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Summary eBioMedicine

Background Immune checkpoint inhibitors combined with chemotherapy as a neoadjuvant therapy have been applied ~ 2023:90 104515

to the treatment of esophageal squamous cell carcinoma (ESCC). However, the optimal regimen needs to be further ~ PvPlished Online xocx
explored, particularly for older patients, and the mechanisms by which the immune checkpoint inhibitor combined ;t)tlpg// /:LOI ;::92/ ;2'3
with chemotherapy modulates the evolution of ESCC are unknown. 10 451J'5 B
Methods In this single-arm phase 2 trial, patients with resectable (stage II/III/IV without metastasis) ESCC were

enrolled and received nanoparticle albumin-bound (nab) paclitaxel for two cycles and oral S-1 for 2 weeks,

combined with intravenous toripalimab for two cycles before surgery. Combination postoperative adjuvant therapy

was administered. The primary outcome was the major pathological response (MPR). Secondary outcomes

included pathological complete response (pCR), overall response rate (ORR), disease control rate (DCR), disease-

free survival (DFS), overall survival (OS), improvement in Stooler’s dysphagia score and degree of daily living

ability (dADL). Biopsies and plasma pre- and post-neoadjuvant therapy were performed using whole-exome

sequencing, transcriptome sequencing, immunohistochemistry (IHC) for PD-L1, multiplex immunofluorescence

(mIF) and proximity extension assay technology (PEA) for 92 proteins.

Findings From November 2019 to July 2021, 60 patients were enrolled. After neoadjuvant therapy, RO resection was
achieved in 55 (98.21%) patients. MPR was identified in 27 patients (49.09%), and 16 patients (29.09%) achieved pCR.
Patients with PR, SD and PD were 37 (61.67%), 21 (35.00%) and 2 (3.33%), respectively. The overall staging, Stooler
dysphagia scores and dADL were significantly decreased after treatment. 11 patients (18.3%) experienced grade >3
AEs. Compared to PD-L1-Low patients, PD-L1-High patients had a significantly higher ratio of PR. During therapy,
the tumor mutation burden (IMB) and tumor neoantigen burden (TNB) were significantly decreased in patients with
PR. Differential clonal evolution within tumors was demonstrated by analysis of intratumoral heterogeneity.
Transcriptome analyses revealed that the infiltration of CD4+ T lymphocytes at baseline was associated with
clinical outcome. During therapy, CD8+ T cells and CD4+ T cells were increased in all patients; however,
exhausted cells, nTregs and iTregs were significantly increased in patients with non-MPR. Protein analyses
revealed that the levels of IFN-y, Gal.1 and LAMP3 can predict the clinical benefit. In addition, the expression of
CD83, TNFRSF4, TNFSF14, VEGFR2, ADA, ARGI1, and HO-1 was associated with serious AEs. More
importantly, the integration of CD4+ T cells with plasma protein of IFN-y, Gall or LAMP3 could further
distinguish responders from non-responders.
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Interpretation In this study, neoadjuvant therapy with toripalimab, nab-paclitaxel and S-1 was less toxic and showed
promising antitumor activity in patients with resectable ESCC. Changes in the genome, transcriptome, PD-L1
expression and serum proteins were comprehensively analyzed and correlated with clinical outcomes, which
provides insight into the mechanism of action of toripalimab combined with nab-paclitaxel and S-1 in patients

with ESCC.

Funding This study was funded by Major projects of the ministry of science and technology of the 13th five-year plan

of China [grant number: 20187X09201013].

Copyright © 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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Research in context

Evidence before this study

Immune checkpoint inhibitors (ICIs) in combination with
platinum-based chemotherapy has been approved as first-line
treatment for locally advanced or metastatic esophageal
cancers. However, platinum-based regimens are highly toxic.
S-1is considered to be less toxic and tolerable in patients with
esophageal cancer compared to platinum-based drugs, and
chemoradiotherapy with S-1 has a significant benefit over
radiotherapy alone in elderly patients with esophageal cancer.
Therefore, there is an urgent need to evaluate the efficacy and
safety of neoadjuvant therapy ICls combined with S-1
chemotherapy regimens.

Added value of this study

In this single-arm phase 2 trial, neoadjuvant therapy
toripalimab combined with nab-paclitaxel and S-1 in
resectable ESCC had a lower incidence of treatment-related
serious AEs (18.3%) with pCR and MPR of 29.09% and
49.09%, respectively. The overall staging, Stooler dysphagia
scores and dADL were significantly decreased after
treatment. Prognostic biomarkers and tumor ecosystem

Introduction

Esophageal cancer is mainly divided into squamous cell
carcinoma (SCC) and adenocarcinoma, which was
responsible for 544,000 deaths in 2020, ranking sixth
among all cancers.! Esophageal squamous cell carci-
noma (ESCC) has the highest incidence in Southeast
Asia.* Most patients with ESCC are diagnosed at local-
ized or locoregional stages, and surgery remains an
effective treatment choice for these patients.’ However,
the RO resection rate is approximately 50% in locally
advanced ESCC and the early recurrence rate is high
after surgery.** Although neoadjuvant therapy, such as
chemotherapy or chemoradiotherapy, has improved the
rate of RO resection and survival, the clinical benefit
remains suboptimal and unsatisfactory.*® Therefore,
more effective neoadjuvant therapy is urgently required
to improve the clinical outcomes of patients with ESCC.

dynamics during neoadjuvant treatment were analyzed. An
association between changes of TMB and TNB with response
during treatment was observed. Neoadjuvant therapy can
alter the tumor microenvironment and promote the
infiltration of CD4 and CD8 T lymphocytes. However, the
number of immunosuppressive cells also increased in non-
responders. Furthermore, PD-L1 expression, CD4 T cells and
serum levels of IFN-y, LAMP3 and Gal.1 could predict the
efficacy of neoadjuvant treatment. More importantly, the
combination of CD4 T cells and serum levels of IFN-y,
LAMP3 or Gal.1 could further distinguish responders from
non-responders.

Implications of all the available evidence

This study highlights the safety and efficacy of toripalimab
combined with nab-paclitaxel and S-1 in patients with
resectable ESCC, indicating that this regimen is a potential
treatment strategy for such patients. Biomarkers for response
were identified, and the tumor and microenvironment
ecosystem dynamics were clarified. While further studies are
needed to validate these findings.

Immune checkpoints, such as PD-1 and CTLA4,
inhibit the proliferation and activation of T lymphocytes
by binding to ligands, and ultimately downregulating
the anti-tumor immune response.”'* However, immune
checkpoint inhibitors (ICIs) can inhibit the effect of
immune checkpoints on T lymphocytes and enhance
anti-tumor immunity."* Currently, ICIs are used for the
treatment of various cancers, including ESCC.'*** The
ICIs pembrolizumab and nivolumab have been ap-
proved by the FDA for the second-line treatment of
patients with advanced ESCC.'"""* With an improved
understanding of the antitumor mechanism, it has
been found that the combination of immunotherapy
and chemotherapy may achieve synergistic effects.”®
This may be due to the role of chemotherapy to pro-
mote the immunogenic death of tumor cells, change
the tumor microenvironment, and ultimately improve
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the antitumor effect of ICIs.”"* Pembrolizumab in
combination with platinum-based chemotherapy has
been approved as a firstline treatment for locally
advanced or metastatic esophageal cancer that is unre-
sectable or unsuitable for radical chemotherapy.”
However, platinum-based therapies are highly toxic
and can cause approximately 40 specific adverse ef-
fects.”* Indeed, at ESMO 2019, Lee et al. reported that
eight deaths (28.6%) occurred after preoperative
administration of pembrolizumab plus platinum-based
chemoradiotherapy, two resulting from pre-surgical
hematemesis, two due to acute lung injury, and four
resulting from disease progression.’' Therefore, a more
effective and less toxic neoadjuvant treatment regimen
is urgently needed, particularly for older patients.
Compared to platinum drugs, S-1 is considered less
toxic and tolerable in patients with esophageal cancer,
and chemoradiotherapy with S-1 provides significant
benefits over radiotherapy alone in older patients with
esophageal cancer. Therefore, the efficacy and safety of
neoadjuvant therapy ICIs combined with the S-1
chemotherapy regimen instead of platinum-based
chemotherapy are urgently required.

Tumor genomic features and the tumor microenvi-
ronment have been reported to be associated with the
response to ICIs treatment.””” PD-L1 expression and
tumor infiltrating lymphocytes (TILs) status have been
reported to be associated with overall survival in ESCC
patients treated with ICIs.”” However, the dynamics
changes in the tumor genome, tumor microenviron-
ment and plasma proteins induced by ICIs combined
with chemotherapy in patients with ESCC are unclear.
The analysis of such changes may improve under-
standing of the antitumor effects of ICIs combined with
chemotherapy in patients with ESCC to identify poten-
tial predictive or prognostic biomarkers.

In this study, we performed a single-arm phase 2
trial to evaluate the efficacy and safety of neoadjuvant
therapy toripalimab combined with nab-paclitaxel and S-
1 for ESCC and to identify predictive or prognostic
biomarkers as well as to reveal the dynamics of the tu-
mor ecosystem during treatment.

Methods

Study design and population

This single center, single arm, phase 2 clinical trial of
neoadjuvant toripalimab, combined with nab-P and S-1
in ESCC was performed at the First Medical Center of
the Chinese PLA General Hospital. Between November
2019 and July 2021, patients diagnosed with ESCC who
were considered eligible for surgical treatment were
enrolled.

Patients were considered eligible if they met the
following inclusion criteria: (1) aged >18 years, (2)
histologically confirmed stage II/III/IV ESCC with-
out metastasis, (3) confirmed tumor resectability, (4)
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considered by the physician to be able to endure the
surgery process, (5) had received no prior systemic
therapy, (6) ECOG PS scores of 0 and 1, (7) negative
result for urine pregnancy test and (8) able to read and
understand the information present in the informed
consent form. Patients were excluded if they (1) had
aortic and tracheal invasion (T4), (2) previously received
treatment targeting PD-L1, PD-L2, PD-1, CTLA4, OX40
or CD137 (3) had active autoimmune disease or im-
munodeficiency, (4) received a vaccine within 30 days
prior to enrollment and (5) had severe disorders in the
liver, kidney, heart, endocrine, or circulatory system.

Biopsies and plasma from pre- and post-neoadjuvant
therapy were collected and performed with whole-exome
sequencing (WES), transcriptome sequencing, immu-
nohistochemistry (IHC) for PD-L1, multiplex immu-
nofluorescence (mlF) and proximity extension assay
technology (PEA) for 92 proteins.

Ethics

This study was conducted according to the guidelines of
the Ethics Committee of the General Hospital of the
People’s Liberation Army and written informed consent
was obtained from all participants. The clinical Trial
registration number was ChiCTR1900027160.

Interventions

Neoadjuvant therapy consisted of intravenous nano-
particle albumin-bound (nab) paclitaxel 260 mg/m? for
two cycles (D1, Q3W), oral tiggio capsule (S-1) 40—-60
mg/time (D1-14, bid, Q3W) for 2 weeks and 240 mg of
intravenous toripalimab for two cycles (D4, Q3W).
Surgery was planned to begin within 4 weeks of neo-
adjuvant therapy. All patients would undergo thoracic
laparoscopy combined with radical resection for
esophageal cancer. Postoperatively, the patients rec-
eived combination adjuvant therapy with nab-
paclitaxel, tiggio and toripalimab for four cycles
(using the same principle as preoperative dosing). The
addition of radiation therapy (RT) to combination
adjuvant therapy was performed according to the TNM
classification.* Toripalimab treatment was dis-
continued during the RT. Adjuvant radiotherapy is
spared, but individualized treatment is performed ac-
cording to the effect of neoadjuvant therapy, patho-
logical stage and individual intention. Radical
radiotherapy is recommended for patients without RO
excision. For patients with recurrence and progres-
sion, the decision of radical radiotherapy will be made
according to the site of recurrence, tumor spread and
personal physical condition. Intensity modulated
radiotherapy (IMRT) was used for radiotherapy. For RO
resection patients, postoperative adjuvant radiotherapy
regimen was 45-50.4Gy (1.8-2.0Gy/day), 5 times a
week (total 25-28 fractions). For patients with R1/2
resection and patients with local recurrence (anasto-
motic or septal lymph nodes), the regimen of radical
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radiotherapy was 95% planing target volume (PTV)
50Gy (1.8-2.0Gy/d), followed by 95% planing gross
target volume (PGTV) 10Gy (1.8-2.0Gy/d), 5 times a
week. After combination adjuvant therapy or radiation
therapy, patients were administered 240 mg of intra-
venous toripalimab for 6 months (Q3W).

Study outcomes

The primary outcome was major pathological response
(MPR), defined as <10% of viable tumor remaining
within the primary tumor bed after neoadjuvant treat-
ment. As secondary outcomes, the pathological com-
plete response (pCR) rate, overall response rate (ORR),
disease control rate (DCR), disease-free survival (DFS),
overall survival (OS), improvement in Stooler’s dy-
sphagia scores and degree of daily living ability (1ADL)
scores were recorded. The time frame for recording AEs
was up to 1 month after the last cycle of neoadjuvant
treatment. All eligible patients who received neoad-
juvant therapy were included in primary and secondary
outcome analyses. The incidence of postoperative com-
plications was evaluated in patients who underwent
surgical resection.

IHC and mlF staining

IHC of PD-L1

Formalin-fixed paraffin-embedded (FFPE) tumor bi-
opsies pre- and post-treatment were collected and the
PD-L1 combined positive score was assessed with a PD-
L1 IHC assay according to the manufacturer’s in-
structions.”” The samples were considered PD-L1-Hign
if CPS >10.

mlF staining

Four samples were subjected to the mIF staining from
patients of P03 and P34. The 5 pm-thick slides cut from
the FFPE blocks were dewaxed with xylene. Then the
slides were rehydrated with a decreasing ethanol series.
After rehydrating, the slides were fixed with 10% neutral
buffered formalin for 10 min. Next, the slides were
stained with markers of CD8, Foxp3 and Pan cytokeratin
(Cat# OP-000001, akoyo biosciences), followed by incu-
bation with blocking proteins for 10 min. After blocking,
the slides were incubation with horseradish peroxidase
(HRP)-conjugated secondary antibody and tyramide
signal amplification (TSA). Finally, the slides were
stained with 4'-6'-diamidino-2-phenylindole (DAPI) for
10 min and images were acquired with vectrapolaris
(akoyo biosciences).

Next-generation sequencing and data analysis
WES

FFPE tumor biopsies and matched peripheral blood
samples were performed with the GeneRead DNA FFPE
Kit (QIAGEN, GER) and Mag-Bind® Blood & Tissue
DNA HDQ 96 Kit (OMEGA), respectively. The extracted
DNA was quantified using the Qubit dsDNA HS Assay

Kit (Thermo Fisher Scientific, USA). Sequencing li-
braries were built with Exome Plus Panel V1.0 (IDT,
USA). Sequencing was performed using the MGISEQ
platform. The median depth of coverage was 293.7 x for
tumor tissue specimens and 158.79 x for whole blood
control samples.

Data processing

Sequencing data were analyzed using SOAPnuke
(v1.5.6) to filter out reads with low quality and an N rate
beyond 10%.* The clean reads were mapped to the
human reference genome hgl9 with the Burrows-
Wheeler Alignment tool (version 0.7.12).” SAMtools
(version 1.3) was used to perform alignment data con-
version, sorting, and indexing.”® Duplicates were
removed with SAMBLASTER (Version 0.1.22) to reduce
the bias.”

Somatic mutation analysis

Somatic mutations were identified with VarDict (1.7.0),
including single nucleotide variants (SNVs) and in-
sertions and deletions (indels).** Both SNVs and indels
with a low variant allelic fraction (VAF <0.009) or a low
total read coverage (<6 reads for tumor samples; <3
reads for germline samples) were filtered out. The
identified mutation was annotated with SnpEff software
(Version 4.3).*' The tumor mutation burden (TMB) was
defined as the number of non-synonymous somatic
mutations per megabase based on the exome examined.
The cut-off values for TMB-High and TMB-Low were
defined as the median values of TMB.

Calculation of tumor neoantigen burden (TNB)

The TNB levels were determined as previously
described.”” In brief, human leukocyte antigens (HLA)
from tumor tissue specimens and matched whole blood
control samples were typed with POLYSOLVER (v1.0)
and OptyType (v1.3.2).”* LOHHLA software was used to
calculate HLA deletion.** Then, in-house software
centered on mutated amino acids was used to translate
all non-synonymous mutations and indels into 21-mer
peptide sequences. The translated 21-mer peptide was
then used to produce a 9- to 11-mer peptide with a
sliding window approach, which was used to predict the
binding affinity of MHC class I. NetMHCpan (v3.0) was
used to predict the binding strength of mutated peptides
to HLA alleles.” The peptide was selected if the pre-
dicted binding affinity of peptides to HLA alleles with
half-maximum inhibitory concentration (IC50) was
<500 nM. The TNB was defined as the number of pu-
tative neoantigens per megabase on the genome exam-
ined. The median values of TNB were used as cut-off
value for dividing high and low.

Evaluation of HLA LOH and microsatellite instability (MSI)

The types of HLA in the tumor tissue and matched
peripheral Dblood samples were determined with
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OptyType (v1.3.2) and POLYSOLVER (v1.0)."* The
LOHHILA software was used to determine the mainte-
nance or loss of HLA.

The MSI status was detected with MSIsensor (v0.2).”
An in-house tool was then used to recalculate and cor-
rect MSI value.

Tumor clonality analysis

The number of clones and cellular prevalence of infer-
red mutational clusters in each tumor sample were
calculated with PyClone (v0.13.1).** For patients with
paired pre- and post-samples, variants were considered
to indicate gained variants if they were identified only in
the post-treatment sample and did not occur in the pre-
treatment sample. Variants indicating lost variants
occurred only in the pre-treatment sample but not in the
post-treatment sample. Variants with a higher number
post-treatment than pre-treatment were defined as
increased variants. Variants with a lower number post-
treatment than pre-treatment were defined as dec-
reased variants.

RNA sequencing

Total RNA of tumor samples was isolated from the tu-
mor tissue with RNeasy Plus Universal Kits (Qiagen,
GER) according to the manufacturer’s instructions. A
Qubit™ RNA HS Assay Kit (Thermo Fisher Scientific,
USA) was used to quantify the concentrations of the
extracted RNA. The purity and integrity of the RNA were
checked with Take 3 (BioTek, USA) and the RNA Car-
tridge kit of the Qseql00 Bio-Fragment Analyzer (Bio-
ptic, CHN), respectively. The VAHTS mRNA-seq V3
Library Prep Kit for Illumina (Vazyme, CHN) was used
to construct RNA-seq libraries. Finally, the libraries
were sequenced on the NextSeq 550AR with 150 bp
paired-end reads.

Gene expression analysis

Raw sequencing data were processed to filter out low-
quality reads and adapters using trim galore (0.6.7).
The reads counts and transcripts per million (TPM)
values were calculated using Kallisto (v0.46.2), which
pseudoaligned sequencing reads to reference tran-
scripts downloaded from Gencode (v38) database.”
The gene expression level was normalized to TPM.
The reads counts matrix was used to identify differ-
entially expressed genes (DEGs) by the DESeq2 pack-
age.* DEGs with |log2FoldChange| > 1, and P-value <
0.01 were considered as significant DEGs. The ggpubr
and Complexheatmap R package were used to generate
volcano and heatmap plots, respectively. Kyoto Ency-
clopedia of Genes and Genomes (KEGG) pathway
enrichment was performed with KOBAS-i web tool
with a P-value < 0.05. The median values of gene
expression were used as cut-off value for dividing high
and low.
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Immune-related signature and infiltration abundance of
immune cells analysis

A gene expression matrix was used to calculate the score
of immune-related signatures with Riaz’s algorithms*
and the enrichment level of 12 major infiltrating lym-
phocytes with ImmuCellAL* The median values of
different lymphocytes were used as cut-off value for
dividing high and low.

PEA

Plasma blood samples were collected and analyzed us-
ing the Olink® immune oncology panel* (Olink Pro-
teomics AB, Uppsala, Sweden) to measure the levels of
92 proteins according to the manufacturer’s in-
structions. This technology is based on the PEA.*
Briefly, pairs of oligonucleotide-labeled antibodies bind
to each target protein. If the two antibodies are in close
proximity, the oligonucleotides will hybridize in a pair-
wise manner. The addition of DNA polymerase gener-
ates a unique PCR target sequence, which is formed
through proximity-dependent DNA polymerization. The
generated DNA sequence was detected and quantified
with a microfluidic real-time PCR instrument (Biomark
HD, Fluidigm). Then a set of internal and external
controls were used for quality control and to normalize
the resulting Ct-data. The final results were presented as
normalized protein expression (NPX) values.

The internal controls were designed to mimic and
monitor the different steps of PEA, and these controls
were introduced to all samples. They consisted of two
incubation/immuno controls, an extension control and
a detection control. The internal controls and the
external controls are used for quality control and
normalization of the data. The external controls con-
sisted of a negative control that was used to calculate the
limit of detection (LOD), as well as triplicate interplate
controls (IPCs) that were used for normalization of data.
Quality control of the data was performed in two steps.
First, the run was quality controlled by calculating the
standard deviation for the detection control and the in-
cubation/immuno controls. The standard deviation
should be below 0.2 for a run to pass the quality control.
Second, each sample was quality controlled by
comparing the results for the detection control and one
of the incubation controls against the run median.
Samples that fall more than 0.3 NPX from the run
median with regard to these two internal controls are
considered to have failed quality control. The median
value of protein level was used as cut-off value for
dividing high and low.

Statistical analysis

In 2016, F. Klevebro et al. reported that the proportion of
residual tumor cells <10% after neoadjuvant chemo-
therapy for esophageal cancer was 15% (12/78), and
SCC was 26% (5/19).* In 2017, M. C. J. Anderegg et al.
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reported in a retrospective study that pCR and PR after
neoadjuvant chemotherapy for esophageal cancer were
6.9% (9/131) and 29% (38/131), respectively.* Based on
these results, the MPR of neoadjuvant chemotherapy for
esophageal cancer is estimated to be about 22%. The
treatment regimen in this study is expected to increase
MPR by 46%.

The PASS15 software with exact test method is used
to calculate the sample size and set a = 0.05 (two-sided)
and B = 0.20. The enrollment duration is 12 months
(November 2019 and October 2020) and the follow-up
time is 36 months. To detect the difference between A
and B with 80% power, at least 27 subjects need to be
enrolled. Considering the 10% dropout rate, the esti-
mated sample size is 30. At the ESMO meeting in 2021,
we report the progress of this study with an MPR of
50%." Based on this encouraging result, we intend to
add approximately 30 patients to further study addi-
tional exploratory results.

All statistical analyses were performed using the R
software version 4.1.2. The baseline characteristics of
patients are expressed as number (percentage) for cat-
egorical variables, mean + SD for normally distributed
variables and median (IQR) for non-normally distrib-
uted variables. Safety and efficacy analyses of neoadj-
uvant therapy were performed on the intention-to-treat
(ITT) population. And the analysis of the relationship
between molecular markers and treatment efficacy was
performed on the per-protocol Set. The t-test were used
to compare differences between groups. Categorical
variables were evaluated with Fisher’s exact test. Cor-
relation analysis was conducted using Pearson correla-
tion analysis. When the correlation coefficient is > 0.8, it
is defined as strong correlation. Correlation coefficient
0.6 is the cut-off value of moderate correlation and low
correlation. The significance of OS, PFS and DFS were
analyzed with Kaplan—-Meier curve analysis. The
dependent and independent variables for statistical tests
have been listed in Table S1. Under the assumption of
missing at random, missing data was not included in
the relevant analysis. Statistical significance was set at
P < 0.05.

Role of the funding source

The funders have no role in the study design, the data
collection, data analysis, interpretation, and the writing
of the report. The corresponding author had full access
to all of the data and the final responsibility to submit
for publication.

Results

Overview of patient cohort

Between November 2019 and July 2021, 67 patients
were screened for eligibility, among whom, 60 patients
were enrolled and administered neoadjuvant therapy
(Fig. 1A). 1 patient had severe atrial fibrillation during

treatment, and 3 patients withdrew consent of surgery.
After neoadjuvant therapy, 56 patients underwent sur-
gery and RO resection was achieved in 55 patients. A
total of 11 patients received adjuvant radiation therapy
(Table S2). The baseline demographic and clinical
characteristics of the patients are shown in Table 1. The
median age of all patients was 60.9 (range 45-75) years.
Most patients were male (85.00%), stage III-IV without
metastasis and with lymph node involvement (83.33%).
The histological characteristics and tumor locations
varied between patients. Pre- and post-treatment bi-
opsies and plasma were collected and subjected to WES,
transcriptome sequencing, IHC for PD-L1, mIF and
PEA technology for 92 proteins. Then the association
between the results from multi-omics and clinical out-
comes was analyzed (Fig. 1B).

Efficacy and safety of neoadjuvant treatment
After neoadjuvant (preoperative) treatment, 55 (98.21%)
patients achieved RO resection (Fig. 1A). The time from
diagnosis and latest neoadjuvant therapy to surgery was
94 (76.5, 125.5) and 27 (19.5, 35.0) days, respectively.
The surgery duration was 310.0 (285.8, 356.0) min for
55 patients. The intraoperative blood loss was 100 (100,
200) mL and the surgical difficulty was 78.18%, 16.36%,
and 5.45% for 1, 2, and 3, respectively. Seventeen
(30.91%) patients presented complication events, in-
cluding hoarseness (11, 18.33%), pulmonary infect-
ions (4, 6.67%), anastomotic fistula (3, 5.45%), cough
(2, 3.64%) and atrial fibrillation (1, 1.82%) (Table 2 and
Table S3).

According to the criteria of RECIST 1.1, the CR, PR,
SD and PD rates were 0, 61.67%, 35.00% and 3.33%,
respectively, yielding a DCR of 96.67% in all patients
(Fig. 1C and D and Table 3). Twenty-seven patients
(49.09%) experienced MPR, sixteen (29.09%) experi-
enced pCR, thirty-eight (69.09%) experienced >50%
pathologic regression and fifty-one patients (92.73%)
achieved downstaging (Fig. 1C and D, Table 3 and
Table S2). In addition, the overall staging, Stooler
dysphagia scores and dADL scores were significantly
decreased after treatment (Fig. 1E-G).

Correlations between major pathological and radio-
logical responses were analyzed. As shown in Table 4,
the significant association was only detected between
radiological response and >50% tumor regression. No
correlations were detected between MPR or pCR and the
radiologically detected responses.

The treatment-related AEs are summarized in
Table 5. The most common AEs were alopecia (93.33%),
muscle soreness (73.33%), fatigue (58.33%), anemia
(51.67%), leukopenia/neutropenia (51.67%) and pe-
ripheral sensory neuropathy (51.67%). Eleven (18.33%)
patients experienced serious AEs, including ten (16.67%)
patients who experienced grade 3 AEs and one (1.67%)
patient who experienced a grade 4 AE. The most frequent
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Fig. 1: Efficacy and safety of neoadjuvant treatment. (A) Study flow chart. (B) Overview of the study. (C) Response and duration for the
patients with neoadjuvant treatment. (D) Waterfall plots of best radiographic response by RECIST 1.1. (E) Comparative efficacy of neoadjuvant
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Characteristics All patients (n = 60)

Characteristics All patients (n = 55)

Age of diagnose, years 60.9 (45-75)

Male sex 51 (85.00%)

ECOG performance status

0 34 (56.67%)

1 26 (43.33%)
Stooler’s dysphagia score

0 13 (21.67%)

1 21 (35.00%)

2 23 (38.33%)

3 3 (5.00%)
Histology

Squamous cell carcinoma 60 (100.00%)

Overall clinical staging

I 1 (1.67%)
I 9 (15.00%)
Il 28 (46.67%)
\Y; 22 (36.66%)
Preoperative T status
Tl 3 (5.00%)
T2 10 (16.66%)
T3 26 (43.33%)
T4 21 (35.00%)
Preoperative N status
cNO 10 (16.67%)
N1 26 (43.33%)
N2 19 (31.67%)
N3 5 (8.33%)
Tumor grade (Differentiation)
Well 7 (11.67%)
Well-Moderate 2 (3.33%)
Moderate 34 (56.67%)
Moderate-Poor 4 (6.67%)
Poor 13 (21.67%)
Tumor location
Middle-Upper 1 (1.67%)
Middle 18 (30.00%)
Middle-Lower 22 (36.67%)
Lower 19 (31.67%)

Data are presented as median (range) or n (%). ECOG, Eastern Cooperative
Oncology Group; cT, clinical tumor stage; cN, clinical nodal stage.

Table 1: Baseline clinical characteristics of the study population.

grade 3—4 AEs was leukopenia/neutropenia (Table S3).
No treatment related mortalities were observed.

The median OS, PFS and DFS were not reached by
the end of the follow-up period at November 18, 2021.
The estimated 6 and 12-month OS, PFS and DFES rates

94 (76.5, 125.5)
27 (19.5, 35.0)

Time from diagnosis to surgery, days

Time from latest neoadjuvant therapy

to surgery
Surgery duration, minutes 310.0 (285.8, 356.0)
100 (100, 200)

14.0 (9.0, 18.0)

Blood loss, mls
Length of stay in hospital, days
Surgery difficulties

1 43 (78.18%)
2 9 (16.36%)
3 3 (5.45%)
All complications cases
Anastomotic fistula 3 (5.45%)
Hoarseness 11 (18.33%)
Pulmonary infection 4 (6.67%)
Cough 2 (3.64%)
Dysphagia 3 (5.45%)
Atrial fibrillation 1 (1.82%)
Fever 1 (1.82%)

Data are presented as median (Q1, Q3) or n (%).

Table 2: Characteristic and complications observed during
perioperative period.

were 100%, 93.3%, 98.3%, 86.7%, 89.7% and 86.2%
respectively (Fig. 1H-]). Except for DFS in the PR/non-
PR group, the OS, PFS and DFS were longer in patients
with MPR and PR than in those with nonMPR and
nonPR, respectively (Fig. S1A and B).

To determine if PD-L1 expression affects the effect of
neoadjuvant therapy, 59 pre-treatment biopsies were
performed with IHC. The expression of PD-L1 was
significant higher in patients with PR than in those with
nonPR, and the rate of PR was significantly higher in
patients with CPS >10 (Fig. 1K and L and Fig. S1C).
However, there was no significant difference in the
expression of PD-L1 with OS, PFS and DFS (Fig. S1D).
The expression of PD-L1 during treatment was analyzed
and it was found that the expression level of PD-L1 was
increased in non-responders (Fig. 1M and N). However,
there were no significant differences in the response
rate, DFS or OS (Fig. S1E-G).

Genomic characteristics of tumors pre- and post-
neoadjuvant therapy

To examine tumor genomic characteristics and their
potential association with response, 41 pre- and 15 post-
treatment biopsies were collected and subjected to WES.
The genomic landscape of these patients was shown in

treatment for overall staging. (F) and (G) Comparative efficacy of neoadjuvant treatment for Stooler’s dysphagia scores (F) and dADL scores (G).
(H) to (J) OS (H), PFS (1) and DFS (J) curve for patients with neoadjuvant treatment. (K) Comparison of PD-L1 CPS between patients with PR and
non-PR. (L) Barplots of PR rate between PD-L1-H (CPS>10) group and PD-L1-L (CPS<10) group. (M) Comparison of PD-L1 CPS pre- and post-
treatment in PR and non-PR patients, respectively. (N) Comparison of PD-L1 CPS pre- and post-treatment in MPR and non-MPR patients,

respectively.
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Characteristics All patients
Pathologic responses (n = 55)
Major pathological response
No 28 (50.91%)
Yes 27 (49.09%)
Pathologic complete response
No 39 (70.91%)
Yes 16 (29.09%)
>50% Regression of the tumor
No 17 (30.91%)
Yes 38 (69.09%)
Radiological responses
Downstaging (n = 55)
No 4 (7.23%)
Yes 51 (92.73%)
Overall response (n = 60)
CR 0
PR 37 (61.67%)
D 21 (35.00%)
PD 2 (3.33%)
Objective response (CR + PR)
No 23 (38.33%)
Yes 37 (61.67%)
Disease control (CR + PR + SD)
No 2 (3.33%)
Yes 58 (96.67%)
Symptom response
Post-treatment Stooler’s dysphagia score
0 46 (76.67%)
1 11 (18.33%)
2 3 (5.00%)
3 0

Table 3: Summary of treatment efficacy (evaluated at the time of

surgery).

Fig. 2A. At baseline, all patients were MSI-low, with a
median TMB and TNB of 4.5/MB and 1.56/MB,
respectively. HLA LOH was detected in 24 patients.
Common mutations were TP53 (91%), TIN (43%),
KMT2D (29%) and NOTCH1 (23%) which were consis-
tent with the findings of previous report.” The detailed
tumor characteristics are shown in Tables S4-S6.

To identify genomic biomarkers to predict the effi-
cacy in ESCC patients treated with neoadjuvant therapy,

TMB, TNB and HLA LOH levels at baseline were
analyzed. However, no significant differences were
observed between these biomarkers (Fig. 2B, Fig. S2A-
I). To study genomic evolution during neoadjuvant
therapy, TMB, TNB and tumor clone changes were
analyzed. Compared to non-PR patients, TMB and TNB
were significantly decreased in PR patients (Fig. 2C and
D), consistent with immunoediting. Theoretically, in
responders, most clones would disappear or decrease
after treatment, and there would be fewer drug-resistant
or newly-gained clones; to verify this, we further
analyzed the non-synonymous mutations pre- and post-
treatment and divided these mutations into four cate-
gories: gained, lost, increased and decreased (Fig. 2E
and F). In patients with MPR, such as P07 and P21, the
ratio of gained plus increased clones pre-post did not
exceed 11%. However, in patients with non-MPR, such
as P12, P33, P34, P45, and P60, the ratio of gained and
increased clones pre-post exceeded 50%. Furthermore, a
statistical analysis of the correlation between the clinical
benefits and the proportion of non-synonymous muta-
tions was conducted. The results showed that the ratio
of gained plus increased clones was lower, while the
ratio of lost plus decreased clones was higher in re-
sponders than in non-responders (Fig. 2G and H,
Fig. S2J and K).

Next, all mutated genes were analyzed to further
explore the mechanisms that influenced tumor clonal
expansion or shrinkage. A total of 3038 gene mutations
with the change in the VAF value consistent with their
cluster’s cellular prevalence were obtained, including
890 genes involved in clonal expansion, which may lead
to tumor resistance, and 2148 genes related to clonal
shrinkage, which may confer drug sensitivity to tumors
(Fig. 2I). We further analyzed the association of the gene
mutation statuses and survival in the TCGA esophageal
carcinoma cohort,* and found that patients with a mu-
tation in the drug sensitive gene YLPM1 had a longer
survival period, while those with mutations in the drug
resistance gene CCDC106 had a shorter survival period
(Fig. 2] and K).

Transcriptome analysis and changes during
neoadjuvant therapy

To study the genes associated with prognosis and gene
changes during treatment at the transcriptome level, 27

progressive disease.

Pathological outcomes Radiological Outcomes P-value
PR SD PD

Major pathological response (n = 27) 20 7 0 0.068

Pathologic complete response(n = 16) 12 4 0 0.29

>50% Regression of the tumor (n = 38) 26 12 0 0.038

Data are presented as n .The analysis was performed with Fisher’s exact test and significant values are showing in bold. PR, partial response; SD, stable disease; PD,

Table 4: The association between pathological outcomes and radiological outcomes.
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Adverse events Any grade Grade 1 Grade 2 Grade 3 Grade 4
Blood system disorders
Leukopenia/Neutropenia 31 (51.67%) 14 (23.33%) 10 (16.67%) 6 (10%) 1 (1.67%)
Thrombopenia 6 (10%) 4 (6.67%) 2 (3.33%) 0 0
Anemia 31 (51.67%) 27 (45%) 4 (6.67%) 0 0
Gastrointestinal disorder
Nausea 27 (45%) 18 (30%) 7 (11.67%) 2 (3.33%) 0
Vomiting 3 (5%) 3 (5%) 0 0 0
Diarrhea 9 (15%) 5 (8.33%) 4 (6.67%) 0 0
General disorders
Fatigue 35 (58.33%) 32 (53.33%) 3 (5%) 0 0
Fever 7 (11.67%) 7 (11.67%) 0 0 0
Muscle soreness 44 (73.33%) 37 (61.67%) 7 (11.67%) 0 0
Respiratory disorders
Pneumonitis 3 (5%) 1 (1.67%) 1 (1.67%) 1 (1.67%) 0
Nervous system disorders
Peripheral sensory neuropathy 31 (51.67%) 27 (45%) 4 (6.67%) 0 0
Metabolism and nutrition disorder
Anorexia 24 (40%) 24 (40%) 0 0 0
Hyperglycemia 14 (23.33%) 13 (21.67%) 0 1 (1.67%) 0
Skin disorders
Alopecia 56 (93.33%) 32 (53.33%) 24 (40%) 0 0
Rash 22 (36.67%) 15 (25%) 6 (10%) 1 (1.67%) 0
Endocrine disorders
Hyper/Hypothyroidism 5 (8.33%) 4 (6.67%) 1 (1.67%) 0 0
Investigations
AST increased 17 (28.33%) 12 (20%) 4 (6.67%) 1 (1.67%) 0
ALT increased 15 (25%) 12 (20%) 2 (3.33%) 1 (1.67%) 0
Creatinine increased 1 (1.67%) 1 (1.67%) 0 0 0
Serum lipase increased 8 (13.33%) 8 (13.33%) 0 0 0
Electrolyte abnormalities 5 (8.33%) 4 (6.67%) 1 (1.67%) 0 0
ALP increased 3 (5%) 3 (5%) 0 0 0
GGT increased 7 (11.67%) 5 (8.33%) 2 (3.33%) 0 0
Creatine kinase increased 5 (8.33%) 5 (8.33%) 0 0 0
BNP increased 10 (16.67%) 10 (16.67%) 0 0 0
Data are presented as n (%). AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase, GGT, gamma-glutamyl transferase; BNP, brain
natriuretic peptide.
Table 5: Summary of adverse events by severity.

pre- and 17 post-treatment biopsies were collected and
implemented using RNA sequencing (Table S7). First,
the differentially expressed genes (DEGs) between MPR
and non-MPR, PR and non-PR groups were analyzed.
The results showed 59 DEGs in both groups (Fig. 3A
and B), which were considered the most relevant dif-
ferential genes with clinical benefits. KEGG pathway
analysis revealed that these 59 DEGs were mainly
related to metabolism (Fig. 3C). The correlation of these
59 DEGs with survival was analyzed in the TCGA
esophageal cancer cohort, and it was found that patients
with high expression of PRDMS5 and FSIP2 had longer
survival (Fig. 3D and E). These results were validated in
our own cohort (Fig. S3A and B).

Next, the DEGs of MPR, non-MPR, PR and non-PR
patients pre- and post-treatment were analyzed and it

was found that the DEGs specifically shared by MPR
and PR patients, non-MPR and non-PR, and all patients
were 114, 367 and 109, respectively (Fig. 3F-J). These
genes were mainly related to the signaling pathways of
immunity, metabolism and intracellular signal trans-
duction (Fig. 3K-M). It was suggested that neoadjuvant
therapy can modulate the tumor immune microenvi-
ronment and tumor cell metabolism. The regulated
metabolic pathways are mainly amino acid metabolism
and fatty acid metabolism, including histidine meta-
bolism, glutathione metabolism and arachidonic acid
metabolism.  Glutathione and arachidonic acid
enhanced the activity of T cell,’**' and both pathways
were down-regulated in MPR and PR patients after
treatment. This suggests that T cells may be more active
in the tumor microenvironment in MPR and PR
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Fig. 2: Genomic characteristics of tumors pre- and post-neoadjuvant therapy. (A) The genomic landscape of ESCC patients treated with
neoadjuvant therapy. The state of HLA was shown in top track. The values of TMB, TNB and MSI of each patient were shown in top histogram.
The mutation spectrum of each patient was shown under the value of MSI. The distribution of non-synonymous driver mutation events from
patients were shown in center heatmap; The bottom tracks are the treatment time, pathologic responses and radiological responses. (B)
Comparison of TMB and TNB between patients with PR and non-PR. (C) and (D) Comparison of TMB (C) and TNB (D) pre- and post-treatment
in PR and non-PR patients, respectively. (E) and (F) Number of variants (E) and ratio of variants in tumors from pre- and post-treatment
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Fig. 3: Transcriptome analysis and changes during neoadjuvant therapy. (A) and (B) Volcano plot showing DEGs between MPR and non-
MPR (A), PR and non-PR (B). (C) KEGG function enrichment analysis for genes significantly changed in both MPR vs non-MPR and PR vs non-PR
groups. (D) and (E) Kaplan-Meier curves of OS comparing the expression levels of PRDM5 (D) and FSIP2 (E) in the TCGA esophageal cancer
cohort. (F) To (I) Volcano plot showing DEGs in MPR group (F), non-MPR group (G), PR group (H) and non-PR group (I) pre- and post-
treatment. (J) Venn diagrams showing the overlap in genes significantly changed in MPR group, non-MPR group, PR group and non-PR
group pre- and post-treatment. (K) To (M) KEGG function enrichment analysis for genes significantly changed in only MPR and PR group
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patients after treatment, which may allow them to
benefit from treatment.

As neoadjuvant therapy can modulate immune-
related pathways in patients with ESCC, immune-
related genes were further analyzed. The result was
shown in Fig. S3C. It was found that immune-activated
genes such as CD4 and CD8a increased in both re-
sponders and non-responders, while immunosuppres-
sive genes such as TPH1, IDO2 and Foxp3 also
increased in non-responders (Fig. 3N and Fig. S3D).

Increased immunosuppressive cells are responsible
for drug resistance during neoadjuvant treatment
Because the expression of immune genes was affected
by neoadjuvant therapy, we subsequently hypothesized
that neoadjuvant therapy can induce tumor microenvi-
ronmental sculpting associated with response. To study
the state of TME and its changes pre-and post-treatment,
different immune-related signatures were analyzed. The
results showed that cytolytic and naive T-cell signatures
increased in both responders and non-responders.
However, the T-cell exhaustion signature was close to
significantly increased in non-responders (Fig. 4A and B
and Fig. S4A).

To further verify this phenomenon, abundance of 12
major immune cells was evaluated by ImmucellAl. At
baseline, the CD4 T cells were significantly higher in
patients with MPR, while neutrophils were significantly
higher in patients with non-MPR (Fig. 4C and Fig. S4B).
The correlation of CD4 T cells and neutrophils with
survival was further analyzed, and it was found that
patients with high CD4 T cell levels had longer OS, PFS
and DFS than patients with low CD4 T cell levels
(Fig. 4D, Fig. S4C and D). Post-treatment, CD4 and CD8
T lymphocytes increased in both responders and non-
responders. However, immune-exhausted cells and
Tregs also significantly increased in non-MPR patients,
which was consistent with previous analyses of immune
genes and signatures (Fig. 4E and Fig. S4E).

To further demonstrate the effect of neoadjuvant
therapy on tumor microenvironment, the proportion of
CD8 T cells and Tregs in two patients, MPR/PR and
non-MPR/PD, were detected using mIF. It was found
that CD8 T lymphocytes increased in both two patients
post-treatment, while Treg decreased in MPR/PR pa-
tient and increased in non-MPR/PD patient (Fig. 4F-H).

The expression levels of IFN-y, Gal.1 and LAMP3 in
serum can predict the efficacy and prognosis of
patients

Recent studies have shown that serum proteins can
predict the efficacy and adverse effects of immuno-
therapy combined with chemotherapy.”~* However, the

potential role of serum protein levels in ESCC has not
yet been established. To identify markers that can pre-
dict the efficacy and adverse effects of immunotherapy
combined with chemotherapy in patients with ESCC,
serum samples were collected from 47 patients at
baseline, and then detected with Olink-PEA technology
(Fig. 5A and Table S8).

The volcano plot of the expression of 92 proteins in
these 47 patients was shown in Fig. S5A and B. In pa-
tients with MPR, the expression level of TRAIL signifi-
cantly increased, and IL18 significantly decreased. In
patients with PR, the expression of Gal.1, CD244 and
TNFRSF4 significantly increased. The association of the
response rate with the expression level of serum proteins
was analyzed, and it was found that six proteins,
including IFN-y, Gal.1l, LAMP3, CD244, CCL23 and
CXCL1, were able to predict the efficacy of the treatment
(Fig. 5B). The prognostic predictive efficacy of these six
proteins was analyzed, and it was found that patients
with high expression of IFN-y and LAMP3 and low ex-
pression of Gal.1 had a longer OS (Fig. 5C, Fig. SSC-E).

Association between protein expression levels in
serum and AEs

Correlations between the expression levels of 92 pro-
teins and 25 adverse effects were analyzed, and the re-
sults were shown in Fig. GA. It was found that some
cytokines were significantly associated with multiple
AEs, such as IL8, while some AEs were significantly
associated with multiple cytokines, such as thrombo-
penia (Fig. 6B and C). During treatment, some patients
experienced serious AEs. To study whether these pro-
teins can predict the serious AEs, the correlation be-
tween these 92 proteins and the serious AEs was
analyzed. The results showed that 20 proteins were
associated with severe AEs (Fig. 6A last one column), of
which IL-8 has been reported to be associated with se-
vere AEs in previous study.” The correlation between
these proteins and the occurrence rate of serious AEs
was further analyzed, and it was found that patients with
low expression of CD83, TNFRSF4, TNFSF14,
VEGFR.2, ADA and ARG1, and high expression of HO-
1 were more likely to experienced serious AEs (Fig. 6D).

Combined CD4 T cells and the expression levels of
IFN-y, LAMP3 or Gal.1 in serum could further
distinguish responders from non-responders

As both CD4 T cells and the expression levels of IFN-y,
LAMP3 or Gal.l in serum could predict the efficacy in
ESCC patients treated with immunotherapy combined
with chemotherapy, whether the integration of these
biomarkers could further distinguish responders. As
shown in Fig. 7A-C, patients with low proportion of

(K), only non-MPR and non-PR group (L) and all group (M) pre- and post-treatment. (N) Comparison of CD4, CD8A, TPH1, IDO2 and Foxp3

expression between patients with MPR and non-MPR.
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CD4 T cells & high expression of IFN-y, low proportion
of CD4 T cells & low expression of Gal.1, and low pro-
portion of CD4 T cells & high expression of LAMP3 had
the lowest OS. Furthermore, we compared the survival
of patients with low proportion of CD4 T cells & high
expression of IFN-y, low proportion of CD4 T cells &
low expression of Gal.l, or low proportion of CD4 T
cells & high expression of LAMP3 with others. It was
found that the OS, PFS and DFS were shorter in pa-
tients with low proportion of CD4 T cells & high
expression of IFN-y, low proportion of CD4 T cells &
low expression of Gal.l, or low proportion of CD4 T
cells & high expression of LAMP3 than others (Fig. 7D
and E and Fig. S6A-C). More importantly, the predictive
efficacy of these combinations was better than that of
the individual biomarker (Fig. 7G, Fig. S6D-G). The
response rates were further analyzed, and it was found
that the response rate of PR was higher in others when
compared with low proportion of CD4 T cell & high
expression of IFN-y, low proportion of CD4 T cells &
low expression of Gal.1 or low proportion of CD4 T cells
& high expression of LAMP3 (Fig. 7H).

Discussion

Currently, neoadjuvant therapy plus esophagectomy is
the standard treatment strategy for patients with
resectable ESCC. However, platinum-based chemo-
therapy or combination therapies are highly toxic.
Therefore, a less toxic and more effective neoadjuvant
treatment regimen is urgently required. In this single-
arm phase 2 trial, neoadjuvant therapy toripalimab
combined with nab-paclitaxel and S-1 in resectable
ESCC had a lower incidence of treatment-related serious
AEs (18.3%) with pCR and MPR of 29.09% and 49.09%,
respectively. In addition, prognostic biomarkers and
tumor ecosystem dynamics during neoadjuvant treat-
ment were analyzed. We observed an association be-
tween changes of TMB, TNB and tumor clones with
response during treatment. Neoadjuvant therapy can
alter the tumor microenvironment and promote the
infiltration of CD4 and CD8 T lymphocytes. However,
the number of immunosuppressive cells also increased
in non-responders. Furthermore, PD-L1 expression,
proportion of CD4 T cells and serum levels of IFN-y,
LAMP3 and Gal.l1 could predict the efficacy of neo-
adjuvant treatment, while serum levels of CD83,
TNFRSF4, TNFSF14, VEGFR.2, ADA and ARG1 and
HO-1 were associated with serious AEs. More

importantly, the combination of CD4 T cells and serum
levels of IFN-y, LAMP3 or Gal.l could further distin-
guish responders from non-responders.

Overall, the neoadjuvant therapy of toripalimab
combined with nab-paclitaxel and S-1 had a favorable
safety and feasibility. Serious treatment-related AEs
were observed in 18.3% of patients. The incidence was
lower than that of previous neoadjuvant regimens,
including platinum-based therapy in ESCC, which
varied from 32.1% to 48.9%.°° After neoadjuvant
therapy, 56 of 60 patients underwent surgery with an
RO resection rate of 98.2%, which was close to that of
previously reported neoadjuvant chemoradiotherapy
and neoadjuvant ICI combined with chemotherapy,
but higher than that of neoadjuvant chemotherapy.***
The rate of complications was 30.91% which was lower
than the incidence of neoadjuvant chemoradiotherapy
and neoadjuvant chemotherapy.®® Therefore, our re-
sults provided evidence that neoadjuvant treatment of
toripalimab combined with a less toxic chemotherapy
regimen nab-paclitaxel and S-1 was both safe and less
toxic.

After neoadjuvant treatment, the pCR rate was
29.09%, which was higher than that of neoadjuvant
chemotherapy (10.2%), and similar to that of neo-
adjuvant chemoradiotherapy (29%) and neoadjuvant ICI
combined with chemotherapies (25% and 33.3%).20>¢
It has been suggested that pathological response is
associated with a better prognosis after neoadjuvant
therapy.* Among patients with the same pStage, path-
ological responders had significantly improved 5-year
OS with a hazard ratio of 0.24~0.37.* In our study,
49.09% MPR and 69.09% > 50% pathological regression
were observed. The MPR rate was close to that of pre-
viously reported neoadjuvant ICI combined with
chemotherapy (50%, 10/20). In addition, downstaging
and post-treatment nodal status have been suggested to
be important for prognosis.“* In our study, down-
staging was observed in 92.73% of patients, which was
significantly higher than that previously reported for
neoadjuvant chemotherapy, neoadjuvant chemo-
radiotherapy and neoadjuvant ICI combined with
chemotherapy (54%, 61% and 80% respectively).®*” Of
all patients, 75% achieved ypNO, which was higher than
that achieved with neoadjuvant chemoradiotherapy
(63.3%).”” After neoadjuvant therapy, dysphagia was
significantly relieved and the quality of life was signifi-
cantly improved. Therefore, these encouraging results
obtained from our study provide clinical evidence for

and post-treatment between patients with MPR and non-MPR. (C) Comparison of the estimated proportion of twelve lymphocytes between
patients with MPR and non-MPR at baseline. (D) Kaplan-Meier curves of OS and PFS comparing CD4 T-H and CD4 T-L from pre-treatment
biopsies. (E) Comparison of the estimated proportion of twelve lymphocytes pre-and post-treatment in all, MPR and non-MPR patients,
respectively. (F) and (G) pre- and post-treatment CT images (F) and mlIF staining images of CD8+T and Foxp3+ Treg cells (G) of representative
patients with MPR/PR and non-MPR/PD. (H) Comparison of infiltrating CD8+T cells and Foxp3+ Treg between patient with MPR/PR and patient

with non-MPR/PD pre- and post-treatment.

www.thelancet.com Vol 90 April, 2023


www.thelancet.com/digital-health

Articles

16

A

Neo-adjuvant

Patients with esophageal cancer (toripalir_nab,
nab-paclitaxel
'l' *w* * 'l' T o

Teteett
teieett

Adverse effects f

W Olink

(A) Antigen-antibody hybridization  (B) Template

o A
- i
w*’n‘ ......... Evaluating proteins that
w *,n‘ * predict response

Leukopenia/Neutropenia

Non-responders

Leukopenia/Neutropenia

Evaluating proteins that
predict side effects

Leukopenia/Neutropenia
Leukopenia/Neutropenia

26 adverse effects

+ —
primer &~ \,Jf?

[ — - — — 4
Gal.1 CXCL1
p=0.015 4. P=0006 78. p=0.034
704 65
& 56 & 52
4 4
o o
= 421 = 39
28 26
14 134
0
Low High  Low
31_00 + + +  rowex —— 31, 81,00 + 4+ 4 trHE+ +
£0.75 Z0. £0.75 S ,
g 8 " S i
2050 HFN-y-High 5 050 iga:.;l—::hgh go50 +LAMP3-High
s +Gal.1-Low +LAMP3-Low
S0.25| p=0.0009 +IFN--y-Low % 025 5=0062 2025 5= 00063
£ 0.00 < 0.00 £0.00
@ 0 5 10 15 20 25 a 0 5 10 15 20 25 3 0 5 10 15 20 25
. months . months . months
Number at risk Number at risk Number at risk
High 23 20 14 8 0 High 23 22 18 12 3 High 22 19 12 9 0
Low 23 22 16 14 3 Low 23 20 12 10 0 Low 24 23 18 13 3
5 0 15 20 25 5 0 15 20 25 5 0 15 20 25
months months months
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of analysis the association of plasma protein with response and adverse effects using PEA technology. (B) Barplots of PR rate between the
different groups of IFN-y, Gal.1, LAMP3, (D244, CCL23 and CXCL1. (C) Kaplan-Meier curves of OS between the different groups of IFN-y, Gal.1

and LAMP3.

the application of neoadjuvant treatment immuno-
therapy combined with nab-paclitaxel and S-1.

For older ESCC patients, palliative radiotherapy is
usually recommended, but the survival benefit of this

therapy is limited.””° Compared with radiotherapy,
chemoradiotherapy performed better in local tumor
control, distant metastasis and survival for ESCC pa-
tients.”” In a retrospective study, 37.1% of older ESCC
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Fig. 6: Analysis of the association between protein expression levels in serum and adverse effects. (A) Heatmap showing the association
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patients were found to be treated with definitive con-
current chemoradiotherapy.”” However, the side effects
of chemoradiotherapy are more severe. Study per-
formed by Wu et al. revealed that the hematologic
toxicity grade >3 was found to be 16.1% (51/317) in
older patients with locally advanced ESCC.”? And a
previous study reported that only 33.3% of older patients
with esophageal cancer completed the treatment of
chemoradiotherapy.”” Treatment-related mortality is as
high as 18% for older patients with locally advanced

www.thelancet.com Vol 90 April, 2023

esophageal cancer.”* In our study, only 10% older pa-
tients experienced the hematologic toxicity greater than
grade 3, and no treatmentrelated mortality was
observed. In addition, the pCR and MPR rates in these
older patients were 45% and 55%, respectively. These
results demonstrated that this neoadjuvant therapy is
well-tolerated and effective for older patients with ESCC.

The expression of PD-L1 has served as biomarker for
predicting therapeutic effects in many cancers treated
with ICIs.”? However, the predictive value of PD-L1
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Fig. 7: Combination of CD4 T cells and the expression levels of IFN-y, LAMP3 or Gal.1 in serum could further distinguish responders from
non-responders. (A) Kaplan-Meier curves of OS comparing groups of CD4 T-H & IFN-y-H, CD4 T-H & IFN-y-L, CD4 T-L & IFN-y-H and (D4 T-L &
IFN-y-L. (B) Kaplan-Meier curves of OS comparing groups of CD4 T-H & Gal.1-H, CD4 T-H & Gal.1-L, CD4 T-L & Gal.1-H and CD4 T-L & Gal.1-L.
(C) Kaplan-Meier curves of OS comparing groups of CD4 T-H & LAMP3-H, (D4 T-H & LAMP3-L, CD4 T-L & LAMP3-H and CD4 T-L & LAMP3-L.
(D) Kaplan-Meier curves of OS comparing groups of CD4 T-L & IFN-y-H and others. (E) Kaplan-Meier curves of OS comparing groups of CD4 T-L
& Gal.1-L and others. (F) Kaplan-Meier curves of OS comparing groups of CD4 T-L & LAMP3-H and others. (G) Kaplan-Meier curves of 0S
comparing the different groups of CD4 T, IFN-y, Gal.1 and LAMP3. (H) Barplots of PR rate between the different groups of CD4 T & IFN-y, CD4

T & Gal.1 and CD4 & LAMP3.

expression in ESCC treated with ICIs or ICIs combined
with other therapies remains controversial.?*”*~”” In our
study, we observed that PD-L1 expression was signifi-
cantly higher in patients with PR, and the response rate
of PR was significantly higher in patients with a PD-L1
CPS >10. During treatment, PD-L1 expression dec-
reased in responders and increased in non-responders.
However, the survival analysis was not significant with

PD-L1 expression, which was similar to the results of a
previous study on ESCC patients treated with immu-
notherapy combined with chemotherapy.® This may be
due to the shorter follow-up period.

Multiple studies have verified the predictive efficacy
of genomic biomarkers in cancers treated with ICI,
especially TMB.*>’* However, their predictive values
for ESCC patients treated with ICI combined with
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chemotherapy were unclear.”® In our study, these
genomic biomarkers were found to be ineffective in
predicting efficacy. Although patients with high TMB
and TNB had a longer OS, there was no significant
difference, which is consistent with previous reports.®
During treatment, we observed that TMB, TNB and
tumor clone evolution were associated with response
which was similar to the results of a previous study.”
New mutations were selected under immunological
pressure, which may result in the drug resistance.

The immune landscape of the ESCC tumor micro-
environment was an immunosuppressive state which
was dominated by exhausted T cells, natural killer (NK)
cells, Tregs, macrophages and tolerogenic DCs.”' In our
study, the top infiltrating lymphocytes were DCs, NK
cells, Macrophages, CD8 T cells and exhausted cells at
baseline, which was similar to the findings of a previous
study. After treatment, CD4 and CD8 T cells were
significantly increased, indicating that neoadjuvant
therapy can induce efficient and durable antitumor im-
munity. However, exhausted cells and Tregs were
significantly increased in non-MPR patients. It is well-
known that exhausted cells and Tregs can inhibit the
cytolytic function of T lymphocytes, thereby promoting
the immunosuppressive microenvironment.* These re-
sults suggested that the induction of exhausted cells and
Tregs may result in the ineffective immunotherapy.
However, the mechanisms by which neoadjuvant ther-
apy induces exhausted cells and Tregs in non-responders
required further study. Furthermore, combinations with
drugs that specifically target these immunosuppressive
cells may reactivate antitumor immune responses,
thereby further benefiting non-responders.

Previous studies have demonstrated the predictive
value of circulating biomarkers for both the efficacy and
serious AEs of immunotherapy.”>** In our study, the
expression of 92 proteins was detected using the Olink
multiplex immuno-oncology panel and correlated with
efficacy and AEs. Three serum proteins, including IFN-
vy, were associated with efficacy and prognosis. Patients
with lower serum levels of IFN-y had clinical benefits,
which was consistent with the findings of a previous
report.** In addition, 20 serum proteins were associated
with serious AEs, including the previously reported
I18.> However, the mechanisms underlying the efficacy
and AEs of these plasma proteins were unclear, and
further research was needed.

Previous studies have shown that a single biomarker
cannot effectively predict efficacy and prognosis, and the
current strategy is to combine different markers.* *
Our results showed that combined CD4 T lymphocytes
and serum levels of IFN-y, LAMP3 or Gal.l could
further distinguish responders from non-responders.
However, this conclusion was not further validated
because of the small number of patients who underwent
both RNA-seq and Olink multiplex immune-oncology
panel, and needed to be further verified.

www.thelancet.com Vol 90 April, 2023

The current study is subjected to certain limitations.
First, as a pilot study, no control arm was included. The
direct comparison with results from other studies
could only be suggestive without confirmative infor-
mation. Second, the follow-up period was short and the
mOS was not reached at present. In the future, we will
timely report the results of long-term follow-up. In
addition, others long-term follow-up studies will be
necessary to further examine whether neoadjuvant
immunotherapy combined with chemotherapy can
provides a long-term survival benefit for patients with
resectable ESCC.

In conclusion, neoadjuvant therapy of toripalimab
combined with nab-paclitaxel and S-1 was less toxic and
resulted in a significant pathological response and
downstaging in patients with resectable ESCC, indi-
cating that this regimen is a potential treatment strategy
for such patients. Biomarkers for response and serious
AEs were identified, and the tumor and microenviron-
ment ecosystem dynamics were clarified. These results
provided insight into the underlying mechanisms that
contributed to the response to immunotherapy com-
bined with chemotherapy in patients with resectable
ESCC. However, further studies are needed to validate
these findings.
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