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Abstract

Objective Camrelizumab is a selective, humanized, high-affinity IgG4 kappa monoclonal antibody
against programmed cell death 1 (PD-1) that shows effective antitumor activity with acceptable toxicity
in multiple tumor types. The CameL trial demonstrated that camrelizumab plus chemotherapy
significantly prolonged the median progression-free survival (PFS) and median overall survival (OS)
versus chemotherapy alone in patients with advanced non-squamous non-small-cell lung cancer
(NSCLC). Because of a rapid cancer burden increase in China, our study was conducted to investigate
the cost-effectiveness of the two strategies in chemotherapy-naive patients with advanced non-
squamous NSCLC.

Design, setting and participants A Markov simulation model was generated based on the CameL
trial. The two simulated treatments included camrelizumab plus chemotherapy (CC) and chemotherapy
alone (CA).

Primary and secondary outcome measures Utility was derived from published literature, and costs
were calculated based on those at our hospital in Chengdu, China. Incremental cost-effectiveness ratios

(ICERs) were calculated to compare the cost-effectiveness of the two treatment arms.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 21


mailto:fbqiu9@163.com
http://bmjopen.bmj.com/

Page 3 of 21

oNOYTULT D WN =

BMJ Open

Results The total costs were $64,874.51 and $13,531.38 for CC and CA treatment, respectively. The
CC treatment produced 1.19 quality-adjusted life years (QALYs), and the CA treatment produced 0.96
QALYs. Hence, patients who were in the CC group spent an additional $51,343.44 and generated an
increase of 0.23 QALYs, resulting in an ICER of $223,232.35 per QALY. Currently, in China, CC
treatment is not cost-effective when considering a willingness-to-pay (WTP) threshold of $28,130 per
QALY gained.

Conclusions For chemotherapy-naive patients with advanced non-squamous NSCLC, camrelizumab
plus chemotherapy is not considered a cost-effective therapy versus chemotherapy alone in China.
Keywords Cost-effective analysis camrelizumab chemotherapy programmed cell death 1
non-small-cell lung cancer

Strengths and limitations of this study

Given the lack of cost-effectiveness studies on camrelizumab, our research was valuable for assessing a
cost-effective strategy for chemotherapy-naive patients with advanced non-squamous NSCLC from a
Chinese payer perspective. To our knowledge, this is the first study to examine the cost-effectiveness of
camrelizumab plus chemotherapy versus chemotherapy alone in patients with advanced non-squamous
NSCLC all over the world. However, there were limitations to our analysis. Our model was based on a
clinical trial, which may not be completely appropriate for real-world patients. The dose of chemotherapy
drugs was calculated based on the average body surface in Chinese individuals, which varies in different
individuals. Given the lack of utility data in the CameL trial, the utilities of PFS and PD were derived from

published literature, which were demonstrated to indeed affect the results.

Introduction

Lung cancer has become one of the most common cancers, the leading cause of cancer-related death
worldwide and the most commonly diagnosed cancer in Chinese males[1,2]. The most common type of
lung cancer is non-small-cell lung cancer (NSCLC). More than 30% of patients with NSCLC have
locally advanced disease at the time of diagnosis, with a 5-year survival rate of 18%[3,4]. The standard
of care for patients with advanced NSCLC is mainly platinum-based doublet chemotherapy[3]. The
treatment paradigm of advanced NSCLC has been changed by immune checkpoint inhibitors (ICIs) in

recent years. For example, ipilimumab, a fully human anti-cytotoxic T-lymphocyte antigen 4 (CTLA-
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4) antibody, and nivolumab, a fully human anti-programmed cell death 1 (PD-1) antibody, are ICIs that
result in few adverse events and improved efficacy in patients with NSCLCJ[5,6]. The significant
overall survival (OS) benefit was observed with nivolumab plus ipilimumab comparing with
chemotherapy as first-line treatment in patients with NSCLC[7]. Pembrolizumab, as first-line
monotherapy, improves OS and progression-free survival (PFS) in patients with untreated metastatic
NSCLC with a programmed death ligand 1 (PD-L1) expressing [8].

Camrelizumab is a selective, humanized, high-affinity IgG4 kappa monoclonal antibody against PD-1
that shows great tumor response with acceptable toxicity in multiple tumor types[9].

As the outcomes from the CamelL trial presented, camrelizumab plus chemotherapy (CC) treatment
showing a clinically meaningful and statistically significant improvement in PFS versus chemotherapy
alone (CA) in all patients with advanced non-squamous NSCLC without sensitive epidermal growth
factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) alterations[10,11]. In practice, given
the high price of camrelizumab, whether camrelizumab plus chemotherapy is a cost-effective option in
China is unknown. Because of a rapid cancer burden increase in China nowadays, our study was
valuable to investigate the cost-effectiveness of CC versus CA in chemotherapy-naive patients with
advanced non-squamous NSCLC.

Methods

Clinical outcomes

Clinical results were extracted from the CameL trial[11]. A total of 412 chemotherapy-naive patients
who had histologically confirmed advanced non-squamous NSCLC without sensitive EGFR and ALK
alterations were randomly allocated at a 1:1 ratio to the CC group (205) and the CA group (207).
Patients in the CC group received intravenous camrelizumab (200 mg) plus carboplatin (area under the
curve [AUC], 5 mg/mL per min) and pemetrexed (500 mg/m?) on day 1 every 3 weeks, followed by
maintenance therapy with camrelizumab plus pemetrexed. Patients in the CA group received
intravenous carboplatin (AUC 5 mg/mL per min) and pemetrexed (500 mg/m?) on day 1 every 3 weeks,
followed by maintenance therapy with pemetrexed alone. The median duration of treatment was 34.1
weeks in the CC group and 19.7 weeks in the CA group. For the first 54 weeks, CT scans were conducted
every 6 weeks and every 12 weeks thereafter. Laboratory examinations were performed every 3 weeks

and every month during treatment and 90 days after treatment, respectively. Among the 412 patients, both
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PFS and OS were significantly prolonged in the CC group comparing with the CA group (PFS, 11.3 months
vs 8.3 months, p=.0001; OS, 27.9 months vs. 20.5 months).

Model structure

A Markov model was used to assess the cost and effectiveness associated with the two treatments from
the Chinese payer perspective. The disease process included 3 states: PFS, progressive disease (PD) and
death. Patients with advanced non-squamous NSCLC were assumed to be in the PFS state until
progression, and then they could either enter the PD state or the death state; however, patients in the PD state
could either remain in the same state or enter the death state (Figure 1). GetData Graph Digitizer software
was used to extract the survival curve from published OS and PFS curve from the published CameL trial.
Pseudo-individual patient data were generated using the algorithm derived by Hoyle et al, while
Weibull distributions were fitted to both groups (Figure 2A and 2B). Based on the fitted curve, we can
estimate the time- dependency transition probability in each cycle as the following formula:
P(t—t+1)=1—exp[A(t)y — AM(t+1)y)], where t equals the current cycle number in Markov model[12]. The
cycle length was 1 month, and this model defined the time horizon as 10 years. Health outcomes were
measured by quality-adjusted life years (QALY's) and were programmed in TreeAge Pro software version
2019 (TreeAge Software LLC, Williamstown, Massachusetts). We assumed that patients in the 2 groups
received docetaxel after PD based on clinical guidelines[13].

Costs and utility

In this analysis, we considered only direct costs, including hospitalization, costs for drugs, radiology and
laboratory tests and treatments for all grades of AEs. The prices of all the drugs were based on the price in
our hospital in Chengdu, China. We assumed a mean body surface area and a body weight of 1.64 m? and
65 kg, respectively[14]. All costs were measured in US dollars (USD) based on the exchange rate on Dec.
27,2020 (1 USD = 6.46 CHY). Health utility scores were 0.65, 0.47 and 0 in the PFS state, PD state and

death state, respectively[15]. The annual discount rate of 3% was calculated (Table 1).

Table 1. Clinical efficacy, baseline input costs and baseline transition probability base on the CameL

trial

Parameters CC group CA group

Costs per month $
Camrelizumab 3065.17(3678.20-2452.14) -

Chemotherapy 1006.68(1208.02-805.35) 805.63(966.76-644.51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Hospitalization 25.81(30.97-20.65) 15.22(18.26-12.18)
Result CC group CA group

Cost ($) 64,874.51 13,531.38
Incremental costs 51,343.44

Effectiveness ( TQALYs) 1.19 0.96

Incremental effectiveness 0.23

TAEs
Tests

Cost of PFS
Cost of PD
utility
PFS

SpD

Discount rate, %

58.19(69.83-46.55)
201.95(242.34-161.56)

4357.80(5229.36-3486.24)

183.68(220.42-146.95)

0.65
0.47
3

63.22(75.87-50.58)
166.98(200.37-133.58)

1051.05(1261.26-840.84)

249.92(299.91-199.94)

0.65
0.47

TAES, adverse events; iPFS, progression-free survival; §PD, progressive disease

Sensitivity analysis

One-way probabilistic sensitivity analyses were performed to examine the impact of input factors on the

model. Key parameters were used within a range of +20% to explore their impacts on the incremental cost-

effectiveness ratios (ICERs). Treatments were considered cost-effective if the ICERs were lower than the

willingness-to-pay (WTP) threshold. According to the WHO recommendations for cost-effectiveness

analysis, the threshold of $28,130 per QALY was defined as 3-fold the gross domestic product (GDP) per

capita of China[16]. In addition, probabilistic sensitivity analysis was performed using Monte Carlo

simulation, which included 1,000 iterations to further address the uncertainty of all the input parameters.

Results

Baseline analysis

The total costs were $64,874.51 and $13,531.38 for CC and CA treatment, respectively. The CC

treatment produced 1.19 quality-adjusted life years (QALYs), and the CA treatment produced 0.96

QALYs. Hence, patients who were in the CC group spent an additional $51,343.44 and generated an

increase of 0.23 QALYs, resulting in an ICER of $223,232.35 per QALY (Table 2).

Table 2. Results of base-case analysis of CC and CA group
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HICER ($/QALY) 223,232.35

TQALY, quality-adjusted life year; iICER, Incremental cost-effectiveness ratio.

Sensitivity analyses

The results of the one-way sensitivity analysis are displayed in tornado diagrams (Figure 3). The utility of
PD was the most sensitive parameter influencing the results. The second sensitive parameter was the cost of
camrelizumab, which ranged from $2,452.14 to $3,678.17 with ICERs ranging from $190,107.80 to
$270,060.62 per QALY, which was well above the WTP threshold. Changing other parameters may
somehow result in different results but has little impact on the ICER. Thus, considering the current WTP
threshold of $28,130, the acceptable curve shows camrelizumab plus chemotherapy is not cost-effective
for chemotherapy-naive patients with advanced non-squamous NSCLC in China (Figure 4). All of the
scatter points are located above the WTP threshold, implying the same results (Figure 5).

Discussion

The clinical benefit from ICIs therapy demonstrated in clinical trials caused great excitement in both
oncologists and patients. However, the wide use of these agents results in a rapid increase in health resource
consumption, which is of concern to both the health system and patients. The combination therapy in the CC
group provided incremental benefits at high incremental costs per QALY in our analysis. The probabilistic
sensitivity analyses indicated that CC treatment would be cost-effective at a WTP threshold higher than
110,000 per QALY, which is well above the current WTP threshold in China.

Some cost-effectiveness studies investigated other ICIs, such as pembrolizumab, nivolumab and ipilimumab,
as the first-line treatment in advanced NSCLC patients. These studies demonstrated that pembrolizumab
monotherapy was more cost-effective than chemotherapy in the US and France; however, it was not cost-
effective in the United Kingdom and China[17-22]. For patients with advanced NSCLC, atezolizumab plus
bevacizumab and chemotherapy was not a cost-effective option [23], by the other hand, nivolumab plus
ipilimumab were demonstrated to be a more cost-effective option than chemotherapy from the US payer
perspective [24].

Despite the high price of camrelizumab in China, it still shows promising tumor response in multiple tumor
types with manageable toxicities[25-29]. The incidence of treatment-related AEs of any grade was higher
in the CC group than in the CA group. The treatment duration of pemetrexed was longer in the CC
group due to a longer duration of maintenance therapy, which indicates a better tumor response. The

median OS in the CC group was estimated to be 27.9 months (95% CI, 21.9—not reached), and the
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results might be even more encouraging because only 45% of deaths occurred around the time that the
median endpoint was reached. Thus, there is a high likelihood that we may have underestimated the
effectiveness of CC treatment.

Given the lack of cost-effectiveness studies on camrelizumab, our research was valuable for assessing a
cost-effective strategy for chemotherapy-naive patients with advanced non-squamous NSCLC from a
Chinese payer perspective. To our knowledge, this is the first study to examine the cost-effectiveness of
camrelizumab plus chemotherapy versus chemotherapy alone in patients with advanced non-squamous
NSCLC all over the world.

However, there were limitations to our analysis. First, our model was based on a clinical trial, which may not
be completely appropriate for real-world patients. The dose of chemotherapy drugs was calculated based on
the average body surface in Chinese individuals, which varies in different individuals. Second, given the lack
of utility data in the CamelL trial, the utilities of PFS and PD were derived from published literature, which
were demonstrated to indeed affect the results. Additionally, the regimen of second-line treatment was not
mentioned in the CameL trial, so we assumed that patients accepted docetaxel after PD, which was
recommended in the NCCN[13]. Reactive cutaneous capillary endothelial proliferation (RCCEP) is the
most common immune-related dermatologic toxicity of camrelizumab according to the CamelL trial,
however, the cost of treating RCCEP was excluded from our study because its effects are mild,
reversible, and predictable[29].

Conclusions

In conclusion, from the Chinese payers perspective, camrelizamab plus chemotherapy is not a cost-
effective therapy comparing with chemotherapy alone in chemotherapy-naive patients with advanced non-
squamous NSCLC at current WTP of $28,130 per QALY.
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Figure captions

Figure 1. A Markov structure was built to compare 2 treatment strategies.

Abbreviations: PFS, progression-free survival; PD, progressive disease.

Figure 2. The original Kaplan-Meier PFS (A) and OS (B) curves from the CameL trial, Weibull
distributions were fitted to the two groups. Abbreviations: OS, overall survival; PFS, progression-free
survival.

Figure 3. Tornado diagram of one-way sensitivity analyses. The impact of parameters on the ICER was
listed. Abbreviations: ICER, incremental cost-effectiveness ratio; PFS, progression-free survival; PD,
progressive disease.

Figure 4. The cost-effectiveness acceptability curve showed the probability at different WTP threshold.
Abbreviations: WTP, willingness to pay; QALY, quality-adjusted life year.

Figure 5. Dashed line indicates the willingness-to-pay (WTP) threshold. All of the

scatter points are located above the WTP threshold, implying that camrelizumab plus chemotherapy is

not a cost-effective therapy at current WTP.
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Abstract

Objective Camrelizumab is a selective, humanized, high-affinity IgG4 kappa monoclonal
antibody against programmed cell death 1 (PD-1) that shows effective antitumor activity with
acceptable toxicity in multiple tumor types. The CameL trial demonstrated that camrelizumab plus
chemotherapy significantly prolonged the median progression-free survival (PFS) and median
overall survival (OS) versus chemotherapy alone in patients with advanced non-squamous non-
small-cell lung cancer (NSCLC). Our study was conducted to investigate the cost-effectiveness of
the two strategies in chemotherapy-naive patients with advanced non-squamous NSCLC.

Design, setting and participants A Markov simulation model was generated based on the CameL
trial. The two simulated treatments included camrelizumab plus chemotherapy (CC) and

chemotherapy alone (CA).
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Primary and secondary outcome measures Utility was derived from published literature, and
costs were calculated based on those at our hospital in Chengdu, China. Incremental cost-
effectiveness ratios (ICER) was calculated to compare the cost-effectiveness of the two treatment
arms.

Results In the overall population, the total costs were $27,223.40 and $13,740.10 for CC and CA
treatment, respectively. The CC treatment produced 1.37 quality-adjusted life years (QALYSs), and
the CA treatment produced 1.17 QALYs. Hence, patients who were in the CC group spent an
additional $13,483.30 and generated an increase of 0.20 QALYs, resulting in an ICER of
$67,416.50 per QALY.

Conclusions For chemotherapy-naive patients with advanced non-squamous NSCLC,
camrelizumab plus chemotherapy is not considered as a cost-effective treatment versus
chemotherapy alone in China when considering a willingness-to-pay (WTP) threshold of $31,500
per QALY.

Keywords Cost-effective analysis camrelizumab chemotherapy programmed cell death 1
non-small-cell lung cancer

Strengths and limitations of this study

Our model was based on a clinical trial, which may not be completely appropriate for real-world
patients. There are some limitations in applying survival analysis to the calculation of Markov
model parameters for pharmacoeconomic evaluation, because the loss of the corresponding
information of the simulated curves is inevitable. However, it is still one of the effective and
feasible methods to reasonably solve the problem of time dependence of transfer probability in
dynamic Markov model, especially the pharmacoeconomic evaluation of cancer. Using a Markov
model method for pharmacoeconomic evaluation can not only simplify the complex process of
disease occurrence and development but can also provide evidence for the resource allocation
problems faced by health decision-makers more efficiently.

Introduction

Lung cancer has become one of the leading cause of cancer-related death worldwide and the most

commonly diagnosed cancer in Chinese males[1,2]. The most common type of lung cancer is non-
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small-cell lung cancer (NSCLC). More than 30% of patients with NSCLC have locally advanced
disease at the time of diagnosis, with a 5-year survival rate of 18%]3,4]. The standard of care for
patients with advanced NSCLC is mainly platinum-based doublet chemotherapy[3]. The treatment
paradigm of advanced NSCLC has been changed by immune checkpoint inhibitors (ICIs) in recent
years. For example, ipilimumab, a fully human anti-cytotoxic T-lymphocyte antigen 4 (CTLA-4)
antibody, and nivolumab, a fully human anti-programmed cell death 1 (PD-1) antibody, are ICIs
that result in improved efficacy in patients with NSCLC with few adverse events[5,6]. The
significant overall survival (OS) benefit was observed with nivolumab plus ipilimumab comparing
with chemotherapy as first-line treatment in patients with NSCLC[7]. Pembrolizumab, as first-line
monotherapy, improves OS and progression-free survival (PFS) in patients with untreated
metastatic NSCLC with a programmed death ligand 1 (PD-L1) expression[8].

Camrelizumab is a selective, humanized, high-affinity [gG4 kappa monoclonal antibody against
PD-1 that shows great tumor response with acceptable toxicity in multiple tumor types[9]. As the
outcomes presented in the CameL trial, camrelizumab plus chemotherapy (CC) treatment has
shown a clinically significant improvement in PFS versus chemotherapy alone (CA) treatment in
all patients with advanced non-squamous NSCLC without sensitive epidermal growth factor
receptor (EGFR) and anaplastic lymphoma kinase (ALK) alterations[10,11]. Camrelizumab has
been successfully entered the Chinese medical insurance catalogue at the end of 2020, and the
price was reduced from $3,065.02/ 200mg to $453.25/ 200mg with a decrease of 85%. Patients
can make reimbursement for the drugs including in the medical insurance catalogue in China. So,
it is valuable to conduct this study from the payers perspective in the low and middle-income
countries with lower WTP.

Methods

Clinical outcomes

Clinical results were extracted from the CameL trial[11]. A total of 412 chemotherapy-naive
patients who had histologically confirmed advanced non-squamous NSCLC without sensitive
EGFR and ALK alterations were randomly allocated at a 1:1 ratio to the CC group (205) and the

CA group (207). Patients in the CC group received intravenous camrelizumab (200 mg) plus
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carboplatin (area under the curve [AUC], 5 mg/mL per min) and pemetrexed (500 mg/m?) on day
1 every 3 weeks, followed by maintenance therapy with camrelizumab plus pemetrexed. Patients
in the CA group received intravenous carboplatin (AUC 5 mg/mL per min) and pemetrexed (500
mg/m?) on day 1 every 3 weeks, followed by maintenance therapy with pemetrexed alone. The
median duration of treatment were 34.1 weeks in the CC group and 19.7 weeks in the CA group.
For the first 54 weeks, CT scans were conducted every 6 weeks. Laboratory examinations were
performed every 3 weeks. In the overall population, both PFS and OS were significantly
prolonged in the CC group comparing with the CA group (PFS, 11.3 months vs 8.3 months,
p=.0001; OS, 27.9 months vs. 20.5 months).

Model structure

A Markov model was conducted in TreeAge Pro software version 2020 (TreeAge Software LLC,
Williamstown, Massachusetts) to simulate the disease process which included 3 states: PFS,
progressive disease (PD) and death. Patients with advanced non-squamous NSCLC were assumed
to be in the PFS state until disease progressed, and then they could either enter the PD state or the
death state; however, patients in the PD state could either remain in the same state or enter the
death state (Figure 1). GetData Graph Digitizer software was used to extract the survival curves
from the published CameL trial. Pseudo-individual patient data was generated using the algorithm
derived by Hoyle et al to minimize the difference between the trial data and our modeled data.
While Weibull distributions provided the best fit to the recreated survival data (Figure 2)[12].
Based on the fitted curve, we can estimate the time- dependency transition probability in each
cycle as the following formula: P(t—t+1)=1—exp[A(t)y — A(t+1)y)], where t equals the current

cycle number in Markov model[12]. The cycle length was 1 month, and this model defined the

time horizon as 10 years. Health outcomes were measured by quality-adjusted life years (QALYSs).

We assumed that patients in the 2 groups received docetaxel after PD based on clinical
guidelines[13].

Costs and utility

In this analysis, we considered only direct costs, including hospitalization, costs for drugs,

radiology and laboratory tests and treatments for all grades of AEs. The prices of all the drugs
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were based on the price at our hospital in Chengdu, China. We assumed a mean body surface area
and a body weight of 1.64 m? and 65 kg, respectively[14]. All costs were measured in US dollars
(USD) based on the exchange rate on Dec. 27th, 2020 (1 USD = 6.46 CHY). Health utility scores
were 0.81, 0.58 and 0 in the PFS state, PD state and death state, respectively[15,16]. The annual
discount rate of 3% was calculated (Table 1).

Table 1. Utilities and estimated monthly costs per patient base on the CameL trial

Parameters CC group CA group

Costs per month $

Camrelizumab 3,065.17(3,678.20-2,452.14) -

pemetrexed 1,012.95(1,215.54-810.36) 805.47(966.56-644.38)
carboplatin 18.29(21.95-14.64) 19.81(23.77-15.85)
Hospitalization 25.81(30.97-20.65) 15.22(18.26-12.18)
TAEs 58.19(69.83-46.55) 63.22(75.87-50.58)
Tests 201.95(242.34-161.56) 166.98(200.37-133.58)
Cost of PD 183.68(220.42-146.95) 249.92(299.91-199.94)
utility

*PFS 0.81 0.81

§PD 0.58 0.58

Discount rate, % 3

TAEs, adverse events; ‘PFS, progression-free survival; SPD, progressive disease

Sensitivity analysis

One-way probabilistic sensitivity analysis was performed to examine the impact of input factors
on the model. Key parameters were used within a range of £20% to explore their impacts on the
incremental cost-effectiveness ratios (ICER). Treatments were considered cost-effective if the
ICER was lower than the willingness-to-pay (WTP) threshold. According to the WHO
recommendations for cost-effective analysis, the threshold of $31,500 per QALY was defined as

3-fold the gross domestic product (GDP) per capita of China. In addition, probabilistic sensitivity
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analysis was performed using Monte Carlo simulation, which included 1,000 iterations to further
address the uncertainty of all the input parameters.

Results

Baseline analysis

In the overall population, the total costs were $27,223.40 and $13,740.10 for CC and CA
treatment, respectively. The CC treatment produced 1.37 quality-adjusted life years (QALYSs), and
the CA treatment produced 1.17 QALYs. Hence, patients who were in the CC group spent an
additional $13,483.30 and generated an increase of 0.20 QALYs, resulting in an ICER of
$67,416.50 per QALY (Table 2).

Table 2. Results of base-case analysis of CC and CA group

Result CC group CA group
Cost () 27,223.40 13,740.10
Incremental costs 13,483.30

Effectiveness (TQALYY) 1.37 1.17
Incremental effectiveness 0.20

HICER ($/QALY) 67,416.50

TQALY, quality-adjusted life year; ¥ICER, Incremental cost-effectiveness ratio.

Sensitivity analyses

The results of the one-way sensitivity analysis are displayed in tornado diagrams (Figure 3). The
utility of PFS was the most sensitive parameter influencing the results. The second sensitive
parameter was the cost of pemetrexed in CC group, which ranged from $805.35 to $1,208.02 with
ICER ranged from $54,115.08 to $84,422.81 per QALY. Changing other parameters including
cost of camrelizumab may somehow result in different results but has little impact on the ICER.
Thus, considering the current WTP threshold of $31,500, the acceptable curve shows
camrelizumab plus chemotherapy is not cost-effective for chemotherapy-naive patients with
advanced non-squamous NSCLC in China (Figure 4). All of the scatter points are located above
the WTP threshold, implying the same results (Figure 5).

Discussion
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The domestic ICIs camrelizumab has shown promising tumor response in multiple tumor types
with manageable toxicities[17-21]. In the CameL trial, the incidence of treatment-related AEs of
any grade was higher in the CC group than in the CA group. The treatment duration of pemetrexed
was longer in the CC group due to a longer duration of maintenance therapy, which indicates a
better tumor response. Due to the substantial decline in prices of camrelizumab, our research was
valuable for assessing a cost-effective strategy for chemotherapy-naive patients with advanced
non-squamous NSCLC from a Chinese payer perspective.

The combination therapy in the CC group provided incremental benefits at high incremental costs
per QALY in our analysis. The probabilistic sensitivity analyses indicated that CC treatment
would be cost-effective at a WTP threshold higher than $67,416.50 per QALY, which is nearly
twice the current WTP threshold in China. And we conducted the subgroup analysis in the PDL1
positive population, patients who were in the CC group spent an additional $20,914.18 and
generated an increase of 0.29 QALYs, resulting in an ICERs of $72,117.86 per QALY, which was
also above the WTP threshold. The higher ICERs in the PDL1 positive population may be
associated with increased health care costs due to improved PFS that required more expensive
treatment.

Several cost-effectiveness studies about other ICIs demonstrated that pembrolizumab
monotherapy was cost-effective comparing with chemotherapy both in the US and France;
however, it was not cost-effective in the United Kingdom or China, as the first-line treatment in
advanced NSCLC patients[22-27]. For patients with advanced NSCLC, atezolizumab plus
bevacizumab and chemotherapy was not cost-effective[28], by the other hand, nivolumab plus
ipilimumab was demonstrated to be cost-effective comparing with chemotherapy from the US
payer perspective [29].

Although we conducted our study in China, the results may give some enlightenment to other
countries. The price of domestic pemetrexed was applied in our study, which was demonstrated as
the second sensitive parameter. However, this parameter was not sufficient to change the
economic outcomes according to the sensitive analysis. And recently, the price of imported

pemetrexed (ALIMTA) in China has decreased, which is almost the same as that of domestic
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pemetrexed. Additionally, the chemotherapy drug price will vary due to different body surface
area, however, the sensitive analysis shows it has little impact on the ICER. The ICER in our
study was far below the WTP value of $150,000 in the US[30]. Due to much higher WTP
threshold, we assumed that the CC treatment is quite possible to be cost-effective in some
developed countries. The healthcare system in China was predominantly government-funded,
which would make it more likely to negotiate lower drug prices with pharmaceutical companies. If
the price of pemetrexed will descend in the future, it may make the CC treatment cost effective in
China. So our analysis is conducive to the rational allocation of health resources, which was
crucial to developing countries with relatively limited health resources.

However, there were limitations to our analysis. First, our model was based on a clinical trial,
which may not be completely appropriate for real-world patients. The dose of chemotherapy drugs
was calculated based on the average body surface in Chinese individuals, which varies in different
individuals. Second, the reconstructed survival curves cannot be completely fitted with the actual
survival curves due to the inevitable bias when capturing the survival probabilities at each time
point through the Plot Digitizer, which will lead to the loss of the corresponding information of
the simulated curves. However, the purpose of adjusting the transition probability is to approach
the real results to the greatest extent. Although there are some limitations in applying survival
analysis to the calculation of Markov model parameters for pharmacoeconomic evaluation, it is
still one of the effective and feasible methods to reasonably solve the problem of time dependence
of transfer probability in dynamic Markov model, especially the pharmacoeconomic evaluation of
cancer. Third, given the lack of utility data in the CameL trial, the utilities of PFS and PD were
derived from published literature. Fourth, the regimen of second-line treatment was not mentioned
in the CamelL trial, so we assumed that all patients accepted docetaxel after PD as recommended
in the NCCN, which may differ from actual treatment[13]. Additionally, Reactive cutaneous
capillary endothelial proliferation (RCCEP) is the most common immune-related dermatologic
toxicity of camrelizumab according to the CameL trial, however, the cost of treating RCCEP was
excluded from our study because its effects are mild, reversible, and predictable[21].

Conclusions
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In conclusion, from the Chinese payers perspective, camrelizamab plus chemotherapy is not a
cost-effective therapy comparing with chemotherapy alone in chemotherapy-naive patients with
advanced non-squamous NSCLC without sensitive EGFR and ALK alterations at current WTP of
$31,500 per QALY.
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Figure captions

Figure 1. A Markov structure was built to compare 2 treatment strategies.

Abbreviations: PFS, progression-free survival; PD, progressive disease.

Figure 2. The original Kaplan-Meier PFS (A) and OS (B) curves from the CameL trial, Weibull
distributions were fitted to the two groups. Abbreviations: OS, overall survival; PFS, progression-
free survival.

Figure 3. Tornado diagram of one-way sensitivity analyses. The impact of parameters on the ICER
was listed. Abbreviations: ICER, incremental cost-effectiveness ratio; PFS, progression-free
survival; PD, progressive disease.

Figure 4. The cost-effectiveness acceptability curve showed the probability at different WTP
threshold. Abbreviations: WTP, willingness to pay; QALY, quality-adjusted life year.

Figure 5. Dashed line indicates the willingness-to-pay (WTP) threshold. All of the

scatter points are located above the WTP threshold, implying that camrelizumab plus

chemotherapy is not a cost-effective therapy at current WTP.
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Figure 1. A Markov structure was built to perform the analysis. Abbreviations: PFS, progression-free
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Abstract

Objective Camrelizumab is a selective, humanized, high-affinity IgG4 kappa monoclonal
antibody against programmed cell death 1 (PD-1) that shows effective antitumor activity with
acceptable toxicity in multiple tumor types. The CameL trial demonstrated that camrelizumab plus
chemotherapy significantly prolonged the median progression-free survival (PFS) and median
overall survival (OS) versus chemotherapy alone in patients with advanced non-squamous non-
small cell lung cancer (NSCLC). Our study was conducted to investigate the cost-effectiveness of
the two strategies in chemotherapy-naive patients with advanced non-squamous NSCLC.

Design, setting and participants A Markov simulation model was generated based on the CameL
trial. The two simulated treatments included camrelizumab plus chemotherapy (CC) and

chemotherapy alone (CA).
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Primary and secondary outcome measures Utility was derived from published literature, and
costs were calculated based on those at our hospital in Chengdu, China. Incremental cost-
effectiveness ratios (ICERs) were calculated to compare the cost-effectiveness of the two
treatment arms.

Results In the overall population, the total costs were $27,223.40 and $13,740.10 for CC and CA
treatment, respectively. The CC treatment produced 1.37 quality-adjusted life years (QALYSs), and
the CA treatment produced 1.17 QALYs. Hence, patients who were in the CC group spent an
additional $13,483.30 and generated an increase of 0.20 QALYs, resulting in an ICER of
$67,416.50 per QALY.

Conclusions For chemotherapy-naive patients with advanced non-squamous NSCLC,
camrelizumab plus chemotherapy is not considered a cost-effective treatment versus
chemotherapy alone in China when considering a willingness-to-pay (WTP) threshold of $31,500
per QALY.

Keywords Cost-effective analysis Camrelizumab Chemotherapy Programmed cell death 1
Non-small cell lung cancer

Strengths and limitations of this study

A Markov simulation model was generated based on the published CameL trial.

Survival analysis were applied to the calculation of Markov model parameters for
pharmacoeconomic evaluation.

Health outcomes were measured by quality-adjusted life years (QALYS).

Only direct costs including hospitalization, costs for drugs, radiology and laboratory tests and
treatments for all grades of AEs were considered.

The reconstructed survival curves cannot be completely fitted with the actual survival curves due
to the inevitable bias when capturing the survival probabilities at each time point through the Plot
Digitizer.

Introduction

Lung cancer has become one of the leading causes of cancer-related death worldwide and is the

most commonly diagnosed cancer in Chinese males[1,2]. The most common type of lung cancer is
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non-small cell lung cancer (NSCLC). More than 30% of patients with NSCLC have locally
advanced disease at the time of diagnosis, with a 5-year survival rate of 18%][3,4]. The standard of
care for patients with advanced NSCLC is mainly platinum-based doublet chemotherapy[3]. The
treatment paradigm of advanced NSCLC has been changed by immune checkpoint inhibitors
(ICIs) in recent years. For example, ipilimumab, a fully human anti-cytotoxic T-lymphocyte
antigen 4 (CTLA-4) antibody, and nivolumab, a fully human anti-programmed cell death 1 (PD-1)
antibody, are ICls that result in improved efficacy in patients with NSCLC with few adverse
events[5,6]. A significant overall survival (OS) benefit was observed with nivolumab plus
ipilimumab compared with chemotherapy as first-line treatment in patients with NSCLC[7].
Pembrolizumab, as a first-line monotherapy, improves OS and progression-free survival (PFS) in
patients with untreated metastatic NSCLC with programmed death ligand 1 (PD-L1)
expression[8].

Camrelizumab is a selective, humanized, high-affinity [gG4 kappa monoclonal antibody against
PD-1 that shows a great tumor response with acceptable toxicity in multiple tumor types[9]. As
the outcomes presented in the CameL trial, camrelizumab plus chemotherapy (CC) treatment has
shown a clinically significant improvement in PFS versus chemotherapy alone (CA) treatment in
all patients with advanced non-squamous NSCLC without sensitive epidermal growth factor
receptor (EGFR) and anaplastic lymphoma kinase (ALK) alterations[10,11]. Camrelizumab
successfully entered the Chinese medical insurance catalogue at the end of 2020, and the price was
reduced from $3,065.02/200 mg to $453.25/200 mg, a decrease of 85%. Patients can make
reimbursement for the drugs included in the medical insurance catalogue in China. Therefore, it is
valuable to conduct this study from the perspective of payers in low- and middle-income countries
with lower WTP.

Methods

Clinical outcomes

Clinical results were extracted from the CameL trial[11]. A total of 412 chemotherapy-naive
patients who had histologically confirmed advanced non-squamous NSCLC without sensitive

EGFR and ALK alterations were randomly allocated at a 1:1 ratio to the CC group (205) and the
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CA group (207). Patients in the CC group received intravenous camrelizumab (200 mg) plus
carboplatin (area under the curve [AUC], 5 mg/mL per min) and pemetrexed (500 mg/m?) on day
1 every 3 weeks, followed by maintenance therapy with camrelizumab plus pemetrexed. Patients
in the CA group received intravenous carboplatin (AUC 5 mg/mL per min) and pemetrexed (500
mg/m?) on day 1 every 3 weeks, followed by maintenance therapy with pemetrexed alone. The
median duration of treatment was 34.1 weeks in the CC group and 19.7 weeks in the CA group.
For the first 54 weeks, CT scans were conducted every 6 weeks. Laboratory examinations were
performed every 3 weeks. In the overall population, both PFS and OS were significantly
prolonged in the CC group compared with the CA group (PFS, 11.3 months vs 8.3 months,
p=-0001; OS, 27.9 months vs. 20.5 months).

Model structure

A Markov model was conducted in TreeAge Pro software version 2020 (TreeAge Software LLC,
Williamstown, Massachusetts) to simulate the disease process, which included 3 states: PFS,
progressive disease (PD) and death. Patients with advanced non-squamous NSCLC were assumed
to be in the PFS state until the disease progressed, and then they could either enter the PD state or
the death state; however, patients in the PD state could either remain in the same state or enter the
death state (Figure 1). GetData Graph Digitizer software was used to extract the survival curves
from the published CameL trial. Pseudo-individual patient data were generated using the
algorithm derived by Hoyle et al to minimize the difference between the trial data and our
modelled data. The Weibull distributions provided the best fit to the recreated survival data
(Figure 2)[12]. Based on the fitted curve, we can estimate the time- dependency transition
probability in each cycle using the following formula: P(t—t+1)=1—exp[A(t)y — M(t+1)y)], where t
equals the current cycle number in the Markov model[12]. The cycle length was 1 month, and this
model defined the time horizon as 10 years. Health outcomes were measured by quality-adjusted
life years (QALYs). We assumed that patients in the 2 groups received docetaxel after PD based
on clinical guidelines[13].

Costs and utility
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In this analysis, we considered only direct costs, including hospitalization, costs for drugs,
radiology and laboratory tests and treatments for all grades of AEs. The prices of all the drugs
were based on the price at our hospital in Chengdu, China. We assumed a mean body surface area
and a body weight of 1.64 m? and 65 kg, respectively[14]. All costs were measured in US dollars
(USD) based on the exchange rate on Dec. 27th, 2020 (1 USD = 6.46 CHY). Health utility scores
were 0.81, 0.58 and 0 in the PFS state, PD state and death state, respectively[15,16]. The annual
discount rate of 3% was calculated (Table 1).

Table 1. Utilities and estimated monthly costs per patient based on the CamelL trial

Parameters CC group CA group

Costs per month $

Camrelizumab 3,065.17(3,678.20-2,452.14) -

pemetrexed 1,012.95(1,215.54-810.36) 805.47(966.56-644.38)
carboplatin 18.29(21.95-14.64) 19.81(23.77-15.85)
Hospitalization 25.81(30.97-20.65) 15.22(18.26-12.18)
TAEs 58.19(69.83-46.55) 63.22(75.87-50.58)
Tests 201.95(242.34-161.56) 166.98(200.37-133.58)
Cost of PD 183.68(220.42-146.95) 249.92(299.91-199.94)
utility

*PFS 0.81 0.81

SPD 0.58 0.58

Discount rate, % 3

TAEs, adverse events; {PFS, progression-free survival; $PD, progressive disease

Sensitivity analysis

One-way probabilistic sensitivity analysis was performed to examine the impact of input factors
on the model. Key parameters were used within a range of £20% to explore their impacts on the
incremental cost-effectiveness ratios (ICERs). Treatments were considered cost-effective if the
ICER was lower than the willingness-to-pay (WTP) threshold. According to the WHO

recommendations for cost-effective analysis, the threshold of $31,500 per QALY was defined as
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3-fold the gross domestic product (GDP) per capita of China. In addition, probabilistic sensitivity
analysis was performed using Monte Carlo simulation, which included 1,000 iterations to further
address the uncertainty of all the input parameters.

Results

Baseline analysis

In the overall population, the total costs were $27,223.40 and $13,740.10 for CC and CA
treatment, respectively. The CC treatment produced 1.37 quality-adjusted life years (QALYSs), and
the CA treatment produced 1.17 QALYSs. Hence, patients who were in the CC group spent an
additional $13,483.30 and generated an increase of 0.20 QALYs, resulting in an ICER of
$67,416.50 per QALY (Table 2).

Table 2. Results of base-case analysis of the CC and CA groups

Result CC group CA group
Cost ($) 27,223.40 13,740.10
Incremental costs 13,483.30

Effectiveness (TQALYSs) 1.37 1.17
Incremental effectiveness 0.20

HICER ($/QALY) 67,416.50

TQALY, quality-adjusted life year; ¥ICER, incremental cost-effectiveness ratio.

Sensitivity analyses

The results of the one-way sensitivity analysis are displayed in tornado diagrams (Figure 3). The
utility of PFS was the most sensitive parameter influencing the results. The second sensitive
parameter was the cost of pemetrexed in the CC group, which ranged from $805.35 to $1,208.02,
with ICER ranging from $54,115.08 to $84,422.81 per QALY. Changing other parameters,
including the cost of camrelizumab, may result in different results but has little impact on the
ICER. Thus, considering the current WTP threshold of $31,500, the acceptable curve shows that
camrelizumab plus chemotherapy is not cost-effective for chemotherapy-naive patients with
advanced non-squamous NSCLC in China (Figure 4). All of the scatter points are located above

the WTP threshold, implying the same results (Figure 5).
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Discussion

The domestic ICI camrelizumab has shown promising tumor response in multiple tumor types
with manageable toxicities[17-21]. In the CameL trial, the incidence of treatment-related AEs of
any grade was higher in the CC group than in the CA group. The treatment duration of pemetrexed
was longer in the CC group due to a longer duration of maintenance therapy, which indicates a
better tumor response. Due to the substantial decline in prices of camrelizumab, our research was
valuable for assessing a cost-effective strategy for chemotherapy-naive patients with advanced
non-squamous NSCLC from a Chinese payer perspective.

The combination therapy in the CC group provided incremental benefits at high incremental costs
per QALY in our analysis. The probabilistic sensitivity analyses indicated that CC treatment
would be cost-effective at a WTP threshold higher than $67,416.50 per QALY, which is nearly
twice the current WTP threshold in China. We conducted the subgroup analysis in the PDL1-
positive population. Patients who were in the CC group spent an additional $20,914.18 and
generated an increase of 0.29 QALYs, resulting in an ICER of $72,117.86 per QALY, which was
also above the WTP threshold. The higher ICERs in the PDL1-positive population may be
associated with increased health care costs due to improved PFS that required more expensive
treatment.

Several cost-effectiveness studies of other ICIs demonstrated that pembrolizumab monotherapy
was cost-effective compared with chemotherapy both in the US and France; however, it was not
cost-effective in the United Kingdom or China as the first-line treatment in advanced NSCLC
patients[22-27]. For patients with advanced NSCLC, atezolizumab plus bevacizumab and
chemotherapy were not cost-effective[28]; on the other hand, nivolumab plus ipilimumab was
demonstrated to be cost-effective compared with chemotherapy from the US payer perspective
[29].

Although we conducted our study in China, the results may provide some enlightenment to other
countries. The price of domestic pemetrexed was applied in our study and was demonstrated to be
the second most sensitive parameter. However, this parameter was not sufficient to change the

economic outcomes according to the sensitivity analysis. Recently, the price of imported
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pemetrexed (ALIMTA) in China has decreased, which is almost the same as that of domestic
pemetrexed. Additionally, the chemotherapy drug price will vary due to different body surface
areas; however, the sensitivity analysis shows that it has little impact on the ICER. The ICER in
our study was far below the WTP value of $150,000 in the US[30]. Due to the much higher WTP
threshold, we assumed that the CC treatment is quite possible to be cost-effective in some
developed countries. The healthcare system in China was predominantly government-funded,
which would make it more likely to negotiate lower drug prices with pharmaceutical companies. If
the price of pemetrexed will decrease in the future, it may make CC treatment cost effective in
China. Therefore, our analysis is conducive to the rational allocation of health resources, which is
crucial to developing countries with relatively limited health resources.

However, there were limitations to our analysis. First, our model was based on a clinical trial,
which may not be completely appropriate for real-world patients. The dose of chemotherapy drugs
was calculated based on the average body surface in Chinese individuals, which varies in different
individuals. Second, the reconstructed survival curves cannot be completely fitted with the actual
survival curves due to the inevitable bias when capturing the survival probabilities at each time
point through the Plot Digitizer, which will lead to the loss of the corresponding information of
the simulated curves. However, the purpose of adjusting the transition probability is to approach
the real results to the greatest extent. Although there are some limitations in applying survival
analysis to the calculation of Markov model parameters for pharmacoeconomic evaluation, it is
still one of the effective and feasible methods to reasonably solve the problem of time dependence
of transfer probability in dynamic Markov models, especially the pharmacoeconomic evaluation
of cancer. Third, given the lack of utility data in the CameL trial, the utilities of PFS and PD were
derived from published literature. Fourth, the regimen of second-line treatment was not mentioned
in the CameL trial, so we assumed that all patients accepted docetaxel after PD as recommended
in the NCCN, which may differ from actual treatment[13]. Additionally, reactive cutaneous
capillary endothelial proliferation (RCCEP) is the most common immune-related dermatologic
toxicity of camrelizumab according to the CamelL trial; however, the cost of treating RCCEP was

excluded from our study because its effects are mild, reversible, and predictable[21].
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Conclusions

In conclusion, from the Chinese payers’ perspective, camrelizumab plus chemotherapy is not a
cost-effective therapy compared with chemotherapy alone in chemotherapy-naive patients with
advanced non-squamous NSCLC without sensitive EGFR and ALK alterations at the current WTP
of $31,500 per QALY.
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Figure captions

Figure 1. A Markov structure was built to compare 2 treatment strategies.

Abbreviations: PFS, progression-free survival; PD, progressive disease.

Figure 2. The original Kaplan—-Meier PFS (A) and OS (B) curves from the CameL trial. Weibull
distributions were fitted to the two groups. Abbreviations: OS, overall survival; PFS, progression-
free survival.

Figure 3. Tornado diagram of one-way sensitivity analyses. The impact of parameters on the ICER
was listed. Abbreviations: ICER, incremental cost-effectiveness ratio; PFS, progression-free
survival; PD, progressive disease.

Figure 4. The cost-effectiveness acceptability curve showed the probability at different WTP
thresholds. Abbreviations: WTP, willingness to pay; QALY, quality-adjusted life year.

Figure 5. The dashed line indicates the WTP threshold. All of the

scatter points are located above the WTP threshold, implying that camrelizumab plus

chemotherapy is not a cost-effective therapy at the current WTP. Abbreviations: WTP, willingness

to pay.
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Figure 1. A Markov structure was built to compare 2 treatment strategies.
Abbreviations: PFS, progression-free survival; PD, progressive disease.
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Figure 3. Tornado diagram of one-way sensitivity analyses. The impact of parameters on the ICER was
listed. Abbreviations: ICER, incremental cost-effectiveness ratio; PFS, progression-free survival; PD,
progressive disease.
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. Describe what outcomes were used as the measure(s) of benefit(s
Selection of outcomes 11 ond harm(s). © ©) pageb
Measurement of 12 Describe how outcomes used to capture benefit(s) and harm(s) pageS
outcomes were measured.
Valuation of outcomes 13| Describe the population and methods used to measure and value outcomes.  |paget
Measurement and
valuation of resources 14| Describe how costs were valued. pag e5
and costs
Currency, price date, Report the dates of the estimated resource quantities and unit costs, plus the
and conversion 15| currency and year of conversion. age4
Rationale and 16 If modelling is used, describe in detail and why used. Report if the model page4
description of model is publicly available and where it can be accessed.
Analytics and 17 Describe any methods for analysing or statistically transforming data, any paged
assumptions extrapolation methods, and approaches for validating any model used.
Characterizing 18 Describe any methods used for estimating how the results of the study N/A
heterogeneity vary for sub-groups.
Characterizing 19 Describe how impacts are distributed across different individuals N/A
distributional effects or adjustments made to reflect priority populations.
Charact_erizing 20| Describe methods to characterize any sources of uncertainty in the analysis pageb
uncertainty )
Qr?g;c;]ae(r::etr?t with Describe any approaches to engage patients or service recipients, the
. 21| general public, communities, or stakeholders (e.g., clinicians or payers) in
patients and others the desi f the stud .
affected by the study € design ot the study. page
RESULTS
Report all analytic inputs (e.g., values, ranges, references) includin
Study parameters 22 uncpertainty or ()j,itstribﬁtiongl gssumptions. ’ : ’ page4,5
Summary of main 23 Report the mean values for the main categories of costs and outcomes of
results interest and summarise them in the most appropriate overall measure. page5
Describe how uncertainty about analytic judgments, inputs, or projections
Effect of uncertainty 24| affect findings. Report the effect of choice of discount rate and time horizon,
if applicable. A
Effect Of engagement Report on any difference patient/service recipient, general public, community,
with patients and others 25 . L
affected by the study or stakeholder involvement made to the approach or findings of the study N/A
DISCUSSION
Study findings,
limitations, 26 Report key findings, limitations, ethical or equity considerations not captured,
generalizability, and and how these could impact patients, policy, or practice.
current knowledge pages6,7
OTHER RELEVANT INFORMATION
. Describe how the study was funded and any role of the funder in
Source of funding 27 the identification, design, conduct, and repo}:ting of the analysis page8
Conflicts of interest 28 Report z_iuthors conﬂicts of inter_est according to journal or page8
International Committee of Medical Journal Editors requirements.
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