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Abstract. Glioblastoma, a cancer that originates from astro-
cytes, is the most prevalent malignant glioma in the adult
population. The aim of the present study was to evaluate the
cost-effectiveness of bevacizumab (BEV) as a supplement
to standard temozolomide (TMZ) treatment for unresected
glioblastoma. The analyzed data were from a phase II trial
that showed a survival benefit following combination therapy,
when compared with TMZ monotherapy. According to the
clinical symptoms and disease progression, a Markov model
was constructed to estimate the incremental cost-effec-
tiveness ratio (ICER) from a Chinese societal perspective.
Health outcomes were retrieved from the GENOM 009 trial,
and utility parameters were obtained from published litera-
ture. Uncertainties within the model were addressed through
one-way deterministic and probabilistic sensitivity analyses.
The addition of BEV to TMZ therapy increased overall costs
by $30,894.99, with a gain of 0.18 quality-adjusted life-years
(QALY5), resulting in an ICER of $171,638.83/QALY. Both
one-way sensitivity and probabilistic sensitivity analyses
confirmed that BEV/TMZ co-treatment was not cost-effec-
tive in the context of a $26,508.00/QALY willingness-to-pay
(WTP) threshold. The utility of the progression-free
survival state had the most noticeable impact on the ICER.
In summary, the combination of BEV and TMZ should not
be considered a cost-effective neoadjuvant treatment option
for patients with unresected glioblastoma in China, from
a societal perspective. However, in view of the survival
benefits conferred, an appropriate price discount or the use
of medical insurance could make BEV affordable for this
patient population.
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Introduction

Gliomas are common malignant brain tumors, with anincidence
of 3-4 new cases per 100,000 adults each year worldwide (1).
As a result of the aggressive nature of gliomas, prognosis is
poor; the median survival time for patients is ~1 year, with
<10% of patients surviving >3 years post-diagnosis (2). The
standard treatment for glioblastoma is radiotherapy alongside
temozolomide (TMZ) chemotherapy. However, its efficacy
is limited; even with treatment, the median survival time of
patients with gliomas is 12-18 months (3).

Bevacizumab (BEV) inhibits tumor growth by binding to
vascular endothelial growth factor and preventing its interac-
tion with receptors on the endothelial cell surface. Survival
data from the GENOM 009 trial (a randomized phase II trial),
which compared TMZ treatment to TMZ/BEV combination
therapy in adult patients with unresected glioblastoma, are
currently used for cost-effective analysis (4). The trial results
indicated that both progression-free survival (PFS; 4.8 months
vs. 2.2 months) and overall survival (OS; 10.6 months vs.
7.7 months) were longer in patients treated with combination
of BEV and TMZ (4). Although this increase in survival was
not statistically significant, these clinical data may provide a
new option for patients and policy makers in the treatment of
unresected glioblastoma.

Considering the efficacy and high cost of BEV, it was
included in the National Health Insurance Directory (2017)
following negotiations between the government and pharma-
ceutical companies. Thus, the retail price of BEV (100 mg/4 ml)
was reduced from $852.23/unit to $305.38/unit in Sichuan, a
64.17% reduction. Considering the efficacy of BEV in glioma
treatment, the rapidly rising cost of drugs and the current lack
of medical resources, a cost-effectiveness analysis would be
useful to measure the potential economic benefit of BEV/TMZ
co-treatment of patients with glioblastoma, particularly in
China (a developing country). In the current study, a Markov
model was used to estimate the cost-effectiveness of BEV/TMZ
co-therapy as a neoadjuvant treatment option for patients with
glioblastoma.

Materials and methods

Patients and therapy. The clinical data used in the present
study were retrieved from the GENOM 009 trial (4), a phase 11
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study in which 102 patients, including 54% (55/102) male
and 46% (47/102) female, (mean, 62; range, 36-75 years) with
unresected glioblastoma were randomized to either the TMZ
control arm or the TMZ+BEYV treatment arm (ratio, 1:1). The
inclusion criteria included: i) Patients with unresected glio-
blastoma; ii) diagnosis using biopsy (including stereotactic
or open craniotomy); iii) no prior treatment; iv) a tumor size
=2 cm; and v) exhibiting stable or decreasing glucocorticoid
doses within 5 days of randomization. Moreover, in patients
undergoing craniotomy, post-operative magnetic resonance
imaging (MRI) was mandatory within 72 h. Other inclu-
sion criteria including: Age =18 years, Eastern Cooperative
Oncology Group performance status 0-2, Barthel index =50%,
adequate healing of craniotomy or cranial biopsy (infection
or bleeding at the wound site), normal baseline hematology
and biochemistry, and the absence of proteinuria. The exclu-
sion criteria were: i) Patient history of a prior malignant
infiltrating disease during the last five years; ii) uncontrolled
arterial hypertension; iii) inflammatory digestive disease;
iv) cardiac or vascular disease; and v) recent symptomatic
intracranial hemorrhage discovered using post-operative
MRI or post-biopsy computerized tomography. Patients were
randomly assigned to receive BEV (10 mg/kg/day; days 1 and
15; administrated IV drip) and TMZ (85 mg/m?*/day; days 1-21;
administrated per os), or TMZ alone (85 mg/m?*day; days 1-21;
administrated per os) for two 28-day cycles. After a 28-day
break, BEV maintenance was allowed in the BEV + TMZ
group for a maximum of six cycles, until the disease progressed
or unacceptable toxic effects developed.

Model structure. A Markov decision tree model was selected
to compare the clinical and economic data associated with the
two therapeutic strategies (Fig. 1). The model is composed of
mutually exclusive disease states, including progression-free
survival (PFS), progressive disease (PD) and death. All
patients with unresected glioblastoma begin treatment in the
PFS state, but they may move between health states over time
(Fig. 1 and 2). Following a Markov cycle, patients in the PFS
state may transition to the PD or death state, or may remain in
the PFS state. However, patients in the PD state cannot return
to the PFS state, and all patients may transition to the death
state (Fig. 2). For patients with unresected tumors, a poor
prognosis is common, with no significant difference in overall
survival between treatment with standard chemoradiotherapy,
and radiotherapy alone (9.4 months vs. 7.8 months; hazard
ratio [HR], 0.7, 95% CI 0.5-0.9) (5). The absence of previous
debulking surgery increases the likelihood of neurological
instability during treatment (5). According to the clinical
symptoms and progression time of the disease, the transition
cycle length was adjusted to one month in the current study.
Monthly transition probabilities were converted from median
survival estimates (Table I) using the following formula:
P(1 month)=1-(0.5)*(1/median time to event), which was
derived through the formula P=1-e-R, where R= -In[0.5]/(time
to event/number of treatment cycles) (6,7). The time horizon
chosen for this model was 10 years, at which timepoint all
patients had succumbed to the disease.

Model parameters. Costs were estimated from a Chinese
societal perspective (Table II). The following costs were
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considered during analysis: Anticancer drugs, tests (enhanced
head CT, blood biochemical examination), management
of grade 3-4 adverse events (AEs), absenteeism and hospi-
talization. Implicit costs were ignored as a consequence of
individual differences. The dosage of anticancer drugs was
calculated based on the median reported body surface area
and weight in China (8). Unit price for each drug and test was
obtained by consulting the 2017 fee standards of West China
Hospital, Sichuan University. Regarding the data retrieved
from the GENOM 009 trial, the cost of second-line treatment
in the two groups was estimated. In the control group, TMZ
was administered orally in the outpatient department, whilst
patients in the treatment group needed to be hospitalized for
intravenous administration. Consequently, loss-of-produc-
tivity was estimated to be higher in the treatment group. The
present study estimated the cost of absenteeism by referring
to the gross domestic product (GDP) per capita of Sichuan
in 2017 ($7,057.26/person/year) (9). All costs were converted
to US dollars, with an exchange rate of $1=¥6.3339 (Jan,
2018) (10).

Data on health outcomes in the present model were derived
from the GENOM 009 study. Survival time was adjusted to
quality-adjusted life years (QALY) using both utility scores
and transition probabilities of the health state. Given that no
information on utilities was available in the original litera-
ture, health utility values were acquired from a study that
used the standard gamble to evaluate glioblastoma health
states, based on a small section of the general population of
the United Kingdom (11) Consequently, the utility values for
the progression-free disease, progressive disease, and death
states were 0.89, 0.73 and 0.00, respectively. Model param-
eters related to costs and effectiveness, which were derived
from the GENOM 009 trial, are depicted in Table II. In view
of the recommendations of the 2015 China Guidelines for
Pharmacoeconomic Evaluations and Manual (12), both the
costs and the utility values were discounted at an annual
rate of 3%.

Sensitivity analyses. All parameters used in the evaluation
(excluding discount rate) varied in the results of the determin-
istic one-way sensitivity analysis (range=+20%). The discount
rate ranged between 0 and 8%. Probabilistic sensitivity analysis
was conducted using a second-order Monte Carlo simulation
by running 1,000 iterations (13). Cost-effectiveness accept-
ability analysis was conducted to evaluate optimal strategies
at various willingness-to-pay (WTP) thresholds. The WTP
threshold was set as three times the GDP per capita in 2017,
which was $26,508.00/QALY in China (14).

Results

Cost-effectiveness analysis. Over a 10-year time horizon,
the addition of BEV to TMZ treatment increased the total
QALYs by 0.18 (0.71 vs. 0.53 QALYs). However, total costs
in the BEV+TMZ group were significantly higher than in
the TMZ group ($50,190.52 vs. $19,295.53). Therefore, the
co-administration of BEV had an incremental cost-effec-
tiveness ratio (ICER) of $171,638.83/QALY compared with
TMZ alone, exhibiting a 0% chance of being cost effective
at the WTP threshold of $26,508.00/QALY (Table III).
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Figure 1. Markov model for unresected glioblastoma based on the GENOM 009 trial. The two groups were treated with either BEV+TMZ or TMZ alone. TMZ,

temozolomide; PFS, progression-free survival; PD, progressive disease.
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Figure 2. Markov model health states. A Markov model simulating the fol-
lowing three health states: PFS, PD and death. Arrows indicate staying in

one state or transitioning from one state to another. PFS, progression-free
survival; PD, progressive disease.
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Accounting for the increase in total costs, the addition of BEV
to TMZ treatment was not an economically viable treatment
option for unresected glioblastoma from a Chinese societal
perspective. The cost of combination treatment for patients

in the PFS disease state was >3 times that of TMZ treatment
alone ($38,211.30 vs. $11,476.12). Moreover, when compared
with the TMZ group, the overall costs for the PD state in
the BEV+TMZ group were $4,159.81 higher per person
($11,979.22 vs. $7,819.41).

Sensitivity analysis

One-way sensitivity analysis. One-way sensitivity analysis
was conducted to assess the impact of individual parameters
in the Markov model. The results are illustrated using a
tornado diagram (Fig. 3). The utility of the PFS state, cost of
BEV and the duration of the PFS state in the BEV+TMZ group
all showed a variation of +20%, and were the most influential
parameters of the model. Changing the utility of PFS from
0.71 to 1.00 caused the ICER to decrease from $221,561.85
to $155,990.85/QALY. Variation in the cost of BEV treatment
from $3,312.18/month to $4,968.27/month saw the ICER
increase from $153,324.46/QALY to $197,603.80/QALY.
However, variations in the costs related to management of
grade 3-4 AEs, tests used or hospital fees incurred, had a
smaller impact on the ICER values predicted by sensitivity
analysis.
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Table I. Transition probabilities between glioblastoma disease states.

Transition probabilities Baseline value Lower limit Upper limit
BEV+TMZ group
Prrg.prs. 1 0.81 0.65 0.97
Prrs pp.1 0.13 0.11 0.16
Prrs-dcam-1 0.06 0.05 0.08
Prppp.i 0.89 0.71 1.00
Pop.death-1 0.11 0.09 0.14
TMZ group
Prrs.prs2 0.64 0.51 0.77
Prrs.pp.2 0.27 0.22 0.32
Pors_geath-2 0.09 0.07 0.10
| 0.88 0.71 1.00
Prp.death-2 0.12 0.09 0.14

BEV, bevacizumab; TMZ, temozolomide; PFS, progression-free survival; PD, progressive disease.

Table II. Model parameters related to costs and effectiveness collected from the GENOM 009 trial.

Parameter BEV+TMZ group TMZ group
Clinical efficacy, months
Median PFS, months (95% CI) 4.8 (4.0-5.6) 22 (2.0-25)
Median OS, months (95% CI) 10.6 (6.9-14.3) 7.7(54-10.0)
Probability of grades 3-4 adverse events, %
Hypertension 4.17 0.00
Hemorrhage 2.08 0.00
Gastrointestinal perforation 4.17 0.00
Thrombocytopenia 2.08 11.11
Leucopenia 2.08 4.44
Febrile neutropenia 2.08 4.44
Nausea and vomiting 208 0.00
Infection 1042 6.67
Thrombotic events 4.17 6.67
Asthenia 4.17 2.22
Unit costs, $/months
Bevacizumab,100 mg/4 ml 4140.22 0.00
Temozolomide,100 mg x5 3,691.64 4,798.422
Cost of tests 60.32 55.36
Hospitalization 4736 0.00
Absence from work 108.35 78.80
Cost for adverse events 68.71 132.98
Cost for the progressive disease state 1,990.75 1,282.90
Annual discount rate, % 3.00 3.00

BEV, bevacizumab; TMZ, temozolomide; PFS, progression-free survival; PD, progressive disease; OS, overall survival.

Probabilistic sensitivity analysis. The acceptability curve  therapy, was zero, unless the WTP increased to $80,000/QALY
revealed that the acceptable proportion of BEV and TMZ  (Fig. 4). Additionally, probabilistic sensitivity analysis (1,000
co-administration being a cost-effective treatment for this iterations) demonstrated that the ICER was consistently greater
patient population in China, compared with TMZ mono-  than $26,508.00/QALY (Fig. 5).



428

Table III. Results of the cost-effectiveness analysis.
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Parameter BEV+TMZ group TMZ group
Costs for the PFS state, $ 38,211.30 11,476.12
Costs for the PD state, $ 11,979.22 781941
Total costs, $ 50,190.52 19,295.53
Incremental costs, $ 30,894.99 /
Effectiveness for the PFS state, QALY 0.35 0.17
Effectiveness for the PD state, QALY's 0.36 0.36
Total effectiveness, QALY's 0.71 0.53
Incremental effectiveness, QALYs 0.18 /
Total C/E, $/QALY 70,690.87 36.,406.66
ICER, $/QALY 171,638.83 /

BEV, bevacizumab; TMZ, temozolomide; PFS, progression-free survival; PD, progressive disease; QALY, quality-adjusted life year; C/E,

cost-effectiveness; ICER, incremental cost-effectiveness ratio.
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Figure 3. Tornado diagram of one-way sensitivity analysis. Tornado diagram summarizing the results of one-way sensitivity analysis to evaluate model
parameters. BEV, bevacizumab; TMZ, temozolomide; PFS, progression-free survival; PD, progressive disease; AE, adverse event.

CE acceptability curve

00%, B8 B g R S
o~
-
=
|51 .
é B0% i
? -]
-
£ son
L
g o TMZ
< & TMZ+BEV
= 0%
=
-
o a
— ]

0%
s
=

=]
0% _A——a——a——a "9 &8 -8
0 40000 E0000 120000 200000 230000 360000

Willingness-to-pay

Figure 4. Cost-effectiveness acceptability curves comparing BEV and
TMZ as a neoadjuvant treatment option vs. TMZ alone, at different will-
ingness-to-pay thresholds. BEV, bevacizumab; TMZ, temozolomide; CE,
cost-effectiveness.

Discussion

According to the Markov model used in the present study, the
total costs were estimated at $50,190.52 for the BEV+TMZ arm
and $19,295.53 for the TMZ arm (a difference of $30,894.99).
The BEV+TMZ arm exhibited a higher number of QALYs
gained (0.71) compared with the TMZ arm (0.53). The ICER,
or the cost per QALY gained, was $171,638.83 in the base case
analysis, which was higher than the accepted WTP threshold
($26,508.00) in China (15). Thus, the addition of BEV to TMZ
treatment cannot be considered a cost-effective option for
unresected glioblastoma, from a Chinese societal perspective.

BEV, a monoclonal antibody, was first approved by the US
Food and Drug Administration for the treatment of recurrent
glioblastoma in 2009 (16). A systematic review examining
the treatment of newly diagnosed glioblastoma showed that
additional BEV significantly increased the median PFS time
(10.6-13.6 months vs. 6.2-7.6 months) (HR, 0.74; 95% CI,
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Incremental cost-effectiveness, TMZ+BEV vs. TMZ
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Figure 5. ICER scatter plot reflecting the variation and concentration of ICER values following probabilistic sensitivity analysis. BEV, bevacizumab; TMZ,
temozolomide; WTP, willingness to pay; ICER, incremental cost-effectiveness ratio.

0.62-0.88; P=0.0009) (17). However, several pharmacoeco-
nomic studies have concluded that combining BEV with other
antineoplastic drugs is not cost-effective (16-18). In Canada,
the ICER associated with BEV treatment was $607,966/QALY
for high-grade glioma, which far exceeded the WTP threshold
of $100,000/QALY, and did not fall below $450,000/QALY
in one-way sensitivity analysis (18). The estimated ICER of
chemotherapy plus BEV was $295,164/QALY for cervical
cancer, based on a phase III randomized trial (19). Moreover,
in a USA study, BEV and chemotherapy increased the mean
QALYs by 0.13 for patients with advanced non-small cell
lung cancer, compared with chemotherapy only. However, the
ICER was ~5.6 times that of the accepted WTP threshold in
the USA (20).

In accordance with the World Health Organization Guide
to Generalized Cost-Effectiveness Analysis (15), the present
study also determined that BEV/TMZ combination therapy
was not a cost-effective treatment option for patients with
unresected glioblastoma in China. In consideration of its effi-
cacy and high cost, BEV was included in the National Health
Insurance Directory (2017) following negotiations between
the government and pharmaceutical companies. Prices of BEV
haver remained the same. Although the price reduction did not
reduce the ICER below the WTP threshold, a further price
reduction, social assistance and/or medical insurance may
contribute to making BEV more affordable for patients.

A cost reduction in BEV treatment would evidently
improve cost-effectiveness. One-way sensitivity
analysis demonstrated that the ICER increased from

$153,324.46/QALY to $197,603.80/QALY in response to
a change in BEV treatment costs from $3,312.18/month
to $4,968.27/month. Although the cost of BEV was previ-
ously reduced by 64.17%, the ICER remained markedly
higher than the WTP threshold. The high cost of targeted
therapies present a financial barrier to multiple treatments
in the Chinese healthcare system. However, reflecting on the
promising treatment improvements shown, provinces with a
high GDP should consider the inclusion of BEV treatment in
the local supplement list.

In the present study, a Markov decision tree model was
constructed to simulate the glioblastoma disease process.
However, there were some limitations: i) The cost-effec-
tiveness analysis model was based on a phase II trial; ii) the
patients were not Chinese; and iii) the treatment costs were
determined using prices from Sichuan, which are subject to
variation throughout the rest of China.

In summary, the results of the present study indicated
that a combination of BEV and TMZ as a first-line treatment
option for unresected glioblastoma, is not cost-effective from
a societal perspective in China, and that the ICER is signifi-
cantly higher than the WTP threshold ($26,508.00) in China.
However, an appropriate price reduction and social assistance
should be considered to ensure BEV is more affordable for this
patient population.
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