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ARTICLE INFO ABSTRACT

Keywords: Objectives: Seven years after the introduction of direct-acting antivirals (DAAs) for the treatment of hepatitis C,
Hepatitis C high prices remain a barrier for treatment programs worldwide. This study seeks to describe current prices for
Sofosbuvir

originator DAAs in 50 countries and evaluate the relationship between prices and GDP per capita.

Methods: Data on prices of sofosbuvir, daclatasvir, sofosbuvir/ledipasvir, sofosbuvir/velpatasvir, and glecaprevir/
pibrentasvir were collected from national databases for 50 countries. Cost-based generic prices were estimated
using an established algorithm, which accounts for costs of the active pharmaceutical ingredient (API), excipients,
conversion costs of API to finished pharmaceutical product, taxes assuming manufacture in India, and a 10%
profit margin. Correlation between current market prices and GDP per capita was assessed by Spearman rank-
order correlation.

Results: Median originator prices per standard course were US$40,502 for sofosbuvir, US$26,928 for daclatasvir,
US$46,812 for sofosbuvir/ledipasvir, US$34,381 for sofosbuvir/velpatasvir, and US$30,710 for glecaprevir/
pibrentasvir (G/P). The estimated cost-based generic prices for a 12-week course were US$28 for sofosbuvir,
US$31 for ledipasvir, US$58 for velpatasvir, US$4 for daclatasvir. For fixed-dose combinations, estimated cost-
based prices were US$58 for sofosbuvir/ledipasvir, US$85 for sofosbuvir/velpatasvir, and US$31 for sofosbu-
vir/daclatasvir (API cost data were insufficient to calculate an estimate for G/P). Cumulative originator sales of
WHO-recommended DAAs reached US$82 billion by the end of 2019. Across the 50 countries, there was no
correlation between GDP per capita and DAA price, nor between estimated viraemic population and DAA price.
Sub-analyses within World Bank income groups found a significant negative correlation between price and GDP
per capita for all DAAs within the high-income countries group.

Conclusions: Prices of DAAs vary widely across countries. The lack of correlation between DAA price and GDP per
capita and viraemic population suggests that prices for DAAs are not adjusted based on country income level or
potential patient population. Among high-income countries, DAA prices fall as income levels rise, possibly due to
greater negotiating power of wealthier countries. DAA prices in most countries remain many times higher than
estimated cost-based generic prices.

Daclatasvir
Ledipasvir
Velpatasvir

1. Introduction Sofosbuvir, the first DAA to achieve cure rates over 90%, was approved in
the USA in 2013 and in the EU in 2014.%° Prior to this, the standard of

Treatment for hepatitis C virus (HCV) infection has been transformed treatment for HCV was interferon-based regimens, with success rates
by the introduction of direct-acting antivirals (DAAs). WHO estimated in between 40 and 70% and severe side effects.” WHO treatment guidelines
2015 that 71 million people were infected with HCV and 399,000 died recommend three pangenotypic regimens for HCV treatment: glecapre-
from cirrhosis or hepatocellular carcinoma caused by HCV infection.' vir/pibrentasvir, sofosbuvir/daclatasvir, and sofosbuvir/velpatasvir.
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Table 1
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Price per course of originator sofosbuvir, daclatasvir, sofosbuvir+daclatasvir, sofosbuvir/ledipasvir, sofosbuvir/velpatasvir, and glecaprevir/pibrentasvir.

GDP per capita (USD)

Originator price per course (USD)
(Ratio of price to GDP per capita)

SOF DAC SOF/DAC SOF/LED SOF/VEL G/P

Estimated cost-based price N/A $28 $4 $31 $31 $58 -

Argentina $11,653 $10,730 (0.92) $19,282 (1.65) $30,012 (2.58) $37,499 (3.22) $37,499 (3.22) $28,455 (2.44)
Australia $57,305 $26,615 (0.46) $16,324 (0.28) $42,938 (0.75) - $26,615 (0.46) $26,496 (0.46)
Austria $51,513 - - - - $28,483 (0.55) $28,510 (0.55)
Azerbaijan $4721 - - - - - -

Bahrain $24,051 - - - - - -

Belgium $46,556 $28,584 (0.61) - $28,584 (0.61) $42,876 (0.92) $28,584 (0.61) $35,746 (0.77)
Brazil $8921 $17,268 (1.94) $8464 (0.95) $25,732 (2.88) $28,481 (3.19) $13,632 (1.53) $15,268 (1.71)
Bulgaria $9273 - - - $40,442 (4.36) $26,961 (2.91) $27,382 (2.95)
Canada $46,125 $41,014 (0.89) $26,846 (0.58) $67,860 (1.47) $49,963 (1.08) $44,743 (0.97) $89,485 (1.94)
Chile $15,923 - - - - - -

China $9771 $11,619 (1.19) - - - $10,368 (1.06) -

Colombia $6651 - - - - - -

Croatia $14,869 - - - $56,860 (3.82) $57,305 (3.85) $32,449 (2.18)
Cyprus $28,159 $43,779 (1.55) - $43,779 (1.55) $52,355 (1.86) $44,316 (1.57) $32,731 (1.16)
Czech Republic $22,973 $47,934 (2.09) $31,005 (1.35) $78,939 (3.44) $56,423 (2.46) $53,711 (2.34) $30,292 (1.32)
Denmark $60,596 $48,828 (0.81) - $48,828 (0.81) $56,199 (0.93) $58,231 (0.96) $30,365 (0.5)
France $41,464 $27,972 (0.67) - $27,972 (0.67) $41,738 (1.01) $27,972 (0.67) $32,414 (0.78)
Germany $48,196 - - - - $33,697 (0.7) $33,697 (0.7)
Greece $20,324 - - - - - -

Hungary $15,939 - - - $52,975 (3.32) $49,182 (3.09) -

Iceland $73,191 $43,921 (0.6) - - $44,957 (0.61) $29,971 (0.41) -

India $2016 - - - - - -

Indonesia $3894 - - - - - -

Israel $41,614 $39,989 (0.96) $28,782 (0.69) $68,771 (1.65) $49,203 (1.18) $44,286 (1.06) $31,055 (0.75)
Italy $34,318 $91,461 (2.67) $100,415 (2.93) $191,875 (5.59) - $92,719 (2.7) $51,923 (1.51)
Japan $39,287 - - - - - $36,676 (0.93)
Latvia $18,089 $65,754 (3.64) - $65,754 (3.64) $73,771 (4.08) $45,695 (2.53) $43,294 (2.39)
Lebanon $8270 $31,884 (3.86) - $31,884 (3.86) $48,997 (5.92) $34,381 (4.16) $36,796 (4.45)
Lithuania $19,090 - - - - - -

Luxembourg $114,340 $26,966 (0.24) $31,038 (0.27) - $40,449 (0.35) $26,966 (0.24) -

Mexico $9698 - $17,411 (1.8) $17,411 (1.8) - - $26,551 (2.74)
Moldova $3189 - - - - - -

Morocco $3238 - - - $1249 (0.39) - -

Netherlands $52,978 $35,823 (0.68) $27,011 (0.51) $62,834 (1.19) $45,464 (0.86) $30,312 (0.57) $15,746 (0.3)
New Zealand $41,966 - - - $49,721 (1.18) - $33,673 (0.8)
Norway $81,807 $42,340 (0.52) $26,045 (0.32) $68,385 (0.84) $48,160 (0.59) $51,805 (0.63) $30,290 (0.37)
Oman $16,419 - $39,847 (2.43) - - - -

Peru $6947 - - - - - -

Russian Federation $11,289 - $3145 (0.28) - - - -

Saudi Arabia $23,219 $49,647 (2.14) $33,252 (1.43) $82,899 (3.57) $66,446 (2.86) $37,711 (1.62) $25,141 (1.08)
Serbia $7234 $32,407 (4.48) - - $33,105 (4.58) - -

Slovenia $26,234 - - - $40,542 (1.55) $27,059 (1.03) -

South Africa $6340 - - - - - -

Switzerland $82,839 - - - $42,272 (0.51) $29,596 (0.36) $29,596 (0.36)
Thailand $7274 - $6751 (0.93) - - - -

Turkey $9311 $22,830 (2.45) $5412 (0.58) - $33,897 (3.64) - -

Ukraine $3095 - - - - - -

United Arab Emirates $43,005 $51,835 (1.21) $35,989 (0.84) - $63,101 (1.47) $70,414 (1.64) -

United Kingdom $42,491 $45,789 (1.08) - $45,789 (1.08) $51,021 (1.2) $51,021 (1.2) $34,015 (0.8)
United States (VA) $62,641 $64,693 (1.03) $46,966 (0.75) $111,659 (1.78) $26,948 (0.43) $17,965 (0.29) $19,015 (0.3)

No prices for DAAs recorded in price databases for Azerbaijan, Bahrain, Chile, Colombia, Greece, India, Indonesia, Lithuania, Moldova, Peru, and South Africa. Assumed

duration of treatment course: 8 weeks for G/P, 12 weeks for other DAAs.

Depending on treatment history and the severity of cirrhosis, some pa-
tients may require up to 24 weeks of treatment, or be eligible for a shorter
8-week regimens. There is currently no WHO-recommended pan-
genotypic regimen for adolescents aged 12-17."

While the introduction of DAAs may make hepatitis C elimination
possible, new infections continue to outpace the number of people
treated. WHO estimates that, of 71 million prevalent cases in 2015 and
2016, only 1.10-1.76 million initiated treatment, while there were an
estimated 1.75 million new HCV infections. The Global Health Sector

! The recommended regimen for adolescents 12-17 with chronic HCV infec-
tion is sofosbuvir/ledipasvir (12 weeks) for genotypes 1, 4, 5 and 6 sofosbuvir/
ribavirin (12 weeks) for genotype 2, and sofosbuvir/ribavirin (24 weeks) for
genotype 3.

Strategy (GHSS) 2016-2021 for viral hepatitis calls for a 90% reduction
in new chronic infections and a 65% reduction in mortality.® To reach
these targets, national health programs must be able to access affordable,
quality medicines and diagnostics.

In countries where generic DAAs are marketed, prices are far below
the $84,000 list price at which sofosbuvir was originally introduced in
the United States. However, cost remains a key barrier to access for many
patients and for scale-up in many national health programs. A 2018 study
found that in at least 22 European countries there were restrictions on
DAA reimbursement based on disease stage.°

Local production or importation of generics is only possible where
DAAs are not under patent protection, or where voluntary or compulsory
licences are in place. Where there is local manufacture of generic medi-
cines, for example in Pakistan, prices have fallen to $34 for a 12-week
course of sofosbuvir/daclatasvir and $92 for sofosbuvir/velpatasvir. An
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estimated 60% of people living with HCV infection globally live in Kazakhstan, and Mexico.*”

countries that can procure generic DAAs.* However, several Some originator companies claim that their pricing takes into account
middle-income countries with large HCV burden have not been included average income levels. For example, the originator company (Gilead) for
in voluntary licensing agreements, notably Brazil, China, Colombia, sofosbuvir, ledipasvir, and velpatasvir states on their website that, for

a. Cost-based generic price of sofosbuvir (12 weeks)
| Cost of API = $700/kg

API needed per person = 33.6g (400mg x 84 days)

| API per 12 weeks = $23.52 I

Formulation = $0.01/tablet,
excipient cost per tablet (APl x 2 x $2.63)

| Formulated drug = $24.54

Profit margin (10%), tax on profit (27%)

| Final generic price = $27.65 |

b. Cost-based generic price of ledipasvir (12 weeks)
| Cost of API = $3500/kg |

APl needed per person = 7.56g (90mg x 84 days)
| API per 12 weeks = $26.46 |

Formulation = $0.01/tablet,
excipient cost per tablet (APl x 2 x $2.63)

Formulated drug = $27.34 |

Profit margin (10%), tax on profit (27%)

| Final generic price = $30.81 |

c. Cost-based generic price of daclatasvir (12 weeks)

| Cost of API = $600/kg

APl needed per person = 5.04g (60mg x 84 days)
| API per 12 weeks = $3.02 |

Formulation = 50.01/tablet,
excipient cost per tablet (APl x 2 x $2.63)

| Formulated drug = $3.89

Profit margin (10%), tax on profit (27%)

| Final generic price = $4.38 |

d. Cost-based generic price of velpatasvir (12 weeks)
| Cost of API = $6000/kg

API needed per person = 8.4g (100mg x 84 days)
| API per 12 weeks = $50.40 |

Formulation = S0.01/tablet,
excipient cost per tablet (APl x 2 x $2.63)

| Formulated drug = $51.28

Profit margin (10%), tax on profit (27%)

Final generic price = $57.80 |

Fig. 1. Estimated cost-based generic prices for sofosbuvir, ledipasvir, daclatasvir, and velpatasvir.
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*Regulatory filings for BMS report daclatasvir sales along with sales for asu-
naprevir

and beclabuvir.

middle-income countries, pricing is “based on GNI per capita and disease
burden”.® The originator company (BMS) for daclatasvir states that their
pricing “takes into consideration several factors, including countries’
economic development and burden of disease, as well as the commitment
of the government to holistically address hepatitis C, including treatment
and care”.’

A limited number of studies have looked generally at the relationship
between pricing of originator medicines and country income levels.
Danzon and Furukawa (2008) found that pricing is not proportional to
differences in per-capita income between high-income countries and
middle-income countries.'® Danzon, Mulcahy, and Towse (2015) found
that correlation of prices for originator HIV, TB, and malaria drugs to
per-capita income was very weak across all countries and non-significant
among low- and middle-income countries.'! Watal and Dai (2019) found
that, for originator medicines, correlation of prices to GDP per capita was
0.11, across 70 markets and over 500 products.'? Other studies have
looked at specific disease categories. Scherer and Watal (2002) found
that, for 15 HIV/AIDS medicines, correlation between price and
per-capita income was 0.13 across 18 countries.'® Vogler (2016) found
high variability of prices for cancer medicines in 18 countries, though
they did not formally analyse correlation to income levels.'? Hill and Sim
(2018) found no observable relationship between GDP per capita and the
price of dolutegravir, within World Bank income categories, across 52
countries.'® For hepatitis C originator DAAs, we are aware of one pre-
vious analysis of prices versus income level: Iyengar (2016) found no
observable relationship between originator DAA prices and GDP per
capita across 30 countries.'®

This study aims to add to the literature on HCV pricing by describing
current prices across a range of countries, estimating cost-of-production
at current API costs, and comparing current costs to GDP per capita, as
an indicator of local affordability.

2. Methods
2.1. Study design

We collected current prices of WHO-recommended DAAs - sofosbuvir
(SOF), sofosbuvir/ledipasvir (SOF/LED), sofosbuvir/velpatasvir (SOF/
VEL), daclatasvir (DAC), and glecaprevir/pibrentasvir (G/P). We
compared current prices across countries and compared prices to country
income levels expressed as gross domestic product (GDP) per capita. We
included all countries for which we were able to identify publicly
available drug price databases (50 countries). We also collected annual
sales data, where available, from quarterly earnings reports published by
the originator companies.

Journal of Virus Eradication 6 (2020) 100001

2.2. Data sources

In all cases, publicly accessible databases were used (Appendix).
Databases may cite the price of a medicine at various points in the supply
chain. For example, one database may cite the price including pharmacy
mark-up and value-added tax, while another may cite the ex-factory price
(i.e. amount paid to the manufacturer). Some databases give prices at
multiple points in the supply chain — in these cases, the price closest to
the ex-factory price, that is, net of any retailer, distributor, or hospital
mark-ups, and value-added taxes, was used. Where multiple packaging
formats were available (e.g. as 21 tablets or 84 tablets), the lowest per-
unit price was used. We assumed the standard dosage recommended in
WHO guidelines.

In some cases, generic versions were identified. For the main analysis,
generics were excluded, in order to assess the relation of originator
product pricing to country income level. We present the generic prices
found in the survey separately.

In many countries, confidential discounts or rebates are given by
pharmaceutical manufacturers to public buyers (e.g. the UK National
Health Service). We are unable to consistently adjust for these discounts
across the range of countries; this is a well-described limitation to studies
comparing pharmaceutical prices internationally.'”

We used average exchange rates for March 2019 published by the US
Treasury.18 Data on GDP per capita are for 2018, in current US dollars, as
reported by the World Bank.

2.3. Estimation of cost-based generic price

We estimated cost-based generic prices for WHO-recommended DAAs
using methodology described earlier,'® which accounts for costs of the
active pharmaceutical ingredient (API), excipients, conversion costs, tax
obligations assuming manufacture in India, and a 10% profit margin.

2.4. Pricing comparisons

To measure the strength of association between DAA price and GDP
per capita, we calculated the Spearman rank-order correlation, using R
version 1.0.153. We also calculated correlation within World Bank in-
come categories, as this classification is known to be used in pricing
decisions and can govern eligibility for access or voluntary licence
schemes.

2.5. Sensitivity analysis

There are no public data available on market size. Similar studies (e.g.
Iyengar et al.) have used viraemic population as a proxy for market
size.'® While there are reasons to be cautious about such an approach
(see Discussion), sensitivity analysis was conducted using a regression
model evaluating the association between DAA price and GDP per capita,
adjusted for viraemic population.

3. Results

Table 1 summarizes originator prices for sofosbuvir, daclatasvir,
sofosbuvir/ledipasvir, sofosbuvir/velpatasvir, and glecaprevir/pibre-
natsvir in 50 countries where publicly accessible price databases could be
found, as well as the ratio of DAA price to GDP per capita. The median
originator price of sofosbuvir was US$40,502 per 12-week course,
ranging from US$10,730 in Argentina to US$91,461 in Italy. The median
price of daclatasvir across all countries was US$26,928 per 12-week
course, ranging from US$3144 in Russia to US$100,415 in Italy. The
median originator price of sofosbuvir/ledipasvir was US$46,812 per 12-
week course, ranging from US$1249 in Morocco to US$73,771 in Latvia.
The median price of sofosbuvir/velpatasvir was US$ 34,381 per 12-week
course, ranging from US$10,368 in China to US$92,719 in Italy. The
median price of glecaprevir/pibrentasvir was US$30,710 per 8-week
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Fig. 3. Relationship between price of DAAs and GDP per capita (by income group), with bubble size scaled to estimated number of prevalent infections by country

Relationship.

course, ranging from US$15,628 in Brazil to US$89,485 in Canada. The
most expensive drug relative to GDP per capita was sofosbuvir/velpa-
tasvir in Lebanon, which costs 5.9 times the GDP per capita.

No originator prices for sofosbuvir were recorded in 25 countries,
daclatasvir in 31 countries, sofosbuvir/ledipasvir in 22 countries, sofos-
buvir/velpatasvir in 20 countries, and glecaprevir/pibrentasvir in 24
countries. No prices for originator versions of any WHO-recommended
DAAs were recorded in price databases in 11 countries: Azerbaijan,
Bahrain, Chile, Colombia, Greece, India, Indonesia, Lithuania, Moldova,

Peru, and South Africa. Some countries where no prices were found in
national databases are included in the territories of voluntary licences for
DAAs. Key examples include South Africa, Thailand, Ukraine, India, and
Indonesia.

The estimated manufacturing cost-based prices for a 12-week course
were US$28 for sofosbuvir, US$31 for ledipasvir, US$58 for velpatasvir,
and US$4 for daclatasvir (Fig. 1 and Table 1). For fixed-dose combina-
tions, estimated cost-based prices were US$58 for sofosbuvir/ledipasvir,
US$85 for sofosbuvir/velpatasvir, and US$31 for sofosbuvir/daclatasvir
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Fig. 3. (continued).

(Table 1). Data on API costs were not available to estimate the cost of
production for glecaprevir and pibrentasvir.

Cumulative originator sales of WHO-recommended DAAs reached
US$80 billion by the end of 2018 (Fig. 2), giving an average of US$16
billion annually over 2013-2018. Originator sales peaked at US$21.6
billion in 2015.

Fig. 3 presents scatterplots of originator DAA price versus GDP per
capita, by World Bank income category. Prices of generic DAAs identified
in our survey are given in Table 2.

Table 3 presents Spearman's rank-order correlation coefficients for
each DAA and GDP per capita across all countries, among high-income

countries, and among middle-income countries (no low-income coun-
tries were included in the study). The correlation across all countries
between DAA price and GDP per capita was weak across all DAAs except
daclatasvir. Among high-income countries, correlation between GDP and
DAA price was negative for all DAAs, with higher GDP per capita asso-
ciated with lower DAA price, and was significant at 95% confidence for
sofosbuvir/ledipasvir (r=-0.612; p < 0.01), sofosbuvir/velpatasvir (r = -
0.420; p <0.05), and glecaprevir/pibrentasvir (r=-0.444; p < 0.05).
Among middle-income countries, correlation was weak for all DAAs
except sofosbuvir, which had a strong negative correlation (r=-0.943;
p<0.01).
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Sensitivity analysis exploring the role of viraemic population (as an
indicator for market size) as a confounder in the relationship between
price and GDP per capita found that GDP per capita, but not viraemic
population, was significantly associated (p < 0.05) with DAA price.

4. Discussion

Originator prices for WHO-recommended DAA regimens remain high
relative to GDP per capita. Across 50 countries, the pricing of originator
DAAs has no apparent correlation to income level. Surprisingly, among
high-income countries, pricing of all originator DAAs showed a moder-
ately strong and statistically significant inverse correlation — countries
with higher incomes have lower prices.

Taken broadly, a lack of correlation to income suggests either that
originators do not adjust prices based on country income, or that such
adjustments are obscured in overall trends by other price-setting factors.
This finding is consistent with more general research demonstrating that
pricing is in general not adjusted to country income levels?® and is also
consistent with the hypothesis that DAA originator companies simply set
prices with a view to maximize revenues.?!

Within the high-income country set, the moderate inverse correlation
may be explained by wealthier countries having greater negotiating
power and/or more effective price control mechanisms.

As outlined in the Introduction, earlier studies of correlation of
originator drug prices to country income levels have found very
limited or no correlation.''® One possible explanation for these
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Table 2
Generic prices for DAAs.
Country SOF DAC SOF/ SOF/ SOF/ G/
DAC LED VEL P
Argentina $74
Azerbaijan $275
India $40 $93
Indonesia $160
Kazakhstan $84
Lebanon $17
Moldova $532 $240 $1050
Pakistan $34 $92
Peru $485
Russian $5831°%
Federation
Thailand $270 $327
Ukraine $60 $18 $90

? Local manufacturer under licence from Gilead).

Table 3
Spearman's rank-order correlation between GDP and DAA price.

Across middle-income
countries (p-value)

DAA Across high-income
countries (p-value)

Sofosbuvir -0.395 (0.105) -0.943 (0.005)

Daclatasvir -0.392 (0.208) 0.257 (0.623)

Sofosbuvir/ -0.612 (0.003) 0.464
ledipasvir (0.293)

Sofosbuvir/ -0.420 (0.041) 0.100 (0.873)
velpatasvir

Glecaprevir/ -0.444 (0.044) -0.100 (0.873)
pibrentasvir

results is DAA price is primarily a function of market size, rather than
GDP per capita. For originator DAAs, Iyengar et al. found no rela-
tionship between originator DAA pricing and market size, across 30
countries.'® However, Iyengar et al. estimated market size based on
estimated prevalence. There are reasons to believe that national
prevalence data might be weak proxies for market size and/or de-
mand. Demand and market size are linked to prevalence, but critical
mediators and confounders include the proportion of people with
known HCYV status, financing and insurance structures (who pays, and
how, and by what incentives), and procurement institutions in-country
(i.e. the strength and ability of national bodies to negotiate and the
size and distribution of private health providers). Nevertheless, in our
results, we arrive at the same result as Iyengar et al. in finding that
viraemic population is not significantly associated with DAA price.

Since sofosbuvir was first approved in 2013, revolutionizing the
treatment of hepatitis C, the pricing of, and global access to, patented
DAAs has been the subject of intense debate, and has triggered a range of
policy responses. In some countries sofosbuvir and other DAAs were not
protected by intellectual property, allowing local generics manufacturers
to bring less expensive versions to market. Compulsory licensing — a legal
mechanism to enable generic manufacture or importation without
authorization from the patent-holder — has been explored in numerous
countries,”? and employed as an access strategy in Malaysia.”> In
Australia, the government has negotiated an ‘all you can eat’ (or ‘Netflix’)
agreement for certain DAA combinations, wherein the government pays a
fixed annual fee and is provided with as many treatment courses as
needed.?*

All of the included DAAs are covered by voluntary licences (VLs) in
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some countries. VLs are agreements offered by originator companies to
generic manufacturers in certain low- and middle-income countries,
which allow the manufacturers to market generic versions within a
defined territory, normally comprising low-income and lower-middle
income countries. Daclatasvir and glecaprevir/pibrentasvir are
covered by VLs agreed between their respective originator companies
and the Medicines Patent Pool, a UN-backed non-profit initiative that
manages VLs.>>?° Sofosbuvir, sofosbuvir/ledipasvir, and sofosbu-
vir/velpatasvir are covered by bilateral VLs between the originator
company and a number of mainly Indian generics manufacturers.?’
However, these VLs do not include many upper-middle-income coun-
tries with high hepatitis C burden, such as Thailand, Brazil, and China
and Russia. The originator for daclatasvir has discontinued the product
in the US, and has announced that it will discontinue the product in
European countries “where alternative treatments are available.”

In the US, the originator company for sofosbuvir, sofosbuvir/ledi-
pasvir, and sofosbuvir/velpatasvir launched in September 2018 lower
priced versions of the originator medicines, marketed by a subsidiary of
the originator (sometimes referred to as ‘authorised generics’).?® As the
originator has not done the same in other countries, the result is that now
the lowest price for originator sofosbuvir/ledipasvir captured in our
survey is in fact seen in the United States. Before the launch of the
lower-priced version, the US in general had the highest prices for origi-
nator DAAs.'°

Prices of originator DAAs remain high, with costs for a treatment
course in some countries reaching as high as 6 times GDP per capita for
sofosbuvir/ledipasvir, 4 times for sofosbuvir/velpatasvir, 3 times for
daclatasvir, and twice for glecaprevir/pibrentasvir (Table 1). The cost
of sofosbuvir, sofosbuvir/ledipasvir, and sofosbuvir/velpatasvir
exceeded GDP per capita in over half of cases where data were com-
parable. The cost of daclatasvir exceeded GDP per capita in one third of
cases, and of glecaprevir/pibrentasvir in one quarter of cases. Prices are
in many cases hundreds to thousands of times higher than prices for
generic versions currently available, for example, in Egypt and India
(Table 2).

We estimated that DAAs can now be profitably manufactured for as
little as US$31 for a sofosbuvir/daclatasvir fixed-dose combination
(there is no originator version of such a combination, but generic ver-
sions are available).* These estimates of cost-based generic prices have
steadily fallen since 2016, when we estimated that generic sofosbuvir
could be profitably sold for US$178 per course and daclatasvir for US$22
per course (although a higher profit margin was assumed in those esti-
mates, price has fallen about three-fold even after adjusting for this).> At
our estimated generic price of $31 per course for sofosbuvir+daclatasvir,
the $80 billion in originator sales revenue since 2013 would be sufficient
to pay for treatment of the 71 million people currently living with hep-
atitis C 36 times over.

Declaration of interests

MJB, DG, and GK declare no competing interests. AH has received a
consultancy payment from Merck for clinical trial review, not connected
with this project.
Funding

MJB and AH received funding from the International Treatment

Preparedness Coalition (ITPC) as part of the Unitaid-supported project
“Affordable medicines for developing countries".



M.J. Barber et al.

Appendix. National price databases.
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Country Name URL
Argentina Administracion Nacional de Medicamentos, https://servicios.pami.org.ar/vademecum/views/consultaPublica/listado.zul
Alimentos y Tecnologia Medica
Australia Pharmaceutical Benefits Scheme (PBS) http://www.pbs.gov.au/pbs/home
Austria Osterreichische Sozialversicherung http://www.hauptverband.at/oeko/?portal&equals;hvb
Azerbaijan Dovlat geydiyyatina alinmis derman http://www.tariffcouncil.gov.az/?/az/content/177
vasitalarinin qiymetleri
Bahrain Registered Medicine Price List - 01 August 2019 https://www.nhra.bh/Departments/PPR/
Belgium National Institute for Sickness and Disability https://www.inami.fgov.be/SiteCollectionDocuments/liste-specialites-20190801.xlsx
Insurance
Brazil Agéncia Nacional de Vigilancia Sanitaria http://portal.anvisa.gov.br/listas-de-precos
Bulgaria National Council on Prices and Reimbursement of ~ http://portal.ncpr.bg/registers/pages/register/list-medicament.xhtml
Medicinal Products
Canada Régie de l'assurance maladie du Québec (RAMQ)
(Quebec)
Chile Ministry of Health https://tufarmacia.minsal.cl/comparadorprecios/assuming Santiago as location
China 315Jiage (Drug Price 315) https://www.315jiage.cn/x-MianYiLi/208712.html
Colombia Ministry of Health and Social Protection https://www.minsalud.gov.co/salud/MT/Paginas/termometro-de-precios.aspx
Croatia Croatian Health Insurance Fund http://www.hzzo.hr/zdravstveni-sustav-rh/trazilica-za-lijekove-s-vazecih-lista
Cyprus Ministry of Health, Pharmaceutical Services https://www.moh.gov.cy/moh/phs/phs.nsf/dmlpricelist_gr/dmlpricelist_ gr?OpenDocument
Czech Republic State Institute for Drug Control http://www.sukl.eu/modules/medication/search.php
Denmark Danish Medicines Agency https://www.medicinpriser.dk/Default.aspx
France Ministre des Solidarités et de la Santé (Minister of ~ http://base-donnees-publique.medicaments.gouv.fr/index.php
Solidarity and Health)
Germany Medizinfuchs.de https://www.medizinfuchs.de/
Greece Ministry of Health http://www.moh.gov.gr/articles/times-farmakwn/deltia-timwn
Hungary National Health Insurance Fund Manager http://neak.gov.hu/felso_menu/szakmai_oldalak/gyogyszer_segedeszkoz_gyogyfurdo_tamogatas/egeszseg
ugyi_vallalkozasoknak/gyartok_forgalomba_hozok/dipc.html
Iceland Pricing Committee www.lgn.is/gogn/icelandic_medicine_price_05_2019.xls
India National Pharmaceutical Pricing Committee http://nppaimis.nic.in/nppaprice/pharmasahidaamweb.aspx
Indonesia LKPP - Lembaga Kebijakan Pengadaan Barang https://e-katalog.lkpp.go.id/en/katalog/produk/obat-2018/74
Jasa Pemerintah. Katalog Elektronik 5.0
Israel Ministry of Health https://www.health.gov.il/Subjects/Finance/DrugPrice/Pages/default.aspx
Italy Ministry of Health, Federazione Nazionale http://www.salute.gov.it/imgs/C_17_pubblicazioni_2696_allegato.pdf, https://www.federfarma.it/Far
Unitaria Titolari di Farmacia maci-e-farmacie/Cerca-un-farmaco.aspx
Japan Ministry of Health, Labour and Welfare http://www.mhlw.go.jp/topics/2018/04/dl/tp20180418-01_01.pdf
Latvia State Agency of Medicines https://www.zva.gov.lv/zalu-registrs/
Lebanon Ministry of Public Health https://moph.gov.lb/en/Drugs/index/3/4848/lebanon-national-drugs-database
Lithuania Ministry of Health http://www.vlk.1t/veikla/ketvketvproj and http://sam.lrv.1t/1t/veiklos-sritys/farmacine-ir-kita-su-tuo-su
sijusi-veikla/vaistu-ir-medicinos-pagalbos-priemoniu-kompensavimas/nekompensuojamieji-vaistai
Luxembourg La Caisse nationale de santé (National Health https://cns.public.lu/content/dam/cns/legislations/texte-coordonne/med-comm,/1908-liste-comm.pdf
Fund)
Mexico Gobierno de México. Secretaria de Economia. https://www.economia.gob.mx/files/transparencia/focalizada/precios_medicamentos_de_patente_marzo
2019.pdf
Moldova Agentia Medicamentului si Dispozitivelor https://amdm.gov.md/ro/catalogul-national
Medicale
Morocco L'agence Nationale de 1'Assurance Maladie http://www.anam.ma/regulation/guide-medicaments/recherche-de-medicaments-par-nom/
Netherlands National Health Care Institute (Zorginstituut https://www.medicijnkosten.nl/databank

New Zealand
Norway
Oman

Peru

Russia

Saudi Arabia

Serbia
Slovenia

South Africa

Switzerland
Turkey
Ukraine
United Arab
Emirates
United
Kingdom
USA (VA)

Nederland)

Pharmaceutical Management Agency
Norwegian Medicines Agency
Ministry of Health

Ministry of Health

State Register of Medicines

Saudi Food and Drug Authority

Serbian Republican Health Insurance Fund
Public Agency of the Republic of Slovenia for
Medicinal Products and Medical Devices
(JAZMP)

South African Medicine Price Registry

Federal Office of Public Health
Turkish Medicine Guide
MedBrowse.com.ua
Department of Health

British National Formulary

U.S. Department of Veterans Affairs. National
Acquisition Center (CCST).

http://www.pharmac.govt.nz/HMLOnline.php
https://www.legemiddelsok.no/sider/default.aspx?f&equals;Han;MtI;Vir; ATC;Var;Mar;Mid;Avr;par;gen
https://www.moh.gov.om/en/web/dgpadc/-2

http://observatorio.digemid.minsa.gob.pe/#

http://grls.rosminzdrav.ru/pricelims.aspx
https://www.sfda.gov.sa/en/drug/search/Pages/default.aspx?PageIlndex&equals;1 &amp;sm&equals;huma
n

http://rfzo.rs/index.php/osiguranalica/lekovi-info/lekovi-actual
http://www.jazmp.si/fileadmin/datoteke/seznami/SFE/Cene/cene_2007hist.html

Master Procurement Catalogue http://www.health.gov.za/index.php/component/phocadownload/catego
ry/196 and Single Exit Price database http://mpr.gov.za/PublishedDocuments.aspx#DocCatld&equals;21
http://www.spezialitaetenliste.ch/ShowPreparations.aspx

https://www.ilacrehberi.com/

https://medbrowse.com.ua/

https://www.haad.ae/haad/tabid/1328/Default.aspx

https://bnf.nice.org.uk

https://www.vendorportal.ecms.va.gov/nac/Pharma/List



https://servicios.pami.org.ar/vademecum/views/consultaPublica/listado.zul
http://www.pbs.gov.au/pbs/home
http://www.hauptverband.at/oeko/?portal&amp;equals;hvb
http://www.hauptverband.at/oeko/?portal&amp;equals;hvb
http://www.tariffcouncil.gov.az/?/az/content/177
https://www.nhra.bh/Departments/PPR/
https://www.inami.fgov.be/SiteCollectionDocuments/liste-specialites-20190801.xlsx
http://portal.anvisa.gov.br/listas-de-precos
http://portal.ncpr.bg/registers/pages/register/list-medicament.xhtml
https://tufarmacia.minsal.cl/comparadorprecios/assuming%20Santiago%20as%20location
https://www.315jiage.cn/x-MianYiLi/208712.html
https://www.minsalud.gov.co/salud/MT/Paginas/termometro-de-precios.aspx
http://www.hzzo.hr/zdravstveni-sustav-rh/trazilica-za-lijekove-s-vazecih-lista
https://www.moh.gov.cy/moh/phs/phs.nsf/dmlpricelist_gr/dmlpricelist_gr?OpenDocument
http://www.sukl.eu/modules/medication/search.php
https://www.medicinpriser.dk/Default.aspx
http://base-donnees-publique.medicaments.gouv.fr/index.php
https://www.medizinfuchs.de/
http://www.moh.gov.gr/articles/times-farmakwn/deltia-timwn
http://neak.gov.hu/felso_menu/szakmai_oldalak/gyogyszer_segedeszkoz_gyogyfurdo_tamogatas/egeszsegugyi_vallalkozasoknak/gyartok_forgalomba_hozok/dipc.html
http://neak.gov.hu/felso_menu/szakmai_oldalak/gyogyszer_segedeszkoz_gyogyfurdo_tamogatas/egeszsegugyi_vallalkozasoknak/gyartok_forgalomba_hozok/dipc.html
http://www.lgn.is/gogn/icelandic_medicine_price_05_2019.xls
http://nppaimis.nic.in/nppaprice/pharmasahidaamweb.aspx
https://e-katalog.lkpp.go.id/en/katalog/produk/obat-2018/74
https://www.health.gov.il/Subjects/Finance/DrugPrice/Pages/default.aspx
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2696_allegato.pdf
https://www.federfarma.it/Farmaci-e-farmacie/Cerca-un-farmaco.aspx
https://www.federfarma.it/Farmaci-e-farmacie/Cerca-un-farmaco.aspx
http://www.mhlw.go.jp/topics/2018/04/dl/tp20180418-01_01.pdf
https://www.zva.gov.lv/zalu-registrs/
https://moph.gov.lb/en/Drugs/index/3/4848/lebanon-national-drugs-database
http://www.vlk.lt/veikla/ketvketvproj
http://sam.lrv.lt/lt/veiklos-sritys/farmacine-ir-kita-su-tuo-susijusi-veikla/vaistu-ir-medicinos-pagalbos-priemoniu-kompensavimas/nekompensuojamieji-vaistai
http://sam.lrv.lt/lt/veiklos-sritys/farmacine-ir-kita-su-tuo-susijusi-veikla/vaistu-ir-medicinos-pagalbos-priemoniu-kompensavimas/nekompensuojamieji-vaistai
https://cns.public.lu/content/dam/cns/legislations/texte-coordonne/med-comm/1908-liste-comm.pdf
https://www.economia.gob.mx/files/transparencia/focalizada/precios_medicamentos_de_patente_marzo2019.pdf
https://www.economia.gob.mx/files/transparencia/focalizada/precios_medicamentos_de_patente_marzo2019.pdf
https://amdm.gov.md/ro/catalogul-national
http://www.anam.ma/regulation/guide-medicaments/recherche-de-medicaments-par-nom/
https://www.medicijnkosten.nl/databank
http://www.pharmac.govt.nz/HMLOnline.php
https://www.legemiddelsok.no/sider/default.aspx?f&amp;equals;Han;MtI;Vir;ATC;Var;Mar;Mid;Avr;par;gen
https://www.legemiddelsok.no/sider/default.aspx?f&amp;equals;Han;MtI;Vir;ATC;Var;Mar;Mid;Avr;par;gen
https://www.moh.gov.om/en/web/dgpadc/-2
http://observatorio.digemid.minsa.gob.pe/#
http://grls.rosminzdrav.ru/pricelims.aspx
https://www.sfda.gov.sa/en/drug/search/Pages/default.aspx?PageIndex&amp;equals;1&amp;amp;sm&amp;equals;human
https://www.sfda.gov.sa/en/drug/search/Pages/default.aspx?PageIndex&amp;equals;1&amp;amp;sm&amp;equals;human
https://www.sfda.gov.sa/en/drug/search/Pages/default.aspx?PageIndex&amp;equals;1&amp;amp;sm&amp;equals;human
https://www.sfda.gov.sa/en/drug/search/Pages/default.aspx?PageIndex&amp;equals;1&amp;amp;sm&amp;equals;human
https://www.sfda.gov.sa/en/drug/search/Pages/default.aspx?PageIndex&amp;equals;1&amp;amp;sm&amp;equals;human
http://rfzo.rs/index.php/osiguranalica/lekovi-info/lekovi-actual
http://www.jazmp.si/fileadmin/datoteke/seznami/SFE/Cene/cene_2007hist.html
http://www.health.gov.za/index.php/component/phocadownload/category/196
http://www.health.gov.za/index.php/component/phocadownload/category/196
http://mpr.gov.za/PublishedDocuments.aspx#DocCatId&amp;equals;21
http://mpr.gov.za/PublishedDocuments.aspx#DocCatId&amp;equals;21
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