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Treatment of chronic hepatitis B with interferon-alpha:
Cost-effectiveness in developing countries

RAKESH AGGARWAL, U. C. GHOSHAL, S. R. NAIK

ABSTRACT
Background. Treatment with interferon-alpha (IFN) has

been shown to be cost-effective in developed countries. How-
ever, cost-effectiveness in developing countries such as India has
not been studied.

Hethods. Using the Markov transitional probability model,
we studied two cohorts of young patients (30 years of age) with
chronic hepatitis B, one untreated and the other treated with
interferon (IFN), 5 million units daily for t 6 weeks, with
evidence of viral replication and chronic hepatitis, but not
cirrhosis, and were followed up over a 30-year period. Rates of
disease progression, efficacy of IFN and quality of life associated
with various disease states were estimated from the available
literature. Direct costs were estimated using Indian prices of IFN
and from the usual costs of medical treatment in India based on
expert opinion. Unrelated mortality rates were modelled on age-
specific death rates of the general population. The efficacy of IFN
was judged in terms of extra life-years and quality-adjusted life-
years (QALY) gained, and marginal cost-effectiveness and cost-
utility. Several sensitivity analyses, both undiscounted and with
discounted analyses, were done.

Results. At the end of the 30-year period, fewer patients in
the IFN-treated group developed cirrhosis or decompensated
cirrhosis, or were dead. The average life span of the treated
cohort was 25. t 4 years, a gain of 0.6 years over the untreated
cohort (24.54 years). The QAL Y lived by the two cohorts were
23.69 and 22.75 years, respectively, representing a gain of
0.94 years for the IFN-treated group. The cost incurred by the
IFN-treated group was Rs 300000, and that for the untreated
cohort was Rs 40 700, a substantial difference. Using the
baseline estimates, undiscounted costs per year of life gained and
per QALY gained were Rs 432 500 and Rs 276 900, respec-
tively; these estimates are 20.5 and t 3. t times the per capita
gross national income of the Indian population. Sensitivity
analyses showed that changes in various parameters led to only
minor changes in these. estimates. Use of discounting led to an
increase in marginal cost per life-year or QAL Y gained.

Conclusion. In developing countries with a low per capita
income, IFN therapy for chronic hepatitis B may not be cost-
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effective. A careful consideration of cost-effectiveness Is there-
fore essential before instituting IFN therapy In patients with
chronic hepatitis B In such populations.
Natl Med J India 2002; t 5:320-7

INTRODUCTION
Chronic infection with hepatitis B virus (HBV) leads to chronic
hepatitis, cirrhosis of the liver and hepatocellular carcinoma
(HCC) , and is responsible for major morbidity and mortality.'
Interferon-alpha (IFN), which has immunomodulatory and anti-
viral properties, has been shown to be effective in patients with
chronic hepatitis B. IFN treatment leads to a significant increase
in conversion of serum hepatitis B e antigen (HBeAg), a marker
of viral replication, from positive to negative, clearance of HBV
DNA from the serum and normalization of serum aminotrans-
ferase levels.>" In a large meta-analysis of 16 published studies,
among adult patients with chronic hepatitis B who were positive
for HBeAg, 33% of those treated with IFN became HBeAg
negative as compared to 12% of placebo-treated controls.' Fur-
ther, in that study, 7.8% of patients treated with IFN became
hepatitis B surface antigen (HBsAg) negative compared to 1.8%
of controls. Successful IFN treatment has also been shown to be
associated with improvement in liver histology." IFN therapy has
been shown to be cost-effective for populations living in devel-
oped countries, with a marginal cost-effectiveness ofUS$ 12000
per year of life gained in one study, 8 and of US$ 2142-17 128 in
another study." This treatment has thus become the standard in
those countries. 10

A large proportion of the global burden of HBV infection is
located in developing countries. For instance, in India, 3%-5% of
the population is chronically infected with HBV, with approxi-
mately 30-50 million chronic carriers, accounting for nearly 12%
of the total global HBV burden. II In recent years, IFN has been
widely used in the treatment of patients with chronic hepatitis B
in India.12-14 Some professional organizations and consensus
groups have recommended the use ofIFN therapy for the treatment
of chronic hepatitis B in India. 15 These recommendations take into
consideration the literature on cost-effectiveness, albeit from
developed countries.

Since cost estimates and income levels vary in different coun-
tries, a cost-effectiveness analysis for one population may not
necessarily be applicable to other populations, especially those
with very different gross national products (GNP) and per capita
incomes. Besides, possible variations in the cost of and response
to IFN therapy in different racial groups and the lack of a medical
insurance system leading to 'out-of-pocket' payment by the
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patients and their employers for medical costs, may also make
extrapolation of cost-effectiveness data from developed countries
to the developing world inappropriate. Since no cost-efficacy or
cost-utility analysis ofIFN therapy has been done in India or other
developing countries till date, we decided to undertake such an
analysis. Though our analysis is primarily directed at the Indian
population, we believe that its results have a wider application in
several developing countries, which have similar medical costs
and per capita GNP.

METHODS
Modelling technique
We used a decision analysis model to predict and compare the
likely clinical and economic outcomes in two hypothetical cohorts
of patients with chronic hepatitis B. One cohort received IFN in a
dose of 5 million units (MU) daily for 16weeks, whereas the other
did not; the two cohorts were similar in all other respects. Using
a decision analysis software program (DATA for Healthcare,
release 3.5.5; TreeAge Software Inc, Williamstown, MA, USA),
we constructed a Markov model to estimate the outcome and costs
in the two hypothetical cohorts.

The Markov transitional probability simulation model is a
technique in which a hypothetical cohort is followed over time as
its subjects move from one state of health to another." We used the
following states of health: chronic hepatitis B, compensated
cirrhosis, decompensated cirrhosis, HCC and death (Fig. 1). Of
the patients in a particular state of health, during each simulated
unit time period (say a year), specified proportions move to other

A. Untreated cohort
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states, whereas the remaining continue in their original state of
health. Death is an absorbing state and persons entering this state
cannot move to another state. The likelihood of a patient moving
from one state of health to another was specified as a set of
probabilities (Table I). In our model, the simulation continued for
30 years.

Available data in the published medical literature were used for
the natural history and progression ofHBV infection, probability
of success with IFN therapy and quality of life associated with
different clinical states. Due to the lack of such data from India, we
used published data from other populations for several of these
parameters. For cost analysis, we used estimates based on Indian
prices.

Factor

TABLEI. Probability rates of disease progression used for analysis

Baseline
estimate

Alternative
estimates

Low High

Annual rate of progression from
Hepatitis to cirrhosis 0.02
Cirrhosis todecompensated cirrhosis 0.05
Cirrhosis to hepatocellular carcinoma 0.02

Annual rate of death among patients with
Decompensatedcirrhosis 0.20
Hepatocellular carcinoma 0.40
Rate of remission with interferon treatment as 0.30
compared to placebo treatment

0,01
0.03
0,01

0.03
0.10
0.03

0.10
0.20
0.10

0.40
0.60
0.40

Percent rates can be calculated by multiplying probability estimates by IDO

Hepatocellular
carcinoma

Compensated
cirrhosis

Chronic
hepatitis B

. ................................................. ~.--...-------_ .._-_.._------_ ..._--_ ..__ .._--_ .._--

B. Interferon-treated cohort

Successful
treatment

Chronic
hepatitis B

Compensated
cirrhosis

:.••••••.••.••••••.•••.••••••.••••••.••••••.•••,! • ~t
FIG 1. States of health used in the decision model for chronic hepatitis B. The upper panel (panel A) represents the untreated cohort and

the lower panel (panel B) represents a cohort which has been treated with interferon. Each box represents a state of health. The solid
arrows represent potential change from one health state to another that may occur due to hepatitis B virus infection during one year.
Each changeis associated with a particular specified probability (see Table I for probability estimates); the remaining patients
continue in the original state of health (arrows not shown). The dotted arrows represent deaths due to unrelated causes that may be
expected to occur; their frequency is modelled on age-specific mortality rates of the Indian population. The dashed arrow represents a
transition to a 'successfully treated' state in response to interferon treatment.
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...............................................................................
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Using these estimates and the Markov model, we estimated the
average number of years lived, the average number of quality-
adjusted life-years [QALY; a measure which integrates quality of
life (QOL) for each year lived and provides a composite estimate
oflife span as corrected for morbidity due to disease] lived, and the
average medical costs incurred by patients in the two cohorts.
From these data, we calculated the marginal cost-effectiveness
and marginal cost-utility ofIFN therapy; these values indicate the
net amount of money spent to gain each extra year oflife and each
extra QALY, respectively, with lower values indicating greater
benefit of treatment. These values were compared with annual per
capita GNP, the amount that a person may be expected to contri-
bute to the economy and earn during an average year.

Patient population
.We considered each cohort as consisting of young adult patients
(30 years of age), with chronic HBV infection (HBsAgpositive for
at least 6 months). Patients were assumed to have elevated serum
aminotransferase activity (more than 15 times the upper limit of
normal) for at least 6 months, evidence of active viral replication
(positive HBV DNA in the serum) and a histological diagnosis of
chronic hepatitis but no evidence of cirrhosis. Patients with
coexistent hepatitis C virus, hepatitis D virus or human immuno-
deficiency virus (HIV) infection were excluded. This clinical and
laboratory profile represents the situation for which there is
currently a consensus on treatment with IFN.1O

Disease progression rates
Our model includes five stages of progression (Table I);

1. From chronic hepatitis B to compensated cirrhosis;
2. From compensated cirrhosis to decompensated cirrhosis;
3. From compensated cirrhosis to HCC;
4. From decompensated cirrhosis to death; and
5. From HCC to death.

For each of these, we based our estimates on previously
published reports.v-"

The annual incidence of cirrhosis among patients with chronic
hepatitis B has been estimated to be between 1.05% and 2.21 % per
year," and 3% per year. 17We assumed a baseline rate of develop-
ment of compensated cirrhosis among patients with chronic
hepatitis B of 2% per year with a range of 1%-3%.

The probability of patients with compensated cirrhosis due to
HBV infection developing decompensation has been estimated as
2.3%-10% per year. 18-21Most prognostic models of HBV infec-
tion have used annual figures midway in this range, i.e. 5%,95.6%8
and 5%.17 We used a baseline annual rate of development of
decompensated cirrhosis among patients with cirrhosis of 5%,
with a range of 3%-10%.

The probability of patients with compensated cirrhosis devel-
oping HCC has been estimated as 1.5%-2.8% per year. 18.21Previ-
ous prognostic models of HBV infection have used rates of 2%-
2.4%;8.18some analyses have in fact ignored the occurrence of
HCC.9 We used an annual rate of2% for the development ofHCC
in patients with cirrhosis, with a range of 1%-3%; development of
HCC among patients with chronic hepatitis B but no cirrhosis was
ignored. The mortality rate among patients with HCC was as-
sumed to be 40% per year, with a range of 20%-60%.

The risk of death among patients with decompensated cirrhosis
has been estimated to vary from 13% to 23% per year. 18-20How-
ever, in one analysis, an annual rate of 39% was used." We
assumed a rate of 20% per year with a range of 10%-40%.
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Effect of IFN treatment
I~ two previous studies, patients similar to those included in our
cohort, with IFN treatment, had an incremental loss of HBeAg of
21% (IFN-treated patients 33%, placebo controls 12%)4 and
36.5% (IFN-treated45.6%, placebo controls 9.1%).8We assumed
a 30% incremental efficacy for IFN treatment (Table I); we also
assumed that no patient in the untreated cohort would lose
HBeAg. Since long term data on patients treated with IFN are
limited, we assumed that loss of HBeAg would eliminate the risk
of cirrhosis, decompensated cirrhosis and death.

Duration of follow up
The two cohorts were followed up for 30 years, i.e. until the cohort
members reached 60 years of age or died of decompensated
cirrhosis or its complications before that period .

Costs
The cost of IFN therapy was calculated based on the retail prices
indicated by the manufacturer on the drug vial. The price of a 5
million unit dose is Rs 2300 (US$ 48; US$ 1 = Rs 48 approxi-
mately). Therefore, the cost of administration of the drug daily
for 16 weeks was calculated as Rs 257 600 (US$ 5366). To account
for expenditure related to investigations priorto starting, during and
following completion of IFN therapy (liver function tests, HBV
DNA, and tests to detect complications and efficacy ofIFN therapy),
an amount of Rs 12 400 was added to this amount. Thus, the total
cost of IFN therapy was estimated at Rs 270 000 (US$ 5625).

The cost of treating various complications (cirrhosis and de-
compensated cirrhosis), including those related to HBV infection,
were derived by discussions with a group of physicians who
frequently care for patients with chronic liver disease. The baseline
estimates and range of cost estimates for each state of health are
listed in Table II.

Quality of life
Cost-utility analysis incorporates data on QOL in various health
states. No Indian data are available on the QOL of various disease
states included in our analysis. We therefore used QOL estimates
based on the judgement of clinicians caring for patients with liver
disease, with a value of 1.0 representing perfect health and a value
of 0 representing death; these estimates are listed in Table III.

TABLEII. Cost estimates of treating patients with chronic
hepatitis B and its complications (in Rs)

Cost of evaluation Baseline estimate Alternative estimates

and treatment Low High

Chronic hepatitis B
Cost of initial evaluation 5000 2500 40000
Annual recurring cost 1000 500 8000

Cirrhosis (compensated)
Cost of initial evaluation 5000 2500 4000
Annual recurring cost 2000 1000 16000

Decompensated cirrhosis
Cost of initial evaluation 5000 2500 40000
Annual recurring cost 10000 5000 80000

Hepatocellular carcinoma
Cost of initial evaluation 5000 2500 40000
Annual recurring cost 10 000 5000 80000

Interferon treatment
Drug 257600
Investigations, etc. 12400
Total 270000 25000 350000
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Disease state Baseline estimate Alternative estimates

Low High

Chronic hepatitis B 0.950 0.900 1.000
Cirrhosis (compensated) 0.900 0.800 0.950
Decompensated cirrhosis 0.500 0.250 0.750
Hepatocellular carcinoma 0.500 0.250 0.750
Successfully treated hepatitis B 0.975 0.950 1.000

Other assumptions
Other assumptions included the following:

1. IFN treatment would not lead to any adverse effects that would
inflict any extra costs or interfere with the duration or QOL.

2. Patients who were successfully treated with IFN would not
suffer from relapse or reactivation of HBV infection.

3. Patients who did not respond to IFN therapy would not receive
a second course or another form of treatment.

4. The costs and impact of screening programmes for HCC were
ignored.

5. Liver transplantation was not available as a treatment modality.
6. The background likelihood of death from unrelated causes in

the study cohorts was similar to the age-specific death rate of
the general population in India (Table IV).22

7. Cost estimates were rounded off to the nearest 100 rupees.
8. The presence of HBV mutants, in particular the HBeAg-

negative mutant, which is known to be associated with poorer
response to IFN therapy, was ignored.

Sensitivity and other analyses
To test the robustness of our model, we examined the effect of
varying the estimates of disease progression rates (Table I),
effectiveness of IFN treatment (10%-40%), costs (Table II) and
QOL estimates in different states of health (Table III), over wide
ranges.

Discounting
The benefits of an increase in life span and savings due to
prevention of liver complications with IFN therapy may be ex-
pected to accrue several years later. In general, there is a preference
for favourable events that occur at the present time as compared to
those in the distant future. Similarly, the amount spent at the
present time is more valuable than the same amount spent at a
future date, even if there is no inflation. Discounting is a technique
that helps to account for this phenomenon. Discounting rates of
3% and 5% per year have been recommended for life-years and
costs, respectively.

In addition to our baseline undiscounted analyses, in view of
the long duration of follow up, we performed additional analyses

TABLEIV. Age-specific death rates of the Indian population (both
genders, year 1997)

Age (years) Age-specific death rate (per 1000persons per year)

30-34
35-39
40-44
45-49
50-54
55-59
60-64

3.4
3.7
4.9
7.7

13.0
13.5
27.2

Source: National Family Health Survey-T"
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using discounting for life-years gained at the rate of 3% per year
and for costs incurred at the rate of 5% per year.

RESULTS
The cumulative proportion of patients in each state of health at the
end of each year overthe 30-year study period in the lPN-treated and
untreated cohorts is shown in Fig. 2. Table V shows the proportion
of patients in each clinical state in the two cohorts at the end of the
30-year analysis period. The proportion of patients who were
surviving at the end of 30 years was 63.28% in the lPN-treated
cohort and 58.03% in the untreated cohort (Table V). The proportion
of patients with cirrhosis and decompensated cirrhosis was lower in
the lPN-treated cohort than in the untreated cohort (Table V). The
average number of years lived was higher (by 0.6 years) for the
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FIG2. Cumulative frequency of patients in different states of
health in the untreated and interferon-treated cohorts of
patients with chronic hepatitis B at various time points during
a 3D-yearfollow up. HCC hepatocellular carcinoma

TABLEV. Outcome of patients in each clinical state in the IFN·
treated and untreated cohorts

Factor Cohort Diffe- Marginal
rence cost-

effectiveness
(Rs per year)

IFN-treated Untreated

Proportion of patients in each clinical state at the end of 30 years (%)
Carrier state 28.68 40.97
Successfully treated 22.66
Cirrhosis 9.13 13.03
Decompensated cirrhosis 2.53 3.56
Hepatocellular carcinoma 0.32 0.46
Dead 36.72 41.97
Average number of years lived 25.14 24.54
Average number of QALY lived 23.69 22.75
Average number of years lived in each clinical state
Carrier state 14.06 20.08
Successfully treated 7.96
Cirrhosis 2.53 3.62
Decompensated cirrhosis 0.51 0.73
Hepatocellular carcinoma 0.08 0.11
Average number of QALY lived in each clinical state
Carrier state 13.35 19.08
Successfully treated 7.76
Cirrhosis 2.28
Decompensated cirrhosis 0.25
Hepatocellular carcinoma 0.04
Average cost per patient (Rs) 300000

5.25
0.60 432500
0.94 276900

3.26
0.36
0.06

40700 (-)259 300
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IFN-treated cohort as compared to the untreated cohort (25.14years
v. 24.54 years). The IFN-treated cohort had a gain of 0.94 QALY as
compared to the untreated cohort (23.69 QAL Y v. 22.75 QAL Y).

The average cost of treatment in the IFN-treated and untreated
cohorts was Rs 300 000 and Rs 40 700 per patient with chronic
hepatitis B, respectively. In terms of lives saved at the end of 30
years, the cost per life saved was Rs 4939 000 (US$ 102 895).
The marginal cost-effectiveness ofIFN treatment was Rs 432 500
(US$ 9010) per life-year gained and the marginal cost-utility of
IFN treatment was Rs 276 900 (US$ 5769) per year of QAL Y
gained. Since the annual per capita GNP of the Indian population
is Rs 211:20 (US$ 440),23the cost of each life-year gained was 20.5
times the annual per capita GNP and that of each QALY gained
was 13.1 times the annual per capita GNP.

Sensitivity analysis
We used several sensitivity analyses to determine the robustness
of our results by altering each factor over a wide range of values.
These factors included disease progression rates, efficacy ofIFN,
cost estimates and QOL estimates.

Disease progression rates. Table VI shows the results of
sensitivity analysis based on various estimates of disease progres-
sion rates and rate of success of IFN therapy. Use of lower
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estimates for rates of progression from chronic hepatitis to cirrho-
sis, from cirrhosis to decompensated cirrhosis and from decom-
pensated cirrhosis to death led to a decrease in the number of years
of life and of QALY gained with IFN treatment to 0.16 and 0.46
years, respectively. This led to an increase in marginal cost of
every year of life gained and of every QALY gained (Table VI). On
the other hand, use of higher estimates for these progression rates
led to an increase in the number of years of life and QALY gained
to 1.35 and 1.67 years, respectively. In this latter (worst-case)
scenario for progression of chronic hepatitis B, the cost per year of
life and per QAL Y gained were lower, at Rs 191 500 (US$ 3990)
and Rs 155 000 (US$ 3229), respectively; these values were still
too high, being 9.1 and 7.3 times the annual per capita GNP.

Response rate to IFN therapy. The number of years of life and
QALY gained showed a progressive rise with an increase in
estimated response rate to IFN treatment (Table VI); the marginal
cost-effectiveness varied inversely with the efficacy ofIFN therapy
(Fig. 3). At the highest IFN response rate studied (40%), the
number oflife-years gained with IFN therapy was 0.8 years, with
a marginal cost-effectiveness of Rs 319 900 (US$ 6665) per life-
year, and the number of QALY gained was 1.25 years, with a
marginal cost-utility of Rs 204 800 (US$ 4267) per QALY.

Variations in the cost of IFN therapy. Changes in the cost of

lS

o
o

B

.....................................
0.1 0.2 0.3 0.4

IFN success rate'

- a- PerQAlY I_ Per life-year

FIG3. Effect of variation in efficacy of interferon (IFN) in inducing hepatitis B e antigen (HBeAg) clearance on (A) life-years and
quality-adjusted life-years (QALY) in the IFN-treated and untreated cohorts (solid lines represent the IFN-treated cohort and dotted
lines untreated cohort; squares represent total years of life and circles indicate QALY), and (B) on marginal cost-effectiveness (solid
line-in Rs 100 000 per life-year) and marginal cost-utility (dotted line-in Rs 100 000 per QALY) of IFN treatment. In both panels,
vertical dotted lines indicate the IFN efficacy rate of 0.3 (or 30%) used for baseline analysis. The horizontal dotted line in panel B
indicates the per capita gross national product for India. Reduction in the efficacy rate of IFN treatment led to a reduction in life-years
and QALY gained and a marked increase in marginal cost-effectiveness and marginal cost-utility of treatment.

TABLEVI. Results of sensitivity analysis: Effect of changes in disease progression rates and interferon response rates on number of years
lived and number of quality-adjusted life-years (QALY)

Change studied Average number of years lived Average numberofQALY lived Marginal
cost -effectiveness (Rs)

IFN-treated Untreated Difference IFN -treated Untreated Difference Per life- year Per DALY

Disease progression rates
Reduced 26.15 25.99 0.16 24.81 24.35 0.46 1573200 568600
Increased 23.37 22.02 1.35 21.96 20.29 1.67 191500 155000

Changes in success rate of interferon (IFN) treatment
Rate=O.1 24.74 24.54 0.20. 23.07 22.75 0.32 1333200 853700
Rate=0.2 24.94 24.54 0.40 23.38 22.75 0.63 657700 421 100
Rate=O.4 25.34 24.54 0.80 24.00 22.75 1.25 319900 204800
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IFN therapy led to an increase in the expenditure per patient in the
IFN-treated cohort but did not affect that in the untreated cohort
(Fig. 4). A more detailed analysis showed that the'marginal cost-
utility of IFN treatment (Rs per QALY gained) became less than
the per capita GNP only if the cost of entire IFN treatment was
below Rs 23 000 (US$ 479).

Variations in the cost of treatment in various health. states.
Variations in the cost of treatment of various conditions did not
influence the cost per life-year or QALY gain significantly (Fig. 5).

Changes in QOL estimates for various disease states. Changes
upwards or downwards in QOL estimates for various disease
states led to only minor changes in the cost per QALY gained
(detailed data not shown).

Effect of discounting for life span or costs
Use of discounting led to a reduction in the gain in life span or
QALY between the IFN-treated and -untreated groups. Using
a discounting rate of 3% per year, the differences in discounted
life span and discounted QAL Y between the two groups were
0.32 years and 0.54 years, respectively. This led to an increase
in marginal cost of every life-year gained from Rs 432 500 to

I--per life-year . Q. Per QALY I

,0 - - 0
, D-

.0'
,0 -

,0'
,0'

.0-
.0-'.0' '

.0' -
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o 0.5 1 1.5 2 2.5
Cost of IFN treatment

3

FIG4. Effect of variation in the cost of interferon (IFN) treatment
on marginal cost-effectiveness (solid line-in Rs 100 000 per
life-year) and marginal cost-utility (dotted line-in Rs 100000
per QALY) of IFN treatment. The horizontal dotted line
indicates the per capita gross national product for India.

. -0' PI!r QALY I

......• . ......• . .
• Ii..... • • . . .....
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FIG5. Effect of variation in the cost of treatment of hepatitis B-
related disease states on marginal cost-effectiveness (solid line-
in Rs 100000 per life-year) and marginal cost-utility (dotted
line-in Rs 100000 per QALY) of IFN treatment. The horizontal
dotted line indicates the per capita gross national product for
India. X axis is shown as cost factor, which represents a multipli-
cation factor by which basal estimates of treatment costs of
various complications of chronic hepatitis B were multiplied.

1 2 3 5

Rs 813 900 and that of every QAL Y gained from Rs 276 900
to Rs 483 300.

The use of discounting for costs at the rate of 5% per year led
to a slight increase in the marginal cost of every year of life and
each QALY gained of Rs 441 200 and Rs 282 500, respectively.

Simultaneous application of both forms of discounting in-
creased the marginal cost of each year of life and each QALY to
Rs 830000 and Rs 493 000, respectively.

3.5

DISCUSSION
Our data, obtained using a hypothetical Markov transitional
probability model, suggest that, using baseline estimates of rates
of disease progression and response to IFN, IFN treatment may be
expected to improve the total survival period by 0.6 years per

, treated person and QAL Y by 0.94 years. The cost of each year of
life gained over a 30-year follow up (analysis) period was calcu-
lated to be Rs 432 500 (US$ 9010) and that of each QALY gained
as Rs 276 900 (US$ 5769). Thus, the cost of each life-year gained
is nearly 20.5 times and that of each QAL Y gained is 13.1 times
the annual per capita GNP of the Indian population. Several
developing countries have similar costs of treatment and similar
per capita GNP; we believe that in these geographical regions too
the ratio of marginal cost of each life-year or QALY gained to
annual per capita GNP would be similar.

Thus, in developing countries such as India, marginal cost-
effectiveness and marginal cost-utility of IFN therapy compare
adversely with annual per capita income. Our data therefore
suggest the need for a closer look at the possible benefits of IFN
treatment for patients in developing countries as compared to
those in developed countries, where the cost of such treatment
compares favourably with the earning capacity of a person during
the extra period oflife gained. These data are thus likely to add to
the decision-making process regarding the use ofIFN treatment or
otherwise.

IFN treatment for HBV infection has been available in develop-
ing countries for the past several years and is being increasingly
used. However, no formal cost-effectiveness analysis has been
done for this form of treatment in such countries. Thus, patients
diagnosed to have chronic HBV infection are routinely advised to
take IFN treatment. This advice is usually not accompanied by a
discussion with patients on the cost-effectiveness aspects of such
treatment. In fact, physicians recommending it are frequently
unclear about the benefit that may be expected from such treat-
ment. These considerations are important, as the major global
burden ofHBV infection is contributed by developing countries.

In developed countries, treatment costs are usually met through
medical insurance. The medical insurance industry takes a close
look at the cost-efficacy of a new treatment modality before
agreeing on reimbursement for it. In most developing countries, on
the other hand, medical costs are met by the patient and his family
or by an employer; in either case, sufficient information may not be
available to arrive at an informed decision based on cost-effective-
ness. Thus, a decision to treat or not may be based on emotional
factors, rather than cogent scientific and economic reasons. The
decisions may thus be guided by a false fear of the disease being a
killer in the short term, a sense of despondency, or a ray of hope
provided by a new and costly form of treatment. When an employer
pays for the treatment of an employee without any questions being
asked, as is common in several public sector companies, the
treatment is often misused. This may lead doctors to prescribe
costly treatment and patients to take it readily, since the cost of
treatment does not feature in the decision-making process. It is

8
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important that patients and their treatment-payers take an informed
decision, which is possible when data on estimated benefits and
costs are available. Our data are an attempt to fill this gap. These
data should provide a guide to patients, their families and treatment
providers to make more informed decisions.

We are aware of certain shortcomings of our analysis. Our
results at best represent rough estimates; however, we believe that
these are close to the truth. First, similar rates of disease progres-
sion have been used by other workers for their analyses.v-"
Second, sensitivity analyses using wide-ranging estimates of
disease progression probability rates and costs provided results
similar to those of our baseline analysis; this proves the robustness
of our conclusions. Similarly, our calculations using higher and
lower estimates of efficacy of IFN therapy also showed the cost of
each year of life or QALY gained to be high. Third, calculations
using our model show that over a 30-year period, nearly 36% of the
untreated cohort would have developed cirrhosis, decompensated
cirrhosis or HCC, or died from it; this rate is in consonance with
the estimated figure of nearly 25%-40% ofHBV -infected patients
developing long term consequences of HBV infection over a life-
time," suggesting that our model faithfully reproduces the natural
history of chronic HBV infection.

In fact, most of our assumptions are somewhat biased in favour
of IFN treatment. First, the estimates of response to IFN therapy
used by us were based on data from developed countries. The
response to IFN treatment may be somewhat different in Asian
patients. Asian patients have been shown to have a poorer re-
sponse to antiviral treatment." This would make IFN therapy less
cost-effective than what our data suggest. Second, we assumed
that IFN treatment did not produce any serious adverse effects that
would carry a risk of death, decrease the QOL, or lead to hospital-
ization or extra expenditure. IFN treatment, however, is known to
be associated with major adverse effects; the adverse effect ofIFN
therapy on QOL during the treatment period may partly offset the
gain in QALY observed with this treatment. Third, we assumed
that spontaneous HBeAg clearance does not occur in patients who
are not treated with IFN. In practice, several patients clear HBeAg
spontaneously; 26 in fact, in a recent study from China that followed
up IFN-treated and -untreated patients for an average of 9 years,
HBeAg clearance rates in the two groups were comparable beyond
24 months offollow up." Of the various factors used for sensitivity
analyses, marginal cost-effectiveness and marginal cost-utility of
IFN therapy were most sensitive to changes in the incremental
efficacy rate of IFN therapy. Thus, if the reports of lower IFN-
induced seroconversion rates and high spontaneous seroconversion
rates were indeed true, IFN therapy may be expected to be of even
less benefit than that indicated by our baseline analysis.

Our baseline analyses did not include discounting. Most of the
costs in the IFN-treated group will have to be spent early in life
whereas most of the expenditure in the untreated group will be in
the future. In contrast, most of the survival benefit in the IFN-
treated group will accrue several years later. Thus, in the IFN-
treated group, the expenditure is made in anticipation of benefit at
a future date. It is a common practice to use discounting, which
takes into account the fact that a benefit at a future date is less
beneficial and that the money spent today will grow at a future
date. Our additional analyses using discounting for life-years
gained, costs or both, did not affect the conclusions much; in fact,
such analyses made the IFN treatment even less attractive.

Lamivudine, an inhibitor of viral DNA polymerase, is another
drug currently available for the treatment of chronic HBV infection.
This drug has several advantages as compared to IFN therapy;
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these include oral route of administration, a better safety profile,
and, in particular, low cost. However, use of this drug is associated
with the development of larnivudine-resistant HBV mutants at a
rate of nearly 20% per year." Further, the durability of responses
achieved with larnivudine is questionable." Thus, currently, both
the safety and benefit of treatment of chronic hepatitis B with
Iamivudine remains controversial and the use of this treatment in
such patients is not recommended. IO We therefore did not include
the use of larnivudine treatment in our analysis.

Ours is the rust attempt at cost-effectiveness analysis of
treatment of HBV infection in the Indian population and we have
used a relatively simple model. Though the study of more complex
HBV disease models may more accurately predict the cost-
efficacy of HBV treatment options in India and other developing
countries, we believe that it is unlikely to change the results
drastically.

Unfortunately, in developing countries, scarcity of resources for
the health sector is frequently compounded by failure to set priori-
ties based on sound economic considerations. Thus, money may be
diverted to the treatment of established diseases in preference to
simple preventive strategies such as vaccination. There is thus an
urgent need to compare the marginal cost-efficacy of treatment of
chronic HBV infection with that ofHBV vaccine. In fact, we have
recently calculated the cost-effectiveness of introduction of univer-
sal hepatitis B vaccination in India and other similar countries
using baseline estimates similar to those used in the current study. 30

Our analysis showed that for an immunization programme the
marginal cost was US$ 16.27 (approximately Rs 814) perlife-year
gained and US$ 13.22 (approximately Rs 661) per QALY gained. 30

Thus the estimated marginal costs for every life-year and QALY
gained with IFN treatment are nearly 532 and 419 times, respec-
tively, of those with an HBV vaccination programme. These
calculations thus suggest that developing countries would do wen
to spend their limited financial resources on universal HBV vacci-
nation among neonates, rather than diverting these to the treatment
of established HBV infection among adult patients.

Note added at proof stage
Since the submission of this article, IFN from more companies has
been approved for sale in India. The ensuing competition has led
to an unofficial practice ofIFN being sold at a price lower than that

. marked on the vial. Thus, a 5 million unit dose of IFN is at times
sold for as little as Rs 600. At this cost, the cost of treatment for
16 weeks and investigations adds up to approximately Rs 80 000.
Using this estimate, IFN is likely to be more cost-effective than
with our baseline estimate of cost of IFN therapy. However, as
indicated in Fig. 4, even at these costs, IFN therapy is not cost-
effective enough for it to be paid for from public funds.
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The clinical spectrum of fibrocalculous pancreatic diabetes
in north India

N. MITTAL, R. MEHROTRA, G. AGARWAL, RAJESWARI J., G. CHOUDHURI,
S. SIKORA, E. BHATIA

ABSTRACT
Background. Fibrocalculous pancreatic diabetes (FCPD) is

a secondary form of diabetes, unique to tropical countries. In
earlier reports, patients with FCPD had severe insulin-requiring
diabetes, malnutrition and a dismal prognosis. With improve-
ments in nutrition and medical care, the presentation and
progn(lsis of FCPD may have changed. We report on the clinical
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profile and prognosis of a cohort of FCPD patients from north
India and compare our findings with earlier reports.

Hethods. Eighty consecutive FCPD patients who presented
to the Diabetes, Gastroenterology and Surgical Gastroenterology
services were evaluated for their nutritional status, clinical
presentation, ~-cell function (fasting C-peptide) and exocrine
function (faecal chymotrypsin). All patients diagnosed between
1994 and 2000 (n = 32) were followed prospectively for
weight gain and glycaemic control.

Results. Only 55% of FCPD patients had a low body mass
index « 18 kg/m"), At the time of diagnosis of diabetes, only
26 (33%) patients presented with severe insulin-requiring
diabetes; these patients were younger [23.7 (8.3) years v. 28.7
(10.6) years, p = 0.04], and had higher haemoglobin A1c [9.7


