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Summary
Background Voluntary licences are increasingly being used to expand access to patented essential medicines in low-
income and middle-income countries (LMICs). Since 2014, non-exclusive voluntary licences have been issued by 
Gilead and Bristol-Myers Squibb for key drugs for hepatitis C virus (HCV) infection. We aimed to evaluate the effect 
of these licences on access to HCV treatment.

Methods We conducted a difference-in-differences analysis, exploiting the staggered and selective introduction of 
voluntary licensing in different countries, to identify the effect of voluntary licensing agreements on treatment uptake. 
We extracted Polaris Observatory data on the total number of people infected with HCV, diagnosed with HCV, and 
treated for HCV, and constructed a longitudinal panel of LMICs over a 13-year period (2004–16). Countries were 
included if they were classified as LMICs by the World Bank in 2014, and had available data on HCV outcomes. The 
exposure was defined as inclusion in any voluntary licence agreement for HCV drugs. Treatment uptake was 
calculated as the number of people treated for HCV in a given year per 1000 living people ever diagnosed with HCV. 
We fit difference-in-differences linear regression models controlling for different confounders that could influence 
treatment access and uptake, including country and year fixed effects and a range of country-level factors. We 
additionally assessed the dynamics of the effect and the robustness of our findings.

Findings 35 countries were included in the panel: 19 in the intervention group and 16 in the control group. In the 
simplest model, adjusting only for country and year fixed effects, voluntary licences were associated with an increase 
in the annual number of people accessing HCV treatment of 69·3 per 1000 diagnosed (95% CI 46·7–91·9; p=0·0060). 
After adjusting for country-level covariates, this increase was 53·6 per 1000 diagnosed (25·8–81·5; p=0·0354). The 
effect of licensing increased over time, and was largest in the second year after implementation. Results were robust to 
alternative specifications.

Interpretation Voluntary licensing initiatives appear to substantially improve HCV treatment uptake in eligible 
countries. This evidence supports the expansion of licensing strategies to include more countries and more treatments.

Funding Unitaid and Médecins Sans Frontières. 

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
The Lancet Commission on essential medicines for 
universal health coverage identified “making essential 
medicines affordable” as one of five key areas for ensuring 
access to medicines.1 Substantial progress has been made 
to improve the availability of medicines across low-income 
and middle-income countries (LMICs); however, access 
remains inadequate, with the price and supply of drugs a 
primary obstacle.2 The introduction of new high-priced 
drugs targeting common conditions, such as cancer, high 
cholesterol, and hepatitis C virus (HCV) infection, brings 
further challenges to access, and innovative approaches 
are required to ensure equitable access worldwide.3,4

The pharmaceutical industry can have an important role 
in promoting access to essential medicines in LMICs.5–7 
Several industry-led initiatives with this aim have been 
established, including needs-based or differential pricing, 
voluntary licensing agreements, capacity building, demon-
stration programmes, and donations. Of these initia tives, 
only voluntary licensing facilitates price competition of 

patented products. When there is a large demand, robust 
generic competition has consistently proven, across 
various therapeutic areas, to be more reliable at sustain-
ably reducing prices than have price discounts or other 
mechanisms.8,9

A voluntary licence is an agreement between an 
originator manufacturer and a generic manufacturer that 
allows the production and sale of a patented drug in 
certain countries, subject to licensing terms. Licences 
can be agreed bilaterally between the patent holder and 
generic manufacturers, or negotiated via patent pooling 
mechanisms, such as the Medicines Patent Pool.10,11 
Although companies vary in the licensing practices and 
geographical scope, non-exclusive (ie, granted to multiple 
manufacturers) access-orientated licences are deemed 
important to enabling an affordable supply of patented 
products in LMICs.7

Until 2014, licensing had been predominantly restricted 
to the HIV and AIDS policy space.7,9,12 In an important 
move for access, licences have since been introduced in 
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other disease areas, most notably for HCV infection. 
HCV infection is a progressive disease of the liver that 
affects an estimated 71 million people worldwide and 
leads to approximately 700 000 deaths annually.13,14 New 
combinations of highly effective treat ments, known as 
direct-acting antivirals (DAAs), have revolutionised 
treatment options and provided the momentum for 
global treatment scale-up.15 The Global Health Sector 
Strategy on Viral Hepatitis 2016–21, adopted by the World 
Health Assembly, calls for the elimination of viral 
hepatitis as a public health threat by 2030.16 A key element 
to the success of the strategy is ensuring that quality 
DAAs are widely accessible at prices affordable to health 
systems and patients.17 In this context, two dominant 
companies in the development of DAAs, Gilead Sciences 
and Bristol-Myers Squibb (BMS), have engaged in active 
licensing of these products to support access to HCV 
treatment in LMICs.10,18

Despite claims of the effectiveness of voluntary 
licensing initiatives, to our knowledge, no rigorous 
evalu ations of their effect on public health have been 
done.6,7,9,12 The available empirical literature is limited to 
estimating the cost savings or consumer gains generated 
by licences and evaluating financial capacities to provide 
treatment under current arrangements.9,19,20 Evaluation 
of the effect of licensing policies on access to treatment 
is important to understand the extent of their impact 
and potential for use within broader health programmes. 

Such evaluations are particularly relevant given the 
current discourse surrounding widening of the scope of 
voluntary licensing policies across all patented essential 
medicines.11,21

In this study, we used annual data on uptake of HCV 
treatment between 2004 and 2016 to estimate the effect of 
the introduction of voluntary licences for HCV drugs on 
access to treatment. We used a difference-in-differences 
method to exploit the selective introduction and temporal 
variation of licensing for HCV treatments to identify the 
effects of this licensing on treatment uptake.

Methods
Policy background and study design
The Gilead licence for HCV DAAs was first intro-
duced in 2014 through bilateral agreements with generic 
manufacturers. Gilead defined 91 countries, predomin-
antly LMICs, for inclusion in agreements covering the 
production of sofosbuvir and ledipasvir. In 2015, licences 
were expanded to include velpatasvir, a newer compound, 
and ten additional countries.10 The BMS licence for their 
DAA compound, daclatasvir, was issued in 2015 through 
the Medicines Patent Pool and covers 112 LMICs.18 The 
Gilead and BMS licences are both non-exclusive, allowing 
the production of compounds by multiple generic 
manufacturers, and cover a similar, but not identical, 
geographical scope. For both, licence terms are identical 
across manufacturers and included countries. Further 

Research in context

Evidence before this study
Non-exclusive voluntary licences are increasingly being used as a 
mechanism for expanding access to essential medicines. As of 
October, 2018, the Medicines Patent Pool holds licences for 
17 products for the treatment of HIV, hepatitis C virus (HCV), 
and tuberculosis, and direct arrangements between originator 
and generic pharmaceutical manufacturers are in place for other 
high-profile drugs (eg, sofosbuvir for the HCV treatment). 
Widening the scope of voluntary licences further across essential 
medicines has been discussed, but evidence of the effects of 
voluntary licences is scarce. We searched PudMed for articles 
published up to Oct 4, 2018, with the search term “voluntary 
licen*”, to identify articles empirically evaluating the effects of 
voluntary licences in terms of access to treatment, economic 
benefits, and public health effects. We found 49 articles, of which 
14 were related to voluntary licensing of pharmaceutical 
products, and three contained empirical analyses of their effects, 
including assessing the licensing of medicines for HCV, HIV, 
and antidiabetics in terms of affordability, cost savings, 
and economic welfare. Licences led to considerable cost savings 
and an increase in consumer surplus; however, in the case of 
HCV, they were found to be insufficient to achieve affordable 
access under current arrangements. To our knowledge, no study 
has assessed the relationship between voluntary licences and 
access to treatment for any therapeutic area.

Added value of this study
Using data on HCV epidemiology and treatment volumes from 
the Polaris Observatory (2004–16), we assessed the effect of 
voluntary licences on HCV treatment uptake across low-income 
and middle-income countries (LMICs). We compared treatment 
uptake (in terms of the number of people accessing HCV 
treatment per 1000 diagnosed with HCV) in countries included in 
licensing agreements with countries not included, using a 
difference-in-differences method. After adjusting for country 
differences, voluntary licences were associated with an increase in 
treatment uptake of 53·6 per 1000 diagnosed individuals (95% CI 
25·8–81·5; randomisation inference p=0·0354). There was a lag 
after introduction of the licence before this effect on treatment 
uptake was realised, and the effect increased over time.

Implications of all the available evidence
Voluntary licences could substantially improve access to 
HCV treatment in markets included in such arrangements, 
probably by improving the affordability and supply of generic 
products. The available evidence indicates that access-oriented 
licences could be an appropriate mechanism for accelerating 
access to other essential medicines in LMICs, and supports more 
detailed consideration of expansion of the Medicines Patent 
Pool to include patented essential medicines in other 
therapeutic areas.
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details and key features of the two licences are provided in 
the appendix (pp 2–3).

We conducted a difference-in-differences analysis to 
measure the effect of voluntary licences for DAAs for 
HCV on the number of people treated for HCV among 
people with a confirmed diagnosis of the disease. Given 
that randomised controlled trials are not common in the 
implementation of policies, quasi-experimental methods 
are frequently used in public health policy evaluation and 
have been shown to replicate findings from randomised 
trials.22–24 We were able to use difference-in-differences 
methods in this study for two reasons: first, because 
voluntary licensing affects a readily identifiable group of 
countries; and second, because countries were engaged 
in voluntary licensing in different years. The country 
and year variation of licence implementation can be 
exploited to identify intervention and control groups, 
and to compare trends in outcome between the groups 
through the difference-in-differences method.25,26

Data sources
A country-level longitudinal panel was constructed with 
use of annual observations from 2004–16. All countries 
classified as LMICs by the World Bank in 2014 were 
eligible for inclusion. HCV outcome data were extracted 
from the Polaris Observatory (CDA Foundation) database 
for all eligible countries with at least 1 year of data.27 These 
data included the following annual figures: total number 
of people infected with HCV, number diagnosed, and 
number treated. The Polaris Group produce disease 
burden estimates by developing models using a wide 
range of sources. These include national reports, pub-
lished studies, surveillance data bases, national registries, 
and expert consensus, and estimates are validated by 
country experts.28 Polaris also used additional sources to 
derive estimates of the annual number treated, including 
drug sales data and reports from major treatment centres 
and drug suppliers. Countries in which annual treatment 
data were extrapolated from other countries were not 
considered for the analysis. We present a data quality 
score (range 1–3) for each country assigned by the Polaris 
Group based on the quality of inputs, for which the 
methodology has been published elsewhere.29

These data were merged with country characteristics 
from other sources: World Bank Open Data, Gilead 
voluntary licence agreements,10 and the Medicines Patent 
Pool.18 Further detail on the data sources, variable 
definitions, and panel construction can be found in the 
appendix (pp 4–7).

Exposures and outcomes
Exposure was defined as inclusion in any of the voluntary 
licensing agreements relating to HCV treatments from 
either Gilead or BMS (through the Medicines Patent 
Pool). A dummy variable was generated to indicate 
inclusion in either licensing agreement in a given 
country and year.

Our primary outcome was annual HCV treatment 
uptake per 1000 individuals diagnosed with HCV, calcu-
lated by dividing the total number of treatment courses 
administered in a given year by the annual estimate of 
the total number of living people ever diagnosed with 
viraemic HCV, multiplied by 1000. By considering 
treatment conditional on diagnosis (ie, not including 
undiagnosed viraemic individuals), we reduced the bias 
introduced by the availability of screening, a factor that 
directly affects treatment uptake. The data do not 
distinguish between treatment regimen and supplier; as 
such, these factors were not captured in the findings.

Statistical analysis
We fit multivariate linear regression models in which 
the key variable of interest was a difference-in-
differences estimator, interpreted as the average effect 
of voluntary licensing on the countries that experienced 
licensing. We ran several specifications to assess 
whether our results were robust when controlling for 
potential confounders and sources of trends (full model 
specifications are pro vided in the appendix p 8). Model 1 
includes country fixed effects to control for underlying 
differences between countries, and year fixed effects 
to account for changes over time common to all 
countries. Model 2 adds several prespecified country-
level covariates that might affect treatment uptake, 
including economic, health-expen diture, and health-
system indicators (appendix p 6).30 Addition of time-
varying covariates adjusts for any differences between 
groups that correlate with the outcome variable as a 
source of country-specific trends. Data on health ex-
penditure were only available until 2015, so imputation 
using linear regression was used to derive the 2016 
health-expenditure estimates. Observations with other 
missing data were dropped from the analyses. 
Model 3 adds region-specific year effects to control for 
unobserved time-variant regional factors that might 
confound our results.

For the World Bank Open Data 
website see https://data.
worldbank.org/

See Online for appendix

Figure 1: Trend in HCV treatment rate for all countries in the sample from 2004 to 2016
Data are mean annual estimates of the number of individuals treated for HCV infection per 1000 individuals alive 
and ever diagnosed with HCV. Error bars are 95% CIs. All countries in the sample with data at a given timepoint 
were included in the point estimate. BMS=Bristol-Myers Squibb. HCV=hepatitis C virus.
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In all specifications the difference-in-differences panel 
estimator could be subject to serial and within-cluster 
correlation, potentially leading to standard errors that 
are not robust.31 With a small number of clusters and 
few observations per cluster, the asymptotic justification 
of clustered standard errors can fail, resulting in biased 
estimates. Therefore, we used ran domisation inference, 
a method that estimates inference using the distri-
bution of treated groups and addresses both the 
serial correlation issues and the potential over-rejection 
of the null hypothesis with other methods.31–33 We did 
randomisation inference using the user-written Stata 
package ritest.33

We ran sensitivity analyses and robustness checks to 
probe the main assumptions that support the validity of 
our methodology. The difference-in-differences design 

relies on the assumption that, in the absence of licensing, 
included countries would have the same trends in out-
comes as control countries. If this parallel trend assump-
tion is not met, it is possible that countries selected into 
voluntary licences differ in ways that would explain the 
observed effect. Gilead reported that country selection 
was based on two criteria: gross national income per 
capita and HCV burden. However, examination shows 
that these criteria do not fully explain country selection. 
We tested the parallel trends assumption by aug-
menting the specifications to include leading indicators 
of the policy variable (augmented models S1–S3).34 If 
pre-intervention parallel trends are not violated, the 
coefficients of the leads will not be statistically different 
from 0. By including lags of the policy effect, these 
specifications also allow assessment of the dynamics of 
the voluntary licensing effect. We ran the augmented 
models S1–S3 including leads and lags running from 
3  years before and 2  years after the introduction of 
licensing.

As additional robustness checks, we ran models 1–3 
using a random-effects specification and without health-
expenditure covariates to avoid imputation. Lastly, we ran 
specifications using the proportion diagnosed as our 
outcome measure to explore the possibility that the 
introduction of licences could affect screening. Our 
primary outcome was conditional on screening and, as 
such, any differential effect of licences on diagnosis 
could affect the interpretation of our results. No evidence 
of an effect would be confirmed by observing difference-
in-differences coefficients not significantly different 
from 0. All analyses were done using Stata version 14.2. 
Further details of our methods and supplementary 
results are provided in the appendix (pp 8–14).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had final 
responsibility for the decision to submit for publication. 

Results
Our final panel consisted of 35 LMICs with treatment 
data within the period 2004–16. The intervention group 
consisted of 19 countries included in either voluntary 
licensing agreement, and the remaining 16 countries with 
no such agreement formed the control group. 14 countries 
had both the Gilead and BMS licensing agreements, one 
had the Gilead licensing agreement only, and four had the 
BMS licensing agreement only. 14 (74%) countries in the 
intervention group and 12 (75%) in the control group had 
medium-quality or high-quality HCV data inputs (scores 
of ≥2). Detailed information about the sample, including a 
list of countries, is provided in the appendix (p 7).

Before 2014, the proportions of people accessing 
treatment were fairly stable, with a slight decline observed 

Licensed countries 
(n=19)

Control countries 
(n=16)

Panel characteristics (2004–16)

Gilead licence 15 (79%) NA

Bristol-Myers Squibb licence 18 (95%) NA

Total country-years 152 160

Data quality*

1 (low) 5 (26%) 4 (25%)

2 (medium) 7 (37%) 8 (50%)

3 (high) 7 (37%) 4 (25%)

Baseline characteristics (2013)

Population, millions 127·2 (287·5) 132·6 (330·7)

Sex distribution, %

Female 50·0% (0·9) 50·4% (1·2)

Male 50·0% (0·9) 49·6% (1·2)

Age distribution, %

15–64 years 61·8% (5·7) 67·7% (3·3)

≥65 years 5·5% (3·2) 9·1% (4·6)

Urban population, % 52·5% (18·4) 71·9% (13·2)

Unemployment, % of population 6·8% (5·6) 7·0% (3·5)

GDP per capita, thousand I$† 8·5 (5·1) 17·3 (4·7)

Current health expenditure, % of GDP† 5·2% (1·8) 5·8% (1·5)

Health expenditure per capita, hundred I$†

Domestic general government 2·0 (2·2) 5·9 (2·3)

Out-of-pocket 1·9 (1·3) 3·0 (1·6)

Domestic private 2·3 (1·5) 3·9 (1·9)

Life expectancy at birth, years 67·6 (7·5) 75·0 (1·7)

Under-5 mortality per 1000 livebirths 45·8 (30·5) 13·4 (4·0)

Prevalence of viraemic HCV, % of population 1·9% (2·2) 0·9% (0·6)

Number of individuals accessing HCV treatment per 
1000 diagnosed

30·1 (31·7) 55·4 (44·5)

Results are n (%) or mean (SD), unless otherwise specified. Baseline characteristics are from 2013 (the year before the 
first introduction of voluntary licensing) and were available for all 35 countries for all characteristics except treatment 
rate, for which 2013 data were available for 15 countries in each group. Licensed countries are those ever receiving a 
licence (irrespective of year), and control countries are those never receiving a licence over the duration of the panel 
(2004–16). NA=not applicable. GDP=gross domestic product. I$=international dollars. HCV=hepatitis C virus. *Estimate 
of the data quality of HCV inputs as scored by the Polaris Observatory (methodology reported in Gower et al, 2014).29 
†Monetary values are at purchasing power parity.

Table 1: Characteristics of study sample
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from 2008 to 2014, and a steep increase after 2014 (figure 1). 
Table 1 shows the characteristics of the two groups. At 
baseline (in 2013), variation in treatment uptake across 
countries was considerable, ranging from 1·9 to 186·7 per 
1000 individuals diagnosed with HCV. At baseline, com-
pared with the control group, licensed countries had 
a slightly lower proportion of people accessing HCV 
treatment (p=0·0840) and a slightly higher prevalence of 
viraemic HCV (p=0·0730), but neither difference was 
significant. Licensed countries had a lower baseline gross 
domestic product per capita and lower health expenditure 
than did control countries. On average, licensed countries 
had younger populations, were less urbanised, and had 
lower life expectancies and higher under-5 mortality than 
control countries. By controlling for these covariates, we 
adjusted for these differences between countries.

The difference-in-differences estimates suggested 
that the introduction of licensing was associated with 
an increase in HCV treatment uptake of 69·3 per 
1000 diag nosed (95% CI 46·7–91·9; randomisation 
inference p=0·0060; table 2). These differences remained 
significant after adjustment for possible country-level 
characteristics that could confound our results and after 
also adjusting for any possible region-specific changes 
over time (table 2). Full results, including covariates, are 
shown in the appendix (p 10). Results were robust to use 
of the random-effects estimator and without imputation 
(appendix pp 12–13).

With respect to the timing of the effect, the simplest 
model (S1) showed that the association between licensing 
and treatment was small but significant in the year of 
introduction and increased over time (figure 2). After ad-
just ment for potential confounders (models S2 and S3), 
the effect of licensing was only observed in the years after 
introduction (ie, not in the year of introduction itself) 
and was greatest in the second year post-introduction. 
The leads-falsification test showed that the parallel trends 
hypothesis was satisfied, as shown by the non-significant 
associations between licensing and treatment uptake in 
the years before introduction (figure 2). The full results 
of the leads and lags analysis are shown in the appendix 
(p 11). When using proportion of patients diagnosed as 
our outcome measure, difference-in-differences coeffi-
cients were not significantly different from 0, suggesting 
no effect of the licences on diagnosis over the period 
modelled (appendix p 14).

Discussion
Our analysis showed that voluntary licences for HCV 
medicines were associated with an increase in HCV treat-
ment uptake beyond what would have been expected in 
the absence of licensing. Our use of a quasi-experimental 
difference-in-differences methodology, com paring pre-
introduction and post-introduction trends in countries 
with voluntary licensing versus those without, enables 
inference of the effect of voluntary licensing.25,26 Specifi-
cally, our estimates imply that, annually, voluntary licences 

could contribute to an additional 54–69 indi viduals 
receiving HCV treatment per 1000 individuals diagnosed 
with HCV. This increase is particularly notable when 
compared against baseline annual estimates of treatment 
uptake, which varied between 2 and 187 per 1000 diagnosed. 
The effects of voluntary licences on treatment uptake 
increased over time, indicating a lag effect of licensing 
policies typical of similar initiatives.35 The lag between the 
introduction of agreements and the increase in treatment 
uptake probably reflects the time taken for generic 
manufacturers to develop products and enter the market.9

The probable mechanism for the increase in treatment 
access after the introduction of voluntary licences is an 
increase in the supply of generic versions of the drugs, 
leading to price competition. Countries included in 

Increase in number of 
people treated for HCV 
per 1000 diagnosed*

Randomisation 
inference 
p value

Number of 
observations

Country-level 
covariates 
included?

Region-year 
interaction 
included?

Model 1 69·3 (46·7–91·9) 0·0060 312 No No

Model 2 53·6 (25·8–81·5) 0·0354 307 Yes No

Model 3 66·8 (27·3–106·3) 0·0202 307 Yes Yes

For all models, the outcome (number treated for HCV per 1000 diagnosed) was assessed on the 35 countries over the 
2004–16 period. The exposure variable was inclusion in any HCV voluntary licence. All models were adjusted for country 
and year fixed effects. For models that included country-level covariates, imputation was used for the missing 2016 
health-expenditure observations. Randomisation inference p values for the coefficient were calculated with clustering 
by country, with 10 000 random permutations. Full details of the models, including covariates, are provided in the 
appendix (p 10). HCV=hepatitis C virus. *Linear regression coefficient (95% CI) based on panel fixed-effects estimation.

Table 2: Estimated effects of voluntary licensing on the number of people treated for HCV per 
1000 diagnosed

Figure 2: Estimated effect of voluntary licensing on HCV treatment uptake 
for years before and after introduction
Results are linear regression coefficients (95% CI) based on panel fixed-effects 
estimation. For all specifications, the outcome is the number of people treated 
for HCV per 1000 living people diagnosed with HCV, and the exposure is 
inclusion in any voluntary licence. Models S1–S3 refer to the augmented models 
specified in the methods section, which include lead and lag variables of 
licensing adoption. All models were adjusted for country and year fixed effects. 
Models S2 and S3 also adjust for country-level covariates, and model S3 adjusts 
for region–year interaction. Licensing dummy variables, t–3 to t+2, are equal to 1 in 
only one year each per adopting country; t0 refers to the year of licensing 
introduction. The licensing dummy variables before actual adoption (t–3 to t–1) 
test for any anticipatory effects, and those from the year of adoption (t0 to t+2) 
show the effect of licensing over time. HCV=hepatitis C virus.
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licensing agreements can procure generic DAAs from 
licensees at more affordable prices. This is supported by 
data from the 2018 WHO access report that showed that a 
range of generic manufacturers have entered the market 
and prices of generic versions of DAAs have fallen steeply, 
with the steepest price cuts seen in those LMICs where 
several generic producers compete.15 Licences maximise 
access by allowing generic companies to bypass the time-
consuming process of patent oppositions, simultaneously 
offering originator manufacturers a more effective busi-
ness model to enter developing markets.12 This model 
provides a balance between intellectual property rights 
protection and public health concerns, and our findings 
suggest that it is a suitable strategy to improve access to 
HCV treatments in a range of countries.

Voluntary licensing for HCV has been implemented 
rapidly, building on existing infrastructure designed for 
HIV. For example, the Medicines Patent Pool, which was 
founded in 2010 to improve the response to HIV and 
AIDS, provides a platform to facilitate the licensing 
process between originator manufacturers and generic 
pharmaceutical companies.9 Medicines Patent Pool 
licensing is transparent, and all licences are non-exclusive 
and pro-competitive, providing maximum flexi bility and 
competition.7 The Medicines Patent Pool recently 
proposed a new strategy supporting the expan sion of its 
mandate to include other patented medicines on the 
WHO Model List of Essential Medicines.11 Our findings 
provide evidence to support this development as a mech-
anism to accelerate access to other essential medicines 
and improve population health in LMICs.

To our knowledge, this is the first study to attempt to 
quantify the effect of licences on treatment access and 
to quantify the effect of licences in any disease area. The 
use of data for treatment and control countries spanning 
13 years enabled us to isolate the association between 
licensing and treatment uptake from general shifts 
in treatments trends in LMICs and to test the 
key assumptions of the difference-in-differences model. 
The finding that licensed and control countries had 
similar trends in HCV treatment uptake before licence 
introduction strengthens the interpretation of our main 
findings.

Our study had several limitations, some of which 
should motivate future work. First, our findings were 
constrained by the availability and quality of data for our 
outcome measure. We used estimates provided by Polaris 
Observatory (CDA Foundation), which works with stake-
holders in more than 100 countries to collate and approve 
up-to-date estimates for the burden of HCV, following a 
comprehensive review of available sources.21,27,28 Polaris is 
responsible for contributing to the WHO estimates for 
HCV burden and is the leading resource for data on HCV 
epidemiology.13 Despite these strengths, the quality of 
inputs was limited by the insufficient data on HCV in 
many LMICs (particularly epidemiological estimates and 
treatment numbers), and estimates are subject to bias 

from extrapolation, reliance on expert opinion, and 
differences in data collection methods. Poor-quality 
inputs could affect the inference of causal effect, 
particularly if quality issues affect the licensed and control 
groups differently. We restricted the potential effects of 
uncertainties by excluding countries for which two major 
inputs (number treated and country prevalence) were 
extrapolated from other settings. Furthermore, data 
quality was scored as moderate or high for most included 
countries, and there was no observed difference in quality 
between groups. We included 35 countries, representing 
around a quarter of LMICs and accounting for more than 
three-quarters of the population living in these settings; 
however, we were unable to include all potential target 
countries in both the intervention and control groups. 
This limitation itself would not impose an issue for 
statistical inference of the effect of voluntary licensing if 
the countries were missing from both groups in a random 
way, or if the reasons underlying the missing status of the 
countries were the same across groups or were unrelated 
to our outcome and any unobserved confounders 
associated with the outcome measure (which seems to be 
the case in our analysis). Given the observational nature 
of our study, we cannot further explore this issue 
and, therefore, our results might not necessarily be 
generalisable to a broader set of countries. These data 
limitations highlight the need for better data on treatment 
and testing coverage to effectively inform policy and track 
progress towards HCV elimination goals.

Because our data did not distinguish between specific 
drug and manufacturer, and we did not observe prices or 
volumes, we were unable to explore the channels 
through which the observed effect occurred. Sources 
suggest that the uptake of treatment in countries covered 
by licences has predominantly been through patients 
accessing more affordable generic products.15 Other 
potentially relevant channels that might have contributed 
to increased uptake include reduced prices of branded 
products, supply from generic manufacturers not 
included in agreements, or improved availability due to 
increased supply. Although we cannot disentangle the 
contribution of each channel, all constitute effects of 
licensing and do not affect the interpretation of our 
results.

Because only a few years of observations since the 
introduction of the licences are available, we are not able 
to fully assess the medium-term and long-term effects 
of voluntary licensing. These longer-term data are 
particularly important given the lag between licence 
introduction and the observed effect. Our short-term 
data suggest that the effect of licensing on treatment 
uptake is increasing over time; however, we cannot 
assess this effect beyond 2 years post-introduction of 
licensing. Further research should evaluate the continued 
effect of licensing after more time post-introduction has 
elapsed, and should evaluate the effect of improved 
treatment uptake on the burden of disease.
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The difference-in-differences methodology relies on the 
assumption that there are no factors beyond licensing that 
differentially affect treatment uptake and confound the 
observed effect. Our leads-falsification test provided no 
evidence of residual confounding before the introduction 
of licences, alleviating concerns that any observed and 
unobserved differences between groups contributed to 
differing trends. Beyond meeting the parallel trends 
assumption, we controlled for a broad range of potential 
confounders. We adjusted for various fixed effects, 
including country and year effects, and added time-variant 
controls to adjust for any differences between countries 
and account for any potential compositional changes in 
confounders that could affect the outcome. However, our 
study could still suffer from the omission of important, 
unobserved, time-varying characteristics that could bias 
our findings if they affect licensed and control groups 
differentially. For example, although we used proxies 
(such as health-care spending) to control for investment 
in HCV, these proxies might have been imper fect, and 
other programmatic infrastructures, such as the availability 
of screening services, were difficult to control for. We 
chose to condition our outcome variable on diagnosis to 
avoid capturing any screening and linkage to care 
problems unrelated to licensing. Given that our outcome 
measure was sensitive to the size of the diagnosed 
population, our outcome could be biased if licensing 
selectively affected screening. We tested for this and 
found no evidence of a differential effect, supporting the 
suitability of our outcome measure. We did not capture 
issues relating to screening and linkage to care, key 
services that will need to be strengthened to maximise 
the potential of licensing agreements.15

Difference-in-differences is a widely accepted quasi-
experimental method used for causal inference, provided 
the key assumptions are met.22–26 In designing the study, 
we sought to construct comparison groups, sensitivity 
analyses, and robustness checks to help validate these 
assumptions. However, because of data limitations and 
assumptions regarding the counterfactual outcome, infer-
ences about causality in difference-in-differences analyses 
are less definitive than are those elicited by a well conducted 
randomised controlled trial. Because of ethical and practi-
cal constraints, randomised trials are not common in the 
implementation of policies; therefore, quasi-experimental 
methods, such as difference-in-differences analyses, are 
crucial for the evaluation of policies and analogous 
interventions.

Despite these caveats, the findings from our study 
provide important quantitative evidence that voluntary 
licensing of HCV medications has had a positive effect 
on access to HCV treatment in LMICs. These findings 
support the calls to expand the scope of licences, both 
geographically and to other originator compounds for 
HCV. The findings from this study also support the 
expansion of voluntary licensing across other therapeutic 
areas to improve access to patented essential medicines, 

and provide a method for evaluating the effect of changes 
in similar policies.
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