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Abstract

Background: Many studies show that camrelizumab combination therapy can significantly

improve progression-free survival (PFS) and overall survival (OS] in non-small cell lung

cancer (NSCLC). However, the time of camrelizumab to market is short, and there is no

systematic evaluation of camrelizumab-based comprehensive treatment of NSCLC.

Objectives: To systematically evaluate the efficacy and safety of camrelizumab in

comprehensively treating NSCLC.

Design: A systematic review and meta-analysis.

Data sources and methods: Databases, including PubMed, Web of Science, Embase, and

Cochrane, were searched by computer before August 2023 based on Preferred Reporting

ltems for Systematic Review and Meta-Analysis (PRISMA] guidelines, and reports on the

efficacy and safety of camrelizumab-based treatment for NSCLC were collected, and RevMan

5.4 software was employed for meta-analysis finally.

Results: Totally, 5 RCTs, 2 cohort studies, and 12 single-arm studies were included. The gorrespondence to:
meta-analysis results revealed that, compared with the treatment without camrelizumab, écafiemxof Megical
the camrelizumab-based combination treatment considerably extended the OS (hazard ratio Transationat Medicine,
(HR)=0.60, 95% confidence interval (Cl): (0.44-0.82), p<0.01), PFS (HR=0.42, 95% Cl: (0.28- Yianjin University, Tianjin

300192, China

0.63), p<0.01), and event-free survival (EFS) (HR=0.55, 95% CI: (0.44-0.68), p<0.01). The Tianjin Key Laboratory of
median objective response rate in single-arm studies was 41% (95% Cl: 28%-53%], and the E;Z‘i;‘s:r‘fn"gce;a”ndjig‘e“ra‘
disease control rate was 84% (95% Cl: 78%-89%). Furthermore, in terms of the occurrence University, Tianjin 300192,
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of grades 3-5 adverse events, the incidence of neutropenia was lower in the camrelizumab Deoartment of Intearative
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Introduction reason for cancer death. It has been reckoned that for Cancer, Key Laboratory
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lung cancer is NSCLC, which represents approx-
imately 80% of lung cancer cases, with surgical
resection being the primary treatment.2 However,
due to the highly invasive nature of the disease
and the absence of effective early screening meth-
ods, most patients are diagnosed at advanced
stages, missing the optimal timing for surgery.
Platinum-based chemotherapy is currently used
to treat advanced NSCLC patients, but it leads to
adverse reactions in the digestive tract, bone mar-
row suppression, and poor prognosis. Although
targeted therapy drugs have demonstrated some
therapeutic benefits, their efficacy is limited to
patients with advanced lung adenocarcinoma
who have sensitive driver gene mutations such as
epidermal growth factor receptor, c-ros oncogene
1, and anaplastic lymphoma kinase, with a muta-
tion rate of only 20%-30%.35 Therefore, new
treatment strategies are urgently needed to extend
the survival of patients with advanced NSCLC
and minimize adverse reactions.

The emergence of immunotherapy provides a
new direction for treating patients with advanced
or metastatic malignancies. It has become a cru-
cial treatment method following surgery, radio-
therapy, chemotherapy, and targeted therapy.
Currently, immune checkpoint inhibitors (ICIs)
commonly utilized in clinical practice encompass
monoclonal antibodies targeting programmed
cell death protein 1 (PD-1), programmed death
ligand 1 (PD-L1), and cytotoxic T-lymphocyte-
associated antigen-4. Numerous clinical trials
have demonstrated the potential benefits of ICIs
in treating various malignant tumors. Additionally,
combined therapy has been shown to enhance
clinical efficacy while simultaneously minimizing
side effects, offering patients a more personalized
and comprehensive treatment strategy.%10
KEYNOTE-1891! is a randomized, double-blind,
phase III clinical trial that assessed the effective-
ness of pembrolizumab or placebo in combina-
tion with pemetrexed and platinum-based therapy
for patients with non-squamous stage IV NSCLC.
The recently published 5-year follow-up results
showed that the 5-year overall survival (OS) rates
were 19.4% for the immunotherapy + chemo-
therapy group and 11.3% for the placebo + chem-
otherapy group, with controllable toxicity.

Camrelizumab  (Erica™, Jiangsu  Hengrui
Pharmaceuticals Co., Ltd of China, Jiangsu, China)
is a humanized anti-PD-1 monoclonal antibody
developed by Jiangsu Hengrui Pharmaceuticals
Co., Ltd of China. It obtained its first approval

from the National Medical Products Administration
in May 2019 to treat patients with relapsed or
refractory classical Hodgkin’s lymphoma.!? Later,
it was approved for the treatment of non-squamous
NSCLGC, liver cancer, and esophageal squamous
cell carcinoma. At present, it has been confirmed
that camrelizumab alone or in combination with
other drugs shows significant anticancer activity,
and results in a low incidence of adverse reactions.
In a study (Camel)!? evaluating the efficacy of
camrelizumab in patients with driver-gene-negative
advanced NSCLC, two treatment groups were
compared: camrelizumab with carboplatin and
pemetrexed versus carboplatin with pemetrexed.
The median follow-up time was 11.9 months, and
PFS was significantly better in the combination
chemotherapy group (11.3 vs 8.3months), with
manageable toxicity. This combination therapy is
now the standard treatment for advanced non-
squamous NSCLC in China. The CameL study
recently published its 5-year follow-up results,
showing a 5-year OS rate of 31.2% and 19.3% in
the immunotherapy + chemotherapy group and a
5-year PFES rate of 16.1% in the chemotherapy
group, with manageable toxicity. Another double-
blind, multicenter, phase III trial (Camel-Sq),!4
revealed that camrelizumab combined with carbo-
platin and paclitaxel significantly extended PFS
and OS compared to placebo + chemotherapy in
squamous NSCLC patients, establishing immune-
based chemotherapy as the first-line treatment for
squamous NSCLC.

In recent years, with the in-depth research of
immunotherapy, a growing number of studies
have focused on the efficacy and safety of camre-
lizumab combined with chemotherapy or targeted
drugs in advanced NSCLC. Many studies show
that camrelizumab combined with chemotherapy
can significantly improve PFS and OS in advanced
NSCLC patients in comparison with chemother-
apy.15-17 However, the time of camrelizumab to
market is short, and there is no systematic evalu-
ation of camrelizumab-based comprehensive
treatment of NSCLC. This study conducted a
meta-analysis and systematic review of the rele-
vant published studies on camrelizumab in treat-
ment of advanced NSCLC, with the purpose of
providing evidence-based medical evidence for
clinical practice.

Materials and methods
The study was conducted in accordance with
Preferred Reporting Items for Systematic Review
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and Meta-Analysis (PRISMA) guidelines,!8 and
the respective checklist has been provided as a
Supplemental File 1.

Literature search strategy

The literature on the treatment of advanced
NSCLC with camrelizumab published up to
August 31, 2023 was retrieved. The PubMed,
Web of Science, Embase, and Cochrane elec-
tronic databases were comprehensively searched
using text words and subject headings, and the
language was restricted to English language. The
keywords included “camrelizumab,” “SHR-
1210,” “SHR 1210,” “Carcinoma, Non-Small-
Cell Lung,” “Lung Carcinoma, Non-Small-Cell,”
and “Non-Small-Cell Lung Cancer.” Pubmed
retrieval formula is as follows: (“camrelizumab”
[Supplementary Concept]) or (((carrelizumab)
or (SHR-1210)) or (SHR 1210)) or (camreli-
zumab)) and ((“Carcinoma, Non-Small-Cell
Lung” [Mesh]) OR ((((((((((((Carcinoma, Non
Small Cell Lung) OR (Carcinomas, Non-Small-
Cell Lung)) OR (Lung Carcinoma, Non-Small-
Cell)) OR (Lung Carcinomas, Non-Small-Cell))
OR (Non-Small-Cell Lung Carcinomas)) OR
(Non-Small-Cell Lung Carcinoma)) OR (Non
Small Cell Lung Carcinoma)) OR (Carcinoma,
Non-Small Cell Lung)) OR (Non-Small Cell
Lung Carcinoma)) OR (Non-Small Cell Lung
Cancer)) OR (WNon small Cell Lung Cancer))
OR (NSCLCQ))). The complete search strategies
for all databases are depicted in Supplemental
Table S1.

Literature inclusion and exclusion criteria

Inclusion criteria were as follows: (1) The histo-
logical type was NSCLC, and both metastatic
and localized NSCLC were included. (2) Types
of studies: randomized controlled trial (RCT),
cohort study, and single-arm study. (3)
Intervention measures of RCT and cohort study:
Patients in the experimental group were given
camrelizumab on the basis of treatment in the
control group. The dosage, usage, and course of
treatment of the two groups were not limited.*
The included articles contained at least one effec-
tive outcome indicator: OS, objective response
rate (ORR), disease control rate (DCR), progres-
sion-free survival (PFS), event-free survival
(EFS), or disease-free survival (DFS), or one
indicator of safety outcome: leukopenia, neutro-
penia, nausea, rash, hypothyroidism, and reactive
cutaneous capillary endothelial proliferation

(RCCEP). Exclusion criteria were as follows: (1)
duplicate publications; (2) case reports, reviews,
and conference summaries; and (3) literature not
in full text and with incomplete information or
irrelevant outcome indicators.

Literature screening and data extraction
Literature retrieval, screening, and data extrac-
tion were independently carried out by two
researchers (Y.L. and N.M.). Then, the results
were cross-checked. Doubts or disagreements
were resolved after discussion or by a third
researcher (Y.C.). The following data were
extracted: (1) the first author’s name, publication
year, country, and registration number of the
included literature; (2) study design, intervention
measures, sample size, and patient’s age, gender,
and follow-up time; (3) effective outcome indica-
tors: OS, ORR, DCR, PFS, EFS, or DFS; and
safety outcome indicators: leukopenia, neutrope-
nia, nausea, rash, hypothyroidism, and RCCEP.
PFS, EFS, and DFS are endpoints that share
similarities. PFS is defined as the duration from
randomization (or initiation of treatment in a sin-
gle-arm trial) to tumor progression or death,
whichever happens first. EFS, on the other hand,
is the time from the start of randomization (or
treatment initiation in a single-arm trial) to the
first occurrence of specific events such as the pro-
gression of disease that precludes surgery, local or
distant recurrence, and death due to any cause.
Lastly, DFS is the duration from the start of ran-
domization (or treatment initiation in a single-
arm trial) to the recurrence of the disease or death
from any cause, whichever occurs first. Among
these, PFS primarily indicates the therapeutic
impact of drugs on tumors, encompassing deaths
resulting from various causes, which are more
closely associated with OS. DFS is primarily
employed to assess disease recurrence, particu-
larly in the context of evaluating postoperative or
post-radiotherapy adjuvant treatments. EFS is
more indicative of surgical interventions than
DFS and is predominantly utilized to evaluate
neoadjuvant therapies preceding surgical proce-
dures or radiotherapy. DFS and EFS can serve as
crucial endpoint indicators in cases where the
extended lifetime poses challenges in using the
OS as the primary endpoint.

Literature quality assessment
The risk of bias tool for RCTs recommended by
Cochrane Handbook 13.3.5.4 was applied for
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the risk of bias assessment, which specifically
included contents as to whether the random
method was accurate, whether the allocation
scheme was concealed, whether the blinding
method was adopted, whether the result data
were integrated, whether the results were selec-
tively reported, and whether there were other
sources of bias. Each item was divided into “high
bias,” “low bias,” and “unclear.” The Newcastle—
Ottawa Scale (NOS) was employed to appraise
the quality of the cohort studies, with a total
score of 9. According to the NOS scores, the lit-
erature was divided into low (0—4), medium (5—
6), and high (7-9) quality. The single-arm studies
were evaluated by the JBI scale, including 10
items, and each item was input with “Yes” or
“No” according to the quality of the articles.
Two researchers (Y.L. and N.M.) independently
evaluated the quality of the included studies.
Disputes were solved via discussion or negotia-
tion with another researcher (Y.C.).

Statistical methods

Revman (Review Manager) 5.4 was utilized for
statistical analysis of RCTs and cohort studies.
The outcome measures (OS, PFS, EFS, and
DEFS) were displayed as hazard ratios (HRs) with
95% confidence intervals (Cls), and the binary
variables were reported as relative risks (RRs)
with 95% CIs. A heterogeneity test was carried
out for each analysis. An I? < 50% indicated insig-
nificant heterogeneity, and thus a fixed-effects
model was used for analysis. An I?>50% sug-
gested that heterogeneity existed among the stud-
ies, and a random-effects model was used. For
the outcome indicators OS, PFS, EFS, and DFS,
subgroup analysis was conducted based on vari-
ous research types. Stata 15.1 was used to com-
bine the outcome indicators and the incidence of
adverse events of single-arm studies. For RCT
and cohort studies, the publication bias test and
sensitivity analysis were carried out by Stata 15.1.
Meanwhile, the funnel plot and Egger’s test were
selected to evaluate the publication bias of the lit-
erature, and a p-value of lower than 0.05 was
deemed statistically significant (p <0.05).

Results

The results of the literature search

Overall, 823 studies were retrieved from the data-
base. A total of 548 studies were obtained after
eliminating duplicate studies, and 494 studies

were removed through browsing the titles and
abstracts of the literature. After reading the full
text, 5 RCTs,13:141921 2 cohort studies,?223 and
12 single-arm studies!5-17:2432  were finally
included. The flow chart of literature screening is
depicted in Figure 1.

Baseline characteristics and quality evaluation

of the included studies

Study characteristics. This meta-analysis
included 5 RCTs and 2 cohort studies, involving
1104 patients (two studies!?20 were from the
same trial with the same sample size, but their
follow-up duration and outcome measures were
different, so only one of them was involved in the
calculation of the overall number of cases, which
was different from Table 1). All patients in the
included studies were Chinese. The basic charac-
teristics of the included studies are shown in Table
1. In addition, 12 single-arm studies involving
1235 patients were also included in the analysis
(Table 2).

Quality assessment of the included stud-
ies. Among the five RCTs, one study did not
mention the concealment of the distribution; two
studies did not mention the blinding of the inves-
tigators and participants; two studies did not
mention the adoption of the blinding method for
results evaluation, and one did not mention
whether the results were selectively reported. All
other studies mentioned the specific methods of
generating random sequences, and other sources
of bias were clear (Figure 2). The scores of the
two cohort studies were 8 and 9, respectively,
both of which were high-quality studies (Supple-
mental Table S2). The quality evaluation results
of the single-arm studies are displayed in Supple-
mental Table S3.

Results of meta-analysis

Efficacy analysis of RCTs and cohorts. Five studies
reported OS, and the results of the included stud-
ies were quite heterogeneous (I?=60%, p=0.04).
The random-effects model was utilized for meta-
analysis. The results revealed that the treatment
combined with camrelizumab could significantly
prolong the OS of advanced NSCLC patients
compared with the treatment without camreli-
zumab, and statistical significance was noted
(HR: 0.60, 95% CI: 0.44-0.82, p=0.001, Figure
3(a)). Subgroup analysis revealed that the HR for
RCT was 0.67 (95% CI: 0.57-0.80) and for
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Figure 1. Flowchart of the systematic search and selection process.

cohort studies was 0.13 (95% CI: 0.01-1.91).
The higher quality of RCTs compared to cohort
studies suggests that camrelizumab combined
therapy may be more effective in RCTs.

PFS was reported in three studies, and there was
great heterogeneity (I>?=76%, p=0.02). The ran-
dom-effects model was adopted for meta-analy-
sis. The results disclosed that the treatment
combined with camrelizumab could significantly
extend the PFS of advanced NSCLC patients
compared with the treatment without camreli-
zumab, and statistical significance was noted
(HR: 0.42 (95% CI: 0.28-0.63), p<<0.001,
Figure 3(b)).

Two studies reported EFS. There was no statisti-
cal heterogeneity among the studies (2=0%,
p»=0.91), so the fixed-effects model was adopted
for meta-analysis. The results unveiled that the

camrelizumab combination treatment could sig-
nificantly extend the EFS of advanced NSCLC
patients compared with the treatment without
camrelizumab, and no statistical significance was
revealed (HR: 0.55, 95% CI: 0.44-0.68,
$»<<0.001, Figure 3(c)).

Two studies reported DFS and the data from
these studies were quite heterogeneous (I2=73%,
p»=0.05). The random-effects model was selected
for meta-analysis. The results revealed that the
treatment combined with camrelizumab could
not prolong the DFS of advanced NSCLC
patients, and no significant difference was found
between the two groups (HR: 0.21, 95% CI:
0.02-1.88, p>0.05, Figure 3(d)).

Camel?° study and Camel.-Sq!* study were
included in the analysis, with subgroups analyzed
based on the patient’s PD-L1 tumor proportion
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Figure 2. Literature quality evaluation.

score, gender, age, ECOG score, liver or brain
metastasis status, and smoking status. It can be
observed that OS and PFS of patients with
advanced squamous NSCLC benefited from
camrelizumab combined with chemotherapy,
regardless of PD-L1 expression status. In
advanced non-squamous NSCLC, patients with
PD-L1 expression =1% benefited from combina-
tion therapy regarding OS and PFS, whereas
those with PD-L1 expression <1% did not bene-
fit from combination therapy in both aspects. The
impact of smoking status on patient survival ben-
efits is noteworthy. The combined use of camreli-
zumab significantly extended the survival of
NSCLC smokers who smoke over 20 packs a year
compared to chemotherapy. However, it did not
enhance the survival of nonsmokers or light smok-
ers. The patients’ benefits from OS and PFS were

not impacted by ECOG score, liver metastasis, or
brain metastasis. Gao et al.’s?* research demon-
strated that patients with squamous NSCLC ben-
efited from the combination of camrelizumab and
apatinib, regardless of PD-LL1 expression status.
A study by Ren et al.!® confirmed that the combi-
nation of camrelizumab and apatinib improved
the ORR and PFS of patients with non-squamous
NSCLC, regardless of PD-LL1 expression status.
Yin et al.!” discovered that NSCLC patients with
high PD-L1 expression had better outcomes
when treated with camrelizumab in combination
with chemotherapy as a second-line and above-
line treatment.

Efficacy analysis of single-arm studies. Among
the single-arm studies, nine studies reported the
ORR of patients after taking camrelizumab, and
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Figure 3. Forest plot for (a) 0S, (b) PFS, (c) EFS, and (d) DFS of treatment combined with camrelizumab versus
treatment without camrelizumab in patients with NSCLC.
DFS, disease-free survival; EFS, event-free survival; OS, overall survival; PFS, progression-free survival.

the random-effects model was used for analysis
(I?=93.9%, p=0). The pooled median ORR was
41% (95% CI: 28%-53%) (Figure 4(a)). Nine
studies reported DCR, and the random-effects
model was used (I?=77.7%, p=0). The pooled
median DCR was 84% (95% CI: 78%—89%)
(Figure 4(b)).

Among the single-arm studies, two studies
reported the OS of patients after taking camreli-
zumab, and the fixed-effects model was adopted

(I’=0%, p=0.86). The pooled median OS was
12.78 months (95% CI. 10.50-15.06 months)
(Figure 5(a)). PFS was reported in four studies,
and the random-effects model was adopted
(I?=82.6%, p=0.001). The pooled median PFS
was 7.79months (95% CI: 4.61-10.97 months)
(Figure 5(b)).

Incidence of adverse events. All RCTs and cohort
studies were selected for analysis of grades 3-5
adverse events. The pooled RRs of leukopenia,
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Figure 4. Forest plot for ORR (a) and DCR (b).

DCR, disease control rate; ORR, overall response rate.

neutropenia, nausea, rash, hypothyroidism, and
RCCEDP in the camrelizumab combination group
compared with the control group were 1.40 (95%
CIL 1.06-1.84; I’=0), 0.33 (95% CI: 0.26-0.42;
2=31), 0.83 (95% CI:. 0.24-2.89; I’=0), 6.49

(95% CI: 1.16-36.43; I?’=0), 3.04 (95% CI: 0.32—
29.38; I’=0), 7.17 (95% CI: 0.88-58.53; I’=0)
(Figure 6).The results revealed that the incidence of
neutropenia was lower in the camrelizumab combi-
nation group than in the control group, while the
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Figure 5. Forest plot for OS (a) and PFS (b).

0S, overall survival; PFS, progression-free survival.

incidence of leukopenia and rash was higher in the was not found between the camrelizumab combi-
camrelizumab combination group. A significant nation treatment and the treatment without
difference in the incidence of other complications camrelizumab.
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Figure 6. The incidence of AEs in the camrelizumab combination group and the control group. (a) White blood
cell count decreased. (b) Neutrophil count decreased. (c] Nausea. (d) Rash. (e] Hypothyroidism. (f) Reactive
cutaneous capillary endothelial proliferation.

AEs, adverse events.
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Table 3. Adverse events of the studies included in the meta-analysis.

AE All grade Grade 3-5

ES (95% CI) 12, % ES (95% CI) 12, %
Neutropenia 11 (5-17) 90.8 2 (1-3) 12.7
Platelet count decreased 17 (11-23) 70.0 4(1-6) 58.3
Anemia 37 (20-53) 96.5 3 (2-5) 28.58
Diarrhea 11 (4-19) 58.52 0(0-2) 0.00
White blood cell count decreased 16 (9-23) 91.9 2 (1-4) 26.74
Lymphocyte count decreased 7 (4-10) 30.9 2 (0-4) 20.57
Reactive cutaneous capillary 36 (19-53) 90.9 1(0-8) 88.13

endothelial proliferation

AE, adverse events; Cl, confidence interval; ES, effect size.

In the single-arm studies, the most frequent AEs
(all grades and =3 grades) related to the treat-
ment of NSCLC with camrelizumab were ana-
lyzed (Table 3). Most patients have experienced
AEs of unlimited levels and showed favorable tol-
erance. The results showed that the incidence
rates of the three most common adverse events,
including anemia, RCCEP, and thrombocytope-
nia, were 37% (95% CI: 20%—-53%), 36% (95%
CIL: 19%-53%), and 17% (95% CI: 11%-23%),
respectively. In addition, the incidence of neutro-
penia, diarrhea, leukopenia, and lymphopenia
reached 11% (95% CI: 5%—-17%), 11% (95% CI:
4%-19%), 16% (95% CI: 9%-23%), and 7%,
respectively. The incidence of grades 3—5 adverse
events was low (all below 10%), even the most
common events, such as anemia (3%), RCCEP
(1%), and thrombocytopenia (4%).

Publication bias

Cochrane Handbook (13.3.5.4)33 highlights the
need to assess publication bias when there are
over 10 comprehensive analysis studies. Since
this paper included fewer than 10 RCT and
cohort studies, publication bias analysis was not
conducted.

Sensitivity analysis

Stata 15 software was adopted to investigate the
sensitivity of OS and PFS and to detect the
change of the results after eliminating a certain
study. After analyzing sensitivity, the results dis-
closed that the statistical difference between OS

and PFS was not changed by excluding any
study, suggesting stable results of OS and PFS
(Figure 7). The sensitivity analysis of OS for
RCTs shows that OS results are stable. There are
only two RCTs reporting PFS, so sensitivity
analysisfor PFS wasnot conducted (Supplemental
Figure S1).

Discussion

At present, NSCLC is usually treated with plati-
num-based dual-drug chemotherapy. Although
such treatment has a certain effect, its serious
adverse reactions are unbearable for most
patients. Besides, it is difficult for advanced
NSCLC patients who have failed chemotherapy
numerous times to benefit from chemotherapy.
Therefore, it is necessary to discover new drugs
and treatment schemes to prolong patients’
survival.

ICIs have greatly changed the prospect of cancer
treatment since their emergence. As a kind of
immunosuppressive molecule, it can regulate
immune activation. However, the growth and
proliferation of tumors are linked to the deactiva-
tion of certain immune checkpoints by tumor
cells, causing an imbalance in antitumor immu-
nity, which is a significant mechanism in lung
cancer. PD-1 inhibitors (nivolumab and pem-
brolizumab) and PD-L1 inhibitors (durvalumab
and atezolizumab) showed significant activity
against tumor and tolerable toxicity in treating
advanced NSCLC, which provided a new direc-
tion for immunotherapy of advanced NSCLC. As
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Figure 7. Sensitivity analysis. (a) 0S. (b) PFS.
0S, overall survival; PFS, progression-free survival.

a new monoclonal antibody of humanized immu-
noglobulin G4, camrelizumab binds to the PD-1
receptor to inhibit ligands PD-L1 and PD-L2
interaction, block the immunosuppressive reac-
tion mediated by the PD-1 pathway, mobilize the
autoimmune system, identify and destroy tumor
cells, and exert antitumor effect. Because PD-L1
and PD-L2 are primarily expressed on tumor

cells’ surface, the binding of PD-1 to its ligand
happens in the tumor immune microenviron-
ment. Using PD-1 inhibitors leads to fewer
immune-related side effects, thus enhancing
patients’ survival and prognosis.3+

Visser et al.?5 find that initially, the survivorship
curve of patients receiving combination therapy
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is significantly different from that of patients
receiving single-agent therapy, indicating that
combination therapy is a better treatment model
for cancer, and is more beneficial to patients
than single-drug therapy in the treatment of var-
ious tumors. An RCT by Wang et al.3® reveals
that the combination of tislelizumab and stand-
ard chemotherapy can significantly slow disease
progression and reduce mortality of patients
with advanced NSCLC. A phase III trial3?
shows that the outcome is significantly improved
in the atezolizumab and chemotherapy combi-
nation group than in the chemotherapy alone
group, and the median PFSs were 6.3 and
5.6 months in the two groups, respectively. It
was further found that for metastatic, squamous
NSCLC, atezolizumab could benefit patients
with high expression of PD-L1. Again, in the
trial by IMPower15038 on the same population,
atezolizumab combining bevacizumab and
chemotherapy drastically extended the PFS and
OS of patients. In the KEYNOTE-4073° experi-
ment, pembrolizumab combined with chemo-
therapy prolonged PFS and OS in NSCLC
patients. The efficacy of camrelizumab com-
bined with chemotherapy in treating NSCLC
has been confirmed in previous studies. In an
RCT involving patients with resectable NSCLC
at stage IIIA or IIIB (T3N2), camrelizumab
combined with chemotherapy significantly
improved the pathologic response rate than
chemotherapy alone.!? In the study by CameL,!3
412 patients were divided into two groups ran-
domly and received camrelizumab combining
chemotherapy and chemotherapy, respectively.
The results showed that PFS was 11.3 and
8.3months, the PFS rate at 12months was
49.6% and 35.1%, and the PFS rate at 48 months
was 15.6% versus 0%, respectively. The experi-
ment confirmed that the application of camreli-
zumab significantly prolonged PFS, providing a
theoretical basis for camrelizumab combining
chemotherapy for advanced or metastatic squa-
mous NSCLC as the first-line treatment. A
recent meta-analysis?®® on the efficacy of ICIs
combined with chemotherapy for advanced
NSCLC found that camrelizumab combined
with chemotherapy was more effective in
improving PFS compared to other combina-
tions. Therefore, we conducted a systematic
review and meta-analysis of camrelizumab com-
bined with advanced NSCLC to enhance treat-
ment strategies for NSCLC patients and
establish a solid theoretical foundation for larger
clinical research studies.

Our study included 19 studies, including 5 RCTs,
2 cohort studies, and 12 single-arm studies,
involving 2339 people. After combining RCTs
and cohort studies, we conducted a systematic
evaluation. The meta-analysis indicated that the
HR for OS, PFS, EFS, and DFS were 0.60 (95%
CI: 0.44-0.82), 0.42 (95% CI: 0.28-0.63), 0.55
(95% CI: 0.44-0.68), and 0.21 (95% CI: 0.02—
1.88), respectively. It was suggested that com-
pared with the treatment without camrelizumab,
camrelizumab combination treatment could sig-
nificantly prolong the OS, PFS, and EFS of
patients, and no statistical significance was noted
in DFS after pairwise comparisons. This paper
also included 12 single-arm studies, and the
results showed that the median ORR, DCR, OS,
and PFS were 41%, 84%, 12.78 months, and
7.79 months, respectively. Most of the studies
included in this paper focused on the combina-
tion of camrelizumab and chemotherapy in treat-
ing advanced NSCLC. The mechanism
underlying the improvement in patients’ survival
with this combination therapy may be related to
the fact that camrelizumab can inhibit tumor
immune escape and further reshape the tumor
microenvironment, and PD-1 and chemotherapy
may exert a certain synergistic effect in enhancing
the function of the immune system, further elimi-
nating tumor cells. In this study, ORR (41%) and
DCR (84%) were lower than those of the first-
line test (Camel: non-squamous NSCLC;
ORR=60.5%, DCR=87.8%; Camel.-Sq: squa-
mous NSCLC; ORR=64.8%, DCR=88.1%).
This may be related to the individual differences
of patients, drug types, and dosages.

The combination therapy involving immunother-
apy shows improved clinical outcomes, with
ongoing research to investigate its underlying
mechanism. When immunosuppressants are
combined with chemotherapy, chemotherapy
may increase the immunogenicity of tumors by
enhancing the recognition of new antigens by
T-cells. Immunotherapy, on the other hand, may
boost the antitumor immune response by inhibit-
ing T-cell checkpoints, resulting in a synergistic
effect.4! Moreover, chemotherapy-induced
increase in antigen-presenting cells in tumor tis-
sue may enhance the antitumor activity of immu-
nosuppressants.¥2  When immunotherapy is
combined with targeted therapy, their synergistic
effect may be due to targeted drugs altering the
tumor microenvironment, enhancing the immu-
nogenicity of tumor cells, and improving the
efficacy of immunotherapy. Immunotherapy

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

N Maimaitiyiming, Y Li et al.

combined with targeted therapy can improve the
curative effect and is promising to achieve accu-
rate treatment of tumors. Preclinical studies indi-
cated that low-dose apatinib can enhance the
remodeling of the immunosuppressive microenvi-
ronment. When combined with camrelizumab,
which boosts T cell function, it shows a synergis-
tic antitumor effect. Qin et al.’s*3 research
revealed that in first-line treatment of advanced
NSCLC, the combination of camrelizumab and
apatinib achieved a median progression-free sur-
vival (mPFS) of 8.3months and an ORR of
78.1%. This suggests that nearly 8 out of 10
patients experienced relief with this treatment,
highlighting its tumor reduction effect. This also
provides a promising treatment option for
NSCLC patients, and more large-scale clinical
experiments are needed to verify the efficacy of
camrelizumab combined with apatinib.

For patients eligible for surgery, the benefits of
traditional adjuvant and neoadjuvant chemother-
apy are limited. Camrelizumab combined with
chemotherapy plays an important role in the neo-
adjuvant treatment of surgically resectable or
possibly resectable NSCLC. Hou et al.’s?3
research found that combining camrelizumab
with neoadjuvant chemotherapy resulted in a
better clinical response and higher ORR, com-
plete pathological response, and major patholog-
ical response (MPR) compared to neoadjuvant
chemotherapy alone in patients with resectable
stage IIIA-IIIB NSCLC. Subsequently, the
TD-FOREKNOW trial,’® a randomized con-
trolled prospective phase II clinical trial, divided
patients into two groups: one receiving neoadju-
vant camrelizumab combined with chemother-
apy and the other receiving neoadjuvant
chemotherapy alone, followed by surgery. It was
found that, compared with chemotherapy, neo-
adjuvant camrelizumab combined with chemo-
therapy for NSCLC significantly improved the
pathological complete response (pCR) rate
(32.6% vs 8.9%), and also improved the MPR
rate (65.12% vs 15.56%) and ORR (72.09% vs
53.33%). Additionally, the EFS rates in patients
receiving immune-based chemotherapy for 1 and
2years were 93.0% and 76.9%, respectively,
while those in the chemotherapy group were
76.9% and 67.6%. Based on this study, neoadju-
vant camrelizumab combined with chemother-
apy for surgically resectable stage IIIA-IIIB
(T3N2MO0) NSCLC has been included in the
B-level recommendation of early NSCLC guide-
lines in China. The synergistic effect of

neoadjuvant camrelizumab combined with
chemotherapy for NSCLC may be achieved by
blocking immune escape and enhancing chemo-
therapy sensitivity, thus improving the efficacy of
neoadjuvant chemotherapy.** The second phase
clinical trial by Zhao et al.3! confirmed that com-
bining neoadjuvant camrelizumab with apatinib,
a small molecule anticancer drug, showed prom-
ising activity in patients with stage IIA-IIIB
NSCLC. Patients with squamous NSCLC had a
better pathological response compared to those
with adenocarcinoma, with 19% achieving path-
ological complete response (pCR) and 47%
achieving MPR. Therefore, neoadjuvant camreli-
zumab combined with apatinib is a potential
treatment option for patients with resectable
NSCLC.

In terms of grades 3-5 adverse events, the inci-
dence of leukopenia and rash was found to be
lower in the camrelizumab group than in the con-
trol group, and the incidence of neutropenia was
higher in the control group. No statistical differ-
ence was noted in the incidence of hypothyroid-
ism and RCCEP between the two groups. The
combined results of the single-arm studies sug-
gested that the most common unclassified AEs
were anemia, RCCEP, and thrombocytopenia,
with incidences of 37%, 36%, and 17%, respec-
tively. The incidence of grades 3—5 adverse events
was low (all <10%). The incidence of some treat-
ment-related adverse events in the camrelizumab
combination group was higher than that of the
control group. This may be due to the fact that
PD-1 inhibitors target T-cells, suppressing the
patient’s autoimmunity. And camrelizumab itself
has hematologic toxicity, which can cause leuko-
penia. According to the results of this study, most
adverse events were grades 1-2, and the number
of grades 3-5 adverse events was small, which can
be improved after symptomatic treatment or dis-
continuance of camrelizumab, so the adverse
events are generally controllable. A recent meta-
analysis examining the use of ICIs in combination
with radiotherapy or radiotherapy and chemo-
therapy for advanced non-small cell lung cancer
(NSCLC) revealed that the prevalence of com-
mon adverse events such as nausea (47.6%), ane-
mia (46.6%), and rash (36.4%). The incidence of
anemia was higher than 37% in this study (nausea
and rash were excluded due to incomplete data),
which could be attributed to the predominance of
studies focusing on the combination of radiother-
apy and chemotherapy, as well as the incorpora-
tion of diverse ICIs.%5 The results of the phase III
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controlled trial KEYNOTE-1894¢ revealed that
the incidence of anemia, diarrhea, and thrombo-
cytopenia in NSCLC patients treated with a com-
bination of pembrolizumab and chemotherapy
was 47.7%, 32.3%, and 18.8%, respectively.
These data were found to be higher compared to
the results of our analysis. Additionally, the
occurrence of nausea (57.3%) and fatigue
(43.2%) was relatively elevated. The findings
from the China subgroup analysis of the phase III
trial CheckMate-816%% revealed that the predomi-
nant adverse reactions of any grade in the
nivolumab + chemotherapy group were anemia
(37%), leukopenia (28%), and neutropenia
(21%). The incidence of anemia was comparable
to that observed in our study, while the rates of
leukopenia and neutropenia were higher in com-
parison. The incidence of adverse reactions to
treatment combining camrelizumab is generally
low, and all related adverse reactions are
controllable.

From a medical and health perspective in China,
numerous studies8-51 indicate that the combina-
tion of camrelizumab and chemotherapy offers
substantial cost-effectiveness for patients with
NSCLC when compared to standard chemother-
apy. Zhou et al.’? found that camrelizumab,
developed in China, is more available and cost-
effective compared to imported drugs while offer-
ing a favorable curative effect. Liang et al.’s%°
research showed that the incremental cost-effec-
tiveness ratio (ICER) of camrelizumab combined
with chemotherapy is $25,674/QLY (quality-
adjusted life year), and the probability of cost-
effectiveness is >90% regardless of the expression
level of PD-L1. Wu et al.>® found that in the
treatment of advanced NSCLC, the ICER of
camrelizumab was lower than that of atezoli-
zumab, pembrolizumab, and nivolumab.
However, the latest study®* found that pembroli-
zumab combined with chemotherapy is the most
cost-effective option for patients with advanced
squamous NSCLC. In China, camrelizumab
combined with chemotherapy in the treatment of
non-squamous NSCLC and squamous NSCLC
has been included in the medical insurance,
reducing the economic burden for NSCLC
patients. Generally speaking, camrelizumab com-
bined with chemotherapy is an economical and
effective first-line treatment for advanced squa-
mous NSCLC in China.

In addition, there are some limitations in this
study. First, some of the included studies are

single-arm studies, which are of lower quality and
evidence level compared with RCTs and cohort
studies. Second, the sample size of RCTs and
cohort studies is small, the literature data is lim-
ited, and some indicators are heterogeneous,
which may lead to publication bias. Third,
although this study confirmed that therapy com-
bined with camrelizumab prolonged OS, PFS,
and EFS. Due to limited literature availability
and insufficient data for subgroup analysis, con-
ducting a comprehensive analysis regarding dif-
ferences in gender, age, smoking, specific drug
regimen, NSCLC pathological types, PD-L1
expression, and organ metastasis is not feasible.
This limitation may impact the conclusion’s reli-
ability and hinder the determination of the opti-
mal treatment plan, necessitating further
experiments to address data gaps.* Camrelizumab
has not been approved for the treatment of lung
cancer in foreign countries, and there is no rele-
vant research abroad at present. Therefore, the
clinical studies included are all from China, which
will affect the representativeness of the research
and may have some bias, thus affecting the gener-
alization of the conclusion. This paper has the fol-
lowing strengths. First, it is the first meta-analysis
to explore the efficacy of camrelizumab compre-
hensive treatment for NSCLC by including
RCTs, cohort studies, and single-arm studies.
Second, most of the included RCTs and cohort
studies are prospective studies with high quality,
and low-quality studies such as retrospective and
cross-sectional studies were not included. Third,
the conclusion of this article further supports the
efficacy and safety of camrelizumab in treating
NSCLC and also provides theoretical support for
the popularization of camrelizumab in NSCLC
patients and the further development of large-
scale clinical trials.

To sum up, this paper systematically analyzed the
efficacy and safety of camrelizumab in treating
advanced NSCLC. The clinical impact of com-
bining camrelizumab treatment is satisfactory,
offering significant benefits for patients in OS,
PFS, and EFS, but shows no clear improvement
in DFS. Regardless of PD-L1 expression in squa-
mous NSCLC patients, combining immunother-
apy with chemotherapy can enhance OS and PFS.
However, the survival advantage is not significant
for non-squamous NSCLC patients with less than
1% PD-L1 expression when treated with com-
bined chemotherapy. However, patients with
advanced NSCLC can benefit from camrelizumab
combined with apatinib regardless of PD-L1
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expression status. In addition, therapy combining
camrelizumab may increase the risk of adverse
reactions such as leukopenia and capillary
endothelial hyperplasia, which, although not
severe, should not be overlooked. Among them,
RCCERP is a distinct adverse reaction associated
with camrelizumab, characterized by skin mani-
festations such as capillary hyperplasia and
endothelial cell proliferation in the dermis.
Camrelizumab-induced RCCEP may be related
to the curative effect and can be used as a predic-
tor of the curative effect.>® This necessitates the
timely monitoring of hematological indicators,
observation of patient reactions, provision of guid-
ance to patients on symptom management, and
adjustment of dosages as necessary. Although our
study has some limitations, it is the first to inte-
grate RCTs, cohort studies, and single-arm stud-
ies to investigate the efficacy of camrelizumab.
More well-conceived, large-scale prospective
RCTs are necessary to thoroughly analyze the effi-
cacy of camrelizumab in treating NSCLC, accu-
rately locate the population that is most suitable to
be treated with camrelizumab combination ther-
apy, make an objective and effective medication
plan for patients, and monitor the side effects,
with the aim to provide a more reliable reference
for clinical treatment of NSCLC.

Conclusion

This comprehensive analysis shows that camreli-
zumab combination treatment can well improve
the OS, PFS, and EFS of NSCLC patients at
advanced stages, and has good safety and control-
lable drug-related adverse reactions. The expres-
sion status of PD-L1, smoking history, and the
occurrence of RCCEP can predict the clinical
benefit of camrelizumab combination therapy.
Clinicians should exercise caution in prescribing
medication to patients with PD-LL1 expression
below 1% who are nonsmokers or light smokers.
Considering the inadequate sample size of the
included literature, well-designed RCTs with a
large sample size are warranted to further evalu-
ate more effective combination therapy for
advanced NSCLC without increasing adverse
reactions, and further confirm its feasibility of
worldwide popularization.
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