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ABSTRACT

Background: Approximately four million individuals in the United States are infected
with hepatitis C virus (HCV). The relative risk of hepatocellular carcinoma (HCC) in
patients with hepatitis C-related cirrhosis is at least 7 to 10 times that of the general
population. The majority of patients who develop symptoms from HCC harbour tumors
that are at an advanced and rapidly fatal stage. Screening has therefore been advocated as
a mean of reducing cancer-related deaths.

Objective: To determine, from a Canadian perspective, the cost-effectiveness of screening
for HCC with biannual liver ultrasound (US) and alpha foetoprotein levels (AFP) in
patients with well compensated hepatitis C-related cirrhosis.

Methods: Decision analysis with a Markov model was used to simulate a cohort of 3 500
patients with compensated HCV related cirrhosis who would either be screened biannually
with US and AFP or be followed expectantly. Therapeutic alternatives included surgical
resection and percutaneous ethanol injection (PEI). The probabilities of clinical events
were extracted from a systematic review of the literature on HCC and hepatitis C in
Western patients; costs were determined from a third party payer perspective, in 1997
Canadian dollars; utilities were generated from a computerized interview of members of
the general public; costs and utilities were discounted at 3% per year.

Results: Screening is associated with an incremental cost-effectiveness ratio of 6 820
dollars per quality-adjusted life year ($/QALY). Screening was an economically attractive

strategy over the entire range of possible values of all variables.
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Conclusion: Screening for HCC with liver US and AFP in hepatitis C-related cirrhosis is a

highly cost-effective strategy, even in populations with a low incidence of HCC.
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INTRODUCTION

Hepatitis C virus (HCV) is the leading cause of chronic liver disease worldwide'.
The Centres for Disease Control estimate that about four million individuals in the United
States are infected with this virus?. It is agreed among hepatology experts that HCV-
associated liver disease has rapidly become the major problem in hepatology in the
Western world, i.e. in Europe and North America, replacing alcohol and hepatitis B*. The
overall prevalence of chronic HBV infection among the general U.S. population is 0.3%
while that of chronic HCV infection is 1.4%. In the United States, blood sampling of all
adult patients presenting to an inner-city emergency department during a six-week period,
representing a total of 2523 patients, revealed an 18% seropositivity for HCV, 5% for
HBYV and 6% for HIV-1*. During 1980-89, an estimated 200,000 new HBYV infections and
150,000 acute HCV infections have occurred annually in the United States *S. Although
the incidence of acute hepatitis B is greater than that of hepatitis C, the chronic carrier
state is only found in 1% of hepatitis B sufferer, as opposed to 90% in hepatitis C; this
explains why the prevalence of hepatitis C is greater than that of hepatitis B.

Hepatitis C virus infection leads to chronic inflammation of the liver which, in most
cases, leads slowly and progressively to liver damage’. Patients with hepatitis C-related
cirrhosis have a decreased life-expectancy. They progressively become at risk of various
life-threatening complications of cirrhosis, such as ascites, peritonitis, bleeding varices,

encephalopathy, and hepatocellular carcinoma (HCC). In a follow-up study of 131 patients



with chronic HCV infection who had a single blood transfusion to mark the time of
exposure, Tong et al, in the United States, found that th\e average duration of infection
was 14 +/- 11, 21 +/- 10, and 28 +/- 12 years for patients to develop chronic hepatitis,
cirrhosis, and hepatocellular carcinoma respectively’.

Case-control studies have revealed that the relative risk of HCC among occidental
patients with chronic hepatitis C ranges between 7 in the USA® and 10 in Greece’. In all
cohorts of HCV infected individuals, the occurrence of HCC was strongly related to the
presence of cirrhosis as opposed to chronic hepatitis™'®*!.

HCC is a leading cause of cancer-related deaths worldwide'. Its incidence differs
greatly among countries and races. The highest incidences of HCC are found among
Oriental and South African men, where age-adjusted incidence rates are of 40.0 to 90.0
and 36.0 per 100 000 respectively. In contrast, in most Northern hemispheric countries,
the age-adjusted incidence is low, varying between 0.8 to 2.6 per 100 000 men in the
Netherlands and Canada respectively. European countries such as Spain, France, Italy and
Greece have intermediate age-adjusted incidences of 8.0 to 14.0 per 100 000 men'* There
has been a significant rise in incidence of HCC over the past two decades in the United
States, from 1.4 (95% C.I. 1.3-1.4) to 2.4 (95% C.I. 2.3-2.4) per 100 000". The age-
specific incidence has shifted toward younger individuals. It has been suggested that
chronic viral hepatitis B and C are responsible for this observation'**.

Worldwide, 80 to 90% of HCC’s occur in association with cirrhosis'®. The yearly
incidence rate of HCC among cirrhotics ranges from 1% to 4%!'"'"7, increasing with the

duration and severity of the liver disease. Other major risk factors are aflatoxin B1
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exposure, chronic hepatitis B virus infection, and male gender'®. Cigarette smoking, family
history of HCC, oral contraceptives, anabolic steroids, low vegetable intake, and exposure
to thorotrast, arsenic, or vinyl chloride are also reported to be risk factors'®. In Western
Europe and North America, hepatitis C-induced cirrhosis and alcohol-induced cirrhosis
account for 60 to 90% of the cases of HCC'"**,

HCC often has a subclinical phase, lasting up to 2 years, during which it may grow
as a solitary mass. The growth rate of HCC is characteristically unpredictable and its
detectable preclinical phase is usually short but may vary considerably among affected
individuals®. The tumour usually presents as a mass lesion of the liver, which may be
unifocal or multifocal. Once patients with HCC become symptomatic, the tumor is often
large, multifocal, or metastatic. Symptoms related to HCC often are those of
decompensated cirrhosis. Other manifestations include fever of unknown origin, severe
abdominal pain and acute hemoperitoneum®. Rarely, HCC’s may trigger various
paraneoplastic syndromes (hypoglycemia, hypercaicemia, polycythemia) but these have
not been reported as presenting symptoms. Results of therapy in symptomatic patients
with HCC is most unsatisfactory and their survival, with or without therapy, averages 2 to
7 months®*. On the other hand, patients with small tumors hold greater chances of
undergoing successful therapy.

Surgical resection is the standard therapeutic modality for HCC. However, most
patients with HCC are not candidates for surgery, because either the liver contains
multiple tumoral nodules which involve muitiple hepatic segments, the tumor is not

accessible by surgery, or the patient has significant liver-related or age-related co-



morbidity. For these reasons, orthotopic liver transplantation (OLT) offers obvious
advantages over surgical resection, curing both tumor, even if multifocal, and cirrhosis at
the same time?. Unfortunately, the limited availability of donor livers restrict considerably
the use of this modality.

In 1983, Okuda et al developed a technique of ultrasound-guided intratumoral
absolute ethanol injections for tumor destruction, so-called percutaneous ethanol injection
(PEI)®. Initially used for patients with small and multiple lesions, it has since been used for
most unresectable tumors, either large, multifocal or associated with advanced cirrhosis.
Over the past 10 years, this therapy has gained much popularity for the treatment of HCC.
Firstly, it is a safe procedure, which, as opposed to the other available therapies, can even
be used in patients with significant co-morbidity, such as liver failure. As well, it is cheap
and easily performed in any radiology department, rendering this therapy widely
available?. It can also be effectively used for tumor recurrence. The use of PEI has
resulted in improved survival rates of individuals with unresectable tumors®®. The
limitations of PEI are that it may not successfully treat either very large lesions (i.e.
greater than 5 cm in diameter), multiple lesions (i.e. greater than 3 per liver), or diffuse
infiltrative lesions. Intratumoral therapy has also been performed with acetic acid or hot
saline, but ethanol is the most commonly used substance at this time. Chemotherapy with
various agents has had limited success, especially if infused systemically. However, if the
chemotherapy is infused selectively, i.e. directly into the hepatic artery or in conjunction

with lipiodol (a liposoluble radio-contrast), some favorable results have been obtained.



Multimodal therapy, using pre operative intra-arterial therapy or combined PEI with
selective intra-arterial chemotherapy may have additive benefits®.

Survival from HCC not only depends on the stage of the tumour but also on the
degree of co-existing cirrhosis***'. The relative effectiveness of PEI and surgery have
never been compared in a randomized controlled fashion. However, studies of each of
these modalities, among similar populations, have yielded comparable survival rates. These
comparative reports reveal that, in selected cases, the long-term (i.e. 3 to 5 years) survival
of patients undergoing PEI is similar to that of the patients who undergo surgical
resection, and may be up to 60% at 5 years®™.

Screening of high-risk patients has therefore been emerging as an approach to
detect the malignancy at an earlier, resectable stage and to, hopefully, reduce the high
mortality from HCC. Several diagnostic modalities can be used for tumor detection in
cirrhotics. The two most common measures are serum alpha foetoprotein (AFP) levels and
liver ultrasonography (US). As a single or periodic screening test, AFP has a sensitivity of
85% to 90% and a specificity of 70% to 80%. Liver US performs better and has a
sensitivity of 88% and a specificity of 98%2. The combined use of AFP and liver US may
be more sensitive than either modality alone. Liver US may detect tumors as small as 2 cm
in diameter and has the advantage of providing information about the resectability of the
HCC but it is also operator dependent. On the other hand, even if high titre of AFP are
usually associated with large tumors, a low but rising titre of AFP may be observed prior

to the ultrasonographic detection of an HCC®.
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The efficacy of screening cirrhotics for HCC, using serial AFP levels, liver US, or
both, has been prospectively evaluated in various parts of the world. The best results from
screening have been reported from Japan, where tumors are small and often encapsulated,
and where up to 70% of the screened population would have resectable tumors*'. .It is
suggested that, in Oriental countries, HCC is biologically different from that of Occidental
countries. Reports from France and Italy have been contradictory: some report no
increased proportion of resectable tumors compared to those who present with
symptoms®®, while others did detect resectable tumors at a rate comparable to the
Japanese®. This may be explained by several factors: the varying incidence of HCC among
high risk groups, which may in turn depend on the underlying liver disease (both its
etiology and duration); the biology of the tumor; the frequency at which screening is
performed®?; the compliance of the screened population®; and the characteristics of the
screening tests.

Moreover, even if screening can effectively detect resectable tumors, survival may
not be affected. Firstly, if surgical resection is the only evaluated therapeutic modality,
many patients would not be surgical candidates because of the advanced degree of
cirrhosis and age. More importantly, therapy may not affect the high recurrence rate of the
tumor, which may occur either at the resection margin or in distant parts of the cirrhotic
liver'. However, the report of long-term (i.e. greater than 10 years) survivors among
screened individuals is evidence in favor of screening, since patients detected with

clinically suspected HCC’s would not survive beyond 1 year of diagnosis®’. This



observation is evidently subject to length-time bias, since screen-detected cases with a
long preclinical phase may be overrepresented*.

Despite these controversies, experts around the world now recommend screening
cirrhotics for HCC. The NIH and the Italian Association for the Study of the Live.r
recommend using AFP level every 3 to 6 months and liver US every 6 months to 1
year'>¥,

In summary, in cirrhosis, HCC is a common, devastating illness. Several different
treatments are used, as well as several different screening strategies. It remains unclear
whether screening for HCC in cirrhotics is a clinically and economically sound practice.

To establish whether or not screening programs for a given cancer are justified,
certain criteria should be fulfilled: 1) that the tumor is an important public health problem,;
2) that it has an identifiable latent or subclinical phase; 3) that subjects with an increased
likelihood of developing the tumor can be identified; 4) that the techniques that are to be
used for tumor detection are effective and that their cost is acceptable; and, 5) that
treating the tumor in the subciinical phase will improve survival rates*'. In China, Japan or
South Africa, where HCC is frequent among all adult ages, screening for HCC is a well
accepted practice. However, since the tumor is less frequent in the Western population,
the indications for HCC screening remain controversial. Physicians’ and policy makers’
decisions to adopt or reject this screening practice requires the knowledge of its cost-
effectiveness. In calculating the cost-effectiveness of HCC screening, the impact of
screening using AFP and liver US or AFP alone, as well as the impact of the choice of

therapeutic modality should be considered.



Decision analysis is a technique which is particularly useful in resolving
controversial healthcare issues such as the one presented here. On one hand, through its
ability to synthesize data from multiple sources and to extrapolate from primary data, it
can accurately determine the prognostic implications of a given intervention. On the other
hand, it can also combine multiple attributes such as costs and quality of life and transform
simple decision algorithms into complex economic evaluations. Decision analysis can
therefore be of use at multiple levels in healthcare: from bedside decision making to health
economics and policy making levels.

A Markov model is a special type of decision analysis which is particularly
appropriate for modeling the progression of chronic diseases. The model allows the
patient to move over time between a finite number of mutually exclusive health states,
based on distinct transition probabilities. It is a particularly well-suited approach for the
present problem, since a patient with well compensated cirrhosis may develop either
decompensated cirrhosis, HCC, or die, with increasing, time-dependent, probabilities.

If we consider the present problem of whether to screen for HCC in patients with
HCV-related cirrhosis, decision analysis offers several advantages over other methods of
evaluation. Firstly, it is obvious that the costs and efforts that would be required to
perform a randomized controlled trial on screening for HCC in HCV-related cirrhosis,
especially in a low prevalence area such as North America, would be too great to justify
such an endeavor. However, since large enough cohorts of HCV-infected patients have
now been followed for several years, the transition probabilities of one HCV-related health

state to another are therefore available and can be directly input into a decision analytic



model. In this sense, decision analysis can be a particularly appropriate technique for the
study and the management of diseases that are either rare, multisystemic, or that are

associated with long-term complications.

In summary, HCC is an important public heaith problem, that trequently has an
identifiable subclinical phase. Populations with HCV-related cirrhosis are at high risk for
HCC, and may benefit from screening followed by treatment. However, the effectiveness
and costs of periodic screening for HCC among patients with HCV-related cirrhosis,
considering currently available therapeutic modalities for HCC, are unknown.

Therefore, the objective of this analysis was to determine, from a Canadian third
party payer perspective, the economical attractiveness of screening for HCC in patients
with well-compensated HCV-related cirrhosis. Decision analysis with the Markov model
offers a valid approach to this problem by allowing us to 1) synthesize the multiple sources
of data on the natural history of HCV- related cirrhosis, the natural history of HCC, the
effectiveness of screening for HCC, as well as the efficacy of surgical resection and PEI in
the treatment of HCC; 2) link relative costs and quality of life measure to each outcome;
3) determine, from a third-party perspective, the incremental cost per quality-adjusted life
year gained by patients with HCV-related cirrhosis who undergo screening for
hepatocellular carcinoma; and 4) determine, by sensitivity analysis, the factors responsible

for the dominance of one strategy over the other.
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METHODS

1 Decision Analytic Model

1.1  Markov model

To evaluate the benefit of screening for HCC among patients with hepatitis C related
cirrhosis, we developed a decision analytic model that integrates the natural histories of
cirrhosis and of HCC simultaneously. HCV related cirrhosis is a state of progressive liver
damage that translates into an asymptomatic early stage (Child’s class A), followed by a
symptomatic or “decompensated” advanced stage, sequentially referred to as Child’s classes
B and C. The studied population of cirrhotics is therefore heterogeneous and evolves over
time from a stage of compensated cirrhosis (stage A) to decompensated cirrhosis (stages B
and C), and to death. The risk of developing HCC increases with the duration of the cirrhosis, .
making patients with decompensated cirrhosis at greater risk than those with compensated
cirrhosis.

The use of a Markov model enables our hypothetical cohort of patients with hepatitis
C-related cirrhosis to move through states of health defined by clinical events. Time is
represented by a series of cycles. During each cycle, patients may remain in the same health
state, progress to decompensated cirrhosis and/or to HCC, die of complications of liver
disease (including HCC), die of complications of investigations or therapies for HCC, or die

of unrelated causes, the probability of which is related to age, gender and race. At the end of
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each three-month cycle, the proportion of the population who shifts from one given state of
health to another is based on probabilities extracted from the literature.

The structure of the Markov model is presented in Figure 1. At stage zero, all patients
are in the compensated cirrhosis state. The decision note at the root of the tree (clegr square;
figure 1a) leads to cither the “Screen” Markov subtree or the “No Screen” Markov subtree.
Both subtrees have a similar structure and similar outcomes; only probabilities differ. The
cycle length is three months. Each subtree contains 12 health states, including the “death”
state. Of these 12 health states, 9 are HCC-related. In order to analyse the death outcome
more thoroughly, 15 “death states” were created, each named after the specific cause of

death. Of these 15 causes of deaths, 11 were HCC-related (Table 1).

Figurel: Markov model of screening for hepatocellular carcinoma in patients with
well-compensated hepatitis C-related cirrhosis.

A: Decision node.

screen ~
)
compensated cirrhosis D<
no screen
)

Fig. 1A: The decision node (square) represents the decision to screen of not to screen patients
with compensated cirrhosis for HCC. Each group of patients (“screen” and “no screen™) then
go through the Markov process, represented by the round node.
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B: Markov health states.

Death

Recurrent HCC decompensated

Post HCC decompensated

HCC compensated

Decompensated cirrhosis

Recurrent HCC compensated

Non treatable HCC

Post HCC compensated (PEI)

Post HCC compensated (surgery)

Symptometic HCC

Asymptomatic HCC

Compensated cirhosis

A A A A A A A A A A A A

Fig. 1B: The Markov node (circle) leads to 12 different subtrees, each representing a health
state. Each health state is mutually exclusive. At the first cycle, all patients enter the
“compensated cirrhosis” subtree. Subsequently, the patients are redistributed among the 12
health states, according to the probabilities of events during each cycle. Death is the absorbing
health state which indicates the state at which the Markov process ends.
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D: Other subtrees.

li

Fig. 1D: The subtrees for the 11 health states other than “compensated cirrhosis” are
represented here. The “asymptomatic HCC” patients who are screened follow outcomes
similar to those described in the screened subtree of the “compensated cirrhosis™ health
state, outcomes which are referred to as “clones”, represented by the thick branches in
figure 1C and 1D. Each clone is designated by a number, which is written at the chance
node immediately following that thick branch. Clones are also used in the “symptomatic
HCC” and “Recurrent HCC Compensated™ subtrees.

14



Table 1:

10.

1.

12.

13.

14.

15.

15

Causes of death.

Death from cause unrelated to liver disease

Death from compensated cirrhosis

Death from HCC in compensated cirrhosis

Death from asymptomatic HCC in compensated cirrhosis
Death from resectable HCC in compensated cirrhosis
Death from non resectable HCC in compensated cirrhosis
Death from symptomatic HCC in compensated cirrhosis
Death from non treatable HCC in compensated cirrhosis
Death from HCC diagnosis

Death from HCC therapy

Death post HCC in compensated cirrhosis

Death from recurrent HCC

Death from decompensated cirrhosis

Death from HCC in decompensated cirrhosis

Death post HCC in decompensated cirrhosis
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1.2 Decision Analysis

At first, a Markov analysis was performed to calculate the unadjusted life expectancy
and to determine how many cycles are spent in each health state in each cohort. The gain in
life expectancy, in life-years, was calculated by subtracting the area under the survival curve
of the non-intervention arm from that of the intervention arm. For the quality-adjusted life
expectancy and the cost-effectiveness ratio, each state of health was assigned a utility (see
“Data - Utilities” section, below), which, when multiplied by the proportion of the cohort
belonging to that state, represents the cycle-specific incremental utility for that state. By
recording the proportion of the cohort in each health state at the end of each cycle, the
associated treatment costs and adjusting for the utility related to each health state, the related
costs per quality-adjusted life year ($/QALY) as well as the cumulative quality-adjusted life
expectancy (QALE) were calculated for each intervention arm, i.e., the arm undergoing
screening and the arm not being screened. The model was run until the entire population had
reached death, and the cycle-specific incremental utility is near zero. The incremental QALE
was calculated by subtracting the QALE of the non-intervention arm from that of the
intervention arm. Assuming that no strategy would be “dominant”, i.e. both less costly and
more effective than the other, the incremental cost-effectiveness ratio (ICER) was calculated
as the difference in mean costs between the intervention and the no intervention arms over

the difference in mean effect between the intervention and the no intervention arms, i.e.

ICER = (mean costs)scpppy - (Mean costshyo screen

(mean effect);cgepy - (mean effect)yo screry
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where the “effect” can be measured in quality adjusted life years (QALY) or in non adjusted
life years (LY) units. The intervention was compared to the next least intensive strategy.
All analyses were performed using decision analysis software (Decision Analysis by

TreeAge, DATA version 3.0; TreeAge Software, Inc., Boston, MA).

1.3 Study population

The hypothetical cohort was composed of North American patients from either
gender, aged 30 to 70 year old, and with well compensated, biopsy-proven, HCV related
cirrhosis (Child Pugh class A). The demographics of the population are derived from the
published data on prospectively screened occidental cohorts of HCV-related cirrhotics. The
patients were not differentiated based on the nature of their HCV viral genotype. The patients
were not suffering from concomitant HBV infection or any other cause of chronic liver

disease.

1.4  Intervention

In the intervention arm (i.e., the “Screen” subtree), all subjects with compensated
cirrhosis were screened for HCC with liver ultrasound (US) and alpha-foetoprotein (AFP)
levels every six months (i.e., every other cycle), as recommended by the US National
Institute of Health *. Screening stopped once either decompensated cirrhosis or HCC
occurred. Those who screened positive underwent a confirmatory US guided fine needle
biopsy of the mass lesion, to become either “true positives” or “false positives”. ‘False

positives” were followed like the remainder of the cohort, according to the screening
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protocol. “True positives™ were then staged for tumor size, location, local exiension, portal
vein thrombosis and distant metastasis in order to determine the resectability of the tumor.
The staging procedure included an abdominal CT scan, a bone scan and a chest X ray (CXR).
Underlying liver function was assessed by serum bilirubin and albumin levels as well as the
presence of ascites’. Depending on the stage of the tumor, its uni- or multi-focality, its
location within the liver, as well as the patient’s age and general health status, the HCC could
be resectable, non resectable but amenable to percutaneous ethanol injection (PEI) therapy,
or non treatable.

In the base-case analysis, subjects who were resectable underwent surgery; those who
were unresectable but amenable to PEI underwent PEI; the remaining unresectable patients
were considered “non treatable”and received supportive care. Those who survived the
surgical resection or the PEI therapy respectively entered the “post HCC compensated
(surgery)” health state and the “post HCC compensated (PEI)” health state at the next cycle.
Those who survived the intervention but who developed decompensated cirrhosis entered the
“post HCC decompensated™ health state. Following HCC therapy, surveillance for recurrence
was performed every six months with liver US and AFP levels. With time, patients could
experience recurrent HCC (and enter the “recurrent HCC compensated” health state),
decompensated cirrhosis (and enter the “post HCC decompensated” health state), or death.
Recurrences were confirmed by fine needle aspirate (FNA) and treated by PEIL Those with
decompensated cirrhosis who developed a recurrence died during the same cycle.

The subjects who screened negative could have been “true negatives” or “false

£

negatives”. “False negatives” became “asymptomatic HCC” who would either get screened
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again six months later or who became symptomatic and underwent repeated investigations
before then. Following their diagnosis, they were once again staged and followed the path of
the “true positives” as described above. The “true negatives” continued to be screened every
six months and, as for any member of this cohort, could, with time, develop either liver failure
and/or die. Subjects who developed liver failure entered the “decompensated cirrhosis” health
state. From this point, no more screening was performed. These subjects could, with time,
develop HCC or die. A proportion of those with HCC would be amenable to PEI therapy and
enter the “Post HCC decompensated” health state.

In the “No Screen” subtree, subjects who developed HCC were tested only once they
became symptomatic from the cancer, and underwent subsequent staging. From there, they

could enter any of the HCC related health states, as described above.
2 Structural assumptions

For simplification, the decompensated state was reached as soon as any cirrhosis-
related event occurred. Those events could be ascites, jaundice, encephalopathy, variceal
bleed or hepato-renal syndrome. An unspecified infectious episode, however, was not
considered as a decompensated cirrhosis related event. We assumed that death would
invariably occur after any third event. An event was defined as either decompensation,
occurrence of HCC, or recurrence of HCC.

We assumed that FNA of the tumor is 100% sensitive and 100% specific for HCC.

Once a liver nodule was detected by US in a patient with compensated cirrhosis, FNA was



20

performed. However, in the “post HCC” health states, US detected nodules were assumed
to be HCC’s and FNA was not performed. In decompensated cirrhosis, detection of a liver
nodule by US was followed by confirmatory FNA in only 50% of the case, assuming that in
the other 50% of patients, a severe coagullopathy would contraindicate the intervention.
These patients were assumed to have HCC.

Surgical resection and PEI were the two therapeutic modalities considered. The
choice of a therapeutic modality depended on the degree of liver impairment, the size,
location, number and type of tumoral involvement®, as well as the type of analysis
performed. In order to undergo a surgical resection, a patient must have had good liver
function (i.e., compensated cirrhosis), no significant comorbidity, as well as a single tumor
nodule located within reach of surgical approach*>**. PEI, on the other hand, was performed
independently of the degree of liver failure and/or comorbidity. However, PEI was not
performed if the tumor was greater than Scm in diameter, or if it was diffusely infiltrating the
liver parenchyma, or if greater than three tumor nodules were present?’.

Liver transplantation was not considered to be a therapeutic option because the
estimation of the clinical and economic outcomes of liver transplantation were beyond the
scope of this thesis.

We assumed that the probability of HCC-related symptoms is directly proportional
to the size of the tumor, such that all tumors equal or greater to 6 cm in diameter would be
symptomatic.

We assumed that tumor recurrence would not be resectable and that it would be

treated with PEI, using the above selection criteria.
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3 Data - Likelikood of Events

3.1 Literature search

A systematic review of the literature was performed to determine the proba_bilities of
each state transition. Because of the previously described difference in factors of
hepatocarcinogenesis between oriental and occidental countries, only the sources pertaining
to the study of Western populations were retained. The content areas of interest were: the
natural history of hepatitis C related cirrhosis, screening for HCC in cirrhotics, the natural
history of untreated HCC, the outcomes of surgical therapy or percutaneous ethanol injection
in cirrhotics with HCC. Electronic databases were searched by using the search strategy
presented in Appendix 1. This search strategy was applied to the following databases:
Medline 1966-May 1998, Can‘cerlit, Biological abstracts, Current contents and Embase.
Between November 1997 and April 1999, the strategy was run on each monthly update of the
Medline database by the library services at the University of Ottawa. There were no additional
findings over the publications identified by Medline. Proceedings of the American and
European associations for the study of liver diseases, major hepatology textbooks, as well as
the reference lists of all the original research and review articles were retrieved (see Table 2
for the yield of the literature search). The search strategy was designed to retrieve most
publications pertaining to HCC, its diagnosis, treatment, and natural history, as well as HCV-
related cirrhosis. For this reason, the initial set of reference included more than 3000
references. However, the majority of these references were not of interest to us, for several

reasons. Approximately half the initial set was composed of basic science reports; another
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large proportion of studies were carried in Oriental subjects; finally, all data pertaining to

HCC therapy with either chemotherapy or liver transplantation was excluded.

Table 2: Yield of the literature search.

(38 )

2.1
2.2
2.3
24
25
2.6
2.7
2.8
29

4.1
42
43
4.4
4.5
4.6

3.2

Computerized databases 3300

Second browse through titles and abstracts, with simultaneous partitioning into
subfiles:

Risk of HCC in hepatitis C: 142
Natural history of hepatitis C: 29
Reviews on hepatitis C: 18
Natural history of HCC: 69
Reviews on HCC: 39
Screening for HCC: 29
Diagnosis and staging of HCC: 80
Hepatic resection for HCC: 77

Percutaneous ethanol injection therapy for HCC: 119

TOTAL: 530
Additional references, identified through reference lists of selected articles, textbooks
and syllabi of hepatology meetings: 22
Final selection of articles, after reviewing original publications, for data extraction:
Natural history of hepatitis C: 16
Natural history of HCC: 20
Screening for HCC: 18
Diagnosis and staging of HCC: 22
Hepatic resection for HCC: 37

Percutaneous ethanol injection therapy for HCC: 32

TOTAL: 148

Inclusion criteria

Inclusion criteria concerning the study population were as follows: North American

or European, cirrhosis had to be present in at least 80% of the studied population, the
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etiology of which had to be either hepatitis C or cryptogenic (for studies recruiting patients
prior to the availability of hepatitis C testing) in > 60% with less than 15% of cirrhosis due
to alcohol and/or hepatitis B. For the screening methodology, either ultrasound alone or
ultrasound combined with AFP was considered. For the interventions, we considered surgical
resection with intent of cure or percutaneous ethano! injection (PEI); percutaneous
intralesional therapies other than alcohol were excluded and combined therapies (e.g.

intraarterial chemotherapy prior to surgical resection) were also excluded.

3.3  Data extraction

The methods used to extract the data will be briefly summarized. It has recently been
stressed that the terms probabilities and rates are often used interchangeably in the medical
literature™. A probability is the proportion of a population at risk that makes a transition over
a specified period of time, whereas a rate is an instantaneous likelihood of transition at any
point in time. If these concepts are not carefully differentiated and treated appropriately,
errors of up to 14% may be introduced in the calculation of transition probabilities**.
Moreover, the calculation of a probability will differ depending on the nature of the cohort
(fixed or dynamic) and the presence of drop-outs.

To address these concerns, an unbiased method was used for transforming rates into
probabilities and annual probabilities into cycle-specific probabilities**. The following
equations were used:

3.3.1 To transform rates into probabilities (also available as the “RatetoProb” medical

function of the DATA analysis software):
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l_e(-mc‘limc)

probability

where time (duration of probability period)/(duration of
rate period)

Example: “The yearly incidence of mortality was 1.9 over the first 5 years™''.
Probability in a 3-month cycle = 1 - e “™e* ™) = | _ g 19" 3mondwi2months) — | _ 0 6219
=0.3781

To transform an overall probability over the time period into a cycle-specific

probability:

cycle-specific probability = 1-(1- tp) "

!

where tp, = overall probability over the time period t

t the number of equal time intervals (i.e. cycles)
Example: “The probability of survival after the onset of the first major complication
of the disease was 50% at S years™"'. Probability in a 3-month cycle=1 - (1 - tp, )

W= | - (1 40.5)) (Vs esear® Syeamh) = | 0,5 120 = 0,0341

These transformations are valid as long as the rate is constant over time. To ensure

that the mortality rates were constant in our cohorts, probabilities were extracted for every

year of follow-up then transformed into annual rates. In situations where the rate was

changing over time by more than a quarter-fold, the one-year probability was used for

calculation of the cycle-specific transition probability.

Probabilities extracted from multiple sources were combined using their weighted

mean average, which was considered the “best estimate” for these probabilities. The range of

available values was recorded for use in sensitivity analysis as indicated. Since the Markov
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model used a 3 months cycle length, annual probabilities were converted to probabilities of
transition per 3 months cycle.

For coherence of the decision model, some probabilities were linked when judged
appropriate. The reference group used for calculation of the relative risk (RR) was
compensated cirrhosis. For example, probabilities of events occurring in decor!-\pensated
cirrhosis were linked to those of compensated cirrhosis in the following manner:

Probability of event “x” in decompensated cirrhosis =

Relative risk of event “x” in decompensated cirrhosis
X Probability of event “x” in compensated cirrhosis.
The range of values of the relative risk of a linked probability was calculated as follows:

Lower limit of the relative risk of event “x” in decompensated cirrhosis =

Lower limit of probability of event “x”” in decompensated cirrhosis
(divided by) Upper limit of probability of event “¥” in compensated
cirrhosis.

Upper limit of the relative risk of event “x” in decompensated cirrhosis =

Upper limit of probability of event “x” in decompensated cirrhosis
(divided by) Lower limit of probability of event “x” in compensated
cirrhosis.
Best estimate of the relative risk of event “x” in decompensated cirrhosis =
Best estimate of probability of event “x” in decompensated cirrhosis
(divided by) Best estimate of probability of event “x” in compensated

cirrhosis.
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The probabilities of HCC-related deaths were linked to the baseline probability of

death from HCC in the presence of underlying cirrhosis (see “Methods” Section 3.4.2.1) and
the probabilities of recurrent HCC were linked to the probability of HCC in HCV-related

cirrhosis using similar methodology.

3.4  Outcomes

The annual probabilities of clinical events are presented in Table 3. For each
probability, the best estimate, lowest value and highest value are presented. The sources of
probabilistic data as well as the pertinent assumptions for each clinical outcome will be
detailed in the following paragraphs. We will first review the outcomes related to
compensated and decompensated cirrhosis, followed by the outcomes of cirrhotic patients
with HCC. The sources of data on the sensitivity and specificity of the screening will be

reviewed at the end of this section.
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3.4.1 Natural history of HCV-related cirrhosis (Table 3a)

3.4.1.1 Probability of decompensated cirrhosis
There are three recently published large European cohort studies on the
natural history of compensated hepatitis C-related cirrhosis'"'%* These provide data
on a total of 892 cirrhotics followed for a maximum of 15 years. The mean age ranged
between 54 and 56 years old and 59% were male. In these studies, the annual
probability of decompensated cirrhosis in HCV-related compensated cirrhosis, as
defined by the onset of the first major complication of the disease and excluding HCC,

varied between 0.0381 and 0.0661 (weighted mean average: 0.0440).

3.4.1.2 Probability of death from HCV-related cirrhosis
In the same studies as above, the disease-specific annual probability of death
in compensated cirrhosis without the features of decompensated cirrhosis is on
average of 0.0005 and the annual probability of death from all cause in HCV-related
cirrhosis ranges from 0.02 to 0.002 (Weighted mean average 0.009) '"-'*6_ The annual
probability of death after the onset of the first major complication of cirrhosis, varied
between 0.1294 and 0.1674 (weighted mean average 0.1489)'"'¢,
3.4.1.3 Probability of HCC in HCV-related cirrhosis
The probability of HCC in cirrhosis is directly related to the duration of
cirrhosis™'"”’, making the risk of HCC in decompensated cirrhotics significantly

greater than that of compensated cirrhotics. Data from the large prospective cohorts
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did not specifically present the incidence of HCC in compensated and decompensated
cirrhosis.

The short-term screening studies on patients with compensated cirrhosis were
therefore judged to reflect the incidence of HCC more accurately, si_nce, these
populations were exclusively composed of patients with compensated cirrhosis.
However, the screening studies, in general, were conducted on heterogeneous groups
of cirrhotics. For example, alcohol-induced cirrhosis was the major etiologic factor
in French studies while most Italian and Spanish studies were done on predominantly
post infectious cirrhosis (either hepatitis B or C related). Since the relative risk of
HCC is believed to vary according to the factors responsible for the liver disease, we
used only studies conducted on populations who were HCV positive in at least 60%.
As well, we excluded studies where multiple factors were at play in a majority of
HCYV infected patients such as concomitant intake of greater than 80g per day of
alcohol or concomitant hepatitis B infection. Unfortunately, the potential presence of
co-factors is not always reported, so sensitivity analysis considered values ranging
from the lowest available probability to the highest.

For decompensated cirrhosis, the probability of HCC was assumed for two
reasons: 1) the annual incidence of HCC is well described for patients with
compensated cirrhosis, i.e. eligible for screening, but not for patients with
decompensated cirrhosis; 2) many patients dying from decompensated cirrhosis
actually have undetected HCC, as revealed by its unsuspected presence in explanted

livers from patients with decompensated cirrhosis®™. Zaman prospectively followed
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613 cirrhotics for five years™. Nineteen percent of the patients who died of
decompensated cirrhosis did in fact have an associated HCC. Fattovitch reported that
the 5 year probability of death from decompensated cirrhosis was 50%, with
approximately 20% dying within the first year''. Gentilini reported that the probability
of death at | year was also of 20%'°. Based on Zaman’s report, if we assume that
19% of these deaths are due to HCC, then the yearly incidence of HCC in
decompensated cirrhosis is around 4%. This incidence is valid since it corresponds
to a relative risk of HCC in decompensated cirrhosis of one to four times that of
compensated cirrhosis. For sensitivity analysis, we varied this estimate from one to

twenty times the risk of those with compensated cirrhosis.

3.4.2 Natural history of cirrhotic patients with HCC (Table 3b)
3.4.2.1 Probability of death from HCC
For coherence in the model, it was important to derive a baseline probability
of death from HCC in the presence of underlying cirrhosis. The use of such a variable
would allow linkage of the probabilities of death from HCC at various stages. To
derive this baseline probability, we used the CLIP prognostic system*. This system
uses simple clinical and laboratory data to derive prognosis in HCC with underlying
cirrhosis (Appendix 2). The Cancer of the Liver Italian Program (CLIP) Investigators
prospectively followed 435 consecutive cases of HCC diagnosed in 16 Italian
institutions*. Using multivariate analysis, with Child-Pugh stage, tumor type, tumor

stage, portal vein thrombosis and AFP levels as covariates, and stratifying for the
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presence or absence of locoregional therapy, they derived a simple scoring system to
determine survival from HCC. The scoring system was internally validated by using
a split-sample technique. The use of the CLIP allowed us to derive a probability of
death from HCC when diagnosed in patients with compensated cirrhosis, which was
used for the calculation of the relative risk of death from HCC under all other clinical
circumstances. To incorporate the CLIP system into the decision analysis model, the
following assumptions were made. First, ‘“compensated cirrhosis” and
“decompensated cirrhosis” correspond to Child-Pugh stages A and C respectively.
Second, a “resectable HCC” was defined as a uninodular and <50% extension (score
0), without portal vein thrombosis. Also, a “non resectable HCC” was defined as any
larger tumor, without portal vein thrombosis whereas a “non treatable HCC” was
defined as any size tumor with portal vein thrombosis. The probability of raised AFP
levels in each of these circumstances were derived from the literature®®**3.

To further validate the use of this system in our model, we compared the
probability of death from HCC as derived by this system to the probabilities extracted
from the literature. The probability of death from HCC depends on the stage of the
tumor and the underlying liver function®**_ It was assumed that asymptomatic tumors
and unifocal tumors less than Scm in diameter occurring in Child’s class A patients
were resectable, whereas large, multifocal tumors or those arising in patients with
decompensated cirrhosis were non resectable.

In compensated cirrhosis, survival is greatly affected by the stage of the tumor.

The probability of death from resectable HCC in compensated cirrhosis was extracted
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from prospective studies?**** and from retrospective studies®-**. Two prospective
studies also provided data on the growth rate of the tumor*-**. The probability of
death from non resectable HCC in compensated cirrhosis was extracted from
randomized and non randomized comparative studies of placebo versus experimental
chemotherapy, using the outcome of the placebo group*~***, or from prospective and
retrospective studies of untreated patients with HCC®S!.

The probability of death from HCC in decompensated cirrhosis was available

from several comparative and non comparative studies?*>"!¢&,

3.4.2.2 Probability of resectable HCC in compensated cirrhosis

Bismuth, in 1993, reviewed the rates of surgical resections performed on
cirrhotics with HCC over the previous 20 years'®. He was able to show that the
nature of surgical practice has evolved considerably and that most surgeries are now
performed on unifocal tumors less than 5 cm in size in compensated cirrhosis. This
definition was therefore used for “resectable” tumor. Patients who underwent
palliative resections or liver transplantation were not considered as “resectable”. It
could be argued that some transplanted patients could have been resectable but,
because 1) transplantation can be successfully performed in those with multifocal
tumors and/or advanced cirrhosis and 2) in all series, the proportion of transplanted
patients was low, excluding these patients seemed to be the least biased approach.

Studies of the efficacy of screening for HCC in the occident show that, in

order to detect a greater proportion of resectable tumors than historical controls,
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screening has to be performed at least biannually and that patients have to be
compliant with the screening protocol. The first large screening study was performed
by Colombo et al, in Italy, and revealed that only a minority of screened patients were
resectable, in proportions similar to those obtained from non-screened pogt_xlations”.
However, in a large proportion of Colombo’s cohort, patients were screened only
annually. More promising results were obtained when screening was performed every
three to six months **52%. However, others have not been as successful®*'*""'® QOne
French study revealed that patients’ compliance to the screening protocol was poor,
i.e. 64%'?, possibly as a result that most French cirrhotics are drinkers rather than
post-necrotic cirrhotics. This explains why the probability of detecting a resectable
tumor by screening varies over a wide range, from 0.06 to 0.87, with a weighted mean
value 0f 0.43. In comparison, the probability of resectable tumors among patients who
presented with HCC without having undergone screening varies between 0.06 to

0.34, with a weighted mean value of 0.123%30.526267.69

3.43 Probability of events related to HCC therapy (Table 3c)
3.4.3.1 Probability of events related to surgical resection
The operative mortality of HCC resection is higher in cirrhotics than in non-
cirrhotics. Therefore, the data was extracted solely from surgical series in cirrhosis.
All non duplicated data on the long term follow up after surgical resection of HCC in
cirrhosis in Europe or America was included, which represented a total of 13 studies

and 767 cirrhotics followed up to a maximum of § years®**46%774.77.79,80,83,86,87,104,105
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3.4.3.2 Probability of events related to PEI therapy

34321 Probability of percutaneous ethanol injection (PEI) therapy in non resectable
HCC

In a retrospective study of management and survival in 391 pat-ignts with

cirrhosis and HCC, Livraghi et al found that a third of patients with non resectable

HCC were amendable to PEI therapy®.

34322 Probability of decompensation or death from PEI therapy
The majority of reports of PEI therapy for HCC in cirrhosis report a 0%
complication rate®*6#*%2_ A [arge Italian study has reported a very low incidence of
death®’. Di Stasi et al recently performed a multicenter survey of evaluation practices
and complication rates from PEI in Italy, where the incidences of liver failure and

death were very low?.

34323 Probability of persistent HCC post PEI therapy
Ultrasound or CT scan follow-up of patients post PEI sometimes reveals that
the tumor nodule(s) have not been completely necrosed. Persistent nodules can be
biopsied to prove that the cancerous cells have not all been destroyed. The probability
of persistent HCC post PEI therapy depends on the size of the tumor nodules, the
volume of ethanol injection per session, the type of needle used for injection, the

number of sessions, as well as the interval between each treatment, explaining why the
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reported probability of persistent HCC ranges between 0% and 25%, values which

were used for sensitivity analysis.

34324 Long term mortality and recurrence rate post PEI therapy ~
The disease-free and overall survival post-PEI therapy depends largely on the
severity of the underlying cirrhosis. All usable and non duplicated data on the long
term follow up of cirrhotics post PEI therapy for HCC was included, which
represented a total of ten reports on a total of 1396 patients followed for up to 7 years
B:37.6,1689.9052949 Tn these studies, the annual probability of death post PEI ranges

from 0 to 0.17, with a weighted mean of 0.07. This is lower than the annual

probability of death post surgical resection, raising the possibility of a selection bias.

3.44 Characteristics of the screening test
3.4.4.1 Sensitivity and specificity of US and AFP for HCC (Table 4)

The sensitivity and specificity of AFP and ultrasound depend on several factors: the
experience of the operator, the presence of underlying cirrhosis, as well as the degree of
severity of the underlying cirrhosis.

The presence of cirrhosis leads to an inhomogeneous echo-pattern which renders the
detection of a focal mass more difficult. Moreover, cirrhosis, by its nature, leads to the
formation of regenerative nodules which, with time, may enlarge to form macro-regenerative
nodules'®. Some of these nodules may be pre-neoplastic'®. As well, the larger and more

numerous these nodules get, the more difficult it is to detect a neoplastic mass or nodule from
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anon-neoplastic or macro-regenerative one. Therefore, the diagnostic accuracy of ultrasound,
when applied to a population of individuals with early, compensated, cirrhosis, differs from
that achieved on patients with long-standing, decompensated, cirrhosis. This is the reason why
the results of a large scale North American study of HCC screening among chroni_q hepatitis
B carriers'® could not be used, since the majority of their population had no underlying
cirrhosis.

The accuracy of ultrasound may also depend on the operator'?'. More experienced
sonographers are more likely to render accurate results. Therefore, results from studies
originating from the Orient, were the incidence of HCC is much greater and the screening
practice much more widely applied than it is in North America or in Europe, would not be
applicable.

The sensitivity and specificity of ultrasound and AFP level determination in
compensated cirrhosis was extracted exclusively from studies of HCC detection in patients
with compensated cirrhosis, using a combination of selective liver angiography and

percutaneous or laparoscopic biopsy as the gold standard3!-$3.108:110-114

3.4.4.2 Probability of death from fine needle aspiration of the liver (FNA) (Table 4)
Thelargest review on the complications of percutaneous abdominal fine-needle biopsy
was performed by Smith, who combined the results of published surveys from both European

and North-American institutions''®.

4 Data - Utilities



40

In economic evaluations of health technologies, the cost-effectiveness ratio is
commonly expressed as cost per quality adjusted life years (QALY). In order to determine
the QALYSs, a measure of the subjective value of each year spent in a given health state is
required. A utility represents an individual’s strength of preference or desirability for an
outcome. Its value may be from 0 (dead) to 1 (perfect health). Utilities, or preferences, can
be measured using various techniques and sources. However, the optimal source and
technique to be used for preference measurement is widely debated. This is because
preferences for health states represent subjective values rather than objective measures of
functional capacity and there is no such thing as a “correct” preference value'>. The degree
of desirability of a given health state may hold different values, depending on the individuals

who were interviewed and the technique used for its measurement.

4.1  Sources of preferences

An individuals’ degree of desirability for a given health state will depend in part on
whether one has experienced that health state. Preferences can be obtained from patients
experiencing the health state, from their surrogate, from experienced health care workers with
knowledge about the given health state, or from members of the general population. These
sources obviously display great variability in the nature and degree of their experience with
the health state, and the optimal choice of sample to interview is controversial: community
samples may not have an accurate knowledge and understanding of the morbidity of the
health state under consideration; interest groups could generate lower utility values for

purposes of lobbying; patients, on the other hand, have been noted to rate their heaith state
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with a higher value than members of the general public, possibly because human beings can
successfully adapt to adversity 'Z'2.

The choice of the most suitable source of utility measure is based on the type of study
for which utilities are being measured. Since the purpose and perspective c_:f a cost-
effectiveness analysis is to consider an intervention in the context of overall resource
allocation, and to make comparisons among different types of interventions, the use of a
generic source of preferences, which would be the same across various economic evaluations,
is recommended'Z.

Aware of the controversy about the optimal source of preferences, we elected to use
a community sample for this cost-effectiveness analysis. This choice is supported by the US

panel on cost-effectiveness analyses'*

. We considered the option of generating utilities from
both patient and community sources, but, because of the limited number of cases of
hepatocellular carcinoma, we were concerned that interviewing actual patients would not

allow us to complete this study in a timely manner.

42  Study population

To value the quality of life of patients with compensated cirrhosis, decompensated
cirrhosis, and HCC, we interviewed members of the general population to determine their
preference for each of these health states.

A convenience sample of thirty-one members of the general population were recruited
among companions of the patients attending the Endoscopy unit at the Ottawa Hospital, Civic

Site. These members of the general public were usually spouses, relatives, or friends of
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patients who were undergoing outpatient endoscopic (gastrointestinal or bronchoscopic)
procedures. Inclusion criteria were: age between 30 and 65, fluent in English, no underlying

liver disease, mental illness or cognitive deficit, and consenting to participate in the interview.

4.3 Creation of descriptive scenarios (Appendix 3)

The three health states were: compensated cirrhosis, decompensated cirrhosis and
hepatocellular carcinoma. Hypothetical scenarios were created to describe what one would
typically feel and experience if living with each of these health states. The scenarios included
a short text describing the health state followed by a systematic presentation of the health
related quality of life descriptors of the Health Utility Index (HUT) Mark III, in point form.
The HUI Mark [II is a generic, preference-weighted, health state classification system which
has been validated among large North American populations and which is increasingly used
for disease-specific utility generation'”. The integration of the HUI descriptors into our
scenarios leads to the creation of utilities which can potentially be compared to other HUI
derived utilities from the general population or from other health states. The HUI includes 8
health related quality of life domains, each with 5 to 6 items, describing the severity of
impairment in that domain (see Appendix 4). All 8 domains were systematically presented,
selecting the descriptor which most appropriately reflected the degree of impairment for each
given scenario. The scenarios were structured similarly, and differences between each health
state were highlighted in a bold font. They were written in the second singular person and the
“RightWriter” software (version 3.0) was used to ensure that any individual with a level of

education equal to or greater than grade six would understand the text. Labels were carefully
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avoided i.e. “compensated cirrhosis” was described as “Condition X’ and “decompensated
cirrhosis” and “hepatocellular carcinoma” as “Condition Y and “Condition Z” respectively.
As well, usage of terms such as “liver disease”, “hepatitis C”, “cirrhosis” or “cancer” was
avoided so that the nature of each condition remained completely unknown to the r_e;pondent.
The use of labels has been shown to introduce bias in generating utilities related to
tuberculosis and cancer'? and is discouraged by experts in the field (Torrance, personal
communication November 1997; Feeny, personal communication November 1997). In order
to avoid duplication of the life expectancy component of the QALY measure, no notion of
prognosis and life expectancy were provided in the descriptions. Respondents were simply
told that any health state would last for the rest of their lives.

The content of the scenarios was determined based on the expertise of a panel of two
gastroenterologists (C.D., A.R.) and a hepatologist (L.J.S.) as well as the available literature

on quality of life in hepatitis C'%1%.

44  Instrumentation

Preferences can be measured using a variety of techniques. For the present analysis,
the stz:ndard gamble (SG) technique, was used for the following reasons: 1) it is based on the
axioms of utility theory *!%, 2) it places the respondent in a situation of uncertainty and
forces him (her) to make a trade, which simulates the contexts of decision making and policy
making in health care. The SG offers a choice between two alternatives: living in health state
A, which is less than perfect, or taking a gamble between perfect health, with a probability

p. despite a probability of immediate death (/-p). The probability p is varied until the
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respondent is indifferent between either options. Individuals are usually risk averse, so utility
scores obtained with the SG are commonly greater than those obtained with other
techniques'?. The construct validity of the SG has been criticized because not all choices in
health care imply a probability of immediate death. However, in the case of cirf_hosis and

hepatocellular carcinoma, the probability of immediate death is realistic.

45  Computerized utility generating interview

It has been argued that the SG is time-consuming, that it is conceptually difficult for
the respondent to understand, and that it requires well trained interviewers and carefully
designed props'!. In order to surmount these difficulties, we created a computerized
interview with voice, text, and a graphic display of the standard gamble. This tool facilitated
comprehension, allowed the interview to be administered in a reproducible and controlled
manner while simultaneously allowing the respondent to control its pace and to review
previous statements as desired. The entire questionnaire was therefore created to run on a
standard multimedia Windows 95® computer. A screen image of the computerized
questionnaire, illustrating the standard gamble, is presented in Appendix 5.

A consent form that explained the purpose and the nature of the interview was first
read and signed (see Appendix 6). The consent served as an introduction to the process of the
interview, emphasizing the hypothetical nature of the health conditions that would be
described as well as the fact that there was no right or wrong answer.

Respondents’ characteristics (age, sex, study number and co-morbidity index

133(Appendix 7)) were gathered. A research assistant was present throughout the interview
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process, to ensure its proper conduct. The presentation began with two examples of health
states, each followed by a standard gamble. We chose to present “being blind in one eye™ and
“being blind in both eyes”. The us: of such examples provided 1) a simple representation of
a hypothetical health state which all respondents can relate to and 2) a means of enfpring that
respondents did understand the standard gamble, since it was reasonably expected that “being
blind in one eye” would yield higher utilities than “being blind in both eyes”. Respondents
who gave a higher utility to “being blind in both eyes” than to “being blind in one eye” were
excluded.

Following these two examples, respondents were asked to do the standard gamble on
each of the three health states successively. The order of presentation was the same for all
respondents, i.e. in order of progressive morbidity, from compensated cirrhosis to
hepatocellular carcinoma. The standard gamble exercise was presented in a converging “ping-
pong” order, as recommended by Furlong et al’**

At the end of the process, the computer program generated a printed output of the
respondents’ characteristics and preference values. Qualitative data collection about

comments or difficulties that were expressed by respondents were also gathered.

46  Sample size and statistical analysis
A sample size of at least 30 respondents was selected for convenience. The sample
size could not be calculated a priori, since a thorough review of the literature yielded no

published data on community-based utility measures in chronic liver diseases. We assumed
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that a large enough sample size was used if the null hypothesis of equal utility values among
the three scenarios could be rejected. For this, we used non-parametric and parametric tests.

The normality of the utilities was assessed through the use of histograms and P-P
Plots. In the P-P Plots, the cumulative proportion for a single numeric variable is plotted
against the cumulative proportion expected if the sample were from a normal distribution. If
the sample is indeed from a normal distribution, points will cluster around a straight line.

Parametric testing was performed with a one-factor repeated-measures analysis of
variance on the effect of the scenario on the utility variable, which was conducted as follows.
In this experimental design, three sequential observations were made on each subject. Each
observation, i.e. the preference measure, was performed after administering a different
treatment to the individual, i.e. the scenario. The order of administration of the “treatments”
i.e. the scenarios, was fixed, from the mildest degree of severity (i.e. “Compensated
cirrhosis™), to the worst degree of severity (i.e. “HCC”). The sources of variation of the
dependent variable, i.e. the utility, were: the variation due to the treatment effect (i.e. the
scenarios), the within-person variation, the between-person variation, and the uncontrolled
or residual source of variation (the error). Firstly, the data was analyzed for differences
obtained from each scenario:

Null hypothesis: there is no difference between the mean utilities obtained from

scenario X, Y,orZ, pyx=Hy=Hy
Alternate hypothesis: there is at least one population mean which does not equal
another population mean

Type 1 error: 0.05
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There are several methods for testing the null hypothesis with the one-factor repeated-
measures analysis of variance: the univariate approach, the multivariate approach, and the
adjusted univariate approach. All of these approaches are based on the assumption that the
repeated measurements come from a multivariate normal distribution. The univariate
approach also rests on the variance-covariance assumptions, which can be tested with the
Mauchly’s test of sphericity'**. We performed the Mauchly’s test of sphericity using a p value
of 0.10, since it is said not to be very powerful when the sample size is small. A non-
significant Mauchly’s test ensures that the variance-covariance assumptions are met and that
the one-factor repeated-measures ANOVA can be calculated with the univariate approach.
Once the null hypothesis of equal population means could be rejected, we performed a
multiple-comparison procedure to determine which population means are different'*.

If the distribution of the response was not normal, we used the non-parametric
Friedman test for 2 or more related samples to verify that a statistical difference exists
between the utilities for these three health states.

The determination of the health-state specific utility value for use in the model was
performed by calculating the mean utility value for each scenario. The mean utility was used
as a best estimate, while the range of utility values was the lowest and upper estimates.

All statistical analyses on these utility measures were performed using the SPSS

statistical software.

4.7 Disutilities
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Short-term health states were accounted for by disutility values. The methodology of
defining disutilities has not been well studied '*. One approach to this problem would be to
elicit them directly, using the same methodology as described above for the utilities. However,
we estimated that the interview was already of about 30 to 40 minutes duratim},. and that
elongating it would probably overburden the respondents. For simplification, we assumed that
the quality of life was zero during the period of time spent in these short-term states, a
technique which has been used before . A disutility value therefore represented the
proportion of cycle-length spent in a given short-term state. These short-term states included
the following tests and procedures: screening procedure (abdominal ultrasound and AFP
level), ultrasound-guided fine needle biopsy, radiological investigations performed for the
staging of HCC (CT scan of abdomen, bone scan, CXR), surgical resection for HCC and PEI
therapy of HCC. The other short-term states such as endoscopic procedures, paracentesis and
hospitalization for complications of cirrhosis and HCC were included in the global utility
measure for those long-term health states. It was assumed that the duration of outpatient
procedures was between a third of a day and a full day. The average and range of number of
therapeutic sessions required for PEI therapy was drawn from a recently published survey*’,
while the average length of hospital stay for hepatic resection and its range were drawn from
administrative hospital databases (London Health Sciences Centre and Ottawa Civic

Hospital).

5 Data - Costs
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5.1  Cost-effectiveness ratio

The economic implications of a health intervention are commonly expressed as a cost-
effectiveness ratio, composed of the costs in the numerator and of the health effects in the
denominator. A pictorial representation of the cost-effectiveness ratio (CER) is prgsented in
Figure 2. Our screening intervention will induce health care and social services costs, and
costs that fall on the patients. The health care costs include the value of all the goods,
services, and other resources that are consumed in the provision of the intervention, and in
dealing with consequences linked to it (costs of tests, drugs, supplies, medical facilities, health
care personnel and professionals). The social services costs are related to the costs of home
care which may be provided to patients with significant morbidity, such as decompensated
cirrhosis and HCC. The costs that fall on the patient and family include the direct costs related
to the consumption of non-health care services (such as transportation), and the time costs.
The cost of lost time can be referred to as “productivity costs™ or “indirect costs”, and they
are the costs associated with lost or impaired ability to work or to engage in leisure activities
due to morbidity and the lost economic productivity due to death'*. They can be borne by
the patient and/or by an informal caregiver'*®. The health effects, or changes in health status,
are included in the denominator and translated as health related quality of life and life-
expectancy'®*.

Whether a given effect of a health intervention should be considered in the numerator
or in the denominator, is, at times, the source of considerable debate '**'*!. The controversy
resides in the fact that factors such as loss of income and of productivity may have an impact

on quality of life. To avoid “double-counting” the impact of these factors, it is important to
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carefully ascertain whether the measure of the health effects, i.e. the utility measure, refers to
these factors. In the scenarios used to describe each health state, lost productivity and lost

leisure time were specifically described.

Figure 2: Economic consequences of health interventions:

the cost-effectiveness ratio **.

(
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Interventi