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cell carcinoma (ESCC) and that it may upregulate tumor immunogenicity.

Background: There have been several recent reports showing the efficacy of immune check-point inhibitors (ICls) against esopha-
geal cancer, especially immunologically hot tumors. In addition, several studies have suggested that chemotherapy and radiotherapy
may convert cold tumors to hot tumors.

Methods: Of 105 ESCC patients who underwent surgery after NACRT between 2010 and 2018 at our hospital, 99 whose biopsy
tissue samples were obtained were enrolled. Based on immunohistochemical analysis, tumors that were FOXA1 (+) and/or EYA2
(+) were defined as hot tumors, others were cold tumors. We then investigated the association between tumor immunogenicity and
clinicopathological features.

Results: The 29 patients with hot tumors before NACRT had a significantly better 5-year disease-specific survival (DSS) rate than
the remaining 70 patients with cold tumors (85% vs 64%; P = 0.036). In a multivariate analysis, tumor immunogenicity was a signif-
icant independent predictor of DSS. Of 68 patients without a pathological complete response (non-pCR) in their primary tumor, 51
(75%) had hot tumors after NACRT. Moreover, 75% (36/48) of tumors that were cold before NACRT were converted to hot tumors
after NACRT.

Conclusions: Patients with hot ESCC tumors treated with NACRT plus esophagectomy had a better prognosis than those with
cold tumors. NACRT upregulated cold tumor immunogenicity to hot tumors, suggesting NACRT may increase the sensitivity of ESCC
to adjuvant ICls.

Objective: To test the hypothesis that neoadjuvant chemoradiotherapy (NACRT) is more effective against hot esophageal squamoﬁ
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(ICls), immunogenicity, neoadjuvant chemoradiotherapy (NACRT)

INTRODUCTION of the world, espe_cially Asia, Africa, aqd South A.merica.2 The
development of trimodal therapy entailing combined surgery,
conventional chemotherapy, and radiotherapy has improved
outcomes, but the overall prognosis for ESCC patients remains
poor.>” This trimodal therapy has proved most effective for
patients with immunogenic tumors.®
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Deaths from esophageal cancer (EC) reached more than half a
million worldwide in 2020." Esophageal squamous cell carci-
noma (ESCC) is the most common EC subtype in many parts
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with different biological pathways. In addition, FOXA1 and
EYA2 were subtype-specific diagnostic immunohistochemical
(IHC) markers of subtype I ESCCs."” Several studies also sug-
gested that chemotherapy and radiotherapy administered with
ICIs or before ICI initiation may convert cold to hot tumors.?
In the present study, we tested the hypothesis that neoadjuvant
chemoradiotherapy (NACRT) was more effective in patients
with hot than cold tumors, but it also had the potential to
upregulate tumor immunogenicity, thereby improving survival
in patients with ESCC.

METHODS

Patients

This was an observational study. Of 105 patients who received
esophagectomy with curative intent (RO esophagectomy)
after NACRT for thoracic ESCC between 2010 and 2018 in
our hospital, 99 whose biopsy tissue samples before NACRT
were obtained were enrolled. No enrolled patients received
ICI therapy before surgery. NACRT was recommended for
patients staged as clinical T3—4 based on depth of invasion of
the primary tumor or regional lymph node metastasis (cT3-4
or cN+) and with an Eastern Cooperative Oncology Group
performance status of 0—1. This included patients with supra-
clavicular lymph node metastasis (cM1 lymph node).?! Clinical
staging was determined according to the TNM classification
of the UICC (8th edition),?? based on esophagogastroduo-
denoscopy, contrast-enhanced computed tomography, and
fluorodeoxyglucose-positron emission tomography. Cervical
and abdominal ultrasonography and endoscopic ultra-
sound were performed for staging as necessary. This study
was approved by the Ethics Committee of Akita University
Graduate School of Medicine (No. 2406). All participants pro-
vided informed consent and signed human subject institutional
review board consent forms.

Neoadjuvant Chemoradiotherapy

The NACRT protocol entailed radiotherapy (40 Gy in 20 frac-
tions, 41.4 Gy in 23 fractions, or 42 Gy in 21 fractions) with 2
courses of combined chemotherapy with 5-fluorouracil 800 mg/
m?/day on days 1-5 and cisplatin or nedaplatin 80 mg/m?/day on
day 1. High-energy X-rays (10 MV) were used for the radiother-
apy. All patients underwent 2- or 3-dimensional radiotherapy
planning, and the radiotherapy target was set around the gross
tumor volume and metastatic lymph nodes. As a result, in nearly
all patients, the upper-to-lower mediastinum was included in the
radiated fields. The radiotherapy consisted of 1.8-2.0 Gy/day
for 5 days each week.

Surgery

Esophagectomy was scheduled to be performed more than
3 weeks after completing NACRT, by which time patients
had no treatment-related adverse events worse than grade 2
according to the Common Terminology Criteria for Adverse
Events Version 4.0.2> When deciding the interval before sur-
gery, we did not take into consideration the residual carci-
noma after NACRT. Esophagectomy under right thoracotomy
or thoracoscopic (including robot-assisted thoracoscopic)
esophagectomy with extended 3-field lymph node dissection
(bilateral cervical (including supraclavicular), mediastinal,
and abdominal lymph nodes) was performed. In other words,
McKeown esophagectomy with extended 3-field lymph node
dissection was performed as the standard operative method
in this study. Our standard reconstruction was with a gas-
tric tube in open surgery via the posterior mediastinal or ret-
rosternal route.
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Pathological Analysis Including Tumor Regression Grade

Surgically resected ESCC specimens were subjected to routine
pathological examination. Pathological stage after neoadju-
vant therapy (ypStage) was determined according to the TNM
classification of the UICC (8th edition).?? The level of tumor
regression in response to NACRT was evaluated based on the
Japanese Classification of Esophageal Cancer.?* Tumor regres-
sion grade (TRG) was classified into 4 categories: TRGO, no
recognized cytological or histological therapeutic effect; TRG1,
slightly effective with apparently viable cancer cells accounting
for 1/3 or more of the tumor tissue; TRG2, moderately effective
with viable cancer cells accounting for less than 1/3 of the tumor
tissue; and TRG3, highly effective with no evidence of viable
cancer cells.

Follow-Up

Almost none of the patients received postoperative adjuvant
chemotherapy, though a small portion of the patients received
adjuvant nivolumab therapy or placebo in a clinical trial. All
patients visited our hospital every 2 months. At each visit,
they received a follow-up examination that included physical
examinations, blood tests, and chest X-rays. Chest and abdom-
inal contrast-enhanced computed tomography were performed
every 4 months during the first 5 years, then every 6 months
thereafter. We performed esophagogastroduodenoscopy annu-
ally except in cases where there were signs of anastomotic steno-
sis or obstruction. For patients with recurrence, chemotherapy
was performed and, if possible, surgical resection and reradia-
tion were also performed.

Determination of Tumor Immunoreactivity: Hot or Cold
Tumors

We determined tumor immunoreactivity based on the intensity
of THC staining for FOXA1 and EYA2. Wang et al'® showed
FOXAT1 and EYA2 to be potential markers of the immunore-
active ESCC subtype. We defined tumors that were FOXA1
(+) and/or EYA2 (+) as hot tumors and those that were
FOXA1 (-) and EYA2 (=) as cold tumors. These definitions
were applied to both biopsy tissue samples before NACRT
(n = 99) and residual tumor samples from patients without
a complete pathological response (non-pCR) resected after
NACRT (n = 68). Biopsy tissue samples before NACRT were
obtained from areas without necrotic tissue at the margin of
the tumors under pretreatment endoscopy, as these areas con-
tained numerous viable cells. The samples were fixed in 10%
formalin neutral buffer solution overnight at room tempera-
ture and then embedded in paraffin. Resected postoperative
tumor samples after NACRT were prepared similarly. After
IHC staining, areas without necrotic tissue at the margin of
the tumors were evaluated.

The IHC Staining

IHC staining was performed as previously described.'” In brief,
4-pm-thick sections from the tissue samples were deparaffinized
in xylene and rehydrated through a graded ethanol series. After
antigen retrieval in citrate buffer (pH 6.0) and blocking with
3% H,0, for 30 minutes, the sections were stained by incuba-
tion first with anti-FOXA1 (1:300 dilution, ab55178; Abcam
ple, Cambridge, UK) or anti-EYA2 (1:400 dilution, ab95875;
Abcam plc) antibody and then with HRP-conjugated second-
ary antibody (K4001, DAKO, Santa Clara, CA). After develop-
ing with diaminobenzidine, the sections were counterstained
with hematoxylin, dehydrated and mounted. The staining was
scored by 2 investigators blinded to the clinical data as follows:
1+, weak/faint staining; 2+, moderate staining; or 3+, strong
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FIGURE 1. Study flow chart is shown as a CONSORT diagram.

staining. Samples were classified as high expression (3+) or low
expression (2+ or 1+) and defined as positive (+) or negative (=)
accordingly.

Statistical Analysis

A x* test or Fischer’s exact test for categorical variables and
a Wilcoxon test for continuous variables were used for sta-
tistical testing to detect any differences between hot and cold
tumor groups. Kaplan-Meier method was applied to depict
overall survival (OS) and disease-specific survival (DSS)
between hot and cold tumor groups by using the log-rank
test. OS was calculated as the date from the surgery to death
regardless of any cause, and DSS was calculated as the time
from the surgery to death from ESCC. Patients known to be
alive or lost to follow-up on the date of last contact were
treated as censored. To investigate the impact of hot tumor
compared to the cold tumor group, we applied a Cox pro-
portional hazard model to calculate the hazard ratios (HRs)
and 95% confidence intervals (CIs). To select an optimal Cox
model, we adjusted for all variables selected at P < 0.05 in the
univariate models.

All the P values are reported as 2-sided with a significance
level of 0.05. All statistical analyses were performed using
JMP14 software (SAS Institute, Cary, NC).

RESULTS

Tumor Immunogenicity and Clinicopathological Features

The study flow chart is shown as a CONSORT diagram in
Figure 1. Based on the intensity of IHC staining for FOXA1
and/or EYA2 before NACRT, 29 ESCC patients (29%) were
classified as having hot tumors and 70 (71%) were classified
as having cold tumors (Fig. 2). The clinicopathological features
of all 99 enrolled participants are summarized in Table 1. The
median age of the patients was 64 (41-75) years, and the female-
to-male ratio was 1:6. Interestingly, half of the female patients
were classified as having hot tumors (7/15 patients), while only
one-third of the males had hot tumors (22/84 patients), though
the difference was not statistically significant. There was also
no significant difference in age, tumor location, depth of inva-
sion, lymph node metastasis, cM1 lymph node, clinical stage, or
tumor differentiation between the 2 groups. Following NACRT
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FIGURE 2. A, Tumor immunogenicity was assessed based on the intensity of immunohistochemical staining for FOXA1 and EYA2. Samples classified as high
expression (3+) and low expression (2+ or 1+) were defined as positive (+) and negative (-), respectively. Tumors showing FOXA1 (+) and/or EYA2 (+) immuno-
genicity were defined as hot tumors; those showing FOXA1 (=) and EYA2 (-) immunogenicity were defined as cold tumors. B, Numbers of hot and cold tumors
before neoadjuvant chemoradiotherapy (NACRT). Among 99 patients, 29 (29%) had hot tumors while 70 (71%) had cold tumors.

and then surgery entailing complete esophageal resection (R0),  patients (42%) subsequently experienced recurrence and it
a pathological complete response (pCR, pTONO) was achieved ~ was, not significantly, a trend toward a lower recurrence rate
in 23% (23/99 cases) of the patients. There was no statistically  after surgery in a hot tumor. After recurrence, they were treated
significant difference in TRG between hot and cold tumors,  with chemotherapy, radiotherapy and ICI therapy, alone or in
but there was a trend toward more effective in hot. Forty-two  combination.
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Clinicopathological Characteristics (n = 99)

Total Hot Tumor Cold Tumor
Characteristics n=99 n=29 n=70 P
Age at surgery (year) 0.24
Median 64 66 63
Range 41-75 43-75 41-75
Gender 0.12
Female 15 (15%) 7 (25%) 8 (11%)
Male 84 (85%) 22 (75%) 62 (89%)
Tumor location 0.97
Upper 19 (19%) 6 (21%) 13 (19%)
Middle 52 (53%) 15 (52%) 37 (53%)
Lower 28 (28%) 8 (28%) 20 (29%)
Depth of invasion (cT) 0.29
T 4 (4%) 0 (0%) 4 (6%)
T2 4 (4%) 2 (7%) 2 (3%)
T3 91 (92%) 27 (93%) 64 (91%)
Lymph node metastasis (CN) 0.24
NO 11 (11%) 5(17%) 6 (9%)
N1 58 (59%) 13 (45%) 45 (64%)
N2 29 (29%) 11 (38%) 18 (26%)
N3 1(1%) 0 (0%) 1(1%)
Distant metastasis (cM) 0.54
MO 85 (86%) 24 (83%) 61 (87%)
M1 (Lymph node) 14 (14%) 5(17%) 9 (13%)
Clinical stage (cStage) 0.27
| 3 (3%) 0 (0%) 3 (4%)
Il 15 (15%) 7 (24%) 8 (11%)
Il 64 (65%) 17 (59%) 47 (67%)
IVA 3(3%) 0 (0%) 3 (4%)
VB 14 (14%) 5(17%) 9 (13%)
Tumor differentiation 0.47
Not poorly 89 (90%) 25 (86%) 64 (91%)
Poorly 10 (10%) 4 (14%) 6 (9%)
TRG 0.48
Grade 1 30 (30%) 7 (24%) 23 (33%)
Grade 2-3 69 (70%) 22 (76%) 47 (67%)
ypStage 0.59
| 42 (42%) 13 (45%) 29 (41%)
I 16 (16%) 4 (14%) 12 (17%)
A 11 (11%) 5(17%) 6 (9%)
B 19 (19%) 4 (14%) 15 (21%)
IVA 3(3%) 0 (0%) 3 (4%)
VB 8 (8%) 3(10%) 5 (7%)
Recurrence 0.37
Present 42 (42%) 10 (34%) 32 (46%)
Absent 57 (56%) 19 (66%) 38 (54%)
Prognosis 0.12
Alive 59 (60%) 21 (72%) 38 (54%)
Dead with ESCC 28 (28%) 4 (14%) 24 (34%)
Dead with other diseases 12 (12%) 4 (14%) 8 (11%)

TRG indicates tumor regression grade; ypStage, pathological stage after NACRT.

Tumor Immunogenicity and Patient Prognosis

The median length of follow-up after surgery for censored cases
was 60 (46-148) months. There were 40 deaths among the
99 patients (40%), including 28 ESCC-specific deaths (28%),
during the follow-up period (Table 1). Kaplan—-Meier analy-
sis comparing the survival rates after esophagectomy revealed
the S-year DSS rate among patients with a hot tumor to be
85%, which was significantly better that the DSS rate of 64%
among those with a cold tumor (P = 0.036, Fig. 3). However,
there was no statistically significant difference in the 5-year OS
rate between patients with a hot tumor (72%) and cold tumor
(54%), but there was a trend toward better in hot tumor (P
= 0.079, not shown). There was no significant difference in
TRG or ypStage between the 2 immunogenic groups (Table 1).
Univariate analysis of DSS taking into consideration age, gen-
der, tumor location, tumor differentiation, ypStage, TRG, and

tumor immunogenicity revealed ypStage, TRG, and tumor
immunogenicity before NACRT to be significant factors affect-
ing S-year DSS in ESCC patients after NACRT followed by
surgery (Table 2). Variables with a P value < 0.05 in the uni-
variate analysis were entered into the subsequent multivariate
Cox model and all 3 variables, including tumor immunogenic-
ity before NACRT, were significant independent predictors of
DSS (ypStage: HR = 2.613; 95% CI = 1.218-5.606; TRG: HR
=2.553;95% CI = 1.209-5.392; tumor immunogenicity before
NACRT: HR = 2.925; 95% CI = 1.012-8.460) (Table 2).

Tumor Immunogenicity After NACRT

Among the 99 patients, pCR was achieved for the primary
tumors in 31 cases (31%). We next analyzed the immunoge-
nicity after NACRT in the remaining patients, who did not
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FIGURE 3. Kaplan—-Meier curves comparing disease-specific survival (DSS) among esophageal squamous cell carcinoma (ESCC) patients with hot or cold

tumors before NACRT. The log-rank test was used to compare the curves.

have a pCR (non-pCR) (Fig. 1). Of the 68 patients with resid-
ual cancer, 20 (29%) had hot tumors before NACRT, whereas
51 (75%) had hot tumors after NACRT (Figs. 4A, B). Of the
48 patients with a cold tumor before NACRT, 36 (75%) were
converted to a hot tumor after NACRT (Fig. 4A), which sug-
gests NACRT converted tumors from cold to immunoreactive
hot tumors. Kaplan—-Meier analysis showed the 5-year DSS rate
after esophagectomy to be 58% among those whose cold tumor
was converted to hot and 50% among those whose cold tumor
was not converted (Fig. 5). This suggests a possible trend toward
better DSS in patients whose tumors converted from cold to hot
after NACRT, though the effect was not significant in this small
patient sample (P = 0.446).

DISCUSSION

The present study analyzed the impact of tumor immunogenicity
assessed based on the expression of 2 diagnostic markers, FOXA1
and EYA2, in ESCC patients who received esophagectomy with
curative intent after NACRT. We found that patients with hot
tumors before NACRT had significantly better 5-year DSS than
those with cold tumors. In addition to ypStage, TRG, and tumor
immunogenicity before NACRT were significant independent

predictors of DSS. Notably, NACRT converted cold tumors to hot
tumors in 75% of patients. And although the effect was not sta-
tistically significant, there was a trend toward a better DSS in the
patients whose cold tumors were converted to hot after NACRT
as compared to patients whose cold tumors were unchanged.

Although trimodal therapy entailing combined surgery and
conventional chemotherapy and radiotherapy is standard for
EC patients, the efficacy of this approach differs depending on
the immunogenicity of a patient’s tumor. By analyzing the gene
expression profile of Asian populations, including a Japanese
cohort, Wang et al' previously identified 2 ESCC molecular
subtypes. Moreover, they found that FOXA1 and EYA2 were
diagnostic markers of subtype I ESCCs, enriched in pathways
that include immune responses, while LAMC2 and KRT14 were
diagnostic markers of subtype II ESCCs, overexpressing genes
involved in ectoderm development, glycolytic processes, and
cell proliferation.' This suggests that subtype I ESCCs may be
more susceptible to trimodal therapy. Consistent with that idea,
Tanaka et al® reported that a subgroup of ESCCs overexpressing
various immune activation-related genes exhibited greater sus-
ceptibility to chemoradiotherapy. Our finding that patients with
hot tumors had a significantly better prognosis after NACRT
plus surgical treatment agrees with those of earlier studies.

TABLE 2.

Univariate and Multivariate Survival Analyses of 5-Year Disease-Specific Survival (n = 99)

Univariate Survival Analyses

Multivariate Survival Analyses

95% (CI) 95% (Cl)
Variables HR L U P HR L U
Age: >65 (n = 47) vs <65 (n = 52) 1.461 0.695 3.073 0.318 - - -
Gender: male (n = 84) vs female (n = 15) NA NA NA 0.999 - - -
Tumor location: upper (n = 19) vs other (n = 80) 1.054 0.427 2.601 0.909 - - -
Tumor differentiation: not poorly (n = 89) vs poorly (n = 10) NA NA NA 0.999 - - -
ypStage: IV (n = 41) vs -l (n = 58) 2.693 1.261 5.753 0.011 2.613 1.218 5.606
TRG: grade 1 (n = 30) vs grades 2-3 (n = 69) 2.869 1.366 6.027 0.005 2.553 1.209 5.392
Tumor immunogenicity: cold tumor (n = 71) vs hot tumor (n = 28) 2.932 1.017 8.456 0.047 2.925 1.012 8.460

Cl indicates confidence interval; HR, hazard ratio; TRG, tumor regression grade; ypStage, pathological stage after NACRT.
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FIGURE 4. A and B, Flow chart (A) and bar chart (B) showing the change in tumor immunogenicity before and after NACRT in patients without a pathological
complete response (non-pCR) in their primary tumors (n = 68). Twenty patients (29%) had hot tumors before NACRT, whereas 51 patients (75%) had hot tumors
after NACRT; that is, NACRT upregulated tumor immunogenicity from cold to hot.

Multimodal therapy for EC is now facing a major turning
point. Immunotherapy has become a key approach for EC
patients and now ranks with traditional therapies for EC.512
Biomarkers indicative of tumor immunogenicity and predictive
of treatment response are more important with immunotherapy
than with conventional therapies. At present, PD-L1 expres-
sion assessed based on an IHC Combined Positive Score!!-?52¢
or Tumor Proportion Score,® tumor mutation burden,?” defi-
cient DNA mismatch repair, and microsatellite instability?® are
all reported to be predictive biomarkers associated with the
efficacy of ICIs. Our findings suggest that FOXA1 and EYA2
are predictive biomarkers for conventional therapy and that
combining these biomarkers for subtype I ESCCs may also be
predictive of immunotherapeutic efficacy. However, no patients
enrolled in the present study received ICI therapy before surgery
and patients were not necessarily treated with ICIs after surgery.
This is a major limitation of this study.

A crucial finding of this study is that radiotherapy and/or
chemotherapy may convert a nonimmunogenic tumor to an
immunogenic tumor. For ESCC patients with cold tumors, inter-
vention leading to conversion to a hot tumor with high immu-
nogenicity is necessary to optimize the response to ICIs. Then
combining ICIs with conventional radiotherapy and/or che-
motherapy reportedly improves antitumor responses and has a
subsequent survival benefit as compared to ICIs alone.'® Release

of neoantigens induced by tumor cell death caused by localized
radiotherapy or cytotoxic chemotherapy promotes activation of
T cells and migration of T cells into tumors, which can induce
antitumor-specific immune responses. In that regard, Demaria et
al?’ showed that, in mice, local radiation of a tumor also impairs
the growth of nonirradiated portions of the tumor at a distance
and that this abscopal effect is immunologically mediated.
Moreover, this effect was shown to be tumor-specific, as the
growth of a nonirradiated lymphoma coimplanted in the same
mice was unaffected.?”” The clinical benefit of combined ICI ther-
apy with radiotherapy as compared to radiotherapy alone has
also been observed in multiple retrospective analyses of patients
with brain metastasis, mainly from melanoma, nonsmall cell lung
cancer (NSCLC) or renal cell carcinoma.?® In addition, a retro-
spective analysis by Koller et al*! showed that radiotherapy plus
ipilimumab improves survival and the response rate in patients
with metastatic melanoma as compared to ipilimumab alone.
A pooled analysis of 2 prospective randomized phase 3 trials
also demonstrated that adding radiotherapy to pembrolizumab
improves clinical benefit without increasing toxicity in patients
with NSCLC as compared to pembrolizumab alone.’?> These
studies suggest combining radiotherapy and ICIs could improve
the prognosis of patients with cancer. However, another ran-
domized phase 2 trial showed that radiotherapy combined with
durvalumab and tremelimumab, a PD-L1 and CTLA-4 inhibitor,
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FIGURE 5. Kaplan-Meier curves comparing DSS among ESCC patients with cold tumors before NACRT (n = 48) and then cold or hot tumors after NACRT.

The log-rank test was used to compare the curves.

respectively, did not improve the response rate as compared to
ICIs alone in patients with NSCLC.** What’s more, the rate of
treatment-related serious adverse events (including 1 death from
respiratory failure) was increased in patients in the ICIs plus
radiotherapy group (15-19% vs 4%, respectively).>* The dif-
ference in the efficacy and toxicity of adding radiotherapy to
immunotherapy may reflect a difference in the type or timing
of the radiotherapy. The ELEKTRA trial, an exploratory phase
2 trial for patients with melanoma brain metastasis, focused on
the timing of irradiation with respect to the administration of
ipilimumab and nivolumab. It was observed that radiotherapy
followed by ICIs had clinical benefits associated with increas-
ing numbers of activated T cells compared to ICI treatment
before radiotherapy.®* This is consistent with our present finding
that neoadjuvant therapy, which included radiotherapy, could
enhance tumor immunogenicity. The development of combina-
tion therapies employing ICIs is needed to drive an antitumor
immune response not only in patients presenting with a hot
tumor but also in those presenting with a cold tumor.

Evidence attesting to the effectiveness of ICIs for patients
with ESCC has accumulated from multiple randomized clini-
cal trials carried out around the world.®'? As first-line therapy,
patients with metastatic or recurrent unresectable ESCC are
being treated with pembrolizumab or nivolumab combined
with conventional chemotherapy, or with doublet IClIs, ipilim-
umab plus nivolumab. The results of the CheckMate 577 trial
are particularly important for patients with resected ESCC.!?
Patients treated with NACRT followed by RO esophagectomy,
but showing an incomplete pathological response were enrolled
in this clinical trial. The results established adjuvant treatment
with nivolumab to be effective for patients who remain at
high risk for recurrence after NACRT. The background of the
patients in the present study resembled those of the patients in
the CheckMate 577 trial; indeed, some patients in the present
study were enrolled in the CheckMate 577 trial. Consequently,
our finding that FOXA1 and EYA2 are useful immunogenic-
ity biomarkers may support the results of the CheckMate 577
trial. Future studies examining how tumor immunogenicity
changes after neoadjuvant chemotherapy (standard treatment

for resectable advanced ESCC in Japan from JCOG1109%) will
be required to verify our findings.

In this study, we investigated whether NACRT used for
patients with ESCC affects tumor immunogenicity assessed
based on expression of 2 previously reported biomarkers. As
noted above, 1 major limitation of this study is that only a small
percentage of patients enrolled in this study were treated with
ICIs after surgery. Twelve patients enrolled in the CheckMate
577 trial received nivolumab or a placebo as adjuvant therapy
after surgery. In addition, after recurrence, a few other patients
were treated with nivolumab plus ipilimumab, with nivolumab
monotherapy, or with chemotherapy in the CheckMate 648
trial. A second limitation is the retrospective nature of this
study, which could potentially introduce selection bias. In addi-
tion, because this study included only a small number of cases
(only 99 thoracic ESCC patients) at a single center, its impact
is limited. Moreover, immunogenicity results before NACRT
might have been inadequate to decide on the immune profile
of the whole tumor since the biopsy tissue volume obtained by
esophagogastroduodenoscopy was small. Lastly, we chose DSS
defined as the time from the surgery date to death from EC as
the primary endpoint. We also analyzed the OS in this cohort,
but there were no significant outcomes. In general, patients with
ESCC frequently have multiple primary cancers, so death from
other cancers inevitably increases. In addition, because death
from other diseases after NACRT can’t be neglected such as
lung and heart disorders, DSS as the primary endpoint for the
pure evaluation of the impact of chemoradiotherapy on survival
rate and tumor immunogenicity.

CONCLUSIONS

Our findings indicate that NACRT is effective in hot tumors
and that it converted cold tumors to immunoreactive hot
tumors. This suggests NACRT could improve the efficacy of
ICIs administered as adjuvant therapy in ESCC. We anticipate
that assessing tumor immunoreactivity will help us establish a
perioperative treatment strategy that improves the survival of
thoracic ESCC patients.
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