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Xu et al. Camrelizumab in real-world NSCLC patients

Background: Camrelizumab plus chemotherapy have been approved as standards for the treatment of
advanced non-small cell lung cancer (NSCLC) patients based on two phase III trials. However, clinical trial
results may not be representative of the general population, as clinical trials often have specific inclusion and
exclusion criteria. Our research aims to investigate the real-world effectiveness and safety of camrelizumab in
inoperable or advanced NSCLC patients.

Methods: This multicenter retrospective observational study included inoperable or advanced
pathologically confirmed NSCLC patients who received at least one dose of camrelizumab at 22 hospitals.
Clinical and follow-up data of camrelizumab were collected retrospectively from the medical records. The
primary outcome was the objective response rate (ORR) and secondary outcomes were disease control rate
(DCR), 6-month progression-free survival (PFS), overall survival (OS), and treatment-related adverse events
(TRAEs). Multivariate logistic and Cox regression analyses were applied to identify potential predictive
factors of ORR and PFS, respectively.

Results: Between July 2019 and March 2021, 336 patients were included. Adenocarcinoma was seen in
58.4% and stage IV disease in 69.3%. Twenty-nine (8.6%) had liver metastasis at baseline. Most patients
received camrelizumab in the first-line setting (74.1%) and in combination with chemotherapy (60.7%). The
ORR was 40.2% [95% confidence interval (CI): 34.9-45.6%] and DCR was 85.1% (95% CI: 81.3-88.9%),
while the 6-month PFS and OS rates were 73.0% (95% CI: 67.1-78.0%) and 93.1% (95% CI: 89.8-95.4%),
respectively. In multivariate analyses, liver metastasis [odds ratio (OR), 0.324; 95% CI: 0.115-0.915; P=0.033]
and increasing lines of camrelizumab treatment (vs. first line, second line: OR, 0.347; 95% CI: 0.162-0.741;
P=0.006; > third line: OR, 0.126; 95% CI: 0.043-0.367; P<0.001) were negatively associated, while a longer
duration of camrelizumab treatment was positively associated with ORR and PFS. TRAEs were recorded in
164 (48.8%) patients, without new safety signal.

Conclusions: We conducted a comprehensive overview of the effectiveness and safety profile of

camrelizumab in a broader NSCLC population in real world NSCLC patients, and subgroup analysis

indicated the presence of liver metastasis was associated with worse outcomes.
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Introduction

Lung cancer is the leading cause of cancer-related death
worldwide, with 2.2 million new cases and 1.8 million
deaths estimated in 2020 (1). Non-small cell lung cancer
(NSCLC) is a common subtype (85%), and surgery has
been well established as cornerstone for the treatment of
early-stage disease. However, most patients are diagnosed
at an advanced stage and 5-year survival is scarce (6-32%)
(2,3). Immunotherapy has revolutionized the landscape of
clinical cancer treatment. Immune checkpoint inhibitors
(ICIs) targeting the programmed death 1 (PD-1) axis have
shown better patient survival in advanced NSCLC patients
treated alone or in combination with chemotherapy in first
or second-line settings, when compared with chemotherapy
alone (4).
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Camrelizumab, also known as SHR-1210, is a humanized
monoclonal antibody against PD-1. It was first approved
by the National Medical Products Administration (NMPA)
for the treatment of patients with relapsed or refractory
classical Hodgkin lymphoma in May 2019 in China (5), and
has since been extensively investigated in various cancers (6).
Camrelizumab plus carboplatin and pemetrexed and plus
carboplatin and paclitaxel have been successively approved
as new standards for the treatment of advanced non-
squamous NSCLC and squamous NSCLC in China, based
on the encouraging efficacy and safety data from two pivotal
phase III trials (CameL and CameL-sq) (7,8). Additionally,
a phase Ib/II trial showed promising efficacy and acceptable
toxicity of camrelizumab in combination with apatinib, a
highly selective tyrosine kinase inhibitor targeting vascular
endothelial growth factor receptor-2, in patients with
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advanced non-squamous NSCLC previously treated with
chemotherapy (9).

However, despite the promising results observed,
patients enrolled in clinical trials are generally strictly
defined to generate robust evidence and translating this
evidence into clinical practice can be challenging, especially
given a diverse population we deal with in daily life. Clinical
trial results may not be representative of the general
population, as clinical trials often have specific inclusion
and exclusion criteria. This means that the results may not
be generalizable to people who do not meet these criteria.
Clinical trials are often conducted over a relatively short
period of time, which may not be long enough to fully assess
the long-term safety and efficacy of a treatment. Clinical
trial results may not fully reflect the real-world context in
which a treatment is used, as the controlled environment
of a clinical trial may not be representative of everyday
practice. To better understand the effectiveness and safety
profiles of camrelizumab in real-life NSCLC patients, we
conducted this retrospective observational study using data
collected from 22 tertiary hospitals in China. We present
the following article in accordance with the STROBE
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tler-22-852/rc) (10).

Highlight box

Key findings
¢ Effectiveness and safety of camrelizumab in real world NSCLC
patients.

What is known and what is new?

* Camrelizumab was indicated as the first-line treatment for
metastatic lung adenocarcinoma patients combined with
chemotherapy in China. However, the effectiveness and safety
profiles of camrelizumab need to be evaluated in the real world in a
wide population.

® Our paper demonstrated that the presence of liver metastasis
and increasing lines of camrelizumab treatment were negatively
associated, while a longer duration of camrelizumab treatment was
positively associated, with ORR and PFS. The safety profile was
consistent with those reported in the pivotal trials. Our study also
demonstrated atients with liver metastasis had significantly inferior
ORR and 6-month PFS rate when compared with those without.

What is the implication, and what should change now?

®  Our study showed the effectiveness and safety of camrelizumab in
real world NSCLC patients, and subgroup analysis indicated the
presence of liver metastasis was associated with worse outcomes.

© Translational Lung Cancer Research. All rights reserved.
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Methods
Study design and patients

CTONG2004 is a multicenter retrospective observational
study of camrelizumab in real-life inoperable or advanced
pathologically confirmed NSCLC patients. Adult (age
>18 years) NSCLC patients who had received at least one
dose of camrelizumab between July 2019 and March 2021
at 22 tertiary hospitals including Cancer Hospital of the
University of Chinese Academy of Sciences, The First
Affiliated Hospital of Guangzhou Medical University, The
Second Affiliated Hospital, Zhejiang University School of
Medicine, The Affiliated Cancer Hospital of Zhengzhou
University, Henan Cancer Hospital, The First Affiliated
Hospital of Nanchang University, The Second Aftfiliated
Hospital of Guangzhou University of Chinese Medicine,
Chongqing University Cancer Hospital, Xuzhou Central
Hospital, The First Affiliated Hospital of Chongqing
Medical University, The First Affiliated Hospital, Sun Yat-
sen University, The First Affiliated Hospital, Zhejiang
University School of Medicine, Hunan Cancer Hospital,
The Affiliated Cancer Hospital of Xiangya School of
Medicine, Central South University, Guangdong Provincial
People’s Hospital & Guangdong Academy of Medical
Sciences, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, The
First Affiliated Hospital of Jinan University, Harbin
Medical University Cancer Hospital, Zhujiang Hospital of
Southern Medical University, The Affiliated Hospital of
Xuzhou Medical University, The Second Hospital of Dalian
Medical University, First Affiliated Hospital of Gannan
Medical University, Sun Yat-sen Memorial Hospital, Sun
Yat-sen University, and The Third People’s Hospital of
Chengdu were screened. To be eligible, patients must had
at least one post-baseline response assessment documented
within 6 months of the initiation of camrelizumab. Patients
with incomplete data on major variables, such as those for
camrelizumab use and clinical outcomes, were excluded.
Other exclusion criteria included: (I) patients participating
in any ongoing clinical studies; (II) patients receiving other
immunotherapies during camrelizumab treatment; or (III)
patients who had other malignant tumors. All consecutive
patients meeting the eligibility criteria were included.

This study mainly focused on patients with inoperable or
advanced NSCLC who had received camrelizumab, and the
results of its use in a neoadjuvant setting will be reported
elsewhere.
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The study protocol was approved by the Research Ethics
Committee of Guangdong Provincial People’s Hospital
(No. GDREC2020189H(R2)) and the other 21 hospitals
were informed and agreed with the study. In accordance
with the recommendation from the Institutional Ethics
Review Board of each center, written informed consent
was obtained at the Cancer Hospital of the University of
Chinese Academy of Sciences, The First Affiliated Hospital
of Guangzhou Medical University, The Second Affiliated
Hospital, Zhejiang University School of Medicine, The
Affiliated Cancer Hospital of Zhengzhou University,
Henan Cancer Hospital, The First Affiliated Hospital of
Nanchang University, The Second Affiliated Hospital of
Guangzhou University of Chinese Medicine, Chonggqing
University Cancer Hospital, Xuzhou Central Hospital, The
First Affiliated Hospital of Chongqing Medical University,
The First Affiliated Hospital, Sun Yat-sen University, The
First Affiliated Hospital, Zhejiang University School of
Medicine, Hunan Cancer Hospital, The Affiliated Cancer
Hospital of Xiangya School of Medicine, Central South
University, Guangdong Provincial People’s Hospital &
Guangdong Academy of Medical Sciences, Union Hospital,
Tongji Medical College, Huazhong University of Science
and Technology, The First Affiliated Hospital of Jinan
University, Harbin Medical University Cancer Hospital,
Zhujiang Hospital of Southern Medical University, The
Affiliated Hospital of Xuzhou Medical University, and The
Second Hospital of Dalian Medical University, and waived
at First Affiliated Hospital of Gannan Medical University,
Sun Yat-sen Memorial Hospital, Sun Yat-sen University,
and The Third People’s Hospital of Chengdu. The study
was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Data collection and management

All patients were managed according to the local
institutional clinical practice of each participating center.
Data on patient demographic and clinical characteristics,
patterns of camrelizumab use, and clinical outcomes were
retrospectively collected using an electronic case report
form. The baseline demographic and clinical characteristics
of patients included age, sex, smoking status, Eastern
Cooperative Oncology Group performance status (ECOG
PS), comorbidities, concomitant medication, histologic
subtype, tumor stage and metastasis, as well as programmed
death ligand-1 (PD-L1) expression and epidermal growth
factor receptor (EGFR) mutation status. The clinical

© Translational Lung Cancer Research. All rights reserved.
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outcomes analyzed were objective response rate (ORR),
disease control rate (DCR), 6-month progression-free
survival (PFS) and overall survival (OS), and safety outcome.

All data were extracted from the structured and
unstructured electronic medical records of each patient
by investigators and/or trained staff. Baseline data were
collected within 28 days prior to camrelizumab initiation,
and key clinical data were cross-validated to minimize the
potential risk of misclassification. All participants were
followed up by the investigators according to the criteria of
the local hospital and data were extracted from the medical
records. Quality control was remotely performed to ensure
the reliability of data abstraction.

Clinical outcomes and assessment

The primary outcome was ORR, and secondary outcomes
were DCR, 6-month PFS and OS, and treatment-related
adverse events (TRAEs). Clinical outcomes were assessed
at the discretion of the physician in charge during routine
clinical visits. Tumor response was based on the imaging
findings and clinical symptoms with reference to the
Response Evaluation Criteria in the Solid Tumors (RECIST)
criterion (version 1.1). Best overall response was classified
as complete response (CR), partial response (PR), stable
disease (SD), and progression disease (PD), based on the
best response documented in medical records. ORR and
DCR were then calculated as the proportions of patients
experiencing CR or PR and CR or PR or SD, respectively.
PFS was defined as the time interval from camrelizumab
initiation to the date of disease progression or death. Patients
still alive without disease progression were censored at the
date of the last radiological assessment. OS was defined as
the time interval from camrelizumab initiation to the date of
death, and patients who were alive were censored at the date
of last confirmed survival. Safety outcomes included TRAEs
and serious adverse events (TRSAEs) and were graded
according to the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0.

Statistical analysis

Descriptive analysis was the main analysis for our study.
Continuous variables were expressed by Median (IQR)
and categorical variables were presented with frequency
(%). For binary endpoints, 95% confidence intervals (Cls)
were calculated by Clopper and Pearson method. Since
PFS and OS were not yet mature, only 6-month PES rate
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CTONG2004-ADV

(n=474)

Patients with NSCLC received camrelizumab between July
2019 and March 2021 at 22 participating centers in China

Patients were excluded if:
* Received other immunotherapies (n=12)

Y

»| ¢ Complicated with other malignancies (n=6)
¢ Without post-baseline response
assessment (n=24)

(n=432)

Patients met the eligible criteria and included

Patients received camrelizumab in the

Y

neoadjuvant setting (n=96)

(n=336)

Patients received camrelizumab in the advanced setting

! |

v

First line therapy Second line therapy
(n=249) (n=48)

Third or later line therapy
(n=39)

Figure 1 Patient flowchart. NSCLC, non-small cell lung cancer.

and 6-month OS rate were estimated by using Kaplan-
Meier method along with 95% CIs by log-log method.
Furthermore, univariate logistic regression model and
Cox regression model were applied to select the potential
prognostic factors of ORR and PFS, respectively. For
the factors with missing/unknown rate <30% and P<0.05
identified in the univariate models were included in the
multivariate regression models and stepwise selection
method were used to select the significant prognostic factors
in addition to line of therapy. Moreover, ORR, DCR,
6-months PFS rate and 6-months OS rate in subgroups
were explored and forest plot was displayed. Statistical
analyses were performed by SAS software, version 9.4
(SAS Institute). Forest plots were presented by R software,
version 4.1.0. A two-sided P value <0.05 was considered as
nominally significant.

Results

Between July 2019 and March 2021, 474 consecutive
patients were identified to have received at least one
dose of camrelizumab at the 22 participating centers. Of

© Translational Lung Cancer Research. All rights reserved.

these, 42 were excluded based on the eligibility criteria
and 92 were excluded as they had received camrelizumab
in the neoadjuvant setting, resulting in a final sample of
336 patients for analysis (Figure ).

Patient characteristics and treatment

Among the 336 patients, 249 (74.1%) received
camrelizumab in the first-line setting, 48 (14.3%) in the
second-line setting, and 39 (11.6%) in third- or later-
line settings. The demographic and clinical characteristics
of patients and those stratified by line of camrelizumab
treatment are summarized in 7able 1. The median age of
patients was 62 years, ranging from 27 to 87 years, and
approximately 17.6% (59/336) were aged 70 years or older.
Most patients were male (76.2%), had adenocarcinoma
(58.4%) and stage IV disease (69.3%), while 42 (12.5%)
patients with early-stage (IB-IITA) diseases received
camrelizumab. Of the 42 patients, five with medically
inoperable stage I-II NSCLC received camrelizumab-
based therapy, and none received prior or concurrent

radiotherapy. ECOG PS was recorded in 166 (49.4%)
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Table 1 Baseline patient characteristics at the time of camrelizumab initiation (n=336)

Variables Total (n=336) First line (n=249) Second line (n=48) > Third line (n=39)
Age, years

Median (IQR) 62.0 (55.0, 67.0) 62 (55.0, 67.0) 60.5 (55.5, 66.5) 60.0 (52.0, 65.0)

>70 years, n (%) 59 (17.6) 44 (17.7) 9(18.8) 6(15.4)
Sex, n (%)

Male 256 (76.2) 200 (80.3) 33 (68.8) 23 (59.0)

Female 80 (23.8) 49 (19.68) 15(31.2) 16 (41.0)
Smoking status, n (%)

Current/former 168 (50.0) 137 (55.0) 18 (37.5) 13 (33.3)

Never 134 (39.9) 90 (36.1) 24 (50.0) 20 (51.3)

Unknown 34 (10.1) 22 (8.9) 6 (12.5) 6 (15.4)
ECOG PS, n (%)

0 37 (11.0) 28 (11.2) 6(12.5) 3(7.7)

1 119 (35.4) 80 (32.1) 22 (45.8) 17 (43.6)

>2 10 (3.0 6 (2.4) 1@2.1) 3(7.7)

Unknown 170 (50.6) 135 (54.2) 19 (39.6) 16 (41.0)
Histology, n (%)

Adenocarcinoma 195 (58.0) 135 (54.2) 33 (68.7) 27 (69.2)

Squamous cell carcinoma 131 (39.0) 105 (42.2) 14 (29.2) 12 (30.8)

Other/unspecified 10 (3.0) 9 (3.6) 1@2.1) 0(0.0)
Tumor stage, n (%)

-1l 8 (2.4) 8(3.2) 0 (0.0 0(0.0)

M 95 (28.3) 87 (34.9) 5 (10.4)* 3(7.7)

A 34 (10.1) 33(13.2) 1@2.1) 0(0.0)

nB-lc 60 (17.9) 54 (21.7) 3(6.2) 3(7.7)

\% 233 (69.3) 154 (61.9) 43 (89.6) 36 (92.3)
Metastatic sites, n (%)

Brain 49 (14.6) 30 (12.1) 9(18.6) 10 (25.6)

Liver 29 (8.6) 15 (6.0) 9(18.6) 5(12.8)
PD-L1 expression, n (%)

<1% 19 (5.7) 13 (5.2) 24.2) 4(10.3)

>1% 64 (19.1) 50 (20.1) 12 (25.0) 2(5.2)

1-49% 30 (8.9) 19 (7.6) 9(18.8) 2(5.2)

>50% 34 (10.1) 31 (12.5) 3(6.3) 0(0.0)

Unknown 253 (75.3) 186 (74.7) 34 (70.8) 33 (84.6)
Sensitizing EGFR mutation, n (%)

Yes 19 (5.7) 3(1.2) 5(10.4) 11 (28.2)

No 102 (30.4) 78 (31.3) 15 (31.3) 9 (23.1)

Unknown 215 (64.0) 168 (67.5) 28 (58.3) 19 (48.7)

*, substage of one patient treated for stage Il disease in the second setting was not specified. ECOG PS, Eastern Cooperative Oncology
Group performance status; PD-L1, programmed death ligand-1; EGFR, epidermal growth factor receptor; IQR, interquartile range.
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Table 2 Patterns of camrelizumab use in patients with inoperable or advanced NSCLC (n=336)

Treatment patterns

Total (n=336)

First line (h=249)  Second line (n=48) = Third line (n=39)

No. of patients still taking camrelizumab treatments, n (%)
Duration of camrelizumab treatments
Median [range], weeks
Cycle of camrelizumab use
Median [range]
>6 cycles, n (%)
Patterns of camrelizumab use, n (%)
Monotherapy
Plus chemotherapy
Plus anti-angiogenesis

Plus chemotherapy + anti-angiogenesis

216 (64.3)

20.6 [0.1-25.9]

6 [1-11]
178 (53.0)

29 (8.6)
204 (60.7)
30 (8.9)
73 (21.7)

175 (70.3) 25 (52.1) 16 (41.0)
20.9 [0.1-25.9] 13.7 [0.1-25.9] 14.0 [0.1-25.4]

6 [1-11] 41-10] 5[1-9]

143 (57.4) 16 (33.3) 19 (48.7)
13 (5.2) 9(18.8) 7(17.9)

169 (67.9) 25 (52.1) 10 (25.6)
16 (6.4) 4(8.3) 10 (25.6)

51 (20.5) 10 (20.8) 12 (30.8)

NSCLC, non-small cell lung cancer.

patients, and most (94.0%) had a PS of 0-1. Eighty-three
(24.7%) patients underwent tests for PD-L1 expression,
and 64 (77.1%) patients showed positive staining (>1%).
The presence of EGFR mutation was tested in 121 (37.2%)
patients, and 19 (5.7%) harbored sensitizing mutations.
Brain metastasis was seen in 49 (14.6%) patients and
29 (8.6%) had liver metastasis at baseline. Ninety-nine
(29.5%) patients were on baseline steroids and 34 (10.1%)
were on baseline antibiotics, primarily for prophylactic
purposes. The most common comorbidities recorded were
hypertension in 77 (22.9%) patients, diabetes in 34 (10.1%)
patients, and HBV infection in 21 (6.3 %) patients.

Most patients received camrelizumab in the first-line
setting (74.1%) and in combination regimens (91.4%),
primarily in combination with chemotherapy (60.7%)
(Table 2). The median duration of camrelizumab treatment
was 20.6 (range, 0.1-25.9) weeks, and the median number
of cycles was six (range, 1-11). At six months after
camrelizumab initiation, 120 (35.7%) patients discontinued
the treatment, mostly due to disease progression (43.3%).
Twenty-four (20.0%) patients were recorded to receive
subsequent treatments, primarily chemotherapy (n=7),
anti-angiogenesis (n=7), or their combination therapy
(n=4), while three patients were re-challenged with
immunotherapy (alone or plus anti-angiogenesis).

Effectiveness

The best overall response was CR in 1 (0.3%) patient, PR

© Translational Lung Cancer Research. All rights reserved.

in 134 (39.9%) patients, SD in 151 (44.9%) patients, and
PD in 47 (14.0%) patients. The ORR was 40.2% (95% CI:
34.9-45.6%) and DCR was 85.1% (95% CI: 81.3-88.9%),
while 81 (24.1%) patients had progressive disease or
died within 6 months after camrelizumab initiation. The
objective response rate in first-line therapy was 48.6%
which was higher than that of second-line or further lines
(Figures 2,3). The 6-month PFS and OS rates were 73.0%
(95% CI: 67.1-78.0%) and 93.1% (95% CI: 89.8-95.4%),
respectively.

Patients with liver metastasis had a significantly inferior
ORR [OR: 0.284 (95% CI: 0.105-0.763), P=0.013], and
were also those with advanced disease [stage IIIB-IV vs.
stage IB-ITIA: OR: 0.483 (95% CI: 0.253-0.922), P=0.027]
(1able 3 and Figure 3). However, there was no significant
difference in ORR in other specific subgroups, including
elderly patients [>70 vs. <70 years: OR: 0.941 (95% CI:
0.529-1.674), P=0.837], those with brain metastasis [OR:
0.761 (95% CI: 0.404, 1.434), P=0.398], or those taking
baseline antibiotics [OR: 1.559 (95% CI: 0.776-3.174),
P=0.221] or steroids [OR: 0.749 (95% CI: 0.461-1.218),
P=0.244]. HBV infection showed no obvious effect on
tumor response, with an ORR of 61.9% (95% CI: 38.4-
81.9%) in patients with HBV infection and 42.2% (95% CI:
36.4-49.3%) in those without.

In multivariate analyses, liver metastasis remained
significantly associated with inferior ORR (OR, 0.324; 95%
CIL: 0.115-0.915; P=0.033). In addition, increasing lines
of camrelizumab treatment (vs. first line, second line: OR,
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0.347; 95% CI: 0.162-0.741; P=0.006; >third line: OR, 0.126;
95% CI: 0.043-0.367; P<0.001) were negatively associated,
while the longer duration of camrelizumab treatments (=6
vs. <6 cycles: OR, 1.843; 95% CI: 1.149-2.956; P=0.011) was
positively associated with ORR (Table 3).

These results were confirmed by subgroup analyses of
the 6-month PFS rate (Figure S1). Multivariate analyses
indicated liver metastasis (HR, 2.416; 95% CI: 1.27-4.595;
P=0.007) and increasing lines of camrelizumab treatment

100
90 1
80 1
70 = Not evaluated
60 Progressive disease

= Stable disease

50
40
30
20 -
10 -
O_

= Partial response

= Complete response

Best overall response, %

Second line Third or later
line

Total First line

Figure 2 Best overall response to systemic treatments with
camrelizumab in overall patients and those stratified by the line of

therapy.
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(vs. first line, second line: HR, 2.177; 95% CI: 1.238, 3.828;
P=0.007; > third line: HR, 7.533; 95% CI: 4.308-13.172;
P<0.001) were associated with higher risks of PFS, while
a longer duration of camrelizumab treatments (=6 vs.
<6 cycles: HR, 0.192; 95% CI: 0.114-0.325; P<0.001) was
associated with a lower risk (Table S1).

Safety

TRAESs of any grade were observed in 164 (48.8%) patients,
and those of grade 3 or worse were seen in 42 (12.5%). The
most common TRAEs were anaemia (17.6%), followed
by abnormal hepatic transaminase (13.4%), decreased
white blood cell count (12.2%), and decreased neutrophil
count (10.1%). Reactive cutaneous capillary endothelial
proliferation (RCCEP) was recorded in 23 (6.9%) patients
and most (95.7%) were mild (grade 1-2) (1able 4). TRSAEs
were noted in seven (2.1%) patients, including immune-
mediated pneumonia (n=2), infections (n=2), RCCEP,
respiratory failure, arrhythmia, decreased white blood cell
count, diarrhea, and autoimmune hepatitis. Eleven patients
required dose delay, while 15 discontinued camrelizumab
due to TRAEs. There were no treatment-related deaths.
The safety profiles of specific subgroups of patients,
including those with brain metastasis, liver metastasis, HBV

Subgroups Responders/patients ORR (95% Cl)
Age

<70 1121277 HEH 40.4 (34.6, 46.5)
=70 23/59 —E— 39.0 (26.6, 52.6)
Line of therapy

IstL 121/249 HH 48.6 (42.2, 55.0)
2nd L 10/48 —a— 20.8 (10.5, 35.0)
=3rd L 4/39 —E— 10.3 (2.9, 24.2)
Liver metastasis

Yes 5/29 —— 17.2 (5.8, 35.8)
No 130/307 HEH 42.3 (36.8,48.1)
Brain metastasis

Yes 17149 —— 34.7 (21.7, 49.6)
No 118/287 L] 41.1(35.4,47.1)
Camrelizumab treatment cycles

>6 cycles 85/178 i 47.7 (40.2, 55.4)
<6 cycles 50/158 [ ] 31.6 (24.5, 39.5)
Tumor stage

1B-IIIA 24/43 — 55.8 (39.9, 70.9)
HnB-1v 111/293 HEH 37.9(32.3,43.7)
HBYV infection

Yes 13/21 — 61.9 (38.4,81.9)
No 87/206 - 42.2 (36.4,49.3)

0 10 20 30 40 50 60 70 80 90 100
Objective response rate (%)

Figure 3 Subgroup analysis of ORR in NSCLC patients treated with camrelizumab. ORR, objective response rate; CI, confidence interval;

NSCLC, non-small cell lung cancer; HBV, hepatitis B virus.
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Table 3 Logistic regression analysis of ORR in NSCLC patients treated with camrelizumab
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Univariate analysis

Multivariate analysis

Variables
OR (95% CI) P OR (95% ClI) P

Camrelizumab treatment line

First line Ref

Second line 0.278 (0.133-0.583) 0.001 0.347 (0.162-0.741) 0.006

> Third line 0.121 (0.042-0.35) <0.001 0.126 (0.043-0.367) <0.001
Age

<70 years Ref

>70 years 0.941 (0.529-1.674) 0.837
Sex

Male Ref

Female 0.649 (0.382-1.103) 0.11
Histology

Adenocarcinoma Ref

Squamous cell carcinoma 1.543 (0.982-2.425) 0.06

Other/unspecified 2.739 (0.747-10.038) 0.128
Smoking status

Never Ref

Current/former 1.154 (0.726-1.834) 0.544
Brain metastasis

No Ref

Yes 0.761 (0.404-1.434) 0.398
Liver metastasis

No Ref

Yes 0.284 (0.105-0.763) 0.013 0.324 (0.115-0.915) 0.033
Baseline antibiotics

No Ref

Yes 1.559 (0.766-3.174) 0.221
Baseline steroids

No Ref

Yes 0.749 (0.461-1.218) 0.244
Tumor stage

IB-IIIA Ref

nB-1v 0.483 (0.253-0.922) 0.027
Duration of camrelizumab use

<6 cycles Ref

>6 cycles 1.974 (1.264-3.084) 0.003 1.843 (1.149-2.956) 0.011
Patterns of camrelizumab use

Monotherapy Ref

Plus CT 2.114 (0.895-4.995) 0.088

Plus anti-angiogenesis 0.955 (0.303-3.009) 0.937

Plus CT + anti-angiogenesis 1.633 (0.637-4.186) 0.307

ORR, objective response rate; NSCLC, non-small cell lung cancer; OR, odds ratio; Cl, confidence interval; CT, chemotherapy.
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Table 4 TRAEs occurred in >2% of patients (n=336)

Xu et al. Camrelizumab in real-world NSCLC patients

TRAEs n (%)

AEs

Grade 1 Grade 2 Grade 3/4 All grade
Anaemia 24 (7.1) 20 (6.0) 15 (4.5) 59 (17.6)
Abnormal hepatic transaminase 33 (9.8) 10 (3.0) 2 (0.6) 45 (13.4)
White blood cell count decreased 9(2.7) 18 (5.4) 14 (4.2) 41 (12.2)
Neutrophil count decreased 12 (3.6) 9(2.7) 13 (3.9) 34 (10.1)
Platelet count decreased 8 (2.4) 72.1) 16 (4.8) 31 (9.2
Lymphocyte count decreased 6(1.9) 8 (2.4) 12 (3.6) 26 (7.7)
RCCEP 17 (5.1) 4(1.2) 1(0.3) 23 (6.9)
Electrolyte imbalance 5(1.5) 4(1.2) 5(1.5) 14 (4.2)
Thyroid dysfunction 9(2.7) 2 (0.6) 0 (0.0 11 (3.3)
Infection 2(0.6) 1(0.3) 6 (1.8) 9(2.7)
Blood bilirubin increased 8 (2.4) 0 (0.0 1(0.3) 9(2.7)
Myelosuppression 0 (0.0) 5(1.5) 3(0.9) 8 (2.4)
Hypoalbuminemia 4(1.2) 3(0.9) 0 (0.0 7 (2.1)
Liver injury 5(1.5) 1(0.3) 1(0.3) 72.1)
Elevated blood glucose 7(2.1) 0(0.0) 0(0.0) 7(2.1)

TRAEs, treatment-related adverse events; AEs, adverse events; RCCEP, reactive cutaneous capillary endothelial proliferation.

infection, and early-stage disease were generally consistent
with the overall population, with no new safety signal.

Discussion

This was a retrospective study (CTONG2004-ADV)
investigating the effect of camrelizumab on 336 NSCLC
patients. An overall ORR of 40.2%, DCR of 85.1%,
and 6-month PFS and OS rates of 73.0% and 93.1%,
respectively were observed, while patients with liver
metastasis had significantly inferior ORR and PFS. Those
of older age, with brain metastasis, or taking baseline
antibiotics or steroids showed comparable ORR and
6-month PFS rates. In multivariate analyses, the presence
of liver metastasis and increasing lines of camrelizumab
treatment were negatively associated, while a longer
duration of camrelizumab treatment was positively
associated, with ORR and PFS. The safety profile in our
real-world population was generally consistent with those
reported in the pivotal trials, although the frequency of
TRAESs was comparatively lower. To our best knowledge,
the CTONG2004-ADV is one of the largest reported
clinical evaluations of camrelizumab in real-world NSCLC

© Translational Lung Cancer Research. All rights reserved.

patients to date, and our findings provide a comprehensive
overview of effectiveness and safety profiles of camrelizumab
in a broader population from routine clinical practice.
Camrelizumab showed an inferior ORR, while a
comparable DCR in real-world settings. The ORR (40.2%)
observed in our cohort was lower than observed in first-
line trials (CameL: 60.5% for non-squamous NSCLC;
CamelL-sq: 64.8% for squamous NSCLC) (7,8). However,
it was higher than the results reported periodically in the
two prospective observational studies (25% and 26%)
(11,12). Interestingly, despite the comparatively lower
ORR observed in real-world settings, the DCR (85.1%)
was generally comparable among the pivotal trials (CameL:
87.8% for non-squamous NSCLC; CameL-sq: 88.1%
for squamous NSCLC) (7,8) and observational studies
(83.40% and 89.30%) (11,12). These variations may be
partially explained by different patient characteristics and
treatment variables. As an example, the increasing line
of camrelizumab treatment was found to independently
associate with a deteriorated tumor response in the current
study. Most (74%) of our patients received camrelizumab
in the first-line setting, whereas more (70% and 75%)
in the two prospective observational studies received it
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in second or later line settings. Considering the context
of cross-study comparison and the difference in patient
characteristics and treatments, the ORR observed herein
was generally comparable to that seen in the pivotal trials
(7,8). Unfortunately, only the 6-month survival outcomes
were available in this study. The tumor response to
nivolumab was found to associate with prolonged survival
in an observational study (13). However, whether the anti-
tumor activity observed in the current study will translate
into the long-term survival benefits is unknown.

Our study also adds novel insights into the effectiveness
of camrelizumab in specific subgroups of patients who were
excluded from or underrepresented in the pivotal trials.
Patients with liver metastasis were found to have significantly
inferior ORR and 6-month PFS rate when compared with
those without. Consistent results of comparatively poor
response and survival were reported in patients with liver
metastasis receiving other ICIs. However, contrary results
of comparable efficacy irrespective of liver metastasis
status were also noted (14,15). Despite this, a recent study
demonstrated a restrained efficacy of immunotherapy in
both preclinical models and clinical cancer patients with
liver metastasis in eight cohorts, including NSCLC, with
the authors suggesting a combination with radiotherapy
may improve immunotherapy efficacy in such patients (16).
Patients with liver metastasis were also found to benefit from
immunotherapy as part of a treatment modality, albeit with
a poor response, and those with adenocarcinoma metastasis
to the liver seemed to benefit more from immunotherapy
than their squamous cell carcinoma counterparts (17).
Additionally, the therapeutic effects of ICIs were found
to relate to treatment patterns in patients with liver
metastasis, with stronger effects derived from the ICI-based
combination therapy. The latter was suggested to be able to
overcome intrinsic resistance of liver metastasis to ICIs (18).
However, our study showed no significant impact of
camrelizumab treatment patterns on tumor response both in
overall patients and those with liver metastasis [ORR: 20%
(1/5) monotherapy vs. 16.7% (4/24) combination therapy].
Liver metastasis was found to independently associate with
inferior clinical outcomes after adjusting for other factors,
including patterns of camrelizumab use. Future studies
of immunotherapy in patients with liver metastasis may
focus on the patterns of ICI use (combination therapy e.g.,
radiotherapy) or identification of specific patients more likely
to benefit.

However, other specific subgroups, such as older age
(=70 years), presence of brain metastasis, and baseline
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antibiotics or steroids administration were not found to
significantly impact the clinical outcomes in this study.
While similar results were observed in previous studies
of other ICIs (19-21), other studies showed equivocal
benefits of ICIs in older patients (22,23), or those taking
baseline steroids (24,25) or antibiotics (26-28). A recent
study indicated patients with HBV/HCV infection could
be treated safely with anti-PD-1 inhibitors (29,30),
and consistent with those results, our study showed no
significant impact of HBV infection on tumor response and
survival outcomes. Regrettably, we failed to include HBV
infection in the multivariate analyses, and future studies
in specific subgroups of interest are still needed to better
define the long-term therapeutic effects of camrelizumab in
real-world NSCLC patients.

The most common TRAEs in our study were anaemia,
abnormal hepatic transaminase, white blood cell count
decrease, and neutrophil count decrease, which are
generally consistent with the profiles reported in the pivotal
trials. Notably, TRAEs were less commonly reported in
the real-world setting, especially mild symptoms (e.g.,
RCCEP). A similar phenomenon was noted in previous
studies of other ICIs (31,32). One reasonable explanation
is the less stringent monitoring and reporting of low-grade
AEs in the real-world setting, although direct reporting to
other agencies such as regional pharmacovigilance centers
may also play a role. Nevertheless, no new safety signal was
observed in NSCLC patients treated with camrelizumab in
routine clinical practice.

Some limitations must be acknowledged when
interpreting the results. Primarily, the retrospective
nature of the study design lends to potential selection and
misclassification bias, although we have tried to include all
consecutive patients eligible for inclusion and to conduct
data cross-validation. Secondly, some major patient
characteristics such as PD-L1 expression and ECOG PS
were not routinely assessed/recorded. Thirdly, the small
subsets of patients made it difficult to evaluate their clinical
significance in the real-world setting, and finally, all patients
were enrolled from tertiary hospitals, and only the short-
term outcomes were available. Accordingly, a prospective
observational study with a larger sample size (~1,000) is
underway to further evaluate camrelizumab use in real

world NSCLC patients (NCT04793139).

Conclusions

Our study showed the effectiveness and safety of
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camrelizumab in real world NSCLC patients, and subgroup
analysis indicated the presence of liver metastasis was
associated with worse outcomes. Future studies are required
to provide an in-depth insight into the long-term effects of
camrelizumab in real-world NSCLC patients.
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Subgroups 6 months events/patients 6 months PFS rate(95% Cl)
Age

<70 51/277 (2 ] 72.6 (66,78)
>=70 13/59 —a— 75.8 (61.7,85.3)
Line of therapy

1stL 34/249 - 81.6 (75,86.6)
2nd L 17/48 —a— 54.8 (38.6,68.3)
>=3rd L 18/39 —_ 41.8 (25.1,57.7)
Liver metastasis

Yes 14/29 — 45.4 (25,63.8)
No 52/307 HH 75.5 (69.4,80.5)
Brain metastasis

Yes 15/49 —— 65.3 (48.4,77.8)
No 49/287 HH 74.3 (67.9,79.6)
Camrelizumab treatment cycles

>=6 cycles 19/178 = 85.2 (77.7,90.4)
<6 cycles 47/158 —a— 58.7 (49.5,66.9)
Tumor stage

1B-1IIA 7143 —a— 80.8 (63,90.7)
nB-v 55/293 - 71.8 (65.4,77.2)
HBYV infection

Yes 2/21 —— 89.5 (64.1,97.3)
No 40/206 - 72.1(63.8,78.8)

0 10 20 30 40 50 60 70 80 90 100
6 months PFS rate (%)

Figure S1 Subgroup analysis of 6-month PFS in NSCLC patients treated with camrelizumab. PFS, progression-free survival; CI, confidence

interval; NSCLC, non-small cell lung cancer.
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Table S1 COX regression analysis of PFS in patients treated with camrelizumab

Univariate analysis

Multivariate analysis

Variables
HR (95% Cl) P HR (95% Cl) P

Camrelizumab treatment line

First line Ref

Second line 3.12 (1.822-5.342) <0.001 2.177 (1.238-3.828) 0.007

> Third line 5.074 (2.984-8.626) <0.001 7.533 (4.308-13.172) <0.001
Age

<70 years Ref

>70 years 1.226 (0.709-2.119) 0.467
Sex

Male Ref

Female 1.335 (0.829-2.152) 0.235
Histology

Adenocarcinoma Ref

Squamous cell carcinoma 1.027 (0.655-1.61) 0.908

Other/unspecified 0.769 (0.187-3.167) 0.716
Smoking status

Never Ref

Current/former 0.855 (0.54-1.353) 0.504
Brain metastasis

No Ref

Yes 1.408 (0.803-2.469) 0.232
Liver metastasis

No Ref

Yes 2.958 (1.662-5.268) <0.001 2.416 (1.27-4.595) 0.007
Baseline antibiotics

No Ref

Yes 0.806 (0.371-1.75) 0.585
Baseline steroids

No Ref

Yes 0.871 (0.534-1.422) 0.581
Tumor stage

IB-IIA Ref

HB-v 1.515(0.73-3.144) 0.265
Duration of camrelizumab use

<6 cycles Ref

>6 cycles 0.253 (0.155-0.414) <0.001 0.192 (0.114-0.325) <0.001
Patterns of camrelizumab use

Monotherapy Ref

Plus CT 0.365 (0.192-0.696) 0.002

Plus anti-angiogenesis 0.731 (0.328-1.629) 0.444

Plus CT + anti-angiogenesis 0.352 (0.163-0.762) 0.008

PFS, progression-free survival; HR, hazard ratio; Cl, confidence interval; CT, chemotherapy.
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