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Abstract
Backgrounds: Hospitalizations associated with hepatitis C virus (HCV) infection and liver disease 
increased on average by 6.0% per year from 2004 to 2010 in Canada and were projected (in 
2010) to increase by another 4% by 2016. The first generation of direct-acting antivirals (DAAs) 
became available in 2012. In 2014, a second generation of effective and well-tolerated DAA 
therapy was authorized in Canada. The impact of DAA therapy on the HCV-associated disease 
burden in Canada has not been documented.

Objectives: To assess the potential impact of DAA therapy on the disease burden by a) 
comparing the actual hospitalization rates associated with HCV infection and liver disease 
following the introduction of DAAs in Canada with the 2010 baseline projection and b) 
documenting the associated uptake of anti-HCV therapy.

Methods: The hospital records of inpatients diagnosed with chronic HCV and chronic liver 
disease were extracted from the Canadian Discharge Abstract Database (DAD) by fiscal 
year for 2004–2016. We compared the actual number of hospitalizations to the baseline 
projection by year and for selected 5-year birth cohorts (1925–1989). The monthly number 
of new prescriptions for anti-HCV regimens was extracted from the IQVIA CDH CompuScript 
database (formerly IMS Health), aggregated to annual levels by age group and compared with 
hospitalization trends. 

Results: Compared to the baseline projection, there was a slight reduction in hospitalizations 
in 2014/15 and 2015/16. This slight reduction was followed by a more significant decline in 
2016/17 (32% below expected; 95% confidence interval [CI]: 27%–37%). The largest declines 
were observed for patients born before 1960 (age 55 or older) at 40% below expected 
in 2016/17. The number of new anti-HCV prescriptions increased from 5,484 in fiscal year 
2012/13 to a peak of 17,775 in 2015/2016. The number of new prescriptions corresponds 
to approximately 1.3 and five times the number of hospitalizations in 2012/13 and 2015/16, 
respectively. 

Conclusions: In Canada there has been a modest decrease in HCV and liver-related 
hospitalizations following a significant increase in uptake of second-generation DAAs in 2015. 
However, the burden is still high. Linked health administrative databases created to monitor the 
disease burden in the new treatment era should provide additional insight with the linkage of 
treatment history and disease stage to individual outcomes.
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Introduction
Hepatitis has been identified as an international public health 
issue for years (1). Over 15 years ago, Canada identified chronic 
hepatitis C virus (HCV) as a major contributor to the growing 
burden of cirrhosis, hepatocellular carcinoma (HCC) and liver 
transplantations (2,3). In Ontario, HCV was identified as the 
infectious disease accountable for the largest disease burden 

in terms of health adjusted life years (4). A Canadian modelling 
study estimated that the prevalence of viremic hepatitis C cases 
peaked between 2003 and 2013; it also predicted the prevalence 
of advanced liver disease would increase until 2030 as the 
infected population ages (5). Another Canadian study, based on 
hospitalization data, established that a large part of this growing 
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burden was driven by the “baby boomer” cohort. The study 
found that the number of hospitalizations for HCV-associated 
chronic liver disease (CLD) increased 6.0% per year from 2004 
to 2010 (6). As of 2010, hospitalizations were highest for those 
born between 1950 and 1959, and were projected to increase 
to 1.5 times the 2010 levels as this cohort approaches age 70 in 
2025–2035 (6).

In 2012, the first generation of direct-acting antivirals (DAAs) 
was introduced in Canada. These agents achieved high rates of 
sustained virologic response and offered hope of reversing the 
trends in the prevalence of advanced liver disease. However 
tolerability was an issue and uptake remained relatively limited. 

In 2014, a second generation of highly effective DAAs became 
available. These new regimens provided cure rates of >95% 
against all main genotypes with a short course of well-tolerated 
therapy (8–24 weeks). Second generation DAAs are now 
being considered a major medical breakthrough that have 
revolutionized the treatment of HCV infection, thus enabling 
much greater treatment uptake and the prospect of a major 
reduction in HCV-related morbidity and mortality (7). 

Based largely on the improvement in treatment for HCV, the 
World Health Organization (WHO) called for the elimination of 
viral hepatitis as a public health threat (7). The WHO has set 
targets aiming to reduce mortality by 65% by 2030, compared to 
2015 levels, and recommends ongoing monitoring so countries 
can assess whether they are on track to meet these ambitious 
goals (7).  

It will be a number of years before mortality data are available. 
Monitoring trends in hospitalization rates is a viable alternative 
and offers several advantages over mortality data. Hospitalization 
data are more timely than mortality data. The number of deaths 
coded to HCV as the underlying cause of death in the mortality 
database (8) is considered an underestimate. In addition, 
mortality data has limited statistical power due to the smaller 
number of deaths that will delay the detection of any changes in 
the trend.

However, in order to use hospital data it must be taken 
into account that the population-level reductions in disease 
burden associated with the new treatments may not be large 
enough in the short term to offset the anticipated increase in 
hospitalizations (6). This arises from three considerations linked 
to the nature of how this disease progresses. First, the short term 
reduction in the risk of hospitalization is expected to be limited 
primarily to the treatment of patients with compensated cirrhosis 
who are at risk of progressing to decompensated cirrhosis. 
Second, treating patients who do not currently have advanced 
liver disease will prevent progression to cirrhosis in the long 
term. Third, patients with advanced liver disease, and particularly 
those with decompensated cirrhosis and/or HCC, may not 
improve much after achieving sustained virologic response, 
potentially leading to limited or no change in hospitalization 
rates (9,10). 

In Canada, the study by Schanzer et al. in 2014, established a 
baseline projection of HCV and CLD hospitalizations based on 
trends prior to the introduction of DAAs (6). This study found 
that the increasing risk of hospitalization within each 5-year birth 
cohort was primarily a function of age, and that stratification by 

5-year birth cohort was required to control for the differences in 
exposure to HCV.

The objective of the current study was to use previously 
calculated projections as a baseline scenario corresponding to 
the hypothetical situation of “no change in treatment,” and then 
to compare this baseline projection with the actual number of 
hospitalizations associated with HCV and CLD, and to document 
the uptake of antiviral therapy at a population level. 

Methods 

Data sources
Hospital discharge records for patients admitted to an acute 
care hospital with a diagnostic code of chronic HCV (ICD-10 
code B18.2) and CLD (K70–K77, R18) including HCC (C22) in 
any of the diagnostic fields were extracted from the Canadian 
Institute of Health Information (CIHI) patient-specific Discharge 
Abstract Database (DAD) (11) for the period spanning April 
2004 to March 2017. Fields related to age, date of discharge, 
inpatient deaths and HCC were retained. As the province of 
Quebec does not participate in the DAD, the database captures 
approximately 75% of all acute care hospitalizations in Canada. 
Population denominators were obtained from Statistics Canada 
population estimates (12). In September 2017, the number of 
new prescriptions filled for anti-HCV therapy was extracted from 
the IQVIA CDH CompuScript database (formally IMS Health) (13) 
by month and year, as well as province and age group for the 
period spanning September 2011 to August 2017. This database 
is created from a panel survey of over 5,700 pharmacies, 
representing more than 60% of all retail pharmacies in Canada. 
The products used to treat HCV are listed in Appendix 1. The 
baseline projection of hospitalization levels by birth cohort were 
taken from the 2014 Schanzer et al. study (6).

Data analysis

Annual trends

To assess the impact on an annual basis, we limited the 
comparison of the actual number of annual hospitalizations with 
the baseline scenario to birth cohorts for which we had sufficient 
data to estimate the baseline projection (persons born between 
1925 and 1989, but aged less than 90 years). We computed 95% 
confidence limits corresponding to the standard error of the 
difference between actual and predicted values for the pre-DAA 
period (2004–2011). We also calculated the ratio of the annual 
number of hospitalizations divided by the baseline projection 
for the same year. During the pre-DAA period, the ratio was 
expected to track close to 1.0, and then start to decline as first- 
and then second-generation DAAs started to reduce the risk of 
hospitalization. Logistic regression was used to assess trends 
in the inpatient fatality rate and proportion of hospitalizations 
associated with HCC.

Age group

To assess the impact by age group, we compared the annual 
number of hospitalizations with a recorded diagnosis of HCV 
and CLD in the hospital discharge abstract for 2016/17 with the 
baseline projections for 2016/17 for each 5-year birth cohort. 
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The average age at hospitalization was calculated for each 
birth cohort by year. The error bars corresponding to the 95% 
confidence intervals (CIs) were based on the Poisson distribution 
typically used for count data.

New prescriptions

We plotted the monthly number of new prescriptions in Canada 
as a time series. The ratio of new prescriptions to hospitalizations 
was calculated by calendar year and by age group from the 
IQVIA data extract. New prescriptions for Quebec were excluded 
from the ratio calculation.

Results

Annual trends
The annual number of hospitalizations associated with HCV 
and CLD tracked the projected numbers closely during the 
pre-DAA period (Figure 1, red curve compared to blue curve). 
A statistically significant reduction compared with the baseline 
was first observed in 2014/15 (green curve compared to blue 
curve). The largest reduction occurred in 2016/17, 32% (95% CI: 
27%–37%), with 2,538 HCV and CLD hospitalizations compared 
with the predicted 3,740. 

The inpatient mortality rate for HCV and CLD declined from 
15.7% in 2003 to 13.0% in 2016 (Table 1), corresponding to an 
annual average percent change (AAPC) of −1.2% (95% CI: −2.0% 
to −0.4%). After controlling for the aging of the hospitalized 
HCV cohort, the rate of decline was stronger (AAPC: −1.9%; 
95% CI: −2.6% to −1.1%). The proportion of HCV and CLD 
hospitalizations with an HCC diagnosis increased from 11% to 
25% for an AAPC of 6.4% (95% CI: 5.0%–7.9%). After controlling 
for age, the AAPC was 4.0% (95% CI: 2.9%–5.1%). This trend 
was evident in the baseline period (2003–2010) with an AAPC of 
6.6% (95% CI: 4.8%–8.6%).

Age group
In Figure 2a, the actual number of hospitalizations are compared 
with the projected baseline levels for 2016/17. The largest 
declines in the number of hospitalizations in 2016/17 occurred 
in the birth cohorts with the highest baseline estimates (1950–54 
and 1955–59). The ratio of the observed to projected number 
of hospitalizations in Figure 2b shows that the largest relative 
declines were observed among patients born before 1960 
(age 55 years or older), at 40% below expected. Conversely, 
for patients aged 45 years or less, a ratio of one suggests that 
treatment has not resulted in significant short term reductions to 
the risk of hospitalization.

Table 1: Number of hospitalizations associated with 
hepatitis C virus infection and chronic liver disease by 
fiscal year, 2003/04–2016/17, all ages included, Canadaa 

Year Hospital-
izations (n)

Deaths  
(n)

Mortality 
rate (%)

HCC cases 
(n)

HCCb  
(%)

2003/04 2,115 331 15.7 226 10.7

2004/05 2,182 334 15.3 264 12.1

2005/06 2,338 341 14.6 321 13.7

2006/07 2,569 421 16.4 388 15.1

2007/08 2,542 395 15.5 420 16.5

2008/09 2,527 404 16.0 438 17.3

2009/10 2,774 384 13.8 551 19.9

2010/11 3,041 415 13.6 594 19.5

2011/12 3,092 459 14.8 622 20.1

2012/13 2,979 446 15.0 619 20.8

2013/14 3,255 464 14.3 742 22.8

2014/15 3,152 457 14.5 631 20.0

2015/16 3,040 428 14.1 669 22.0

2016/17 2,554 333 13.0 633 24.8

Abbreviations: HCC, hepatocellular carcinoma; n, number; year, fiscal year
a Excluding Quebec 
b The proportion of hepatitis C virus–chronic liver disease hospitalizations with a diagnosis of 
hepatocellular carcinoma 
Source: CIHI Discharge Abstract Database (11) 

Figure 1: Trends in annual hospitalizations associated 
with hepatitis C virus infection and chronic liver disease, 
by year, 2004/05–2016/17, Canadaa 

Abbreviation: DAA, direct-acting antiviral
a Excluding Quebec
Legend: Historical rates from 2004–2010 by age and birth cohort (red curve) were used to create 
the pre-DAA scenario baseline (blue curve). First-generation DAAs became available in 2012/13, 
with the impact monitored annually to 2016/17 (green curve). A statistically significant reduction 
compared to baseline first occurred in 2014/15, with a sharper reduction for 2016/17 following 
the availability of interferon-free DAAs in 2015. The ratio of the number of hospitalizations to the 
baseline projection is represented by the dashed purple curve 
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New prescriptions
New prescriptions peaked in 2015 (Figure 3), shortly after 
the introduction of second-generation DAAs, increasing 
from 5,484 in 2012 to 17,775 in 2015. The age distribution 
of new prescriptions was similar to the age distribution of 
hospitalizations, though the treated group was slightly younger 

than those hospitalized, as seen by the ratio of new prescriptions 
to hospitalizations for each year and age group (Table 2).

Discussion
There was a slight reduction in hospitalizations for HCV-related 
chronic liver disease diagnoses in Canada in 2014/15 and 
2015/16 compared with the baseline projection. In 2016/17, the 
reduction in hospitalizations was modest following a significant 
increase in the uptake of treatment with the introduction of 
second-generation DAAs in 2015. This reduction is nevertheless 
impressive considering that the burden was expected to 
increase. By using baseline projections from a previous study, we 
were able to monitor early progress in reductions in the HCV and 
CLD burden by age group. Persons with an HCV infection born 
before 1960 (55 years or older in 2016) appear to have benefited 
the most from DAAs in the near-term, with a 40% reduction in 
hospitalizations in 2016 compared with the projected baseline. 
The largest reduction in the number of hospitalizations occurred 
in the birth cohorts with the highest baseline estimates (1950–54 

a Excluding Quebec  

Table 2: Ratio of the number of new prescriptions to 
the number of hospitalizations, 2012–2016, all ages 
included, Canadaa

Calendar 
Year

Age group (years)

Total19–29 30–39 40–49 50–59 60+

2012 1.9 4.8 0.3 1.7 0.9 1.3

2013 4.4 4.6 1.6 1.6 1.0 1.5

2014 8.2 4.5 2.0 2.0 1.6 1.9

2015 10.5 10.1 1.7 5.6 4.9 5.0

2016 7.4 8.7 5.1 4.8 4.1 4.7

Figure 3: Monthly number of new prescriptions for 
hepatitis C virus, in Canada

Abbreviations: HCV, hepatitis C virus; Rx, prescriptions
Data source: IQVIA CDH CompuScript (formerly IMS Health) (13)
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Figure 2b: Ratio of the actual number of hospitalizations 
to the pre-DAA baseline projection by agea, 2016/17 in 
Canadab
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and 1955–59). A large change for the younger cohorts was not 
observed despite a proportionally higher uptake of treatment. 
This likely reflects differences in the disease stage of patients 
who received treatment. Patients receiving treatment in the early 
stages of fibrosis would be at a very low risk of hospitalization for 
advanced liver disease in the short term, while more substantial 
benefits for this group would be expected over the longer term. 

A decline in the inpatient mortality rate was observed over 
the full study period (2003–2016), as was an increase in 
the proportion of hospitalizations with HCC. Despite some 
controversy about the possibility that DAAs may increase 
the risk of HCC, more recent data clearly show that, like 
interferon-induced sustained virologic response, viral clearance 
with DAAs reduces but does not eliminate the risk of HCC (14). 
Rather, a strong increase in both mortality and HCC risk with age 
has been noted for patients with a chronic HCV infection (10). 
Emerging data confirm that while achieving sustained virologic 
response largely prevents hepatic decompensation in patients 
with cirrhosis and even improves liver function in those who are 
treated after initial decompensation, the risk of HCC remains a 
major concern (9). Recent declines in the number of inpatient 
deaths and the number of HCC hospitalizations are encouraging, 
though these numbers are too small and the time period too 
short to assess the statistical significance of the impact of the 
second-generation DAAs on mortality and HCC. 

Strengths and limitations
The main strength of this study is the use of hospitalization 
data compared with a baseline projection to provide a more 
timely assessment of the early impact of DAAs than would be 
possible with vital statistics data (8). The larger number of annual 
events provides the statistical power to detect an impact earlier 
than mortality data. The baseline projection corresponding to 
the hypothetical absence of DAA therapy (6) provided a more 
accurate assessment of the impact of the new therapies than 
would be available from a simple trend analysis. This approach 
allowed us to control for variation in exposure to HCV infection 
in different birth cohorts, and due to the slow natural progression 
of disease, the number of early hospitalizations was a good 
predictor of the number of future events. As well, this approach 
did not require the many estimates, data points or assumptions 
needed to model the full complexity of disease progression. The 
comparison with the hypothetical baseline rather than previous 
levels allowed us to assess the potential early benefits of the 
intervention and control for the anticipated increase in burden. 

There are also several limitations to consider. We were unable 
to assess trends in the number of HCC hospitalizations, as the 
numbers were small and we did not have a readily available 
baseline estimate to take into account the increasing underlying 
burden. As a population level study, patient-specific information 
such as the disease history, patient care and exposure category 
that could help refine projections of the future burden under 
various scenarios of ramped-up treatment and screening was 
not available. As we used the presence of an HCV and CLD 
diagnostic code in any of the diagnostic fields in the DAD 
database to identify HCV and CLD hospitalizations, there is a 
risk of bias due to under-ascertainment. The HCV diagnosis was 
likely not included in the discharge record for all hospitalizations 
of patients diagnosed with an HCV infection. The number of new 
prescriptions does not necessarily correspond to the number of 

treatment courses, as physicians may not include all renewals for 
the full treatment course on one script. In addition, the quality 
of the prescription data from IQVIA has not been fully assessed. 
Unfortunately, Quebec does not participate in the DAD, so the 
hospitalization results are not national. Many of these limitations 
could be overcome through data linkage projects.  

Next steps
With a potentially curative treatment available, the research 
focus has shifted from measuring and predicting burden of illness 
to documenting the impact of treatment on long term outcomes. 
Challenges in monitoring the impact of DAA at a population 
level amid an otherwise growing burden remain, as does 
concern about the access to treatment, the HCV-associated HCC 
burden (15,16) and the impact of sustained virologic response 
on the future HCC burden (9,10,14). Reductions in HCV-related 
compensated or decompensated cirrhosis or HCC should be 
detectable well ahead of reductions in hospitalization. As such, if 
these data were available in a timely manner, these trends would 
be better indicators of progress. One Canadian study used linked 
health data to characterize patients who developed HCV-related 
decompensated cirrhosis or HCC between 2007 and 2011 (16). 
Samji et al. defined a late diagnosis as having been diagnosed 
with HCV within the previous two years (16). They found that the 
proportion of late diagnoses was substantially reduced over the 
(pre-DAA) study period and that illicit drug use (as identified in 
the medical records) and regular physician visits were protective 
against a late HCV diagnosis (16). The capacity to monitor these 
trends and the characteristics of persons developing cirrhosis or 
HCC will greatly assist in monitoring progress and guiding public 
health efforts in further reduction of the burden. 

Researchers affiliated with the Canadian Network on Hepatitis C 
(CanHepC) program (17) are conducting a number of additional 
studies that aim to link a cohort of people diagnosed with HCV 
with other administrative health databases (15,16). Linkage 
requires various approvals and safe-guards to maintain patient 
confidentiality. Though true data-sharing is not likely feasible, 
these researchers are planning to coordinate definitions across 
provinces so that results will be comparable. Significant progress 
has been made in Ontario (at the Institute for Clinical Evaluative 
Sciences), British Columbia and Quebec, and additional statistics 
related to late presentation and the cascade of care for patients 
with an HCV diagnosis is forthcoming. Preliminary research 
compared the number of new prescriptions from IQVIA Institute 
for Human Data Science with preliminary data on the number 
of DAA treatment courses in British Columbia and found that 
one treatment course accounts for approximately 1.4 new 
prescriptions (Personal communication. NZ Janjua, February 7, 
2018).

Conclusions
Canada has had a modest decrease in HCV and CLD 
hospitalizations following the switch to second-generation 
DAAs. However, liver disease burden associated with chronic 
HCV is still high and progression to HCC following sustained 
virologic response in cirrhotic patients remains a concern. As it 
is preferable to treat patients with chronic HCV infection before 
cirrhosis has developed, it will likely be many years before the 
full benefit of DAA treatment can be observed. The observed 
trends are also consistent with the emerging data that patients 
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with much more advanced liver disease can be safely and 
effectively treated. Identifying and monitoring leading indicators 
such as disease stage at sustained virologic response along with 
measures of the cascade of care will be helpful in monitoring 
progress toward the elimination of the disease burden associated 
with HCV. Linked health administrative databases created to 
monitor the disease burden in the new treatment era should 
provide additional insight with the linkage of treatment history 
and disease stage to individual outcomes.
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Appendix 1 

Rx for HCV by DIN product and combined molecule (CDH CompuScript)

Product Combined molecule abbreviation DIN

DAKLINZA DACLATASVIR 2444747, 2444755

EPCLUSA SOFOSBUVIR:VELPATASVIR 2456370

GALEXOS SIMEPREVIR 2416441

HARVONI LEDIPASVIR:SOFOSBUVIR 2432226

HOLKIRA PAK DASABUVIR:OMBITASVIR:PARITAPREVIR:RITONAVIR 2436027

IBAVYR RIBAVIRIN 2425890, 2425904, 2439212

INCIVEK TELAPREVIR 2371553

PEGASYS PEGINTERFERON ALFA 2A 2248077, 2248078

PEGETRON INTERFERON ALFA 2B:RIBAVIRIN 2246026, 2246027, 2246028, 2246029, 2246030

PEGETRON REDIPEN/CLEARCL INTERFERON ALFA 2B:RIBAVIRIN 2254581, 2254603, 2254638, 2254646

SOVALDI SOFOSBUVIR 2418355

TECHNIVIE OMBITASVIR:PARITAPREVIR:RITONAVIR 2447711

VICTRELIS BOCEPREVIR 2370816

VICTRELIS TRIPLE BOCEPREVIR:PEGINTERFERON ALFA 2B:RIBAVIRIN 2371448, 2371456, 2371464, 2371472

ZEPATIER ELBASVIR:GRAZOPREVIR 2451131
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