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Purpose: This study compares the efficacy and safety of neoadjuvant immunotherapy combined with chemotherapy (NICT) and
neoadjuvant chemoradiotherapy (NCRT) combined with radical esophagectomy in patients with resectable, locally advanced esopha-
geal squamous cell cancer (ESCC).

Patients and Methods: Patients with locally advanced ESCC treated with NICT or NCRT combined with esophagectomy between
March 2016 and May 2022 were retrospectively analyzed and propensity score matched (PSM) in a 1:2 ratio to balance potential bias.
Results: After PSM, 110 patients who received NCRT and 55 patients who received NICT were selected for the final analysis. The
probability of tumor regression grade 0 and the rate of pathological complete remission (pCR) were significantly higher in the NCRT group
than in the NICT group (57.3% vs 32.7%, P=0.003 and 48.2% vs 29.1%, P=0.030, respectively). The incidence of postoperative
complications in the NCRT group was not significantly different from that in the NICT group (P=0.082). Patients in the NCRT group
had significantly better disease-free survival (DFS) and overall survival (OS) than those in the NICT group (12-month DFS rate: 94.3% vs
81.8%, P=0.006; 12-month OS rate: 100.0% vs 95.4%, P=0.032). However, the results of the 24-month follow-up showed that there was
also a statistically significant difference in DFS between the two groups. Patients with postoperative pCR had a longer DFS (P< 0.001).
Conclusion: Short-term follow-up results show that NCRT has a significantly better pathologic response and prognosis than NICT in
the treatment of patients with locally advanced ESCC. NCRT and NICT have similar safety profiles.

Keywords: esophageal squamous cell carcinoma, neoadjuvant, chemoradiotherapy, immunotherapy, immune checkpoint inhibitor,
esophagectomy

Introduction

Esophageal cancer (EC) is the predominant malignant tumor of the digestive system. According to the latest global cancer data,
EC has the seventh-highest incidence and sixth-highest fatality rate." Surgery alone does not significantly benefit patients with
locally advanced esophageal squamous cell cancer (ESCC), with a 5-year overall survival (OS) of 14%, and a combination of
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surgery combined with chemotherapy, immunotherapy, and radiotherapy is the mainstay of treatment.” Neoadjuvant therapy
combined with surgery has become the standard treatment for patients with locally advanced EC. Based on the CROSS and
NEOCRTECS010 studies, neoadjuvant chemoradiotherapy (NCRT) has become the current standard of care for locally advanced
operable EC.** In the era of immunotherapy, the rise of immune checkpoint inhibitors (ICIs) has offered a new treatment
modality for multiple tumors.>® ESCC exhibits relatively high levels of immune-related biomarkers (eg, high tumor mutation
burden expression and programmed cell death-ligand 1 overexpression) compared to esophageal adenocarcinoma, indicating the
potential sensitivity of ESCC to ICIs.”'® Preclinical data show that ICI treatment as a preoperative neoadjuvant therapy has more
advantages than postoperative adjuvant therapy because neoadjuvant immunotherapy (IT) can more effectively cause a systemic
antitumor immune response by killing tumor cells and releasing antigens before tumor resection, and damage to T-cell function is
also reduced.'' Some studies, including those on TD-NICED study, have demonstrated the efficacy of neoadjuvant immunother-
apy combined with chemotherapy (NICT).'? In a Phase II study of tislelizumab in combination with chemotherapy
(NCT03469557), ESCC showed objective response rates, and disease control rates of 46.7% and 80%, respectively."
Keystone —001 study showed that pembrolizumab combined with chemotherapy as neoadjuvant therapy for resectable ESCC
had high major pathologic response (MPR) rates, pathologic complete remission (pCR) rates, and RO resection rates with
acceptable tolerability.'* A pilot study including 16 patients with locally advanced ESCC investigated the clinical value and
tolerance of neoadjuvant camrelizumab plus paclitaxel and carboplatin, and indicated that NICT exhibits good efficacy and
acceptable tolerance.'> Both NICT and NCRT are major clinical neoadjuvant treatment options, and numerous studies have
compared various neoadjuvant treatment options to determine the best neoadjuvant treatment; however, no study has directly
compared NICT with NCRT. Therefore, this study aimed to compare the efficacy and safety of NICT with NCRT combined with
radical esophagectomy for the treatment of patients with locally advanced ESCC after propensity score matching (PSM).

Materials and Methods

Patient Selection

Data from 281 ESCC patients who underwent NICT or NCRT combined with esophagectomy between January 2016 and
May 2022 at our study institution were retrospectively analyzed. All eligible patients demonstrated ESCC pathology,
received only NICT or NCRT before esophagectomy, and did not receive adjuvant therapy postoperatively. The following
outcomes were reported: tumor regression grade (TRG) status, whether resected as RO, whether pCR was achieved,
survival, and surgical complications. Patients were excluded if they had unresectable tumors or metastases during
exploratory surgery or if they received other neoadjuvant-targeted therapies (Figure 1). The International Union against
Cancer/American Joint Committee on Cancer (UICC/AJCC) tumor-node-metastasis (TNM) staging method, 8th edition,
was employed.

Neoadjuvant Treatment Regimens

For patients undergoing NCRT, the radiation dose is 40—-50.4 Gy (in units of 1.8-2.0 Gy). Radiotherapy (RT) techniques
include intensity-modulated radiotherapy (IMRT) and three-dimensional conformal radiotherapy (3D-CRT). All patients
were positioned under large-aperture computed tomography (CT) with the patient in the supine position with their hands
on either side of their body, then a large mask was in a fixed place, laser light posed, enhanced CT scan performed, and,
finally, CT positioning images were transmitted to the Varian Eclipse planning system. Each patient was positioned by
a radiotherapist and radiotherapy physiotherapist. The target area was dominated by the area involved in the lesson. The
preoperative chemotherapy regimen mainly consisted of treatment with platinum-based drugs and fluorouracil (PF
regimen), or platinum-based drugs and paclitaxel/albumin paclitaxel (TP regimen) via intravenous injection (IV). The
PF regimen consisted of platinum-based drugs (nedaplatin at 75 mg/m2, carboplatin at an area under the curve of 5, or
cisplatin at 25 mg/m2 on days 1-3) along fluorouracil at 50 mg/m2 on days 1-5. The TP regimen consisted of paclitaxel
at 135-175 mg/m2 or albumin-paclitaxel at 260 mg/m?2. Patients received 1-3 preoperative chemotherapy (PF or TP
regimens) every three weeks, and the average usage cycle was two in the NICT and NCRT groups. For patients who
chose NICT, the preoperative immunotherapy regimen was 1-3 cycles of intravenous programmed cell death-1 (PD-1)
inhibitor (pembrolizumab at a dose of 200 mg, camrelizumab at a dose of 200 mg, toripalimab at a dose of 240 mg, or
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Figure | Flow chart of study design.
Abbreviations: ESCC, esophageal squamous cell cancer; NCRT, neoadjuvant chemoradiotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy; PSM,
propensity score matching.

sintilimab at a dose of 200 mg) every three weeks and the preoperative chemotherapy regimen is the same as that for
NCRT. The chemotherapy dose is appropriately adjusted according to the patient’s tolerance.

Surgical Treatment

Patients enrolled in this study were clinically evaluated as suitable for radical esophagectomy. All patients underwent
esophagectomy and mediastinal lymph node dissection under general anesthesia 4—6 weeks after the end of the last
neoadjuvant treatment. Surgery was performed through thoracotomy or minimally invasive esophagectomy, including
two and three incisions, with a two-field lymph node dissection as the standard of care. Patients with suspected cervical
lymph node enlargement underwent standard three-field lymph node dissection.

Follow-Up

All selected patients underwent a regular outpatient review and telephone follow-up after admission, with routine physical
examination, enhanced CT of the chest and abdomen, esophagography, and, if necessary, ultrasound, endoscopy, positron
emission tomography (PET)/CT, magnetic resonance imaging, or whole-body bone imaging during the follow-up period. For
patients whose last follow-up was recorded in the case system less than one month before the cut-off time of this study,
a telephone follow-up was performed to ask the patients for details of their progress and survival. The follow-up ended on April 1,
2023, with a median follow-up time of 18 months for all patients, ranging from to 4-82 months.
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Study Endpoints

The primary study endpoints included TRG, RO resection rate, pCR rate, failure mode, and surgical complications. The
secondary endpoints were disease-free survival (DFS) and OS. TRG was graded according to the CAP/AJCC criteria for
pathological assessment after neoadjuvant therapy:'® grade 0 (complete response), no surviving cancer cells; grade 1
(moderate response), single or small clusters of cancer cells remaining; grade 2 (mild response), residual cancer foci with
extensive interstitial fibrosis; and grade 3 (no response), little or no cancer cell necrosis with a large number of cancer
cells remaining. RO resection meant the tumor was completely removed with all microscopic margins negative. pCR
refers to the absence of residual tumor cells at the primary site of the surgical sample and in the resected lymph nodes.
This study also analyzed the failure patterns in both the NCRT and NICT groups. In the failure model, locoregional
recurrences (LRR) was defined as primary tumor or local lymph node recurrence, and metastasis was defined as non-
regional lymph node metastasis, systemic metastasis, malignant pleural effusion, or peritoneal metastasis. DFS was
defined as the interval between esophagectomy and the first recording of recurrence, metastasis, death due to any cause,
or last follow-up. OS was defined as the time from the start of the first cycle of neoadjuvant therapy to death from any
cause or the last follow-up visit.

Statistical Analysis

PSM was used to form a well-balanced cohort using the full range of available explanatory factors.!” Therefore, this
study used R software (version 4.2.1) to perform a 1:2 matching analysis between the NICT and NCRT groups to adjust
for existing explanatory factors that might affect the results. A logistic regression model was used to calculate the
propensity scores, including age, sex, Karnofsky Performance Status (KPS) score, tumor location, history of smoking,
history of alcohol consumption, concomitant diseases, family history, number of chemotherapy cycles, clinical stage, and
the use of endoscopic ultrasound (EUS) or PET/CT. The Kruskal-Wallis or independent samples #-test was employed to
compare the RO resection rates, pCR rates, surgical complications, and failure patterns. The Kaplan-Meier method was
employed to assess DFS and OS, and a Log rank test was used to compare them. R software (version 4.2.1) and SPSS
25.0, were used for statistical analysis. Beyond the utilization of PSM, we have employed IPTW to adjust the baseline
factors for both groups.

Results

Patients’ Baseline Characteristics

Between March 2016 and May 2022, a total of 281 ESCC patients underwent NICT or NCRT combined with radical
esophagectomy at our study institution, with 81 in the NICT group and 200 in the NCRT group. Patients in the NCRT
group ranged in age from 43 to 73 years, while those in the NICT group were between the ages of 45 and 73 years. To
balance the potential bias, a 1:2 PSM was performed on the NICT and NCRT groups, and 110 patients receiving NCRT
and 55 patients receiving NICT were selected for the final analysis. The area under the curve of the propensity score
estimated by the logistic regression model is 0.704 (Figure 2). Furthermore, considering the distribution of propensity
score in both groups, as depicted by the histogram, we believe the ability of propensity scores to discriminate between the
two groups is satisfactory (Figure 2). The baseline characteristics are listed in Table 1. The clinical characteristics of post-
PSM patients were more balanced and included age, sex, KPS, tumor site, family history, concomitant disease, history of
smoking, history of alcohol consumption, clinical T stage, clinical N stage, clinical TNM stage, number of cycles of
neoadjuvant therapy, presence of EUS, and presence of PET/CT, surgical interval. The baseline characteristics prior to
and following the implementation of IPTW are presented in Supplemental Table 1.

Neoadjuvant Treatment and Surgical Treatment Outcome

All patients underwent esophagectomy and mediastinal lymph node dissection under general anesthesia 4-8 weeks after
the last neoadjuvant treatment, with no delays in surgery due to treatment-related adverse events. None of the patients
died within 30 or 90 days after surgery. As shown in Table 2, better results were obtained for the pathological response in
the NCRT group compared to the NICT group, with a total of 63 (57.3%) patients in the NCRT group and 18 (32.7%) in
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Figure 2 Receiver operating characteristic (A) and Histogram (B) for propensity scores.
Abbreviations: AUC, area under the curve; NCRT, neoadjuvant chemoradiotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy.

the NICT group having a TRG grade of 0. This difference was statistically significant (P=0.003). No statistically
significant difference was observed in the RO resection rate between the NCRT and NICT groups (97.3% vs 98.2%,
P=1.000). The pCR rates were 48.2% in the NCRT group and 29.1% in the NICT group (P=0.030). The NCRT group
also exhibited a significantly higher complete pathological remission rate for primary lesions than the NICT group, yet no
statistically significant differences were observed in the complete pathological remission rate of the lymph node (54.5%
for primary lesions compared to 32.7%, P=0.013; 76.4% compared to 67.3% for lymph node lesions, P=0.290). The
number of lymph nodes removed was 16.9+6.5 in the NCRT group and 22.8+8.0 in the NICT group (P<0.001). Patients

Table | Baseline Characteristics Before and After PSM

Characteristics Before PSM After PSM
NCRT (n=200) | NICT (n=81) | P value | SMD | NCRT (n=110) | NICT (n=55) | P value | SMD
Sex
Male 176 (88.0%) 70 (86.4%) 0.870 0.047 95 (86.4%) 49 (89.1%) 0.804 0.083
Female 24 (12.0%) Il (13.6%) 15 (13.6%) 6 (10.9%)
Age
<60 83 (41.5%) 27 (33.3%) 0.256 0.169 41 (37.3%) 19 (34.5%) 0.864 0.057
260 117 (58.5%) 54 (66.7%) 69 (62.7%) 36 (65.5%)
Smoking
No 80 (40.0%) 35 (43.2%) 0.718 0.065 45 (40.9%) 25 (45.5%) 0.697 0.092
Yes 120 (60.0%) 46 (56.8%) 65 (59.1%) 30 (54.5%)
Drinking
No 90 (45.0%) 42 (51.9%) 0.363 0.137 56 (50.9%) 29 (52.7%) 0.956 0.036
Yes 110 (55.0%) 39 (48.1%) 54 (49.1%) 26 (47.3%)
Comorbidity
No 128 (64.0%) 57 (70.4%) 0.378 0.136 74 (67.3%) 35 (63.6%) 0.771 0.077
Yes 72 (36.0%) 24 (29.6%) 36 (32.7%) 20 (36.4%)
Family history
No 192 (96.0%) 74 (91.4%) 0.202 0.192 108 (98.2%) 54 (98.2%) 1.000 < 0.001
Yes 8 (4.0%) 7 (8.6%) 2 (1.8%) I (1.8%)
KPS
<80 150 (75.0%) 60 (74.1%) 0.992 0.021 77 (70.0%) 43 (78.2%) 0.354 0.188
>80 50 (25.0%) 21 (25.9%) 33 (30.0%) 12 (21.8%)
(Continued)
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Table | (Continued).

Characteristics Before PSM After PSM
NCRT (n=200) | NICT (n=81) | P value | SMD | NCRT (n=110) | NICT (n=55) | P value | SMD
Tumor location
Lower-thoracic 107 (53.5%) 36 (44.4%) 0.166 0.252 59 (53.6%) 29 (52.7%) 0.994 0.019
Middle-thoracic 80 (40.0%) 42 (51.95) 45 (40.9%) 23 (41.8%)
Upper-thoracic 13 (6.5%) 3 (3.7%) 6 (5.5%) 3 (5.5%)
Clinical stage T
T2 9 (4.5%) 5 (6.2%) 0.602 0.127 6 (5.5%) 3 (5.5%) 0.132 0.275
T3 185 (92.5%) 72 (88.9%) 104 (94.5%) 50 (90.9%)
T4 6 (3.0%) 4 (4.9%) 0 (0.0%) 2 (3.6%)
Clinical stage N
NO 62 (31.0%) 21 (25.9%) 0.484 0.113 28 (25.5%) 18 (32.7%) 0.425 0.161
N+ 138 (69.0%) 60 (74.1%) 82 (74.5%) 37 (67.3%)
Clinical stage TNM
Il 60 (30.0%) 21 (25.9%) 0.433 0.159 28 (25.5%) 18 (32.7%) 0.524 0.185
1] 137 (68.5%) 57 (70.4%) 81 (73.6%) 36 (65.55)
v 3 (1.5%) 3 (3.7%) 1 (0.9%) 1 (1.8%)
Neoadjuvant cycle
<2 27 (13.5%) 1 (1.2%) 0.004 0.483 2 (1.8%) 1 (1.8%) 1.000 <0.001
2 173 (86.5%) 80 (98.85) 108 (98.2%) 54 (98.2%)
PET-CT
No 148 (74.0%) 62 (76.5%) 0.770 0.059 82 (74.5%) 41 (74.5%) 1.000 <0.001
Yes 52 (26.0%) 19 (23.5%) 28 (25.5%) 14 (25.5%)
EUS
No 88 (44.0%) 29 (35.8%) 0.259 0.168 42 (38.2%) 20 (36.4%) 0.955 0.038
Yes 112 (56.0%) 52 (64.2%) 68 (61.8%) 35 (63.6%)
Chemotherapy
TP 179 (89.5%) 75 (92.6%) 0.566 0.108 100 (90.9%) 49 (89.1%) 0.926 0.061
PF 21 (10.5%) 6 (7.4%) 10 (9.1%) 6 (10.9%)
Surgical approach
Thoracotomy 63 (31.5%) 19 (23.5%) 0.231 0.181 40 (36.4%) 13 (23.6%) 0.141 0.280
MIE 137 (68.5%) 62 (76.5%) 70 (63.6%) 42 (76.4%)
Surgical interval (week)? 5.78%1.34 5.67+1.46 0.548 0.078 5.44%1.32 5.80+1.45 0.108 0.263

Notes: *Data presented as mean * standard deviation.
Abbreviations: PSM, propensity score matching; NCRT, neoadjuvant chemoradiotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy; SMD,
standardized mean difference; Comorbidity, including hypertension, diabetes mellitus, chronic obstructive pulmonary disease, coronary atherosclerotic heart disease;
KPS, Karnofsky Performance Status; EUS, endoscopic ultrasound; TP, platinum-based drugs and paclitaxel/albumin paclitaxel; PF, platinum-based drugs and fluorouracil; MIE,

minimally invasive esophagectomy.

Table 2 Comparative Analysis of Pathological Outcomes Between NCRT and NICT Before and After PSM

Clinicopathologic Characteristics Before PSM After PSM
NCRT (n=200) | NICT (n=81) P value NCRT (n=110) | NICT (n=55) P value

TRG

0 113 (56.5%) 30 (37.0%) 0.012 63 (57.3%) 18 (32.7%) 0.005

[ 28 (14.0%) 22 (27.2%) 11 (10.0%) 15 (27.3%)

2 42 (21.0%) 22 (27.2%) 24 (21.8%) 17 (30.9%)

3 17 (8.5%) 7 (8.6%) 12 (10.9%) 5 (9.1%)
RO resection

Yes 196 (98.0%) 79 (97.5%) 1.000 107 (97.3%) 54 (98.2%) 1.000

No 4 (2.0%) 2 (2.5%) 3 (2.7%) I (1.8%)

(Continued)
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Table 2 (Continued).

Clinicopathologic Characteristics Before PSM After PSM
NCRT (n=200) | NICT (n=81) P value NCRT (n=110) | NICT (n=55) P value
pCR
pCR 94 (47.0%) 24 (29.6%) 0.011 53 (48.2%) 16 (29.1%) 0.030
Non-pCR 106 (53.0%) 57 (70.4%) 57 (51.8%) 39 (70.9%)
Primary lesion
Complete pathological remission 107 (53.5%) 29 (35.8%) 0.011 60 (54.5%) 18 (32.7%) 0.013
No 93 (46.5%) 52 (64.2%) 50 (45.5%) 37 (67.3%)
Lymph nodes
Complete pathological remission 159 (79.5%) 55 (67.9%) 0.056 84 (76.4%) 37 (67.3%) 0.290
No 41 (20.5%) 26 (32.1%) 26 (23.6%) 18 (32.7%)
Neural invasion
Yes 17 (8.5%) 4 (4.9%) 0.437 14 (12.7%) 3 (5.5%) 0.239
No 183 (91.5%) 77 (95.1%) 96 (87.3%) 52 (94.5%)
Lvsl
Yes 3 (1.5%) 7 (8.6%) 0.010 2 (1.8%) 6 (10.9%) 0.010
No 197 (98.5%) 74 (91.4%) 108 (98.2%) 49 (89.1%)

Abbreviations: PSM, propensity score matching; NCRT, neoadjuvant chemoradiotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy; TRG, tumor
regression grade; pCR, pathological complete remission; LVSI, lymphovascular invasion.

in the NCRT group had a significantly longer postoperative length of stay (POLS) than those in the NICT group
(17.748.2 vs 14.849.0, P=0.045), and the incidence of lymphovascular invasion (LVSI) was significantly lower in the
NCRT group than in the NICT group, but no significant difference was seen in the rate of nerve invasion (1.8% vs 10.9%,
P=0.010 and 12.7% vs 5.5%, P=0.239, respectively). The incidence of postoperative complications, such as anastomotic
leak and pneumonia, was slightly higher in the NCRT group than in the NICT group, but the difference was not
statistically significant (24.5% vs 12.7%, P=0.082) (Table 3).

The comparative analysis of pathological outcomes between NCRT and NICT before and after the implementation of
IPTW is illustrated in Supplemental Table 2. Further, the postoperative information subsequent to the IPTW implementa-

tion is detailed in Supplemental Table 3. These conclusions were corroborated consistently via two statistical methods.

Progression and Survival Outcomes

The median follow-up period in this study was 18 months (range 4-82 months). In the NCRT group, the median follow-
up period was 24 months (range 7-82 months), and 12 months (range 4-26 months) in the NICT group. As shown in
Figure 3, the results of the 12-month follow-up of this study showed that patients in the NCRT group had significantly
better DFS and OS than those in the NICT group (12-month DFS rate: 94.3% vs 81.8%, P=0.006; 12-month OS rate:

Table 3 Postoperative Information

Postoperative Information Before PSM After PSM
NCRT (n=200) | NICT (n=81) P value NCRT (n=110) | NICT (n=55) P value

Postoperative complications 54 (27.0%) 17 (21.0%) 0.295 27 (24.5%) 7 (12.7%) 0.082
Anastomotic leakage 30 (15.0%) 7 (8.6%) 0.154 17 (15.5%) 3 (5.5%) 0.067
Pulmonary complications 14 (7.0%) 9 (I1.1%) 0.256 5 (4.5%) 3 (5.5%) 0.789
Anastomotic Stenosis 3 (1.5%) 0 (0.0%) 0.269 2 (1.8%) 0 (0.0%) 0317
Wound infection/ Others 7 (3.5%) 1 (1.2%) 0.303 3 (2.7%) 1 (1.8%) 0.722
POLS (day)® 17.5+£8.9 14.7+8.3 0.014 17.7+8.2 14.8+9.0 0.045

Notes: *Data presented as mean * standard deviation.
Abbreviations: PSM, propensity score matching; NCRT, neoadjuvant chemoradiotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy; POLS,
Postoperative Length of Stay.
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Figure 3 Kaplan-Meier survival analysis of DFS (A) and OS (B) between NCRT and NICT before propensity score matching; Kaplan-Meier survival analysis of DFS (C) and
OS (D) between NCRT and NICT after propensity score matching.
Abbreviations: DFS, disease-free survival; OS, overall survival; NCRT, neoadjuvant chemoradiotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy.

100.0% vs 95.4%, P=0.032). However, the results of the 24-month follow-up showed that there was also a statistically
significant difference in DFS between the two groups, but there was no statistically significant difference in OS
(P=0.026; P=0.359). In all patients, DFS was significantly better in those with postoperative pCR than in those with Non-
pCR (P<0.001) (Figure 4). This study analyzed the pattern of failure after surgery in both groups and showed that after
PSM, LRR occurred in four patients (3.6%) in the NCRT group, all outside the irradiated field, which was significantly
lower than the seven patients (12.7%) in the NICT group who had LRR (P=0.027). Before PSM, LRR occurred in eight
patients (4.0%) in the NCRT group, with one patient (0.5%) occurring within the irradiated field and the remaining seven
patients (3.5%) occurring outside the irradiated field, all with LRR predominantly in the regional lymph nodes. Of the
patients with LRR, two patients (1.0%) had postoperative pCR and six patients (3.0%) had postoperative non-pCR.
However, there was no significant difference in the probability of metastasis between patients in the NCRT group and
those in the NICT group (10.0% vs 1.8%, P=0.057) (Table 4).

The Kaplan-Meier survival analyses for DFS and OS comparing NCRT and NICT, both pre and post IPTW, are
delineated in Supplemental Figure 1. Additionally, the Kaplan-Meier survival analyses for DFS and OS comparing pCR

and non-pCR groups, before and after the application of IPTW, are presented in Supplemental Figure 2. The modes of

failure following radical esophagectomy prior to and subsequent to IPTW implementation are illustrated in Supplemental
Table 4. The findings from this extensive analysis are bolstered by the coherence of results derived from two distinct
statistical methodologies.
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Figure 4 Kaplan-Meier survival analysis of DFS (A) and OS (B) between pCR and Non-pCR before propensity score matching; Kaplan-Meier survival analysis of DFS (C)
and OS (D) between pCR and Non-pCR after propensity score matching.
Abbreviations: DFS, disease-free survival; OS, overall survival; pCR, pathological complete remission.

Discussion
Surgical treatment alone is inadequate in patients with locally advanced ESCC, and radical resection is not feasible in
some patients. In recent years, the neoadjuvant mode of multidisciplinary combination therapy has become popular and
applied to esophageal cancer, and neoadjuvant therapy combined with radical esophagectomy has become the standard
treatment for patients with locally advanced ESCC.'® However, the most appropriate preoperative treatment regimen for
patients with EC has been controversial, and no studies have compared the outcomes of patients with ESCC treated with
NCRT or NICT. In this study, 110 patients who underwent NCRT and 55 who underwent NICT combined with
esophagectomy were selected for the final analysis after PSM.

Both neoadjuvant regimens of NCRT and NICT are recommended in the Chinese Society of Clinical Oncology
guideline of EC," and our present study was a retrospective analysis using PSM to maintain consistency in baseline

Table 4 Failure Modes After Radical Esophagectomy

Failure Mode Before PSM After PSM

NCRT (n=200) | NICT (n=81) | P value | NCRT (n=110) | NICT (n=55) | P value
LRR 8 (4.0%) 10 (12.3%) 0.010 4 (3.6%) 7 (12.7%) 0.027
Metastasis 13 (6.5%) 1 (1.2%) 0.067 8 (7.3%) I (1.8%) 0.148

Abbreviations: PSM, propensity score matching; NCRT, neoadjuvant chemoradiotherapy; NICT, neoadjuvant immunotherapy combined
with chemotherapy; LRR, locoregional recurrences.
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characteristics. We found that there were more patients with aged >60 years and more patients with tumors located in the
mid-upper esophagus in the NIRT group than in the NCRT group before matching, considering that this may be due to
surgeons’ concern that more surgical complications such as anastomotic fistula may be associated with radiation-induced
fibrosis to the mid-upper esophagus. The individualized neoadjuvant treatment strategies are more appropriate for
patients, taking into account their individual choices and multidisciplinary opinions. Whether NICT can replace NCRT
in clinical application, large prospective clinical trials to further demonstrate the effectiveness and safety are necessary.

In our study, we apply PSM to reduce the impact of potential confounding factors. The chemotherapy regimen was not
a PSM factor in our study. Firstly, a study comparing chemotherapy regimens for locally advanced ESCC patients receiving
NCRT found that the pCR rates were 24.6% and 35.5% for the Carboplatin and Paclitaxel regimen and Cisplatin and
5-Fluorouracil regimen, respectively (P=0.154), with a median survival of 16.7 and 32.7 months, respectively (P=0.083).
There is no statistical difference in survival or clinicopathological outcome between both groups.?’ Secondly, no significant
difference in OS and progression-free survival between paclitaxel combined with fluorouracil, paclitaxel combined with
carboplatin, and paclitaxel combined with cisplatin in the comparison of paclitaxel-based chemotherapy regimens in Professor
Kuaile Zhao’s study of radical CCRT for locally advanced ESCC.?' We also did not perform further subgroup analyses of the
immunological drugs in this study, which were all selected from Chinese domestic PD-1 inhibitors, and by default, the basic
pharmacological mechanism of action of PD-1 inhibitors is the same. On the other hand, the small sample size limits our
further subgroup analysis, which is also a limitation of our research.

Both before and after matching, the NCRT group had an advantage in pCR compared to the NICT group, with
a statistically significant difference. Patients in the NCRT group had a significantly better DFS than those in the NICT
group, and the risk of LRR was significantly lower in NCRT than in NICT. However, in terms of OS between the two groups,
there was a statistically significant difference in the results of the 12-month follow-up, but not the 24-month follow-up, which
we considered to be due to the shorter follow-up period. NCRT was significantly better than NICT in terms of both the
pathological response and prognosis. This study considered RT as a local treatment modality second only to surgery, which can
damage local tumor lesions better than IT and provide better local control of tumors; therefore, the post-treatment response of
local tumor lesions was more pronounced in patients who received NCRT and also confirmed the predictive significance of
postoperative pathological pCR on patient prognosis.”> Among all patients in this study, those with postoperative pCR had
significantly better DFS than those with non-pCR, which reminds us that higher pCR rates remain the focus of neoadjuvant
treatment strategies. However, improving systemic tumor control with neoadjuvant therapy and thus reducing the risk of
metastasis should also be considered. In the pre-PSM NCRT group, LRR occurred within the irradiated field in only one of the
eight patients, providing evidence that RT has good control over localized lesions and can effectively reduce the risk of LRR.
Although NCRT is superior to NICT in terms of treatment response, it has a higher incidence of postoperative complications,
especially postoperative anastomotic fistulas. Although the difference is not statistically significant, this is one of the critical
limitations of the application of NCRT, which should also be noted. Therefore, we recommend that when clinical practitioners
apply NCRT in combination with surgery to treat ESCC, they should limit the radiation dose at future anastomoses to
minimize the incidence of postoperative anastomotic leakage. A review of the data demonstrates that there was a significantly
increased length in hospital stay associated with an esophageal leak.”> The incidence of postoperative complications, such as
anastomotic leak and pneumonia, was slightly higher in the NCRT group than in the NICT group, this may be one reason for
the longer hospital stay after surgery. On the other hand, the NCRT group had a lower proportion of MIE than NICT
(NCRT:63.6%; NICT:76.4%), which may also lead to a prolonged hospital stay. Therefore, the reduction of perioperative
complications is an area of concern.

We observed the advantages of NCRT in the preoperative treatment of patients with resectable locally advanced
ESCC in terms of postoperative pCR rate, risk of postoperative recurrence, and DFS. The CROSS study, a milestone in
EC treatment, showed after a median follow-up time of 147 months that patients receiving NCRT had a longer OS
compared to surgery alone (hazard ratio [HR]=0.70, 95% confidence interval [95% CI]=[0.55-0.89]), with an absolute
benefit of 13% in 10-year OS rate (38% vs 25%). The risk of recurrence assessment showed that patients in the NCRT
group had a lower risk of local recurrence alone (HR=0.40, [95% CI]= [0.21-0.72]) and concurrent local and distant
recurrence (HR=0.43, [95% CI]=[0.26-0.72]), thus establishing NCRT as the standard of care for locally advanced EC.
The results of the NEOCRTES010 clinical trial showed that preoperative NCRT helps downstage tumors, increases R0
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resection rates, and improves patient prognosis. The long-term follow-up results of these two studies further strengthen
the position of NCRT in locally advanced EC.

Although we did not see an advantage of NICT in terms of pathological response and prognosis, we saw the potential
of NICT as a preoperative neoadjuvant therapy for patients with locally advanced ESCC. Preclinical studies have shown
that chemotherapeutic agents can promote the immune response by disrupting immunosuppressive cell activity, immu-
nogenic death, and upregulation of MHC class 1 molecule expression.”* 2’ In neoadjuvant therapy, ICIs are thought to
eliminate micrometastases and improve patient survival by activating the immune system. In this study, patients in the
NICT group had a lower risk of metastasis than those in the NCRT group, although no statistical difference was
observed. The advantages shown by NICT in controlling systemic tumors and the fact that patients in the NICT group
had a lower incidence of postoperative complications and a better safety profile than those in the NCRT group have led to
an increasing interest in NICT. In recent years, several studies have reported that NICT combined with radical
esophagectomy can be considered an effective treatment for patients with locally advanced ESCC, with an increased
PCR of 25%-39.2%.%* 3! A multicenter, single-arm, phase I trial to evaluate the safety and efficacy of camrelizumab in
combination with chemotherapy as neoadjuvant therapy for locally advanced ESCC achieved RO resection in 50 patients
(98.0%) and identified pCR in 20 patients (39.2%). The TD-NICE study reported the efficacy of tirelizumab in
combination with albumin-paclitaxel + carboplatin. A total of 36 patients were treated with surgery, with major
pathologic remission (MPR) and pCR rates of 72% and 50%, respectively, and 75% of these patients achieved a step-
down in neoadjuvant therapy. The keynote-001 study, which included 42 patients, 29 of whom underwent robotic
McKeown radical surgery, all with RO resection, showed a high MPR rate of 72.4% (21/29) in patients receiving
pablizumab combined with the TP regimen, with 12 of them achieving pCR (ypTONO, 41.4%).

However, in the present study, no statistically significant differences in 24 months-OS were observed between the two
groups, either before or after pairing, which may be due to several reasons. First, while the risk of recurrence was
significantly lower in the NCRT group than in the NICT group, the risk of metastasis was higher in the NCRT group than
in the NICT group, and NICT provided better control of systemic tumors than NCRT. Therefore, no statistically
significant difference in OS was observed. Second, the study period was long, and the follow-up period for patients in
the NICT group was relatively short compared to that for patients in the NCRT group; therefore, the survival of patients
in the NICT group may not have been observed within the limited follow-up period. It is also possible that NCRT is more
mature than NICT and that NCRT may be more likely to be chosen in patients with larger lesions and later stages, and to
minimize potential confounding bias due to non-random selection data, we used PSM analysis to compare the two groups
before-and-after to minimize the impact of this condition.

The ability of RT to damage local tumor tissue is more suitable for preoperative neoadjuvant treatment of patients
with resectable locally advanced ESCC, allowing better control of local lesions, lowering tumor stage, reducing the
difficulty of surgery, and improving patient prognosis; therefore, the use of NCRT in the neoadjuvant treatment of ESCC
remains unassailable. However, the control of systemic tumors is inferior to that of NICT, and radiotherapy can lead to
increased tissue adhesion and fragility. In recent years, IT has made unprecedented advances in cancer treatment with
good efficacy and acceptable side effects in the management of ESCC, and combining IT with NCRT is an effective
strategy for improving the prognosis of locally advanced ESCC.*? The PALACE-1 study®’ used pembrolizumab in
combination with radiotherapy for locally advanced resectable ESCC, with a 90% surgery rate and a high pCR rate of
55.6% after neoadjuvant treatment in 20 patients, higher than the 43.2% in the NEOCRTEC5010 trial* and the 49% in the
CROSS trial.® In addition, studies such as PERFECT and PALACE-1 have reported that IT combined with NCRT has
similar adverse events to NCRT.?*** This suggests that the combination of IT and NCRT will be an inevitable trend in the
future for the neoadjuvant treatment of ESCC. In our study, patients within the NCRT group reported a higher pCR rate
and a reduced likelihood of LRR compared to those in the NICT group. Meanwhile, the NICT group demonstrated
a lower probability of distant metastasis than the NCRT group. These findings suggest that chemoradiotherapy effectively
suppresses local tumor activity, while IT effectively thwarts systemic tumor progression. Consequently, the integration of
NCRT with IT emerges as a compelling direction for future research. To our knowledge, this is the first study to compare
the efficacy and safety of NICT and NCRT in combination with radical esophagectomy in patients with locally advanced
ESCC, providing a reference for future clinical trials and treatments. Some unanswered questions were also raised. First,
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whether it is necessary to continue surgical treatment for this group of patients who have already achieved pCR after
neoadjuvant therapy. Second, if patients who have already achieved pCR can be treated without surgery and how to
accurately predict whether patients after neoadjuvant treatment will achieve pCR before surgery. Finally, how to choose
the optimal dose of RT for the esophagus to kill the tumor to the maximum extent possible while reducing the incidence
of postoperative complications.

This study has certain limitations: (1) this is a retrospective analysis although we tried to improve the comparability
of the two groups using PSM methods. The propensity score allows one to design and analyze an observational
(nonrandomized) study so that it mimics some of the particular characteristics of a randomized controlled trial.'” (2)
the sample size is not yet sufficiently large, and (3) the follow-up period is relatively short.

Conclusion

In comparison to NICT, NCRT demonstrates considerable advantages in improving the pCR rate in patients identified
with locally advanced ESCC. Short-term follow-up results show that NCRT has a significantly better prognosis than
NICT. Notably, the safety profiles of both NICT and NCRT are largely comparable. Future confirmation of this
conclusion will require large-scale Phase III clinical trials.
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