
Intelligent Pharmacy 2 (2024) 630–637
Contents lists available at ScienceDirect

Intelligent Pharmacy

journal homepage: www.keaipublishing.com/en/journals/intelligent-pharmacy
Review article
Comprehensive evaluation of PD-1 inhibitors marketed in China based on a
Quick Guideline for drug evaluation and selection in Chinese Medical
Institutions (second edition)

Long Min a,#, Zhao Yulan b,#, Li Wenrui c,#, Shi Weilin a,*, Chen Wanyi c,**

a Kangzhou Pharmaceutical Big Data Development and Application Research Institute, China
b Department of Medical Insurance, Chongqing University Cancer Hospital, China
c Department of Pharmacy, Chongqing University Cancer Hospital, China
A R T I C L E I N F O

Keywords:
PD-1 inhibitors
Advanced non-small cell lung cancer
Drug evaluation
* Corresponding author.
** Corresponding author.

E-mail addresses: longminpcl@163.com (L. Mi
wanyichen_cquch@163.com (C. Wanyi).

Production and Hosting by Else

# These authors contributed equally to this work

https://doi.org/10.1016/j.ipha.2024.07.006
Received 28 June 2024; Accepted 29 July 2024
Available online 5 August 2024
2949-866X/© 2024 The Authors. Publishing service
(http://creativecommons.org/licenses/by/4.0/).
A B S T R A C T

Objective: To conduct a comprehensive evaluation of PD-1 inhibitors for the treatment of advanced non-small cell
lung cancer on the market in China, using A Quick Guideline for Drug Evaluation and Selection in Chinese Medical
Institutions (Second Edition), and to provide a reference for the selection of and decision-making on clinical drugs
in hospitals.
Method: The Sanzhi drug evaluation and selection system was used to evaluate the PD-1 inhibitors for the
treatment of advanced non-small cell lung cancer on the market in China, according to five characteristics:
pharmaceutical characteristics, efficiency, safety, economy, and others.
Results: Based on the above evaluation criteria, the scores of all PD-1 inhibitors were above 61 points. The main
difference among the five characteristics were efficiency and economy. The difference between the other char-
acteristics was relatively small. Sintilimab injection had the highest score due to the advantages among charac-
teristics except the other attributes. Nivolumab injection (100 mg/10 mL (10 mg/mL)) had the lowest total score
due to its low effectiveness and economy scores.
Conclusion: PD-1 inhibitors are effective therapeutic drugs for immunotherapy in patients with advanced non-
small cell lung cancer. Different PD-1 inhibitors have different advantages in clinical treatment. The compre-
hensive evaluation of PD-1 inhibitors for the treatment of advanced non-small cell lung cancer on the market in
China through A Quick Guide for Drug Evaluation and Selection of Chinese Medical Institutions (Second Edition) can
provide a basis for drug selection and scientific, reasonable, and safe drug use in medical institutions.
1. Introduction

In 2022, there were close to 20 million new cases of cancer globally,
with 9.7 million deaths from cancer. Lung cancer was themost frequently
diagnosed with 2.5 million new cases, and also had the highest mortality
rate among cancer deaths.1 The pathological classification of lung cancer
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mainly includes small cell lung cancer and non-small cell lung cancer
(NSCLC), with NSCLC accounting for about 85% of all lung cancer
patients.2

The clinical manifestations of lung cancer are diverse but lack spec-
ificity, leading to delayed diagnosis. Most patients with lung cancer are
diagnosed at an advanced stage. With the rapid development of
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Table 1
PD-1 inhibitors included in the evaluation.

Drug name Specifications Manufacturer Listing date
in China

Nivolumab
injection

100 mg/10
mL(10 mg/mL)

Bristol-Myers Squibb
Pharma EEIG

June
15,2018

Nivolumab
injection

40 mg/4
mL(10 mg/mL)

Bristol-Myers Squibb
Pharma EEIG

June
15,2018

Pembrolizumab
injection

100 mg/4 mL Merck Sharp & Dohme LLC July
20,2018

Sintilimab
injection

100 mg per 10
mL bottle

Xinda Biopharmaceutical
(Suzhou) Co., Ltd

December
24,2018

Tislelizumab
injection

100 mg (10
mL) per bottle

Guangzhou BeiGene
Biopharmaceutical Co., Ltd

December
26,2019

Toripalimab
injection

80 mg (2 mL)
per bottle

Shanghai Junshi
Biosciences Co., Ltd

December
17,2018

Toripalimab
injection

240 mg (6 mL)
per bottle

Shanghai Junshi Bioscience
and Pharmaceutical
Technology Co., Ltd

December
17,2018

Toripalimab
injection

100 mg (2.5
mL) per bottle

Shanghai Junshi Bioscience
and Pharmaceutical
Technology Co., Ltd

December
17,2018

Camrelizumab for
injection

200 mg per
bottle

Suzhou Shengdiya
Biopharmaceutical Co., Ltd

May
29,2019

Penpulimab
injection

100 mg per 10
mL bottle

Zhengda Tianqing
Kangfang (Shanghai)
Biopharmaceutical
Technology Co., Ltd

August
3,2021

Serplulimab
injection

100 mg per 10
mL bottle

Shanghai Fuhong Hanlin
Biopharmaceutical Co., Ltd

March
22,2022

Table 2
Pharmacokinetic parameters and usage and dosage of PD-1 inhibitors.

Drug name Pharmacokinetic parameters Recommended
dosage and
frequency of
administration

Distribution Metabolism Excretion

Vdss Vd t1/2 clearance
rate

Nivolumab 6.6 L / 25 d 7.91 mL/
h

3 mg/kg or 240
mg once every
2 weeks

Pembrolizumab 6.0 L / 22 d 8.125
mL/h

200 mg, iv,
once every 3
weeks

Sintilimab 4.71 L / 20.3 d 7.92 mL/
h

200 mg, iv,
once every 3
weeks

Tislelizumab 5.24 L / 26 d 6.83 mL/
h

200 mg, iv,
once every 3
weeks

Toripalimab / 3.7 L 12.6 d 14.58
mL/h

240 mg, iv,
once every 3
weeks

Camrelizumab / / 6 d 20.83
mL/h

200 mg, iv,
once every 3
weeks

Penpulimab 7.11
�
0.947
L

/ 24.2 �
3.21 d

9.458 �
1.625
mL/h

200 mg, iv,
once every 3
weeks

Serplulimab / 5.73
L

24.4 d 9.375
mL/h

4.5 mg/kg, iv,
once every 3
weeks
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immunosuppressive agents, immune checkpoint inhibitors targeting
programmed cell death-1 (PD-1) and programmed cell death-ligand 1
(PD-L1) have been proven to improve survival rates in lung cancer pa-
tients.3,4 PD-1 is a regulatory protein mainly expressed in immune cells,
631
such as macrophages, B lymphocytes, and tumor-specific activated T
cells, under conditions of chronic antigen exposure. PD-L1 is one ligand
protein of PD-1, expressed in tumor cells in many cancers. PD-1/PD-L1
inhibitors can block the binding of PD-1 and PD-L1, relieve the immu-
nosuppressive regulation of immune cells, and enable immune cells to
re-recognize and kill tumor cells.5–8

Currently, several PD-1/PD-L1 inhibitors have been approved for the
treatment of advanced NSCLC.9 To better evaluate the clinical value of
different PD-1 inhibitors for patients with advanced NSCLC, A Quick
Guideline for Drug Evaluation and Selection in Chinese Medical Institutions
(Second Edition)10 was used to assess the PD-1 inhibitors marketed in
China for the treatment of advanced NSCLC. This was intended to pro-
vide a reference for pharmaceutical selection and clinical medication
regimen decisions in medical institutions.

2. Material and methods

2.1. Evaluation indicator

A Quick Guideline for Drug Evaluation and Selection in Chinese Medical
Institutions (the Second Edition).10This guidline is a complete and quan-
tifiable drug selection and evaluation system evaluation indicators. In
this guideline, five characteristics of pharmaceutical characteristics(28
points), efficiency(27 points), safety(25 points), economy(10 points),
and other attributes(28 points) were quantified and scored.

2.2. Evaluation Tool

Sanzhi Drug Evaluation and Selection System. Sanzhi Drug Evalua-
tion and Selection System is an online intelligent system that collects
relevant databases to help pharmacists carry out drug evaluation based
on the evaluation indicator of A Quick Guideline for Drug Evaluation and
Selection in Chinese Medical Institutions (the Second Edition).

2.3. Evaluation drugs

The drugs included in this evaluation were PD-1 inhibitors currently
marketed in China for the treatment of advanced NSCLC (Table 1). The
efficacy, safety, pharmacological action, and pharmacokinetics were
evaluated based on the generic names of the drugs. The evaluation of
pharmaceutical properties, usage methods, expiration dates, storage
conditions, economic aspects, and other attributes require specific drug
product information.

3. Results

3.1. Pharmaceutical properties

Pharmacological action: PD-1 is an important immunosuppressive
molecule that regulates T cell function, and PD-L1 is expressed on
antigen-presenting cells, tumor cells, or other cells in the tumor micro-
environment. The binding of PD-1 and PD-L1 can inhibit T cell prolif-
eration and the secretion of related cytokines. PD-1 inhibitors enhance
the immune response of T cells against tumors and other diseases by
blocking the binding of PD-1 and PD-L1, thereby exerting anti-tumor
effects. The advantages of such drugs include excellent efficacy, few
side effects, and wide indications. Furthermore, it has been validated that
PD-1/PD-L1 inhibitors combined with other anti-tumor treatment regi-
mens, including targeted therapy, chemotherapy, metabolic modulators,
radiotherapy, other immune checkpoint inhibitors, have superior anti-
tumor efficacies and higher response rates.11–14 Currently, 16
PD-1-based drugs have been launched globally, with the earliest approval
time in September 2014, and the earliest approval time in China in June
2018. Due to the large number of marketed drugs, it is believed that the
target of this drug has no innovation. According to the rapid guidelines, it
scored 4 points.



Table 3
Scores of pharmaceutical science, usage, storage conditions, and expiry date of PD-1 inhibitors.

Drug Specifications Pharmaceutics and usage Storage Validity
period

Total
score

Active ingredients
and excipients

Specification and
packaging

Dosage
form

Dosage
administered

Frequency Ease of
use

Nivolumab 100 mg/4 mL 2 1 1 2 2 1 1 1.5 11.5
Nivolumab 40 mg/4 mL(10

mg/mL)
2 2 1 2 2 1 1 1.5 12.5

Pembrolizumab 100 mg (10 mL)
per bottle

2 2 1 2 2 1 1 1 12

Sintilimab 100 mg (10 mL)
per bottle

2 2 1 2 2 1 1 1.5 12.5

Tislelizumab 100 mg (10 mL)
per bottle

2 2 1 2 2 1 1 1 12

Toripalimab 80 mg (2 mL) per
bottle

2 2 1 2 2 1 1 1.5 12.5

Toripalimab 240 mg (6 mL) per
bottle

2 2 1 2 2 1 1 1.5 12.5

Toripalimab 100 mg (2.5 mL)
per bottle

2 1 1 2 2 1 1 1.5 11.5

Camrelizumab 200 mg per bottle 2 2 1 2 2 1 1 1.5 12.5
Penpulimab 100 mg per 10 mL

bottle
2 2 1 2 2 1 1 1.5 12.5

Serplulimab 100 mg per 10 mL
bottle

2 2 1 1 2 1 1 1.5 11.5

Note: The score of evaluation drugs was evaluated by the evaluation indicator of A Quick Guideline for Drug Evaluation and Selection in Chinese Medical Institutions (the
Second Edition).
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In vivo process: The evaluation of pharmacokinetic parameters
(Table 2) is incomplete, and the evaluation of all drugs received 3 points.

Volume of distribution at steady state: Vdss; Apparent volume of
distribution: Vd.

Pharmacology and usage: The main components and excipients of the
evaluated drug are clearly defined, and they require medical personnel to
administer. The specific dosage and frequency of administration are
shown in Table 3. Among them, nivolumab (100 mg/4 mL) and tor-
ipalimab (100 mg (2.5 mL)/bottle) should not be adjusted in dosage.
Based on the safety and tolerability of individual patients, the evaluated
drug may need to be temporarily suspended or permanently dis-
continued, but adjusting the dosage is not recommended. The pharma-
cology and usage, storage conditions, and expiration date were scored
based on the guideline. The specific scoring rules are shown in Table 3.
3.2. Validity

Indications: According to the indications approved for the evaluation
drug in China and the relevant diagnostic and treatment norms, guide-
lines, and expert consensus recommendations (Table 4), the evaluation
drug nivolumab is other recommended as a first-line treatment option for
patients with stage IV NSCLC with squamous or non-squamous carci-
noma, scoring 3 points. The remaining evaluation drugs are preferred as
first-line treatment options for patients with stage IV NSCLC with squa-
mous or non-squamous carcinoma, scoring 5 points.

Guideline recommendations: Based on the recommendations of
pharmaceuticals and related diagnostic and treatment standards or
schemes, guidelines, and expert consensus, the evaluation drugs of
pembrolizumab, tislelizumab, camrelizumab, penpulimab, sintilimab
and serplulimab are recommended as class I treatments for squamous
carcinoma with level A evidence. The evaluation drug nivolumab is
recommended as a class III treatment for squamous carcinoma with level
A evidence. The evaluation drugs of pembrolizumab, tislelizumab,
camrelizumab, sintilimab, and toripalimab are recommended as class I
treatments for non-squamous carcinoma with level A evidence. The
evaluation drug nivolumab is recommended as a class III treatment for
non-squamous carcinoma with level A evidence.

Based on the above information, the drug nivolumab is recommended
as a level III recommendation with level A evidence in guidelines, such as
diagnostic and treatment standards or clinical pathways, and consensus
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or management measures issued by national health administrative
agencies, scoring 9 points. The other evaluated drugs received a level I
recommendation with level A evidence in guidelines, such as diagnostic
and treatment standards or clinical pathways, and consensus or man-
agement measures issued by national health administrative agencies,
scoring 12 points.

Clinical efficacy: The primary efficacy indicator for evaluating the
drug is progression-free survival, and the secondary efficacy indicators
are overall survival, objective response rate, and duration of response.
Based on comprehensive evidence-based data (Table 5) and clinical trial
data,20–26 it is believed that the primary and secondary efficacy in-
dicators of the evaluated drug are equivalent, with both receiving a score
of 10.
3.3. Security

Adverse reactions: Regarding the drug instructions and systematic
reviews for the indication of advanced NSCLC, there were no significant
differences in safety between the evaluated drugs. The most common
adverse reactions are fatigue, nausea, and granulocytopenia. Most of the
adverse reactions are of grade 1 or 2 severity, with an incidence >10%,
and the incidence of grade 3 or above is>10%. In summary, all evaluated
drugs received 1 point for moderate adverse reactions and 1 point for
severe adverse reactions.

Special populations: The evaluated drugs are not suitable for children,
pregnant women, or breastfeeding women. For elderly patients, caution
should be exercised when using sintilimab, tislelizumab, and penpuli-
mab. The remaining evaluated drugs can be used by elderly patients.

For patients with hepatic and renal impairment, patients with severe
hepatic impairment should be cautious when using nivolumab and sin-
tilimab, and should not use pembrolizumab. Other evaluated drugs are
contraindicated for patients with moderate or severe hepatic insuffi-
ciency. Patients with mild renal impairment should be cautious when
using toripalimab, camrelizumab, and serplulimab; other evaluated
drugs are contraindicated for patients with severe renal impairment
(Table 6).

Drug interactions: PD-1 inhibitors are humanized monoclonal anti-
bodies that are not metabolized by cytochrome P450 (CYP) enzymes or
other drug-metabolizing enzymes. Therefore, the inhibitory or inducible
effects of concomitant drugs on these enzymes are not expected to affect



Table 4
Diagnosis and treatment standards, guidelines, and expert consensus for NSCLC.

Guide topic Recommended content

Guidelines for the Diagnosis and Treatment
of NSCLC by the Chinese Society of
Clinical Oncology (Chinese Society of
Clinical Oncology, 2024)15

Stage IV squamous
carcinoma without driver
gene (PS ¼ 0–1)

First-line
therapy

Level I
recommendation

Pembrolizumab monotherapy [limited to PD-L1 TPS �50%, PD-
L1 TPS 1%–49% (class 2A)]; paclitaxel/albumin paclitaxel þ
platinum combination with tislelizumab; paclitaxel þ platinum
combination with pembrolizumab, or camrelizumab/
sugemalimab/penpulimab; gemcitabine þ platinum
combination with sintilimab; albumin paclitaxel þ platinum
combination with serplulimab (class 1A)

Level III
recommendation

Combination of nivolumab and ipilimumab with two cycles of
paclitaxel plus platinum (class 1A)

Second-
line
therapy

Level I
recommendation

Nivolumab or Tislelizumab or Docetaxel (if not used as first-line
treatment) (class 1A)

Level II
recommendation

Pembrolizumab (limited to PD-L1 TPS �1%), atezolizumab
(Class 1A); gemcitabine (class 2A) or vinorelbine (class 2A) as
monotherapy (if not used as first-line treatment); afatinib (if not
suitable for chemotherapy and immunotherapy) (class 1B)

Third-line
therapy

Level I
recommendation

Nivolumab or docetaxel (if not previously treated with the same
drug) (class 1A)

Stage IV non-squamous
carcinoma without driver
gene (PS ¼ 0–1)

First-line
therapy

Level I
recommendation

Pembrolizumab monotherapy [limited to PD-L1 TPS �50%, PD-
L1 TPS 1%–49% (class 2A)]; pemetrexed þ platinum-based
combination with pembrolizumab, camrelizumab, sintilimab,
tislelizumab, atezolizumab, sugemalimab, or toripalimab (class
1A)

Level III
recommendation

Combination of nivolumab and ipilimumab followed by two
cycles of pemetrexed plus platinum (grade 1A)

Second-
line
therapy

Level I
recommendation

Nivolumab or tislelizumab or docetaxel or pemetrexed (if not
used as first-line treatment) (Class 1A)

Level II
recommendation

Pembrolizumab (for patients with PD-L1 TPS �1%),
atezolizumab (class 1A)

Third-line
therapy

Level I
recommendation

Nivolumab or docetaxel or pemetrexed (if not previously used
for the same condition) (class 1A)

NCCN Clinical Practice Guidelines in
Oncology: NSCLC (National
Comprehensive Cancer Network; 2024)16

Adenocarcinoma large cell
NSCLC NOS (PD-L1 � 50%
(PS 0–2))

First-line
therapy

Preferred Pembrolizumab (category 1); (Carboplatin or cisplatin) þ
pemetrexed þ pembrolizumab (category 1)

Other
Recommended

Nivolumab þ ipilimumab þ pemetrexed þ (carboplatin or
cisplatin) (category 1)

Useful in certain
circumstances

Nivolumab þ ipilimumab (category 1)

Squamous cell carcinoma
(PD-L1 � 50% (PS 0–2))

First-line
therapy

Preferred Pembrolizumab (category 1); Carboplatin þ (paclitaxel or
albumin-bound paclitaxel) þ pembrolizumab (category 1)

Other
recommended

Nivolumab þ ipilimumab þ paclitaxel þ carboplatin (category
1)

Useful in certain
circumstances

Nivolumab þ ipilimumab (category 1)

Adenocarcinoma large cell
NSCLC NOS (PD-L1 � 1%–

49% (PS 0–2))

First-line
therapy

Preferred (Carboplatin or cisplatin) þ pemetrexed þ pembrolizumab
(category 1)

Other
recommended

Nivolumab þ ipilimumab þ pemetrexed þ (carboplatin or
cisplatin) (category 1); Nivolumab þ ipilimumab (category 1)

Useful in certain
circumstances

Pembrolizumab (category 2B)

Squamous cell carcinoma
(PD-L1� 1%–49% (PS 0–2))

First-line
therapy

Preferred Carboplatin þ (paclitaxel or albumin-bound paclitaxel) þ
pembrolizumab (category 1)

Other
recommended

Nivolumab þ ipilimumab þ paclitaxel þ carboplatin (category
1); Nivolumab þ ipilimumab (category 1)

Adenocarcinoma large cell
NSCLC NOS (PD-L1 � 50%)

Continuation maintenance Pembrolizumab (category 1); Pembrolizumab þ pemetrexed
(category 1); Nivolumab þ ipilimumab (category 1)

Squamous cell carcinoma
(PD-L1 positive)

Continuation maintenance Squamous Cell Carcinoma continuation
maintenance):Pembrolizumab (category 1); Nivolumab þ
ipilimumab (category 1)

Adenocarcinoma large cell
NSCLC NOS (PD-L1
�1–49%)

Continuation maintenance Pembrolizumab (category 2B); Pembrolizumab þ pemetrexed
(category 1); Nivolumab þ ipilimumab (category 1)

Guidelines for the Diagnosis and Treatment
of Primary Lung Cancer (National Health
Commission of the People's Republic of
China; 2022)17

First-line treatment: For patients with negative driver genes, the recommendation is to use camrelizumab, pembrolizumab, tislelizumab,
sintilimab, or atezolizumab in combination with pemetrexed-based platinum-based doublet chemotherapy. For squamous cell
carcinoma, the recommendation is to use pembrolizumab, tislelizumab in combination with paclitaxel or sintilimab in combination with
gemcitabine-based platinum-based doublet chemotherapy.

≪ Metastatic NSCLC: ESMO Clinical
Practice Guidelines for diagnosis,
treatment and follow-up ≫(ESMO;
2018)18

The approval of the anti-programmed cell death protein 1 (PD-1) agent pembrolizumab as a standard-of-care first-line treatment in
selected patients has made programmed death ligand 1 (PD-L1) IHC a mandatory test in all patients with advanced NSCLC

≪Non-oncogene-addicted metastatic
NSCLC: ESMO Clinical Practice Guideline
for diagnosis, treatment and follow-up≫
（ESMO; 2023)19

Second-line treatment for patients with advanced NSCLC with PS 0–2 not treated in the first line with ICI, without contraindications for
ICI: PD-(L)1 inhibitors (nivolumab, pembrolizumab, and atezolizumab) is the treatment of choice for most patients (except for those who
never smoked) [I, A].
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Table 5
Evidence-based medicine for PD-1 inhibitors.

Drug Evidence Evaluation conclusion

PD-1/PD-L1 inhibitors Meta-
analysis

PD-1/PD-L1 inhibitor therapy for
advanced NSCLC has a significantly
higher ORR and a higher rate of
immune-mediated pneumonitis when
used in the first-line setting compared
with chemotherapy treated patients.27

PD-1/PD-L1 inhibitors Meta-
analysis

Anti-PD-1/PD-L1 treatments show
better clinical efficacy and higher
safety than chemotherapy in NSCLC.28

Nivolumab, pembrolizumab Meta-
analysis

The results of this work revealed that
nivolumab and pembrolizumab are
associated with a significant increase
in ORR compared to atezolizumab, and
nivolumab is associated with a
significant lower incidence of G3-5 AEs
compared to the other drugs29

PD-1/PD-L1 inhibitors Meta-
analysis

Anti-PD-1/PD-L1 antibody therapy
may significantly improve the
outcomes for pretreated advanced
NSCLC patients, with a better safety
profile than docetaxel.30

Pembrolizumab, sintilimab,
tislelizumab,
camrelizumab, nivolumab

Meta-
analysis

The sintilimab combination arm had
progression-free survival comparable
to that of the pembrolizumab
combination arm, the atezolizumab
combination arm, the tislelizumab
combination arm, the camrelizumab
combination arm, and the nivolumab
combination arm. Any grade or grade
�3 adverse event was comparable
between PD-L1 inhibitors.31

Pembrolizumab,
tislelizumab

Meta-
analysis

The efficacy and safety of tislelizumab
combination chemotherapy were not
substantially different from
pembrolizumab combination
chemotherapy.32

Pembrolizumab, toripalimab Meta-
analysis

Notably, no significant differences
were observed in pCR, MPR, and ORR
between two or more treatment cycles.
Pembrolizumab- or toripalimab-based
neoadjuvant immunochemotherapy
demonstrated superior efficacy and
tolerable toxicity33

Table 7
Price details of PD-1 inhibitors.

Drug name Specifications Manufacturer Price* Average
daily
treatment
cost

Nivolumab 100 mg/10
mL(10 mg/
mL)

Bristol-Myers Squibb
Pharma EEIG

9249.98 1982.138

Nivolumab 40 mg/4
mL(10 mg/
mL)

Bristol-Myers Squibb
Pharma EEIG

4586.74 1965.746

Pembrolizumab 100 mg/4 mL Merck Sharp &
Dohme LLC

17,918 1706.476

Sintilimab 100 mg per
10 mL bottle

Xinda
Biopharmaceutical
(Suzhou) Co., Ltd

1080.0 102.857

Tislelizumab 100 mg (10
mL) per
bottle

Guangzhou BeiGene
Biopharmaceuticals
Co., Ltd

1253.53 119.383

Toripalimab 80 mg (2 mL)
per bottle

Shanghai Junshi
Bioscience and
Pharmaceutical
Technology Co., Ltd

812.88 116.126

Toripalimab 240 mg (6
mL) per
bottle

Shanghai Junshi
Bioscience and
Pharmaceutical
Technology Co., Ltd

1884.86 89.755

Toripalimab 100 mg (2.5
mL) per
bottle

Shanghai Junshi
Bioscience and
Pharmaceutical
Technology Co., Ltd

964.31 137.759

Camrelizumab 200 mg per
bottle

Suzhou Shengdiya
Biopharmaceutical
Co., Ltd

2576.64 122.697

Penpulimab 100 mg per
10 mL bottle

Zhengda Tianqing
Kangfang
(Shanghai)
Biopharmaceutical
Technology Co., Ltd

3570 340

Serplulimab* 100 mg (10
mL) per
bottle

Shanghai Fuhong
Hanlin
Biopharmaceutical
Co., Ltd

5588 798.286

Note: The recommended dosage of a serplulimab injection is 4.5 mg/kg, calcu-
lated based on an adult weight of 60 kg. The price is referenced from the
Chongqing Pharmaceutical Exchange platform. If the drug is not awarded in
Chongqing, the purchase price of the drug in the Chongqing region will be used.
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the pharmacokinetics of these drugs, and a score of 3 is given in this
category.

Other: The evaluation of drugs such as nivolumab and pem-
brolizumab showed no teratogenic or carcinogenic effects, but there were
special medication warnings, scoring 2 points. The remaining evaluated
drugs had reversible adverse reactions, no teratogenic or carcinogenic
effects, and no special medication warnings, scoring 3 points.
Table 6
Evaluation of drug scores for special populations.

Drug Children Elderly Pregnancy period Lactation pe

Nivolumab 0 1 0 0
Pembrolizumab 0 1 0 0
Sintilimab 0 0.5 0 0
Tislelizumab 0 0.5 0 0
Toripalimab 0 1 0 0
Camrelizumab 0 1 0 0
Penpulimab 0 0.5 0 0
Serplulimab 0 1 0 0

Note: The score of evaluation drugs was evaluated by the evaluation indicator of A Q
Second Edition).
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3.4. Economy

Based on the economic evaluation formula, the toripalimab injection
(240 mg(6 mL)/bottle) scored the highest in this category, while the
daily average treatment cost of nivolumab (100 mg/10 mL(10 mg/mL))
was the highest. The economic evaluation of other drugs is shown in
Table 7 and Table 8.
riod Liver function injury Renal function impairment Total score

3 2 6
2 2 5
3 2 5.5
1 2 3.5
1 1 3
1 1 3
1 2 3.5
1 1 3

uick Guideline for Drug Evaluation and Selection in Chinese Medical Institutions (the



Table 8
Main indications that PD-1 inhibitors can replace scoring.

Drug Specifications Same
common
name

Major indications
can be substituted
with scores

Score

Nivolumab 100 mg/10
mL(10 mg/mL)

2.98 0.32 3.3

Nivolumab 40 mg/4 mL(10
mg/mL)

3 0.32 3.32

Pembrolizumab 100 mg/4 mL 3 0.37 3.37
Sintilimab 100 mg per 10

mL bottle
3 6.11 9.11

Tislelizumab 100 mg (10 mL)
per bottle

3 5.26 8.26

Toripalimab 80 mg (2 mL)
per bottle

2.32 5.41 7.73

Toripalimab 240 mg (6 mL)
per bottle

3 7 10

Toripalimab 100 mg (2.5 mL)
per bottle

1.95 4.56 6.51

Camrelizumab 200 mg per
bottle

3 5.12 8.2

Penpulimab 100 mg per 10
mL bottle

3 1.85 4.85

Serplulimab 100 mg per 10
mL bottle

3 0.79 3.79

Note: The score of evaluation drugs was evaluated by the evaluation indicator of
A Quick Guideline for Drug Evaluation and Selection in Chinese Medical Institutions
(the Second Edition).
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3.5. Other attributes

The drugs were evaluated and scored according to the criteria in A
Quick Guideline for Drug Evaluation and Selection in Chinese Medical In-
stitutions (the Second Edition), with the specific scoring rules detailed in
Table 9.
Table 9
Scores of other attributes of PD-1 inhibitors.

Drug Specifications Medical insurance Essential
drugs

National cen
procuremen

Nivolumab 100 mg/10 mL(10
mg/mL)

No (1) No (1) No (0)

Nivolumab 40 mg/4 mL(10
mg/mL)

No (1) No (1) No (0)

Pembrolizumab 100 mg/4 mL No (1) No (1) No (0)

Sintilimab 100 mg per 10 mL
bottle

Category B, with
conditions (1.5)

No (1) No (0)

Tislelizumab 100 mg (10 mL)
per bottle

Category B, with
conditions (1.5)

No (1) No (0)

Toripalimab 80 mg (2 mL) per
bottle

Category B, with
conditions (1.5)

No (1) No (0)

Toripalimab 240 mg (6 mL) per
bottle

Category B, with
conditions (1.5)

No (1) No (0)

Toripalimab 100 mg (2.5 mL)
per bottle

Category B, with
conditions (1.5)

No (1) No (0)

Camrelizumab 200 mg per bottle Category B, with
conditions (1.5)

No (1) No (0)

Penpulimab 100 mg per 10 mL
bottle

No (1) No (1) No (0)

Serplulimab 100 mg (10 mL)
per bottle

No (1) No (1) No (0)

Note: The score of evaluation drugs was evaluated by the evaluation indicator of A Q
Second Edition).
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3.6. Comprehensive rating

Based on the summary of scores for the above evaluation indicators,
the scores of the PD-1 inhibitors included in this evaluation are shown in
Table 10.

4. Discussion

In this research, the evaluation indicator system of A Quick Guideline
for Drug Evaluation and Selection in Chinese Medical Institutions (the Second
Edition) was utilized, and the Sanzhi Drug Evaluation and Selection
System was employed to conduct drug evaluations for 11 PD-1 inhibitors
that have been marketed in China for the treatment of advanced NSCLC,
including nivolumab, pembrolizumab, and sintilimab.

The evaluation results showed that the scores of all PD-1 inhibitors
included in the evaluation were above 61, with the highest score of 73.01
for the sintilimab injection. The evaluated drugs had different advantages
under different evaluation indicators. When only evaluated according to
the three categories of pharmaceutical characteristics, efficacy, and
safety, sintilimab injection had the highest score. The toripalimab in-
jection (240 mg(6 mL)/bottle) had the highest score in economic char-
acteristic. In the efficacy dimension, the lowest score was given to
nivolumab, and the difference in scores was in the efficacy indication and
guideline recommendation evaluation characteristics. Regarding safety,
sintilimab had the highest score, followed by nivolumab. In addition,
nivolumab scored the highest in the safety-special population, which is
more advantageous.

It is worth noting that the scores of the drugs included in this eval-
uation are influenced by certain factors and are not static. Their scores
should be dynamically adjusted with new evidence-based research, re-
visions to drug instructions, changes in adverse reaction data, and
changes in drug prices.
tralized
t

Original research/
participation
/consistency sexual
evaluation

Status of
manufacturing
enterprises

Global usage Score

Original researcher
(1)

7 of the Global Top 50
(1)

Global use (1) 5

Original researcher
(1)

7 of the Global Top 50
(1)

Global use (1) 5

Original researcher
(1)

Top 5 in Global Top 50
(1)

Global use (1) 5

Original researcher
(1)

Rank 69 on the Top
100 list (0.4)

Listed in China
(0)

3.9

Original researcher
(1)

None (0) Sales at home
and abroad
(0.5)

4

Original researcher
(1)

None (0) Sales at home
and abroad
(0.5)

4

Original researcher
(1)

None (0) Sales at home
and abroad
(0.5)

4

Original researcher
(1)

None (0) Sales at home
and abroad
(0.5)

4

Original researcher
(1)

None (0) Listed in China
(0)

3.5

Original researcher
(1)

None (0) Listed in China
(0)

3

Original researcher
(1)

None (0) Listed in China
(0)

3
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Table 10
Total score of PD-1 inhibitor evaluation.

Drug name Specifications Manufacturer Pharmaceutical
properties

Validity Security Economy Other
attributes

Total
score

Nivolumab injection 100 mg/10 mL(10
mg/mL)

Bristol-Myers Squibb Pharma EEIG 18.5 22 13 3.3 5 61.8

Nivolumab injection 40 mg/4 mL(10
mg/mL)

Bristol-Myers Squibb Pharma EEIG 19.5 22 13 3.32 5 62.82

Pembrolizumab
injection

100 mg/4 mL Merck Sharp & Dohme LLC 19 27 12 3.37 5 66.37

Sintilimab injection 100 mg per 10 mL
bottle

Xinda Biopharmaceutical (Suzhou) Co., Ltd 19.5 27 13.5 9.11 3.9 73.01

Tislelizumab
injection

100 mg (10 mL)
per bottle

Guangzhou BeiGene Biopharmaceutical Co.,
Ltd

19 27 11.5 8.26 4 69.76

Toripalimab
injection

80 mg (2 mL) per
bottle

Shanghai Junshi Biosciences Co., Ltd 19.5 27 11 7.73 4 69.23

Toripalimab
injection

240 mg (6 mL) per
bottle

Shanghai Junshi Bioscience and
Pharmaceutical Technology Co., Ltd

19.5 27 11 10 4 71.5

Toripalimab
injection

100 mg (2.5 mL)
per bottle

Shanghai Junshi Bioscience and
Pharmaceutical Technology Co., Ltd

18.5 27 11 6.51 4 67.01

Camrelizumab for
injection

200 mg per bottle Suzhou Shengdiya Biopharmaceutical Co.,
Ltd

19.5 27 11 8.2 3.5 69.2

Penpulimab
injection

100 mg per 10 mL
bottle

Zhengda Tianqing Kangfang (Shanghai)
Biopharmaceutical Technology Co., Ltd

19.5 27 11.5 4.85 3 65.85

Serplulimab
injection

100 mg (10 mL)
per bottle

Shanghai Fuhong Hanlin Biopharmaceutical
Co., Ltd

18.5 27 11 3.79 3 63.29

Note: The score of evaluation drugs was evaluated by the evaluation indicator of A Quick Guideline for Drug Evaluation and Selection in Chinese Medical Institutions (the
Second Edition).
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5. Conclusion

Lung cancer is the primary cause of mortality in China and around the
world. Because of the untimely clinical diagnosis, most early-stage
NSCLC patients missed the effective treatment. PD-1 inhibitors are
effective immunotherapy drugs for the advanced NSCLC. Through the
evaluation of PD-1 inhibitors marked in China, we found these PD-1 in-
hibitors had great clinical effects, and sintilimab injection had the highest
score of 73.01.

However, it is worth noting there are still certain limitations in this
evaluation, including the loss of high-quality clinical evidence, the
evaluation drugs had marked for a short time. It is necessary to adjust the
score of the evaluation drugs when evidence is update.
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