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1 | INTRODUCTION
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Abstract

We reviewed the current status and future perspectives regarding the role of sur-
gery in multidisciplinary treatment strategies for locally advanced esophageal squa-
mous cell carcinoma (ESCC). The treatment and management of ESCC have been
improved by dramatic advances in diagnostic techniques and the development of
surgery, chemotherapy, radiotherapy, and immunotherapy. The current standard
treatment for locally advanced ESCC is preoperative chemotherapy followed by sur-
gery in Japan, whereas preoperative chemoradiotherapy is a globally recommended
approach. Differences of recognition regarding the role for surgery between Japan
and many Western countries may have created peculiar preferences for preopera-
tive therapy. The clinical significance of conversion strategy and salvage surgery for
patients with ESCC should be further evaluated in terms of curability and safety.
Although strategies to identify patients who would benefit from preoperative ther-
apy are strongly required to avoid performing unnecessary treatment, it remains dif-
ficult to predict the efficacy of preoperative therapy prior to treatment. Prospective
clinical trials and basic research to identify predictive biomarkers for response to
chemotherapy, radiotherapy, and immunotherapy are needed to promote the devel-

opment of multidisciplinary treatment strategies for patients with ESCC.
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regions means each area has particular environmental risk factors

for esophageal carcinogenesis.® This has therefore encouraged us

Esophageal cancer is the sixth leading cause of death from cancer
and eighth most common cancerin the world.! Esophageal squamous
cell carcinoma (ESCC) is the predominant histological type of esoph-
ageal cancer worldwide, and it accounts for approximately 90% of
all cases in Japan.? Conversely, adenocarcinoma of the esophagus is
the most common type in many Western countries.! The remarkable

variation in the prevalence of these histological types in different

to attempt to understand the cancer biology and clinical features of
each histological type.

The treatment and management of ESCC have evolved in re-
cent years, with dramatic advances in diagnostic techniques and
the development of surgery, chemotherapy, radiotherapy, and im-
munotherapy.4 With a curative intent, esophagectomy with radical

mediastinal lymph node dissection remains the standard therapy.>®
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However, the systemic nature of this disease is often responsible for
the failure of surgery alone. Thus, a better understanding of the cur-
rent status for multimodal therapy should provide us with valuable
clues to improve the treatment of ESCC.

In this review, we summarized the recent development and future
perspectives of multidisciplinary therapy for locally advanced ESCC
with a focus on the role of surgery. This review was categorized into
perioperative treatment (chemotherapy and chemoradiotherapy
[CRT]), conversion surgery, salvage surgery, and immunotherapy as a

novel treatment strategy.

2 | PERIOPERATIVE THERAPY
2.1 | Chemotherapy

There remains much controversy regarding the current standard of
care for patients with potentially resectable locally advanced ESCC.
Many trials on postoperative or preoperative therapy have been
conducted to investigate the survival benefit of various strategies
(Table 1).

Concerning postoperative chemotherapy, the JCOG9204 trial,
which compared surgery alone vs surgery followed by postopera-
tive chemotherapy using the cisplatin plus 5-fluorouracil (CF) regi-
men, was performed in Japan. This trial revealed that postoperative
CF therapy extended the disease-free survival of patients with
node-positive cStage 11/l ESCC.” A meta-analysis including three
randomized controlled trials and six retrospective studies supported

that surgery followed by postoperative chemotherapy (compared
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with surgery alone) was as an independent favorable prognostic fac-
tor for ESCC.8

Preoperative approaches have been considered for patients
with locally advanced disease for the purpose of down-staging
disease to allow definite resection and improving long-term prog-
nosis. Additionally, treatment efficacy can be evaluated preoper-
atively by monitoring clinical responses and postoperatively via
pathologic evaluation of the resected tumor tissue. This allows
more tailored treatment because therapy can be modified or
changed in patients who did not respond to the preoperative ther-
apy. Another merit of preoperative chemotherapy is the higher
dose intensity of chemotherapeutic agents relative to that permis-
sible during postoperative chemotherapy because esophagectomy
for ESCC usually is highly invasive. The OEO2 trial conducted by
the Medical Research Council in the UK suggested that preopera-
tive CF therapy in comparison with surgery alone had a significant
survival benefit with a hazard ratio (HR) of 0.84. The treatment
effect was also demonstrated to be consistent in both adeno-
carcinoma and ESCC.” JCOG9907, a randomized trial of patients
with cStagell/Ill ESCC (excluding T4), demonstrated that preop-
erative CF therapy followed by surgery improved overall survival
(OS) compared with the effects of postoperative CF therapy.'® In
this study, the planned interim analysis was conducted after the
completion of patient accrual. Although progression-free survival
(PFS), the primary endpoint of this study, did not reach the stop-
ping boundary, OS in the preoperative group was superior to that
of postoperative group (P = .01). Updated analyses demonstrated
that the 5-year OS rate was 43% in the postoperative group vs
55% in the preoperative group (HR = 0.73, P = .04). Based on the

TABLE 1 Prospective randomized trials of perioperative therapy for locally advanced esophageal squamous cell carcinoma

Study Author Year Histology
JCOG92047 Ando et al 2003 scc
OE02? Allum et al 2009  AC/SCC
66.5%/30.8%
JCOG9907%° Ando et al 2012 scc
NCT012255231°% Zhao et al 2015 scc
TROG* Burmeister etal 2005 AC/SCC
62%/37%
CROSSY van Hagenetal 2012 AC/SCC
75%/23%
JCOG1109*¢ (ongoing) - - scc

Treatment n Five-year survival rate  P-value
Post-CF 120 55% (DFS) .037
Surgery alone 122 45% (DFS)

Pre-CF 320 23.0% (OS) .03
Surgery alone 335 17.1% (OS)

Pre-CF 164 55% (OS) .04
Post-CF 166 43% (0S)

Peri-PCF 175 31% (RFS) <.001
Pre-PCF 171 17% (RFS)

Pre-CRT 128 22.2 mo (median OS) NS
Surgery alone 128 19.3 mo (median OS)

Pre-CRT 178 47% (OS) .003
Surgery alone 188 34% (OS)

Pre-CF - -

Pre-DCF - -

Pre-CRT - -

Abbreviations: AC, adenocarcinoma; DFS, disease-free survival; NS, not significant; OS, overall survival; Peri-PCF, perioperative paclitaxel + CDDP
+5-FU; Post-CF, postoperative CDDP + 5-FU; Pre-CF, preoperative CDDP + 5-FU; Pre-CRT, preoperative chemoradiotherapy; Pre-DCF, preoperative
docetaxel + CDDP +5-FU; Pre-PCF, preoperative paclitaxel + CDDP +5-FU; RFS, relapse-free survival; SCC, squamous cell carcinoma.
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results, preoperative CF therapy is currently the standard treat-
ment for cStage II/1lIl ESCC in Japan. Of note, for patients who
undergo upfront surgery, postoperative CF is recommended if the
pathologic examination reveals lymph node metastasis.!

Although JCOG 9907 demonstrated that preoperative CF ther-
apy improved OS, down-staging and RO resection were reported to
be less beneficial in Stage Ill patients than in Stage Il patients in a
subgroup analysis. This suggests that a more powerful preopera-
tive treatment may be necessary for patients with locally advanced
ESCC. Thus, the JCOG1109 (NEXT study) trial, a three-arm phase I
trial, was started to confirm the superiority of docetaxel and cispla-
tin plus 5-fluorouracil (DCF) over CF and of CRT over CF as preop-
erative therapy for ESCC.' This trial is currently ongoing to identify
the optimal preoperative treatment regimen for ESCC.

Whether preoperative chemotherapy alone is sufficient for
locally advanced ESCC is the next clinical question. Zhao et al as-
sessed a perioperative (pre- and postoperative) regimen of pacli-
taxel, cisplatin, and 5-fluorouracil for patients with curable ESCC in
comparison with preoperative chemotherapy alone’ Among 346
patients, the perioperative chemotherapy group had higher 5-year
relapse-free survival (RFS) and OS rates without an increased risk of
severe toxic events. Thus, assessments of perioperative therapeutic
strategy combined with other treatment regimens, as well as studies

in other countries, are necessary.

3 | CRT

In many Western countries, CRT has been preferably administered
to patients with ESCC to achieve preoperative down-staging be-
cause surgeons assume that CRT is more powerful than chemother-
apy alone concerning local tumor control.

Burmeister et al reported that preoperative CRT consisting of
35 Gy of radiation and CF therapy did not significantly improve OS
in comparison with surgery alone.* However, subgroup analysis
indicated that patients with ESCC had better histological complete
response and PFS rates than those with adenocarcinoma. In the
CROSS study, preoperative CRT (carboplatin, paclitaxel, and radi-
ation plus 41.4 Gy of radiation) improved survival among patients
with potentially curable esophageal or esophagogastric junction
cancer. The median OS was 49 months in the preoperative CRT
group, vs 24 months in the surgery alone group, and moreover, the
benefit of preoperative CRT was confirmed in an ESCC subgroup
analysis.> Some meta-analyses have emphasized the superiority of
preoperative CRT followed by surgery over surgery alone, whereas
other reports did not identify differences in outcomes between the
approaches. A meta-analysis conducted by Gebski et al indicated
that the HR for all-cause mortality for preoperative CRT vs surgery
alone was 0.81, and the results were similar among different histo-
logical types, namely 0.84 for ESCC and 0.75 for adenocarcinoma.'
Two meta-analyses demonstrated that preoperative CRT improves
the pathological response rate, local and regional control rate, and

OS compared with the outcomes for surgery alone.r”'® Another

meta-analysis reported that preoperative CRT is associated with a
small, statistically insignificant improvement in 05.Y In a meta-anal-
ysis of nine randomized trials, preoperative CRT provided a clearly
significant survival benefit to patients with ESCC.2° The results ap-
pear reasonable because some studies have emphasized that histo-
logical complete response was more common in patients with ESCC
than in those with adenocarcinoma.'® These meta-analyses support
the survival benefits of preoperative CRT for ESCC. Differences in
the odds ratios are probably attributable to differences in the collec-
tion of randomized trials.

In terms of long-term survival after preoperative CRT for ESCC,
the response to preoperative CRT has been reported to be the most
important factor.?*?® Swisher et al emphasized that the patholog-
ical response is an independent factor for survival and proposed a
revision of the esophageal cancer staging system to accommodate
pathological responses following preoperative CRT.?! It was also
reported that non-responders to preoperative CRT experienced no
benefit and even worse outcomes than those undergoing primary
resection for locally advanced ESCC.?* Active surveillance after the
completion of preoperative CRT for esophageal cancer is currently
being assessed in a phase Il randomized controlled trial (SANO trial;
NTR6803).2° In this trial, surgical resection is being offered only to
patients in whom locoregional regrowth without distant dissemi-
nation is highly suspected or proven. The ESOSTRATE trial is also
comparing active surveillance with standard surgery in patients with
clinical complete responses after preoperative CRT (NCT02551458).
Such an organ-preserving strategy can have great advantages, but
it is only justified if its long-term survival is non-inferior to that of
preoperative CRT followed by surgery.

The European Society for Medical Oncology guidelines26 de-
scribe that patients with locally advanced ESCC benefit from preop-
erative chemotherapy or they are most likely to benefit to a greater
extent from preoperative CRT, with higher rates of complete tumor
resection and better local tumor control and survival. The CROSS
regimen can be recommended as a contemporary standard of care.
Preoperative CRT is also a recommended approach for advanced
ESCC according to the National Comprehensive Cancer Network
guidelines (version 2. 2018), and both the CROSS and FOLFOX?’
regimens are preferred. The PROTECT trial is an ongoing random-
ized phase Il trial comparing two preoperative CRT regimens (CROSS

vs FOLFOX) in patients with resectable ESCC or adenocarcinoma.?®

4 | CONVERSION SURGERY

The term “conversion surgery” is generally used to describe surgical
treatment with a curative intent for tumors that responded to preced-
ing therapy after initially being deemed technically or oncologically un-
resectable or only marginally resectable. Although conversion therapy
is commonly considered for patients with colorectal cancer, the clinical
significance of this strategy for patients with ESCC remains unclear.
Esophageal cancers have an increased tendency of invasion to

adjacent organs, such as the trachea, bronchus, aorta, and lungs,



SAEKI ET AL.

because of its anatomical location and the lack of serosa in the
esophageal wall. A phase Il trial investigating the safety and efficacy
of induction chemotherapy using DCF and subsequent conversion
surgery for initially unresectable locally advanced ESCC was per-
formed in Japan.?’ In the protocol, DCF therapy was followed by
conversion surgery if the lesion was resectable or by CRT if the le-
sion was unresectable. Conversion surgery was performed in 41.7%
of patients, and RO resection was achieved in 39.6% of patients. The
1-year OS rate of the enrolled patients was 67.9%. These results
imply that induction DCF therapy followed by conversion surgery
is a promising strategy for patients with locally advanced, unresect-
able ESCC. A phase Il trial comparing this strategy vs definitive CRT
plus salvage surgery (JCOG1510) is currently underway.>® CRT for
clinical stage T4b (cT4b) esophageal cancer ideally aims to achieve
complete response, but it is mostly performed to control local inva-
sion before the subsequent treatment. The prognosis of unresect-
able cT4b esophageal cancer with surrounding invasion is markedly
poor, and usually CRT is the initial treatment for these patients. The
tumors are usually considered unresectable if peripheral invasion is
not resolved by CRT. The treatment strategy for cT4b esophageal
cancer without distant organ metastasis remains under debate.

Our principle for treating cT4b patients is as follows. CRT is per-
formed for patients with unresectable tumors invading other organs
without distant organ metastasis as an initial treatment. Following
40 Gy of radiation, patients are evaluated to determine whether pe-
ripheral invasion has been resolved and whether RO surgical resection
is feasible. If curative resection is deemed possible and the patient is as-
sumed to tolerate surgery, then conversion surgery is considered. We
perform conversion surgery after an interval of approximately 4 weeks
and after obtaining adequate informed consent. Conversely, if curative
resection is impossible because of insufficient tumor reduction or be-
cause the patient declines surgery, we continue CRT to 60 Gy.

We previously evaluated 147 patients with cT4b ESCC without
distant organ metastasis at our institute between 1997 and 2016.
Among them, 43 patients underwent curative resection of the tumor
at the midterm evaluation, 104 patients continued with definitive
CRT (dCRT), and salvage surgery was performed for 21 patients.
Multivariate analysis for disease-specific survival illustrated that
response at the midterm evaluation and surgical intervention (con-
version or salvage surgery) were significantly good prognostic fac-
tors. We therefore concluded that surgery could be a useful option
for eligible patients after carefully considering the risks and proper

timing.31

5 | SALVAGE SURGERY

dCRT is generally administered for obvious T4b (non-resectable) es-
ophageal cancer as a standard treatment.’233 Following the results
of RTOG85-01,%* dCRT including radiotherapy with a total dose of
50 Gy or more plus CF therapy was established as a treatment strat-
egy for advanced esophageal cancer. In addition, dCRT is sometimes

preferred for potentially resectable, locally advanced esophageal
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cancer to avoid the risk of esophagectomy‘35 In the JCOG9906
study, the median survival time after dCRT for Stage II/IIl ESCC was
29 months with manageable acute toxicities.>¢ Although the survival
data are inferior compared with those of standard preoperative CF
therapy following surgery, this option is valuable from the perspec-
tive of preserving the esophagus. However, CRT alone achieves
complete response in only 40% of patients, and residual disease and
posttreatment regrowth are major problems.®* Many of these pa-
tients are at increased risk during salvage esophagectomy because
they completed prior radiation treatment at high doses.%”%8

Salvage endoscopic submucosal dissection is recommended if
target lesions are diagnosed as intramucosal or submucosal tumors
without metastases.®’ Although salvage surgery is considered for
patients with more advanced tumors, the indication should be de-
cided on the basis of both resectability and the patient's general
condition. Many previous reports concerning salvage surgery re-
ported higher postoperative morbidity and mortality rates.*®4* Our
previous study indicated that recurrence rather than residual tumor
after dCRT was a favorable indicator for salvage esophagectomy.42
Tachimori et al recommended a technical artifice for the prevention
of tracheal necrosis, preservation of right bronchial artery, and omis-
sion of cervical lymphadenectomy to preserve blood supply from
the inferior thyroid artery.*®

Contrarily, some studies reported low mortality rates after sal-
vage surgery,***> suggesting that advances in surgical techniques
and perioperative management are improving postoperative out-
comes. Kumagai et al found that salvage surgery offers significant
benefits regarding long-term survival compared with the effects
of second-line CRT, although salvage surgery carries the potential
risk of high treatment-related mortality.“ At present, a non-ran-
domized validation study for dCRT with or without salvage surgery
is being conducted for Stage II/11l esophageal cancer, excluding T4
(JCOG0909). The results of this study will influence the future treat-

ment strategy for recurrent or residual esophageal cancer.

6 | IMMUNOTHERAPY

Immune checkpoint inhibitors targeting the PD-1/PD-L1 pathway
have revolutionarily changed the treatment landscape for many dif-
ferent cancers. Concerning ESCC, a single-arm, multicenter phase Il
trial (ATTRACTION-1) was first undertaken to assess the activity of
nivolumab, a human IgG4 monoclonal antibody against PD-1, after
the failure of fluoropyrimidine-, platinum-, and taxane-based chem-
otherapies.*” Nivolumab exhibited promising anti-tumor efficacy
with an objective response rate of 17%, and median OS was remark-
able (10.8 months) with some patients achieving durable responses.
Next, in the randomized, open-label phase Il ATTRACTION-3 trial,
nivolumab and chemotherapy were compared in patients with ad-
vanced ESCC refractory or who were intolerant to previous fluoro-
pyrimidine-based and platinum-based chemotherapy.*® The results
revealed that treatment with nivolumab was associated with signifi-

cant improvement in median OS (10.9 months vs 8.4 months) and
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TABLE 2 Prospective trials of immunotherapy for esophageal squamous cell carcinoma
Therapy line/ Median OS P-
Study Author Year Histology = Phase Treatment n (months) value
ATTRACTION-3%® Kato et al 2019 SCC 2nd line/ Nivolumab vs 419 109vs. 8.4 .019
Phase 3 chemotherapy
KEYNOTE-181% Metges et al 2019 AC/SCC 2nd line/ Pembrolizumab vs 628 (Al
Phase 3 chemotherapy patients)
8.2vs. 7.1 0.0095
NCT02844075 (ongoing) - - SCC Preoperative/ Pembrolizumab with - - -
Phase 2 CRT
NCT03278626 (ongoing) - - SCC 1st line/Phase Nivolumab with CRT - - -
NCT03064490 (ongoing) - - AC/SCC Preoperative/ Pembrolizumab with - - -
Phase 2 CRT
plus postoperative
pembrolizumab
NCT02743494 (ongoing) - - AC/SCC Postoperative/ Nivolumab vs placebo - - -
Phase 3
NCT03914443 (ongoing) - - SCC Preoperative/ Nivolumab with - -

Phase 1

chemotherapy

Abbreviations: AC, adenocarcinoma; CRT, chemoradiotherapy; OS, overall survival; SCC, squamous cell carcinoma.

a favorable safety profile vs chemotherapy in previously treated
patients with advanced ESCC. The survival benefit of nivolumab
was not affected by patients’ tumor PD-L1 expression levels. Based
on these results, nivolumab was recommended as a new standard
second-line treatment option for patients with advanced ESCC. The
phase 3 KEYNOTE-181 trial was conducted to compare pembroli-
zumab (a humanized 1gG4 monoclonal antibody against PD-1) with
chemotherapy as a second-line treatment in patients with esopha-
geal and esophagogastric junction cancer, including ESCC.* The
superiority of pembrolizumab over chemotherapy in terms of OS
was demonstrated in patients with PD-L1-positive tumors. These
results suggest that pembrolizumab is a new therapeutic option for
second-line treatment in patients with PD-L1-positive esophageal
cancer.

Irradiation can upregulate PD-L1 expression in human ESCC
cells, implying that radiotherapy may positively enhance the thera-
peutic efficacy of immunotherapy.’® Therefore, a number of clinical
trials are underway to study the effect of radiotherapy combined
with immune checkpoint blockade in patients with ESCC. A phase
Il trial is scheduled to evaluate the benefit of preoperative CRT plus
pembrolizumab followed by surgery in patients with ESCC, and the
study is expected to be completed in 2022 (NCT02844075). A mul-
ticenter phase I/Il trial of CRT combined with nivolumab in the treat-
ment of locally advanced ESCC is ongoing (NCT03278626). A study
evaluating concurrent treatment with pembrolizumab and CRT as a
preoperative therapeutic strategy for locally advanced esophageal
cancer is also ongoing (NCT03064490).

Immune checkpoint blockade is also being studied in the adju-
vant setting. A double-blind phase Il trial (EORTC18071) was the
first trial to test immune checkpoint inhibitors in the adjuvant set-

ting. In the study, 951 patients with stage Ill cutaneous melanoma

following adequate lymph node resection were assigned to receive
ipilimumab or placebo.*! Patients who received adjuvant ipilimumab
experienced significantly improved RFS.%! In ESCC, a phase Il in-
vestigational study of nivolumab or placebo in participants with re-
sected esophageal or esophagogastric junction cancer (CheckMate
577) is underway (NCT02743494). With the rapid progress made in
cancer immunotherapy in the metastatic and adjuvant setting, there
has also been increasing interest in applying immune checkpoint
blockade in the preoperative setting. A feasibility phase | trial of
nivolumab with preoperative CF or DCF therapy for locally advanced
esophageal carcinoma is ongoing (NCT03914443). Representative
prospective trials of immunotherapy for ESCC are summarized in
Table 2.

7 | COMMENTS

Esophagectomy with three-field lymph node dissection has been
proposed for decades, and it is currently the main surgical proce-
dure for esophageal cancer in Japan. Although many studies have

demonstrated its survival benefit,”>°%

this aggressive operation is
not widely used globally because of its complicated surgical tech-
niques and high invasiveness. Japanese surgeons generally believe
that surgery is adequate for local control; thus, they are skepti-
cal about the necessity of preoperative (chemo) radiotherapy.
Conversely, preoperative chemotherapy is usually understood to
play a role in the control of micrometastasis but not local tumor
control. Differences in recognition regarding the role of surgery
between Japan and most Western countries may have created pe-
culiar preferences for preoperative therapy, i.e. chemotherapy or

chemoradiotherapy.
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The possible risk of increased postoperative complications
after preoperative therapy should be also discussed because
patients are in a potentially immunosuppressive condition after
preoperative therapy.54 In particular, preoperative CRT for esoph-
ageal cancer has been reported to increase the incidence of post-
operative complications.>>>® In terms of postoperative mortality,
individual studies revealed no increases in mortality rates after
preoperative CRT followed by surgery compared with those after
surgery alone. However, a subgroup analysis of preoperative CRT
for ESCC in a meta-analysis based on 23 relevant studies sug-
gested increased risks of total postoperative mortality and treat-
ment-related mortality.57 The significance of preoperative CRT
for potentially resectable ESCC differs from that of conversion
surgery or salvage surgery. It is reported that the development
of postoperative complications is an independent disease-specific
poor prognostic factor after curative resection for patients with
ESCC.>® We should pay especially close attention to safety in pa-
tients who receive preoperative CRT.

The worldwide discrepancy observed in the results of preoper-
ative therapy for ESCC may be partly explained by heterogeneous
tumor biology in the patient population. Therefore, it is essential
to improve the accuracy of preoperative molecular diagnostics to
identify specific patients who will benefit from this treatment. One
approach for identifying biomarkers for predicting the efficacy of
multidisciplinary therapy is to use molecular biology assessments for
particular tumor characteristics.’” We recently identified positive
RADS51 expression as a useful biomarker for predicting resistance to
preoperative therapy and poor prognosis in patients who received
preoperative CRT for ESCC based on a large-cohort, retrospective,
observational study.60 Both clinical trials and basic research are on-
going to develop treatment strategies for locally advanced ESCC.
We hope that significant evidence will be produced from well-de-

signed clinical and basic research studies in the near future.
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