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A B S T R A C T
Objectives: Hepatitis C virus (HCV) antivirals have been shown to be highly effective with minimal adverse effects, but they
are costly. Little is known about the national spending on this drug class in either Canada or the United States, 2 countries
with different drug pricing regulations. Thus the objective of this study was to compare drug expenditure on HCV medications in the United States and Canada.
Methods: This was a retrospective cross-sectional study using the IQVIA National Sales Perspectives (United States) and
Geographic Prescription Monitor (Canada) databases, which contains prescription transactions from American and
Canadian pharmacies. All prescription claims for the period between January 1, 2014, and June 30, 2018, were used to
describe HCV antiviral expenditure in both countries.
Results: The United States and Canada spent $59.7 billion and $2.8 billion on HCV medications, respectively. Populationadjusted HCV medication costs were higher in the United States ($1 million per 100 000 population) compared with
Canada ($0.4 million per 100 000 population).
Conclusions: Although the rates of HCV infection are similar in the 2 countries, these ﬁndings highlight the differences in both
the reimbursement utilization policy for HCV treatments in the countries and the major differences in drug pricing policies.
As policies to reduce drug spending in the United States are explored, this article highlights the potential cost implications of
implementing Canadian index pricing.
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Introduction
It is estimated that 71 million individuals have a hepatitis C
virus (HCV) infection worldwide.1 This is signiﬁcant because HCV
infection is a major cause of viral hepatitis,2 which is the leading
cause of life-years lost from an infectious disease. It is estimated
that HCV results in an 8- to 12-year reduction in overall life expectancy in infected individuals.3,4 Transmission most often occurs through percutaneous exposure, such as healthcare-related
injections and injection drug use.5 In the United States and Canada, the prevalence of chronic HCV ranges between 1.1% and 1.3%.6
Without treatment, chronic hepatitis can lead to complications
such as cirrhosis and hepatocellular carcinoma.7-9
In 2011, a new class of drugs, direct-acting antiviral (DAA) agents,
were approved by the US Food and Drug Administration (FDA) for
the treatment of HCV.10,11 These oral regimens are curative in most
patients. Despite the effectiveness of these drugs, their high cost has
been an important element affecting how they have been used, with
a single pill costing nearly $1000 and a treatment course generally

costing $80 000 to $100 000 (Table 1).12-14 As a result of these high
costs, drugs for the treatment of HCV accounted for the second- and
fourth-highest proportion of public drug spending in 2017 for Canada and the United States, respectively.15,16 The combination of high
medication prices and the large number of people requiring treatment is a major concern to the healthcare system, yet the national
spending on this drug class is not known in either Canada or the
United States, 2 countries with differing drug reimbursement processes and policies and different drug pricing regulations. Thus we
examined how these differences impacted the spending on, and use
of, these high-cost medications. The objective of this study was to
compare drug expenditures on HCV medications in the United States
and Canada.

Methods
We conducted a retrospective, cross-sectional study of all HCV
medications dispensed to outpatients in the United States and

* Address correspondence to: Mina Tadrous, PharmD, MS, PhD, Women’s College Hospital, 76 Grenville Street, Toronto, ON, Canada, M5S 1B2. Email: mina.tadrous@
wchospital.ca
1098-3015/$36.00 - see front matter Copyright ª 2020, ISPOR–The Professional Society for Health Economics and Outcomes Research. Published by Elsevier Inc.

1138

VALUE IN HEALTH

SEPTEMBER 2020

Canada between January 1, 2014 and June 30, 2018, using data
from IQVIA’s National Sales Perspectives (NSP) database (US
expenditure data) and Geographic Prescription Monitor (GPM)
database (Canadian expenditure data). The individual DAAs
examined are listed in Table 1.
IQVIA’s NSP databases only include aggregate prescription
volumes without clinical information such as associated indications, patient information (ie, age, sex, number of people
living with HCV), or geographic location of dispensation.17,18
Expenditure on DAAs was obtained from the IQVIA NSP and GPM
databases, which contain prescription transactions from American
and Canadian community pharmacies and outpatient dispensing.
At the national level, the IQVIA database is composed of approximately 56 000 pharmacies in the United States and 6000 Canadian pharmacies, and captures more than 90% and 78% of all
prescriptions dispensed in the United States and Canada, respectively.16,19-21 The captured prescription data is projected to be
representative of national levels in both countries. IQVIA data is
regularly used for research purposes because it estimates prescription volumes from all payers (both public and private) and is
not affected by speciﬁc regional reimbursement policies.22
Data from the US Bureau of Economic Analysis and Statistics
Canada database were used to obtain quarterly population estimates for the years 2014 to 2018.23,24 These estimates were used
to population-standardize expenditure data.
We used descriptive statistics to report the total expenditure
on HCV medications in the United States and Canada for each
quarter of the study period. In addition, we calculated populationadjusted HCV medication costs per 100 000 people to compare
national spending between the 2 countries. We also conducted a
sensitivity analysis at 20%, 40%, and 60% reductions to account for
discounts/rebates. All cost data were converted into USD 2017

using the global foreign exchange rates listed by the Organisation
for Economic Co-operation and Development.25

Results
Overall, the total expenditure on HCV medications between
January 1, 2014, and June 30, 2018, (4.5 years) totalled $59.7 billion
and $2.8 billion for the United States and Canada, respectively
(Table 2). In the ﬁrst 4 quarters of this study (Q1-2014 to Q4-2014),
the United States spent $11.4 billion, whereas Canada spent $183.3
million (1.6% of what the United States spent). In the last 4 quarters of the study (Q3-2017 to Q2-2018), the United States spent a
total of $8.8 billion and Canada spent $820.1 million (9.3% of what
the United States spent).
Over the entire study period, the population-adjusted HCV
medication costs were higher in the United States ($1.0 million
per 100 000 population) compared with Canada ($0.4 million
per 100 000 population); however, the trends in costs over time
differed between the 2 countries (Fig. 1). In the United States,
the population-adjusted annual medication costs between the
years 2014 to 2017 ranged from $0.8 million to $1.4 million per
100 000 population. Peak spending of $1.6 million per 100 000
population occurred in Q2-2015, with the lowest rate of
spending ($0.6 million per 100 000 population) occurring in the
last quarter of the study period (Q2-2018). In contrast, in Canada, medication costs between the years 2014 to 2017 ranged
from $0.1 million to $0.5 million per 100 000 population. Peak
spending of $0.7 million per 100 000 population occurred in Q42015, with lowest spending ($0.02 million per 100 000 population) occurring in the ﬁrst quarter of the study period (Q12014).

Table 1. List of direct-acting antiviral agents (generic and brand names) with drug prices in the United States and Canada.
Brand name

Generic name

Strength

Drug Prices (28 days’ supply
prescription)
United
States* (USD)

Canada†
(converted
to USD)

Percentage Difference
(%) in US vs Canadian
Drug Prices (USD)‡

Victrelis

Boceprevir

§

Daklinza

Daclatasvir

30 or 60 mg

$20 798

$9570

174%

Harvoni

Ledipasvir/sofosbuvir

90/400 mg

$10 088

$17 806

255%

Technivie

Ombitsavir/paritaprevir/
ritonavir

12.5/75/50 mg

$12 656

Not approved

N/A

Viekira Pak

Ombitsavir/paritaprevir/
ritonavir 1 dasabuvir

250/12.5/75/50 mg

$6876

Not approved

N/A

Olysio

Simeprevir

§

Sovaldi

Sofosbuvir

400 mg

Incivek

Telaprevir

§

Zepatier

Elbasvir/grazoprevir

50/100 mg

N/A

N/A
$27 728

$14 618

162%

$7216

$14 889

269%

N/A

Maviret or Mavyret

Glecaprevir/pibrentasvir

100/40 mg

$4367

$5319

220%

Epclusa

Velpatasvir/sofosbuvir

400/100 mg

$6728

$15 946

281%

Vosevi

Sofosbuvir/velpatasvir/
voxilaprevir

400/100/100 mg

$24 679

$15 946

143%

Ibavyr

Ribavirin

200 mg

$168

2142%

$28

N/A indicates not available; USD, US dollar.
*Based on GoodRx (https://www.goodrx.com) as of October 5, 2019.
†
Based on the Ontario Drug Beneﬁt Formulary (https://www.formulary.health.gov.on.ca/formulary/) as of October 5, 2019.
‡
Calculation for percentage difference: [|US 2 CAD|/(US 1 CAD)/2)] 3 100%.
§
No longer available on GoodRx. Not approved by Health Canada.
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Table 2. Yearly expenditures on HCV medications in Canada
and the United States.
Year

Expenditures
on HCV
medications
in the United
States (USD)

Expenditures
on HCV
medications
in Canada
(USD)

2014

11 415 937 266

183 320 376

2015

18 398 935 365

780 899 922

2016

15 470 504 574

695 396 044

2017

10 495 286 283

747 840 961

First 2 quarters
(Q1 and Q2) of 2018

3 944 122 282

418 849 331

Total Spending in
Study Period

59 724 785 770

2 826 306 634

HCV indicates Hepatitis C virus; USD, US dollars.

In a sensitivity analysis that accounted for 20%, 40%, and 60%
discounts/rebates, the total expenditure across the study period
ranged between $23.9 to $47.8 billion and $1.1 to $2.3 billion in the
United States and Canada, respectively.

Discussion
HCV medications are a major investment for both the United
States and Canada. In the 4.5-year period studied, $59.7 billion and
$2.8 billion were spent on HCV medications by the United States
and Canada, respectively. This represents an estimated 2.3% and
1.9% of total drug spending by the United States ($455.9 billion)
and Canada ($39.8 billion), respectively.15,16 These ﬁndings highlight differences in both the reimbursement utilization policy for
HCV treatments between these countries and major differences in
drug pricing policies.
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Although the rates of HCV infection are similar between the 2
countries,26,27 the trends in uptake of HCV medications have
differed over time. First, differences in when DAAs were ﬁrst
approved in each country (2011 in the United States and 2012 in
Canada) led to staggered uptake.28,29 This led to the United States
reaching their spending peaks earlier (Q2-2017) compared with
Canada (Q4-2017).
Second, the public-facing prices of DAAs are higher in the
United States, in turn leading to higher population-standardized
expenditure per 100 000 people compared with Canada (see Table 1, Fig. 1). For example, one pill of Sovaldi® costs approximately
$1000 in the United States compared with $535 in Canada. This
brings the total cost of the 12-week treatment to $84 000 (United
States) and $45 000 (Canada). Lastly, as of 2017, Canada has
liberalized the listing of these agents on a national level, whereas
the United States has a mixed model of prior authorization and
stepped access, which varies greatly by payer and region.30,31 This
led to Canada increasing their population-adjusted expenditure
on these agents and eventually surpassing the United States in Q22018.
Importantly, these results have implications on a broader discussion of drug pricing. This expensive class of drugs highlights
the differences between US and Canadian public-facing drug
pricing. Policies that have been suggested, such as the international pricing index model for Medicare Part B drugs32 (using
Canadian pricing), could dramatically lower public-facing prices.
Based on our ﬁndings, the potential savings of such a policy would
be nearly $25.1 billion on HCV medications alone (Canada’s
population-adjusted spending was 42% less). Although pressure
on the US healthcare system could be as low as $10 billion after
accounting for a 60% rebate, this is still a signiﬁcant cost that
would have major implications for federal budgets.
This study has relevance for public health and policy makers
because it provides a measure of the costs associated with HCV
medication prescribing in the United States and Canada. This
study raises important questions about the different policies
needed to manage HCV-infected patients at the treatment level

Figure 1. Population-standardized (1 000 000 people) quarterly expenditure on hepatitis C medications from January 2014 to June 2018
in the United States (blue) and Canada (red).
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and the population level. One approach is to treat all those who
are currently infected with HCV, aiming for a reduction in
overall infection rates in the population. This broader approach
requires a greater initial investment but would potentially lead
to reduced long-term healthcare spending on HCV (ie, less HCV
transmission, less hospitalizations, etc).33 An opposing
approach is to allocate an annual budget to treat those who
have more advanced HCV infections. To date, some evidence
from economic models have suggested that the ﬁrst option
(treat all those currently infected with HCV) would be more
cost-effective in the long-term.34,35 Currently the US payers use
a mix of both approaches, whereas Canada has recently started
to take a broader approach. Even within the United States,
there is evidence for variation in uptake that may inﬂuence the
impact of these policies.36 Given these differences, there is a
need to evaluate the impact of these approaches to better understand the real-world implications on spending and patient
outcomes.
Our results are not without limitations. First, expenditure data
in this study makes use of reimbursed prices, and the details of
price reductions through conﬁdential pricing agreements in both
Canada and the United States are unknown. Thus the reported
expenditure ﬁgures in this analysis are not the actual prices that
were paid by drug payers because we do not have access to privately negotiated prices that are not made public. Nevertheless,
the prices listed in this analysis do affect the “starting point” for
negotiations for large governmental payers. Importantly, these
“sticker-prices” are often the prices that are paid out-of-pocket by
patients and smaller payers and organizations. Secondly, IQVIA’s
NSP databases only include aggregate prescription volumes
without clinical information such as associated indications, patient information (ie, age, sex, number of people living with HCV),
or geographic location of dispensation, precluding further
descriptive analysis.21 Nevertheless, this has a limited impact on
our analysis because medications with multiple indications
represent ,1% of total costs.

SEPTEMBER 2020

Toronto, ON, Canada (Gomes, Tadrous); Li Ka Shing Knowledge Institute,
St. Michael’s Hospital, Toronto, ON, Canada (Gomes, Tadrous); Women’s
College Research Institute, Women’s College Hospital, Toronto, ON, Canada (Tadrous).
Author Contributions: Concept and design: Gomes, Tadrous
Acquisition of data: Suda, Tadrous
Analysis and interpretation of data: Shakeri, Srimurugathasan, Suda, Gomes,
Tadrous
Drafting of the manuscript: Shakeri, Srimurugathasan, Suda, Tadrous
Critical revision of the paper for important intellectual content: Shakeri, Suda,
Gomes, Tadrous
Statistical Analysis: Shakeri, Srimurugathasan, Tadrous
Obtaining funding: Suda, Gomes
Administrative, technical, or logistic support: Shakeri, Tadrous
Supervision: Tadrous
Conﬂict of Interest Disclosures: Dr Gomes reported receiving grants
from the Ontario Ministry of Health outside of the submitted work. Dr
Tadrous reported receiving grants from the Ontario Ministry of Health
during the conduct of the study. No other disclosures were reported.
Funding/Support: This work was supported by grants from the Ontario
Ministry of Health.
Role of the Funder/Sponsor: The funder had no role in the design and
conduct of the study; collection, management, analysis, and interpretation
of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
Acknowledgments: The statements, ﬁndings, conclusions, and views
contained and expressed herein are those of the authors and do not
necessarily represent the views of the US government, the Department of
Veterans Affairs, or IQVIA or any of its afﬁliated or subsidiary entities. The
statements, ﬁndings, conclusions, views, and opinions contained and
expressed in this publication are based in part on data obtained under
license from IMS Health Canada Inc. concerning the following information
service(s): Geographic Prescription Monitor (GPM12). All rights reserved.
The statements, ﬁndings, conclusions, views, and medications contained
and expressed herein are not necessarily those of IMS Health Canada Inc.
or any of its afﬁliated subsidiary entities. Source of ﬁnancial support:
Ontario Ministry of Health and Long-Term Care.

REFERENCES
Conclusion
Overall, both the United States and Canada have spent substantial amounts on HCV medication, although the United States
spends more per capita on these medications despite the rates of
HCV infection being similar between the countries. As policies to
reduce drug spending in the United States are explored, this article
highlights the potential cost implications of implementing Canadian index pricing.16 Given the high expenditure on this class of
medications, there is an ongoing need for evaluation of varying
reimbursement policies to ensure a return on investment and
improved patient outcomes.

Article and Author Information

1.

2.

3.

4.
5.

6.

7.

Accepted for Publication: March 22, 2020
Published Online: July 28, 2020
doi: https://doi.org/10.1016/j.jval.2020.03.021
Author Afﬁliations: Leslie Dan Faculty of Pharmacy, University of Toronto,
Toronto, ON, Canada (Shakeri, Srimurugathasan, Gomes, Tadrous); Center
for Health Equity Research and Promotion, VA Pittsburgh Healthcare System, Pittsburgh, PA, USA (Suda); Department of Medicine, School of Medicine, University of Pittsburgh, Pittsburgh, PA, USA (Suda); Institute of
Health Policy, Management, and Evaluation, University of Toronto, Toronto, ON, Canada (Gomes); Institute for Clinical Evaluative Sciences,

8.
9.
10.
11.
12.
13.

Blach S, Zeuzem S, Manns M, et al. Global prevalence and genotype distribution of hepatitis C virus infection in 2015: a modelling study. Lancet Gastroenterol Hepatol. 2017;2(3):161–176.
Ditah I, Ditah F, Devaki P, et al. The changing epidemiology of hepatitis C virus
infection in the United States: national health and nutrition examination
survey 2001 through 2010. J Hepatol. 2014;60(4):691–698.
Kwong JC, Ratnasingham S, Campitelli MA, et al. The impact of infection on
population health: results of the Ontario burden of infectious diseases study.
Braitstein P, ed. PLoS One. 2012;7(9):e44103.
Ryder SD. Outcome of hepatitis C infection: Bleak or benign? J Hepatol.
2007;47(1):31–36.
Degenhardt L, Peacock A, Colledge S, et al. Global prevalence of injecting drug
use and sociodemographic characteristics and prevalence of HIV, HBV, and
HCV in people who inject drugs: a multistage systematic review. Lancet Glob
Heal. 2017;5(12):e1192–e1207.
Petruzziello A, Marigliano S, Loquercio G, Cozzolino A, Cacciapuoti C. Global
epidemiology of hepatitis C virus infection: an up-date of the distribution
and circulation of hepatitis C virus genotypes. World J Gastroenterol.
2016;22(34):7824–7840.
Donato F, Boffetta P, Puoti M. A meta-analysis of epidemiological studies on
the combined effect of hepatitis B and C virus infections in causing hepatocellular carcinoma. Int J Cancer. 1998;75(3):347–354.
El-Serag HB, Mason AC. Rising incidence of hepatocellular carcinoma in the
United States. N Engl J Med. 1999;340(10):745–750.
Shepard CW, Finelli L, Alter MJ. Global epidemiology of hepatitis C virus
infection. Lancet Infect Dis. 2005;5(9):558–567.
Holmes JA, Rutledge SM, Chung RT. Direct-acting antiviral treatment for
hepatitis C. Lancet. 2019;393(10179):1392–1394.
Feldman M, Friedman LS, Brandt LJ. Sleisenger and Fordtran’s Gastrointestinal
and Liver Disease. 10th ed. Philadelphia, PA: Saunders; 2016.
Henry B. Drug pricing and challenges to Hepatitis C treatment access. J Heal
Biomed Law. 2018;14:265–283.
Steinbrook R, Redberg RF. The high price of the new hepatitis C virus drugs.
JAMA Intern Med. 2014;174(7):1172.

BRIEF REPORT

14.
15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

Razavi H, ElKhoury AC, Elbasha E, et al. Chronic hepatitis C virus (HCV) disease burden and cost in the United States. Hepatology. 2013;57(6):2164–2170.
Canadian Institute for Health Information. Prescribed Drug Spending in Canada, 2018. Ottawa, Ontario; 2018. https://www.cihi.ca/sites/default/ﬁles/
document/pdex-report-2018-en-web.pdf. Accessed October 9, 2019.
Schumock GT, Stubbings J, Wiest MD, et al. National trends in prescription
drug expenditures and projections for 2018. Am J Heal Pharm.
2018;75(14):1023–1038.
IQVIA. IQVIA Prescription Information. https://www.iqvia.com/locations/
united-states/solutions/commercial-operations/essential-information/pres
cription-information. Accessed February 19, 2020.
Schumock GT, Stubbings J, Hoffman JM, et al. National trends in prescription
drug expenditures and projections for 2019. Am J Heal Pharm.
2019;76(15):1105–1121.
IQVIA. Real World Data. https://www.iqvia.com/solutions/real-worldevidence/real-world-data-and-insights. Accessed October 12, 2019.
Xu Y, Gomes T, Mamdani MM, Juurlink DN, Cadarette SM, Tadrous M. Analysis
of trends in insulin utilization and spending across Canada from 2010 to
2015. Can J Diabetes. 2019;43(3):179–185.e1.
Black CD, McCarthy L, Gomes T, Mamdani M, Juurlink D, Tadrous M. Interprovincial variation of psychotropic prescriptions dispensed to older Canadian adults. Can Geriatr J. 2018;21(3):269–273.
Arora N, Knowles S, Gomes T, et al. Interprovincial variation in antipsychotic
and antidepressant prescriptions dispensed in the Canadian pediatric population. Can J Psychiatry. 2016;61(12):758–765.
Statistics Canada. Canadian population estimates, quarterly (Table: 17-100009-01). CANSIM Database. https://www150.statcan.gc.ca/t1/tbl1/en/cv.
action?pid=1710000901. Accessed October 12, 2019.
U.S. Bureau of Economic Analysis (BEA). United States population, Quarterly
(B230RC0Q173SBEA). U.S. Bureau of Economic Analysis. https://fred.
stlouisfed.org/series/B230RC0Q173SBEA. Accessed October 12, 2019.
Organisation for Economic Co-operation and Development. Exchange rates.
OECD.
https://data.oecd.org/conversion/exchange-rates.htm.
Accessed
October 12, 2019.
Spach D. HCV Epidemiology in the United States. Hepatitis C Online. https://
www.hepatitisc.uw.edu/go/screening-diagnosis/epidemiology-us/core-concept/
all. Accessed October 14, 2019.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

1141

Public Health Agency of Canada. Report on Hepatitis B and C in Canada: 2016.
Ottawa: Canada; 2016. http://publications.gc.ca/collections/collection_2019/
aspc-phac/HP37-22-2016-eng.pdf. Accessed October 14, 2019.
Schanzer D, Pogany L, Aho J, et al. Impact of availability of direct-acting antivirals for hepatitis C on Canadian hospitalization rates, 2012-2016. Can
Commun Dis Rep. 2018;44(7-8):150–156.
Kwo PY, Puenpatom A, Zhang Z, Hui SL, Kelley AA, Muschi D. Initial
uptake, time to treatment, and real-world effectiveness of all-oral directacting antivirals for hepatitis C virus infection in the United States: a
retrospective cohort analysis. Kanda T, ed. PLoS One. 2019;14(8):
e0218759.
Standing Committee on Health. Pharmacare Now: Prescription Medication
Coverage for All Canadians, 14th Report. Ottawa: Canada; 2018. https://www.
ourcommons.ca/Content/Committee/421/HESA/Reports/RP9762464/hesa
rp14/hesarp14-e.pdf. Accessed October 14, 2019.
Pomey MP, Forest PG, Palley HA, Martin E. Public/private partnerships for
prescription drug coverage: policy formulation and outcomes in Quebec’s
universal drug insurance program, with comparisons to the medicare
prescription drug program in the United States. Milbank Q. 2007;85(3):
469–498.
Department of Health and Human, Services. HHS Advances Payment Model
to Lower Drug Costs for Patients. https://www.hhs.gov/about/news/2018/1
0/25/hhs-advances-payment-model-to-lower-drug-costs-for-patients.html.
Published 2018. Accessed October 19, 2019.
Castro R, Crathorne L, Perazzo H, et al. Cost-effectiveness of diagnostic
and therapeutic interventions for chronic hepatitis C: a systematic
review of model-based analyses. BMC Med Res Methodol. 2018;18(1):
53.
Chhatwal J, Chen Q, Wang X, et al. Assessment of the feasibility and
cost of Hepatitis C elimination in Pakistan. JAMA Netw Open. 2019;2(5):
e193613.
Heffernan A, Cooke GS, Nayagam S, Thursz M, Hallett TB. Scaling up prevention and treatment towards the elimination of hepatitis C: a global
mathematical model. Lancet. 2019;393(10178):1319–1329.
Lu CY, Zhang F, Golonski N, Lupton C, Jeffrey P, Wagner AK. State Medicaid
reimbursement for medications for chronic hepatitis C infection from 2012
through 2015. Value Heal. 2018;21(6):692–697.

