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Several studies have evaluated PD-1 inhibitors plus chemotherapy as neoad-
juvant treatment for locally advanced esophageal squamous cell carcinoma
(ESCC), but comparative data with chemoradiotherapy (CRT) remain limited.
This multicenter, randomized, open-label, phase 2 non-inferiority trial (REVO,
NCT05007145) assessed the efficacy and safety of neoadjuvant camrelizumab
plus chemotherapy (ICT) versus CRT in patients with resectable, locally
advanced ESCC. A total of 104 patients were randomized to ICT (camrelizu-
mab, nab-paclitaxel, cisplatin) or CRT (nab-paclitaxel, cisplatin, radiotherapy).
The primary endpoint was pathologic complete response (pCR). ICT achieved
a pCR rate of 32.7% versus 34.6% with CRT (rate ratio 0.94, 90% CI 0.6-1.49),
demonstrating non-inferiority and meeting the pre-specified primary end-
point. Major pathologic response was observed in 42.3% of ICT patients and
57.7% of CRT patients, with RO resection achieved in 100% of both groups.
1-year disease-free survival was 89.1% versus 78.2%, and 1-year overall survival
was 100% versus 92.3% for ICT and CRT, respectively. Grade >3 treatment-
related adverse events occurred in 19.2% of ICT patients and 33.3% of CRT
patients, and surgical complications were reported in 31.1% and 35.9%,
respectively. These findings indicate that ICT is a safe and effective neoadju-
vant strategy for resectable ESCC with a more favorable safety profile.

Esophageal cancer is a global health concern, particularly in East as the current standard of care for locally advanced, resectable
Asia, where esophageal squamous cell carcinoma (ESCC) is the esophageal cancer’’. Recently, neoadjuvant DCF (docetaxel, cispla-
dominant type'. Following the landmark CROSS and NEOCRTEC5010 tin, and 5-fluorouracil) therapy has shown an overall survival (OS)
studies, neoadjuvant chemoradiotherapy (CRT) has been established  benefit for patients with resectable locally advanced ESCC".
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Nevertheless, approximately half of patients still experience recur-
rence within five years following surgery®*. This underscores the
urgent need for more effective systemic therapies to improve OS for
these patients.

Programmed cell death protein 1 (PD-1), an immune checkpoint
protein that regulates T-cell activity, has emerged as a key target in
cancer immunotherapy. Camrelizumab, a PD-1 inhibitor, has shown
promise in treating ESCC, with its efficacy and safety established in
2018°. Its approval as a standard treatment for advanced ESCC fol-
lowed the phase 3 trial that confirmed improved OS and progression-
free survival and comparable adverse event (AE) rates to
chemotherapy®. Pathologic complete response (pCR) is defined as the
absence of residual tumor at the primary tumor site and negative
lymph nodes. In phase 1b and 2 trials, neoadjuvant camrelizumab
combined with chemotherapy for resectable ESCC reported pCR rates
reaching 39.2%"'°. Most recently, the phase 3 ESCORT-NEO study
showed that the neoadjuvant combination of camrelizumab and che-
motherapy resulted in elevated pCR rates in comparison to che-
motherapy alone for resectable ESCC, and this approach exhibited a
favorable safety profile". Our current retrospective analysis indicated
that the integration of neoadjuvant chemotherapy with immunother-
apy, particularly with high-dose chemotherapy, improves pCR rates'.
In another retrospective analysis, neoadjuvant immunochemotherapy
(ICT) demonstrated superior 3-year OS and 3-year disease-free survival
(DFS) rates compared with neoadjuvant chemotherapy in patients with
resectable advanced ESCC". Nevertheless, despite these encouraging
findings, a gap remains in clinical trials that comprehensively evaluate
and compare the efficacy and safety of ICT versus CRT in the man-
agement of locally advanced ESCC.

In this work, we conducted a multicenter, randomized, open-
label, phase 2 trial (REVO) to estimate the relative efficacy and safety of
camrelizumab-based ICT versus CRT in patients with resectable ESCC.
We used nab-paclitaxel, an albumin-bound formulation of paclitaxel
shown in our retrospective analysis to improve pCR rates”, in combi-
nation with cisplatin as the chemotherapy backbone for both treat-
ment groups. Given the lack of consensus on the optimal number of
cycles for neoadjuvant chemotherapy, we administered 2-4 cycles
tailored to individual patient needs to balance efficacy and safety. ICT
demonstrates a pCR rate comparable to CRT, with a lower incidence of
grade >3 treatment-related adverse events (TRAEs). These findings
indicate that ICT provides non-inferior efficacy and a more favorable
safety profile compared with CRT in this patient population.

Results

Patient characteristics

From September 1, 2021, to December 8, 2023, 104 patients were
enrolled and randomized to receive either ICT (n=52) or CRT (n=52).
Initially, the CRT group had 52 patients, but one withdrew consent
prior to treatment, leaving the CRT group with 51 patients. Conse-
quently, the intent-to-treat (ITT) populations for both groups were 52
patients each, with safety set populations of 52 for ICT and 51 for
CRT (Fig. 1). The data cutoff for analysis was March 19, 2024, with-
a median follow-up of 18.8 months (interquartile range [IQR],
12.8-24.0 months). The median age of the patient cohort was 63 years
(range, 45-74), with 78.8% of the participants being male. In terms of
clinical staging, 16 patients (15.4%) were classified as stage II, 72 (69.2%)
as stage 1ll, 14 (13.5%) as stage IVA, and two (1.9%) as stage IVB. The
anatomical location of the tumors was the upper thoracic esophagus in

Randomized patients (N = 104)

niICT group (n = 52)

A\ 4

A

nCRT group (n = 52)

\ 4

Withdrawal of consent (n = 1)
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Received neoadjuvant treatment (n = 52)
Completed neoadjuvant treatment (n = 46)
Incomplete neoadjuvant treatment (n = 62)

Received neoadjuvant treatment (n = 51)
Completed neoadjuvant treatment (n = 41)
Incomplete neoadjuvant treatment (n = 10°)

Did not undergo surgery (n = 7)
Patient refusal (n = 6) <
Adverse events (n = 1)

Did not undergo surgery (n = 12)
Patient refusal (n = 6)
Adverse events (n = 6)

Underwent surgery (n = 45)

Underwent surgery (n = 39)

Fig. 1| Trial profile. “Of the six patients who did not complete neoadjuvant
treatment, three withdrew consent, one discontinued due to physical condition,
one due to medication unavailability, and one due to financial reasons. °Of the 10

patients who did not complete neoadjuvant treatment, nine discontinued due to
adverse events, and one due to medication unavailability. ICT neoadjuvant
immunochemotherapy, CRT neoadjuvant chemoradiotherapy.
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Table 1| Baseline characteristics

Table 2 | Surgery

Characteristic ICT group (n=52) CRT group (n=52) ICT group (n=45) CRT group (n=39)
Median age, years (range) 62.5 (45, 74) 63.0 (47, 74) Type of esophagectomy, n (%)
Sex, n (%) Mckeown 44 (97.8) 38 (97.4)
Male 44 (84.6) 38 (73.1) Ivor Lewis 0 1(2.6)
Female 8 (15.4) 14 (26.9) Transhiatal 1(2.2) 0
ECOG performance status, n (%) Others 0 0
0 51(98.1) 47 (90.4) Resection grade, n (%, 95% CI)
1 1(1.9) 5(9.6) RO 45 (100.0, 39 (100.0,
Tumor location, n (%) 92.13-100.00) 90.97-100.00)
e ) 12230 R1 0 (0, 0-7.87) 0 (0, 0-9.03)
Middle 25 (48.1) 30(57.7) 2 O, Gt 0@, Cewe
L enEs 16 (30.8) 10 (19.2) Opel:ative time (min), 315 (150, 480) 300 (90, 558)
- - median (range)
Histologlc grade, n (%) Blood loss (ml), med- 200 (100, 600) 200 (50, 1000)
Poorly-differentiated 1(1.9) 4(7.7) ian (range)
Moderately-differentiated 36 (69.2) 35 (67.3) Length of hospital stay 8 (6, 20) 8(1,23)
Well-differentiated 14 (26.9) 10 (19.2) (day), median (range)
Unknown 1(1.9) 3(5.8) Number of lymph nodes 45 (13, 97) 42 (M, 88)
removed (n), med-
Clinical T stage, n (%) ian (range)
n 0 0 30-day mortality after 0 2(5.1)
T2 4(7.7) 6 (11.5) surgery, n (%)
T3 44 (84.6) 36 (69.2) 90-day mortality after 0] 2(5.9)
T4 4(77) 10 (19.2) SueenlulCs)
Clinical N stage, n (%) ICT neoadjuvant immunochemotherapy, CRT neoadjuvant chemoradiotherapy.
NO 5(9.6) 7(13.5)
N1 19 (36.5) 26 (50.0)
N2 26 (50.0) 19 (36.5) the CRT group, besides the seven patients receiving radical CRT and
N3 2(3.8) 0 the six withdrawing due to AEs, among those undergoing surgery, 35
Clinical M stage, n (%) received 40 Gy, while four received a reduced 36 Gy dose due to frailty
MO 52 (100.0) 50 (96.2) (Supplementary Table 2).
M 0 2(3.8) A total of seven patients (13.5%) in the ICT group and 12 patients
Clinical stage, 1 (%) (25%) in the CRT group did not undergq surgery. In the ICT group, six
| 5 5 patients refused surgery, and one had it canceled due to AEs. In the
CRT group, six patients refused surgery, and six had it canceled due to
t D) @iz AEs. In the two groups, patients primarily refused surgery due to
t 41(78.8) 31(59.6) pandemic-related concerns, symptom improvement following
IVA 6 (11.5) 8 (15.4) neoadjuvant therapy, and fear of surgery. The AEs leading to surgery
IVB 0 2(3.8) cancellations predominantly included pneumonia, fatigue, decreased
PD-L1CPS, n (%) white blood cell count, decreased neutrophil count, decreased platelet
CPS<5 30 (57.7) 25 (48.1) count, and nausea (Supplementary Table 1). Eleven non-surgical
PS5 207 596 patients were evaluated using CT imaging for post-t.reatment assess-
ment. In the ICT group, three patients showed a partial response (PR),
CPS<10 33 (63.5) 28 (53.8) . -
and one had stable disease. In the CRT group, seven patients demon-
CPS>10 1(1.9) 2(3.8) strated a PR.
Unknown 18 (34.6) 22 (42.3) Esophagectomy was performed on 45 patients (86.5%) in the ICT

ICT neoadjuvant immunochemotherapy, CRT neoadjuvant chemoradiotherapy.

23 patients (22.1%), the middle thoracic esophagus in 55 patients
(52.9%), and the lower thoracic esophagus in 26 patients (25.0%).
Baseline characteristics were similar between the two groups (Table 1).

Neoadjuvant treatment and surgical overview

Within the ITT population, 52 patients in the ICT group and 51 in the
CRT group received neoadjuvant therapy (Supplementary Table 1).
The actual cycles of exposure during neoadjuvant therapy were 2.0
(IQR 2.0-3.0) in the ICT group and 2.0 (IQR 2.0-2.0) in the CRT group.
Additionally, during the pandemic, shortages of nab-paclitaxel unfor-
tunately resulted in 16 patients in the ICT group and 16 patients in the
CRT group being treated with paclitaxel and corticosteroids instead. In

group, while 39 patients (75.0%) in the CRT group underwent the
surgical procedure. The most frequently performed surgical proce-
dure was the McKeown procedure, accounting for 97.8% of cases in the
ICT group and 97.4% in the CRT group. In terms of surgical details, for
the ICT and CRT groups, the median number of harvested lymph
nodes was 45 (IQR, 13-97) and 42 (IQR, 11-88), respectively. The
median duration of surgery was 315 minutes (range, 150-480) and
300 minutes (range, 90-558) (Table 2).

Endpoints

Inthe ITT population, for the primary endpoint, the pCR rate was 32.7%
(17/52) in the ICT group, comparable to the 34.6% (18/52) observed in
the CRT group (ratio of pCR rates [RR], 0.94, 90% confidence interval
[CI], 0.6-1.49). The lower limit of the RR did not encompass the 0.5
non-inferiority threshold, thereby demonstrating non-inferiority and
meeting the primary endpoint. For secondary endpoints, the MPR rate
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Table 3 | Tumor regression in the intent-to-treat population

ICT group (n=52)
17 (32.7) (20.33, 47.11)
0.94 (0.60, 1.49)

CRT group (n=52)
18 (34.6) (21.97, 49.09)

PCR, n (%) (95% CF)

Ratio of pCR rates
(90% CIP)

MPR, n (%) (95% CI°)

22 (42.3)
(28.73, 56.80)

Tumor regression score, n (%)°

30 (57.7) (43.20, 71.27)

Gradela 17 (32.7) 18 (34.6)
Gradelb 5(9.6) 12 (23.1)
Grade2 7 (13.5) 7 (13.5)
Grade3 16 (30.8) 2(3.8)

ICT, neoadjuvant immunochemotherapy; CRT, neoadjuvant chemoradiotherapy.
295% Cl of rate was calculated by the Clopper-pearson method.

590% ClI of ratio of pCR rates was calculated by the Wald method.

°Tumor regression score was assessed according to Becker criteria.

was 42.3% (22/52) in the ICT group and 57.7% (30/52) in the CRT group,
respectively. According to the Becker criteria, 17 patients (32.7%) in the
ICT group achieved TRG 1a, whereas 18 patients (34.6%) in the CRT
group had TRG 1a tumors (Table 3 and Supplementary Table 3). A post-
hoc subgroup analysis of pCR rate based on baseline characteristics is
depicted in Supplementary Fig. 1. The pCR rates were similar between
the ICT and CRT groups across various subgroups, consistent with the
primary result.

The surgical outcomes and survival rates were generally similar
between the ICT and CRT groups. In the surgery set, the pCR rate was
37.8% (17/45) in the ICT group and 46.2% (18/39) in the CRT group
(Supplementary Table 4). The rates of RO resection were identical at
100% for both groups (Table 2). Moreover, the ICT group had 30
patients (66.7%) achieve a downstage, compared to 31 patients
(79.5%) in the CRT group (Supplementary Table 5). As some patients
received paclitaxel, we compared the pCR rates of paclitaxel and nab-
paclitaxel in the ICT and CRT groups. No obvious difference of
paclitaxel or nab-paclitaxel was found between the two groups
(Supplementary Table 6). The OS and DFS have not yet matured. In
the ICT group, the 1-year DFS rate was 89.1% (95% CI: 72.96-95.83),
while the CRT group had a 1-year DFS rate of 78.2% (95% CI:
56.98-89.79). The ICT group achieved a 1-year OS rate of 100.0%
(95% CI: 100.00-100.00) and a 2-year OS rate of 86.3% (95% CI:
64.25-95.20). In contrast, the CRT group reported a 1-year OS rate of
92.3% (95% CI: 80.79-97.04) and a 2-year OS rate of 81.6% (95% CI:
59.47-92.38) (Supplementary Fig. 2).

Safety

The CRT group had a similar incidence of all-grade TRAEs but a higher
rate of grade >3 TRAEs and treatment discontinuations compared to
the ICT group. The incidence of TRAEs was 96.2% (50/52) in the ICT
group and 100% (51/51) in the CRT group. Grade > 3 TRAEs occurred in
19.2% (10/52) of the ICT group and 33.3% (17/51) of the CRT group
(Table 4). Treatment discontinuation due to TRAEs was rare in the ICT
group (1.9%, 1/52) but more common in the CRT group (15.7%, 8/51),
with one CRT patient dying from a severe infection due to Grade IV
myelosuppression (Supplementary Table 7). The most common grade
>3 TRAEs in the ICT group were decreased white blood cell count
(13.5%), decreased neutrophil count (3.8%), and decreased platelet
count (1.9%) compared to decreased white blood cell count (21.6%),
decreased neutrophil count (9.8%), and decreased platelet count
(7.8%) in the CRT group. Immune-related AEs (irAEs) affected 34.6%
(18/52) of the ICT group, with grade >3 irAEs in 3.8% (2/52). The most
common irAE was reactive cutaneous capillary endothelial prolifera-
tion, all graded as Grade 1-2 (Table 4). Additionally, the AEs associated
with nab-paclitaxel plus cisplatin, paclitaxel plus cisplatin, and nab-

paclitaxel plus paclitaxel and cisplatin in the ICT and CRT groups are
detailed in Supplementary Tables 8-11.

Surgical complication rates were similar between the ICT and CRT
groups, but the CRT group had a higher 30-day postoperative mor-
tality rate. Surgical complications occurred in 31.1% (14/45) of patients
treated with ICT and 35.9% (14/39) of patients treated with CRT, with
Clavien-Dindo grade >3 complications in 15.6% (7/45) and 12.8% (5/39),
respectively. Postoperative pneumonia was the main complication,
with grade > 3 complications in 11.1% (5/45) of the ICT group and 10.3%
(4/39) of the CRT group (Supplementary Table 12). The CRT group had
a 30-day postoperative mortality rate of 5.1% (2/51), including one case
due to severe pneumonia and another due to septic shock. In contrast,
the ICT group reported no cases of 30-day and 90-day postoperative
mortality (Table 2).

Discussion

The REVO study was a phase 2 trial that evaluated the efficacy and
safety of ICT versus CRT in patients with locally advanced ESCC. The
pCR rate in the ICT group was 32.7%. The CRT group had a pCR rate of
34.6%, which was similar to the 32% pCR rate reported for neoadjuvant
chemoradiotherapy in a meta-analysis of locally advanced ESCC". This
result preliminarily demonstrated that the pCR rate with ICT was not
inferior to CRT, supporting the hypothesis of equivalent pCR prob-
abilities. This is evidenced by an RR of 0.94 with the 90% CI of 0.60 to
1.49, whose lower boundary did not encompass the predefined non-
inferiority threshold of 0.5. Given concerns regarding the tolerability
of CRT, neoadjuvant chemotherapy is more commonly used in clin-
ical practice, despite its relatively low pCR rate, typically ranging
from 2.9% to 9.0%"'¢. Compared to CRT, ICT requires shorter hos-
pital stay, is more accessible in settings with limited radiotherapy
resources, avoids radiation-related toxicities, and reduces the num-
ber of clinic visits. Therefore, these findings highlight the consider-
able therapeutic potential of ICT as a treatment strategy for locally
advanced ESCC.

Although the ITT analysis showed similar pCR rates between the
ICT and CRT groups, the surgery set demonstrated a higher pCR rate in
the CRT group (46.2%, 18/39) compared to the ICT group (37.8%, 17/45).
However, this apparent difference is likely attributable to the lower
number of operated patients in the CRT group, which had a higher non-
surgery rate (23.5% vs 13.5%). Furthermore, the CMISG1701 study
demonstrated a higher pCR rate with CRT (27.7% vs 2.9% for neoadju-
vant chemotherapy) but found no OS benefit”. Similarly, the NeoRes
trial reported minimal OS differences despite a superior pCR rate with
CRT (28% vs 9%). The JCOGI1109 trial indicated that adding radio-
therapy to CF did not significantly improve OS, while neoadjuvant DCF
offered both a higher pCR (18.6% vs 2.2%) and OS benefit*. Thus, the
relationship between pCR and prolonged survival outcomes remains
unclear. Neoadjuvant immunotherapy aims to enhance systemic
immunity against tumor antigens, potentially eliminating micro-
metastases to prevent postoperative relapse'®. However, most current
trials are comparing ICT to neoadjuvant chemotherapy, including
reported phase 2 studies and the phase 3 ESCORT-NEO/NCCESOL1 study,
as well as ongoing phase 3 studies such as NCT04848753 and
KEYSTONE-002". Our multicenter, randomized, open-label REVO trial
uniquely assessed the non-inferiority of ICT compared to CRT. Whether
the ICT group can prolong OS compared to CRT will be reported in
further follow-up, making these results highly anticipated.

In China, the TP regimen (paclitaxel and cisplatin) is favored due
to its good tolerance among patients. Corticosteroids are commonly
administered before paclitaxel to mitigate side effects and manage
dose-response; however, studies suggest that corticosteroids may
negatively impact survival outcomes in patients receiving checkpoint
blockade therapy®°%. Nab-paclitaxel, a steroid-free formulation, sim-
plifies administration and has shown higher pCR and MPR rates when
combined with immunotherapy and platinum-based chemotherapy
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Table 4 | Treatment-related adverse events (TRAEs) and immune-related adverse events (irAEs) in neoadjuvant stage

ICT group (n=52), n (%) CRT group (n=51), n (%)

Any grade Grade 1-2 Grade>3 Any grade Grade 1-2 Grade>3
Any TRAEs 50 (96.2) 40 (76.9) 10 (19.2) 51(100.0) 34 (66.7) 17 (33.3)
Nausea 39 (75.0) 39 (75.0) (0] 32 (62.7) 32 (62.7) (0]
Vomiting 37(71.2) 37(71.2) 0 22 (43.7) 22 (43.7) 0
Anemia 24 (46.2) 23 (44.2) 1(1.9) 25 (49.0) 24 (47.1) 1(2.0)
Hypoalbuminemia 20 (38.5) 20 (38.5) 0 20 (39.2) 19 (37.3) 1(2.0)
Fatigue 11(21.2) 1(21.2) 0 10 (19.6) 10 (19.6) 0
Decreased appetite 10 (19.2) 10 (19.2) 0 21(41.2) 21(41.2) 0
Reactive cutaneous capillary endothelial proliferation 10 (19.2) 10 (19.2) 0 0 (0.0) 0 (0.0) 0
Elevated y-Glutamyl transferase 10 (19.2) 10 (19.2) 0 4 (7.8) 4 (7.8) 0
Decreased white blood cell count 9 (17.3) 2(3.8) 7 (13.5) 40 (78.4) 29 (56.9) 11 (21.6)
Elevated alanine aminotransferase 7(13.5) 6 (11.5) 1(1.9) 1(2.0) 1(2.0) 0
Decreased neutrophil count 6 (11.5) 4(7.7) 2(3.8) 24 (47.1) 19 (37.3) 5(9.8)
Hyperuricemia 6 (11.5) 6 (11.5) 0 3(5.9) 2(3.9) 1(2.0)
Decreased platelet count 4(7.7) 3(5.8) 1(1.9) 24 (47.7) 20 (39.2) 4 (7.8)
Pain 4(7.7) 4(7.7) 0 7(13.7) 6 (11.8) 1(2.0)
Elevated blood bilirubin levels 4(7.7) 4(7.7) 0 5(9.8) 5(9.8) 0
Constipation 3(5.8) 3(5.8) 0 6 (11.8) 6 (11.8) 0
Radiation esophagitis 0 0 0 19 (37.3) 19 (37.3) 0
Insomnia 0] 0] (o] 6 (11.8) 6 (11.8) 0]
Any irAE 18 (34.6) 16 (30.8) 2(3.8) NA NA NA
Reactive cutaneous capillary endothelial proliferation 10 (19.2) 10 (19.2) 0 NA NA NA
Immune-mediated pulmonary disease 3(5.8) 3(5.8) 0 NA NA NA

The table presents TRAEs occurring in at least 10% of patients in both groups, as well as irAEs occurring in at least 10% of patients in the ICT group.
ICT neoadjuvant immunochemotherapy; CRT neoadjuvant chemoradiotherapy, NA not available.

compared to standard paclitaxel”. In this study, we utilized the NP
regimen (nab-paclitaxel and cisplatin). However, during the pandemic,
some patients regrettably received paclitaxel due to nab-paclitaxel
shortages. While the CROSS and JCOGI1109 trials used a higher radia-
tion dose of 41.4 Gy**, the NEOCRTEC5010 trial used 40 Gy, and
approximately 13% of patients received a dose below 40 Gy due to
treatment-related toxicities>”. In this study, during the neoadjuvant
therapy, due to frailty concerns, four patients (10.3%) received a
reduced dose of 36 Gy, while the majority (35 patients, 89.7%) received
40 Gy. Notably, the pCR and MPR rates were similar between patients
receiving 36 Gy and those receiving 40 Gy.

The ICT group exhibited a toxicity profile consistent with prior
studies, without introducing new safety concerns®°. This group pri-
marily experienced hematological toxicities and mild irAEs, with few
grade >3 events, indicating a safe and manageable treatment. In con-
trast, the CRT group faced higher hematological toxicity rates and a
greater need to discontinue therapy due to AEs. The ICT group also
had fewer surgery cancellations due to AEs. While both groups had
similar postoperative complication rates, only the CRT group had 30-
day postoperative mortality. These results suggest that the ICT group
had a better safety profile and required less intensive management
than the CRT group.

This study, while informative, has several limitations. These
include a relatively small patient cohort, the absence of central con-
firmation of pCR, and the lack of blinding for pathologists to treatment
assignment. Additionally, this trial was conducted during the pan-
demic, which impacted patient decision-making regarding surgery and
resulted in lower surgery rates. Importantly, AEs in the CRT group
further reduced surgical conversion. Although the pandemic dis-
rupted treatment protocols, both groups maintained the standard of
care. The study lacked comprehensive biomarker data, with many
patients’ PD-L1 status unknown. Biomarker and patient-reported

outcomes are now being collected for further insights. Additionally,
OS and DFS have not yet matured, and thus, the relationship between
pCR and OS requires further follow-up for validation. To address these
limitations, we plan to expand the sample size and initiate a phase 3
trial to solidify the evidence for the treatments’ efficacy and safety.

In conclusion, the study’s findings indicate that ICT achieved pCR
rates similar to those of CRT while demonstrating a better safety
profile. This similarity in pCR rates, along with the enhanced safety of
ICT, supports its non-inferiority to CRT as a treatment option for
patients with locally advanced ESCC. The preliminary survival data are
promising and emphasize the need for further investigation; addi-
tional survival data are eagerly anticipated to confirm these encoura-
ging trends.

Methods
Study design and participants
This was a multicenter, open-label, randomized, phase 2 clinical trial
conducted at five hospitals across China. Eligible patients were aged
18-75 years, with an Eastern Cooperative Oncology Group (ECOG)
performance status of O or 1. They had stage T1b-4aN1-3MO-1 (with
supraclavicular metastasis only) or stage T3-4aNOMO-1 ESCC (with
supraclavicular metastasis only) according to the 8th edition of the
American Joint Committee on Cancer (AJCC) staging system. Patients
were treatment-naive for ESCC and had no history of other cancers.
Adequate organ function was required before registration, and
patients were expected to be candidates for RO resection. The first
patient was enrolled on September 1, 2021, and the last patient
enrolled on December 8, 2023. Sex of participants was determined by
self-report.

The protocol and informed consent were approved by the insti-
tutional review boards of the Fujian Cancer Hospital (the ethical
approval number: K2021-107-02). Written informed consent from all
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participants was obtained before starting the study. The study was
conducted in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines. The trial was registered on Clinical-
Trials.gov (NCT05007145) and followed the Consolidated Standards of
Reporting Trials (CONSORT) guidelines for reporting. Details of the
study protocol are provided in the Supplementary Note.

Randomization and masking

Eligible patients were randomized in a 1:1 ratio to the CRT group or ICT
group via a central randomization process. Randomization was
restricted to achieve balanced sample sizes between groups. A
computer-generated system at Fujian Cancer Hospital managed the
randomization process, with group assignments determined through
the registration system by simple randomization. Participants were
enrolled by investigators, and group allocation was not masked to
participants, investigators, or outcome assessors.

Procedure

The ICT regimen included camrelizumab (200 mg on day 1), nab-
paclitaxel (125 mg/m? on days 1 and 8), and cisplatin (75 mg/m?2 on day 1)
administered intravenously every 3 weeks for 2-4 cycles. The surgical
team assessed individual needs to balance safety and efficacy, guiding
the decision to administer 2—-4 cycles of chemotherapy. The CRT regi-
men included the same chemotherapy regimen for two cycles plus
40 Gy of radiotherapy. Radiotherapy was delivered using 3D conformal
technology, with a total of 20 fractions amounting to a cumulative
dose of 40 Gy over a five-week period. In cases where nab-paclitaxel was
not available, paclitaxel (175mg/m? on day 1) could be used as a
substitute.

About 4-6 weeks after the neoadjuvant treatment, patients were
re-evaluated with a CT scan of the chest and upper abdomen or a PET-
CT. Curative resection was performed if no evidence of metastatic
disease was detected. The surgical procedure comprised esopha-
gectomy and lymph node dissection, with the McKeown approach and
a total two-field lymphadenectomy recommended?. Both minimally
invasive and open techniques for esophagectomy were considered
acceptable.

Outcomes

The primary endpoint was pCR, which was assessed by local patholo-
gists at each institution without central confirmation. pCR was defined
as the absence of residual tumor at the primary tumor site (tumor
regression grade la according to the Becker criteria) and negative
lymph nodes. The histological regression grade of the primary tumor
was evaluated using the Becker criteria®. Secondary endpoints inclu-
ded MPR rate (defined as fewer than 10% residual viable tumor cells in
the primary tumor), RO resection rate, ypTNM staging according to the
8th edition of the AJCC, OS, DFS, AEs, and surgical complications. The
study meticulously documented all AEs, postoperative complications,
and postoperative mortality within 30 and 90 days. AEs were graded
and recorded in accordance with the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (NCI-CTCAE) version
5.0%. Postoperative complications were classified according to the
standards of the Esophageal Complications Consensus Group, with
severity graded using the CD classification”,

PD-L1 expression was evaluated using immunohistochemistry
(PD-L1 IHC 28-8 pharmDx assay) on formalin-fixed paraffin-embedded
tissue from pro-treatment endoscopic biopsies”. The assessment used
the Counted Positive Squamous cells (CPS), calculated by dividing the
number of PD-L1-positive staining cells by the total viable tumor cells
and multiplying by 100.

Statistical analysis
This randomized trial was designed to validate the non-inferiority of
ICT compared to CRT with respect to the primary endpoint of pCR.

The assumed true pCR rates for both groups were set at 0.35, based on
the NEOCRTEC5010 study”. A non-inferiority threshold of 0.5 in
regarding RR by comparing the ICT to the CRT was established to
ensure that ICT would not be deemed inferior while preserving over
70% of CRT’s efficacy. With a power of 0.8 and a significance level () of
0.05 by using the score test, the sample size for each group was cal-
culated to be 51 participants. This resulted in a total of 102 participants
needed for the study, allocated in a 1:1 ratio. The sample size was
determined using NCSS&PASS version 15.0. The null hypothesis was
that the RR was no greater than 0.5.

The efficacy analysis adhered to the ITT principle, including all
randomized participants. The study population comprised subjects
who had received at least one dose of the study medication. The 95%
Cls for the pCR and MPR rates were computed using the Clopper-
Pearson method. Differences in pCR rates (RDs), RRs, and odds ratios
(ORs), along with their corresponding 95% (for RDs and ORs) or 90%
(for RRs) Cls (WALD method), were calculated by comparing the pCR
rates of ICT to CRT groups. Post hoc subgroup analyses of pCR were
conducted based on baseline characteristics, with rate differences
estimated and presented in a forest plot for each subgroup compar-
ison. All statistical analyses were performed using SAS software
version 9.4.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The clinical data generated and analyzed in this study are not publicly
available due to data privacy laws and ethical restrictions. Access to the
raw data can be granted to qualified researchers for non-commercial
academic purposes. Requests for access should be sent to the corre-
sponding author, Dr. Shuoyan Liu (shuoyanliu2010@163.com), and
should include a brief research proposal and evidence of institutional
ethical approval. All requests will be reviewed within four weeks. The
protocol of this study is provided in the Supplementary Informa-
tion. Source data are provided with this paper.
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