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Abstract
Background: Treatment options for Chinese patients with locally advanced or
metastatic squamous-cell non-small-cell lung cancer (sqNSCLC) after failure of
first-line chemotherapy are limited. This study (ORIENT-3) aimed to evaluate
the efficacy and safety of sintilimab versus docetaxel as second-line treatment in
patients with locally advanced or metastatic sqNSCLC.
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Methods: ORIENT-3 was an open-label, multicenter, randomized controlled
phase 3 trial that recruited patients with stage IIIB/IIIC/IV sqNSCLC after fail-
ure with first-line platinum-based chemotherapy. Patients were randomized in
a 1:1 ratio to receive either 200 mg of sintilimab or 75 mg/m2 of docetaxel
intravenously every 3 weeks, stratified by the Eastern Cooperative Oncology
Group performance status. The primary endpoint was overall survival (OS) in
the full analysis set (FAS). Secondary endpoints included progression-free sur-
vival (PFS), objective response rate (ORR), disease control rate (DCR), duration
of response (DoR) and safety.
Results: Between August 25, 2017, and November 7, 2018, 290 patients were ran-
domized. For FAS, 10 patients from the docetaxel armwere excluded. Themedian
OS was 11.79 (n= 145; 95% confidence interval [CI], 10.28-15.57) months with sin-
tilimab versus 8.25 (n = 135; 95% CI, 6.47-9.82) months with docetaxel (hazard
ratio [HR]: 0.74; 95% CI, 0.56-0.96; P = 0.025). Sintilimab treatment significantly
prolonged PFS (median 4.30 vs. 2.79 months; HR: 0.52; 95% CI, 0.39-0.68; P <
0.001) and showed higher ORR (25.50% vs. 2.20%, P < 0.001) and DCR (65.50%
vs. 37.80%, P< 0.001) than the docetaxel arm. ThemedianDoRwas 12.45 (95%CI,
4.86-25.33) months in the sintilimab arm and 4.14 (95% CI, 1.41-7.23) months in
the docetaxel arm (P= 0.045). Treatment-related adverse events of grade≥ 3were
reported in 26 (18.1%) patients in the sintilimab arm and 47 (36.2%) patients in the
docetaxel arm. Exploratory biomarker analysis showed potential predictive val-
ues of expression levels of two transcription factors, including OVOL2 (HR: 0.35;
P < 0.001) and CTCF (HR: 3.50; P < 0.001),for sintilimab treatment.
Conclusions: Compared with docetaxel, sintilimab significantly improved the
OS, PFS, and ORR of Chinese patients with previously treated locally advanced
or metastatic sqNSCLC.

KEYWORDS
Non-small cell lung cancer, Carcinoma, squamous cell, Sintilimab, Immunotherapy, Survival,
Randomized controlled trial

1 BACKGROUND

Lung cancer remains the leading cause of cancer-related
mortality worldwide [1, 2]. In China, estimations showed
that there were 815,563 newly diagnosed lung cancer cases
and approximately 714,699 lung cancer-related deaths in
2020 [1]. Squamous-cell non-small-cell lung cancer (sqN-
SCLC) represents approximately 30% of all non-small-cell
lung cancer (NSCLC) cases [3]. Most targeted agents are
not indicated for sqNSCLC owing to a lack of actionable
genetic alterations. Platinum-based chemotherapy is the
standard first-line treatment for advanced sqNSCLC,while
therapeutic options for sqNSCLC patients who failed first-
line chemotherapy are limited. Docetaxel has been the
standard of care for second-line treatment with a median

overall survival (OS) of 6.0 (95% confidence interval [CI],
5.1-7.3) months [4].
Programmed cell death-1 (PD-1) or programmed cell

death-ligand 1 (PD-L1) inhibitors benefited second-line
patients with advanced NSCLC and improved their OS
compared with docetaxel [4–6]. In the CheckMate 017
[4] and CheckMate 078 [7] studies, nivolumab showed a
significantly prolonged OS compared to docetaxel (haz-
ard ratio [HR], 0.59 and 0.68, respectively). Until now,
no randomized clinical studies have focused on Chi-
nese sqNSCLC patients with second-line anti-PD-1/PD-L1
treatment.
Sintilimab is a fully human IgG4 monoclonal PD-1

antibody [8]. For both sqNSCLC and non-sqNSCLC
patients in the first-line setting, sintilimab combined with
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platinum-based chemotherapy has shown better survival
benefits over chemotherapy alone [9, 10]. The ORIENT-3
study aimed to evaluate the efficacy and safety of sin-
tilimab versus docetaxel in the second-line treatment
of Chinese patients with locally advanced or metastatic
sqNSCLC.

2 METHODS

2.1 Study design and patients

The ORIENT-3 was an open-label, randomized controlled
phase 3 trial conducted in 39 centers across China. This
study was approved by the Ethics Committee of each
study center. Written informed consent was obtained
from all patients. The study was performed in full accor-
dance with the guidelines for Good Clinical Practice and
the Declaration of Helsinki. The study was registered at
ClinicalTrials.gov (identifier: NCT03150875).
Key inclusion criteria were: 1) histologically or cyto-

logically diagnosed with sqNSCLC; 2) locally advanced,
metastatic, or recurrent sqNSCLC of stage IIIB, IIIC, or
IV (8th edition of Union for International Cancer Con-
trol [UICC]/American Joint Committee on Cancer [AJCC]
tumor stage classification) who had progressed or recurred
after or intolerable to first-line platinum-based chemother-
apy; 3) 18-75 years of age; 4) had at least one measurable
lesion per Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST v1.1); 5) Eastern Cooperative Oncol-
ogy Group (ECOG) performance status (PS) of 0 or 1; 6)
before signing the informed consent form, life expectancy
of at least 12 weeks, and; 7) adequate major organ func-
tions. Key exclusion criteria were: EGFR-sensitive muta-
tion or ALK rearrangement; adenosquamous carcinoma
of the lung; prior therapy of anti-PD-1, anti-PD-L1, anti-
cytotoxic lymphocyte antigen-4 (CTLA-4) antibodies or
docetaxel; symptomatic central nervous system metasta-
sis and/or carcinomatous meningitis; active autoimmune
disease (inherited or acquired); interstitial lung disease.

2.2 Randomization

Eligible patients were randomly assigned (ratio, 1:1) to
receive sintilimab or docetaxel via the Medidata-rtsm
system. The random list was generated by a blinded
statistician independently from the study sponsor. The
minimization method was done centrally (block size =
2) with ECOG PS (0 or 1) as a stratification factor to
minimize imbalances between the groups, with a prob-
ability of 0.9. The randomization table of the patients
(random code of participants) was generated and submit-

ted to the randomization system as an electronic file. The
allocated treatments were not marked by the participants
or investigators.

2.3 Procedures

Intravenous infusion of sintilimab injection (sintilimab,
IBI308, Innovent Biologics, Inc., Suzhou, China) at a dose
of 200 mg once every 3 weeks or docetaxel (Qilu Pharma-
ceutical Co., Ltd., Haikou, China) at a dose of 75 mg/m2

once every 3 weeks was administered. The treatment was
continued until disease progression, death, intolerable tox-
icity, withdrawal of consent, initiation of a new anti-cancer
therapy, or other protocol-specified reasons. Sintilimab
treatment beyond initial radiographic disease progression
was allowed if the investigators deemed the patient was
clinically stable and might benefit from the treatment.

2.4 Outcomes

The primary endpoint was OS, defined as the time from
randomization to death from any cause in the full analy-
sis set (FAS). Patients in the docetaxel arm who received
anti-PD-1/PD-L1 therapy before documented disease pro-
gression after randomization were excluded from the FAS.
Secondary endpoints included progression-free survival
(PFS), objective response rate (ORR), disease control rate
(DCR), and duration of response (DoR). PFS was defined
as the time from randomization to the first disease pro-
gression. ORR refers to the proportion of patients with
a confirmed complete response (CR) or partial response
(PR). DCR refers to the proportion of patients with CR, PR,
or stable disease (SD). DoR refers to the time from the ini-
tial response to progressive disease (PD) or death from any
cause. Patients without PD or death were censored at the
date of their last imaging evaluation.
Investigators assessed tumor responses according to the

RECIST v1.1. Radiographic imaging examinations were
performed at baseline and were repeated every 6 weeks for
24 weeks and every 9 weeks thereafter until PD, initiation
of a new anti-tumor therapy, death, or withdrawal of con-
sent. Survival follow-up was performed every 60 days after
discontinuing the study treatment.
For the safety evaluation, the Medical Dictionary for

Regulatory Activities (MedDRA) version 23.0 was used to
code and classify all adverse events. The severity of adverse
events was graded according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events
version 4.03.
The PD-L1 tumor proportion score (TPS), which is

defined as the percentage of viable tumor cells with partial
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or complete membrane staining at any intensity, was
evaluated using the 22C3 pharmDx assay (Agilent, Santa
Clara, USA) at a central lab (Covance, Shanghai, China),
as previously described [10].
Quality of life (QoL) was evaluated using the EQ 5D-5L,

EORTC QLQ-C30, and EORTC QLQ-LC13 questionnaires.
The QoL was evaluated on the first dosing day, at every
radiographic imaging examination, and on the first safety
follow-up.
RNA was extracted from formalin-fixed paraffin-

embedded (FFPE) baseline tumor samples using the
RNeasy FFPE Kit (Qiagen, Hilden, Germany). Peripheral
blood was collected in Streck tubes and processed within
72 h to isolate cell-free DNA (cfDNA) using a QIAamp
Circulating Nucleic Acid Kit (Qiagen, Hilden, Germany).
Sequencing was performed using the Illumina HiSeq
3000 platform (Illumina, San Diego, USA) at a central
laboratory (Geneplus, Beijing, China).

2.5 Statistical analysis

The FAS was defined as all patients randomly assigned to
a treatment group having at least one efficacy assessment
after randomization. Notably, the FAS excluded patients
in the docetaxel arm who had received anti-PD-1/PD-L1
therapy before documented disease progression after ran-
domization. The primary endpoint was OS in the FAS
population. Overall, 266 patients were required to provide
a 90% power to test OS. Considering a certain dropout rate,
a total of 290 patients would be required, with 145 patients
in each arm. The final analysis would occur when events
(deaths) were observed in 75% of patients. The sponsor and
principal investigator reviewed whether the patient had
protocol deviation that seriously affected the efficacy eval-
uation. The safety set included all patients who received at
least one dose of the study drugs.
All statistical analyses were performed using SAS ver-

sion 9.4 (SAS Institute, Cary, NY, USA) and R version 3.6.1
(R Foundation for Statistical Computing, Vienna, Aus-
tria). Continuous data with a normal distribution were
presented as mean ± standard deviation or median (min,
max). Categorical data were described as numbers and
percentages. For the analysis of OS, PFS, and DoR, the
Kaplan-Meier method was used to estimate the median
and 95% CI and plot the survival curve. The stratified log-
rank test was used for the comparisons between groups.
The stratified Cox proportional hazard regression model
was used to estimate the HR, with the stratification fac-
tors in randomization included in themodel. Fisher’s exact
test was used to compare ORR and DCR between groups.
All statistical analyses were two-sided, and P values< 0.05
were considered statistically significant.

2.6 Exploratory biomarker
analysis based on tissue/blood sequencing
data

Among 157 sequenced patients (86 in the sintilimab arm
and 71 in the docetaxel arm) with archival tumor tis-
sue samples available, 110 samples (61 in the sintilimab
arm and 49 in the docetaxel arm) with qualified RNA
sequencing data were defined as biomarker evaluable pop-
ulation (BEP) to conduct downstream analysis. To screen
for survival-related genes, based on the Transcripts Per
Million (TPM) normalized gene expression level of each
protein-coding gene, the BEP were split into high or low
expression groups by themedian value of the whole cohort
of the respective gene. Then, the “survival” package was
used for Cox regression analysis between high and low
BEP groups in each treatment arm to derive respective
HR and unadjusted P values. All genes were ranked by
unadjusted P value, whereas those with P< 0.05 were con-
sidered as potentially survival-related genes. To screen for
survival-related gene signatures, gene set signature scores
were first calculated using the GSVA algorithm [11], then
the same screening procedure described above was con-
ducted. Survival curveswere plotted using the R survminer
package.
Baseline cfDNA from 135 patients in the sintilimab

arm was sequenced, and the molecular tumor burden
index (mTBI) was calculated [12] to explore peripheral
indicators of clinical benefit. Differentially expressed
genes (DEGs) were calculated using the R DESeq2
package [13].

3 RESULTS

3.1 Patient baseline characteristics

Between August 25, 2017, and November 7, 2018, 368
patients were screened, of whom 290 were randomized
(Figure 1 and Supplementary Table S1). Themedian follow-
up duration was 23.56 (range, 0.03-34.30) months. Efficacy
results were based on FAS, which included 280 patients,
with 145 in the sintilimab arm and 135 in the docetaxel
arm. Ten patients in the docetaxel armwere excluded from
FAS due to receiving anti-PD-1/PD-L1 therapy before docu-
mented disease progression after randomization, of whom
2 did not receive docetaxel treatment after randomiza-
tion. The median docetaxel treatment duration of those 10
patientswas 3.5 (range, 0-11) cycles. Among the 10 patients,
8 had at least one post-baseline tumor assessment, and the
overall assessment per RECIST v1.1 prior to anti-PD-1 ther-
apy was PR for 2 patients and SD for the rest 6 patients
(Supplementary Table S2).
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F IGURE 1 Patient Disposition Consort Figure. Between August 25, 2017, and November 7, 2018, 368 patients were screened, of whom
290 were randomized. FAS included 280 patients, with 145 in the sintilimab arm and 135 in the docetaxel arm.
Abbreviations: FAS, full analysis set; SS, safety set.

Among all randomized patients, 144 in the sintilimab
arm and 130 in the docetaxel armwho received at least one
dose of study treatmentwere included in the safety set. The
median treatment duration of sintilimab anddocetaxelwas
8 (range, 1-45) and 2 (range, 1-15) cycles, respectively. In
total, 40.3% (58/144) of patients in the sintilimab arm and
3.1% (4/130) of patients in the docetaxel arm completed 10
or more treatment cycles.
Fourteen patients in the sintilimab arm remained on

study treatment at the cut-off date on July 31, 2020, while
no patient continued treatment in the docetaxel arm. As
shown in Figure 1, the most common reason for treatment
discontinuation was disease progression (48.3% [70/145] in
the sintilimab armand 51.7% [75/145] in the docetaxel arm),
followed by adverse events (16.6% [24/145] in the sintilimab
arm and 7.6% [11/145] in the docetaxel arm).
In the FAS, the median age of the patients in the sintil-

imab and docetaxel arms was 61.0 (range, 38.0-74.0) and
60.0 (range, 34.0-75.0) years, respectively. Most patients
were male (sintilimab vs docetaxel arms, 93.8% vs 90.4%),
hadECOGPSof 1 (75.9% vs 77.0%), andhad stage IVdisease
(80.7% vs 80.7%). The baseline demographic and disease
characteristics of the patients were comparable between
the two arms (Table 1).
In total, 45.5% (66/145) and 53.8% (78/145) of patients in

the sintilimab and docetaxel arms received at least one
subsequent anti-tumor treatment, respectively (Supple-

mentary Table S3). Specifically, 21.4% (31/145) of patients
in the docetaxel arm received subsequent immunother-
apy, including pembrolizumab, nivolumab and sintilimab.
Only 6.2% (9/145) of patients in the sintilimab arm received
subsequent immunotherapy. Subsequent targeted ther-
apies, including afatinib, icotinib and anlotinib, were
given to 30.3% (44/145) of patients in the sintilimab arm
and 31.0% (45/145) in the docetaxel arm. Subsequent
chemotherapy was given to 31.7% (46/145) of patients in
the sintilimab arm and 28.3% (41/145) in the docetaxel arm
(Supplementary Table S3).

3.2 Efficacy

In the FAS, 75.2% (109/145) and 77.8% (105/135) of patients
in the sintilimab and docetaxel arms died. The median OS
was 11.79 (95%CI, 10.28-15.57)months in the sintilimab arm
and 8.25 (95% CI, 6.47-9.82) months in the docetaxel arm.
Sintilimabwas associated with significant improvement in
OS compared with docetaxel, with an HR of 0.74 (95% CI,
0.56- 0.96; P= 0.025) (Figure 2). The 12-month OS rate was
49% (95% CI, 41-57) and 38% (95% CI, 30-47), and the 24-
month OS rate was 27% (95% CI, 20-34) and 16% (95% CI,
10-24) in the sintilimab and docetaxel arms, respectively.
Subgroup analysis also showed survival benefits in the sin-
tilimab arm compared with the docetaxel arm in several
subgroups, such as those of age >60 years (Figure 3).
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1320 SHI et al.

TABLE 1 Patients baseline characteristics in FAS

Characteristics
Sintilimab
arm(n = 145)

Docetaxel
arm(n = 135)

Sex, n (%)
Male 136 (93.8) 122 (90.4)
Female 9 (6.2) 13 (9.6)
Age (years)
Mean ± SD 60.6 ± 8.2 59.5 ± 8.4
Median (min, max) 61.0 (38.0, 74.0) 60.0 (34.0, 75.0)
> 60, n (%) 84 (57.9) 65 (48.1)
≤ 60, n (%) 61 (42.1) 70 (51.9)
Ethnicity, n (%)
Han 141 (97.2) 129 (95.6)
Others 4 (2.8) 6 (4.4)
BMI (kg/m2)
Mean ± SD 23.1 ± 3.1 23.6 ± 3.4
Median (min, max) 22.9 (15.0, 30.8) 23.5 (17.4, 34.1)
ECOG PS, n (%)
0 35 (24.1) 31 (23.0)
1 110 (75.9) 104 (77.0)
PD-L1 expression, n (%)
TPS < 1% 27 (42.9) 27 (52.9)
TPS ≥ 1% 36 (57.1) 24 (47.1)
Missing data 82 84
Smoking status, n (%)
Current smoker/quitted 130 (89.7) 108 (80.0)
Non-smoker 15 (10.3) 27 (20.0)
Disease conditions, n (%)
Locally advanced 28 (19.3) 26 (19.3)
Metastatic 117 (80.7) 109 (80.7)
Brain metastases, n (%)
Yes 12 (12.0) 10 (10.8)
No 88 (88.0) 83 (89.2)
Missing data 45 42
Liver metastases, n (%)
Yes 17 (11.7) 15 (11.2)
No 128 (88.3) 119 (88.8)
Missing data 0 1
Staging, n (%)
Stage IIIB 21 (14.5) 17 (12.6)
Stage IIIC 7 (4.8) 9 (6.7)
Stage IVA 69 (47.6) 64 (47.4)
Stage IVB 48 (33.1) 45 (33.3)
Prior systemic
chemotherapy

145 (100.0) 135 (100.0)

Paclitaxel-based
chemotherapy

54 (37.2) 44 (32.6)

(Continues)

TABLE 1 (Continued)

Characteristics
Sintilimab
arm(n = 145)

Docetaxel
arm(n = 135)

Response to prior
chemotherapy*

Complete or partial response 37 (25.5) 39 (28.9)
Stable disease 59 (40.7) 50 (37.0)
Progressive disease 33 (22.8) 37 (27.4)
Not evaluable or unknown 37 (25.5) 45 (33.3)
Time since prior
treatment (months)#,
median (95% CI)

2.7 (1.4-5.5) 2.0 (1.2-6.2)

*Patients’ response to any chemotherapy, including prior neoadjuvant therapy,
adjuvant therapy or first-line chemotherapywere recorded. Therefore, the data
was not equal to 145 (sintilimab arm) or 135 (docetaxel arm).
#Defined as the time from the last dose of prior chemotherapy to randomiza-
tion.
Abbreviations: FAS: full analysis set; SD: standard deviation; BMI: body mass
index; ECOG: Eastern Cooperative Oncology Group; PS: performance status;
PD-L1: programmed cell death-ligand 1; TPS: tumor proportional score; CI:
confidence interval.

As assessed by investigators in the FAS, the median
PFS was 4.30 (95% CI, 4.04-5.78) months and 2.79 (95%
CI, 1.91-3.19) months in the sintilimab and docetaxel arms,
respectively. Sintilimab demonstrated significant improve-
ment in PFS over docetaxel (HR: 0.52; 95% CI, 0.39-0.68; P
< 0.001) (Figure 4). The 6-month PFS rate was 42% (95%
CI, 33- 50) in the sintilimab arm and 16% (95% CI, 10-24)
in the docetaxel arm. The 24-month PFS rate was 14% (95%
CI, 8-21) in the sintilimab arm and 0% in the docetaxel arm.
Table 2 illustrates the best overall response of patients

from the two arms. The confirmed ORR was significantly
higher in the sintilimab arm (25.50%, 95% CI, 18.60-33.40)
than that in the docetaxel arm (2.20%, 95% CI, 0.50-6.40) (P
< 0.001). The median DoR was 12.45 (95% CI, 4.86-25.33)
months in the sintilimab arm and 4.14 (95% CI, 1.41-7.23)
months in the docetaxel arm (P = 0.045). The DCR was
65.50% (95% CI, 57.20-73.20) and 37.80% (95% CI, 29.60-
46.50) in the sintilimab and docetaxel arms (P < 0.001),
respectively.

3.3 Safety

By the data cut-off date on July 31, 2020, the safety set
included 274 patients, with 144 in the sintilimab arm and
130 in the docetaxel arm. Among 145 patients allocated
to the docetaxel arm, 15 (10.3%) did not receive docetaxel
at all, reflecting the open-label nature of the study. A
total of 97.2% (140/144) and 96.2% (125/130) patients in
the sintilimab and docetaxel arms experienced at least
one treatment-emergent adverse event (TEAEs), respec-
tively (data not shown). The incidence of grade 3 or above

 25233548, 2022, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cac2.12385 by C

ochraneC
hina, W

iley O
nline L

ibrary on [04/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



SHI et al. 1321

F IGURE 2 Kaplan-Meier survival curve of overall survival in the full analysis set. The median OS was 11.79 (95% CI, 10.28-15.57) months
in the sintilimab arm and 8.25 (95% CI, 6.47-9.82) months in the docetaxel arm. Sintilimab significantly improved OS compared with docetaxel
with a HR of 0.74 (95% CI, 0.56-0.96; P = 0.025).
Abbreviations: OS, overall survival; CI, confidence interval; HR, hazard ratio

F IGURE 3 Subgroup analysis of overall survival, showing the overall survival benefits in the overall population and across subgroups.
Note: For brain metastases, as there were patients with missing data of brain metastases at baseline in the sintilimab arm and docetaxel arm,
respectively, the total number of events plus non-events did not equal to 109 and 105, respectively.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance status; PD-L1, programmed cell death ligand-1; TPS, tumor
proportion score; HR, hazard ratio; CI, confidence interval.
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1322 SHI et al.

F IGURE 4 Kaplan-Meier survival curve of progression-free survival in the full-analysis set. The median PFS was 4.30 (95% CI, 4.04-5.78)
and 2.79 (95% CI, 1.91-3.19) months in the sintilimab and docetaxel arms, respectively. Sintilimab demonstrated significant improvement of
PFS over docetaxel (HR: 0.52; 95% CI, 0.39-0.68; P < 0.001).
Abbreviations: PFS, progression-free survival; CI, confidence interval; HR, hazard ratio

TABLE 2 Patient’s response according to RECIST v1.1 in FAS

Best overall
response, n
(%)

Sintilimab
arm
(n = 145)

Docetaxel
arm
(n = 135)

CR 1 (0.7) 0
PR 36 (24.8) 3 (2.2)
SD 58 (40.0) 48 (35.6)
PD 39 (26.9) 48 (35.6)
NE 11 (7.6) 36 (26.7)

RECIST: Response Evaluation Criteria in Solid Tumors; v1.1: version 1.1; FAS,
full analysis set; CR: complete response; PR: partial response; SD: stable dis-
ease; PD: progressive disease; NE: not evaluable according to RECIST v1.1
criteria; CI: confidence interval.

TEAEs was 43.1% (62/144) and 46.9% (61/130). Serious
adverse events (SAEs) occurred in 38.9% (56/144) and 26.2%
(34/130) of patients in the sintilimab and docetaxel arms,
respectively. Fatal TEAEs occurred in 6.3% (9/144) and 3.8%
(5/130) of patients in the sintilimab and docetaxel arms
(data not shown).
In the safety set, 84.7% (122/144) and 83.1% (108/130) of

patients had at least one treatment-related adverse event
(TRAE) of any grade in the sintilimab and docetaxel arms,
respectively (Table 3). The incidence of grade 3 or above
TRAEs was 18.1% (26/144) in the sintilimab arm and 36.2%
(47/130) in the docetaxel arm. Among SAEs, 20.1% (29/144)

were related to sintilimab, and 13.8% (18/130) were related
to docetaxel. In addition, 6.3% (9/144) and 7.7% (10/130) of
patients in the sintilimab and docetaxel arms had TRAEs
that interrupted study treatment, respectively, and 12.5%
(18/144) and 5.4% (7/130) of patients in the sintilimab
and docetaxel arms had TRAEs that led to permanent
discontinuation of treatment, respectively.
A total of 58.3% (84/144) of patients in the sintil-

imab arm had immune-related adverse events (irAEs)
based on the investigators’ assessment; the most com-
mon irAEs included hypothyroidism (14.6% [21/144]), rash
(11.8% [17/144]), and aspartate aminotransferase increased
(10.4% [15/144]) (Table 4). The incidence of infusion reac-
tions assessed by investigators was 2.8% (4/144) and 3.8%
(5/130) in the sintilimab and docetaxel arms, respectively.
Most of them were in grade 1-2.

3.4 Quality of life

Patients in the sintilimab arm reported better QLQ-C30
Global Health Status (GHS)/QoL score, as well as EQ-
5D visual analog scale (VAS) from baseline to Cycle 15
compared to those in the docetaxel arm (Figure 5A, 5B).
Patients who received sintilimab had improvement from
baseline in EORTC QLQ-C30 fatigue, pain, dyspnea and
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SHI et al. 1323

TABLE 3 Any grade TRAEs and all grade ≥3 TRAEs in the safety set

Events

Sintilimab arm (n = 144)n (%)
Docetaxel arm (n = 130)n
(%)

All grades Grade 3-4 All grades Grade 3-4
At least one time 122 (84.7) 26 (18.1) 108 (83.1) 47 (36.2)
Laboratory test 68 (47.2) 4 (2.8) 66 (50.8) 32 (24.6)
Increased ALT 24 (16.7) 2 (1.4) 5 (3.8) 0 (0)
Increased AST 24 (16.7) 2 (1.4) 4 (3.1) 0 (0)
Increased γ-GT 8 (5.6) 1 (0.7) 3 (2.3) 2 (1.5)
Increased blood bilirubin 8 (5.6) 1 (0.7) 1 (0.8) 0 (0)
Lymphopenia 4 (2.8) 0 (0) 7 (5.4) 2 (1.5)
Leukopenia 3 (2.1) 0 (0) 40 (30.8) 25 (19.2)
Hemoglobin reduction 3 (2.1) 0 (0) 8 (6.2) 0 (0)
Neutropenia 2 (1.4) 0 (0) 38 (29.2) 31 (23.8)
Diseases of the skin and subcutaneous tissues 42 (29.2) 4 (2.8) 46 (35.4) 0 (0)
Skin rash 21 (14.6) 2 (1.4) 5 (3.8) 0 (0)
Hair loss 0 (0) 0 (0) 45 (34.6) 0 (0)
Dermatitis 4 (2.8) 2 (1.4) 0 (0) 0 (0)
Maculopapule 3 (2.1) 0 (0) 0 (0) 0 (0)
Pruritus 6 (4.2) 0 (0) 0 (0) 0 (0)
Others 11 (7.6) 0 (0) 4 (3.1) 0 (0)
Systemic diseases and reactions of drug administration
sites

39 (27.1) 3 (2.1) 39 (30.0) 2 (1.5)

Weakness 18 (12.5) 0 (0) 30 (23.1) 0 (0)
Fever 17 (11.8) 0 (0) 8 (6.2) 1 (0.8)
Fatigue 3 (2.1) 1 (0.7) 4 (3.1) 1 (0.8)
Others 10 (6.9) 2 (1.4) 13 (10.0) 0 (0)
Diseases of the endocrine system 35 (24.3) 0 (0) 0 (0) 0 (0)
Hypothyroidism 26 (18.1) 0 (0) 0 (0) 0 (0)
Hyperthyroidism 12 (8.3) 0 (0) 0 (0) 0 (0)
Metabolic and nutritional diseases 39 (21.5) 7 (4.9) 41 (31.5) 3 (2.3)
Loss of appetite 13 (9.0) 0 (0) 20 (15.4) 2 (1.5)
Hyponatremia 6 (4.2) 2 (1.4) 2 (1.5) 0 (0)
Hypokalemia 2 (1.4) 2 (1.4) 3 (2.3) 0 (0)
Weight loss 8 (5.6) 0 (0) 8 (6.2) 0 (0)
Others 10 (6.9) 3 (2.1) 8 (6.2) 1 (0.8)
Hematological and lymphatic diseases 23 (16.0) 1 (0.7) 40 (30.8) 7 (5.4)
Anemia 22 (15.3) 1 (0.7) 39 (30.0) 3 (2.3)
Bone marrow failure 0 (0) 0 (0) 3 (2.3) 3 (2.3)
Blood coagulation disorder 1 (0.7) 0 (0) 0 (0) 0 (0)
Neutropenia 0 (0) 0 (0) 1 (0.8) 1 (0.8)
Gastrointestinal diseases 20 (13.9) 0 (0) 28 (21.5) 2 (1.5)
Diarrhea 6 (4.2%) 0 (0) 8 (6.2%) 0 (0)
Nausea 5 (3.5) 0 (0) 10 (7.7%) 1 (0.8)
Constipation 5 (3.5%) 0 (0) 7 (5.4%) 0 (0)
Emesis 4 (2.8) 0 (0) 4 (3.1) 1 (0.8)
Diseases of kidney and urinary system 12 (8.3%) 0 (0) 5 (3.8%) 0 (0)
Proteinuria 10 (6.9%) 0 (0) 4 (3.1%) 0 (0)
Others 3 (2.1) 0 (0) 1 (0.8) 0 (0)

(Continues)
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1324 SHI et al.

TABLE 3 (Continued)

Events

Sintilimab arm (n = 144)n (%)
Docetaxel arm (n = 130)n
(%)

All grades Grade 3-4 All grades Grade 3-4
Infectious diseases 9 (6.3%) 4 (2.8%) 17 (13.1%) 7 (5.4%)
Infectious pneumonia 3 (2.1%) 2 (1.4%) 9 (6.9%) 4 (3.1%)
Anal abscess 0 (0) 0 (0) 2 (1.5%) 2 (1.5%)
Urinary tract infection 3 (2.1) 0 (0) 1 (0.8) 0 (0)
Upper respiratory infection 1 (0.7) 1 (0.7) 2 (1.5) 0 (0)
Others 3 (2.1) 2 (1.4) 5 (3.8) 1 (0.8)

Note: The number of cases for the row title refers to the number of patients with the correspondingmain condition, while the number of cases for the corresponding
row subtitle refers to the number of cases with the specified event. Since one patient may have several specified events (including hypo/hyperthyroidism but at
different time points during the study period), therefore the number of cases of specified events may surpass the number of cases of main condition events.
“Others” in the table refer to cases that were not mentioned as their occurrence was ≤ 1%.
Abbreviations: TRAEs: treatment-related adverse events; ALT: alanine aminotransferase; AST: aspartate aminotransferase; γ-GT: γ-glutamyltransferase.

TABLE 4 irAEs with an incidence of ≥ 2% assessed by
investigators in the safety set

Sintilimab (n = 144)
irAEs, n (%) All grades Grade 3-4
At least one time 84 (58.3) 14 (9.7)
Laboratory test 35 (24.3) 3 (2.1)
Increased ALT 14 (9.7) 1 (0.7)
Increased AST 15 (10.4) 1 (0.7%)
Diseases of the skin and
subcutaneous tissues

35 (24.3) 4 (2.8)

Skin rash 17 (11.8) 2 (1.4)
Dermatitis 4 (2.8) 2 (1.4)
Pruritus 4 (2.8) 0 (0)
Others 11 (7.6) 0 (0)
Diseases of the endocrine
system

30 (20.8) 0 (0)

Hypothyroidism 21 (14.6) 0 (0)
Hyperthyroidism 11 (7.6) 0 (0)
Systemic diseases and
reactions of drug
administration sites

19 (13.2) 1 (0.7)

Fatigue 9 (6.3) 0 (0)
Others 12 (8.3) 1 (0.7)
Metabolic and nutritional
diseases

12 (8.3) 1 (0.7)

Loss of appetite 8 (5.6) 0 (0)
Others 9 (6.3) 1 (0.7)

Note: The number of cases for the row title refers to the number of patients
with the corresponding main condition, while the number of cases for the
corresponding row subtitle refers to the number of cases with the speci-
fied event. Since one patient may have several specified events (including
hypo/hyperthyroidism but at different time points during the study period),
therefore the number of cases of specified events may surpass the number of
cases of main condition events.
“Others” in the table refer to cases thatwere notmentioned as their occurrence
were ≤ 2%.
Abbreviations: irAEs: immune-related adverse events; ALT: alanine amino-
transferase; AST: aspartate aminotransferase.

appetite loss than those who received docetaxel. Also, in
EORTC QLQ-LC13, patients in the sintilimab arm showed
improvement in dyspnea, coughing, hemoptysis, alope-
cia, pain in the arm or shoulder and pain in other parts
(Figure 5C, 5D).

3.5 Biomarker analysis

Tumor RNA sequencing was performed for patients with
tumor tissue samples available, and 110 patients (61 in the
sintilimab arm and 49 in the docetaxel arm) had qualified
data for downstream analysis. The 28 immune cell pop-
ulations [14] were used to conduct association analyses
with PFS. Only a low expression level of central mem-
ory CD4 T cell (red dot in figure; HR: 1.76; P = 0.042)
was significantly associated with longer PFS in the sin-
tilimab arm (Supplementary Figure S1). When analyzing
survival-related individual genes using the cox propor-
tional hazards regression model, two transcription factors,
ovo-like zinc finger 2 (OVOL2) and CCCTC-binding fac-
tor (CTCF), were significantly associated with PFS in the
sintilimab arm. In the sintilimab arm, patients with high
OVOL2 expression showed significantly superior PFS com-
pared with patients with low OVOL2 expression (median
PFS: 6.87 [95% CI, 5.45-13.80] months versus 2.79 [95%
CI, 2.04-4.40] months, HR: 0.35, 95% CI, 0.19-0.62; P <

0.001) (Figure 6A); patients with high CTCF expression
had remarkably inferior PFS compared to patients with
low CTCF expression (median PFS: 2.69 [95% CI, 1.74-
4.21] months versus 6.90 [95% CI, 5.52-11.80] months, HR:
3.50, 95% CI, 1.90-6.50; P < 0.001) (Figure 6B). Among
patients with high OVOL2 expression in the sintilimab
arm, patients with high CTCF expression levels had sig-
nificantly inferior PFS compared with those with low
CTCF expression levels, with a median PFS of 5.39 (95%
CI, 2.96-not available [NA]) months versus 11.80 (95% CI,
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SHI et al. 1325

F IGURE 5 Quality of life analysis in ORIENT-3. (A) Patients in the sintilimab arm reported better QLQ-C30 Global Health Status scores
from baseline to Cycle 15 than those in the docetaxel arm. (B) Patients in the sintilimab arm reported better EQ-5D Visual Analog Scale from
baseline to cycle 15 than those in the docetaxel arm. (C) Patients in the sintilimab arm had improvement in EORTC QLQ-C30 fatigue, pain,
dyspnea and appetite loss than those in the docetaxel arm. (D) Patients in the sintilimab arm showed improvement in EORTC QLQ-LC13
dyspnea, coughing, hemoptysis, alopecia, pain in the arm or shoulder and pain in other parts than those in the docetaxel arm.
Abbreviations: EORTC, European Organization for Research and Treatment of Cancer; QLQ-C30, quality of life questionnaire score 30; GHS,
Global Health Status; EQ-5D, EuroQol five-dimensional questionnaire; VAS, visual analog scale; QLQ-LC13, Quality of life questionnaire-lung
cancer 13.

6.51-NA) months (HR: 4.30, 95% CI, 1.50-12.0; P = 0.007)
(Figure 6C). Among patients with low OVOL2 expression
levels, patients with high CTCF expression levels showed
worse PFS than those with low CTCF expression levels
(median PFS: 2.07 [95% CI, 1.41-4.17] months versus 4.98
[95% CI, 2.79-7.95] months, HR: 2.80, 95% CI, 1.30-6.00;
P = 0.008)] (Figure 6D). The BEP was further split into
two sub-cohorts by the median OVOL2 or CTCF expres-
sion to identify differentially expressed genes (DEGs). As
a result, 30 and 2497 DEGs (adjusted P < 0.05) might be
regulated by OVOL2 or CTCF, respectively. OVOL2 was
reported to suppress the Epithelial-to-Mesenchymal Tran-
sition (EMT) [15, 16]. Thus, we defined DEGs that were
highly expressed in patients with low OVOL2 expression
levels as the EMT-related signature and that were highly
expressed in patients with high OVOL2 expression as the
non-EMT-related signature (Supplementary Figure S2A).
In the sintilimab arm, patients with a high level of EMT-
related signature showed inferior PFS than patients with

a low level of EMT-related signature (median PFS: 3.68
[95% CI, 2.07-6.90] months versus 5.39 [95% CI, 4.17-11.80]
months, HR: 1.80, 95% CI, 1.00-3.10; P = 0.036) (Supple-
mentary Figure S2B), while patients with a high level of
non-EMT related signature had significantly superior PFS
compared with those with a low level of non-EMT related
signature (median PFS: 6.87 [95% CI, 5.39-13.80] months
versus 4.11 [95% CI, 2.63-5.45] months, HR: 0.45, 95% CI,
0.26-0.80; P = 0.006) (Supplementary Figure S2C), which
indicated that patients without EMT could benefit much
more from sintilimab treatment. Lastly, baseline cfDNA
from 135 patients in the sintilimab arm was sequenced
to explore peripheral indicators of clinical benefit. The
mTBI based on cfDNA was analyzed, which indicated
that patients with low mTBI had significantly longer PFS
(median PFS: 6.87 [95% CI, 4.17-9.30] versus 4.14 [95% CI,
2.20-5.55], HR: 0.64, 95% CI, 0.44-0.95; P = 0.025) (Supple-
mentary Figure S3A) and OS (median OS: 16.70 [95% CI,
10.90-21.10] versus 10.40 [95% CI, 8.41-12.80], HR: 0.66, 95%
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1326 SHI et al.

F IGURE 6 Correlation between PFS and OVOL2 or CTCF. (A) Correlation between PFS and OVOL2 expression level in the BEP. (B)
Correlation between PFS and CTCF expression level in the BEP. (C) Correlation between PFS and CTCF expression level in the sub-cohort of
BEP with high OVOL2 expression level. (D) Correlation between PFS and CTCF expression level in the sub-cohort of BEP with low OVOL2
expression level. Samples were split into high (‘_High’) or low (‘_Low’) expression groups by the median value of the BEP (whole cohort) of
the respective gene.
Abbreviation: PFS, Progression-free survival; HR, Hazard ratio; CI, Confidential interval; OVOL2, ovo-like zinc finger 2; CTCF,
CCCTC-binding factor; BEP, biomarker evaluable population; NA, not available.

CI, 0.45-0.98;P= 0.038) compared to thosewith highmTBI
(Supplementary Figure S3B).

4 DISCUSSION

ORIENT-3 is the first randomized controlled trial inves-
tigating the efficacy and safety of sintilimab in Chinese
patients with locally advanced, metastatic, or recurrent
sqNSCLCwho failed first-line platinum-based chemother-
apy. This study found that second-line therapy with
sintilimab significantly improved OS compared with doc-
etaxel. Sintilimab generated a superior and more durable
response compared with docetaxel.
Primary endpoint analysis of the FAS showed that com-

pared with docetaxel, sintilimab significantly prolonged

the median OS by 3.54 months (11.79 months vs. 8.25
months, HR: 0.74; P = 0.025) (Figure 2). Nivolumab as
second-line therapy achieved a median OS of 12.3 months
in the sqNSCLC subgroup compared to 7.9 months with
docetaxel (HR: 0.61; 95% CI, 0.42-0.89) [7]. For previously
treated and PD-L1-positive patients with stage IIIB/IV
NSCLC, pembrolizumab showed longer median OS than
docetaxel (10.4 months vs 8.5 months, HR: 0.71; 95% CI,
0.58-0.88; P < 0.001) [5].
The OS, PFS, ORR and DoR benefits of sintilimab over

docetaxel were demonstrated in the FAS. In ORIENT-
3 study, 21.4% (31/145) of patients in the docetaxel arm
received subsequent immunotherapy. In comparison, the
rate was only 2% (3/137) in the CheckMate 017 [4] and 13%
(45/343) in the KEYNOTE-010 clinical trials [5]. A pre-
vious study showed that for second-line NSCLC patients
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who received chemotherapy, OS was greatly impacted by
subsequent anti-neoplastic therapies [17].
Further, our study found that sintilimab prolonged the

median PFS by 1.51 months (4.30 months vs. 2.79 months)
and reduced the risk of disease progression by 48% (HR:
0.52; P < 0.001) (Figure 4). The median PFS of the sqN-
SCLC patients in the CheckMate 017 study who received
nivolumab and docetaxel treatment was 3.5 months ver-
sus 2.8 months, respectively (HR: 0.62; 95% CI, 0.47-0.81;
P < 0.001) [4]. The survival curve of the sintilimab arm
and the docetaxel arm separated shortly after the initiation
of therapy, and the PFS rate was 26% higher in the sintil-
imab arm than that in the docetaxel arm after 6 months of
treatment (42%, 95% CI, 33-50 versus 16%, 95% CI, 10-24)
(Figure 4). These findings suggest that treatment benefits
appeared rapidly in patients treated with sintilimab.
The confirmedORR of sintilimab as second-line therapy

for patients with sqNSCLC was 25.50% (37/145) as assessed
by investigators, which was significantly higher than that
of docetaxel (2.20%, 3/135). The ORR of nivolumab in the
CheckMate 017 study was 20% (27/135) [4], and the ORR of
nivolumab for the subgroup of sqNSCLC in theCheckMate
078 trial was 21.1% (28/133) [7]. Themedian DoR in the sin-
tilimab arm was 12.45 months. These results suggest that
the clinical benefits of sintilimab persisted in respondents.
In addition, various biomarkers for predicting long-term
responses to immunotherapy were suggested [18].
The median number of cycles of the docetaxel arm was

2 (range: 1-15), which was relatively lower than the 4 cycles
of the REVEL study [19]. In the docetaxel arm, 32 patients
discontinued treatment due to their own decision, and
10 withdrew consent, while the number was 10 and 0 in
the sintilimab arm, respectively (Figure 1). Many of the
patients allocated to the docetaxel arm who discontin-
ued treatment probably did so to seek anti-PD-1 treatment
because some might have suspected known that the effi-
cacy of anti-PD-1 therapy was better than docetaxel. A
similar phenomenonwas also found in the CheckMate 057
trial [20], where 8% of patients assigned to docetaxel did
not receive it and in the KEYNOTE-010 trial [5], where 45
out of 343 patients assigned to docetaxelwithdrew consent.
The findings of the subgroup analyses on OS showed

that patients with higher PD-L1 expression tended to bene-
fit from sintilimab, as observed in previous studies in solid
tumors [5, 21, 22]. Still, it is suggested that PD-L1 expres-
sion as a predictive marker of response should be taken
with caution due to the variability in positivity thresholds
[23]. Prior clinical evidence has indicated that both PD-L1
positive and negative sqNSCLCpatients could benefit from
PD-1/PD-L1 inhibitors in second-line settings [4, 24, 25].
In the CheckMate 017 [4], a study with similar settings as
ORIENT-3, the HRs for OS benefit were 0.69 (95% CI, 0.45-
1.05) in PD-L1 expression level ≥ 1% population and 0.58

(95% CI, 0.37-0.92) in PD-L1 < 1% population. In addition,
PD-L1 expression varies among different tumor areas and
in time [26] and is influenced by prior therapies [27]. In this
ORIENT-3 study, although there was no significant dif-
ference regarding the status of PD-L1 expression between
the sintilimab and docetaxel arms, it was limited by rela-
tively fewer PD-L1 quantifiable patients and not employing
PD-L1 status as a stratification factor. There were only 54
patients in the TPS < 1% subgroup, and PD-L1 expression
was assessed in archival tumor tissues. Those facts might
have limited subgroup analysis and resulted in relatively
fewer OS benefits observed in the TPS < 1% population.
In addition, ECOG PS 1 and stage IV appeared to favor

benefits from sintilimab. Previous studies reported worse
immunotherapy outcomes with ECOG PS > 2 [28, 29], but
such patients were not included in this study. In addition,
current/previous smokers also benefited more from sintil-
imab, consistent with findings in a recent meta-analysis
[30]. The response rate for docetaxel in the ORIENT-
3 study was relatively lower. Lower response rates of
docetaxel in the East-Asian population were found in sev-
eral trials [7, 31, 32]. The underlying mechanisms remain
unknown and worthy of future exploration.
Based on the OS benefits in the overall population and

subgroups, as well as PFS, ORR and DoR benefits of sintil-
imab over docetaxel, the OS benefit brought by sintilimab
could be considered robust and meaningful.
Generally, the frequency of TEAEs and grade 3 or higher

TEAEs were comparable between the sintilimab and doc-
etaxel arms. The TRAEs in the sintilimab armwere mostly
of grade 1 or 2, and the incidence of grade ≥ 3 TRAEs
was much lower in the sintilimab arm than in the doc-
etaxel arm (18.1% vs. 36.2%) despite longer exposure. No
new safety signal was observed from the safety analysis
of TEAE. The incidence, types and severity of irAEs were
similar to previously reported results of sintilimab [8, 10,
33, 34]. A recent meta-analysis that analyzed 16 studies
involving 8278 NSCLC patients suggested that sintilimab
had comparable safety profiles with other approved PD-
1/L1 inhibitors [35]. The relatively higher fatal TEAEs in
the sintilimab armmight be due to longer treatment expo-
sure (median, 8 vs 2 cycles). In the sintilimab arm, 5 out
of 9 fatal TEAEs were treatment-related; 2 (one case each
of exacerbation of myocardial injury and lung infection)
were evaluated by investigators as “possibly related” to sin-
tilimab, and the other 3 (2 cases of unknown cause of death
and one of lung infection aggravated) were considered by
investigators as “not determinable” to sintilimab.
In this study, tissue and peripheral blood biomark-

ers, including tumor tissue transcriptomes and cfDNA,
were simultaneously studied for their potential to identify
patient populations which derived selective benefits from
sintilimab treatment in this indication. Two transcription
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factors, namely OVOL2 and CTCF, were found to be the
topmost genes related to the survival of patients treated
with sintilimab. Biologically, OVOL2 suppresses the EMT
process [15, 16], and CTCF mediates cancer-specific gene
expression by regulating chromosome architecture [36,
37]. CTCF was recently reported to be a significant sup-
pressor of PD-L1 [38]. The combination of OVOL2 and
CTCF could further enhance the predictive value of the
sintilimab treatment response. Particularly, patients with
high OVOL2 and low CTCF expression levels had signif-
icantly superior PFS (median PFS: 11.8 months), whereas
patients with low OVOL2 and high CTCF expression
levels had significantly inferior PFS (median PFS: 2.07
months), which were comparable with those receiving
docetaxel treatment (Figure 6C and 6D). Moreover, the
mTBI, which reflected the percentage of circulating tumor
DNA (ctDNA) detected in blood cfDNA [12], was found to
predict benefits from sintilimab treatment. The association
of low baseline ctDNA levels with good clinical outcomes
was also supported by previous studies [39, 40]. In this
study, we also found that a low central memory CD4 T cell
expression level was associated with longer PFS in the sin-
tilimab arm. The function of central memory CD4 T cells
in the tumor microenvironment remains unclear [41, 42].
However, it was reported that transforming growth factor-
β could induce CD4+CD62L+ central memory T cells to
differentiate into Foxp3+ T cells [43], which might then
suppress immune reaction and lead to worse survival.
This study has some limitations. First, all patients

were Chinese, potentially limiting the generalizability
of the results to other populations. Second, exploratory
biomarker analysis was performed post-hoc on a limited
sample size without adjustment for multiplicity.

5 CONCLUSIONS

Sintilimab showed a statistically significant survival ben-
efit over docetaxel as a second-line treatment in Chinese
patients with advanced or metastatic sqNSCLC, with a
manageable safety profile. Sintilimab could be a new
treatment option for patients with locally advanced or
metastatic sqNSCLCwhohad disease progression or recur-
rence after or were intolerable to first-line platinum-based
chemotherapy.
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