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SUMMARY. Accurate prognostic estimates were required to
ensure the sufficiency of the $1.1 billion compensation fund
established in 1998 to compensate Canadians who acquired
hepatitis C virus (HCV) infection through blood transfusion
between 1986 and 1990. This article reports the application
of Markov modelling and epidemiological methods to estimate the prognosis of individuals who have claimed
compensation. Clinical characteristics of the claimant cohort
(n = 5004) were used to define the starting distribution.
Annual stage-specific transition probabilities (PO -7 F1, ... ,
F3 -7 F4) were derived from the claimants, using the
Markov maximum likelihood estimation method. HCV
treatment efficacy was derived from the literature and
practice patterns were estimated from a national survey. The
estimated stage-specific transition probabilities of the cohort
between PO -7 F1, F1 -7 F2, F2 -7 F3 and F3 -7 F4 were
0.032, 0.137, 0.150 and 0.097 respectively. At 20 years
after the index transfusion, approximately 10% of all living

INTRODUCTION
Although there is a clear association between chronic
hepatitis C virus (HCV) infection and progression to cirrhosis, liver failure and hepatocellular carcinoma (HCC) [1-3],
considerable uncertainty remains regarding the rate of liver
disease progression and the overall proportion of people who
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claimants (n = 3 773) had cirrhosis and 0.5% developed
hepatocellular carcinoma (HCC). For nonhaemophilic
patients, the predicted 20-year (2030) risk of HCV-related
cirrhosis was 23%, and the risk of HCC and liver-related
death was 7% and 11% respectively. Haemophilic patients
who are younger and are frequently eo-infected with human
immunodeficiency virus would have higher 20-year risks of
cirrhosis (3 7%), HCC (12%) and liver-related death (19%).
Our results indicate that rates of progression to advanced
liver disease in post-transfusion cohorts may be lower than
previously reported. The Canadian post-transfusion cohort
offers new and relevant prognostic information for posttransfusion HCV patients in Canada and is an invaluable
resource to study the natural history and resource utilization
of HCV-infected individuals in future studies.
Keywords: cirrhosis, decision making, hepatitis C, Markov
model, natural history, transfusion-acquired.

will develop these complications. Progression to cirrhosis is
highly variable and dependent on several host- and virusrelated and external factors that modify the rate at which
fibrosis progression occurs in an individual. HCV was first
identified in 1989 [4] and was subsequently established as
the causative agent of more than 90% of non-A, non-E posttransfusion hepatitis [5]. Blood transfusion and blood product use were a major source of HCV infection prior to 1990,
when serological screening of donated blood for HCV was
first instituted [6]. Between 1986 and 1990, surrogate
marker testing (i.e. alanine aminotransferase and antihepatitis B virus core antigen) for residual non-A, non-E
hepatitis was employed to screen blood donors in the United
States to reduce the risk of HCV infection in the general
population [7]. However, in Canada, surrogate marker
testing was not implemented in most jurisdictions [8,9].
Consequently, an estimated 10 000-16 000 Canadians
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became infected with HCV through blood and blood product
transfusions between January 1, 1986 and July 1, 1990
[8,9].
The federal, provincial and territorial governments of
Canada agreed to compensate claimants, including haemophilic patients, individuals with human immunodeficiency
virus (HIV) who became eo-infected with HCV and those
secondarily infected individuals in the 1986 to 1990 Hepatitis C Compensation Agreement [8]. The Canadian
compensation program was unique in that it linked
compensation levels to stage of liver disease [10]. Hence,
accurate prognostic estimates were required to ensure the
sufficiency of the compensation fund over the lifetime of
potential claimants.
This article reports the application of a previously validated HCV Markov model [ll] and comprehensive epidemiological methods to estimate the prognosis of individuals
who have claimed compensation [post-transfusion
compensation claimant (PTCC) cohort] and to guide allocation of the $1.1 billion compensation fund. This study
incorporates updated information regarding both the
characteristics of a large Canadian PTCC cohort (e.g. HCVrelated liver disease stage distribution and size of claimant
cohort) and the best evidence regarding HCV outcomes
(e.g. natural history prognostic data, treatment patterns
and treatment intensity) relevant to this unique cohort of
HCV-infected individuals.

National survey of Canadian hepatologists' practice patterns
The national survey of Canadian hepatologists provided data
regarding current treatment patterns in their practice. In
2002 and 2004, practice surveys were conducted among
Canadian hepatologists to establish which patients were
likely to receive HCV treatment [12]. We used the 2002
survey data in the model for future projections, as the sample
size was larger and practice patterns had not changed by
2004. Clinicians with a specialty in hepatology were identified through the Canadian Medical Directory. Clinicians
were surveyed regarding the likelihood of antiviral treatment
as a function of age, eo-morbidity and disease stage. Thirtyeight of 44 clinicians responded to the survey with an overall
response rate of 86.4%.

METHODS

Model assumptions

Data sources

We assume that transition rate from PO to F1 for a nonviraemic patient is zero and that future prognosis after PO is

Model structure
The current natural history model (Fig. 1) consists of
mutually exclusive HCV health states defined by serological
status (nonviraemic/viraemic), liver fibrosis stage (PO, no
fibrosis: F1, portal fibrosis without septa: F2, portal fibrosis
with rare septa: F3, numerous septa without cirrhosis: F4,
cirrhosis) [13-16] and clinical status (decompensated
cirrhosis, HCC, death). These health states closely reflect the
six-level compensation scale defined in the compensation
agreement (Table 1). The model was implemented in DATA
PRO [17].

The model used input data from three data sources: data
directly collected from the PTCC cohort: a national survey of
Canadian hepatologists determining their antiviral therapy
practice: and published HCV natural history data, treatment
efficacy, general population and post-transfusion mortality
rates, and the effect of HIV and haemophilia on long-term
prognosis.
Post-transfusion compensation claimant cohort
As part of the claims process, demographic and clinical data
were collected from claimants with transfusion-related HCV
infection. Demographic information included year of birth,
gender, place of residence and date of death for deceased
individuals: haemophilic history and/or the underlying
medical condition necessitating blood transfusion: blood
transfusion history (for nonhaemophilic patients only), date
of first transfusion and number of transfusions: serological
testing results and dates for HCV antibody and HCV ribonucleic acid (RNA) status at the time of claim being made:
severity of HCV infection based on a six-level compensation
scale and supporting diagnostic information. History of
eo-infection with HIV and HCV treatment information was
also collected.

© 2009 Blackwell Publishing Ltd

Fig. 1 Simplified schematic Markov model of natural
history of hepatitis C virus infection. Each circle represents a
health state for the individuals infected because of blood
transfusion in Canada between 1986 and 1990. Each solid
arrow represents possible transitions between health states
that may occur each year. HCV, hepatitis C virus: RNA,
ribonucleic acid.
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Table l Baseline clinical data of post-transfusion compensation claimant cohort by haemophilic status. 2007

Characteristics
Gender
Male
Female
Survival status at 2007
Alive
Deceased
Biopsy evidence
Yes
No
Level of compensation t
Level l
Level 2
Level 3
Level 4
Level 5
Level 6
Missing
HCV-antibody test
Positive
Negative
Unknown
HCV-RNA test
Positive
Negative
Unknown
HCV therapy
Yes
No
HIV Positive
Yes
No
Missing
Gender (among alive)
Male
Female
Current Age (among alive)
(mean ± SD) years
HIV Positive (among alive)
Yes
No
Missing

Total

Haemophiliacs

NonHaemophiliacs

N = 5004

N = 1305

N = 3699

N

N

%*

N

%*

P-value

3112
1892

1157
148

88.7
11.3

1955
1744

52.9
47.1

<0.0001

3773
1231

904
401

69.3
30.7

2869
830

77.6
22.4

<0.0001

1082
3922

225
1080

17.2
82.8

857
2842

23.2
76.8

<0.0001

807
1526
1198
261
319
446
447

145
251
358
68
104

14.1
24.5
34.9
6.6
10.1
9.7

662
1275
840
193
215
346
168

18.7
36.1
23.8
5.5
6.1
9.8

<0.0001

3395
230
1379

773
50
482

93.9
6.1

2622
180
897

93.6
6.4

0.718

2491
185
2328

609
47
649

92.8
7.2

1882
138
1679

93.2
6.8

0.770

1080
3924

315
990

24.1
75.9

765
2934

20.7
79.3

0.009

536
4115
353

523
754
28

41.0
59.0

13
3361
325

0.4
99.6

<0.0001

2181
1592
54.0 (18.2)

770
134
44.3 (13.8)

85.2
14.8
57.1 (18.4)

1411
1458
<0.0001

49.2
50.8

<0.0001

218
3289
266

210
674
20

23.8
76.2

8
2615
246

0.3
99.7

<0.0001

lOO
279

*Percentages were calculated based on available observations excluding missing and unknown categories. tLevel 1. HCV
antibody positivity; Level 2. HCV RNA positivity; Level 3. Nonbridging fibrosis; Level 4. Bridging fibrosis; Level 5. Cirrhosis or
unresponsive porphyria cutanea tarda. unresponsive thrombocytopenia; Level 6. Liver transplant. decompensated cirrhosis.
hepatocellular carcinoma. B-cell lymphoma. symptomatic mixed cryoglobulinema. glomerulonephritis. renal failure.
HCV. hepatitis C virus; HIV. human immunodeficiency virus; RNA. ribonucleic acid; SD. standard deviation.
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determined by fibrosis stage alone. We also assume that
regression from a later to an earlier stage (e.g. F1-FO.
F3-F2) does not occur. although there is recent evidence to
suggest that this may occur in some individuals with
successful treatment or may occur because of sampling error
[18-21]. In addition. the disease progresses one stage at a
time. Thus. skipping stages within a single cycle (1 year) is
not allowed in the model (e.g. F1 directly to F3). We further
assume that there is no excess mortality attributable to
transfusion based on the survival experience of the cohort
reported by Vamvakas [22.23]. According to Vamvakas. the
mortality rate of patients after 10 years of receiving a blood
transfusion would be the same as that of the general population. In the model. there is no excess HCV-related mortality
in individuals whose liver disease has not yet progressed to
F4. The sole exception to this is HCC. Individuals are allowed
to develop and die from HCC at earlier stages. The probability
of progressing to HCC for a nonviraemic person is zero.
The effects of covariates such as gender. age. and HCV
treatment on disease progression are incorporated within the
model structure. Disease progression rates are very low or
zero in those who respond to treatment [24.25]. We
employed a very conservative assumption that treatmentinduced sustained response decreases the progression rate of
liver fibrosis to 10% of that in untreated patients. We also
assume that haemophilic status does not affect HCV disease
progression [26-28].

Model input parameters
Demographic and clinical data
Data from the PTCC were used to estimate age. gender and
the proportion of individuals with haemophilia and HIV
infection. In addition. it was used to derive the starting
distribution of cases across fibrosis stages (FO-F4) and clinical
states (e.g. decompensated cirrhosis. post-transplant) for the
cohort simulation. and to estimate stage-specific transition
probabilities (PO --7 F1 ..... F3 --7 F4) (see below). Determining the true fibrosis stage distribution among claimants
posed challenges. as only 20% of cases included had liver
biopsy data (Tables 1 and 2). To address this problem. we
used a propensity score approach [29.30] to estimate the true
stage distribution of the cohort for 2007. The propensity
score approach is a means of adjusting for differences
between two groups (i.e. patients with and without liver
biopsy) in multiple covariates (i.e. age. gender. HCV treatment. haemophilic status. compensation level/stage and
survival status) by collapsing all covariates into a single
variable. which in this case is the probability of having
received a liver biopsy. Propensity score method has been used
to reduce selection bias in observational studies including
heart disease [30]. hepatitis C [31] and prostate cancer [32] by
balancing groups based on the known covariates [33,34].
Propensity score for biopsy was derived by fitting a logistic
model with liver biopsy status as dependent variable and the
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above covariates as independent variables. Alanine aminotransferase level and platelet count were not available for
inclusion in the model. Based on the propensity score
(predicted probability of having a biopsy. from 0 to 1).
patients were classified into three groups: :s;o.4: 0.4-0.6: and
:2:0.6. In each group. stage distributions were compared
between patients with and without biopsy records. The
patients without biopsy but with the closest propensity score
were assumed to have the same stage distribution as the
patients with biopsy records. For individuals in the F1-F3
stages. those who had not been biopsied were assigned a
'true' stage distribution based on their propensity score. No
adjustments were made for individuals in the PO stage
assuming that these individuals did not have liver fibrosis.
We also assumed that patients in the late stages could be
diagnosed using clinical information only. Thus, no further
adjustments were made for these stages.
HCV natural history
We assumed that 20% of individuals who acquire HCV
would clear the virus within the first 6 months of their
infection [35,36]. Estimation of the subsequent annual rate
of viral clearance in published studies was based on the
cumulative clearance rate and the mean duration of follow
up in the study. The weighted annual HCV clearance rate
estimated from available 21 published studies including the
PTCC cohort data (2005) was 0.020 (95% confidence
intervals (CI), 0.013-0.02 7) (Table 3) [3 7].
Stage-specific transition probabilities were derived from
the available PTCC cohort data, using the Markov Maximum
Likelihood Method (MMLE) method. We used data from the
nonhaemophilic population because the time of HCV infection for haemophilic patients was unknown. The PTCC
cohort-derived annual mean (95% CI) transition probabilities are as follows: PO --7 F1 0.032 (0.02 7-0.036): F1 --7 F2
0.13 7 (0.091-0.184): F2 --7 F3 0.150 (0.085-0.215): and
F3 --7 F4 0.097 (0.040-0.154) units/year (Table 3).
Transition probabilities from F4 to decompensated cirrhosis and HCC were obtained from a meta-analysis
[3 7,38]. Although most patients who progress to HCC have
a background of cirrhosis, there are some who develop HCC
with no or minimal liver fibrosis [39,40]. Transition probabilities for these and for advanced liver disease (e.g. from
decompensated cirrhosis --7 liver transplant --7 liver-related
death) were obtained from our previous models [11,41]
(Table 3).
Competing risk
Some of the apparent acceleration of disease progression
seen in circumstances that decrease the life expectancy of
the underlying population may be accounted for by
competing risks [42]. We obtained our baseline estimate of
excess transfusion-associated mortality from the study of
Vamvakas and Taswell [22]. This study reported a 10-year
overall death rate of 52% among a population-based cohort
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Table 2 Observed and estimated HCV disease stage distribution of living post-transfusion compensation claimant cohort by haemophilic status, August 2007

Total living claimants (%)

Haemophiliacs (%)

Observed

@

Adjusted*

Observed

Nonhaemophiliacs (%)
Adjusted*

Observed

Adjusted*

No Biopsy

Biopsy

Total

Total

No Biopsy

Biopsy

Total

Total

No Biopsy

Biopsy

Total

Total

Stage

N = 2899

N = 874

N = 3773

N = 3773

N = 723

N = 181

N = 904

N = 904

N = 2176

N = 693

N = 2869

N = 2869

HCV RNA- PO
HCV RNA+ PO
P1/2
P3
Cirrhosis
Decompensated
Cirrhosis
HCC
Liver transplant
Other liver disease

29.3
35.1
28.2
0.0
2.7
2.0

0.1
0.5
46.5
28.0
21.9
1.8

22.6
27.1
32.4
6.5
7.1
1.9

22.6
27.1
24.0
14.9
7.1
1.9

20.2
28.6
41.5
0.0
4.7
3.5

0.0
0.0
30.9
37.6
31.5
0.0

16.2
22.9
39.4
7.5
10.1
2.8

16.2
22.9
22.8
24.1
10.1
2.8

32.4
37.3
23.7
0.0
2.0
1.5

0.1
0.6
50.5
25.5
19.3
2.3

24.6
28.4
30.2
6.2
6.2
1.7

24.6
28.4
24.4
12.0
6.2
1.7

0.4
0.8
1.6

0.9
0.1
0.2

0.5
0.6
1.3

0.5
0.6
1.3

0.6
0.4
0.6

0.0
0.0
0.0

0.4
0.3
0.4

0.4
0.3
0.4

0.3
0.9
1.9

1.2
0.1
0.3

0.5
0.7
1.5

0.5
0.7
1.5

*The propensity adjustment was made for haemophiliacs and nonhaemophiliacs separately, and overall adjustment was combined from both.
HCV, hepatitis C virus; RNA, ribonucleic acid; P, stage of liver fibrosis; HCC, hepatocellular carcinoma.
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Table 3 Summary of transition probabilities used in the current HCV Markov prediction model

Type of transition probability

Baseline
probability

Proportion of whole cohort with RNA- in PO.
6 months post-infection
Proportion of whole cohort with RNA+ in PO.
6 months post-infection
Proportion of whole cohort with RNA- in PO. year 2007
Transition from RNA+ to RNA- (without treatment)
Transition from RNA- to recover
Transition from PO RNA- to P1
Transition from PO RNA+ to P1
Transition from P1 to P2
Transition from P2 to P3
Transition from P3 to P4
Transition from P4 (cirrhosis) to decompensated cirrhosis
Transition from decompensated cirrhosis to liver
transplantation
Transition from PO directly to HCC
Transition from P1 directly to HCC
Transition from P2 directly to HCC
Transition from P3 directly to HCC
Transition from P4 directly to HCC
HCC to death
Liver transplantation to death (first year)
Liver transplantation to death (after first year)
Decompensated cirrhosis to HCV-related death
HCV treatment efficacy
Proportion eligible for HCV treatment <65 years:
0.14 x 0.60 (95% Cr. 0.52-0.68)* (PO RNA+ to P1)
0.80 x 0.49 (95% cr. 0.42-0.56)* (P1 to P4)

0.20

0.75 X 0.25* (P4 to decompensated cirrhosis)
Excess mortality attributable to transfusion
Effect of HrV status on fibrosis progression rates
(relative risk)
Excess mortality associated with HrV infection
(relative risk)

Low

High

Source
[1.10.79-86]

0.80
0.226
0.020
0.002
0.000
0.032
0.137
0.150
0.097
0.055
0.033

0.013
0.001
0.000
0.027
0.091
0.085
0.040
0.040
0.017

0.027
0.004
0.000
0.036
0.184
0.215
0.154
0.092
0.049

Table 2
[35.37]
[74]

0.000
0.0001
0.0001
0.001
0.031
0.605
0.169
0.034
0.138

0.000
0.000
0.000
0.0001
0.024
0.545
0.127
0.024
0.074

0.000
0.0020
0.0020
0.020
0.038
0.676
0.210
0.043
0.202

0.084
0.392

0.073
0.336

0.095
0.448

0.188
0.520
2.122

0.038
0.323
1.518

0.334
0.575
2.967

[10.12]
Pooled [54.60.65]
Pooled
[ 51.52.54.56-61.63-65]
[10]
[11.22.23]
[67]

6.24

5.43

7.18

[26.2 7.43-47]

PTCC cohort
PTCC cohort
PTCC cohort
PTCC cohort
[38.87]

data
data
data
data

[ll]
[ll]
[ll]
[ll]
[ll]
[38.87]
[38.87]
[88.89]
[88.89]
[90]

*Product of the proportion of patients eligible for HCV treatment and the response rate. Treatment rates are based on the
survey of hepatologists in 2002. The response rates are based on the 2008 literature review.
HCV. hepatitis C virus: RNA. ribonucleic acid: PO. no fibrosis: P1. portal fibrosis without septa: P2. portal fibrosis with rare
septa: P3. numerous septa without cirrhosis: P4. cirrhosis: HCC. hepatocellular carcinoma: cr. confidence intervals.
of 802 individuals transfused in Olmsted County. Minnesota.
in 1981.
We also used our pooled mortality relative risk of 6.24
[26.2 7.43-47] to adjust upward the risk of non-HCV-related
death in HrV /HCV eo-infected patients (Table 3).
HCV treatment efficacy and treatment rate
Hepatitis C virus treatment-induced sustained viral clearance has been shown to halt fibrosis progression or may lead
to fibrosis regression [21.48-50]. Estimates of treatment
efficacy were derived from a meta-analysis of 15 randomized

© 2009 Blackwell Publishing Ltd

controlled trials [51-65] evaluating pegylated interferon and
ribavirin combination therapy in treatment naive HCVinfected individuals. Based on these 15 studies. the sustained
virological response rates were as follows: for PO-P1 (n = 3
studies). 60%: and for P1-P4 (n = 14 studies). 49%
(Table 3). We did not consider genotype-specific treatment
response as the PTCC cohort data lack information about
genotype.
We estimated the proportion of post-transfusion recipients
who had been treated. Based on the 2002 Canadian hepatologists' practice patterns survey data [10,12], the median
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treatment rate for patients with and without liver fibrosis is
80% and 14% respectively. In our survey. patients with
decompensated cirrhosis were not offered treatment.
Covariates
Studies have shown that HIV /HCV eo-infection may accelerate progression of HCV-related liver disease [2 7.45.47.66].
We took into account the fact that prognostic studies often
do not report HIV status. However. for haemophilic patients.
HIV status usually is reported. Although HIV testing information is not available in nonhaemophilic patients. we
assumed that HIV positivity was more common in haemophilic patients. In our model for haemophilic patients.
therefore. we incorporated the effect of HIV status by
assuming that fibrosis transition rates between PO and F4
were increased. on average by a factor of 2.12 among the
eo-infected individuals [67]. We obtained these data from
our recent meta-analysis of 2 7 reports of HCV natural history studies involving 7666 individuals with HCV monoinfection (n = 4970) and HIV/HCV eo-infection (n = 2636).

Analysis
For the baseline analyses. observed age. gender. age at first
blood transfusion and distributions of compensation level in
the PTCC cohort were used. Based on the results from HCV
testing. liver biopsy data and reported compensation level.
we grouped claimants into five fibrosis stages from PO to F4.
With the starting fibrosis stage. age and gender distributions
in 2007. in conjunction with the estimated stage-specific
transition probabilities. we predicted prognosis of the individuals using a Markov state-transition model. Cumulative
proportions of individuals entering each health state in the
predicted year were tabulated using the baseline estimates
for each parameter.

Model calibration
Our model was calibrated using data from nonhaemophilic
patients who have data on the dates of the first blood
transfusion. We allowed baseline natural history parameters
to vary over plausible ranges. We identified unique sets of
parameter values that achieved close fit to the observed data
and proceeded with the long-term prediction using a sample
of good-fitting parameter sets.

from PO to F1 .... F3 to F4). from triangular distribution
(transition from fibrosis stages to HCC). from binary distribution for individual characteristics (gender. treatment.
treatment response) and from imported tables (age. mortality). The 'baseline' value was assumed to represent the mean
of the distribution. For each randomly sampled set of transition probabilities, 50 000 repeated patients with different
age, gender, or treatment were simulated. Overall, 500 sets
of transition rates were sampled with 10 000 simulations
per set. From the model outcomes, we calculated standard
deviation and constructed 95% er of predicted rates.

RESULTS

Characteristics of the post-transfusion compensation
claimant cohort
A total of 5004 post-transfusion patients with valid claims
for compensation as of August 2007 were included in this
study. Overall, the majority of the claimants were HCV
antibody/HCV RNA positive (93%), males (62%), and were
compensated at Level 3 or below (78%). Males were more
likely to be in a higher compensation category compared
with females (Level 3+, 52% vs 44%). More than one-fifth
(22%) had received prior HCV therapy (Table 1). Over a
quarter of claimants (26%) were haemophiliacs, of which
69% were alive. Haemophilic patients were significantly
younger (44 vs 57 years, P < 0.0001), were more likely to
be males (89% vs 53%, P < 0.0001) and had a higher rate of
eo-infection with HIV (41% vs 0.4%, P < 0.0001) compared
with nonhaemophiliacs. The mean ± SD age at the time of
first blood transfusion and duration of follow up among
the nonhaemophilic patients was 42 ± 18 years and
19 ± 6 years, respectively. The median year of transfusion
was 1986.
Among the 3773 living claimants, only 23% had received
a liver biopsy. The observed-adjusted starting distribution of
disease severity based on the propensity score among the
living claimants were: 50% PO, 24% F1/2, 15% F3, 7%
cirrhosis, 2% decompensated cirrhosis, 0.5% HCC and 0.6%
who had received a liver transplant (Table 2). The proportion of patients in F4 stage was much higher in individuals
who had a liver biopsy than those who did not have a liver
biopsy (22% vs 3%).

Predicted long-term hepatitis C prognosis
Sensitivity analysis
The effects of overall uncertainty in our prognostic model
were explored using second order Monte Carlo simulation.
This includes variables such as treatment efficacy. HIV status
and transition probabilities. In this approach. probability
estimates for the model are represented by probability
distributions rather than by fixed point estimates. Random
variables were generated from beta distribution (transition

Table 4 shows the cumulative proportion of HCV outcomes
among PTCC cohort. At 20 years (2007) after the index
transfusion, an estimated 10% of all living patients had
cirrhosis, and 0.5% had developed HCC. It was also estimated that 9% ofnonhaemophilic patients alive in 2007 had
cirrhosis, and that 29% of patients will ultimately develop
cirrhosis and 17% will ultimately die of liver disease.
Haemophilic patients who are younger and are frequently

© 2009 Blackwell Publishing Ltd
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Table 4 Cumulative proportion of hepatitis C outcomes. 2007-2060

All living claimants
Cirrhosis
HCC
Liver transplant
Nonliver related death
Liver-related death
All cause death
Haemophilic patients
Cirrhosis
HCC
Liver transplant
Non-liver-related death
Liver-related death
All cause death
Nonhaemophilic patients
Cirrhosis
HCC
Liver transplant
Non-liver-related death
Liver-related death
All cause death

809

2007

2010

2020

2030

2040

2050

2060

9.8
0.5
0.6

11.8
2.9
0.7
4.1
1.2
5.4

20.3
5.9
1.2
22.5
6.9
29.5

26.5
8.0
1.7
38.8
12.4
51.2

30.2
9.2
2.1
53.2
16.7
69.8

32.2
9.9
2.3
65.6
19.1
84.6

33.0
10.0
2.4
73.4
20.2
93.7

13.2
0.4
0.3

16.6
4.3
0.5
2.4
1.4
3.8

28.9
8.6
1.4
13.5
10.1
23.6

36.8
11.7
2.2
26.0
18.5
44.5

41.5
13.5
2.8
40.0
24.6
64.6

44.1
14.4
3.1
53.2
28.1
81.3

45.4
14.6
3.2
62.8
29.8
92.6

8.7
0.5
0.7

10.3
2.5
0.8
4.7
1.2
5.9

17.6
5.0
1.2
25.4
5.9
31.4

23.2
6.8
1.6
42.8
10.5
53.3

26.7
7.9
1.9
57.4
14.2
71.5

28.4
8.5
2.1
69.5
16.2
85.7

29.1
8.6
2.2
76.8
17.2
94.0

HCV. hepatitis C virus; HCC. hepatocellular carcinoma.
eo-infected with HIV would have a higher cumulative lifetime risk of cirrhosis (45%) and liver-related death (30%).
The all cause mortality rate was higher in nonhaemophilic
patients than in haemophilic patients in the next 10-30
years. even though the cumulative mortality would be
similar by the year 2060.

Sensitivity analysis
Monte Carlo simulations (Table 5) showed that by 2030.
2 7% of living PTCC cohort are predicted to develop cirrhosis.
with the 95% CI extending from 13% to 40%. The error in
lifetime risk ofHCV-related cirrhosis is approximately ±14%
in absolute terms and ±43% in relative terms. Similarly. the

error in lifetime risk of liver-related death is approximately
±9% in absolute terms and ±46% in relative terms. These
values reflect the overall uncertainty in our prediction
model.

DISCUSSION
Our study contributes to the existing literature on HCV
outcomes in several ways. First. it offers the virtually
complete description of a large (n = 5004) and unique
clinical cohort. the Canadian 1986-1990 PTCC cohort.
Second. we report updated estimates of stage-specific transition probabilities for the PTCC cohort itself using a new
method (MMLE). which does not assume constant rate of

Table 5 Monte Carlo simulation describing overall uncertainty in the prediction model; Predicted cumulative rates of hepatitis
C-related major events among living post-transfusion claimants at August 2007

2010
Event

2020

2030

Mean (95% CI) Mean (95% CI) Mean (95% CI)

2040

2050

2060

Mean (95% CI)

Mean (95% CI)

Mean (95% CI)

Cirrhosis(%)
11.8 (8.3-15.3) 20.3 (9.5-31.1) 26.5 (13.2-39.8) 30.2 (14.4-46.0) 32.2 (16.9-47.5) 33.0 (18.8-47.2)
Hepatocellular
2.9 (2.0-3.8)
5.9 (2.2-9.6)
8.0 (3.0-13.0)
9.2 (3.7-14.7)
9.9 (4.2-15.6) 10.0 (3.0-17.0)
carcinoma (%)
Liver-related
1.2 (0.6-1.8)
6.9 (3.4-10.4) 12.4 (6.8-18.0) 16.7 (10.0-23.4) 19.1 (12.3-25.9) 20.2 (11.0-29.4)
death(%)
Variables including treatment efficacy. HIV status and transition probabilities were included in the second order Monte Carlo
simulation.
© 2009 Blackwell Publishing Ltd
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fibrosis progression. Finally. our study offers predictions of
the very long-term prognosis of a post-transfusion hepatitis C
cohort based on clinical characteristics. existing practice
patterns. HCV treatment efficacy and best estimates of HCV
natural history data.
Our current model has unique strengths: incorporation of
meaningful clinical data to estimate stage distribution.
separate estimates for haemophilic patients and nonhaemophilic patients. use of patient-derived stage-specific transition probabilities. estimates of the overall model uncertainty
generated by Monte Carlo simulations. the direct estimation
of current practice patterns among Canadian hepatologists
and the use of updated pooled treatment efficacy.
Our model estimated that l 0% of the PTCC cohort had
developed cirrhosis 20 years after the index transfusion. and
that less than l% had developed HCC. Furthermore. our
model estimated that 33% of the cohort will ultimately
develop cirrhosis. 10% will develop HCC and 20% will die of
liver disease. Thus. about 20-25% of the PTCC cohort. who
are currently living but do not yet have cirrhosis. are
predicted to develop cirrhosis over the course of their lifetime. The current predicted estimates are higher than those
in our previous model [11]. The key difference is the source
of transition probabilities. where previous estimates were
derived solely from a selection of published literature.
Based on the PTCC cohort-derived transition probabilities.
the estimated number of years (55.5 years) required to
progress from PO to cirrhosis in our study are substantially
longer than the 30 years reported by Poynard et al. [13].
Our PTCC cohort-derived transition probabilities are.
however. higher than the estimates of a recent UK posttransfusion cohort [68]. Among PTCC patients with viraemia who had a biopsy. 22% had cirrhosis. which is lower
than the outcomes among transfusion-acquired HCVinfected cohorts reported by Seeff et al. (35%) [69]. Hamada
et al. (31 %) [70] and Tong et al. (51%) [71]. but is higher
than those observed in community-acquired hepatitis C
among injecting drug users (8%) [72] and in our recent
meta-analysis [73] estimates among liver clinic series (16%).
The predicted liver-related mortality attributable to chronic
hepatitis C at 2010 approximately 25 years after the index
transfusion among our PTCC. is l %. This estimate is lower
than the outcomes among transfusion-acquired hepatitis
C cases reported by Seeff et al. (2-4%) [69]. but comparable
with those observed in community-acquired hepatitis
C among injecting drug users (l %) [72]. The likely explanations for these varying estimates may relate to the differences in the method of cohort recruitment. age at the initial
infection/age at transfusion and the underlying chronic
condition necessitating blood transfusions. which may
influence disease progression.
Furthermore. our predicted lifetime cumulative risk of
cirrhosis (45% vs 29%). HCC (15% vs 9%) and liver-related
death (30% vs 17%) attributable to chronic hepatitis C were
higher in haemophilic patients than nonhaemophilic

patients. Haemophilic patients are more commonly
eo-infected with HIV. but nonhaemophilic patients are older.
In the medium term. the effect of age on mortality is greater
than the effect of HIV infection. Although haemophilia
per se is not associated with a significant increase in excess
mortality. when taking HIV infection into account. the
modelled excess mortality for haemophilic patients was
approximately twice that of the general population for the
entire lifespan.
There are several potential biases and limitations in the
current model. One key limitation is the lack of liver biopsy
data for many members of the post-transfusion cohort. A
number of fairly strong assumptions were required to derive
reasonably plausible estimates of the true stage distribution.
However. we believe that incorporating this assumption to
estimate the 'propensity-adjusted' stage distribution is a less
biased approach than using the unadjusted data, which
would incorporate the implicit assumption that all patients
without a liver biopsy have no liver fibrosis. Another key
limitation is that the size of the full PTCC cohort remains
unknown. We believe that as of August 2007, most claimants have come forward, but some uncertainty remains
regarding the final size of the potential claimant cohort.
Finally, we assumed that there is no regression between
stages, and that progression continues at l 0% of the baseline
rate in treatment-induced sustained virological responders. It
is possible that each of these factors can result in an upward
bias (small-moderate) in fibrosis transition rates, and possible
overestimation of the rate at which cirrhosis develops, particularly if the estimates of treatment rates are inaccurate.
Somewhat different models have been used for HCV
natural history. Compared with Bennett et al. [ 74] and Wong
et al. [75] models, our model employed more comprehensive
data and used a method (MMLE) of estimating transition
probabilities for progression between fibrosis stages. Our data
confirm that transition between fibrosis stages is not constant
and that stage 0-l is relatively slow, whereas transitions
occur more rapidly from stages l--4. Deuffic et al. [76] and
Law et al. [77] used mathematical models, and combined
modelled HCV incidence with estimates of progression rates
from the literature. Salomon et al. [78] used a mathematical
model. incorporating published data to estimate transition
probabilities by randomly selecting parameters to fit population-based epidemiological data. It is reassuring that our
20-year prognostic estimates are similar to Salamon et al.
estimates [10,37], however, the key difference in these
models is the estimates of transition probabilities.
Our model predicted that approximately one in three of
living PTCC cohort will ultimately develop cirrhosis and one
in five will die of liver disease. Future studies will be useful in
updating and revising model projections. Comparison of
accepted and rejected claims will be useful in estimating the
clinical and demographic characteristics of transfusionacquired and non-transfusion-acquired HCV infection, and
provide some information on the generalizability of our
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model's projections to HCV infected patients as a whole.
Finally. this cohort provides an invaluable resource to study
the natural history and resource utilization of HCV -infected
patients in future studies.
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