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Abstract

Purpose Surveillance of patients of cirrhosis of liver is
practiced for early detection of HCC. No data from any
developing country on cost-effectiveness of such a program
are available.

Methods Economic evaluation of HCC surveillance was
embedded in a prospective study undertaken to estimate the
incidence of HCC in 194 cirrhotics. The protocol consisted
of 6 monthly abdominal ultrasound (US) and serum
alphafetoprotein (AFP) estimation, and yearly triple phase
CT. Cost was estimated from the hospital and patient
perspectives. Cost-effectiveness ratios for detecting a case
of HCC were estimated. Modeling was done to estimate
cost effectiveness with different combinations of diagnos-
tic tests.

Results  Cost-effectiveness ratios of HCC surveillance
program per HCC case detected were estimated as US$ 280
from the hospital perspective. From patient perspective,
these were US$ 9,965 for outstation and US$ 2,808 for
local patients. Cost-effectiveness ratio for direct medical
cost per case of HCC detected by 6 monthly US and AFP,
the EASL protocol, was estimated to be US$ 1,510 in the
private sector.
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Conclusion The cost of HCC surveillance program is
exorbitant for India (gross national income per capita US$
620) and possibly other low/middle income countries.
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Introduction

Screening of patients with cirrhosis of liver is a well-accepted
approach for early detection of HCC. However, an effective
surveillance program for the detection of cancer among at-
risk individuals can be recommended as a standard protocol
only if it also meets the criteria of being cost-effective. An
effective program which is beyond the reach of most of the
patients in a country is a meaningless strategy. The studies by
Bolondi et al. [1] from Italy, Mima et al. [2] from Japan,
Yuen et al. [3] from Hong Kong have reported the cost of
detecting one patient of HCC as US$ 17,934, US$ 25,000,
and US$ 1,167, respectively. On the face of it, these are
enormous costs for patients from developing countries. But
the healthcare costs always need to be viewed in the local
socio-economic context. Even though 80% patients of liver
cancer belong to Asia and Africa [4], with an overwhelming
burden in the low and middle income countries, cost-effec-
tiveness of HCC surveillance in these countries has not been
studied. We undertook economic evaluation of HCC sur-
veillance program in this prospective longitudinal study.

Material and methods

The economic evaluation was undertaken as a part of a
prospective study for the estimation of incidence of HCC in
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patients of cirrhosis at the All India Institute of Medical
Sciences (AIIMS), New Delhi, a leading tertiary care
referral hospital in India. The study was approved by the
Institutional Ethics Committee. The primary outcome
measure was cost per HCC patient detected from the hos-
pital and the patient perspective.

During April 2001 to November 2004, a total of 301
consecutive patients of cirrhosis of liver of all etiologies
were enrolled in the study. The various etiologies of
cirrthosis were due to hepatitis B (41%), hepatitis
C (27%), dual infection of hepatitis B and C (7%), and
others (comprising of autoimmune, alcoholic, and crypto-
genic, 25%).

These patients were subjected to baseline screening by
abdominal ultrasound (US), serum alpha-fetoprotein (AFP)
estimation, and triple phase CT (TPCT) of the liver to
detect HCC. One hundred and seven patients with cirrhosis
were found to have HCC at presentation and were thus
excluded from further evaluation. The cohort of the
remaining 194 cirrhosis patients free of HCC at the outset
were surveilled by US and AFP every 6 months, and TPCT
scan every 12 months, for detecting HCC. The recall
strategy was the one proposed by the European association
for the study of liver (EASL) [5] The nodules detected
were staged according to the Barcelona Clinic Liver
Cancer (BCLC) Staging [6]. This surveillance program
was subjected to economic evaluation proposed by
Eisenberg [7].

Diagnostic criteria followed for HCC was the modified
EASL criteria [5]. This consisted of (a) positive fine needle
aspiration cytology (FNAC) or (b) any two of the follow-
ing—AFP more than 300 ng/ml and arterialisation of the
mass on TPCT/MRI. Contrast-enhanced MRI was used in
rare occasions only when diagnosis could not be founded
by TPCT, AFP, or FNAC.

The first step in the economic evaluation was a detailed
cost identification exercise for the HCC screening program
per annum. The second one was the estimation of cost-
effectiveness ratios in terms of cost of detecting one HCC
case.

Cost identification
Hospital perspective

Cost identification here refers to the estimation of unit costs
of the diagnostic tests employed for the HCC surveillance
at AIIMS, which is a government hospital with subsidized
services. For estimating unit costs of these three tests (US,
TPCT, and AFP), the capital and recurrent cost of TPCT
and US tests was estimated on an annual basis. The capital
cost consisted of the cost of the machines and their
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installation (including construction, air conditioning, fur-
nishing, etc.). Cost of the land and the original civil
construction of the hospital building was not accounted for.
Annutized cost at 3% discount rate (using value of annuity
as 8.5302) was applied [8].

Recurrent cost consisted of the ongoing expenditure
such as maintenance of the machine, electricity consump-
tion, number of films used, cost of processing the films
(developer and fixer), etc. Cost of consumables for CT and
US facilities like linen, miscellaneous necessities like
syringes, needles, drugs, spirit, cotton soap, etc., were also
estimated on the basis of market price. Staff salaries for the
twin facility of CT and US were also ascertained from
records and key informants.

After estimating the overall cost (combining capital and
recurrent cost), the cost per unit test for US and CT was
deduced. Thereafter, user fees earned per test were sub-
tracted to finally obtain the net cost per test of CT and US.

The cost of AFP test was based on the AFP kit cost,
consumables and the technician salary estimated on a
monthly basis. After adjusting for the user charges, the net
cost per test of AFP was also calculated. This estimate did
not include the capital costs invested in land, construction,
and infrastructure of the laboratory. The recurrent costs and
the time devoted by faculty and other staff, etc., were
negligible and therefore not included.

Based on the net costs of the tests, the cost of surveil-
lance program (2 US, 2 AFP, and 1 TPCT each year), was
calculated per patient per year.

Patient perspective

Three domains of cost were taken into account:

(i) Direct medical cost: cost of test, disposables and
contrast material.
(i) Direct non-medical cost: cost of travel, food, lodging
for patient and attendant(s).
(iii) Indirect cost: loss of wages of the patient and
attendant(s) during health care.

For direct medical costs, charges paid for the tests and
typical expense on disposables and contrast medium were
taken into account. For direct non-medical and indirect
costs, the information was based on a cross-sectional
survey among 56 non-randomly selected patients (27
outstation, 29 local). The sample size for this exercise
was estimated for outstation and local patients separately.
A sample size of 25 each was estimated for each category.
With this sample size, a two-sided 95% confidence interval
(CD) for the average total cost would extend Rs. 2,000 from
the observed mean, assuming the standard deviation (SD)
of the total cost as Rs. 5,000 for outstation patients.
Similarly, a two-sided 95% CI would extend Rs. 400 from
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the observed mean assuming SD of the total cost as Rs.
1,000 for local patients.

The cost in rupees was also converted into US dollars
(US$) for comparison taking the prevailing rate of one US$
equal to Rs. 45.

Cost-effectiveness of the surveillance program

For cost-effectiveness analysis, the cost per HCC detected
was calculated from the hospital and patient perspectives,
separately. The incidence of HCC among the newly diag-
nosed patients of cirrhosis was obtained from the cohort
study, which was 3.53 per 100 person years [9].

Modeling for direct medical cost with different
screening systems including EASL protocol

With the aim of looking at relative costs of screening
protocols using different mix and frequency of diagnostic
tests from the patient perspective, modeling for direct
medical costs, at AIIMS and in private sector in Delhi, was
undertaken. These costs were estimated for different pro-
tocols, that is, (i) 6 monthly US alone, (ii) 6 monthly US
plus AFP (EASL Protocol) [5], and (iii) 6 monthly US plus
AFP along with annual TPCT. The information for private
sector was based on enquiries on charges from three major
laboratories in Delhi.

Results

On surveillance of 194 cirrhosis patients, nine of them
developed HCC on a cumulative follow up of 563.4 per-
son-years. The incidence of HCC among patients of

cirrhosis was estimated to be 1.60 per 100 person-years in
the cohort study [9].

Of these nine HCC patients, four were found to be at
BCLC-A stage and survived for 9, 11, 43, and 52 months,
respectively. Two patients were at BCLC-B stage and
survived for 58 months each (with treatment), while the
other died at 2 months without treatment. The remaining 3
patients were at BCLC-C stage and only one could be
offered palliative therapy and survived for 7 months while
the other two died at 4 and 5 months each as no definite
therapy could be offered to them.

Cost identification
Hospital perspective

The cost of triple phase CT (TPCT) and US tests were
estimated by analyzing the capital and recurrent costs at
AIIMS (Table 1). Likewise, cost of AFP test was also
estimated. The capital cost for AFP was Rs. 4,725, recur-
rent cost Rs. 1,160, and these two contributed to the total
cost of AFP per annum as Rs. 5,585. The cost per unit test
of AFP was deduced as Rs. 75. After taking into account
the user charges, the net cost per AFP test was a gain of Rs.
95 to the hospital.

The overall cost of HCC screening program followed in
this study (2 US + 2 AFP and 1 CT annually) to the
hospital was estimated to be Rs. 445 (US$ 10).

Patient perspective

For this estimate direct (medical and non-medical) and
indirect costs were computed. Table 2 depicts the overall
cost from the patient perspective for undertaking HCC
screening.

Table 1 Hospital perspective:

cost of CT and US for HCC Head Cost (Rupees)
screening CT* us
Capital costs 40,937,500 4,312,500
Annutized cost of the above at 3% discount® (‘a’) 4,799,125 505,556
Recurrent costs per annum (‘b’) 6,426,086 1,989,745
Overheads 4,716,600 690,515
Consumables 47,486 45,230
Staff salaries 1,662,000 1,254,000
Total costs per annum (a + b) 11,225,211 2,495,301
* After adjusting for the Number of tests done 9,000 10,500
subsidized tests. CT* represents Cost per unit test 1,245.00 240.00
cost of TPCT User fees earned per test* 780.00 155.00

% value of annuity 8.5302 (Ref.
(8D

Net cost per test

465.00 (US$ 10) 85.00 (US$ 1.8)
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Table 2 Patient perspective: summary of cost of surveillance for
HCC per annum for local and outstation patients.

Costs Outstation patients Local patients

Direct cost

Medical Rs. 3,670 (23.1%) Rs. 3,670 (82.3%)
Non medical Rs. 8,820 (55.7%) Rs. 170 (3.8%)
Indirect cost Rs. 3,340 (21.0%) Rs. 620 (13.9%)

Rs. 15,830 ~US$ 350 Rs. 4460 ~US$ 100

The surveillance consists of 2 US, 2 AFPs and 1 CT each year
Cost-effectiveness of the surveillance program

Using the estimate of the incidence of HCC and the cost
identified in the preceding sections, the cost-effectiveness
of the program expressed as cost per HCC case detected
was calculated (Table 3). For local patients, the cost per
HCC detected was Rs. 126,345 (US$ 2,808). For outstation
patients, the cost per HCC detected was more than three
times, Rs. 448,440 (US$ 9,965). From the hospital per-
spective, the cost was Rs. 12,606 (US$ 280) per HCC
detected.

Modeling for direct medical cost with different
screening systems including EASL protocol

Cost per HCC case detected based on direct medical costs
at AIIMS and private sector in Delhi was estimated in
different models (Table 4). It is evident that costs in the

private sector are nearly three times at AIIMS. Cost-
effectiveness for direct medical cost per case of HCC
detected by 6 monthly US and AFP (EASL protocol) [5]
was estimated to be Rs. 24,080 (US$ 535) at AIIMS and
Rs. 67,988 (US$ 1510) in the private sector.

Discussion

Cost is a fundamental consideration in healthcare. An
excellent treatment is largely meaningless until and
unless it becomes affordable for most people who need
it. If the cost of detecting or treating a disease is exor-
bitant, it does not reach the patients with limited
resources. Further, at a more general level, choices must
be made between alternative uses of resources, and these
decisions must consider both cost and outcome, since
there are not enough resources to provide all the medical
care technically possible or that patients might prefer to
receive [7].

In the context of this study, we asked the following
questions. How much does it cost to detect HCC in patients
of cirrhosis in our setting? How does it compare with such
estimates in other countries?

The net costs of different tests at AIIMS hospital were as
follows: US, Rs. 85 or US$ 2 (loss), TPCT Rs. 465 US$ 10
(loss), and AFP Rs. 95 US$ 2(gain), respectively. On the
whole, AIIMS hospital is providing services at a subsidized
cost to enable low income patients to access quality tertiary

Table 3 Cost-effectiveness of surveillance program for HCC (2 US, 2 AFP & 1 CT per annum)

Perspective Cost of screening one

patient for one year

Incidence of HCC
in cohort study®

Cost per HCC
case detected®

Hospital (AIIMS) perspective Rs. 445
Patient perspective
For outstation patients Rs. 15,830
For local patients Rs. 4,460

3.53 per 100 person-years Rs. 12,606 (US$ 280)

Rs. 448,440 (US$ 9,965)
Rs. 126,345 (US$ 2,808)

@ Ref. [9]

Table 4 Direct medical cost at AIIMS and private sector in Delhi

Protocol

Direct medical cost per annum

AIIMS Private sector

US 6 monthly
US + AFP 6 monthly [EASL protocol]
US + AFP 6 monthly, plus TPCT annually

Rs. 400 (USS$ 9)
Rs. 850 (US$ 19)
Rs. 3,670 (US$ 80)

Rs. 1,400 (USS$ 31)
Rs. 2,400 (US$ 53)
Rs. 9,400 (US$ 210)

NB: Direct medical costs of each US, CT and AFP at AIIMS were taken as Rs. 200, Rs.2820 and Rs. 225, respectively which represented the
charges. In the private sector, costs were Rs. 700 for US, Rs. 7000 for TPCT and Rs. 500 for AFP for each test (based on enquiries from three
main laboratories in Delhi). EASL: European Society for the Study of the Liver
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care services. It is notable that the hospital exempts user
charges for the poorest, a discount that has been factored into
the above estimates. It is also important to note that the cost
estimates are to be seen in the context of existing services at
this hospital embedded in a platform of a large institution
operational for several decades. It was not possible to
apportion certain costs (such as land, building, initial cost of
establishing laboratories, indirect benefits to staff, etc.), and,
therefore, the true hospital costs would be somewhat higher.

From the patient perspective, the cost to those belonging
to Delhi and those from outside were very different,
because the latter incur much higher expenses on trans-
portation, boarding, and loss of wages, etc. The outstation
patients typically stayed in Delhi for 2 days at each visit for
tests. The annual cost of the screening program as imple-
mented in this study (2 US, 2 AFP, 1 TPCT each year) for
local patients was Rs. 4,460 (US$ 100), whereas for the
outstation patients the costs were over three times, i. e. Rs.
15,830 (US$ 350).

Over three times differential between the costs to the
outstation and local patients brings out the enormity of
direct non-medical (transport, boarding) and indirect costs
(loss of wages of patient and attendant) for patients who,
because of lack of access to requisite services nearby, seek
care at distant tertiary care institutions in big cities. Thus,
these additional costs are a function of the distance where
services of acceptable quality are available.

The point estimate of the cost-effectiveness ratios for
surveillance program used in this study from the patient
perspective was Rs. 126,345 (US$ 2,808) for each HCC
detected for local patients and Rs. 448,440 (US$ 9,965) for
the outstation patients.

European Association for the Study of the Liver (EASL)
protocol [5] envisages 6 monthly US and AFP. Cost-
effectiveness ratio for direct medical cost per case of HCC
detected to the patient by this protocol was estimated to be
Rs. 67,988 (US$ 1510) in the private sector. This roughly
amounts to 3 to 4 months’ salary of a middle-rung physi-
cian in government sector in India.

When placed in the societal context, the above costs are
too exorbitant for a vast majority of patients in India to

afford. Firstly, the per capita gross national income per
annum in India is just around US$ 620 in the country [10,
11]. Secondly, public spending on health in India continues
to be low, at around 1.0% of the gross domestic product
(GDP) [9, 11]. Such spending puts India at the bottom 20%
countries [12]. This malady is further compounded by the
fact that health insurance is rudimentary in the country.
Except for a small minority of people employed in the
government and private sectors, citizens have no choice but
to incur personal expenditure to purchase healthcare. Not
surprisingly, almost 80% of all health spending is out-of-
pocket at the point of service [12]. While the better off may
be able to absorb this financial burden to a varying extent,
the middle income and the poor people cannot meet such
expenses. This problem is not trivial. According to one
estimate, one-fourth of patients who were not poor when
they entered the hospital fell into poverty because of hos-
pital expenses [12].

Hospitals where optimum diagnostic and therapeutic
services are available in the public sector at subsidized
cost or with no profit are a rarity in India and other
developing countries. Overall, 82% outpatient care ser-
vices and 56% hospitalizations occur in the private sector
[12]. For services requiring sophisticated diagnostic work-
up such as in the present case, the availability of care in
the non-profit or subsidized system is negligible, and
patients have to seek care from the for-profit private
sector. Therefore, accepting these realities, cost consider-
ations for a recommended surveillance program for HCC
in cirrhosis patients should be driven primarily by the
patient perspective and taken from the standpoint of the
private sector costs.

Thus, in the setting of India, as possibly also other low/
middle income countries, the cost of HCC surveillance
appears to be intimidating enough to avoid seeking care for
most people. For others, such expenditures could be back-
breaking, plunging them into debt and deeper poverty.

Table 5 compares cost-effectiveness ratios of screening
programs from different studies with the estimates from
this study. The cost of detecting a single HCC in the
present study is much lower than that reported from Japan

Table 5 Comparison of cost-

effectiveness of HCC screening Author

Protocol Cost estimates

with other studies Mima (Japan) [2] 1994

Bolondi (Italy) [1] 2001
Yuen (Hong Kong) [12] 2000
Present study (India) 2005

US + AFP twice a year
US + AFP twice a year
US + AFP twice a year

US + AFP twice a year
plus TPCT annually

$ 25,000 per tumor detected
$17,934 per treatable HCC detected
$1167 per HCC detected

Patient perspective outstation
Rs. 448,440 (US$ 9,965) Local
Rs. 126,345 (US$ 2,808) Per HCC
detected

Hospital perspective Rs. 12,606
(US$ 280) Per HCC detected
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[2] and Italy [1]. It is, however, higher than that reported
from Hong Kong [13]. It should be noted that cost-effec-
tiveness depends on a number of factors, not just the costs
of services, but also the incidence of the disease in the
setting concerned. The lower the occurrence of HCC, the
higher would be the cost of detecting a single positive
patient.

In this study the cost-effectiveness was framed against
detecting a clinical outcome using different diagnostic
system. Another dimension of cost-effectiveness is to
estimate the cost of saving a life year or of saving disability
adjusted life years (DALYS) or gaining quality adjusted life
years (QALY). For these estimates, information on costs
beyond detection of disease (such as the costs of thera-
peutic procedures, follow up, etc.), and on outcomes
(death, disability, etc.) would need to be computed.

This can be done either by large-scale follow-up studies
or by a decision analysis model (the Markov model) [14,
15]. The latter takes into account health outcomes based on
assumptions from the existing secondary data. Using
Markov approach, three studies employing US and AFP
have estimated the cost of per life year saved varying from
$ 48,00 to 284,000 in Switzerland [16], $74,000 in the US
[17], and $ 26,698 in the US [18]. The present study was
not designed to address these aspects of economic
evaluation.

To conclude, the present study estimates, for the first
time, the cost-effectiveness of HCC surveillance in patients
of cirrhosis in a developing country, both from the hospital
and the patient perspective. Since this cost seems unaf-
fordable, alternative strategies need to be devised to reduce
the cost of surveillance program to make it accessible to
the low income patients who are the usual victims of this
devastating disease. Some cost containment approaches
worth exploring are (i) screening only high-risk patients
(such as those harboring hepatitis B or C replicating viru-
ses), (ii) judiciously employing diagnostic tests and doing
away with the tests which have low diagnostic yield, and
(iii) employing telemedicine to cut down the non-medical
and indirect costs. In addition, the hunt for low cost tests/
markers of HCC must go on to make early diagnosis a
reality for the most needy patients in developing countries.
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