biomarker that is
associated with improved outcomes when combining EGFR
inhibitors with chemoradiation thus far (55). A summary of
these studies can be seen in 7able 3. Further study is needed
to better clarify which patients may benefit the most from
this combination therapy (57,58).

HER?2 inhibitors have also been tested in combination
with chemoradiation in HER2+ esophageal cancer,
although results show limited efficacy. HER2 was the first
RTK pathway to be successfully targeted in GEJ and gastric
cancer based on the ToGA trial (59), which found an OS
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benefit with the addition of trastuzumab to chemotherapy
for locally advanced or metastatic HER2+ GEJ and gastric
cancer. RTOG 1010 (60) was a phase III randomized
trial that included 606 patients with HER2+ esophageal
adenocarcinoma treated with trimodality therapy with
concurrent and maintenance trastuzumab vs. placebo. With
a median follow-up of 2.8 years, there was no difference
in OS (median 38.5 vs. 38.9 months, P=0.85) or disease-
free survival (DFS) (median 19.6 vs. 14.2 months, P=0.97)
between the trastuzumab arm wvs. placebo arm. The rate
of grade 3+ toxicities were similar between the two arms
(64% wvs. 76%), with the most common being hematologic.
The benefit of HER2 inhibitors in combination with
chemoradiation appears to be limited for this patient
population.

Currently, the only other targeted therapies being
studied in combination with chemoradiation include the
Weel inhibitor adavosertib (61), the VEGF inhibitor
bevacizumab (62), and the Hsp90 inhibitor ganetespib (63).
"The results of these ongoing trials are eagerly awaited.

Limitations

While this narrative review aims to present a comprehensive,
unbiased review of the current state of radiotherapy for
esophageal cancer, there are a few limitations. First, the
review prioritizes large prospective phase III trials in its
discussion and therefore may overlook several smaller
retrospective studies. Secondly, this review aims to
summarize the rationale for current treatment strategies
but does not spend significant time discussing radiation
treatment planning or systemic therapy administration or
dosing. Lastly, certain sections had limited data available for
discussion, but we attempted to include as much information
as possible to cover emerging areas of investigation.

Conclusions

Esophageal cancer is an aggressive tumor and is expected
to increase in incidence over the next 10 years (1). The
landmark CROSS (2) trial has defined the standard
of care for resectable esophageal cancer over the past
decade, although alternative treatment options including
perioperative chemotherapy for esophageal and GE]J
adenocarcinoma or definitive chemoradiation with selective
esophagectomy for esophageal SCC may be considered
(4,5). The notion of radiation dose escalation to improve
outcomes for all patients with locally advanced esophageal
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cancer has been laid to rest by the recent ARTDECO (8)
and CONCORDE (9) trials, although selective dose
escalation for early PET non-responders is currently
being studied in the SCOPE2 (34) trial. The use of proton
beam therapy and the combination of immunotherapy or
targeted therapies with chemoradiation is an active area of
investigation that should continue to improve outcomes in
this patient population.
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