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Abstract

Background and Objectives Durvalumab and atezolizumab are approved as first-line therapy in extensive-stage small-cell
lung cancer. Although cost-effectiveness analyses compared these immunotherapy drugs with standard chemotherapy-alone
regimens, no head-to-head cost-effectiveness comparisons for these treatments exist. The aim of the present analysis is to
determine the cost-effectiveness of durvalumab and atezolizumab as first-line therapy for extensive-stage small-cell lung
cancer from the US payers’ perspective.

Methods This study is based on two placebo-controlled, phase 3 clinical trials: CASPIAN and IMpower133. A Markov
model was developed to simulate the three health states: progression-free survival, progressed disease, and death in patients
with extensive-stage small-cell lung cancer. Transition probabilities were estimated from the clinical trial survival curves and
extended with life-time modelling. Health utilities and direct costs of adverse event treatment were included. Main outcome
was the incremental cost-effectiveness ratio (ICER) using quality-adjusted life-years saved (QALYS). Sensitivity analysis
was performed to assess the impact of variables on the ICER.

Results Durvalumab group has a cost of $187,503 with an effectiveness of 1.08 while atezolizumab has a cost of $160,219
and an effectiveness of 0.932. Durvalumab is not cost-effective compared to atezolizumab with an ICER of $165,182 QALYS,
which is over the willingness-to-pay threshold of $150,000. The model was most sensitive to durvalumab cost and the cost
of treating durvalumab adverse effects.

Conclusions With the ICER of durvalumab treatment group being very close to $150,000, setting a higher willingness-to-pay
threshold or decreasing the drug cost through contract pricing can increase the cost-effectiveness of durvalumab compared
to atezolizumab.

1 Introduction

Small-cell lung cancer (SCLC) accounts for 15% of all
lung cancers and is the leading cancer death among men
and second among women worldwide [1]. The 5-year sur-
vival rate for patients diagnosed with SCLC is 5%, with only
2—4 months survival if untreated [1, 2]. About 60% of SCLC
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patients are diagnosed with extensive-stage SCLC due to
poor detection and rapid tumor growth [3].

Chemotherapy plus immunotherapy is the preferred ther-
apy for patients with extensive-stage SCLC with a median
overall survival of 10 months [4]. The immunotherapy
agents primarily used to treat extensive-stage SCLC are
immune checkpoint inhibitors including first-line atezoli-
zumab and durvalumab, which work by inhibiting PD-L1 to
decrease tumor growth [4]. First-line treatment is a combina-
tion of chemotherapy, etoposide with a platinum agent, plus
either atezolizumab or durvalumab checkpoint inhibitor; if
patients fail first-line treatment, standard second-line therapy
is topotecan [4]. Addition of immunotherapy in the setting of
SCLC has shown promising results with regards to duration
of response and survival benefit compared to chemotherapy
alone [4].
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The present cost-effectiveness analysis indicates that ate-
zolizumab plus chemotherapy is the more cost-effective
treatment compared with durvalumab plus chemotherapy
in the treatment of small cell lung cancer.

However, the durvalumab plus chemotherapy ICER of
the durvalumab combination treatment is very close to
the willingness-to-pay of $150,000.

Since this is the first head-to-head comparison between
first-line agents, this analysis provides value for clinical
decision-making in determining which treatment to initi-
ate or add to the formulary or if both can be added.

A double-blind, placebo-controlled, phase 3 trial
(IMpower133) comparing atezolizumab plus chemother-
apy versus chemotherapy alone revealed that the combi-
nation treatment increased overall survival (OS) (12.3 vs.
10.3 months; HR = 0.70, p = 0.007) and progression-free
survival (PFS) (5.2 vs. 4.3 months; HR = 0.77, p = 0.02)
compared to carboplatin alone [5]. The CASPIAN open-
label, randomized, multicenter, phase 3 clinical trial (CAS-
PIAN) comparing durvalumab plus chemotherapy versus
chemotherapy alone demonstrated that overall survival in
the durvalumab plus chemotherapy combination group was
increased to 13.0 months, compared with 10.3 months in
the chemotherapy alone group (HR = 0.73, p = 0.0047) [6].

While both atezolizumab and durvalumab have increased
the overall survival for patients, there is no head-to-head
comparison of these two drugs. Additionally, the treatment
cost for the combination regimen has increased significantly
compared to the cost of chemotherapy alone. With the rise of
immunotherapy use for SCLC, a cost-effectiveness analysis
comparing each of these immunotherapies can guide clinical
decision-making for the most efficient treatment. Although
other studies have compared cost-effectiveness of each treat-
ment and treatment combination with a chemotherapy alone,
none have compared these two treatment combinations
directly. The present study aims to determine the cost-effec-
tiveness of durvalumab plus platinum-etoposide versus ate-
zolizumab plus platinum-etoposide as first-line treatment of
extensive-stage SCLC from an American payer perspective.

2 Patients and Methods
2.1 Patient Population

The patient population for our two treatment groups was
treatment-naive patients 18 years and older, with measurable

A\ Adis

and confirmed extensive-stage SCLC, following that of the
IMpower133 and CASPIAN trials. Following IMpower133,
patients in our model received four cycles of a 1200 mg dose
of atezolizumab intravenously on day 1 of each 21-day cycle
with carboplatin and etoposide, followed by maintenance
therapy of atezolizumab 1200 mg alone every 21 days with
a median treatment duration for atezolizumab of 4.7 months
and a median seven doses administered. Following the CAS-
PIAN trial treatment regimen, patients in our model received
four 21-day cycles of etoposide and platinum plus dur-
valumab 1500 mg intravenously, followed by maintenance
durvalumab 1500 mg every 4 weeks, for a median duration
of 7 months and a median of seven durvalumab doses.

Since the patient population for our analysis is from two
different trials, the distribution of patient characteristics in
the groups receiving chemotherapy-alone of the two trials
were reviewed carefully. These groups in both trials received
the same chemotherapy agents—etoposide with a platinum
agent (carboplatin in IMpower133 and either carboplatin
or cisplatin in CASPIAN). They were also very similar
across multiple factors including median age, sex, ECOG
score, and presence of brain or CNS metastases. Progres-
sion-free survival and overall survival data are also very
similar between the two groups receiving chemotherapy-
alone (Fig. 1). The similarities of these groups allowed a
one-to-one comparative cost-effectiveness analysis of the
two immune checkpoint inhibitor treatments without using
placebo differences to adjust treatment survival comparisons
across the two trials [7].

2.2 Model Structure

A Markov model using TreeAge Pro 2021 software was used
to simulate the disease states of extensive-stage SCLC [8].
A Markov model is used to represent stochastic processes
or random processes where a patient’s future states depend
on the current state. Three health states were included in the
model: progression-free survival (PFS), progressed disease
(PD), and death (Fig. 2). Each state is associated with cor-
responding estimated cost and a transition probability, or the
probability of moving from one state to another after each
1 month simulated cycle. The three-state Markov model was
simulated with two treatment branch options: durvalumab
plus etoposide/platinum and atezolizumab plus etoposide/
platinum. All patients were initially placed in progression-
free survival state and moved to a different state based on
transition probabilities after one simulated cycle. The simu-
lation continued for 360 months or until all entered the death
state. The model’s main outcome was the incremental cost-
effectiveness ratio (ICER) using quality-adjusted life-years
(QALY) gained. The ICER is calculated as the difference in
each comparator’s costs divided by the difference in each
treatment’s QALYs.
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2.3 Transition Probabilities

Overall survival and progression-free survival data was
extracted from the published Kaplan—Meier curves from
IMpower133 and CASPIAN trials using Engauge Digitizer
software [9]. The digitization of data was done four times
and the values were then averaged. Digitized Kaplan-Meier
curves for each treatment were then extended to lifetime
duration using Hoyle Henley approximations in R studio to
find the best possible distribution [10]. The best distribution
was chosen using a combination of the lowest Akaike Infor-
mation Criterion (AIC) and Bayesian Information Criterion
(BIC) value and the best visual comparison as suggested
by Gibson et al. [11]. Although the Weibull distribution

produced the optimal AIC for atezolizumab and durvalumab,
the log-logistic distributions were used for both treatment
groups to produce survival curves that better matched pub-
lished Kaplan-Meier curves and to provide the best possible
comparison of data among the treatment groups (Fig. 3).
Transition probabilities were calculated for “alive to alive,”
“alive to progressed,” “progressed to progressed,” and “pro-
gressed to dead” states that determined the rate at which
patients moved from state to state. To account for back-
ground mortality in patients who transition from the alive
state directly to the dead state without disease progression,
the probability of dying as reported in 2018 Social Security
Mixed Life Tables was used starting with the mean patient
age of 63 years [12].

A\ Adis



494

Y.lonova et al.

Durvalumab 1500mg

+ EP q3weeks, then

g4weeks

Patients
confirmed with
extensive-stage

SCLC

+ EP q3weeks, then

maintenance 1200mg
q3weeks

maintenance 1500mg

K.

Atezolizumab 1200mg

Death

4'
4

Fig.2 Markov model design. EP etoposide plus platinum, PFS progression-free survival, PD progressed disease

2.4 Measurement of Costs

Total cost for two treatment groups included the cost of
the two treatment drugs, the cost of follow-up drugs after
progression, and the costs of treating grade 3 and 4 adverse
events (Table 1). Medication treatment costs were calculated
from wholesale acquisition cost obtained from Red Book
[13]. The costs were adjusted to 2020 US dollars using the
US Bureau of Labor Statistics CPI inflation calculator to keep
prices consistent [14]. Cost calculations of weight-based

dosing were based on an average weight of 70 kg and with
the assumption that there was no drug wastage. Our analy-
sis assumes that patients were on drug treatment until they
entered the progressed disease state. The price of follow-up
adjunctive chemotherapy treatment was adjusted by the per-
centage of participants on each etoposide/platinum regimen.
Costs of secondary drug treatments for patients who transi-
tioned to the progressed disease state were included as well.

Costs for grade 3 and 4 adverse events included adverse
event-related treatment medications, diagnostic lab tests,
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Fig.3 Calculated overall survival (OS) and progression-free survival (PFS) curves using log-logistic distribution for two comparison groups of

atezolizumab versus durvalumab
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monitoring lab tests, follow-up visits, outpatient visits, and
hospitalization costs that were associated with a particular
adverse event. The total cost for adverse events was cal-
culated as a product of the cost of each adverse event and
the proportion of patients who experienced the event. For
instance, only 9% of patients had anemia; therefore, the
weighted cost was derived by multiplying the total cost times
0.09. Grade 1 and 2 adverse events were not included in
the analysis due to small cost impacts as they require mini-
mal medical services. Patients who had neutropenia were
assumed to have febrile neutropenia. Clinical visit costs, lab
costs, and hospitalization costs were based on average length
of stay reported in the AMA RBRVS Data Manager, the
CMS clinical laboratory services, and Healthcare Cost and
Utilization Project (HCUP) database, respectively [15-17].

2.5 Utilities

To our knowledge, data of utility values for SCLC are lim-
ited [18]. Therefore, health utility values for each health state
and each adverse event were from previously published stud-
ies evaluating non-SCLC (NSCLC) [19-22]. This approach
is consistent with other published cost-effectiveness studies
for SCLC treatment [22, 23]. The health state utilities for
PFS and PD are 0.673 and 0.473, respectively [19]. The dis-
utility of adverse effects was determined by subtracting the
utility of adverse effects from the PFS utility. Disutility of
atezolizumab and durvalumab was calculated by determin-
ing the prevalence of each adverse effect in our respective
patient populations. The proportion of patients experiencing
each adverse effect was totaled to give an estimated disutility
of our treatment drugs (Table 2) [19-21]. Disutilities associ-
ated with grade 3 and 4 anemia, thrombocytopenia, neutro-
penia, leukopenia, nausea, and diarrhea were based on the

proportion of patients experiencing these adverse events in
the atezolizumab and durvalumab groups. Disutilities asso-
ciated with grade 3 and 4 pneumonia, pulmonary embolism,
back pain, headache, hyponatremia, and hypertension were
based on patients in the durvalumab group only, as grade 3
and 4 of these adverse events were not reported by patients
receiving atezolizumab.

2.6 Sensitivity Analysis

One-way sensitivity analysis was performed to investigate
potential threshold analyses and to identify variables that
influence our cost-effectiveness analysis. The analysis was
run using low-high ranges of + 25% of our values.

A probabilistic sensitivity analysis using Monte Carlo
simulations was also performed to explore factors that can
influence the ICER. The Monte Carlo model assigns a ran-
domly selected value from a chosen distribution for each
parameter in the Markov model and runs these iterations
10,000 times. We determined an acceptability curve for each
treatment using the Monte Carlo simulations.

3 Results
3.1 Base-Case Outcomes

The total cost for durvalumab treatment group is $187,503
with 1.08 QALYs gained. The total cost for atezolizumab
treatment group is $160,219 with 0.91 QALY gained. Thus,
the durvalumab treatment group compared to the atezoli-
zumab treatment group has an incremental cost of $27,284
and an incremental effectiveness of 0.17. Compared to the
atezolizumab group, the durvalumab group had an ICER

Table 1 Costs of treatment, subsequent therapy, and associated adverse events

Treatment arm cost Baseline monthly cost Low (— 25%) High (+ 25%)
Treatment 1 (Durvalumab) $12,963.15 $9722.36 $16,203.93
Treatment 2 (Atezolizumab) $12,487.67 $9365.75 $15,609.59
Subsequent Therapy (Topotecan) $480.93 $360.70 $601.16
Loading cost Baseline total cost Low High
Treatment 1 (Includes cost of EP, diagnostic labs, initial outpatient visit) $876.01 $657.01 $1095.01
Treatment 2 (Includes cost of EP, diagnostic labs, initial outpatient visit) $923.53 $692.64 $1154.41
Topotecan (Includes cost of diagnostic labs, initial outpatient visit) $396.53 $297.39 $495.66
Subsequent cost Baseline monthly cost Low High
Palliative Care $1865.43 $1399.91 $2331.79
Adverse effect cost Weighted total cost Low High
Durvalumab $66,529.98 $48,897.49 $83,162.48
Atezolizumab $51,711.57 $38,783.82 $64,639.45
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Table 2 Utilities for disease states and adverse events

Utilities for disease states ~ Utilities Low (— 25%) High (+ 25%)

Stable disease, base case 0.673 0.50475 0.84125
Progressed, base case 0.473 0.35475 0.59125
Utilities for adverse effects

Anemia 0.3 0.225 0.375
Thrombocytopenia 0.65 0.4875 0.8125
Neutropenia 0.56 0.42 0.7
Leukopenia 0.56 0.42 0.7
Nausea 0.61 0.4575 0.7625
Diarrhea 0.61 0.4575 0.7625
Pneumonia 0.49 0.3675 0.6125
Pulmonary embolism 0.56 0.42 0.7
Back pain 0.56 0.42 0.7
Headache 0.44 0.33 0.55
Hyponatremia 0.521 0.39075 0.65125
Hypertension 0.729 0.54675 0.91125

of $165,182 per QALY, which crosses the threshold of the
willingness to pay (WTP) set at $150,000, as just slightly not
cost-effective (Table 3).

3.2 Sensitivity Analysis

The results of the one-way sensitivity analysis are demon-
strated in the tornado diagram in Fig. 4 to determine which
factors affect the ICER values in the base case. Cost of dur-
valumab treatment, cost of atezolizumab treatment, and cost
of durvalumab adverse events were the top three factors that
impacted the ICER values. The disutility associated with
durvalumab and atezolizumab adverse effects had the least
impact on ICER (Fig. 4). Adjusting the drug cost of dur-
valumab downward by 13% would bring down the ICER
to reach the WTP of $150,000 and become cost-effective.
The acceptability curve demonstrates that durvalumab
does not consistently become cost-effective over atezoli-
zumab unless the WTP is over the threshold of around
$165,000 (Fig. 5). At this threshold, durvalumab starts to
become more cost-effective for more than 50% of iterations,
while atezolizumab is cost-effective at less than 50% of the
iterations. Raising the WTP threshold shifts durvalumab to
become cost-effective. For instance, at the WTP threshold
of $200,000, durvalumab is more cost-effective 57% of the

time, while atezolizumab is cost-effective for 43% of the
iterations. Compared to the WTP threshold of $150,000,
atezolizumab is cost-effective 54% iterations, while dur-
valumab is cost-effective at 46% iterations.

The cost-effective scatter plot demonstrates that at a cost
lower than $160,000, there are more instances in which
atezolizumab is more effective with effectiveness values
between 0.6 and 1.4. At higher costs at around $180,000,
there are more instances in which durvalumab is more effec-
tive with effectiveness values between 1.0 and 1.6 (Fig. 6).

4 Discussion

Our study is the first to directly compare the cost-effec-
tiveness of atezolizumab plus chemotherapy versus dur-
valumab plus chemotherapy. In recent years, immuno-
therapy has shown clinical efficacy and been approved as
first-line use for SCLC. Positive survival results from both
the Impower133 trial and the CASPIAN trial provide clear
evidence that different immune checkpoint therapies provide
potentially better options for patients than chemotherapy
agents [5, 6]. With the emergence of these immunotherapy
options, it is important to compare cost-effectiveness of
these therapies to chemotherapy alone and to each other
from different healthcare system perspectives.

Cost-effectiveness analyses comparing checkpoint inhibi-
tors to chemotherapy alone from an American perspective
showed that both atezolizumab and durvalumab were less
cost-effective for the WTP threshold than chemotherapy
alone, most likely due to the high cost of immunotherapy
compared to standard chemotherapy regimen [22-25]. Zhou
et al. estimated the ICER of $528,810 per QALY for atezoli-
zumab plus chemotherapy versus chemotherapy alone [22].
Three different studies evaluating the cost-effectiveness of
durvalumab plus chemotherapy versus chemotherapy alone
from a US healthcare system perspective calculated ICERs
ranging from $216,953 to $355,448 to $464,712 per QALY,
respectively [23-25]. The estimated ICER for atezolizumab
is thus considerably higher than three different ICERs cal-
culated for durvalumab, suggesting that durvalumab might
be the more cost-effective strategy. Both therapy strategies
require considerable reductions in cost to match cost-effec-
tiveness of chemotherapy at WTP threshold of $150,000 per
QALY [22-25].

Table 3 Base-case incremental cost-effectiveness ratio (ICER) comparing durvalumab versus atezolizumab

Parameter Total cost Incremental cost Total effectiveness Incremental effec- ICER (per QALY)
tiveness

Atezolizumab $160,219 0.931628

Durvalumab $187,503 $27,284 1.078805 0.165176 $165,182
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Fig.4 The tornado diagram
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A separate model by Liu et al. comparing the cost-effec-
tiveness of three treatments—atezolizumab versus dur-
valumab versus chemotherapy alone—calculated ICERs of
$382,469 and $464,593 per QALY for atezolizumab plus
chemotherapy and durvalumab plus chemotherapy versus
chemotherapy alone, respectively [26]. Comparing the
higher ICER for durvalumab to a lower ICER for atezoli-
zumab, researchers concluded that atezolizumab was more
cost-effective compared to durvalumab [26]. However, such
a comparison does not provide an ICER for durvalumab in
relation to atezolizumab, nor does it assess a change in the
cost of treatment that would shift the cost-effectiveness pen-
dulum toward durvalumab. In addition, the results of the Liu
et al. study are inconsistent with earlier studies that esti-
mated durvalumab rather than atezolizumab to have a lower
ICER [22-25]. All these studies compare atezolizumab and
durvalumab to standard chemotherapy regimen; however,

Willingness-to-Pay

the preferred treatment is immunotherapy with chemother-
apy. Additional long-term studies comparing these specific
checkpoint inhibitors to each other are needed to contribute
to best evidence-based decision making. Unlike previous
studies, our study compares cost-effectiveness of two pre-
ferred treatments for extensive-stage SCLC.

Based on our pre-determined WTP limit of $150,000
per QALY, our cost-effectiveness analysis showed that dur-
valumab plus chemotherapy as first-line treatment of exten-
sive-stage SCLC is not cost-effective compared to atezoli-
zumab plus chemotherapy with an ICER of $165,182 from a
US payer’s perspective. Therefore, atezolizumab plus chem-
otherapy is the more cost-effectiveness checkpoint inhibitor.
Other health economists have argued for a higher threshold
of $200,000-$300,000 based on increased healthcare spend-
ing over time, safety risks, and expensive oncology drugs
[27]. The World Health Organization suggests a threshold
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Fig.6 Cost-effectiveness scatterplot. This cost-effectiveness scatterplot is used to compare the value of effectiveness between durvalumab and

atezolizumab sampled over 10,000 simulations

of two to three times the per capita annual income [28].
Tripling $56,490 US per capita personal income in 2019
results in $169,470 WTP, which could also be used as a
reasonable WTP threshold. For durvalumab to be more cost-
effective, cost must be reduced by 13% to reach an ICER of
$150,000 per QALY. Certain factors were most sensitive
and had considerable effect on our study, although the cost
of durvalumab has the greatest impact on the ICER.

Our study has several limitations that should be consid-
ered. First, the one-to-one comparative analysis of two dif-
ferent studies based on the similarities in patient population
characteristics introduces potential variability in clinical effi-
cacy of each treatment combination regimen. However, the
closeness of the chemotherapy-alone outcomes and patient
populations across trials shows that this comparison is likely
sound. Secondly, the adverse effect costs were calculated
based on the median duration of treatment, but there was
no certainty that these side effects only lasted the estimated
times. It was also assumed that patients only had the side
effects once, which does not reflect the possibility of expe-
riencing the side effect multiple times. Additionally, utility
value data published for extensive-stage SCLC patients is
limited, leading us to choose values from previously pub-
lished literature on NSCLC [18, 22, 23]. This choice could
lead to some variability in ICER values. Lastly, though our
distribution curves had the best AIC score with Weibull dis-
tribution, the log-logistic curve was chosen in order to formu-
late survival curves. These curves had the best fit visually to

A\ Adis

both the Kaplan-Meier curves in the clinical trials and as sug-
gested by Gibson et al., it is best to include visual inspection
as well as statistical tests when choosing a best fit curve [11].

5 Conclusion

The present cost-effectiveness analysis indicates that ate-
zolizumab plus chemotherapy is the more cost-effective
treatment compared with durvalumab plus chemotherapy
in the treatment of SCLC. However, the durvalumab plus
chemotherapy ICER of the durvalumab combination treat-
ment is very close to the WTP of $150,000. There are some
instances of oncologic drug comparisons that set a WTP to
a higher value as costs of healthcare and safety risk have
increased. Additionally, changes in drug costs through
contract pricing can alter the cost-effectiveness of our dur-
valumab versus atezolizumab comparison. Since this is the
first head-to-head comparison between first-line agents, this
analysis provides value for clinical decision-making in deter-
mining which treatment to initiate or add to the formulary
or if both can be added.
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