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Background: Atezolizumab could significantly improve clinical outcomes and was
associated with less toxicity compared with chemotherapy as the first-line treatment of
PD-L1-selected patients with EGFR and ALK wild-type metastatic non-small-cell lung
cancer (NSCLC). However, the economic outcomes remain unclear yet in China. This
study aimed to investigate the cost-effectiveness of atezolizumab versus chemotherapy
as first-line therapy for metastatic NSCLC with different PD-L1 expression status from the
Chinese health sector perspective.

Methods: A decision-analytic model was conducted to evaluate the economic outcomes
for the first-line treatment of EGFR and ALK wild-type metastatic NSCLC with
atezolizumab and chemotherapy in high PD-L1 expression, high or intermediate PD-L1
expression and any PD-L1 expression populations, respectively. The efficacy and safety
data were obtained from the IMpower110 trial. Cost and utility values were gathered from
the local charges and published literatures. Incremental cost-effectiveness ratio (ICER)
was estimated. A scenario analysis for a patient assistance program (PAP) was
conducted. One-way and probabilistic sensitivity analyses were performed to explore
the robustness of the model results.

Results: Atezolizumab vyielded additional 0.91 QALYs, 0.57 QALYs, 0.42 QALYs in
comparison with chemotherapy, and the ICERs were $123,778.60/QALY, $142,827.19/
QALY, $168,902.66/QALY in the high PD-L1 expression, high or intermediate PD-L1
expression, and any PD-L1 expression populations, respectively. When PAP was
available, the ICERs were $52,414.63/QALY, $52,329.73/QALY, $61,189.66/QALY in
the three categories of PD-L1 expression status populations, respectively. The ICERs
were exceed the willingness-to-pay (WTP) threshold of $30,828/QALY (three times of per
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capita gross domestic product of China in 2019) in China. One-way sensitivity analyses
suggested that the cost of atezolizumab played a vital role in the model outcomes, and the
probabilistic sensitivity analyses showed atezolizumab was unlikely to be cost-effective at
the WTP threshold regardless of PD-L1 expression status and whether the PAP was

available or not.

Conclusions: Atezolizumab as first-line treatment for PD-L1-selected metastatic
NSCLC patients without EGFR mutations or ALK translocations is unlikely to be cost-
effective compared with chemotherapy regardless of PD-L1 expression status in the

Chinese context.

Keywords: atezolizumab, non-small-cell lung cancer, cost-effectiveness, chemotherapy, first-line treatment

INTRODUCTION

The Global Burden of Disease Study reported that lung cancer is
one of the leading causes of non-communicable disease burden
around the world (1). The incidence and mortality of lung cancer
were ranked first among all cancers in China (2, 3). In 2015, the
costs of treating lung cancer in China accounted for 0.6% of the
total health expenditure (4). Approximately 85% of lung cancer
is non-small-cell lung cancer (NSCLC). Because early disease is
typically asymptomatic, up to 61% of patients have progressed to
advanced stage at the time of diagnosis, which has inferior
prognosis with a five-year survival rate of 18% (5, 6).
Platinum-based chemotherapy has been recommended as the
standard of care for the first-line treatment of metastatic NSCLC
patients with epidermal growth factor receptor (EGFR) and
anaplastic lymphoma kinase (ALK) wild-type in China (7).
Recently, the introduction of immune checkpoint inhibitors
(ICIs) demonstrated the reactivation of the antitumor
functions of T cells through inhibiting the programmed cell
death-1 (PD-1) and programmed cell death receptor ligand-1
(PD-L1) pathway through inhibiting the programmed cell death-
1 (PD-1) and programmed cell death receptor ligand-1 (PD-L1)
pathway (8-10). And immunotherapy have changed the
treatment paradigm of patients with metastatic NSCLS due to
its preferable clinical efficiency and safety profile (11-17).
Atezolizumab is an anti-PD-L1 monoclonal antibody. In
comparison with chemotherapy, the IMpowerl10, an open-
label, randomized phase 3 trial, demonstrated atezolizumab
was less toxicity and significantly reduced the risk of disease
progression or death by 37% (hazard ratio (HR), 0.63, 95% CI:
0.45-0.88), 33% (HR, 0.67, 95% CI: 0.52-0.88), and 23% (HR,
0.77,95% CI: 0.63-0.94) for EGFR and ALK wild-type metastatic
NSCLC patients who had not previously received chemotherapy
with high PD-L1 expression, high or intermediate PD-L1
expression, and any PD-L1 expression, respectively (18).
Although atezolizumab brings clinical benefits to metastatic
NSCLC, high price of atezolizumab urges us to pay more
attention to the necessity for cost-effectiveness analysis in
order to clear whether its high cost reflects its potential
benefits in terms of value especially for resource-limited
countries such as China (19-21). The objective of our analysis
was to investigate the cost-effectiveness of atezolizumab versus

chemotherapy as first-line therapy for EGFR and ALK wild-type
metastatic NSCLC with different PD-L1 expression status from
the Chinese health sector perspective.

MATERIALS AND METHODS

Analytical Overview and Model Structure
The hypothetical target population cohort was consistent with
the patient characteristics of the IMpowerll10 trial, PD-L1
expression positive patients who had metastatic non-small-cell
lung cancer (NSCLC) with EGFR and ALK wild-type and did not
previously receive chemotherapy were eligible (18). A combined
mathematical model was developed to assess the economic
outcomes of the potential competing first-line treatment
strategies. The decision tree model demonstrated a clear
process of the decision-making. (Figure 1A). In the
hypothetical target population cohort, a Markov process was
conducted to project disease course of metastatic NSCLC, which
included three mutually exclusive health states: progression-free
survival (PES), progressed disease (PD), and death (Figure 1B).
The initial health state for all patients was PES, the Markov cycle
length was 3 weeks in keeping with the treatment schedule
reported by IMpowerll0 trial, and the time horizon for the
model was 10 years. During each Markov cycle, patients would
either remain in their assigned health state or redistribute to a
new health state according to time-dependency transition
probabilities which were based on the results of the
IMpower110 trial.

These following outcomes included costs, life-years (LYs) and
quality-adjusted life-years (QALYs) were estimated. Costs are
reported in 2019 US dollars (US $1= CNY ¥6.899), costs and
QALYs were discounted at an annual rate of 5%, according to the
Chinese guidelines for pharmacoeconomic evaluations (22). We
estimated the incremental cost-effectiveness ratio (ICER),
presented as cost per additional QALY gained, to judge cost-
effective of the two treatments. Three times of the per capita
gross domestic product (GDP) of China in 2019 (US $30,828/
QALY) was used as the willingness-to-pay (WTP) threshold, in
line with Chinese guidelines for pharmacoeconomic evaluations
and WHO recommendations (23). The mathematical model was
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FIGURE 1 | The structure of the (A) decision tree and (B) Markov model. NSCLC, non-small-cell lung cancer.

implemented using Microsoft Excel 2019 software (Microsoft
Corporation, Redmond, WA), and statistical analyses were
conducted using R software (version 3.6.1, http://www.r-
project.org).

Clinical Data

For the following three categories of PD-L1 expression status
populations: high PD-L1 expression, high or intermediate PD-L1
expression, and any PD-L1 expression, the clinical efficacy and
safety data were obtained from the IMpower110 trial. PFS and
OS curves were extrapolated over the model time horizon by
using the standard statistical analyses developed by Guyot et al.
(24). The GetData Graph Digitizer software (version 2.26; http://
www.getdata-graphdigitizer.com/index.php) was used to gather
the data points from the PFS and OS curves, then these data
points were used to fit the parametric survival functions among:
exponential, gamma, Weibull, log-logistic, log-normal, and
gompertz. Goodness of fit was based on the visual inspection
and Akaike information criterion (AIC), AIC values for the three
categories of PD-L1 expression status populations were listed in
Supplementary Table 1. The adopted model and estimated
survival parameters related to PFS and OS curves for

atezolizumab and chemotherapy were shown in Table 1. The
comparison between the adopted fitting curves and the Kaplan-
Meier (KM) curves in IMpower110 trial were shown in Figure 2.
After the disease progressed, the data of patients who received
second-line treatment was gathered from the IMpower110 trial.

Transition Probabilities

We used the obtained survival parameters and survival function of
each PFS and OS curves reported in previous section to calculate the
time-dependency transition probabilities of the Markov process.
Weassumed the transition probability of PFS to Death (Ppgs o pearn)
was equal to the natural mortality, and the transition probability of
PES to PFS (Ppgs 1, prs) =1-S(t)/S(t-W), where W is the cycle length of
Markov process, so the transition probability of PFS to PD
(PPFS to PD) was l'PPFS to Death'PPFS to PFS- Slmllarly, the transition
probability of survival (including the patients in PFS and PD)
to survival (Pg ;, s) could calculate, then we could obtain the
transition probability of PD to PD (Ppp 4 pp) based on the
following formulation:

[(nprs + npp) * Py 5 = Mprs * Pprs 1o prs — Mprs * Pprs 1o pp)/Miep
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TABLE 1 | Survival model parameters fitting to the PFS and OS data from IMpower110 trial.

Populations PFS oS

Model* Parameter Model* Parameter

High PD-L1 expression populations

Atezolizumab Log-normal Meanlog=2.098; sdlog=1.494 Log-normal Meanlog=3.180; sdlog=2.002
Chemotherapy Log-logistic Shape=1.724; scale=4.995 Log-logistic Shape=1.407 scale=11.610
High or intermediate PD-L1 expression populations

Atezolizumab Log-normal Meanlog=1.971; sdlog=1.312 Gompertz Shape=-0.020; rate=0.043
Chemotherapy Log-logistic Shape=1.902; scale=5.188 Log-logistic Shape=1.538; scale=13.316
Any PD-L1 expression populations

Atezolizumab Log-normal Meanlog=1.798; sdlog=1.321 Log-logistic Shape=1.117; scale=17.245
Chemotherapy Log-logistic Shape=1.919; scale=5.279 Log-logistic Shape=1.503; scale=13.17

*adopted parametric survival function in the model; PFS, progression-free survival; OS, overall survival; PD-L1, programmed death ligand 1.

PFS curves of high PD-L1 expression patients OS curves of high PD-L1 expression patients

Survival Probability
Survival Probabilty

— Atezolizumab —  Atezoizumab
2 4 — Chemotherapy 2 4 — Chemotherapy

T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30 35

PES curves of high or intermediate PD-L1 expression patients
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Survival Probability

— Atezolizumab —  Atezolizumab
2 4 — Chemotherapy 2 4 — Chemotherapy

T T T T T T T T T T T T T T T
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Time Time
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—  Atezolizumab Ty —  Atezolizumab
2 { — Chemotherapy 2 | — Chemotherapy
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Time Time

FIGURE 2 | The comparison between the adopted fitting curves and the Kaplan-Meier (KM) curves in IMpower110 trial. PFS, progression-free survival; OS, overall
survival; PD-L1, programmed death ligand 1.

Where nprs and npp indicate the number of patients in ~ Cost and Utility Values
the PFS and PD in the last Markov cycle, respectively (25).  Only direct medical costs were calculated in our model, including
The transition probability of PD to Death (Ppp 1 pearn) =  drug acquisition costs, costs of supportive care and routine
1-Ppp ¢6 pD- follow-op, costs for the management of the treatment-related
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serious adverse events (SAEs, grade>3), and costs of end-of-
life care.

Based on the IMpowerll0 trial, patients would receive
atezolizumab at a dose of 1200mg or platinum-based
chemotherapy once every 3 weeks. In the chemotherapy group,
patients with nonsquamous NSCLC received either cisplatin
75mg/m” or carboplatin at an area under the curve 6mg/ml
per min plus pemetrexed 500mg/m?, patients with squamous
NSCLC received either cisplatin 75mg/m* plus gemcitabine
1250mg/m” or carboplatin at an area under the curve 5mg/ml
per min plus gemcitabine 1000mg/m? (18). We assumed a typical
patient who had a body surface area (BSA) of 1.72m” (height:
1.64m, weight: 65kg) to calculate the dose of chemotherapy (26).
We only considered the costs of SAEs which with a
difference>3% between the two competing strategies in order
to simplify the model, all costs related to SAEs were assumed to
incur in the first cycle, and we tested the incidence rates and costs
of SAEs in the sensitivity analyses. Atezolizumab patient
assistance program (PAP) was conducted to improve the drug
affordability. The atezolizumab PAP supports patients to pay for
the first two cycles, then they would receive free atezolizumab for
three cycles, and continue cycling. Although the PAP was
currently only performed for patients with either extensive-
stage small-cell lung cancer or unresectable hepatocellular
carcinoma in China, we considered it for a scenario analysis in
our study to explore the economic impact of this possible context
in the future.

The health state utility values used in our model were
gathered from the previously published study, the utility value
of PFS and PD were 0.804 and 0.321, respectively (27, 28). The
utility value of death was zero, and the disutility caused by SAEs
were also computed in the model. These key model parameters
were performed in Supplementary Table 2.

Sensitivity Analyses

One-way sensitivity analyses and probabilistic sensitivity
analyses (PSA) were used to test the robustness of the model
outputs. In one-way sensitivity analyses, each relevant parameter
was changed one-by-one to its preset lower and upper values to
examine which parameter has substantial influence on the model
outputs, the estimated range of each parameter was either based
on the reported or estimated 95% confidence intervals in the
previously studies or determined by assuming a range of +25% of
the base-case values if the data were not available. The ranges
were shown in Table 1. The results of the one-way sensitivity
analyses are displayed in the Tornado diagram. In the PSA, a
Monte Carlo simulation of 1,000 iterations was conducted by
simultaneously sampling the model parameters from their pre-
specified statistical distributions. Gamma distribution was used
for costs, log-normal distribution was used for hazard ratios, and
beta distribution was used for incidence rates, proportions, and
utility values, according to the ISPOR-SMDM Modeling Good
Research Practices Task Force report on model parameter
estimation and uncertainty (29). The cost-effectiveness
acceptability curves (CEAC) was created to represent the
probability that atezolizumab would be considered cost-
effective at various willingness-to-pay (WTP) threshold levels.

RESULTS

Base-Case Analysis

From the Chinese health sector perspective, in comparison with
platinum-based chemotherapy, atezolizumab provided an
additional 2.13 LYs, 1.27 LYs and 0.95 LYs in the high PD-L1
expression, high or intermediate PD-L1 expression, and any PD-
L1 expression populations, respectively. Compared to
chemotherapy, the incremental costs and QALYs of
atezolizumab were $112,744.35 and 0.91 QALYs, $81,831.03
and 0.57 QALYs, and $70,346.51 and 0.42 QALYs for the high
PD-L1 expression, high or intermediate PD-L1 expression, and
any PD-L1 expression populations, respectively. Resulted in the
ICERSs for atezolizumab versus chemotherapy were $123,778.60/
QALY in high PD-L1 expression populations, $142,827.19/
QALY in high or intermediate PD-L1 expression populations,
and $168,902.66/QALY in any PD-L1 expression populations.
When the PAP was available, the marginal costs of atezolizumab
were $47,742.13, $29,981.65, and $25,484.97, resulted in the
ICERs for atezolizumab versus chemotherapy were $52,414.63/
QALY, $52,329.73/QALY, and $61,189.66/QALY in the high
PD-L1 expression, high or intermediate PD-L1 expression, and
any PD-L1 expression populations, respectively (Table 2).

Sensitivity Analyses

One-way sensitivity analyses revealed that the parameters found
to have the substantial influence on the ICERs were similar in the
two scenarios regardless of the PD-L1 expression status: the cost
of atezolizumab per 1200mg, the utility of PD, and the utility of
PES. Other parameters had a medium or small impact on the
model outcome. Whether the PAP was available or not, none of

TABLE 2 | Base-case results.

Strategies and Scenarios Total cost, LYs QALYs ICER
$ ($/QALY)
Without PAP
High PD-L1 expression
Chemotherapy 38,283.56 1.90 0.88 -
Atezolizumab 151,027.91 4.02 1.80 123,778.60
High or intermediate PD-L1
expression
Chemotherapy 42,144.23 197 0.89 -
Atezolizumab 123,975.26 3.24 1.47 142,827.19
Any PD-L1 expression
Chemotherapy 38,914.30 1.99 0.90 -
Atezolizumab 109,260.82 2.94 1.32 168,902.66
With PAP
High PD-L1 expression
Chemotherapy 38,283.56 1.90 0.88 -
Atezolizumab 86,025.68 4.02 1.80 52,414.63
High or intermediate PD-L1
expression
Chemotherapy 4214423 197 0.89 -
Atezolizumab 72,125.89 3.24 1.47 52,329.73
Any PD-L1 expression
Chemotherapy 38,914.30 1.99 0.90 -
Atezolizumab 64,399.27 294 1.32 61189.66

PAP, patient assistance program; LYs, life-years; QALYS, quality-adjusted life-years; ICER,
incremental cost-effectiveness ratio; PD-L1, programmed death ligand 1.
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the parameters leads to an ICER lower than the WTP threshold
of $30,828 per additional QALY gained in the three categories of
PD-L1 expression status populations (Figures 3, 4).

For the probabilistic sensitivity analyses, when the
atezolizumab PAP was not available, regardless of PD-L1
expression status, the cost-effectiveness acceptability curves
(Figure 5) suggested that the probability of atezolizumab being
cost-effective compared with chemotherapy was 0% at a WTP
threshold of $30,828 per QALY gained in China, atezolizumab
had 50% probability of being cost-effectiveness at an
approximate WTP threshold of $126,000/QALY, $145,000/
QALY, and $167,000/QALY of high PD-L1 expression, high or
intermediate PD-L1 expression, and any PD-L1 expression
populations, respectively. When the PAP was available,

although the probabilities of atezolizumab being cost-effective
were increase, they were not reached 15% yet in the three
categories of PD-LI expression status populations (Figure 6),
and the WTP threshold of atezolizumab had 50% probability of
being cost-effective was reduced to $53,000/QALY, $52,000/
QALY, and $62,000/QALY of high PD-L1 expression, high or
intermediate PD-L1 expression, and any PD-L1 expression
populations, respectively.

DISCUSSION

Its motivated great interest for both patients and oncologists
after the report of a clinical benefit from atezolizumab in the
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IMpowerl10 trial. However, the healthcare cost is dramatically
increased with the widespread use of immunotherapy due to the
high drug price, so it is necessary to evaluate its value in terms of
both cost and efficacy especially for resource-limited countries
such as China, and ensure to be sustainable for both
reimbursement platform and healthcare system. To the best of
our knowledge, this is the first study to evaluate the cost-
effectiveness of atezolizumab versus chemotherapy as first-line
treatment for metastatic non-small-cell lung cancer with
different PD-L1 expression status from the Chinese health
sector perspective. Our analysis demonstrated that, for the
three categories of PD-L1 expression status populations,
whether the PAP was available or not, atezolizumab as first-
line treatment for metastatic NSCLC was unlikely to be cost-
effective due to the unfavorable ICER when the WTP threshold

was $30,828/QALY regardless of PD-L1 expression status, and
the results were robust as shown by one-way sensitivity and
probabilistic sensitivity analyses.

Currently, there is no relevant economic evaluation of
atezolizumab versus chemotherapy as first-line treatment for
patients with metastatic NSCLC. One recent analysis assessed the
cost-effectiveness of pembrolizumab (30), a monoclonal
antibody that against programmed cell death protein (PD-1),
versus chemotherapy for previously untreated locally advanced
or metastatic NSCLC with different PD-L1 tumor proportion
scores from the perspective of Chinese payers based on the
KEYNOTE-042 trial (12). Reported that pembrolizumab yielded
additional costs and QALYs, compared with chemotherapy, were
$65,322 and 1.79 QALYs, $51,196 and 1.21 QALYs, and $44,133
and 1.12 QALYs for three PD-L1 TPS populations (>50%, >220%
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and 21%), resulting in an ICER of $36,493/QALY, $42,311/
QALY, and $39,404/QALY, respectively. Which suggested that
pembrolizumab was not cost-effective at a WTP threshold of
$26,508/QALY in China, regardless of TPS. The results of one-
way sensitivity analyses were consistent with our finding, the cost
of immunotherapy agent, the utility of PD, and the utility of PFS
were the most influential factors on the model outcomes.
Notably, the ICERs were much lower than ours, that might be
caused by the potential reasons: first, above study were
performed from the different perspective to ours, this might
make the measurement of the costs slightly different; second, the
health state utility values were different, 0.761 for PFS and 0.687
for PD in the previously study, and 0.804 for PFS and 0.321 for
PD in our model; third, although the drug acquisition cost were
similar among atezolizumab and pembrolizumab in each cycle,
pembrolizumab up to a maximum of 35 cycles, this could reduce
the expenditure of the cost. Although immunotherapy drugs
were different in IMpowerl110 and KEYNOTE-042 trial,
atezolizumab and pembrolizumab demonstrated similar pricing
and clinical benefits, so we considered their conclusion was
inherent and comparable with our finding. Another similar
analysis evaluated the cost-effectiveness of adding atezolizumab
to first-line chemotherapy for advanced non-squamous NSCLC
from the perspective of Chinese healthcare system based on the
IMpower130 trial (31). The analysis revealed that atezolizumab

25 30 3 40 45 S0

Willingness-to-pay threshold (x10000, S/QALY)

FIGURE 5 | Cost-effectiveness acceptability curves of atezolizumab versus chemotherapy when the PAP was not available for (A) high PD-L1 expression populations,
(B) high or intermediate PD-L1 expression populations and (C) any PD-L1 expression populations. PD-L1, programmed death ligand 1.

plus chemotherapy was unlikely to be cost-effect due to the
unfavorable ICER in comparison with chemotherapy in China,
and the cost of atezolizumab had a substantial impact on the
model results, which were consistent with our study. These
similar experiences remind us that atezolizumab could not to
be considered cost-effective for NSCLC in China whether alone
or in combination with chemotherapy due to its high price.

At present, Chinese government adopted the way of national
medical insurance negotiation with pharmaceutical companies
by pharmacoeconomic evidence. The latest results of 2020
national medical insurance negotiation revealed that average
price reduction drugs with successful negotiation was 50.64%,
so we explored the effect of price reducing on the model results.
When the PAP was not available, when the price of atezolizumab
were decreased by 40%, 60%, the probability of atezolizumab
being cost-effective was less than 30%, and atezolizumab would
likely to be the cost-effective option for three categories of
populations when the price was reduced approximately 75%.
When the PAP was available, at the same price reduction ratio,
the probability of atezolizumab being cost-effective would exceed
50% for the three categories of populations. These findings have
reference value for guiding the rational allocation of the health
resources by decision makers.

There are several limitations must be discussed in our study.
First, the long-term clinical benefits beyond the observational
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FIGURE 6 | Cost-effectiveness acceptability curves of atezolizumab versus chemotherapy when the PAP was available for (A) high PD-L1 expression populations,
(B) high or intermediate PD-L1 expression populations and (C) any PD-L1 expression populations. PD-L1, programmed death ligand 1.

time of the IMpowerl10 trial were extrapolated by fitting the
parametric functions, this approach was an inevitable limitation
of the study, which may cause bias between the model results and
the real situation. Second, because of the absence of head-to-head
trial, we did not evaluate other potential first-line competing
treatments for metastatic NSCLC, such as pembrolizumab. Third,
some key clinical cost, such as cost of supportive care per cycle,
was gathered from the previously study rather than the real-world
data (32-37), sensitivity analyses were performed to minimize the
potential uncertainty of the model results. Finally, the costs for the
management of grade 1/2 adverse events were excluded from
the analysis, which might underestimate the economic results of
atezolizumab, although sensitivity analyses revealed that only
small influence of the model outcomes. Despite these
limitations, we confident that the study accurately reflected the
clinical conditions of metastatic NSCLC in China.

CONCLUSION

In conclusion, our findings suggest that atezolizumab is unlikely
to be a cost-effective option as first-line treatment for Chinese
patients with metastatic NSCLC regardless of PD-L1 expression
status. Reduce drug price and provide PAP for NSCLC patients
can increase its cost-effectiveness.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

This cost-effectiveness analysis was based on a literature review
and modeling techniques, the study did not require approval
from an Institutional Research Ethics Board.

AUTHOR CONTRIBUTIONS

GL and SK were involved in the design of the study. GL, SK, XW and
FS were collected the data and performed the economic analysis. GL,
SK, XW and FS drafted and critically revised the manuscript. All
authors contributed to the article and approved the submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.669195/
full#supplementary-material

Frontiers in Oncology | www.frontiersin.org

April 2021 | Volume 11 | Article 669195


https://www.frontiersin.org/articles/10.3389/fonc.2021.669195/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.669195/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liu et al.

Cost-Effectiveness of Atezolizumab

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

GBD 2017 DALYs and HALE Collaborators. Global, Regional, and National
Disability-Adjusted Life-Years (Dalys) for 359 Diseases and Injuries and
Healthy Life Expectancy (HALE) for 195 Countries and Territories, 1990-
2017: A Systematic Analysis for the Global Burden of Disease Study 2017.
Lancet (2018) 392:1859-922. doi: 10.1016/S0140-6736(18)32335-3

. Global Burden of Disease Cancer Collaboration. Global, Regional, and

National Cancer Incidence, Mortality, Years of Life Lost, Years Lived With
Disability, and Disability-Adjusted Life-Years for 29 Cancer Groups, 1990 to
2016: A Systematic Analysis for the Global Burden of Disease Study. JAMA
Oncol (2018) 4:1553-68. doi: 10.1001/jamaoncol.2018.2706

. Zheng RS, Sun KX, Zhang SW, Zeng HM, Zou XN, Chen R, et al. Report of

Cancer Epidemiology in China, 2015. Zhonghua Zhong Liu Za Zhi (2019)
41:19-28. doi: 10.3760/cma.j.issn.0253-3766.2019.01.005

. Cai Y, Hu BH, Zhou GW. Analysis of Direct Economic Burden and Average

Hospitalization Cost of Lung Cancer in China in 2011-2015. Chin Health
Statistics (2018) 35:334-7. doi: CNKI:SUN:ZGWT.0.2018-03-003

. Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, Alfano CM,

et al. Cancer Treatment and Survivorship Statistics, 2019. CA Cancer J Clin
(2019) 69:363-85. doi: 10.3322/caac.21565

. Noone AM, Howlader N, Krapcho M, Miller D, Brest A, Yu M, et al. Seer

Cancer Statistics Review, 1975-2015, Based on November 2017 SEER Data
Submission, Posted to the SEER Web Site, April 2018. Bethesda, MD: National
Cancer Institute (2018).

. Guidelines Working Committee of Chinese Society of Clinical Oncology.

Guidelines OF Chinese SOCIETY of CLINICAL Oncology (Csco) NON-SMALL
Cell LUNG Cancer 2020. Beijing: People’s Medical Publishing House (2020).

. Insinga RP, Vanness DJ, Feliciano JL, Vandormael K, Traore S, Ejzykowicz F,

et al. Cost-effectiveness of Pembrolizumab in Combination With
Chemotherapy Versus Chemotherapy and Pembrolizumab Monotherapy in
the First-Line Treatment of Squamous non-Small-Cell Lung Cancer in the
US. Curr Med Res Opin (2019) 35:1241-56. doi: 10.1080/03007995.2019.
1571297

. Lin S, Luo S, Zhong L, Lai S, Zeng D, Rao X, et al. Cost-Effectiveness of

Atezolizumab Plus Chemotherapy for Advanced non-Small-Cell Lung Cancer.
Int ] Cin Pharm (2020) 42:1175-83. doi: 10.1007/s11096-020-01076-3

Peters S, Reck M, Smit EF, Mok T, Hellmann MD. How to Make the Best Use
of Immunotherapy as First-Line Treatment of Advanced/Metastatic non-
Small-Cell Lung Cancer. Ann Oncol (2019) 30:884-96. doi: 10.1093/annonc/
mdz109

Gubens MA, Davies M. Nccn Guidelines Updates: New Immunotherapy
Strategies for Improving Outcomes in Non-Small Cell Lung Cancer. J Natl
Compr (2019) 17:574-8. doi: 10.6004/jnccn.2019.5005

Mok TSK, Wu YL, Kudaba I, Kowalski DM, Cho BC, Turna HZ, et al.
Pembrolizumab Versus Chemotherapy for Previously Untreated, PD-L1-
expressing, Locally Advanced or Metastatic non-Small-Cell Lung Cancer
(KEYNOTE-042): A Randomised, Open-Label, Controlled, Phase 3 Trial.
Lancet (2019) 393:1819-30. doi: 10.1016/S0140-6736(18)32409-7

Brahmer ], Reckamp KL, Baas P, Crino L, Eberhardt WE, Poddubskaya E,
et al. Nivolumab Versus Docetaxel in Advanced Squamous-Cell Non-Small-
Cell Lung Cancer. N Engl ] Med (2015) 373:123-35. doi: 10.1056/
NEJMoal504627

Carbone DP, Reck M, Paz-Ares L, Creelan B, Horn L, Steins M, et al. First-
Line Nivolumab in Stage IV or Recurrent non-Small-Cell Lung Cancer. N Engl
J Med (2017) 376:2415-26. doi: 10.1056/NEJMoal613493

Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von Pawel J, et al.
Atezolizumab Versus Docetaxel in Patients With Previously Treated non-
Small-Cell Lung Cancer (OAK): A Phase 3, Open-Label, Multicentre
Randomized Controlled Trial. Lancet (2017) 389:255-65. doi: 10.1016/
$0140-6736(16)32517-X

Socinski MA, Jotte RM, Cappuzzo F, Orlandi F, Stroyakovskiy D, Nogami N,
et al. Atezolizumab for First-Line Treatment of Metastatic Nonsquamous
Nscle. N Engl ] Med (2018) 378:2288-301. doi: 10.1056/NEJMoal716948
Wan N, Zhang TT, Hua SH, Lu ZL, Ji B, Li LX, et al. Cost-Effectiveness
Analysis of Pembrolizumab Plus Chemotherapy With PD-L1 Test for the
First-Line Treatment of NSCLC. Cancer Med (2020) 9:1683-93. doi: 10.1002/
cam4.2793

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Herbst RS, Giaccone G, de Marinis F, Reinmuth N, Vergnenegre A, Barrios
CH, et al. Atezolizumab for First-Line Treatment of PD-L1-Selected Patients
With NSCLC. N Engl ] Med (2020) 383:1328-39. doi: 10.1056/
NEJMoal917346

Saltz LB. Perspectives on Cost and Value in Cancer Care. JAMA Oncol (2016)
2:19-21. doi: 10.1001/jamaoncol.2015.4191

Ding D, Hu H, Liao M, Shi Y, She L, Yao L, et al. Cost-Effectiveness Analysis of
Atezolizumab Plus Chemotherapy in the First-Line Treatment of Metastatic
non-Squamous Non-Small Cell Lung Cancer. Adv Ther (2020) 37:2116-26.
doi: 10.1007/s12325-020-01292-3

Tartari F, Santoni M, Burattini L, Mazzanti P, Onofri A, Berardi R. Economic
Sustainability of anti-PD-1 Agents Nivolumab and Pembrolizumab in Cancer
Patients: Recent Insights and Future Challenges. Cancer Treat Rev (2016)
48:20-4. doi: 10.1016/j.ctrv.2016.06.002

Task group of the Chinese guidelines for pharmacoeconomic evaluations.
China Guidelines for Pharmacoeconomic Evaluations(2011 Version). China J
Pharm Econ (2011) 3:6-9+11-48. doi: CNKL:SUN:ZYWA.0.2011-03-002
Eichler HG, Kong SX, Gerth WC, Mavros P, Jonsson B. Use of Cost-
Effectiveness Analysis in Health-Care Resource Allocation Decision-
Making: How are Cost-Effectiveness Thresholds Expected to Emerge? Value
Health (2004) 7:518-28. doi: 10.1111/j.1524-4733.2004.75003.x

Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced Secondary Analysis of
Survival Data: Reconstructing the Data From Published Kaplan-Meier
Survival Curves. BMC Med Res Methodol (2012) 12:9. doi: 10.1186/1471-
2288-12-9

Rui M, Shi F, Shang Y, Meng R, Li H. Economic Evaluation of Cisplatin Plus
Gemcitabine Versus Paclitaxel Plus Gemcitabine for the Treatment of First-
Line Advanced Metastatic Triple-Negative Breast Cancer in China: Using
Markov Model and Partitioned Survival Model. Adv Ther (2020) 37:3761-74.
doi: 10.1007/s12325-020-01418-7

Zhu J, He W, Ye M, Fu J, Chu YB, Zhao YY, et al. Cost-Effectiveness of
Afatinib and Erlotinib as Second-Line Treatments for Advanced Squamous
Cell Carcinoma of the Lung. Future Oncol (2018) 14:2833-40. doi: 10.2217/
fon-2018-0321

Nafees B, Stafford M, Gavriel S, Bhalla S, Watkins J. Health State Utilities for
non Small Cell Lung Cancer. Health Qual Life Outcomes (2008) 6:84.
doi: 10.1186/1477-7525-6-84

Nafees B, Lloyd AJ, Dewilde S, Rajan N, Lorenzo M. Health State Utilities in
non-Small Cell Lung Cancer: An International Study. Asia Pac J Clin Oncol
(2017) 13:e195-203. doi: 10.1111/ajco.12477

Briggs AH, Weinstein MC, Fenwick EA, Karnon J, Sculpher MJ, Paltiel AD.
Ispor-Smdm Modeling Good Research Practices Task Force. Model
Parameter Estimation and Uncertainty Analysis: A Report of the ISPOR-
SMDM Modeling Good Research Practices Task Force Working Group-6.
Med Decis Making (2012) 32:722-32. doi: 10.1177/0272989X12458348

Zhou K, Jiang C, Li Q. Cost-Effectiveness Analysis of Pembrolizumab
Monotherapy and Chemotherapy in the non-Small-Cell Lung Cancer With
Different PD-L1 Tumor Proportion Scores. Lung Cancer (2019) 136:98-101.
doi: 10.1016/j.lungcan.2019.08.028

Yang Z, Zhu Y, Xiang G, Hua T, Ni J, Zhao J, et al. First-Line Atezolizumab
Plus Chemotherapy in Advanced non-Squamous non-Small Cell Lung
Cancer: A Cost-Effectiveness Analysis From China. Expert Rev
Pharmacoecon Outcomes Res (2021) 1-7. doi: 10.1080/14737167.2021.
1899813

Lu S, Zhang ], Ye M, Wang B, Wu B. Economic Analysis of ALK Testing and
Crizotinib Therapy for Advanced non-Small-Cell Lung Cancer.
Pharmacogenomics (2016) 17:985-94. doi: 10.2217/pgs-2016-0017

Lu S, Ye M, Ding L, Tan F, Fu J, Wu B. Cost-Effectiveness of Gefitinib,
Icotinib, and Pemetrexed-Based Chemotherapy as First-Line Treatments for
Advanced non-Small Cell Lung Cancer in China. Oncotarget (2017) 8:9996—
10006. doi: 10.18632/oncotarget.14310

Jiang Y, Wang X. Cost-Effectiveness Analysis of Pembrolizumab Plus
Standard Chemotherapy Versus Chemotherapy Alone for First-Line
Treatment of Metastatic non-Squamous non-Small-Cell Lung Cancer
in China. Eur J Hosp Pharm (2020) 0:1-6. doi: 10.1136/ejhpharm-2020-
002208

Wu B, Dong B, Xu Y, Zhang Q, Shen J, Chen H, et al. Economic Evaluation of
First-Line Treatments for Metastatic Renal Cell Carcinoma: A Cost-

Frontiers in Oncology | www.frontiersin.org

April 2021 | Volume 11 | Article 669195


https://doi.org/10.1016/S0140-6736(18)32335-3
https://doi.org/10.1001/jamaoncol.2018.2706
https://doi.org/10.3760/cma.j.issn.0253-3766.2019.01.005
https://doi.org/CNKI:SUN:ZGWT.0.2018-03-003
https://doi.org/10.3322/caac.21565
https://doi.org/10.1080/03007995.2019.1571297
https://doi.org/10.1080/03007995.2019.1571297
https://doi.org/10.1007/s11096-020-01076-3
https://doi.org/10.1093/annonc/mdz109
https://doi.org/10.1093/annonc/mdz109
https://doi.org/10.6004/jnccn.2019.5005
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1056/NEJMoa1613493
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1002/cam4.2793
https://doi.org/10.1002/cam4.2793
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.1001/jamaoncol.2015.4191
https://doi.org/10.1007/s12325-020-01292-3
https://doi.org/10.1016/j.ctrv.2016.06.002
https://doi.org/CNKI:SUN:ZYWA.0.2011-03-002
https://doi.org/10.1111/j.1524-4733.2004.75003.x
https://doi.org/10.1186/1471-2288-12-9
https://doi.org/10.1186/1471-2288-12-9
https://doi.org/10.1007/s12325-020-01418-7
https://doi.org/10.2217/fon-2018-0321
https://doi.org/10.2217/fon-2018-0321
https://doi.org/10.1186/1477-7525-6-84
https://doi.org/10.1111/ajco.12477
https://doi.org/10.1177/0272989X12458348
https://doi.org/10.1016/j.lungcan.2019.08.028
https://doi.org/10.1080/14737167.2021.1899813
https://doi.org/10.1080/14737167.2021.1899813
https://doi.org/10.2217/pgs-2016-0017
https://doi.org/10.18632/oncotarget.14310
https://doi.org/10.1136/ejhpharm-2020-002208
https://doi.org/10.1136/ejhpharm-2020-002208
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liu et al.

Cost-Effectiveness of Atezolizumab

Effectiveness Analysis in a Health Resource-Limited Setting. PloS One (2012)
7:€32530. doi: 10.1371/journal.pone.0032530

36. Zheng H, Xie L, Zhan M, Wen F, Xu T, Li Q. Cost-Effectiveness Analysis of
the Addition of Bevacizumab to Chemotherapy as Induction and
Maintenance Therapy for Metastatic non-Squamous non-Small-Cell Lung
Cancer. Clin Transl Oncol (2018) 20:286-93. doi: 10.1007/s12094-017-1715-1

37. Bai Y, Xu Y, Wu B. Cost-Effectiveness and Budget Impact Analysis of
Apatinib for Advanced Metastatic Gastric Cancer From the Perspective of
Health Insurance System. Gastroenterol Res Pract (2017) 2017:2816737.
doi: 10.1155/2017/2816737

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Liu, Kang Wang and Shang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

April 2021 | Volume 11 | Article 669195


https://doi.org/10.1371/journal.pone.0032530
https://doi.org/10.1007/s12094-017-1715-1
https://doi.org/10.1155/2017/2816737
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Cost-Effectiveness Analysis of Atezolizumab Versus Chemotherapy as First-Line Treatment for Metastatic Non-Small-Cell Lung Cancer With Different PD-L1 Expression Status
	Introduction
	Materials and Methods
	Analytical Overview and Model Structure
	Clinical Data
	Transition Probabilities
	Cost and Utility Values
	Sensitivity Analyses

	Results
	Base-Case Analysis
	Sensitivity Analyses

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


