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ABSTRACT

Introduction: The survival of patients with
relapsed small cell lung cancer (SCLC) has
achieved little progress in the last several dec-
ades. ALTER1202 confirmed the efficacy and
safety of anlotinib as a third- or further-line
option for relapsed SCLC. This study aimed to
assess the cost-effectiveness of anlotinib com-
pared with placebo as third- or further-line
treatment for advanced SCLC in China.
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Methods: A Markov model was developed to
simulate the process of advanced SCLC and
estimate the incremental cost-effectiveness
ratio (ICER) of anlotinib versus placebo. The
health outcomes and utilities were derived from
the ALTER1202 (NCT03059797) and published
sources, respectively. Total costs were calculated
from the perspective of Chinese society. One-
way and probabilistic sensitivity analyses (PSA)
were conducted to explore the model
uncertainties.

Results: Anlotinib was estimated to result in an
additional 0.12 quality-adjusted life-years
(QALYs) at an incremental cost of $2131.32,
resulting in an ICER of $17,741.94/QALY. The
ICER did not exceed the willingness-to-pay
(WTP) threshold of $30,833 per QALY, which
was three times the gross domestic product
(GDP) per capita of China in 2019. One-way
sensitivity analysis showed that the cost of
anlotinib exerted the maximum influence on
the result of the model, followed by the utility
of progression-free survival (PES) state in the
anlotinib group and median overall survival
(mOS) in the anlotinib group. In PSA, the
probability of anlotinib being cost-effective was
26.6% and 78.5% when the WTP threshold was
one and three times the GDP per capita,
respectively.

Conclusion: Anlotinib is likely to be a cost-ef-
fective option compared with placebo for
patients with relapsed SCLC who experience
failure of at least two lines of chemotherapy in
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Key Summary Points

In China, lung cancer is the most common
carcinoma, and the proportion of SCLC
shows an increasing tendency, which
leads to considerable economic burden

Anlotinib is the only approved third-line
therapy for SCLC in China; however, the
exorbitant price of the novel therapy is
always a key consideration for cancer
treatment

This study aimed to investigate whether
anlotinib was cost-effective in the third-
or further-line setting for patients with
relapsed SCLC in China

The results showed that the ICER of
anlotinib versus placebo was $17,741.94
per QALY, which did not exceed the WTP
threshold of $30,833 per QALY, so
anlotinib is a cost-effective option as
third- or further-line treatment for SCLC
in China

Sensitivity analyses showed that the cost
of anlotinib and utility of PFS state in the
anlotinib group were the most influential
factors in the model, and the probability
of anlotinib being cost-effective was
26.6% and 78.5% when the WTP
threshold was one and three times the
GDP per capita, respectively

INTRODUCTION

According to the latest global cancer statistics
from 2020, lung cancer is ranked the second
most common malignancy and is still the
leading cause of cancer death [1, 2]. Small cell
lung cancer (SCLC) accounts for approximately

13-15% of all diagnosed lung cancer [3]. It is
characterized by rapid growth, being highly
aggressive and quick development of chemo-
resistance [4]. The general 5-year survival for
SCLC is only about 6% [3, 5], showing a clearly
poorer prognosis compared to non-small cell
lung cancer (NSCLC) (5-year survival, 24%).
Little progress has been made in the medication
therapy of SCLC except for the standard treat-
ment with platin/etoposide. No effective treat-
ment is available after disease relapse, so new
strategies for treatment of refractory SCLC,
especially third- or further-line options, are
urgently need.

Targeted therapy has achieved great success
in lung cancer, but is mainly reflected in
NSCLC. Anlotinib, a novel oral multi-target
tyrosine kinase inhibitor (TKI), significantly
prolonged both progression-free survival (PFS)
(4.1 vs. 0.7 months, P < 0.0001) and overall
survival (OS) (7.3 vs. 4.9 months; P = 0.0210)
compared with placebo for refractory SCLC as a
third- or further-line treatment [6]. It is a
promising treatment option for patients with
relapsed SCLC who failed > 2 lines of
chemotherapy and has been approved by
National Medical Products Administration
(NMPA) of China in 2019.

However, the exorbitant price of the novel
therapy is always a key consideration for cancer
treatment. Hence, we are interested in investi-
gating whether anlotinib is cost-effective in the
third- or further-line setting for patients with
relapsed SCLC in China.

METHODS

Patients

Clinical data were mainly derived from a phase
II randomized controlled trial (ALTER 1202,
NCT03059797) that compared anlotinib versus
placebo in patients with relapsed SCLC who had
experienced failure of at least two lines of
chemotherapy [6]. Patients were randomly
assigned (2:1) to receive anlotinib (n = 82) or
placebo (n=38) 12 mg orally once daily for
2 weeks and then 1 week off until disease pro-
gression or development of intolerable toxicity.
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Patients received subsequent therapy after pro-
gression according to the ALTER1202 protocol.
Baseline characteristics such as age, gender,
Eastern Cooperative Oncology Group (ECOG)
performance status, tumor stage, smoking and
treatment history were well balanced between
the two arms (see Table S1 in the Electronic
Supplementary Material).

Model Structure

A Markov model was established using TreeAge
Pro 2011 (TreeAge Software, Inc., Wil-
liamstown, MA) to simulate the disease process
of advanced SCLC, which included three
exclusive health states: PFS, progressive disease
(PD) and death (Fig.1). All patients were
assumed to initially enter the model in the PFS
state and subsequently survived or died.
Patients who survived either remained in the
PES state or transferred to the PD state, and
those transferred to the PD state either
remained or died [7-10]. The Markov cycle was
set as 1 month with a time horizon of 5 years,
considering that the probability of survival to
year S after the SCLC diagnosis was only 6% [11]
and the median OS of patients with advanced
SCLC was < 1 year in ALTER 1202 [6]. Transition
probabilities between different health states
were calculated based on the equation as

Progression-

free Survival

Progressive

Disease

Fig. 1 Markov model with three exclusive health states for
advanced SCLC

follows: P (1 month) = 1 — (0'5)(1/median time to
event) - derived from the equations: P=1—e™®
and R = —1In[0.5]/(time to event/number of
treatment cycles) (for clinical outcomes, see
Table 1) [12, 13]. A 5% discount rate for health
utilities and costs was assumed based on the
recommendation of the China Guidelines for
Pharmacoeconomic Evaluations [14]. This
model-based economic study was based on
previously conducted studies and did not con-
tain any new studies with human participants
or animals performed by any of the authors and
so did not require the approval of an indepen-
dent ethics committee.

Utility Estimates

The survival time was adjusted by health-related
quality of life (QoL) to estimate quality-adjusted
life-years (QALYs). Health utilities reflected the
QoL in different health states. The primary
utility values were 0.804 and 0.321 for PFS and
PD state, respectively, which were obtained
from the previously published studies [15, 16].
The utility decrements associated with side
effects were calculated based on the occurrence
of grade > 3 adverse events (AEs) in ALTER 1202
[6]. Thus, the utility of PES state was 0.791 for
the anlotinib group and 0.803 for placebo. The
utility of PD state and death was 0.321 and zero,
respectively, in both arms (Table 2).

Measurement of Costs

Total costs were calculated from the perspective
of Chinese society, including two parts: direct
medical costs and societal costs. Direct medical
costs covered drugs, tests, management of
grade > 3 AEs and outpatient fees. Societal costs
consisted of travel and time (loss of salary) costs.
We referred to China’s national drug reim-
bursement list 2020 to estimate the cost of
anlotinib ($44.49/12 mg). Expenses for other
drugs and tests were derived from the standards
of Changzhou No. 2 People’s Hospital, Nanjing
Medical University. We assumed the average
societal costs were identical between anlotinib
and placebo. Travel and time costs were esti-
mated on the basis of the taxi fare per kilometer
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Table 1 Clinical efficacy and the most frequent treatment-related AEs

Variables Base case value
Anlotinib Placebo
Clinical efficacy (months, 95% CI)
Median OS 7.3 (6.1-10.3)* 49 (2.7-6.0)
Median PES 41 (2.8-4.2)" 0.7 (0.7-0.8)
AEs (grade > 3) (%) 35.8 15.4
Hypertension 13.6 2.6
Anorexia 1.2 0
Fatigue 1.2 0
Hand-foot syndrome 4.9* 0
Elevated alanine transaminase 1.2 5.1
Lymphopenia 2.5 0
Hypertriglyceridemia 3.7 0

OS overall survival, PES progression-free survival, AEs adverse events

" P <005

($12.13 per trip) and the average monthly salary
($35.95 per day) [17] in China, respectively
[7, 18]. According to ALTER1202, chemother-
apy was the most common subsequent therapy
after progression in both arms (82.2% vs. 83.3)
[6]. Based on the Chinese Society of Clinical
Oncology (CSCO) guideline for SCLC and local
clinical expert opinions, the subsequent ther-
apy after progression was assumed to be carbo-
platin + etoposide, and the expenses after PD
referred to the previous study [10]. All costs
were converted into US dollars ($1 = RMB
6.8976, CNY Central Historical Parity Rate
2020). The estimated costs per cycle are shown
in Table 2.

Cost-Effectiveness and Sensitivity Analysis

The primary outcomes of our model included
total cost and QALYs. Then the incremental
cost-effectiveness ratio (ICER) of anlotinib ver-
sus placebo was calculated and compared with a
willingness-to-pay (WTP) threshold. If the ICER
was less than or equal to the threshold, then
anlotinib was considered to be an economical

strategy compared to placebo; otherwise, anlo-
tinib would not be considered an economical
choice. To test the uncertainty of the model,
one-way and probability sensitivity analyses
(PSA) were performed. In one-way sensitivity
analysis, all variables varied across a plausible
range and were obtained from 95% confidence
intervals (95% CI) or by assuming a variance of
20% [9, 19]. PSA was performed using a Monte
Carlo simulation of 1000 iterations, with all
parameters simultaneously varied with a speci-
fic pattern of distribution. Based on the recom-
mendations of the ISPOR-SMDM Modeling
Good Research Practice Working Group, health
utility and probability parameters were set to
beta analysis; cost and medical resource uti-
lization parameters were set to gamma distri-
bution [20, 21]. Results of one-way and PSA
analyses were presented as a tornado diagram
and cost-effectiveness acceptability curve
(CEAC), respectively. The WTP threshold was
set at three times the gross domestic product
(GDP) per capita of China in 2019 ($30,833)
(14, 22].
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Table 2 Costs and utility scores

Variables Base case value
Anlotinib Placebo

Direct medical costs for PFS state ($/cycle)

Anlotinib 830.50 0.00

Tests 270.65 270.65

Outpatient fees 5.07 5.07

Grade > 3 AEs 47.50 18.11

Total direct medical costs for PFS state ($/cycle) 1153.72 293.84
Societal costs ($/cycle)

Travel 12.13 12.13

Loss of salary 35.95 35.95

Total societal costs ($/cycle) 48.08 48.08
Total costs for PES state ($/cycle) 1201.80 341.92
Total costs for PD state ($/cycle) 847.00 847.00
Utility

PES state 0.791 0.803

PD state 0.321 0.321

PFS progression-free survival, AEs adverse events, PD progressive disease

RESULTS

Base Case Outcomes

From the perspective of Chinese society, the
total cost was $6907.77 for the anlotinib group
and $4776.45 for the placebo group, respec-
tively. Treatment with anlotinib was estimated
to provide an incremental 0.12 QALYs com-
pared with placebo group. Thus, the ICER was
$17,741.94 per QALY, which did not exceed our
established threshold of $30,833/QALY
(Table 3). Based on the results above, we con-
sider anlotinib to be a cost-effective option as
the third- or further-line treatment of relapsed
SCLC.

Sensitivity Analysis

In one-way sensitivity analysis, we varied the
mOS and mPFS based on the 95% CI and other
variables across a range of £ 20%. The results
are shown in a tornado diagram (Fig. 2). The
cost of anlotinib was the most influential factor
in our study. When the cost of anlotinib ranged
from $498.3 to $1162.7, the ICER increased
from $8002.19/QALY to $27,481.40/QALY. In
addition, the cost-effectiveness analysis was also
sensitive to the utility of PFS state for the
anlotinib group (uPFS1) and median OS of the
anlotinib group (mOS1). When uPFS1 ranged
from 0.633 to 0.949, the ICER decreased from
$28897.21/QALY to $12800.52/QALY. When
mOS1 ranged from 6.1 to 10.3 months, the
ICER increased from $11,509.80/QALY to
$22,884.27/QALY. Furthermore, median OS of
placebo group (mOS2), cost of PD state, median
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Table 3 Cost-cffectiveness analysis

Variables Anlotinib Placebo
Cost ($)
PES state 4232.79 278.21
PD state 2674.97 4498.24
Total costs 6907.77 4776.45
Incremental costs 2131.32 -
Effectiveness (QALYs)
PES state 0.23 0.05
PD state 0.08 0.14
Total effectiveness 0.32 0.20
Incremental effectiveness 0.12 -
ICER ($/QALY) 17741.94

PFS progression-free survival, PD progressive disease,
QALY quality-adjusted life-years, JCER incremental cost-
effectiveness ratio

PES of anlotinib group (mPES1), utility of PD
state and utility of PFS state for placebo group
(uPFS2) also influenced the ICER. One-way
sensitivity analysis was used to explore the more
competitive price of anlotinib, the results of
which suggested that when the monthly cost of
anlotinib was not > $575.70, the ICER was less
than one time the GDP per capita, where anlo-
tinib was worthwhile for third- or further-line
treatment of SCLC. After running 1000 itera-
tions of Monte Carlo simulation, the mean costs
in anlotinib group were $6840.62 + 1315.30
with 0.32 £ 0.05 QALYs. PSA suggested that the
probability of anlotinib being cost-effective
versus the placebo was 78.5% at a WTP of
$30,833 per QALY (Fig.3). In addition, the
probability of anlotinib being cost-effective was
26.6% and 61.9% at a WTP threshold of one and
two times the GDP per capita, respectively.

DISCUSSION

In China, lung cancer is the most commonly
diagnosed cancer with 815,563 new cases per
year [23], and SCLC is a highly lethal type of

lung cancer that has seen few therapeutic
advances. When SCLC relapses, there are rela-
tively few effective options for treatment, espe-
cially in patients with at least two lines of
chemotherapy. Although immunotherapy has
been an effective option in various cancer types
in recent years, outcomes for SCLC have been
modest [24]. A phase 1/2 trial (CheckMate 032)
indicated that the median PFS was 1.4 months
(95% CI 1.3-1.6) and the median OS was
5.6 months (95% CI 3.1-6.8) for SCLC treated
with nivolumab in the third-line setting [25].
ALTER1202 showed anlotinib, a novel multi-
target TKI, had significant efficacy versus pla-
cebo as third- or further-line treatment for
relapsed SCLC, which was a great breakthrough
in molecular targeted therapy for SCLC. Our
study was the first to evaluate the health and
economic outcomes of anlotinib for patients
with SCLC. According to our analysis, the ICER
was $17,741.94/QALY, which did not exceed
our established threshold ($30,833 per QALY).
Based on this, we consider anlotinib to be a
cost-effective strategy compared with placebo
for patients with SCLC who have been treated
with at least two lines of chemotherapy in
China.

Studies on cost-effectiveness of therapy for
SCLC are limited. Smare et al. reported that the
ICER was $111,054/QALY for nivolumab versus
IV topotecan and $73,110/QALY versus oral
topotecan, and nivolumab was considered cost-
effective for third-line treatment of SCLC in the
USA [26]. However, nivolumab has not received
approval for the indication of SCLC in China,
and whether it is a worthwhile choice still needs
to be explored. Currently, anlotinib is the only
approved third-line therapy for SCLC in China.
A previous study by Huang [27] found anlotinib
is not a cost-effective regimen as the third-line
and later treatment for NSCLC. According to
that study, anlotinib yielded an additional 0.08
QALY at a cost of $8960.04, resulting in an ICER
of $112,000.5 per QALY, which surpassed the
WTP threshold (three times the GDP per capita
in 2018) in China. One-way sensitivity analysis
indicated the utility of PFS state and the cost of
anlotinib were the most influential factors,
which was similar to the result of our study.
Therefore, we speculated that anlotinib was
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Fig. 3 Cost-effectiveness acceptability curves. The curves
summarize the results of probabilistic sensitivity analysis by
estimating probabilities of different treatments being

cost-effective in SCLC but not in NSCLC, which
might mainly be attributed to the price of
anlotinib, which had a significant reduction
(36.99%) in early 2021 in China. We found that
the ICER would be $32,137.88/QALY for SCLC
and beyond the threshold of three times the
GDP per capita before China’s national drug
price negotiation.

Currently, there is no consensus on the ICER
threshold for cost-effectiveness analysis. Differ-
ent countries have their own standards, and
even in the same country, several different
threshold values exist simultaneously [28-31].
According to some estimates, each life-year is
valued at around three times the annual earn-
ings [32]. The World Health Organization
(WHO) recommends that: if the ICER is less
than one time the GDP per capita, then the
incremental cost is worthwhile; if the ICER is
between one and three times the GDP per cap-
ita, then the incremental cost is acceptable; and
if the ICER is higher than three times the GDP

considered optimal strategies at varying WTP thresholds.
QALY: quality-adjusted life-year

per capita, then the incremental cost is not
worthwhile. Three times the GDP per capita for
each QALY is the most common WTP threshold
adopted in health technology assessment in
China [31]. Our study showed that the ICER of
anlotinib versus placebo for SCLC was
$17,741.94, which lay between one and three
times the GDP per capita, so the incremental
cost incurred by anlotinib was considered
acceptable. Additionally, if the criterion of one
times the GDP per capita suggested by Ochalek
et al. [31] and Zhao et al. [33] was adopted, the
probability of anlotinib being cost-effective was
about 26.6%. Because of the impact of the SARS-
CoV-2 outbreak on the economic system, the
GDP per capita in 2019 rather than 2020 was
used in this study.

One-way sensitivity analysis suggested uPFS1
was the second most influential factor in our
study. Specific utility values of different health
states for SCLC patients have not been estab-
lished, and the clinical trial ALTER 1202 did not
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collect adequate information of QoL. Utility
values for NSCLC were often applied in previous
cost-effectiveness analyses for SCLC [10, 34, 35]
because most symptoms between the two sub-
types of lung cancer are similar. Nafees et al.
[19] explored utilities for metastatic NSCLC
through a time trade-off interview of oncolo-
gists from different countries including China.
Thus, we used the Chinese utility values affor-
ded by Nafees [15, 16] and subtracted the utility
decrements induced by grade > 3 AEs [10, 16].

Several limitations of our study should be
pointed out. First, the clinical data were not
based on patient-level data in clinical practice,
but mainly derived from a phase II trial
(ALTER1202) with a relatively small sample size.
Second, one-way analysis showed the utilities
exerted great influence on the results of the
model. However, because the critical data were
not available in the phase II trial, we collected
utility values from previously published litera-
ture, which may not be consistent with the real
world. Third, both clinical outcomes and costs
in this study were derived from Chinese
patients, and this may affect the generalizability
of our research to other countries.

CONCLUSION

The inspiring efficacy of anlotinib for third- or
later-line treatment of SCLC marks great pro-
gress in this recalcitrant disease. Most remark-
ably, this scheme was found to be cost-effective
in our study. The results demonstrated that
treatment with anlotinib may improve health
outcomes of patients with relapsed SCLC and
allow more efficient use of financial resources
from the perspective of Chinese society.
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