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BACKGROUND: Chronic infection with hepatitis C virus (HCV) is
a major cause of cirrhosis, hepatocellular carcinoma and liver trans-
plantation.

OBJECTIVE: To estimate the burden of HCV-related disease and
costs from a Canadian perspective.

METHODS: Using a system dynamic framework, the authors quanti-
fied the HCV-infected population, disease progression and costs in
Canada between 1950 and 2035. Specifically, 36 hypothetical, age-
and sex-defined cohorts were tracked to define HCV prevalence,
complications and direct medical costs (excluding the cost of antivi-
rals). Model assumptions and costs were extracted from the literature
with an emphasis on Canadian data. No incremental increase in
antiviral treatment over current levels was assumed, despite the future
availability of potent antivirals.

RESULTS: The estimated prevalence of viremic hepatitis C cases
peaked in 2003 at 260,000 individuals (uncertainty interval 192,460 to
319,880), reached 251,990 (uncertainty interval 177,890 to 314,800)
by 2013 and is expected to decline to 188,190 (uncertainty interval
124,330 to 247,200) in 2035. However, the prevalence of advanced
liver disease is increasing. The peak annual number of patients with
compensated cirrhosis (n=36,210), decompensated cirrhosis (n=3380),
hepatocellular carcinoma (n=2220) and liver-related deaths (n=1880)
are expected to occur between 2031 and 2035. During this interval, an
estimated 32,460 HCV-infected individuals will die of liver-related
causes. Total health care costs associated with HCV (excluding treat-
ment) are expected to increase by 60% from 2013 until the peak in
2032, with the majority attributable to cirrhosis and its complications
(81% in 2032 versus 56% in 2013). The lifetime cost for an individual
with HCV infection in 2013 was estimated to be $64,694.
CONCLUSIONS: Although the prevalence of HCV in Canada is
decreasing, cases of advanced liver disease and health care costs con-
tinue to rise. These results will facilitate disease forecasting, resource
planning and the development of rational management strategies for

HCV in Canada.
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Le fardeau et le colt de 'infection chronique par le
virus de ’hépatite C au Canada

HISTORIQUE : Linfection chronique par le virus de I'hépatite C
(VHCQC) est une cause importante de cirrhose, de carcinome hépatocel-
lulaire et de transplantation hépatique.

OBJECTIF : Evaluer le fardeau et le cotit des maladies lices au VIH
dans une perspective canadienne.

METHODOLOGIE : Dans un cadre dynamique, les auteurs ont quan-
tifié la population infectée par le VHC, ainsi que I’évolution et le cofit
de la maladie au Canada entre 1950 et 2035. Plus précisément, 36
cohortes hypothétiques, définies en fonction de 'Age et du sexe, ont
été suivies pour définir la prévalence, les complications et les cofts
médicaux directs (2 I'exception du cofit des antiviraux) du VHC. Les
hypotheses et les cotits des modeles ont été tirés des publications, par-
ticulierement celles d’origine canadienne. Aucune augmentation
incrémentielle du traitement aux antiviraux n’a été présumée par rap-
port aux taux actuels, malgré Paccessibilité potentielle a de futurs
antiviraux.

RESULTATS : La prévalence estimative des cas d’hépatite C
virémique a atteint un sommet en 2003, avec 260 000 individus (inter-
valle d’incertitude de 192 460 a 319 880). Elle a atteint 251 990 (inter-
valle d’incertitude de 177 890 a 314 800) en 2013 et devrait reculer
a 188 190 (intervalle d’incertitude de 124 330 a 247 200) en 2035.
Cependant, la prévalence de maladie hépatique avancée augmente. Le
nombre annuel maximal de patients ayant une cirrhose compensée
(n=36 210), une cirrhose décompensée (n=3 380), un carcinome
hépatocellulaire (n=2 220) et décédés a cause de problemes hépatiques
(n=1 880) devrait étre atteint entre 2031 et 2035. Pendant cet inter-
valle, on estime que 32 460 personnes infectées par le VHC mourront
d’une cause liée a un probleme hépatique. Les cotts de santé totaux
associés au VHC (a I'exclusion du traitement) devraient augmenter de
60 % entre 2013 et le sommet de 2032, en majorité a cause de la cir-
rhose et de ses complications (81 % en 2032, par rapport a2 56 % en
2013). En 2013, le cofit a vie d'une personne atteinte d’une infection
par le VHC était évalué a 64 694 $.

CONCLUSIONS : Méme si la prévalence de VHC diminue au
Canada, les cas de maladie hépatique avancée et les cofits des soins
continuent d’augmenter. Ces résultats contribueront a la prévision des
maladies, a la planification des ressources et a 1'élaboration de straté-
gies rationnelles de prise en charge du VHC au Canada.

hronic hepatitis C virus (HCV) infection is an important public

health problem, with an estimated 170 million prevalent cases,
three to four million newly infected cases annually and a mean sero-
prevalence of approximately 3% worldwide (1). Although the preva-
lence of HCV in Canada is unknown, the Public Health Agency of
Canada (PHAC) has reported that 0.96% of the population was anti-
HCYV positive in 2011 (2). Whereas the peak prevalence is in young
and middle-age (30 to 59 years) individuals, the peak age for incident

or acute hepatitis C, which mainly results from injection drug use
(IDU) (3), is approximately 20 years younger (4).

Modelling studies and anecdotal reports suggest that the burden of
HCV in Canada is increasing (3,5). For example, PHAC estimated
that cases of HCV-related end-stage liver disease, hepatocellular car-
cinoma (HCC), liver transplantation and deaths would increase by
approximately 20% to 80% between 1997 and 2027 (3). However, the

results of this and other modelling studies may underestimate the true
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TABLE 1
Model inputs and 2013 estimates
2013
Historical Year Estimate
Anti-HCV+ cases* 329,760 2011 322,480
(209,530-460,280)
Anti-HCV prevalence* 0.9 (0.6-1.3) 0.7%
Total viremic cases* 253,910 2011 248,310
(161,340-354,420)

Viremic prevalence, % 0.7 (0.5-1.0) 0.5
Proportion viremic, % 77.0 77.0
Diagnosed, viremic cases 176,400 2013 176,400

Proportion of viremic cases 70 70
diagnosed, %

Annual number of newly 7640 2011 7640
diagnosed cases, n

New infections 5570
New infection rate, per 100,000 15.9

Treated cases, annually, n (%) 3600 (1.4)

HCV risk factors

Active IDUs with HCV, n 54,630

Proportion of prevalent cases 22
due to active IDU, %

Number of previously 27,310
transfused cases with HCV

Proportion of prevalent cases 1
due to previous blood
transfusion, %

HCV genotype, %
1a 36.5
1b 215
1 (other) 6.1
2 141
3 20.2
4 0.3
5 0
6 0
Other 1.3

*Data presented as % (uncertainty interval). HCV Hepatitis C virus; IDU
Injection drug use

burden of HCV. According to administrative data from Calgary,
Alberta, liver-related hospitalizations, hospital costs and mortality rose
fourfold between 1994 and 2004 (6). This apparent discrepancy
between modelled and actual outcomes may relate, in part, to study
methodology. Typically, Markov models have been used in which a
homogenous cohort of HCV-infected individuals is introduced and the
model is used to track their progression over time. However, the pre-
dictability of these models is highly sensitive to the number of age and
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Figure 2) Age and sex distribution of anti-hepatitis C virus (HCV)-positive
cases in Canada, 2011

sex cohorts used due to differences in HCV incidence and mortality
(among other factors) across the cohorts (7). In the current study, we
aimed to create a disease progression model that was more refined.
Specifically, we modelled 36 age- and sex-defined cohorts to provide
maximum flexibility in changing inputs (eg, incidence, treatment and
cure rate, and mortality). Our objective was to describe the future
burden of disease and cost of HCV infection in Canada, assuming
there is no incremental increase in treatment as the result of new
therapies. Although more effective and better tolerated antivirals are
on the horizon, our goal was to gain a better understanding of baseline
estimates before the widespread use of these newer agents. Future
analyses will model the impact of different management strategies
aimed at reducing disease burden and costs (eg, increased treatment
uptake, improved cure rates and enhanced case identification).

METHODS

System dynamic model

As previously described (8), a system dynamic modelling framework
was used to construct a model in Excel (Microsoft Corporation, USA)
to quantify the HCV-infected population, disease progression and
associated costs in Canada from 1950 to 2035. The model was con-
structed for sensitivity and Monte Carlo analysis using Crystal Ball, an
Excel add-in by Oracle (USA), and beta-PERT distributions were used
for all uncertain inputs. A systematic review of the literature was con-
ducted to identify studies reporting relevant Canadian data for incor-
poration into the model. Indexed articles were found by searching
PubMed and Embase, and through consultation with Canadian HCV
experts. Ranges were used to capture uncertainty in inputs with wider
ranges implying greater uncertainty.

Progression from acute HCV infection through disease states
encompassing all fibrosis stages and sequelae of chronic HCV infec-
tion was modelled as shown in Figure 1. The total numbers of cases at
each disease stage were tracked according to age cohorts and sex.
Thirty-six five-year age cohorts were used through 84 years of age;
individuals >85 years of age were treated as one cohort. Each year, one-
fifth of the population in each age group, except for >85 years, was
moved to the next age cohort to simulate aging after accounting for
mortality (see below). Background Canadian population data,
obtained from the United Nations population database (9), were
organized according to sex, five-year age groups and year (1950 to

2035).

HCYV prevalent population

For anti-HCV prevalence, the rate reported by PHAC for 2011 (0.96%
[uncertainty interval 0.61% to 1.34%]) was used (Table 1) (2). The age
and sex distribution of the prevalent population was based on notifica-
tion data from PHAC (10) (Figure 2). An estimated 77% of these cases
were assumed to be viremic (11), with a genotype distribution based on
data collected from Canadian patients between 1998 and 2004 (Table 1)
(12). Viremic prevalence in 2011 was estimated to be 0.74% (uncer-
tainty interval 0.47% to 1.0%).
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There was considerable variation in the reported data regarding
the proportion of infected patients diagnosed with HCV and the num-
ber aware of their infection. PHAC estimated that 79% of HCV-
positive individuals were diagnosed in 2007 (3), while national
household surveys conducted from 2007 to 2011 found that 30% of
anti-HCV-positive individuals were aware of their infection (13).
Based on expert consensus, it was estimated that 70% of the infected
population was diagnosed in 2013. The newly diagnosed population
was estimated based on the number of notifications from the most
recent year of data reported by PHAC (2011): there were 9923 notifi-
cations (10) and 77% were assumed to be viremic (11). It was esti-
mated that 176,400 viremic individuals were diagnosed in Canada in
2013 and 7641 viremic individuals were newly diagnosed.

New HCV cases

The number of PHAC-reported HCV case notifications peaked in
1998 at 19,379 (14). In the model, the annual magnitude of new cases,
including the age and sex distribution of these cases, was back calcu-
lated to reach the estimated prevalent population value in 2011 (2),
using Frontline Solver for Excel. Proportional changes in incidence
according to year were derived from historical incidence estimates
from a PHAC analysis (3). In 2013, 5570 new HCV cases were esti-
mated to have occurred.

Antiviral treatment

The state of HCV care in Canada generally involves treatment of
individuals with at least moderate (stage 2 to 4) liver fibrosis. In the
model, it was assumed that all treated patients were between 18 and
64 years of age and had at least moderate fibrosis, and that 60% of all
patients were medically eligible or willing to undergo antiviral therapy.
According to the literature (15,16), approximately 40% to 60% of
HCYV patients are eligible for treatment. The definition of eligibility
included contraindications to antiviral therapies (eg, severe cardio-
respiratory disease or uncontrolled psychiatric conditions) as well as
patient preference.

The historical treated population from 2001 to 2003 was estimated
to be 5000 cases annually. During this period, sustained virological
response (SVR) rates of 30% (genotype 1 [G1]), 66% (G2 and G3)
and 40% (G4) were applied assuming the standard of care for all geno-
types included interferon and ribavirin therapy. The treated popula-
tion in 2004 to 2012 was calculated based on data for standard units of
peginterferon sold in Canada as reported by IMS Health (17), with
multipliers to account for under-reporting and compliance/persistence
(85%). In this calculation, the Canadian genotype distribution (12) was
used to estimate the average number of weeks of treatment per patient.
SVR rates were the same as during 2001 to 2003, except for G1, for
which SVR rate increased to 40% with the use of peginterferon-based
therapy. Beginning in 2013, it was estimated that 3600 cases were
treated annually. Historically, more patients were treated but deferral
of treatment has recently increased due to the prospect of more effect-
ive therapies. It was assumed that SVR rates for patients with G1
would increase to 60% with triple therapy including a first-genera-
tion protease inhibitor (boceprevir or telaprevir) (18). Although
second-generation, direct-acting antivirals with higher rates of treat-
ment success were approved in Canada in late 2013, a status quo
model was assumed, with no incremental increase in treatment as the
result of these new therapies. Similarly, the higher SVR rates and costs
of these therapies were specifically excluded to establish a baseline for
future comparisons. This approach, however, will lead to higher pro-
jections of advanced liver disease compared with the real world.

Transition probabilities

Age- and sex-specific transition probabilities were used to progress
patients annually through each disease state, as described previously (8).
A spontaneous HCV clearance rate of 23% among new cases was assumed
(19). For cases without spontaneous clearance, disease progression was
simulated by multiplying the total number of cases at a particular stage of
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the disease by a progression rate to the next stages. The rates were gath-
ered from previous studies (8,20-27) or calculated (Table 2).

Liver transplantation and mortality

The historical number of liver transplants completed annually in
Canada was available through the Canadian transplant registry (28),
along with the percentage of transplants attributable to chronic HCV
infection (29). In 2011, there were 482 liver transplants performed in
Canada. Of these, 33% were estimated to be HCV-related. Data from
United States sources were used to estimate mortality among liver
transplant recipients (30,31). Estimates of future liver transplants do
not consider organ availability and include all cases progressing to
liver transplant eligibility.

Background mortality rates according to year, age group and sex
were extracted from the Berkeley Human Mortality database (32) and
excess mortality related to IDU and transfusion were estimated.
Specifically, a standardized mortality ratio (SMR) of 10.0 (uncertainty
interval 9.5 to 29.9) for individuals between 15 and 44 years of age was
applied for the population infected via active IDU (33-38) (an esti-
mated 22% of the prevalent population) (3). In 2007, it was estimated
that 11.0% of the prevalent population was infected through trans-
fusion (3) and that this will decline to 0% by 2030. For these individ-
uals, an SMR of 2.1 (uncertainty interval 1.3 to 17.6) was applied for
all age groups (39).

Costs

To quantify costs associated with chronic HCV infection, cost data
collected through Canadian studies were applied (Table 3) (40-42).
The health care costs among noncirrhotic patients (FO to F3 fibrosis)
were adjusted for the proportion not under care, which varied from
39% (FO) to 24% (F3). Historical cost data were inflated through
2013 using the health care component of the Canadian consumer
price index (43), and no future inflation was assumed. The range of
low and high costs were calculated based on the ratios between base
and high/low costs from United States data (8), except where
Canadian data were available. The estimated future lifetime cost of
an HCV-infected male 35 to 39 years of age in 2013 was calculated
by introducing 100 viremic incident cases in 2013 in each disease
state and using the model to track the progression of these cases and
costs over time. The annual health care costs for all sequelae and all
years were summed and divided by 100 to calculate the estimated
individual lifetime cost.

RESULTS

Prevalence of chronic hepatitis C and complications

According to the model, the prevalence of HCV in Canada peaked in
2003 at 260,000 viremic individuals (Figure 3). In 2013, a total of
251,990 (uncertainty interval 177,890 to 314,800) viremic cases was
estimated, with the highest number of cases in the 40- to 54-year age
groups (Figure 4). By 2035, the chronically infected population is
projected to decrease to 188,190 (uncertainty interval 124,330 to
247,200) cases, a 25% decline from the peak in 2003. However, cases
of compensated and decompensated cirrhosis are expected to peak in
2031 at 36,210 and 3380 cases, respectively (Figure 5A). The number
of individuals with HCC caused by HCV infection will increase to
2220 cases in 2035 before starting to decline. HCV-related mortality
will peak in 2034, when annual liver-related deaths are estimated to
reach 1880 cases. Between 2013 and 2035, the authors estimate that
32,460 HCV-infected individuals will die of liver-related causes (mean
age at death, 67.8 years). In 2013, 8.7% of the chronically infected
population is expected to experience cirrhosis or more advanced
HCV-related sequelae, whereas this proportion will increase to 23% by
2035 (Figure 5B). Compared with 2013, cases of compensated cirrho-
sis, decompensated cirthosis, HCC and liver-related deaths are
expected to increase 89%, 80%, 205% and 160%, respectively, by
2035.
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TABLE 2

Hepatitis C disease progression rates used in the model

Back-calculated progression rates: Males

Age cohort, years

0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 285
FO to F1 5.3 53 6.4 6.4 5.2 5.2 3.8 3.8 139 139 174 171 194 194 218 218 179 179
F1toF2 3.8 3.8 4.7 4.7 3.8 3.8 27 2.7 101 101 124 124 141 141 158 158 13.0 13.0
F2to F3 54 5.4 6.6 6.6 5.3 5.3 3.9 3.9 143 143 175 175 199 199 224 224 183 183
F3 to cirrhosis 0.0 0.0 0.8 0.8 25 25 5.7 5.7 8.8 8.8 4.8 4.8 9.9 9.9 191 191 191 191
F3to HCC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.3 0.3
Cirrhosis to HCC 0.3 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.9 0.9 1.4 1.4 2.4 24 3.9 3.9 3.9 3.9
Back-calculated progression rates: Females

Age cohort, years

0-4 59 10-14 15-19 20-24 25-29 30-34 35-39 40-44 4549 50-54 55-59 60-64 65-69 70-74 75-79 80-84 =285
FO to F1 4.4 4.4 54 54 4.3 43 3.1 3.1 1.6 116 143 143 162 162 182 182 149 149
F1toF2 3.2 3.2 3.9 3.9 3.1 3.1 23 23 8.4 8.4 104 104 117 17 132 132 108 1038
F2to F3 45 4.5 5.5 55 4.4 4.4 3.2 3.2 1.9 119 146 146 166 166 186 186 153 153
F3 to cirrhosis 0.0 0.0 0.6 0.6 2.1 21 4.7 4.7 74 7.4 4.0 4.0 8.3 8.3 159 159 159 159
F3 to HCC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2

Cirrhosis to HCC 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4

0.7 0.7 1.2 1.2 2.0 2.0 3.3 3.3 3.3 3.3

Data presented as %. F Fibrosis stage; HCC Hepatocellular carcinoma

Reported progression rates, %

Disease progression (uncertainty interval) Reference(s)
Diuretic-sensitive ascites to diuretic refractory ascites 6.7 (4.0-9.4) 8,20-27
Diuretic-sensitive ascites to liver-related death 11.0 (7.7-14.3) 8,20-27
Variceal hemorrhage to liver-related death (first year) 40.0 (33.4-46.6) 8,20-27
Variceal hemorrhage to liver-related death (subsequent years) 13.0 (8.5-17.5) 8,20-27
Hepatic encephalopathy to liver-related death (first year) 68.0 (65.9-70.1) 8,20-27
Hepatic encephalopathy to liver-related death (subsequent years) 40.0 (37.8-42.2) 8,20-27
Diuretic-refractory ascites to liver-related death 33.0 (28.0-38.0) 8,20-27
Hepatocellular carcinoma to liver-related death (first year) 70.7 (43-77.0) 26,58

Hepatocellular carcinoma to liver-related death (subsequent years)

16.2 (11-23.0) 58

Liver transplant to liver-related death (first year) 33.1-10.7 (2.8-0.4) 30,31
Liver transplant to liver-related death (subsequent years) 3.9-4.8 (7.6-1.0) 30,31
TABLE 3

Incremental costs of hepatitis C virus infection according to disease stage used in the model

Disease stage Annual cost, $CAD Reference Range, $CAD Reference(s)
Hepatitis C virus (FO to F3) 383 40 215-551 8
Compensated cirrhosis (F4) 808 40 545-1,070 8
Diuretic-sensitive ascites 5,632 40 506-5,979 8
Diuretic-refractory ascites 16,762 40 15,731-17,793 8
Variceal hemorrhage (first year) 20,096 40 18,860-21,332 8
Variceal hemorrhage (subsequent years) 20,096 40 3,689-21,332 8
Hepatic encephalopathy (first year) 8,790 40 1,614-9,331 8
Hepatic encephalopathy (subsequent years) 8,790 40 1,227-9,331 8
Hepatocellular carcinoma 16,049 59 14,404-17,694 8
Liver transplant (first year) 117,284 42 63,664—170,905 40,42
Liver transplant (subsequent years) 40,164 40 32,819-47,509 8

F Fibrosis stage

Costs associated with chronic hepatitis C

Total cost is projected to increase by 60% from $161.4 million (uncer-
tainty interval $85.4 million to $251.5 million) in 2013 to $258.4 mil-
lion (uncertainty interval $121.4 million to $394.6 million) at the
peak in 2032. In 2013, the authors estimated that 56% of total costs
were attributable to cirrhosis and more advanced liver disease. By
2032, this proportion is expected to rise to 81%. The majority of peak
cost will be attributable to cases of decompensated cirrhosis, including
those who undergo liver transplantation (55% in 2032 versus 39% in
2013), compensated cirrhosis (12% versus 10%) and HCC (14% ver-
sus 7%). For a hypothetical male 35 to 39 years of age with HCV
infection in 2013, the estimated lifetime cost is $64,694 in 2013
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Canadian dollars. However, the estimated lifetime costs of HCV vary
substantially according to disease state (Table 4). Specifically, lifetime
future costs ranged from $51,946 for a patient with no fibrosis (FO) in
2013 up to $327,608 for a patient requiring liver transplantation in
2013. Of note, the future lifetime cost for prevalent HCC cases
($42,376) was estimated to be relatively low due to a high mortality
rate from progressive liver-related disease in those infected.

DISCUSSION
Using a novel modelling approach, we have demonstrated that the
prevalence of HCV infection in Canada will decrease, while the
burden of advanced liver disease and associated costs will continue to
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Figure 3) Total number of viremic hepatitis C cases (with uncertainty
intervals) according to year, 1950 to 2035
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grow over the next 20 years. Already, there is evidence in Ontario
that the disease burden from HCV exceeds that of all other infec-
tious diseases (44); these data are likely generalizable to the remain-
der of the country. Our analysis predicted that HCV prevalence in
Canada peaked in 2003 at 260,000 viremic cases and affected
251,990 individuals in 2013. At current levels of antiviral treatment
utilization and efficacy, the prevalence in Canada is expected to
decline to 188,190 cases by 2035. Although this 28% decline com-
pared with the peak is encouraging, it is partly attributable to HCV-
related mortality. We project that without increased treatment access
and uptake, approximately 32,500 HCV-infected individuals will die
of liver-related causes between 2013 and 2035. Moreover, premature
mortality attributable to HCV infection is substantial, as emphasized
by the disparity in the mean age at death of the cohort (68 years)
compared with average life expectancy in Canada (81 years) (32).

The results of our analysis also show that >70% of the infected
population in Canada was born between 1944 and 1978 (Figure 4).
This figure is relevant given recent recommendations by the Canadian
Liver Foundation advocating one time, birth-cohort screening for
HCV among Canadians born between 1945 and 1975 (45,46). Based
on our analysis, this approach would identify the majority of HCV-
infected cases in Canada, including those most likely to develop liver-
related complications. Birth-cohort HCV screening has also been
recommended by the Centers for Disease Control and Prevention
(Georgia, USA) based on data showing that 75% of prevalent cases in
the United States were born between 1945 and 1965. To date, the
uptake and impact of these recommendations have not been
confirmed.

As shown in Figure 5A, the proportion of patients with advanced
HCV-related liver disease will increase between 2013 and 2035. This
phenomenon is due to aging of the infected population and resultant
liver fibrosis progression. The incidence of decompensated cirrhosis,
HCC and liver transplantation are expected to peak between 2031 and
2035. Figure 5B, which illustrates the proportions of the prevalent
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TABLE 4

Estimated future lifetime cost according to disease state
for men 35 to 39 years of age with hepatitis C virus
infection in 2013

Cost in 2013, $CAD

Chronic hepatitis C virus infection (F0) 51,946
F1 62,184
F2 79,926
F3 100,589
Compensated cirrhosis (F4) 133,575
Diuretic-sensitive ascites 196,770
Diuretic-refractory ascites 139,330
Variceal hemorrhage 189,398
Hepatic encephalopathy 133,505
Hepatocellular carcinoma 42,376
Liver transplant 327,608

F Fibrosis stage

HCV population within each disease state, is informative. First, most
individuals with HCV (>75%) at any given point in time have non-
cirrhotic disease (ie, stage O to 3 fibrosis). This represents an ideal
opportunity to intervene with antiviral therapy to prevent progression
to more advanced stages when treatment becomes less effective and
less well tolerated, at least with interferon-based treatments. Second, a
smaller proportion of the population will progress to develop HCC
(<1% of prevalent cases). Third, nearly 23% of the chronically
infected population is expected to experience cirrhosis or more
advanced HCV-related sequelae in 2035 compared with only 9% in
2013. These increases (80% for decompensated cirrhosis, 205% for
HCC and 160% for liver-related mortality) are substantially greater
than those projected by Remis (3) between 2012 and 2027 (-1.2% for
decompensated cirrhosis, 4.8% for HCC and 14.8% for liver-related
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mortality) (3). Similarly, our projected number of cases with HCV-
related complications in 2035 are significantly higher. For example, in
2027, Remis (3) estimated 483 cases of decompensated cirrhosis (ver-
sus 3250 in our study), 325 cases of HCC (versus 1910 in our study)
and 613 liver-related deaths (versus 1665 in our study). Finally, we
estimate that approximately 35,000 individuals will have compen-
sated, HCV-related cirrhosis in 2035. If left undiagnosed and/or
untreated, these patients face a significant risk of death due to compli-
cations of HCV in the coming years.

We estimated that the total health care costs associated with
chronic HCV infection in Canada will increase by 60% between 2013
and the peak in 2032. A key observation was that peak health care
costs lag behind peak prevalence by nearly three decades due to the
time required for infected cases to progress to more advanced disease
stages, which are more costly to manage. In that regard, the majority of
estimated costs (approximately 56%) were attributable to the treat-
ment of HCV-related cirrhosis and its complications. In 2013, decom-
pensated cirrhosis accounted for 39% of estimated costs (including
those attributable to transplantation), and by 2032 it accounted for
55%. This was followed by compensated cirrhosis (10% of 2013 and
12% of 2032 total cost) and HCC (7% of 2013 and 14% of 2032 total
cost). In 2013, the prevalence of decompensated cirrhosis was one-
seventh that of compensated cirrhosis, but the annual cost was four-
times higher, emphasizing the need for early diagnosis and treatment.

On a per-patient basis, we estimated the average lifetime cost of
HCV to be $64,694, much higher than a recent United States report
describing an average cost of $19,660 per patient in 2002 to 2010 (47).
Not surprisingly, the estimated lifetime cost of an individual infected
with HCV varied substantially depending on disease stage (Table 4),
with the highest per-patient costs attributable to liver transplantation
(approximately $328,000). Previous analyses of cost according to the
age at HCV infection have also demonstrated a link between life
expectancy and health care costs (8). Individuals infected in the 1950s
were expected to have lower lifetime costs due to lower life expectancy
and medical costs, while newly infected individuals are expected to
cost the health care system more due to their longer life expectancy
and higher medical costs. This highlights the importance of efforts
aimed at preventing acute HCV infections (eg, by providing harm
reduction, safer injection facilities or potentially using treatment of
active injection drug users to prevent onward HCV transmission)
(48,49) as a means of limiting future health care expenditures.

A strength of the present analysis was the availability of national
estimates for HCV prevalence in Canada. However, these data have
limitations, particularly with respect to the number of diagnosed cases
that have been reported to the PHAC Notifiable Disease Surveillance
System. Diagnosed cases may be double-counted and high-risk groups
may be under-represented, which could underestimate both the preva-
lence as well as proportion of undiagnosed individuals in Canada (45).
In an attempt to address this uncertainty, the Canadian Health
Measures Survey, a stratified serosurvey of viral hepatitis across
Canada, recently reported an HCV seroprevalence of 0.5% with
30.5% of individuals being aware of their infection (13). However, this
survey undersampled high-risk communities including injection drug
users, prisoners, the homeless and Aboriginals. Due to this limitation,
the Canadian Liver Foundation has recommended a national study of
HCV prevalence that adequately samples these communities (4).

The present model has several limitations. The model does not
consider the potential for continued disease progression in cases cured
of HCV infection based on current treatments. Some individuals with
advanced liver disease are at risk for progressive liver disease after
achieving SVR, albeit at a slower rate (50,51). The potential contribu-
tion of extrahepatic manifestations of HCV infection on all-cause
mortality was also not included in the model, potentially leading to an
underestimate of mortality among viremic cases (52). As a result, the
projected numbers of decompensated cirrhosis and HCC may be over-
estimated. Finally, we have not addressed the costs of current antiviral
therapies and testing costs, nor have we accounted for indirect medical
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costs such as reduced productivity and quality of life, which have a
significant impact on individuals infected with HCV.

CONCLUSION

The present analysis demonstrated that overall HCV prevalence in
Canada is decreasing; however, the prevalence of advanced liver
disease and HCV-related costs will continue to increase as the
infected population ages. These results will facilitate disease fore-
casting, resource planning and the development of rational man-
agement strategies for HCV in Canada. To reduce the future burden
and costs of chronic hepatitis C, there is an urgent need to enhance
case identification and optimize the utilization of antiviral ther-
apies. Provincial organizations and the Canadian Liver Foundation
have identified these strategies, especially among high-risk popula-
tions, as important priorities (53-57). Hopefully, higher rates of
diagnosis during early disease stages, coupled with new treatment
regimens with higher SVR rates and improved tolerability, will help
stem the imminent tide of HCV-related morbidity and mortality.
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