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Abstract

Background Neoadjuvant and adjuvant immune checkpoint inhibitor treatments for non-small cell lung cancer (NSCLC)
patients with resectable disease have presented promising results. This is a phase I study to evaluate the safety and efficacy
of neoadjuvant toripalimab in combination with chemotherapy for NSCLC.

Methods Treatment-naive patients with resectable NSCLC (stage II-IIIB) received two to four cycles of toripalimab
(240 mg, intravenously, g3w) combined with platinum-paclitaxel chemotherapy. Surgical operation was performed approxi-
mately 4 weeks after the last cycle. The primary end point was safety. The efficacy endpoints included radiographic and
pathological response rates, expression of programmed death ligand 1 (PD-L1) and molecular targets.

Results A total of 11 patients were enrolled, consisting of 2 patients (18%) with adenocarcinoma and 9 patients (82%) with squa-
mous cell carcinoma. All patients received two to four cycles of toripalimab plus chemotherapy and underwent radical resection.
Regarding safety, 5 of 11 patients (45%) had neoadjuvant treatment-related adverse events, and 1 patient (9%) experienced grade
3 or worse treatment-related adverse events. Radiographic partial response was achieved in 10 patients, with an objective response
rate of 91%. Among 11 patients, 6 (55%) achieved pathological complete response, including 1 PD-L1-negative patient.
Conclusion Neoadjuvant toripalimab plus platinum-paclitaxel chemotherapy was tolerable and induced a pathological com-
plete response in 55% of resectable NSCLC patients.
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Abbreviations

NSCLC non-small cell lung cancer

ICIs immune checkpoint inhibitors

PD-1 programmed death 1

MPR major pathological response

pCR pathological complete response

TRAEs treatment-related adverse events

ORR objective response rate

NCCN National Comprehensive Cancer Network

CT computed tomography

PD-L1 programmed death ligand 1

RECIST  Response Evaluation Criteria in Solid Tumors
SD stable disease

Introduction

Lung cancer is one of the most commonly diagnosed can-
cers and the leading cause of cancer death worldwide. In
2020, it was estimated that there were 2.2 million cases of
lung cancer and 1.8 million deaths [1]. In China, lung cancer
accounted for approximately 828,000 new cases and approx-
imately 657,000 deaths in 2016 [2]. Among all pathological
types of lung cancer, non-small cell lung cancer (NSCLC)
is still the predominant type. For early and locally advanced
stage NSCLC, surgical resection remains the cornerstone
treatment strategy, yet approximately 30-55% of patients
may relapse after surgery [3]. Neoadjuvant chemotherapy in
NSCLC shows a modest outcome, and an absolute improve-
ment of 5.4% was achieved in the 5-year survival compared
with that of surgery alone. However, approximately 60% of
patients experience grade 3 or worse toxicity [4].

Immune checkpoint inhibitors (ICIs), especially anti-
bodies targeting the immune inhibitory pathway of pro-
grammed death 1 (PD-1) protein, have shown remarkable
efficacy in the treatment of advanced NSCLC. Initiating
ICIs before resection may leverage high tumor-associated
antigen levels and enhance the T-cell priming and expansion
of tumor-specific T-cell clones [5, 6]. Sustained antitumor
immunity could be activated and persist beyond the time of
resection [7-9], which may result in tumor regression and
the improvement of survival rates.

Clinically, neoadjuvant anti-PD-1/PD-L1 antibody mono-
therapy in early-stage NSCLC has shown promising efficacy
according to the results of several studies. The Checkmate
159 study [10] is the first neoadjuvant immunotherapy study
of NSCLC aiming to explore the safety and efficacy of neo-
adjuvant nivolumab in resectable stage [-IITA NSCLC. The
results showed a major pathological response (MPR) rate
of 45% and a pathological complete response (pCR) rate of
10% in the enrolled patients. Only 5% (1 of 20) of patients
experienced treatment-related adverse events (TRAEs) of

grade 3 or worse, and no delay of surgery occurred. In addi-
tion, several trials, including MK3475-223, LCMC3 and
loNESCO IFCT-1601, have explored the safety and efficacy
of pembrolizumab, atezolizumab and durvalumab, respec-
tively, for resectable NSCLC [11]. Compared with neoadju-
vant monotherapy, neoadjuvant regimens consisting of ICIs
plus chemotherapy might be more effective. In addition,
the NADIM study [12] showed encouraging results with an
MPR rate of 83% and an RO resection rate of 100% for neo-
adjuvant nivolumab plus chemotherapy in NSCLC. A 24%
pCR rate, 36.9% MPR rate and 54% objective response rate
(ORR) were achieved in the neoadjuvant nivolumab plus
platinum-based dual chemotherapy group of the CheckMate
816 study, and this treatment has been approved for the
neoadjuvant therapy of resectable NSCLC by the National
Comprehensive Cancer Network (NCCN) [13]. In addition,
in the NEOSTAR study [14] focusing on the combination
of nivolumab plus the anti-CTLA4 antibody ipilimumab
for the neoadjuvant therapy of NSCLC, 33% of patients
achieved an MPR or pCR.

As a monoclonal antibody targeting PD-1, toripalimab
has been approved in locally advanced or metastatic mela-
noma, recurrent or metastatic nasopharyngeal carcinoma,
and urothelial carcinoma in China. Neoadjuvant toripalimab
in locally advanced colorectal cancer has shown tolerable
safety and promising efficacy [15]. In a phase 2 trial of
neoadjuvant toripalimab with chemotherapy for resectable
stage III NSCLC, toripalimab plus platinum-based doublet
chemotherapy yielded a high MPR rate, manageable toxic-
ity, and feasible resection rate [16]. The current study aims
to assess the safety and efficacy of neoadjuvant toripalimab
plus platinum-paclitaxel chemotherapy in resectable stage
II-IIIB NSCLC to provide more evidence for neoadjuvant
immunotherapy.

Methods
Study design

This study was a single-center, single-arm, phase I study.
The inclusion criteria were as follows: (a) Eligible patients
were 18 to 75 years of age, and (b) had histologically and
cytologically confirmed stage II-IIIB NSCLC, which was
considered to be surgically resectable. Besides, (c) all the
patients had an Eastern Cooperative Oncology Group per-
formance status score of 0 to 1 (on a 5-point scale, a higher
score indicates more severe disabilities), (d) adequate pul-
monary function and other organ functions [17]. The key
exclusion criteria were as follows: (a) ongoing systemic
immunosuppressive therapy; (b) active autoimmune dis-
eases and previous allogeneic organ transplantation or
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Table 1 Demographics and disease characteristics of the enrolled

patients

Characteristic Patients (n=11)
Age,y

Mean+SD 60.7+6.02
Median (range) 63 (51-71)
Sex, n (%)

Male 10 (90.9)
Female 1(9.1)
Histology at diagnosis, n (%)

Squamous cell carcinoma 9 (81.8)
Adenocarcinoma 2(18.2)
Smoking history, n (%)

Former or current 10 (90.9)
Never 19.1)
Disease stage, n (%)

A 19.1)
1B 3(27.3)
1IA 5(45.4)
1B 2 (18.2)
Preoperative PD-L1 expression, n (%)

Positive (=1%) 8 (72.7)
1-49% 6 (54.5)
>50% 2 (18.2)
Negative 2(18.2)
NA 19.1)
Driven gene, n (%)

KRAS mutation 19.1)
TP53 mutation 2(18.2)
Negative 4(36.4)
Unknown 4 (36.4)

hemopoietic stem cell transplantation; (¢) hypersensitivity
to any monoclonal antibodies; (d) history of interstitial lung
disease or active and uncontrolled infection; (e) grade III to
grade IV congestive heart failure; (f) uncontrolled hyperten-
sion or uncontrolled hypercalcemia; (g) artery thrombosis,
embolism, or ischemia within 6 months before study treat-
ment; (h) coagulation disorders requiring warfarin treat-
ment; and (i) any other known malignant tumor.

The enrolled patients received two to four cycles of tori-
palimab (240 mg, every 3 weeks, intravenous) plus stan-
dardized platinum-paclitaxel chemotherapy. For patients
with NO disease, surgical resection was conducted after two
cycles treatment without disease progression (assessed per
RECIST version 1.1). For patients with N1-2 disease, one
or two further cycles would be given before surgical resec-
tion based on judgement by multidisciplinary diagnosis and
treatment. Surgical operation was planned to be performed
approximately 4 weeks after the last cycle of combined
therapy. The study was performed on the basis of the Dec-
laration of Helsinki and Good Clinical Practice. The Ethics
Committee of the Affiliated Hospital of Qingdao University
reviewed and approved the protocol and amendments of
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our study (QYFYKYLL471311920). All patients provided
written informed consent. Contrast-enhanced computed
tomography (CT) was performed to evaluate baseline tumor
staging. Contrast-enhanced CT was performed 1 month
after surgery and then every 3 months until disease progres-
sion, death, or 2 years after surgery.

Pathological assessments

Surgical samples of primary tumors from the lung and lymph
nodes were staged according to the criteria of the American
Joint Committee on Cancer (eighth edition). Routine hema-
toxylin and eosin staining was used to identify the percent-
age of residual viable tumors and to assess primary tumors
[18]. If no viable tumor cells were found in the surgical sam-
ple of a patient, pCR was considered to have been achieved
[19]. The expression of programmed death ligand 1 (PD-
L1) and molecular targets was evaluated. Tumor biopsies
were obtained before treatment and during surgery. PD-L1
expression was detected using immunohistochemical stain-
ing with primary antibodies against PD-L1 (22C3) in 10 of
11 patients. Moreover, genetic testing was performed using
next-generation sequencing in 9 of 11 patients. The details
of the PD-L1 expression assay and the results of genetic
testing of the enrolled patients are listed in Table 1.

Outcome evaluation

The primary end point was safety, and all the patients were
monitored for TRAEs according to the National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 5.0 [20, 21]. The efficacy endpoints included radio-
graphic and pathological response rates, including the ORR
and pCR rate. Radiographic response evaluation was con-
ducted by the Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1 [22].

Results
Patients and treatment

From October 15th, 2019, through July 28th, 2021, a total
of 11 patients were enrolled. All of these patients were eli-
gible according to the inclusion criteria of the study. Among
the 11 enrolled patients, 9 patients (81.8%) had squamous
cell carcinoma and were staged II to IIIA (according to the
eighth edition of the TNM Classification for Lung Cancer-
IASLC) [23]. A total of 18.2% (2/11) of patients had poten-
tially resectable adenocarcinoma of stage IIIB, including
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Fig. 1 Radiographic response following neoadjuvant toripalimab plus platinum-based doublet chemotherapy and follow up

one patient with stage T3N2MO and another patient with
stage TAN2MO. Lymph node involvement was found in
72.7% (8 of 11) of patients, and 90.9% (10 of 11) of patients
were current or former smokers. The basic information of
the enrolled patients is listed in Table 1; Fig. 1.

Clinical activity and pathological response

After two to four cycles of preoperative toripalimab plus
platinum-paclitaxel chemotherapy, 10 patients (91.9%) had

aradiographic PR with an ORR 0f91%, and 1 patient (9.1%)
had stable disease (SD). All enrolled patients underwent RO
resection with lobectomy and lymphadenectomy. There
were no treatment-related delays of surgical operation. The
median interval between the last dose of toripalimab plus
platinum-paclitaxel chemotherapy and surgery was 35 days
(range from 27 days to 46 days). Among the 11 patients with
evaluable surgical tumor tissue samples, 6 patients (55%)
achieved pCR, including 5 patients with squamous cell car-
cinoma and 1 patient with adenocarcinoma. One patient had
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Table 2 Neoadjuvant TRAE: in toripalimab plus TP chemotherapy

Characteristics Any Grade Grade 34
n (%) n (%)

Any neoadjuvant TRAEs 5(45.5) 2(18.2)
Leukopenia 19.1) 0
Neutropenia 3(27.3) 2(18.2)
Alanine aminotransferase increased 3(27.3) 0
Aspartate aminotransferase increased 2(18.2) 0
Thrombocytopenia 2(18.2) 0

pathological SD after neoadjuvant therapy. Among the 6
patients who achieved pCR, there was one patient with neg-
ative expression of PD-L1 protein. The outcomes of patients
who received neoadjuvant therapy are displayed in Fig. 1.
After surgical operation, 10 patients received adjuvant
treatment, among whom 4 patients received sustained tori-
palimab treatment up to 1 year. Significantly, the postop-
erative pathology of one patient showed complex small cell
carcinoma, and therefore, this patient was given four cycles
of adjuvant chemotherapy with an etoposide-platinum reg-
imen. By the last follow-up on May 20th, 2022, none of
the enrolled patients experienced recurrence. The median
follow-up time was 20.40 months, and the recurrence-free
survival (RFS) of this cohort of patients was not reached.

Safety and Feasibility

Neoadjuvant toripalimab plus platinum-paclitaxel chemo-
therapy was not associated with any previously unreported
toxic side effects in this study. During the period of neo-
adjuvant treatment, TRAEs of any grade occurred in 45%
of patients (5 of 11 patients), and 18% of patients (2 of 11
patients) experienced grade 3 or worse TRAEs. Among the
TRAES, neutropenia and alanine aminotransferase increased
were the two most common TRAESs, both with an incidence
of 27% (2 of 11 patients), while grade 3 or higher neutro-
penia occurred in 27% of patients (2 of 11 patients). The
detailed information for TRAESs is summarized in Table 2.

PD-L1 expression analysis and genetic testing

PD-L1 expression was evaluated in 10 patients. pCR
occurred in both PD-Ll-positive and PD-L1-negative
tumors. Additionally, routine genetic testing for NSCLC
(including EGFR, ALK, MET, HER2, ROS1, BRAF, RET,
NTRKI, PIK3CA, and MEK) was conducted using surgical
resection samples in 7 of 11 patients. None of these patients
harbored common driver genetic alterations except for one
patient with a KRAS mutation.

Discussion

Neoadjuvant therapy transforms locally advanced NSCLC
into resectable disease and improves the prognosis of
patients. The PD-1 inhibitor-based neoadjuvant regimen
achieved satisfactory efficacy and tolerable safety in neo-
adjuvant treatment for NSCLC according to the latest stud-
ies [12—14]. Toripalimab, a monoclonal antibody targeting
PD-1, is also considered a choice for neoadjuvant immuno-
therapy of NSCLC and demonstrated robust efficacy based
on a series of small-sample-size trials [16], as shown in
Table 3. Nearly all enrolled patients (96.7-100%) underwent
RO resection after toripalimab-based neoadjuvant therapy
combined with standardized chemotherapy. Regarding the
safety of neoadjuvant therapy, although TRAEs commonly
occurred in the enrolled patients with incidences of 22.2-
87.5%, few patients (0-18.2%) had grade 3 or worse TRAEs
and no treatment-related deaths occurred in these studies.
In addition, toripalimab-based neoadjuvant therapy also
achieved perfect performance in changing the outcomes of
the enrolled patients. The MPR rate of these studies ranged
from 40.90 to 66.70%, and the pCR rate ranged from 18.2
to 50%. In this study, the neoadjuvant administration of tori-
palimab plus platinum-paclitaxel chemotherapy in patients
with stage II-IIIB resectable NSCLC was associated with
tolerable adverse events (any TRAEs: 45.5%; grade 3 or
worse TRAESs: 18.2%), and pCR was achieved in 55% of
patients. Most inspiringly, we observed six patients who

Table 3 Summary of trials of Study ID NeoTAPO1 [¢ TOGATHER Lungmate-002 Renaissance
neoadjuvant toripalimab with (NCT04144608) (2021 ESMO Poster (NCT04606303)
chemotherapy for NSCLC. 3104)
)
Stage IIIA; I1IB (T3-4N2) Resectable Resectable I1-111 [IB-111B
IIIA-ITIB

No. patients 30 15 22 21

Rate of RO resection 29/30(96.7%) 15/15(100%) 22/22(100%) 100%

MPR rate 66.70% 53.30% 40.90% 57.90%

PCR rate 50.00% 40.00% 18.20% 36.80%

TRAEs NA 22.20% 87.50% 70.70%

Grade >3 TRAEs 18.20% 0% NA 4.50%
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obtained pCR for primary tumors, including 5 squamous
cell NSCLCs and 1 adenocarcinoma, which included one
PD-L1 expression-negative patient, suggesting that PD-1
inhibitor-based neoadjuvant therapy could benefit NSCLC
patients regardless of the immunogenic profiles, including
the expression level of PD-L1.

In addition, toripalimab-based neoadjuvant therapy for
resectable NSCLC patients might induce a better RFS after
surgery and adjuvant therapy with or without sustained
immunotherapy. Based on the results of the final follow-up,
no recurrences were found in the enrolled patients in the
TOGATHER study and our study after median follow-up
times of 6.00 months and 20.40 months, respectively. Nev-
ertheless, due to the short follow-up time, whether this high
pCR rate and long RFS time with neoadjuvant therapy with
toripalimab and chemotherapy will lead to an improvement
in the overall survival of resectable NSCLC patients still
warrants long-term follow-up and exploration.

Additionally, according to the genetic testing results in
our study, we found that among the 6 patients who achieved
pCR, 1 had TP53 mutations with a PD-L1 expression of
10% and a pathological type of squamous cell carcinoma.
Although evidence has shown that in lung adenocarcinoma,
TP53 and KRAS mutations may predict the efficacy of anti-
PD-1/PD-L1 immunotherapy [24], there is still no general
agreement in squamous NSCLC, and more in-depth studies
are needed to define the role of these molecular targets in
NSCLC. Indeed, there are some limitations of our study:
the small number of patients enrolled in our study and the
short postoperative follow-up period; the postoperative
adjuvant treatment groups were not randomized, and not all
the patients received toripalimab treatment, which causes
a bias in evaluating the DFS rate; and not all the patients
had available detection results of PD-L1 expression and
genetic testing, which limited the accuracy of the predictive
analysis. Admittedly, the small sample size without rigorous
estimation in this study is hard to draw robust conclusion.
Further research is needed to identify patients who may
benefit most from toripalimab plus chemotherapy regimens,
and adequately powered trials are awaited to establish clini-
cally meaningful benefits.

Conclusion

In conclusion, our findings suggested that neoadjuvant tori-
palimab plus platinum-paclitaxel chemotherapy for resect-
able NSCLC patients was tolerable, and the high pCR rate
(55%) is inspiring.
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