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ABSTRACT

BACKGROUND The current standard of care for locally advanced esophageal and gastroesophageal junction (GEJ)

cancers includes neoadjuvant chemoradiotherapy or perioperative chemotherapy with surgical resection; however,

disease-free survival in these patients remains poor. Immune checkpoint inhibitors (ICIs) are approved for adjuvant

treatment of locally advanced esophageal andGEJ cancers, but their benefit in the perioperative and neoadjuvant settings

remains under investigation.

METHODS We used the PubMed online database to conduct a literature search to identify studies that investigated

immunotherapy for locally advanced esophageal and GEJ carcinoma. A review of ClinicalTrials.gov yielded a list of

ongoing trials.

RESULTS Adjuvant nivolumab for residual disease after neoadjuvant chemoradiotherapy and surgery is the only

approved immunotherapy regimen for locally advanced esophageal cancer. Early-phase trials investigating the addition

of neoadjuvant or perioperative ICIs to standard-of-care multimodality approaches have observed pathologic complete

response rates as high as 60%. Response rates are highest for ICIs plus chemoradiotherapy for esophageal squamous

cell carcinoma and dual checkpoint inhibition in mismatch repair-deficient adenocarcinomas. Safety profiles are

acceptable, with a pooled adverse event rate of 27%. Surgical morbidity and mortality with immunotherapy are similar to

historical controls with no immunotherapy, and R0 resection rates are high. When reported, disease-free survival among

patients treated with perioperative immunotherapy is promising.

CONCLUSIONS Outside of clinical trials, immunotherapy for resectable esophageal carcinoma is limited to the adju-

vant setting. Phase III trials investigating neoadjuvant and perioperative immunotherapy are now underway and will

provide much-needed data on survival that may ultimately lead to practice-changing recommendations.

(Ann Thorac Surg 2024;118:130-40)
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The Supplemental Tables can be viewed in the online version of this

article [https://doi.org/10.1016/j.athoracsur.2024.02.021] on https://

www.annalsthoracicsurgery.org.
E sophageal cancer is the sixth most common cause
of cancer-relatedmortality, with esophageal squa-
mous cell carcinoma (ESCC) the most common

histologic subtype globally and esophageal adenocarci-
noma (EAC) the dominant subtype in the Western hemi-
sphere.1 The current standard of care for locally advanced
esophageal and gastroesophageal junction (GEJ) cancers
includes surgery and neoadjuvant chemoradiotherapy
or perioperative chemotherapy.2 The specific therapy
regimen is selected on the basis of tumor histologic
profile (EAC vs ESCC), location in the upper
gastrointestinal tract, extent of disease, and institutional
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preference. With contemporary regimens, median
overall survival (OS) is 43 to 50 months for locally
advanced EAC and as high as 82 months for locally
advanced ESCC.3,4 However, recurrences are common,
even among patients who complete all therapies,
and most patients with esophageal cancer die of their
disease.
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Abbreviations and Acronyms

AE[ adverse event

CPS[combined positive score

CTLA-4[ cytotoxic T-lymphocyte–associated protein 4

DFS[disease-free survival

EAC[ esophageal adenocarcinoma

EFS[ event-free survival

ESCC[ esophageal squamous cell carcinoma

FDA[Food and Drug Administration

FLOT[ fluorouracil, leucovorin, oxaliplatin, and docetaxel

GEJ[gastroesophageal junction

HR[hazard ratio

ICI[ immune checkpoint inhibitor

LAG-3[ lymphocyte activation gene 3

MMR[mismatch repair

MPR[major pathologic response

MSI-H[microsatellite instability high

OS[overall survival

pCR[pathologic complete response

PD-1[programmed cell death protein-1

PD-L1[programmed cell death ligand-1

PFS[progression-free survival

TMB[ tumor mutational burden

TME[ tumor microenvironment
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Immunotherapy—primarily, immune checkpoint in-
hibitors (ICIs)—targeting programmed cell death protein-1
(PD-1) or programmed cell death ligand-1 (PD-L1) have
shown remarkable success in the control of select solid
tumors.5 Based on the First-line Esophageal Carcinoma
Study With Chemo vs. Chemo Plus Pembrolizumab (MK-
3475-590/KEYNOTE-590) trial, pembrolizumab, an anti–
PD-1 monoclonal antibody, was the first ICI approved by
the United States Food and Drug Administration (FDA) in
advanced esophageal or GEJ carcinoma.6 In this
multicenter trial, patients who received pembrolizumab
plus chemotherapy had significantly better OS and
progression-free survival (PFS) than patients who
received chemotherapy alone.

The results of 2 other phase III trials, A Study to
Evaluate Efficacy in Subjects With Esophageal Cancer
Treated With Nivolumab and Ipilimumab or Nivolumab
Combined With Fluorouracil Plus Cisplatin Versus Fluo-
rouracil Plus Cisplatin (CheckMate 648)7 and Efficacy
Study of Nivolumab Plus Ipilimumab or Nivolumab Plus
Chemotherapy Against Chemotherapy in Stomach
Cancer or Stomach/Esophagus Junction Cancer
(CheckMate 649),8 subsequently led to FDA approval of
nivolumab plus chemotherapy as first-line treatments
for patients with advanced ESCC and EAC, respectively.

There is now interest in adding immunotherapy
to multimodality regimens for resectable locally
advanced esophageal cancers. The Investigational
Immuno-therapy Study of Nivolumab or Placebo in
Participants With Resected Esophageal or Gastroesoph-
ageal Junction Cancer (CheckMate 577) was the first
phase III trial to establish adjuvant nivolumab as the
Descargado para Biblioteca Medica Hospital México (bibliomexico@
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standard of care after neoadjuvant chemoradiotherapy
and complete resection for esophageal cancer patients
without pathologic complete response (pCR).9 Adjuvant
nivolumab remains the only approved ICI for patients
receiving neoadjuvant chemoradiotherapy, and no
immunotherapy regimens have been approved for
patients receiving perioperative chemotherapy.

However, numerous phase I and II trials have inves-
tigated the addition of immunotherapy to standard
regimens, and interim analyses of perioperative phase III
immunotherapy trials were recently presented. In this
review, we outline immunotherapy trials in locally
advanced esophageal and GEJ carcinoma, compare
pathologic, survival, and surgical outcomes against
standard-of-care regimens, and discuss future directions
for multimodality treatment in the resectable disease
setting.
MATERIAL AND METHODS

We conducted a literature review of the PubMed data-
base using the search terms “esophageal cancer,”
“esophageal adenocarcinoma,” esophageal squamous
cell carcinoma,” “gastroesophageal carcinoma,”
“immunotherapy,” and “surgery.” Esophageal and GEJ
carcinomas were included. Gastric cancers were
excluded (although relevant trials investigating GEJ and
gastric cancers were included). We limited articles to
those published in English. ClinicalTrials.gov was
searched to identify trials investigating immunotherapy
for resectable locally advanced esophageal cancer.
RESULTS

MECHANISMS OF ICIS. Immunotherapy agents are
monoclonal antibodies that stimulate the immune sys-
tem by inhibition of checkpoint proteins and their li-
gands, which subsequently enhances activation of T
cells critical to direct tumor cytotoxicity.10 At present,
there are 4 immune checkpoint targets with FDA-
approved ICIs: (1) cytotoxic T-lymphocyte–associated
protein 4 (CTLA-4); (2) PD-1; (3) PD-L1; and (4)
lymphocyte activation gene-3 (LAG-3) (Figure 1,
Supplemental Table 1).

Recent studies have explored the synergistic effect of
PD-(L)1 inhibitors with chemotherapy and radiotherapy
and observed a profound impact on the immune system
by enhancing tumor antigen release, activating immune
cells, and increasing tumor-infiltrating lymphocytes.11,12

This reprogramming of the tumor microenvironment
(TME) can transform tumors from a “cold” state, with
few immune cells, to a “hot” state, with robust
immune cell infiltration, creating an environment in
which ICIs may stimulate a response. This is especially
gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en 
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FIGURE 1 Mechanism of act ion of cur rent ly approved c lasses of immune checkpo int inh ib i tors ( IC Is ) . (Ag , ant igen; APCs,

ant igen-present ing ce l ls ; CD, c luster of d i f fe rent ia t ion ; CTLA-4, cytotox ic T- lymphocyte-associa ted ant igen 4; Gal -3 ,

ga lect in-3 ; LAG-3 , lymphocyte-act iva t ion gene 3; LSECt in , l i ver and lymph node sinuso ida l endothel ia l ce l l C- type lect in ;

MHC-I I , major h is tocompat ib i l i t y complex class I I ; PD-1 , programmed death 1 ; PD-L1, programmed death l igand 1; PD-L2,

programmed death l igand 2; TCR, T-cel l receptor . ) Copyr ight ª 2022 Wei and Li . Reused wi th permiss ion under a Creat ive

Commons At t r ibut ion L icense (CC BY) f rom Wei Y, L i Z . LAG3-PD-1 combo overcome the disadvantage of drug res is tance.

Front Oncol . 2022 ;12 :831407. ht tps : / /do i .o rg/10 .3389/ fonc.2022.831407
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important in esophageal cancer, because investigations
have demonstrated an immunosuppressive TME.13

BIOMARKERS IN ESOPHAGEAL CANCER. The addition of
ICIs to chemotherapy in patients with advanced esoph-
ageal cancer has improved survival and changed practice
for the first time in more than a decade.7,8 Biomarkers
predictive of response to ICIs include PD-L1
expression, deficient mismatch repair (dMMR) or
microsatellite instability-high (MSI-H), and tumor
mutational burden (TMB).14

PD-L1 combined positive score. In esophageal cancer,
PD-L1 expression is evaluated using the combinedpositive
score (CPS), or the ratio of PD-L1–staining cells (lympho-
cytes, macrophages, tumor cells) over the total number of
viable tumor cells.15 Clinical trials report different cutoffs
for CPS; the most common is a CPS of 5. The phase III
CheckMate 649 trial observed improved survival in the
nivolumab plus chemotherapy arm (vs placebo plus
oteca Medica Hospital México (bibliomexico@gmail.com) en National Librar
ra uso personal exclusivamente. No se permiten otros usos sin autorización. C
chemotherapy) for patients with advanced EAC and PD-
L1 CPS of �5.8 As a result, National Comprehensive
Cancer Network guidelines recommend nivolumab plus
chemotherapy as first-line for advanced EAC with a CPS
�5.2 Similar recommendations for advanced ESCC are
based on the findings of CheckMate 648.7

In CheckMate 577, patients with locally advanced dis-
ease with a CPS of �5 who received adjuvant nivolumab
for residual disease after neoadjuvant chemoradiotherapy
and surgical resection had significantly better disease-
free survival (DFS) than those receiving placebo; howev-
er, this benefit was less pronounced among patients with
a CPS of <5.9 This was a post hoc analysis, and given the
findings for the entire cohort, nivolumab is
recommended for all patients regardless of CPS.2

PD-L1 CPS has been a marker of response to PD-(L)1
inhibitors in esophageal cancer, but has several limita-
tions, including intratumoral heterogeneity, variability
y of Health and Social Security de ClinicalKey.es por Elsevier en 
opyright ©2024. Elsevier Inc. Todos los derechos reservados.
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FIGURE 2 Patho log ic response and surg ica l outcomes af ter neoadjuvant immunotherapy wi th chemotherapy and/or

rad iotherapy in resectab le esophagea l adenocarc inoma (EAC) and esophageal squamous ce l l carc inoma (ESCC) across

completed neoadjuvant and per ioperat ive c l in ica l t r ia ls . * In the Ko and assoc iates t r ia l , 2 7 5 of 28 pat ients had ESCC.

Patho log ic complete response (pCR) and majo r patho log ic response (MPR) d isp layed as water fa l l p lo t f rom smal lest pCR

rate ( le f t ) to largest ( r ight ) . (ESONICT-1 , Neoadjuvant s in t i l imab plus chemotherapy for loca l ly advanced esophagea l

squamous ce l l carc inoma: a s ing le-arm, s ing le-center , phase 2 t r ia l ; ESONICT-2, Tor ipa l imab combined wi th docetaxe l and

cisp lat in neoadjuvant therapy for loca l ly advanced esophagea l squamous cel l carc inoma: a s ing le-center , s ing le-arm

cl in ica l t r ia l ; KEEP G 03, S in t i l imab in Combinat ion Wi th Chemotherapy in Neoadjuvant Treatment of Potent ia l l y Resectab le

Esophagea l Cancer ; MC1541, Pembro l izumab, Combinat ion Chemotherapy, and Radiat ion Therapy Before Surgery in

Treat ing Adul t Pat ients With Loca l ly Advanced Gastroesophagea l Junct ion or Gastr ic Card ia Cancer That Can Be Removed

by Surgery ; NEOCRTEC1901, Combinat ion of Tor ipa l imab and Neoadjuvant Chemorad iotherapy in Esophageal Cancer ;

NEONIPIGA, Pre-operat ive N ivo lumab and Ip i l imumab, Fo l lowed by Post-operat ive N ivo lumab, for MSI /dMMR Oeso-

gastr ic Adenocarc inoma; NICE, A phase I I s tudy of neoadjuvant immunotherapy combined wi th chemotherapy

(camre l izumab plus a lbumin pac l i taxel and carboplat in ) in resectab le thorac ic esophagea l squamous cel l cancer ; NIC-

ESCC2019, Neoadjuvant camrel izumab plus chemotherapy for resectab le , loca l ly advanced esophagea l squamous ce l l

carc inoma; NR, not reported; PANDA, Neoadjuvant Capeci tab ine, Oxal ip la t in , Docetaxe l and Atezo l izumab in Resectab le

Gast r ic and GE- junct ion Cancer ; PERFECT, Neoadjuvant Chemorad iotherapy Combined With Atezo l izumab for Resectab le

Esophagea l Adenocarc inoma: A Sing le Arm Phase I I Feas ib i l i t y Tr ia l ; TD-NICE, T is le l i zumab combined with chemotherapy

as neoadjuvant therapy for surg ica l ly resectab le esophagea l cancer . )

Ann Thorac Surg

2024;118:130-40

INVITED EXPERT REVIEW FICK ET AL

IO FOR RESECTABLE ESOPHAGEAL CANCER

133
in pathologic assessment, and dynamic changes in
expression throughout a patient’s disease course.16

Mismatch repair. Mismatch repair (MMR) is an impor-
tant DNA repair tool to fix replication errors, the loss of
which (dMMR) leads to hyper mutation and a large
neoantigen burden.17 These mutations accumulate at
microsatellites, referred to as microsatellite instability.
MSI-H tumors have more immunogenic neoantigens
and a TME marked by inflammation, which are predic-
tive of response to ICIs.18 Although 6% to 24% of
resected GEJ adenocarcinomas are MSI-H, non-GEJ
cancers are rarely MSI-H.19 Given the findings of recently
published trials, guidelines now recommend MSI/MMR
testing in all newly diagnosed patients.2

Tumor mutational burden. TMB is the total number of
somatic mutations per coding area of the tumor genome,
and a higher TMB is associated with more neoantigen
formation, leading to a better response upon initiation of
ICI therapy.20 Although TMB is a guideline-endorsed
Descargado para Biblioteca Medica Hospital México (bibliomexico@
julio 31, 2024. Para uso personal exclusivamente. No se permiten
biomarker for esophageal cancer,2 <10% of esophageal
tumors are TMB-high,21 and it is rarely used to drive
therapeutic decision making.
Other biomarkers. Biomarkers typically associated with
gastric cancer—human epidermal growth factor receptor
2 (HER2), Epstein-Barr virus, and claudin 18.2—are now
under investigation in EAC.22-24 Results from Pem-
brolizumab/Placebo Plus Trastuzumab Plus Chemo-
therapy in Human Epidermal Growth Factor Receptor 2
Positive (HER2þ) Advanced Gastric or Gastroesophageal
Junction (GEJ) Adenocarcinoma (MK-3475-811/KEY-
NOTE-811) demonstrated that pembrolizumab plus
trastuzumab and chemotherapy in metastatic HER2-
positive esophageal cancer is safe and effective.22

Epstein-Barr virus–positive gastric cancers have the
highest neoantigen burden of all subtypes, and PD-L1 is
expressed on up to 50% of tumor cells and 94% of im-
mune cells.23 Although the impact of Epstein-Barr virus
in esophageal cancer is currently mixed, this marker
gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en 
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may play an important role with the expansion of
immunotherapy. Last, claudin 18.2 is another potential
antibody target, because it is normally expressed in
gastric epithelia and has been found in up to 18% of
EACs.24

Overall, there are currently no specific biomarkers
indicative of response to immunotherapy for esophageal
cancer. As more clinical trials are designed, it is imper-
ative that correlative studies of predictive biomarkers
are included.

CURRENT EVIDENCE FOR IMMUNOTHERAPY FOR

RESECTABLE ESOPHAGEAL CANCER.

Neoadjuvant immunotherapy. The rationale behind the
use of neoadjuvant immunotherapy is to expand tumor-
resident T-cell clones through tumor antigen exposure
while the tumor remains intact.25 This may enhance the
breadth and depth of the T-cell response, decreasing the
likelihood of recurrence after surgery, a principle
demonstrated in other tumor types.26 The theoretical
drawbacks of an induction approach include missing
the surgical window, immune-mediated complications
resulting in delays in surgical resection, and increased
operative difficulty; however, this has not been shown
in the available data. At present, all completed and
ongoing clinical trials in this space are early-phase
studies (Supplemental Table 2), and there are no phase
III results for induction immunotherapy.

The data from these studies are immature; the pri-
mary outcomes available are pCR and major pathologic
response (MPR) (Figure 2).27-43 As we await results of
large, randomized studies and survival data, meta-
analyses provide some insight. Ge and associates44

analyzed phase II trials of neoadjuvant
chemoimmunotherapy for locally advanced esophageal
cancer and found a pooled pCR rate of 31.4% (95% CI,
27.6%-35.3%) and pooled MPR rate of 48.9% (95% CI,
42.0%-55.9%).44 When subdivided by histologic profile,
the pooled pCR rate was 32.4% (95% CI, 28.2%-36.8%)
for patients with ESCC and 25.2% (95% CI, 16.3%-
35.1%) for patients with EAC. The pCR rate in this
analysis was similar to the neoadjuvant
chemoradiotherapy arm of Chemoradiotherapy for
Esophageal Cancer Followed by Surgery Study (CROSS)
(29%)3 but superior to the perioperative fluorouracil,
leucovorin, oxaliplatin, and docetaxel (FLOT) arm of
the 5-FU, Leucovorin, Oxaliplatin and Docetaxel
(FLOT) Versus Epirubicin, Cisplatin and 5-FU (ECF) in
Patients With Locally Advanced, Resectable Gastric
Cancer (FLOT-4) trial (16%).4

Neoadjuvant immunotherapy for ESCC. ESCC is known
to be radiosensitive and is most frequently treated with
induction chemoradiotherapy. In the phase II single-arm
Combination of Toripalimab and Neoadjuvant Chemo-
radiotherapy in Esophageal Cancer (NEOCRTEC1901)
oteca Medica Hospital México (bibliomexico@gmail.com) en National Librar
ra uso personal exclusivamente. No se permiten otros usos sin autorización. C
trial, 44 patients with locally advanced ESCC received
concurrent chemoradiotherapy and toripalimab (anti–
PD-1) before surgical resection.29 All patients received
the neoadjuvant regimen, and 42 patients underwent
surgery (R0 rate, 98%). The primary end point of pCR
was 50% (95% CI, 35-65%), compared with an historical
control of 36% in patients treated with
chemoradiotherapy at the same institution; however,
the difference was not significant (P ¼ .19). Multiple
phase II Chinese trials have investigated neoadjuvant
immunotherapy and chemotherapy without
radiotherapy, with variable pCR rates (17%-50%)
(Figure 2). In contrast, the pCR rate for traditional
neoadjuvant chemotherapy alone in patients with
ESCC is <5%.45

Neoadjuvant immunotherapy for EAC. At present, the
addition of ICIs to induction chemoradiotherapy for EAC
has not been beneficial. The addition of atezolizumab
(anti–PD-L1) to induction chemoradiotherapy was
explored in the phase II Neoadjuvant Chemo-
radiotherapy Combined With Atezolizumab for Resect-
able Esophageal Adenocarcinoma: A Single Arm Phase II
Feasibility Trial (PERFECT) trial, which enrolled 40 pa-
tients with resectable EAC.27 Patients received CROSS-
based neoadjuvant chemoradiotherapy and atezolizu-
mab, followed by surgery. The regimen was feasible:
85% of patients received all 5 cycles of atezolizumab,
and 83% underwent resection. pCR was achieved in 10
patients (30%), which is similar to historical response
rates for chemoradiotherapy alone.3 This cohort was
compared with a propensity score-matched cohort that
underwent neoadjuvant chemoradiotherapy. The pCR
rate (P ¼ .51) and OS (P ¼ .43) were not significantly
different between the cohorts.

An ongoing phase II/III trial (Nivolumab and Ipili-
mumab in Treating Patients With Esophageal and
Gastroesophageal Junction Adenocarcinoma Undergoing
Surgery; EA2174, NCT03604991) is investigating multi-
ple regimens, including single and doublet ICI, for pa-
tients with T1 N1-3 M0 or T2-3 N0-2 M0 EAC. Patients are
first randomized to receive neoadjuvant chemo-
radiotherapy alone or chemoradiotherapy plus nivolu-
mab. After surgery, all patients are randomized again to
receive adjuvant nivolumab, with or without ipilimu-
mab. Initial results have demonstrated comparable
adverse events (AEs) between treatment arms.

In the absence of available data from randomized
trials, Wong and associates46 used the National Cancer
Database to explore the addition of neoadjuvant
immunotherapy to chemoradiotherapy. This
retrospective analysis included patients with resectable
EAC or ESCC who received neoadjuvant
immunotherapy plus chemoradiotherapy or
neoadjuvant chemoradiotherapy alone, followed by
esophagectomy. In total, 1.6% patients (165 of 10,348)
y of Health and Social Security de ClinicalKey.es por Elsevier en 
opyright ©2024. Elsevier Inc. Todos los derechos reservados.



FIGURE 3 Ongoing phase I I I c l in ica l t r ia ls invest igat ing immunotherapy in resectab le loca l ly advanced esophageal can-

cer . (EA2174, N ivo lumab and Ip i l imumab in Treat ing Pat ients Wi th Esophagea l and Gast roesophagea l Junct ion Adeno-

carc inoma Undergo ing Surgery ; HCHTOG1909, A Phase I I I , Randomized Contro l led Study of Neo-ad juvant Tor ipa l imab

(JS001) in Combinat ion With Chemotherapy Versus Neo-adjuvant Chemotherapy for Resectab le Esophageal Squamous Cel l

Carc inoma; iCROSS, Neoadjuvant Immunotherapy Plus CRT Versus Neoadjuvant CRT for Loca l ly Advanced Resectab le

ESCC; KEYNOTE-585, Study of Pembro l izumab (MK-3475) P lus Chemotherapy Versus Placebo Plus Chemotherapy in

Par t ic ipants Wi th Gast r ic or Gastroesophagea l Junct ion (GEJ) Adenocarc inoma; KEYSTONE-002, Pembro l izumab Plus

Neoadjuvant Chemotherapy vs . Neoadjuvant Chemorad iotherapy for Loca l ly Advanced ESCC; MATTERHORN, A

Randomized , Double-b l ind , P lacebo-cont ro l led , Phase I I I S tudy of Neoadjuvant-Adjuvant Durva lumab and FLOT

Chemotherapy Fo l lowed by Adjuvant Durva lumab in Pat ients Wi th Resectab le Gastr ic and Gast roesophageal Junct ion

Cancer (GC/GEJC) ; NATION-2203, Study of Neoadjuvant Nivolumab or P lacebo Plus Chemotherapy Fol lowed by Surgery

and Adjuvant Treatment in Subjects With Resectab le ESCC; NCT04848753, Per ioperat ive Tor ipa l imab (JS001) Combined

With Neoadjuvant Chemotherapy in Pat ients Wi th Resectab le Loca l ly Advanced Thorac ic Esophagea l Squamous Cel l

Carc inoma; NCT05244798, Sin t i l imab Plus NCT or NCRT Versus NCRT for ESCC; NEOCRTEC2101, PD-1 Inh ib i tor Combined

With Neoadjuvant Chemoradiotherapy Plus Surgery for Loca l ly Advanced ESCC; pCR, patho log ic complete response;

postop, postoperat ive ; RT, rad iotherapy. )
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who met the inclusion criteria received induction
immunotherapy. Independent predictors of receipt of
immunotherapy included younger age,
adenocarcinoma histology, and treatment at an
academic center. Receipt of immunotherapy was
associated with higher rates of pCR (29% vs 21%; P ¼
.018) and nodal downstaging (50% vs 40%; P ¼ .017).
Immunotherapy was associated with longer median OS
(69.1 vs 56.3 months; P ¼ .005). In a propensity score-
matched analysis, immunotherapy remained associated
with improved survival; however, more granularity is
needed to understand which subgroups benefit from
this approach.

PERIOPERATIVE IMMUNOTHERAPY. The benefit of post-
operative immunotherapy after preoperative ICI regi-
mens is unknown. The success of perioperative
Descargado para Biblioteca Medica Hospital México (bibliomexico@
julio 31, 2024. Para uso personal exclusivamente. No se permiten
cytotoxic regimens, such as FLOT, provide a rationale
for this approach, and several ongoing phase I/II trials
are exploring this strategy (Figure 247-53, Supplemental
Table 3). Hong and associates52 enrolled 28 patients
with clinical stage IB-III ESCC in a single-arm phase II
study of preoperative chemoradiotherapy and
pembrolizumab, followed by surgery and adjuvant
pembrolizumab for up to 2 years.52 The 1-year OS was
82%. The primary end point of pCR was 46%, and DFS
was longer in patients with pCR (hazard ratio, 0.33);
however, the difference was not significant (P ¼ .1).

To better understand the added survival benefit of
immunotherapy with standard neoadjuvant/periopera-
tive regimens, the Phase 1/2 Study of anti-PD-L1 in
Combination with Chemo(radio)therapy for Oesophageal
Cancer (LUD2015-005), an open-label phase II study,
investigated neoadjuvant durvalumab plus neoadjuvant
gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en 
 otros usos sin autorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.
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capecitabine/oxaliplatin, perioperative FLOT, or neo-
adjuvant CROSS chemoradiotherapy in patients with
operable gastroesophageal cancer.54 Of 33 patients who
underwent surgery, 23 (70%) received adjuvant
durvalumab. At 2 years, OS was 82%, 78%, and 78% in
the durvalumab plus capecitabine/oxaliplatin, FLOT,
and CROSS arms, respectively, an improvement over
the 2-year OS for the FLOT (68%)4 and CROSS (67%)3

trials.
With traditional regimens, the proportion of patients

achieving pCR in EAC is often lower than in ESCC, a
trend that continues with immunotherapy.3,4 In one
trial, patients with resectable locally advanced GEJ or
gastric adenocarcinoma were administered 4
preoperative and postoperative cycles of toripalimab
plus FLOT; 25% of patients had a pCR (primary end
point), and 43% had an MPR.55 Although modest, the
pCR rate in the original FLOT trial was 16%. Another
trial (Peri-operative Immuno-Chemotherapy in
Operable Oesophageal and Gastric Cancer, ICONIC),
using a nearly identical design, investigated avelumab.
Only 15% of patients had a pCR, and the trial closed
early, because it was unlikely to meet the prespecified
pCR goal of 25%.56

Cowzer and associates50 used a more individualized
approach in EAC by adding durvalumab to induction
fluorouracil, leucovorin, and oxaliplatin (FOLFOX) and
positron emission tomography-directed chemo-
radiotherapy, followed by surgery and adjuvant durva-
lumab.50 Although the pCR rate of 22% was similar to
previous trials, 12-month and 24-month survival was
particularly encouraging at 92% and 85%,50

demonstrating that pCR may not be the ideal surrogate
to evaluate the efficacy of immunotherapy in
esophageal cancer.57

Ongoing perioperative immunotherapy trials. Interim
results were recently published from the phase IIb Study
of Atezolizumab þ FLOT vs. FLOT Alone in Patients
With GC/GEJ and High Immune Responsiveness
(DANTE) trial investigating perioperative FLOT, with or
without atezolizumab, for GEJ and gastric adenocarci-
noma.58 Completion rates of preoperative and
postoperative therapy and surgical characteristics were
similar between arms. Pathologic downstaging favored
the atezolizumab arm (pT0, 23% vs 15%; pN0, 68% vs
54%). Patients with PD-L1 CPS �10 (pCR rate, 46% vs
24% [CPS <10]) or MSI-H (pCR rate, 50% vs 27% [MSI-
low]) tumors experienced a greater benefit from atezo-
lizumab. A similar approach is under investigation in the
phase III A Randomized, Double-blind, Placebo-
controlled, Phase III Study of Neoadjuvant-Adjuvant
Durvalumab and FLOT Chemotherapy Followed by
Adjuvant Durvalumab in Patients With Resectable
Gastric and Gastroesophageal Junction Cancer (GC/
GEJC) (MATTERHORN) trial, in which 948 patients with
oteca Medica Hospital México (bibliomexico@gmail.com) en National Librar
ra uso personal exclusivamente. No se permiten otros usos sin autorización. C
resectable GEJ or gastric carcinoma were randomized to
receive perioperative durvalumab or placebo with
standard-of-care perioperative FLOT.59 Initial results
demonstrated a significantly higher pCR rate with
durvalumab (19% vs 7%; P < .001), but the primary
end point of EFS has not been met.

Another phase III trial, Study of Pembrolizumab (MK-
3475) Plus Chemotherapy Versus Placebo Plus Chemo-
therapy in Participants With Gastric or Gastroesophageal
Junction (GEJ) Adenocarcinoma (MK-3475-585/KEY-
NOTE-585), randomized 1007 patients to perioperative
pembrolizumab plus chemotherapy or perioperative
chemotherapy alone for locally advanced GEJ or gastric
adenocarcinoma.60 Interim results show an
improvement in pCR with pembrolizumab (13% vs 2%;
P < .001) and an EFS rate favoring the ICI arm
(median, 44.4 vs 25.3 months; hazard ratio [HR], 0.81;
P ¼ .0198).

Three phase III trials in Asia are currently recruiting or
will soon recruit patients with locally advanced ESCC to
a variety of perioperative regimens including immuno-
therapy. (Figure 3). These ongoing studies may provide
practice-changing outcome data for resectable ESCC.

ADJUVANT IMMUNOTHERAPY. Currently, the only FDA-
approved protocol for immunotherapy for resectable
esophageal cancer is CheckMate 577.9 This was a
multicenter, randomized-controlled phase III trial in
which patients with completely resected stage II or III
esophageal or GEJ cancer, who had received
neoadjuvant chemoradiotherapy and had residual
disease, were randomized to receive nivolumab or
placebo for up to 1 year. Nivolumab led to better DFS
compared with placebo (22.4 vs 11.0 months; HR, 0.69;
95% CI, 0.56-0.86; P < .001). DFS with nivolumab was
even more pronounced in patients with ESCC (median
DFS, 29.7 [nivolumab] months vs 11.0 [placebo]
months; HR, 0.61), compared with those with EAC
(median DFS, 19.4 [nivolumab] months vs 11.1
[placebo] months; HR, 0.75). All patients in the
nivolumab arm received at least 1 dose, but only 43%
of patients completed 1 year of adjuvant therapy.

IMMUNOTHERAPY FOR SUBGROUP-SPECIFIC

CONSIDERATIONS.

dMMR/MSI-H. MSI-H tumors have a unique biology
distinct from microsatellite stable tumors, are often
chemotherapy resistant, and exhibit meaningful sensi-
tivity to ICIs.61 A meta-analysis of studies investigating
resectable esophagogastric cancer demonstrated that
MSI-H is a favorable prognostic biomarker and signaled
that delaying curative surgery with neoadjuvant
chemotherapy may be detrimental.62 Therefore, upfront
surgical resection is a reasonable option.

Given their sensitivity to ICIs, dMMR/MSI-H tumors
are being treated with neoadjuvant ICIs in multiple
y of Health and Social Security de ClinicalKey.es por Elsevier en 
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trials. Pre-operative Nivolumab and Ipilimumab, Fol-
lowed by Post-operative Nivolumab, for MSI/dMMR
Oeso-gastric Adenocarcinoma (NEONIPIGA), a single-
arm phase II study, evaluated neoadjuvant ipilimumab
and nivolumab, followed by surgery and adjuvant
nivolumab in resectable dMMR/MSI-H GEJ/gastric tu-
mors, and demonstrated unprecedented pCR and MPR
rates of 59% and 83%.51 TremelImumab aNd
Durvalumab For the Non-operatIve Management
(NOM) of MSI-high Resectable GC/GEJC (INFINITY), an
ongoing single-arm phase II trial, evaluated 12 weeks of
neoadjuvant dual-checkpoint inhibition (durvalumab
plus tremelimumab) in a similar population and found
equally promising rates of pCR (60%) and MPR (80%).63

As a result, the National Comprehensive Cancer
Network designated neoadjuvant or perioperative ICI for
resectable, locally advanced dMMR/MSI-H GEJ/gastric
tumors in August 2023.2 Therefore, upfront dMMR/MSI
testing is imperative in the workup of all newly
diagnosed patients to avoid ineffective systemic
therapy and surgical delays.
Human epidermal growth factor receptor 2. Despite
multiple negative studies with dual HER2 blockade in
locally advanced and metastatic GEJ/gastric adenocar-
cinoma, the addition of pembrolizumab to trastuzumab
and chemotherapy in KEYNOTE-811 significantly
improved PFS in these patients and established a new
standard of care.22 Given these promising results,
investigation of this regimen in locally advanced
resectable disease is a logical future trial.

SAFETY OUTCOMES IN IMMUNOTHERAPY. Immunotherapy
regimens are generally well tolerated. The most common
immune-related AEs from ICIs are skin reaction (15.8%),
hypothyroidism (9.7%), infusion-related reactions
(5.9%), hepatitis (5.3%), and pneumonitis (4.5%).64 A
meta-analysis showed that the pooled incidence of any
AE among patients with resectable locally advanced
esophageal carcinoma was 26.9% (95% CI, 16.7-38.3%);
however, there was significant heterogeneity among
studies.44 The largest trial to report safety data on
immunotherapy was CheckMate 577.9 Grade 3/4
treatment-related AEs were more common with
adjuvant nivolumab than placebo (13% vs 6%). The
most common AEs of any grade were fatigue, diarrhea,
pruritus, and rash in the nivolumab arm, and diarrhea
and fatigue in the placebo arm. Grade 3/4 immune-
related AEs were rare, occurring in <1% of patients in
both arms. In the recently reported KEYNOTE-585
study, grade �3 treatment-related AE were considerably
higher but similar between the pembrolizumab plus
chemotherapy (65%) and placebo plus chemotherapy
(63%) arms.60 MATTERHORN found similar proportions
of grade 3/4 AEs (58% for durvalumab plus FLOT vs
56% for placebo plus FLOT).59
Descargado para Biblioteca Medica Hospital México (bibliomexico@
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SURGICAL CONSIDERATIONS AFTER INDUCTION

IMMUNOTHERAPY. Esophagectomy carries a significant
risk of complications, with severe morbidity occurring in
17% of patients and 30-day mortality of 2.4%.65

Postoperative complications after induction
immunotherapy plus chemotherapy or
chemoradiotherapy and surgery vary across phase II
trials, but the addition of immunotherapy does not
appear to increase morbidity or mortality. The most
common postoperative complications after
neoadjuvant immunotherapy-containing regimens are
pneumonia and anastomotic leak, occurring in w10%
to 20% of patients,29,66 which is similar to historical
benchmarks after neoadjuvant chemotherapy with or
without radiotherapy.65 Furthermore, induction
immunotherapy demonstrates no difference in
intraoperative blood loss or length of stay compared
with induction therapy without ICI.46,66,67

Operative times are not significantly different be-
tween cohorts with and without immunotherapy.66

Rates of complete resection are high for
chemoimmunotherapy and chemoradiotherapy-
immunotherapy, with most phase II trials reporting R0
resection rates of >95% (Figure 2). In MATTERHORN,
the surgery and R0 resection rates in the durvalumab
arm (87% and 86%) were not significantly different
than in the placebo arm (84% and 86%).59 In CROSS,
92% of patients who received neoadjuvant
chemoradiotherapy had a complete resection (vs 69%
with surgery alone); in FLOT, 78% to 85% of patients
had a complete resection.3,4 These results suggest that
rates of R0 resection after neoadjuvant
immunotherapy plus chemotherapy and/or
radiotherapy are not inferior to standard-of-care regi-
mens; however, further data from forthcoming phase III
trials are needed.

Finally, the addition of immunotherapy does not
result in a clinically significant increase in time to sur-
gery or surgical attrition.46,59,66 Patients typically
proceed to surgery w7 to 8 weeks from the end of
neoadjuvant immunotherapy, which is not significantly
different from traditional neoadjuvant regimens.66

Currently available data show that, on average, w90%
(range, 60%-100%) of patients undergo surgical
resection after induction therapy across a variety of
combination regimens and ICI agents (Figure 2).
COMMENT

FUTURE DIRECTIONS FOR LOCALLY ADVANCED

ESOPHAGEAL CANCER TREATMENT. At present, most
clinical trials of immunotherapy for locally advanced
esophageal cancer have used PD-1 or PD-L1 inhibitors.
However, not all patients benefit from these therapies,
and investigators have been searching for alternative
gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en 
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treatments and biomarkers. A recently completed phase
II trial examined the safety and efficacy of neoadjuvant
chemoradiotherapy plus sotigalimab, a cluster of
differentiation 40 (CD40) agonist that activates
multiple immune cells to improve anti-tumor
responses.28 Of 34 patients with clinical stage II to IVA
esophageal cancer who received this regimen, 36% had
a pCR and 64% had an MPR. Additionally, circulating
tumor DNA has shown promise as a prognostic
biomarker in esophageal cancer68 and will likely play
an important role in patient selection in the future.

Vaccine therapy is a novel treatment approach that has
demonstrated feasibility in a pan-cancer setting69 and is
now under investigation for esophageal cancer. In a
phase I trial, Neoantigen Vaccine in Esophagus Cancer
Patients Following Neoadjuvant Therapy and Surgical
Resection (NCT05307835) in China, patients with
resectable esophageal cancer will undergo perioperative
therapy with surgical resection. After adjuvant therapy,
patients will receive a personalized neoantigen cancer
vaccine based on the antigen profile of their resected
tumor.

Another personalized approach that gained attention at
the 2023 European Society for Medical Oncology Meeting
is active surveillance for patients with a complete clinical
response after neoadjuvant therapy. In the Surgery As
Needed for Oesophageal cancer (SANO) trial, patientswith
a complete clinical response after neoadjuvant chemo-
radiotherapy were randomized to active surveillance or
standard surgery.70 At 2 years, the active surveillance arm
had noninferior OS and better short-term quality of life
compared with the standard surgery arm.

CONCLUSIONS. Immunotherapy for locally advanced
esophageal cancer is a relatively nascent field that is
rapidly evolving. Currently, adjuvant nivolumab for re-
sidual pathologic disease after neoadjuvant chemo-
radiotherapy and surgery is the only FDA-approved ICI
regimen for esophageal cancer. However, many recent
oteca Medica Hospital México (bibliomexico@gmail.com) en National Librar
ra uso personal exclusivamente. No se permiten otros usos sin autorización. C
phase I and II trials have provided promising pCR and
MPR rates without additional operative morbidity or
mortality compared with existing regimens. Although
pathologic response is currently the best end point
available until survival data matures, it must be
interpreted with caution in patients with esophageal
cancer. Phase III trials investigating immunotherapy in
the neoadjuvant and perioperative settings are now
underway, and their results will help guide future
practice.
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