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Purpose: To evaluate the cost utility of camrelizumab plus standard chemotherapy
versus standard chemotherapy alone as a first-line treatment for advanced nonsquamous
non-small cell lung cancer (NSCLC) from the perspective of the Chinese health care
system and to provide a reference for health decision-making.

Methods: A Markov model consisting of three health states was designed to evaluate the
cost utility of these two treatment regimens for NSCLC patients with the incremental cost-
effectiveness ratio (ICER) as the primary output indicator. Clinical data were derived from a
published phase III clinical trial (CameL; ClinicalTrials.gov; NCT03134872). One-way
sensitivity analysis and probabilistic sensitivity analysis were performed to assess the
model uncertainty.

Results: Base case analysis showed that the ICER of camrelizumab plus chemotherapy
compared with chemotherapy alone was $43,275.43 per QALY. It was higher than
the willingness-to-pay (WTP) threshold of $31,510.57 per QALY in China, which has
a standard of three times the GDP per capita recommended by the WHO. One-way
sensitivity analysis showed that the utility value of PFS had the greatest influence on
the results, and the other sensitive parameters were the cost of subsequent second-line
therapy in the two group, the pemetrexed price, the cost of adverse event management and
the utility value of PD. The probability sensitivity analysis showed that the probabilities of the
cost-effectiveness of camrelizumab plus standard chemotherapy were 27.1%, 66.7% and
88.0%when the WTP values were $40,000, $50,000 and $60,000 per QALY, respectively.
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Conclusions: Taking three times the GDP per capita in China as the WTP threshold, the
camrelizumab plus standard chemotherapy regimen does not have a cost-effectiveness
advantage compared with the standard chemotherapy regimen alone as a first-line
treatment for advanced NSCLC.
Keywords: nonsquamous NSCLC, camrelizumab, chemotherapy, first-line treatment, cost-utility analysis
INTRODUCTION

Lung cancer is a kind of malignant tumor that seriously endangers
human health, ranking first in incidence and mortality among
malignant tumors in China (1). Non-small cell lung cancer
(NSCLC) is the most common type of lung cancer, accounting
for 85% to 90% of cases in China (2, 3). Most cases of lung cancer
are found in an advanced stage when they are first diagnosed, and
they lose the opportunity for surgery. From 2012 to 2014, the
proportion of stage IIIA-IV lung cancer in China was 64.6% (2, 3).
Over the past decade, the treatment of NSCLC has focused on
systemic chemotherapy to extend the survival and improve the
quality of life of advanced-stage patients. For example, based on
histology, pemetrexed combined with platinum-based
chemotherapy and maintenance therapy with pemetrexed is
often used. With the development of molecular biology, lung
cancer has ushered in the era of targeted therapy. Moreover, the
development of immune checkpoint inhibitors (ICIs) in recent
years has become a new milestone in cancer treatment, allowing
untreated or multiline NSCLC patients to benefit from this
treatment (4).

As a humanized immunoglobulin G4 monoclonal antibody,
camrelizumab binds to the programmed cell death 1 (PD-1)
receptor, blocks the binding of PD-1 and its ligand to reactivate T
cells, and plays an antitumor role (5–8). Based on the results of
CameL (9), camrelizumab has been approved in addition to
pemetrexed and carboplatin as a first-line treatment for
advanced or metastatic nonsquamous NSCLC and has been
included in the Chinese Society of Clinical Oncology NSCLC
guidelines for first-line treatment recommendations. The CameL
study showed that the median overall survival (mOS) of
camrelizumab plus chemotherapy as first-line treatment for
advanced nonsquamous NSCLC was 27.9 months. Although
the success of breaking through the two-year mark will bring
good survival benefits to patients, high prices may bring a heavy
socioeconomic burden to patients and the healthcare system.
There is no uniform conclusion about its economic impact at
present (10, 11), and the systematic review showed that
checkpoint inhibitors as a first-line treatment for NSCLC has
no economic advantage versus conventional chemotherapy
regardless of PD-L1 level (12). Therefore, a cost-utility
evaluation was performed to compare camrelizumab plus
standard chemotherapy with standard chemotherapy alone as a
first-line treatment for advanced nonsquamous NSCLC from the
perspective of the Chinese health care system in this study.
Information on these factors is required by healthcare decision
makers to choose more reasonable treatments (13, 14).
2

MATERIALS AND METHODS

Clinical Data
Data were derived from CameL (9), which was a randomized,
open-label, multicenter, phase III clinical trial conducted in
52 hospitals in China. The inclusion criteria were as follows:
patients histologically or cytologically diagnosed with stage
IIIB-V NSCLC, with measurable lesions, without prior
systemic antitumor therapy, without epidermal growth
factor receptor (EGFR) and anaplastic lymphoma kinase
(ALK) alterations, without active brain metastasis, and with
an Eastern Cooperat ive Oncology Group (ECOG)
performance status of 0 or 1. A total of 412 patients were
randomly divided (1:1) into a camrelizumab (200 mg) plus
pemetrexed (500 mg/m2) with carboplatin (area under curve
[AUC], 5 mg/mL per min) group (n=205) or a pemetrexed
(500 mg/m2) with carboplatin (AUC 5 mg/mL per min)
group (n=207), with a treatment cycle every 21 days.
Patients in the two groups received 4-6 cycles of the above
treatment and then maintenance therapy. The total
camrelizumab exposure was up to a maximum of 34 cycles.
The median progression-free survival (mPFS) was 11.3
months vs 8.3 months (hazard ratio [HR] =0.6, 95%
confidence interval [CI]: 0.45-0.79, P =0.0001), and the
mOS was 27.9 months vs 20.5 months in the camrelizumab
plus chemotherapy group vs the chemotherapy alone group
(HR=0.73, 95% CI: 0.55-0.96, P = 0.0117). Severe treatment-
related adverse events occurred in 74 (36%) patients in the
camrelizumab plus chemotherapy group and in 27 (13%)
patients in the chemotherapy alone group.

Model Structure
In this study, cost-utility analysis was carried out by
constructing and simulating a Markov model run in
TreeAge Pro 2011 (TreeAge Software Inc, Williamstown,
MA, USA). According to the progression of the tumor, the
structure of the model was composed of three independent
states: PFS state, progression survival state, and death. All
patients were in a progression-free state when they were
enrolled, and the death state was an absorbed state, as
shown in Figure 1. The cycle period of the model was 21
days. The model simulation showed that almost all patients in
the two groups died after 10 years. Therefore, the time limit of
this study was set at 10 years (15–17). The output indicators of
the model were the cost and quality-adjusted life years
(QALYs) of the two groups, and then the incremental cost-
effectiveness ratio (ICER) was calculated.
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Transition Probability
Engauge Digitizer software (version 12.1, https://github.com/
markummitchell/engauge-digitizer/releases) was used to
extract the PFS and OS curve data from the CameL study, a
Weibull distribution was used to fit and extrapolate the
Kaplan-Meier (KM) curves of the two groups, and R
software (version 4.1.0, https://cran.r-project.org/mirrors.
html) was used to obtain the scale parameter (l) and shape
parameter (g) of the function, as shown in Table 1. The
transition probability was calculated according to the
principle of DEALE (p = 1 – e–rt) (18). We assumed that
the probability of transitioning from the PFS state to death
was the local natural death rate.
Utility
Since the CameL study did not collect utility data, this study
quoted the utility value of Chinese patients with metastatic
nonsquamous NSCLC from published literature. The utility of
PFS was 0.804, and the utility of progressive disease (PD) was
0.321 (19, 20).
Frontiers in Oncology | www.frontiersin.org 3
Cost Inputs
From the perspective of the Chinese health care system, this
study considered only direct medical costs, including drug costs,
drug management costs, disease management costs, and the cost
of handling adverse events of level 3 and above. The adverse
event processing cost was equal to the incidence of grade 3 and
above adverse reactions times the processing cost of a single
event. Table 2 shows the grade 3 or more treatment-related
adverse events in CameL with an incidence greater than 3% (9).
Reactive cutaneous capillary hyperplasia (RCCEP) was the most
common immune-related adverse event of camrelizumab, but
most of the cases were grade 1, with only 2 cases of grade 3 (<1%)
and no grade 4-5 adverse events. The incidence was reported;
therefore, the cost calculation was not included in this article.

The price of the drug in this study is the median value of the
bid-winning price of each province (21), and other costs come
from the charging standard of a tertiary hospital in Fujian
Province in China. The price of camrelizumab is the latest price
after medical insurance negotiations in 2020. Based on the
actual situation, there is no room for further increase, so only
the impact of the decline in the price of camrelizumab on the
results is considered. According to the “Guidelines for the
Evaluation of Chinese Pharmacoeconomics (2020)”, all costs
and output are discounted at an annual discount rate of 5%
(22). The average exchange rate of Chinese Yuan renminbi for
the entire year of 2020 is 6.8974 yuan per US dollar. It is
assumed that the corresponding cost is incurred when the
treatment is started in each cycle; therefore, the cost is not
adjusted for the half cycle. The average body surface area is 1.71
m2, which was calculated from the average height and weight
data of Chinese adults obtained in the “Report on Nutrition and
Chronic Disease Status of Chinese Residents (2020)” (23) and
the sex ratio of patients in the CameL study according to Xu
Wensheng’s formula. The dose range and the lower limit of the
treatment course were selected for the drug dosage and course
of treatment. Referring to the other studies, it is assumed that
docetaxel was used as the subsequent second-l ine
chemotherapy, and nivolumab and camrelizumab as the
immunotherapy, which is commonly used in China (10). The
drug management cost was equal to the hospitalization cost
plus the chemotherapy drug preparation injection cost. The two
groups of patients were hospitalized for 3 days per cycle, the
hospital ization cost per cycle was $55.67, and the
chemotherapy drug preparation injection cost was different.
The cost of drug administration in the chemotherapy alone
group in the PFS state (>4 cycles) was the same as the cost of
drug administration in the camrelizumab plus chemotherapy
TABLE 1 | Parameters for Weibull survival curve fitting.

Survival Curve-Fitting Scale (l) Shape (g)

Survival Curve Fitting of PFS of Camrelizumab plus Chemotherapy 0.021350 1.210605
Survival Curve Fitting of OS of Camrelizumab plus Chemotherapy 0.006578 1.263333
Survival Curve Fitting of PFS of Chemotherapy 0.057642 1.019433
Survival Curve Fitting of OS of Chemotherapy 0.010970 1.216254
July 2022 | Volume 12 | Artic
FIGURE 1 | Markov model structure of camrelizumab plus chemotherapy
versus chemotherapy alone as first-line treatment for advanced nonsquamous
NSCLC and bubble diagram for NSCLC.
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group in the PFS state (>34 cycles) (24, 25). The cost details are
shown in Table 3.

Sensitivity Analysis
One-way sensitivity and probabilistic sensitivity analyses were
used to evaluate the stability of the model results. One-way
sensitivity analysis is used to analyze the influence of different
parameters on ICERs in a certain range, and the results are
presented by a tornado diagram. When the value range of the
parameter can not be obtained, the variation range is ±25%.
Considering the actual situation, the price of camrelizumab does
not have the possibility of increasing, so only the impact of the
price decline on ICER was analyzed. The probabilistic sensitivity
analysis was performed using a bivalent Monte Carlo simulation.
Assuming that each parameter follows a certain probability
Frontiers in Oncology | www.frontiersin.org 4
distribution, 1,000 repeated samples were taken, and ICER
values of different treatment regimens were calculated based on
each sample. The results of probabilistic sensitivity analysis are
presented as an incremental cost-effectiveness scatter plot and an
acceptability curve (26–28).
RESULTS

Base Case Analysis
The analysis results of the Markov model established in this
study showed that within the 10-year study period, both
camrelizumab plus chemotherapy and first-line chemotherapy
alone had clinical benefits in the treatment of advanced NSCLC.
Compared with chemotherapy alone, camrelizumab plus
TABLE 3 | Model parameters and distribution.

Parameters Base
value

Low High Distribution Source

Cost
Cost of camrelizumab, US$ 424.51 318.38 424.51 Gamma (21)
Cost of pemetrexed, US$ 393.99 187.78 402.11 Gamma (21)
Cost of carboplatin, US$ 11.96 3.84 22.91 Gamma (21)
Cost of chemotherapy pretreatment, US$ 1.52 1.14 1.89 Gamma Local

charge
Cost of subsequent second-line therapy in the camrelizumab plus chemotherapy group, US$ 392.61 294.46 490.76 Gamma (10)
Cost of subsequent second-line therapy in the chemotherapy alone group, US$ 698.77 524.08 873.46 Gamma (10)
Cost of drug administration in the camrelizumab plus chemotherapy group in the progression-free survival state
(≤4 cycles), US$

72.54 54.40 90.67 Gamma Local
charge

Cost of drug administration in the camrelizumab plus chemotherapy group in the progression-free survival state
(>4 cycles and ≤34 cycles), US$

66.27 49.70 82.84 Gamma Local
charge

Cost of drug administration in the camrelizumab plus chemotherapy group in the progression-free survival state
(>34 cycles), US$

65.58 49.19 81.98 Gamma Local
charge

Cost of drug administration in the chemotherapy alone group in the progression-free survival state (≤4 cycles),
US$

71.85 53.89 89.82 Gamma Local
charge

Cost of drug administration in the chemotherapy alone group in the progression survival state
(≤34 cycles), US$

56.36 42.27 70.45 Gamma Local
charge

Cost of disease management in the first 18 cycles, US$ 60.64 45.48 75.80 Gamma Local
charge

Cost of disease management after 18 cycles, US$ 48.68 36.51 60.85 Gamma Local
charge

Cost of adverse reactions in the camrelizumab plus chemotherapy group, US$ 120.06 90.05 150.08 Gamma Local
charge

Cost of adverse reactions in the chemotherapy alone group, US$ 80.32 60.24 100.40 Gamma Local
charge

Utility values
Utility of PFS 0.804 0.536 0.883 Beta (19, 20)
Utility of PD 0.321 0.05 0.473 Beta (19, 20)
Discount rate (%) 5 0 8 (22)
July 20
22 | Vo
lume 12 | Artic
TABLE 2 | Incidence rate of TRAEs.

Camrelizumab plus Chemotherapy (n = 205) Chemotherapy (n = 207)

Neutrophil count decreased 78 (38%) 63 (30%)
White blood cell count decreased 40 (20%) 30 (14%)
Anemia 38 (19%) 23 (11%)
Platelet count decreased 34 (17%) 24 (12%)
Lymphocyte count decreased 8 (4%) 5 (2%)
Alanine aminotransferase increased 10 (5%) 5 (2%)
Asthenia 7 (3%) 3 (1%)
Gamma-glutamyltransferase increased 6 (3%) 1 (<1%)
le 746526
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chemotherapy could add 0.34 QALYs, with an incremental cost
of $14,818.05 and a calculated ICER of $43,275.43 per QALY, as
shown in Table 4. In 2020, the Chinese per capita GDP was
$10,503.52 (29), so the willingness-to-pay (WTP), which is three
times the per capita GDP according to the WHO, was
$31,510.57. The ICER value was higher than the WTP,
indicating that chemotherapy combined with camrelizumab
was not economical compared with chemotherapy alone.

Sensitivity Analysis
One-Way Sensitivity Analysis
The results of one-way sensitivity analysis showed that the utility
of PFS had the greatest influence on the results, and the other
sensitive parameters were the cost of subsequent second-line
therapy in the two group, the pemetrexed price, the cost of
adverse event management and the utility value of PD. However,
ICER generated when all parameters change within a certain
range does not intersect with WTP, so the model is robust. The
analysis results are shown in Figure 2.

Probabilistic Sensitivity Analysis
The bivalent Monte Carlo simulation was used for probabilistic
sensitivity analysis, as shown in Figures 3, 4. The scatter points
Frontiers in Oncology | www.frontiersin.org 5
are in the first quadrant of the coordinate axis, indicating that
camrelizumab combined with chemotherapy can result in more
QALYs but at a higher cost. As shown in Figure 4, when the
WTP values were $40,000, $50,000 and $60,000 per QALY, the
probabilities of the cost-effectiveness of camrelizumab combined
with chemotherapy were 27.1%, 66.7% and 88.0%, respectively.
DISCUSSION

The main research and development direction of new antitumor
drugs in the world is the development of drugs with strong
targeting and few side effects. In recent years, tumor
immunotherapy represented by ICIs has been the most eye-
catching among the many approved new antitumor drugs, in
addition to the targeted drugs of various small molecule tyrosine
kinase inhibitors and large molecule monoclonal antibodies.
Camrelizumab, a PD-1 inhibitor independently developed in
China, was approved in June 2020 in combination with
pemetrexed and carboplatin for the first-line treatment of
unresectable locally advanced or metastatic nonsquamous
NSCLC without EGFR and ALK alterations and was included
FIGURE 2 | Tornado diagrams for one-way sensitivity analysis Effe_PD, utility of PD; Effe_PFS, utility of PFS; C_Peme, cost of pemetrexed; C_drug_6, cost of
subsequent second-line therapy in the chemotherapy group; C _drug_7, cost of subsequent second-line therapy in the camrelizumab plus chemotherapy group;
C_adverse_2, cost of adverse reactions in the chemotherapy alone group; C_adverse_1, cost of adverse reactions in the camrelizumab plus chemotherapy group;
C_PD_1, cost of the PD-1 inhibitor camrelizumab; TX, discount rate (%); C_Car, cost of carboplatin; C_disease_1, cost of disease management in the first 18 cycles;
C_disease_2, cost of disease management after 18 cycles; C_pretreat, cost of chemotherapy pretreatment; C_DA_5, cost of drug administration in the
chemotherapy alone group in the progression survival state (≤34 cycles); C_DA_4, cost of drug administration in the chemotherapy alone group in the progression-
free survival state (≤4 cycles); C_DA_3, cost of drug administration in the camrelizumab plus chemotherapy group in the progression-free survival state (>34 cycles);
C_DA_2, cost of drug administration in the camrelizumab plus chemotherapy group in the progression-free survival state (>4 cycles and ≤34 cycles); C_DA_1, cost
of drug administration in the camrelizumab plus chemotherapy group in the progression-free survival state (≤4 cycles).
TABLE 4 | Basic analysis results.

Costs, US$ DCosts, US$ QALYs DQALYs ICER, US$/QALY

Chemotherapy 30,575.23 0 1.10 0 0
Camrelizumab plus Chemotherapy 45,393.28 14,818.05 1.44 0.34 43,275.43
July 2022 | Volume 1
2 | Article 746526
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in the first-line treatment recommendation of NSCLC and
treatment guidelines of the Chinese Society of Clinical
Oncology. On December 28, 2020, it was officially included in
the medical insurance drug list with a price reduction of more
than 80%. So far, the economic evaluations of camrelizumab
have been inconsistent (10, 11), in order to determine the
economic efficiency, we established a Markov model to
evaluate the two treatment schemes from the aspects of cost
and effectiveness.

The results of the basic analysis showed that compared with
chemotherapy alone, the ICER of camrelizumab combined with
chemotherapy was $43,275.43 per QALY, which was higher than
the WTP of $31,510.57 and meant that camrelizumab combined
with chemotherapy was not economic. This is different from the
Frontiers in Oncology | www.frontiersin.org 6
previous study which established a partitioned survival model
(PSM) for patients and found that the ICER of camrelizumab
plus chemotherapy compared with chemotherapy was $-7,382.72
per QALY (10). This may be related to the structural assumption
adopted by PSM that the survival functions (i.e. PFS and OS) is
independent, resulting in inaccurate predictions of PFS and OS.
We established a Markov model which is classic in the economic
evaluation of antitumor drugs. Our results are consistent with
that of another study based on the same clinical trial (11). And
the conclusion is consistent with the systematic review, which
showed that ICIs as a first-line treatment for NSCLC has no
economic advantage versus chemotherapy regardless of PD-L1
level, but they may be economic in developed countries (12). Of
course, the WTP varies from country to country. In European
FIGURE 4 | Cost-effectiveness acceptability curve.
FIGURE 3 | Cost-effectiveness scatter plot.
July 2022 | Volume 12 | Article 746526

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Cost-Utility Analysis in Advanced NSCLC
and American countries, the WTP for oncology drugs is
significantly higher than that for general drugs and can
reach $180,000.

One-Way sensitivity analysis showed that all parameters
within the floating range would not reverse the result and the
utility value of PFS had the greatest influence on the ICER. The
cost of subsequent second-line therapy in the two group also had
a significant impact on the results which might be related to the
longer duration of the progressive state in terms of the OS of
patients. The probability sensitivity analysis results showed that
when the WTP values were $40,000, $50,000 and $60,000 per
QALY, the probabilities of the cost-effectiveness of
camrelizumab combined with chemotherapy were 27.1%,
66.7% and 88.0%, respectively. Considering the uneven
regional economic development levels in China, if the WTP is
set separately based on the per capita GDP of each province in
2020, then camrelizumab plus chemotherapy can be economical
compared with chemotherapy alone in economically developed
areas, including Beijing, Shanghai, Jiangsu, Fujian, Tianjin and
Zhejiang (29). In addition, the survival time of patients in the
final stages of life is more valuable to the patients themselves and
society. Therefore, the choice of threshold is also an important
factor affecting the economy of the result. It can be questioned
whether accepting a higher ICER should be considered in
antitumor drugs.

In the CameL study, the PFS times of PD-1-positive patients in
the camrelizumab plus chemotherapy group and the chemotherapy
alone group were 15.4 and 9.9 months, respectively (HR=0.56, 95%
CI 0.39-0.82, one-sided P =0.0011). As of January 2021, the OS was
23.7 months in the chemotherapy group and not yet mature in the
camrelizumab plus chemotherapy group. The better survival benefit
of camrelizumab in PD-1-positive patients than in all patients may
increase the probability of the cost-effectiveness of camrelizumab
plus chemotherapy, and further studies may be conducted to
determine whether PD-1 testing can help patients choose more
cost-effective treatment options.

There are some limitations to this study. First, the survival
data were derived from a phase III clinical trial rather than
from a prospective real-world study. Second, according to the
individual patient, the follow-up treatment plan is different in
reality. Third, the utility values of this study were derived from
a study of the utility values of NSCLC in the Chinese
population, but the difference in the utility values caused by
different treatment methods was not reflected. However, the
one-way sensitivity analysis results of this study showed that
the utility values in the PFS states had the most significant
impact on the ICER results. Therefore, it is necessary to refine
and measure the effectiveness value of different treatment
Frontiers in Oncology | www.frontiersin.org 7
methods and different states in Chinese patients with
NSCLC in the future.

This study may be biased when it comes to real-world
decision-making, we look forward to combining the Chinese
economic development level with the social average WTP and
starting real-world trials of NSCLC as soon as possible to
improve the accessibility of new drugs to help cancer patients
in the future.
CONCLUSIONS

From the perspective of the Chinese health care system, the
camrelizumab plus standard chemotherapy regimen was unable
to be cost-effective compared with the standard chemotherapy
regimen alone as a first-line treatment for advanced NSCLC if
three times the GDP per capita in China is taken as the WTP
threshold. However, if the WTP is set separately based on the per
capita GDP of each province in 2020, the camrelizumab plus
standard chemotherapy regimen can be economical compared
with chemotherapy alone in economically developed areas,
including Beijing, Shanghai, Jiangsu, Fujian, Tianjin
and Zhejiang.
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