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Cost-effectiveness of Sorafenib for Treatment of
Advanced Hepatocellular Carcinoma in India
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Background:Majority of patients of hepatocellular carcinoma (HCC) in India present in advanced stages,when cura-
tive treatment optionsare limited.Weundertook this study to assess the cost-effectivenessof treatingadvancedHCC
patients with sorafenib compared with best supportive care (BSC).Methods: AMarkov model was parameterized to
model the lifetime costs and consequences of treating advanced HCC patients with sorafenib versus BSC using a
societal perspective. Cost of routine care, diagnostics, management of complications in both the arms andmanage-
ment of adverse effects of sorafenib treatment were considered. A probabilistic sensitivity analysis was undertaken
to assess the effect of parameter uncertainty.Results:The incremental cost and benefit gained by treatingHCC using
sorafenib was Indian rupees 94,182 ($1459) and 0.19 quality adjusted life years (QALYs) per patient, implying an
incremental cost of Indian rupees 507,520 ($7861) per QALY gained. Conclusions: Sorafenib is not cost-effective
for use in advanced hepatocellular carcinoma treatment in India. ( J CLIN EXP HEPATOL 2019;9:468–475)
Hepatocellular carcinoma (HCC) is the primaryma-
lignant neoplasm of the liver. It is the fifth most
common cancer in men worldwide, with one of

the highest mortality rates among all cancers.1 In India,
the annual age-adjusted incidence rate of HCC per
100,000 persons ranges from 0.7 to 7.5 for men and 0.2–
2.2 for women.2

Majority (70%) of cases of HCC in India present at the
advanced stage, Barcelona Clinic Liver Cancer (BCLC)
stage C and D in which curative resection is not possible.3

For these unresectable, advanced HCC cases with extra-
hepatic spread or vascular invasion, treatment options
are limited. Targeted molecular therapy—sorafenib—is
indicated for such advanced BCLC stage C patients of
HCC.4 Sorafenib has been reported to have an increased
median overall survival and time to progression by 3
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months in advanced HCC.5 It is the only recommended
standard of care in BCLC stage C patients of HCC. Patients
progressing or not tolerating sorafenib are offered best
supportive care (BSC). However, this modest increase in
survival with sorafenib comes at a considerable cost.6

This added cost needs to be weighed in any decision mak-
ing for treatment guidelines, especially in setting of low-
and middle-income countries such as India.

There is limited evidence on cost-effectiveness of sorafe-
nib.7–9 Broadly, the existing evidence indicates that
sorafenib is not cost-effective. However, there are method-
ological gaps in these studies.7–9 First, a Chinese study
which evaluated cost-effectiveness of sorafenib did not
consider any cost for BSC arm, hence not giving a uniform
ground for comparison.9 Second, most of these studies
have used western data on efficacy for treatment in the
cost-effectiveness models.7,8 Whereas 70% of cases of
HCC in the Asia-Pacific region coexist with chronic Hepa-
titis B infection, nearly three-fourths of the total HCC
cases in the developed countries of West are attributable
to chronic Hepatitis C infection.10 This means that the ex-
isting cost-effectiveness models of sorafenib may not be
representative for India. Third, both the previous economic
evaluations used the quality of life (QOL) of different
health states which were derived from UK-based evidence
synthesis for use of sorafenib in renal cell carcinoma
(RCC) patients.11 However, this may not be appropriate,
given that the QOL of HCC patients may be different
from that of RCC patients. Finally, the cost of providing
health services in India are significantly different from
those reported in other countries, further limiting general-
izability of existing evidence.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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In view of this, we undertook this study to assess the in-
cremental cost per quality adjusted life year (QALY) gained
with use of sorafenib as compared with BSC among
advanced, unresectable BCLC stage CHCCpatients in India.
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MATERIALS AND METHODS

Model overview
AMarkov model with finite disease states was developed in
MS Excel 2013�. A societal perspective incorporating both
the health system costs and out-of-pocket expenditures
was used. A societal perspective is considered more appro-
priate for the present analysis, as majority of treatment
costs in India are borne out of pocket by households.12

Outcomes were valued in terms of life years (LYs) gained
and QALYs. Future costs and consequences were dis-
counted at 3%.13 The results are reported in terms of incre-
mental cost per QALY gained with use of sorafenib.

The three finite health transition states in the model
include progression-free state (PFS), progressive disease
(PD) and death (Figure 1). We modelled the overall costs
and consequences of treating the advanced HCC patient
cohort, starting at age 40 years14, with either of the two
treatment options. We assumed that the cohort started
with the PFS and then transitioned to other states. Cycle
length of 1 month was considered based on available rele-
vant literature on overall and progression free survival.15

Death due to disease happened after the PD stage only,
whereas patients in PFS were modelled based on all-cause
mortality. This was again based on the clinical trials data,
which considered the patients who had died while in the
PFS as censored, rather than disease-related mortality.8

Intervention and control
The intervention arm consisted of patients on sorafenib
400 mg BD15 until disease progression or serious adverse
effects requiring discontinuation of the drug. During the
treatment, patients were followed up with laboratory and
radiological investigations for assessing response, toler-
ance to treatment and liver functions. The data for adverse
effects, progression free survival and overall survival as re-
Figure 1 Markov model to assess cost-effectiveness of Sorafenib.
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ported in Asia-Pacific trial were used.15 This trial results
were considered appropriate for parameterization of our
model, given the similarities in the profile of HCC cases re-
ported in the trial and Indian patients. Majority (70.7% in
the sorafenib arm and 77.6% in the placebo group) of these
patients had chronic Hepatitis B Viral (HBV) infection,
which is similar to Indian epidemiological profile. Second,
95.3% and 96.1% of patients in the sorafenib arm and the
placebo arm, respectively, were in BCLC stage C. Owing
to similarity in ethnicity, high incidence of HBV infection
and inclusion of BCLC stage B advanced HCC in this
study, it was considered to be the most representative for
India. We estimated the overall survival probabilities using
the reported median overall survival for the sorafenib
group (6.5 months) and the BSC arm (4.2 months) from
the trial.15

First, in the BSC arm, patients were assumed to be regu-
larly followed up at the hospital and underwent the basic
minimum laboratory and radiological investigations, as
per requirement. Second, patients were assumed to be
managed symptomatically using standard guidelines.16,17

All life-threatening events (45.3%)15 or intervention pro-
cedures such as ascitic tapping were assumed to be
managed under hospitalization.

Costing
For both the treatment and control group, cost of
specialist consultation once a month was included. Pa-
tients in the intervention arm were treated with sorafenib
400 mg twice a day in the PFS, until disease progression
or intolerance to treatment due to grade 3 or 4 adverse ef-
fects. Furthermore, it was assumed that the dose of sorafe-
nib would be reduced for adverse effect management.
Overall, based on dose reductions (30.9%) due to adverse
effects and treatment discontinuation (19.5%), we assumed
an overall dose of 568 mg a day per patient, for which cost
was assessed (Table 1).15 Cost of laboratory and radiolog-
ical investigations required for both the sorafenib and
BSC groups was estimated based on standard treatment
guidelines prescribed by the Indian National Association
for Study of Liver (INASL)17 consensus on prevention,
diagnosis and management of HCC in India (Table 2).
Unit prices for the same were procured from Central Gov-
ernment Health Scheme and a published study.12,18

Management of the most common grade 3 and 4
adverse effects in sorafenib arm, as reported in the Asia-
Pacific trial, which were considered for cost assessment
included hand foot syndrome 10.7%, diarrhoea 6%, fatigue
3.4%, hypertension 2%, rashes 0.7% and nausea 0.7% (Table
1).15 These adverse effects were assumed to be managed as
per standard recommendations.19 Besides, all patients in
the intervention arm were also assumed to be managed
symptomatically for the common symptoms such as
pain, nutritional support, upper gastrointestinal endos-
copy (UGIE) varices or vomiting. For all life-threatening
| No. 4 | 468–475 469



Table 1 Clinical Parameters for Assessing Cost-effectiveness of Sorafenib Versus BSC.

Parameter Base value 95% confidence
linterval

Distribution Source

Lower value Upper value

Utilities

PFS utility 0.76 0.67 0.85 Beta 31

PD utility 0.68 0.60 0.76 Beta 31

Transition probabilities

Sorafenib

PFS to PD 0.179 0.158 0.199 Beta 15 [Author estimation from Cheng et al.]

PD to Deathdeath 0.375 0.333 0.417 Beta 15 [Author estimation from Cheng et al.]

BSC

PFS to PD 0.357 0.317 0.398 Beta 15 [Author estimation from Cheng et al.]

PD to Deathdeath 0.412 0.262 0.328 Beta 15 [Author estimation from Cheng et al.]

All-cause mortality 0.004 0.003 0.004 Beta 32,34

Average length of stay (days)

General ward 8.14 12

ICU 13 24

Discount rate (%) 3.0 13

Adverse effect requiring management in Sorafenib sorafenib (%)

Hand foot syndrome 10.7 15

Diarrhoea 6.0 15

Fatigue 3.4 15

Hyper tension 2.0 15

Rash 0.7 15

Nausea 0.7 15

Pain 68.0 20

Management of complications 47.7 15

General ward 70.0 15

ICU 30.0 15

Complications requiring management in BSC (%)

Pain 68.0 20

Nutritional Support 55.0 20

Ascites 51.0 20

UGIE varices 70.0 20

Anorexia 74.0 20

Nausea & and Vomitingvomiting 50.0 20

Jaundice & and Pruritispruritis 35.0 20

Management of complications 45.3 15

General ward 70.0 15

ICU 30.0 15

Treatment discontinuation in Sorafenib sorafenib (%) 19.5 15

Dose reduction in Sorafenib sorafenib (%) 30.9 15

Average Sorafenib sorafenib daily dose (mg) 568 15

COST-EFFECTIVENESS OF SORAFENIB IN HCC GUPTA ET AL
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Table 1 (Continued )

Parameter Base value 95% confidence
linterval

Distribution Source

Lower value Upper value

Survival rates

Sorafenib MOS (months) 6.5 15

Sorafenib MTTP (months) 2.8 15

BSC MOS (months) 4.2 15

BSC MTTP (months) 1.4 15

PFS: progression free state, PD: progressive disease, ICU: intensive care unit, BSC: best supporting care, MOS:median overall survival, MTTP:median
Time to progression, UGIE: upper gastrointestinal endoscopy.

Table 2 Cost Parameters for Assessing Cost-effectiveness of Sorafenib Versus BSC.

Parameter Type of
cost

Monthly cost
INR (USD)

95% confidence interval Distribution Source

Lower INR
(USD)

Upper INR
(USD)

Sorafenib

Drug OOP 4730 (73.3) 4396 (68.1) 5064 (78.4) gamma Review of private chemist sources

Laboratory investigation HS 2757 (42.7) 2416 (37.4) 3098 (48.0) gamma 12,18

Management of adverse effects

Hand foot syndrome OOP 36 (0.6) 30 (0.5) 41 (0.6) gamma 21,22

Diarrhoea OOP 12 (0.2) 9 (0.1) 16 (0.2) gamma 21–23

Hyper-tension OOP 50 (0.8) 24 (0.4) 77 (1.2) gamma 22,23

Rash OOP 231 (3.6) 113 (1.8) 349 (5.4) gamma Review of private chemist sources

Nausea OOP 1.07 (0.02) 0.85 (0.01) 1.3 (0.02) gamma 22,23

Pain OOP 28 (0.4) 23 (0.5) 33 (0.5) gamma 21,22

BSC

Laboratory investigation HS 884 (13.7) 857 (13.3) 910 (14.1) gamma 18

CECTa HS 2025 (31.4) 1567 (24.3) 2483 (38.5) gamma 18

CECTb HS 1350 (20.9) 1044 (16.2) 1656 (25.6) gamma 18

Management of complications

Pain OOP 10,228 (158.4) 7774 (120.4) 12,682 (196.4) gamma Review of private chemist sources

Nutritional protein OOP 1310 (20.2) 1094 (16.9) 1526 (23.6) gamma Review of private chemist sources

Ascites OOP 6 (0.1) 5 (0.1) 7 (0.1) gamma 22

UGIE varices OOP 11 (0.2) 3 (0.1) 18 (0.3) gamma 22,23

Nausea OOP 1.07 (0.02) 0.85 (0.01) 1.3 (0.02) gamma 22,23

Jaundice OOP 544 (8.4) 387 (5.9) 702 (10.8) gamma 22,23

Per outpatient consultation HS 259 (4.0) 109 (1.7) 408 (6.3) gamma 33

Per patient bed days General Ward OOP 2219 (34.4) 870 (13.5) 3569 (55.3) gamma 12,33

Per patient bed days ICU OOP 12,801 (198.3) 12,597 (195.1) 13,005 (201.4) gamma 12,24

1 USD = INR 64.56.
INR: Indian national rupee, USD: US dollar, OOP: out of pocket, HS: health system, BSC: best supporting care, ICU: intensive care unit, CECT: contrast
enhanced computed tomography, UGIE: upper gastrointestinal endoscopy.
a10% of patients requiring CECT.
b20% of patients requiring CECT.
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Table 3 Costs, Effects and Cost Effectiveness of Sorafenib as
Compared with BSC.

Finding Sorafenib BSC

Lifetime cost per patient 2,93,978 1,99,796

Health consequences per patient

LYs 0.68 0.43

QALYs 0.50 0.31

Incremental cost 94,182

Incremental benefit

LY 0.25

QALY 0.19

Incremental Cost-effectiveness Ratio

INR per person LY gained 3,82,796

INR per person QALY gained 5,07,520

BSC: best supporting care, QALY: quality adjusted life years, LY: life
years, INR: Indian national rupee.

Figure 2 Probability of sorafenib to be cost-effective at varying willing-
ness to pay thresholds.
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disabilities (47.7%)15 in the sorafenib arm, cost of hospital-
ization was estimated.

In the BSC arm patients were assumed to be managed
symptomatically—most common symptoms being pain
(68%), nutritional support (55%), ascites (51%), UGIE vari-
ces (70%), anorexia (74%), nausea and vomiting (50%) and
jaundice and pruritis (35%).20 These symptoms were
managed as per the guidelines issued by the INASL.16,17

All life-threatening disabilities (45.3%) in the BSC arm
were assumed to require hospitalized care.15

Cost of antiviral treatment was not included in both the
arms. In both the arms, duration and quantity of drugs,
need for ward or Intensive Care Unit (ICU) hospitalization
were done as per the guidelines individualized for patients
based on expert opinion. Cost of the therapeutic manage-
ment in each health states was estimated based on INASL
guidelines and the unit prices of drugs as obtained from
the medical services corporation from the states.21–23 In
addition, the unit cost of other medical services such as
outpatient consultation, hospitalization, intensive care
and other procedures were estimated as reported in a
recent study undertaken in a large tertiary care hospital
in North India.12,24

Valuation of consequences
The data on overall survival rate and median time to pro-
gression, as reported in the Asia-Pacific study, were used to
derive transition probabilities.15 Themedian overall survival
in the sorafenib and BSC arm were 6.5 months and 4.2
months, respectively15 (Table 1). Similarly, median time to
progression was 2.8 months and 1.4 months, respectively.
The primary effectiveness measure was QALY. QOL for
PD and PFS, as reported in the previous cost-effectiveness
analysis, were used in our base case.7,9,25,26 The Asia-Pacific
trial reports no difference in the QOL of different health
states, evaluated based on radiological diagnosis. The au-
thors claim that the QOL is determined by the symptomatic
progression (rather than radiological progression), which
does not differ much because the underlying liver disease
is present in both the states.15 In view of this, we also under-
took a scenario analysis, wherein we used same QOL (0.55,
0.55) for both the PFS and PD health states. This QOL
was obtained by analysing data reported by Indian HCC pa-
tients from a large tertiary care centre in North India.27

Finally, incremental cost per QALY gained with use of
sorafenib was calculated. Incremental cost-effectiveness ra-
tio (ICER) was estimated and plotted (Supplementary
Figure 1) in Indian National Rupees (INR), and converted
to US Dollars (USD) based on the average currency ex-
change rate in 2017 (Table 3).28

Sensitivity analysis
Probabilistic sensitivity analysis (PSA) using aMonte Carlo
simulation was conducted to assess the impact of the joint
472 © 2018 Indian National Associa
uncertainty around the key parameters. Transition proba-
bilities and utilities were varied by 10% around the base
value. Gamma distribution was applied to all costs; and
beta distribution was used for utilities and transition prob-
abilities. The PSA was based on 1000 iterations. Probability
for sorafenib to be cost-effective was plotted on a cost-
effectiveness acceptability curve (Figure 2).
RESULTS

Base case results
Overall, we found that the lifetime cost of treating
advanced HCC patient was INR 293,978 (USD 4554) and
INR 199,796 (USD 3095) per patient using sorafenib and
BSC, respectively. Incremental cost of treatment using sor-
afenib was INR 94,182 (USD 1459) per patient (Table 3).
Between both the sorafenib (83%) and BSC (96%) arms,
predominant cost was on account of management of life-
threatening disabilities. The cost of sorafenib drug and
treatment of the adverse effects of drug was 9% and 0.1%
of the total lifetime cost, respectively. The share of
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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diagnostics cost increased from 3% in the BSC arm to 7% in
the sorafenib arm in view of increase in type and intensity
of diagnostic workup (Supplementary Figure 3 and
Supplementary Figure 4).

Overall, LYs lived per patient on sorafenib and BSC
treatments were found to be 0.68 and 0.43, respectively.
Similarly, the number of QALYs lived per patient were
0.50 in the sorafenib arm and 0.31 in the BSC arm. The in-
cremental health benefit of treatment with sorafenib was
0.25 LYs and 0.19 QALYs (69.35 quality adjusted life
days) per patient (Table 3).

Based on these costs and health consequences, we found
that the use of sorafenib incurs an incremental cost of INR
507,520 (USD 7861) per QALY gained (Table 3). The value
of ICER is nearly 4.2 times the per capita gross domestic
product (GDP) of India, and hence will not be considered
as cost-effective for use.

Sensitivity analysis
First, the parameters which had maximum influence on
the value of ICER were the values of disease stage utility,
and cost of treatment (cost of intensive care, pain cost
and diagnostics) (Supplementary Figure 2). However, in
none of the instance, ICER was less than even three times
GDP per capita of India. Second, we use constant Indian
health state utilities of HCC for both PFS and PD health
states; again, the ICER was cost-ineffective (INR 695,992
or USD 10,781 per QALY gained).

Finally, there is minimal probability for sorafenib to be
cost-effective at a willingness to pay which equals the GDP
per capita. Even at a willingness to pay of three times the
GDP per capita, there is 0% probability for sorafenib to
be cost-effective.
DISCUSSION

Management of HCC poses a special challenge in India,
where majority of the patients are detected in an advanced
stage where no curative treatment can be provided.3

Whether to provide BSC or to resort to treatment with sor-
afenib is a major question.

Overall, we found that use of sorafenib incurs incremen-
tal cost of INR 507,520 (USD 7861) per QALY gained,
which is much beyond the threshold of either 1-time or
3-times the GDP per capita in Indian context. Hence, based
on economic argument, use of Sorafenib is not a good
value for money in the Indian setup.

Findings in context of existing evidence
Previous attempts at evaluating cost-effectiveness of sora-
fenib have mainly been undertaken in developed country
setting with clear differences in terms of patient profile
Journal of Clinical and Experimental Hepatology | July–August 2019 | Vol. 9
and resource use for management.7,8 The Chinese study
also reported that sorafenib was not cost-effective.9 A ma-
jor limitation of the Chinese study was lack of cost assess-
ment for supportive services in the BSC arm.

First, in our study, we used the data on effectiveness and
other clinical parameters from the Asia-Pacific study,
which was considered as most representative of Indian dis-
ease epidemiology.15 Second, all our costing parameters
were derived based on Indian studies.14,20,29,30 Third, we
also assessed the cost in the BSC arm for all supportive
services, life -threatening disabilities requiring
hospitalization and end-of-life care as given in the stan-
dard treatment guidelines,16,17 besides expert opinions.
Hence, the BSC arm in our study was appropriately
costed for and not merely considered to be a home-based
care or an equivalent of no treatment, giving a fair compar-
ator to sorafenib for cost-effectiveness.

To the best of our knowledge, no Indian data exists on
efficacy, tolerance or adverse effects of sorafenib in HCC.
The Asia-Pacific study15 was used to derive clinical param-
eters, because the patients in this study comprised those
from the Asian subcontinent, with more than 70% in
both the arms having chronic HBV infection, and were pre-
dominantly of BCLC stage C (>95%) in both the arms. This
seemed to be the most representative Indian disease epide-
miology.

All the previous economic evaluations carried out have
used QOL valuation which is different for both the PFS
(0.76) and PD (0.68) health states.7,8 The findings of the
Asia Pacific study contradict this assumption on the
ground that the classification of PFS and PD is based on
radiological progression. However, QOL is likely to be
determined based on symptomatic progression.15 More-
over, the time to symptomatic progression was similar in
both the arms with no difference in the QOL in the two
groups.15 This implies that because the underlying chronic
liver disease in the population progresses at a similar rate
in both the groups, irrespective of treatment for HCC,
they have similar QOL. In view of this, we undertook a sce-
nario analysis, in which we assumed a constant QOL for
both the PFS and PD health states, and this QOL was
derived from analysis of data collected from patients of
HCC in a tertiary care hospital of North India. In this sce-
nario analysis also, sorafenib remains cost-ineffective.

Additional cost of sorafenib drug and its related side ef-
fects or need for monitoring disease progression were mar-
ginal. Despite not so significant increase in the cost of
overall management, directly attributable to drug, sorafe-
nib still remains not cost-effective. This is more likely to
be attributable to the lack of any clinically significant
health gains in terms of either overall survival or disease
progression or QOL.
| No. 4 | 468–475 473
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Limitations
First, themajor limitation of our study is lack of any Indian
data on survival and efficacy of sorafenib in HCC. However,
we feel that the results of Asia-Pacific study are representa-
tive of Indian population in view of the similarities
mentioned earlier.15

Second, in the Indian setup, there is significant hetero-
geneity in health-care delivery system in different states of
the country which could influence cost of services.
Although we made deliberate attempt to incorporate cost
of service in both public and private sector, these are
much more representative of North India. This is likely
to be generalizable at national level, because northern
part of India is endemic to HBV and has a high incidence
for HCC. Moreover, we varied the estimates of cost in our
sensitivity analysis and found that overall conclusion re-
mains robust to variation in price. Nonetheless, more
representative costing of treatment for HCC would be an
important future area of research.

Conclusion and policy implications
India is trying to universalize coverage of health-care ser-
vices. The central and state governments have introduced
several publicly financed health insurance schemes to
meet the objectives of universal health coverage. Treatment
for cancer is an integral component of the benefit package
in most of these schemes. In addition, some states such as
Punjab have introduced specific schemes for free treatment
of cancer and Hepatitis C infection. The results of our
study hold significant importance for setting standard
treatment guidelines and purchasing of care in these
health insurance schemes. More data needs to be analysed
in the Indian setting with respect to the drug efficacy, toler-
ance, adverse effects and underlying liver functions, perfor-
mance status and tumour load.
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