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Executive summary

I. Introduction

The Medicines Patent Pool (MPP) was established with the support of Unitaid in 2010
as a public health organisation with a mandate to accelerate access to affordable,
appropriate, and quality-assured HIV treatments in developing countries. The MPP was
the first (and is the only) voluntary licensing and patent pooling mechanism in the
public health space. It negotiates intellectual property (IP) licensing agreements with
patent holders to allow generic manufacture and supply of medicines in low- and
middle-income countries (LMICs). The MPP model is based on collaborative agreements
and ensures new treatments are more widely available several years prior to patent
expiry. In addition, licences enable LMIC-focused innovation, such as the development
of new fixed-dose combinations and special formulations for children.

In 2015, with its successful track-record in HIV and following extensive consultation,
MPP’s funder Unitaid supported the expansion of the organisation’s mandate to
hepatitis C and tuberculosis. In both areas, important new medicines had recently been
brought to market, and there were significant access challenges in LMICs.

Currently, the MPP holds licences on 16 medicines with nine patent holders, including
pharmaceutical companies, universities and public research organizations. These
licences enable 25 partner generic companies and one product development
partnership to develop, register, manufacture, and supply WHO-recommended products
in a large number of LMICs. The MPP’s work has delivered 17 million patient years of
treatment and resulted in $535 million in savings from the procurement of more
affordable quality-assured medicines.!

In 2016, the World Health Organization (WHO) and the Lancet Commission on Essential
Medicines Policies recommended the expansion of the MPP’s mandate to include all
patented essential medicines.?3 These recommendations were made against the
backdrop of new medicines for cancer being added to the WHO Model List of Essential
Medicines (EML) and concerns being raised about access in LMICs. That same year,
pharmaceutical company GlaxoSmithKline announced an intention to license essential
medicines for lower middle-income countries and to explore licensing of its pipeline
cancer medicines to the MPP. Finally, several high-level reports proposing ways to
better address antimicrobial resistance (AMR) indicated that the MPP could play an
important role in this area. The MPP, therefore, decided to undertake an evidence-based
assessment exploring the public health need for, and potential feasibility and impact of,
expanding the work of the MPP into patented essential medicines in other therapeutic
areas. The study was financed by the Swiss Agency for Development and Cooperation.

This study focuses on a number of medicines on the WHO’s Model List of Essential
Medicines (EML) and medicines with potential for future inclusion. It seeks to
understand current public health needs, and the extent to which improved access to
certain medicines could contribute to improving public health outcomes in LMICs. It
also explores a potential role for the MPP in promoting access and stewardship for new
antimicrobials.
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II. Methodology

The starting point for this feasibility study was to identify essential medicines that are
included in the WHO’s EML, are used in the treatment of diseases other than HIV, HCV
and TB, and are under patent protection. As the WHO EML is updated every two years, it
was important that the study also extend the analysis to treatments that may be
considered essential medicines in the future. To do so, we relied on the WHO Expert
Committee’s assessments, identifying medicines that were highlighted by the
Committee for offering relevant clinical benefits.

Our analysis centred on case studies of specific medicines and corresponding
therapeutic areas. These case studies explored the public health challenges in LMICs in
relation to these therapeutic areas, by analysing the relevant disease burden, the
treatment landscape in LMICs and current access challenges. The public health analysis
is complemented with an analysis of the market, patent, and pricing landscapes. In
order to ensure that the case studies included an on-the-ground perspective, they drew
on national background papers that were commissioned from selected expert clinicians
in LMICs. We also conducted interviews with a wide range of stakeholders that
contributed to a more rounded understanding of the situation for different medicines
and therapeutic areas. For some of the medicines, we modelled the potential public
health and economic impact of MPP licensing.

The case studies focused on the following categories of products, as evaluated by the
WHO EML Expert Committee:

1. Patented medicines included in the EML. In this category, the case study
considered medicines for the second-line treatment of chronic myeloid
leukaemia (dasatinib, nilotinib). These medicines were added to the WHO EML in
2017.

2. Patented medicines that the WHO Expert Committee considered as having
relevant clinical benefits but lacking sufficient data. This case study focused
on one new class of medicines used for the treatment of type 2 diabetes, the
sodium-glucose cotransporter 2 inhibitors (SGLTZ2Is; canagliflozin, empagliflozin,
dapagliflozin), which the WHO Expert Committee highlighted as potentially
having clinical benefit for patients at high risk of cardiovascular events, reducing
mortality.

3. Patented medicines that have clinical benefits but did not meet the WHO
Expert Committee’s comparative cost-effectiveness criterion. This case
study considered novel oral anticoagulants (NOACs; dabigatran, rivaroxaban,
apixaban, edoxaban). In 2015, the WHO Expert Committee concluded that “the
evidence indicates a favourable, overall clinical benefit of the NOACs over
warfarin” but that “the large difference in costs between NOACs and warfarin
was disproportional to the observed incremental benefit”.# MPP licensing for this
category of medicines could potentially contribute to reducing concerns over
their affordability in LMICs.

4. Patented medicines for which the WHO Expert Committee recommended a
therapeutic area review by a separate working group. This case study
considered medicines for lung cancer, prostate cancer, multiple myeloma, and
breast cancer. The WHO Expert Committee will reassess these medicines, along
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with other cancer therapies, at its next meeting in 2019, following a review by a
separate cancer working group. The cancer working group will seek to clarify
what constitutes a clinically relevant therapeutic effect that would be sufficient
to justify adding a cancer medicine to the EML.

5. New antibiotics for combating antimicrobial resistance. Given the
prominence of antibiotics in the WHO EML and the growing recognition of the
need to develop new therapies, we considered the potential role that MPP
licensing could play in relation to new antibiotics of public health priority. In this
context, we paid particular attention to ways of aligning potential MPP work in
this field with efforts to promote good antimicrobial stewardship and addressing
antimicrobial resistance, while facilitating access to those in need.

The medicines discussed in the cases studies are illustrative for the purposes of
analyzing the feasibility of expansion. Further prioritization would be required, in
consultation with stakeholders, if the MPP were to expand its mandate. A number of
these may not be suitable candidates for the MPP, as outlined in the case studies.

Table 1. Overview of case studies based on WHO EML Committee assessments.

Category Case study

1. Patented medicines included in the WHO EML Second-line medicines for chronic
myeloid leukemia (CML)
2. Patented medicines that the WHO Expert New oral medicines for type 2 diabetes

Committee considered as having relevant clinical | (SGLT2 inhibitors)
benefits but lacking sufficient data
3. Patented medicines that have clinical benefits Novel oral anticoagulants (NOACs)
but did not meet the WHO Expert Committee’s
comparative cost-effectiveness criterion

4. Patented cancer medicines for which the WHO Breast cancer
Expert Committee recommended a therapeutic Lung cancer
area review by a separate working group

Multiple myeloma

Prostate cancer

5. New antibacterials to combat anti-microbial New antibacterials
resistance

III. Patented medicines currently included in the WHO EML

Currently, there are approximately 45 medicines on the WHO EML, across all
therapeutic areas, that may be protected by patents in at least some jurisdictions. Of
these, 13 are covered by patents on the active molecule itself (compound patents)
whereas others are covered by secondary patents. These numbers will continue to
evolve as new medicines are added to the EML and as patents on listed medicines
expire. These patented medicines on the EML are primarily for different cancers, HIV,
hepatitis B and C, reproductive health and tuberculosis. Two cancer medicines
(dasatinib and nilotinib) have compound patents and are the focus of the case study
discussed below.

Case study on medicines for chronic myeloid leukaemia
Dasatinib and nilotinib are medicines that were recommended by the EML Committee

as second-line treatment for Philadelphia chromosome-positive chronic myeloid
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leukaemia (Ph+ CML), which affects about 200,000 people in LMICs.> Both were added
to the EML in 2017,% and are protected by patents expiring between 2020 and 2030.
Ph+ CML can be treated with oral medicines to achieve almost normal life expectancy.”

The main first-line treatment for Ph+ CML is imatinib, a medicine that recently lost
patent protection in most jurisdictions. However, an estimated 23% (or up to 40%
according to some sources) of patients with CML will likely become resistant or
intolerant to standard-dose imatinib.8? In these patients, dasatinib and nilotinib are
preferable to other treatment options.10-13 [n addition to second-line use, these
medicines are also approved for first-line treatment and dasatinib is also indicated for
the treatment of another form of leukaemia (acute lymphoblastic leukaemia).10.14

Access to dasatinib and nilotinib appears to vary greatly across LMICs and generic
versions are currently not available. A number of stakeholders, including some
governments, mentioned challenges in accessing them at affordable prices. In some
countries, dasatinib and/or nilotinib are available through originator donation or
discount initiatives. These initiatives have played an important role in facilitating access
to treatment and diagnosis in certain countries. Where originator access initiatives
were not in place, however, the drugs are either unavailable or accessible to few people
in the private market. Competitive generic manufacture could be a more sustainable
approach to enabling access that potentially could build on these existing access
initiatives.

The LMIC market for dasatinib and nilotinib is comparatively small, which may limit its
attractiveness for generic manufacturers. However, in the case of imatinib, several
manufacturers developed and marketed generic versions in some LMICs years before
they entered high-income countries.!> This has resulted in significant price reductions:
for example, the Indian state of Tamil Nadu procures imatinib for $8 per patient per
month.16 Additionally, several manufacturers appear to be developing generic versions
of dasatinib and nilotinib.1”

Using a model that combines a number of assumptions regarding clinical parameters,
treatment access, and market dynamics, we estimated that MPP-enabled generic
versions could deliver up to 150,000 patient-years of treatment in LMICs.

MPP licences on dasatinib and/or nilotinib could therefore contribute to facilitating
access to important and highly effective essential medicines for cancer in LMICs at
affordable prices, through a sustainable model that could complement existing access
programs.

IV. Patented medicines that the WHO Expert Committee
considered as having relevant clinical benefits but lacking
sufficient data

For some medicines submitted for addition to the EML, the Committee may consider
that the available evidence is not strong enough to recommend immediate inclusion, but
that additional evidence may justify inclusion in the future if further studies confirm the
benefits shown in earlier data. This was the case for one class of oral medicines
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indicated for the treatment of type 2 diabetes, which is covered in the following case
study.

Case study on medicines for the treatment of type 2 diabetes

Type 2 diabetes affects around 300 million people living in LMICs and represents
around 90% of cases of diabetes. Its economic impact is also considerable, projected to
cause an estimated US$1.1 trillion in economic losses in LMICs in 2030.18

The first-line treatment for type 2 diabetes is metformin - a safe and effective medicine
that is available from multiple manufacturers at very low prices in most LMICs.
However, most people with type 2 diabetes will require the addition of a second-line
medicine a few years after beginning treatment.1?

In 2017, the WHO Expert Committee reviewed the six main classes of second-line
treatment. All six classes lower blood sugar levels, which is the primary goal of
treatment. However, of these six classes, the Committee highlighted that "SGLT-2
inhibitors have shown a relevant clinical benefit as second-line therapy in patients at
high risk of cardiovascular events, with a reduction in overall mortality” but concluded
that “this finding needs to be confirmed in other trials, prior to selectively supporting
this class of medicines in patients with type 2 diabetes”.

The effect of SGLT2 inhibitors in reducing cardiovascular events and overall mortality is
significant, since people with type 2 diabetes are at higher risk of cardiovascular events
compared to people who do not have diabetes.?2? The SGLT2 inhibitors also offer other
advantages over some of the older classes such as causing fewer hypoglycaemic
events.?122 In addition, SGLTZ2 inhibitors cause weight loss, which is desirable in most
people with type 2 diabetes.

The availability and affordability of the newer drug classes for type 2 diabetes
treatment is low in LMICs.23 This applies to the SGLTZ2 inhibitors as well as to other
newer agents, such as the GLP-1 agonists and to a lesser extent the DPP-4 inhibitors.
Most of these medicines are under patent protection in several low- and middle-income
countries, including those with significant manufacturing capacity, with patents
protecting SGLT2 inhibitors expiring between 2023 and 2029.

Our modelling suggested that MPP licensing of SGLTZ2 inhibitors could potentially
enable 1.1-3.3 million people to access treatment. Based on available data on the
cardiovascular benefits of these medicines, this uptake could avert 31,000-126,000
cases of major adverse cardiovascular events, conferring 68,000-275,000 additional
QALYs.

Based on this analysis, the MPP could potentially have a significant public health impact
if it were to license patented, newer second-line medicines for type 2 diabetes, such as
the SGLT2 inhibitors and facilitate the development, registration, and supply of quality-
assured generic versions for use in LMICs. Licensing could enable the introduction of
this class of medicines in countries where current market penetration is extremely low
or non-existent, contributing to a better standard of care for people with type 2
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diabetes, in particular those with high cardiovascular risk, through a win-win
mechanism that could benefit all stakeholders.

V. Patented medicines that have clinical benefits but did not
meet the WHO Expert Committee’s comparative cost-
effectiveness criterion

Comparative cost-effectiveness is one of the criteria used by the WHO Expert
Committee to assess medicines when multiple treatments are available for the same
indication.?# In some cases, the WHO Expert Committee has identified medicines as
offering relevant public health benefits but considered that they were not cost-effective
compared to treatments that are already on the EML. For these medicines, availability at
lower prices, particularly in LMICs, could change the cost-effectiveness analysis. Given
the MPP’s mandate to facilitate access to more affordable treatments in LMICs through
voluntary licensing, this category of products represents a potentially interesting area
of focus. The following case study reviews one class of products that falls into this
category, the novel oral anticoagulants. Reviews of recent WHO Expert Committee
reports showed that some of the insulin analogues and denosumab may be considered
in the same category.

Case study on novel oral anticoagulants (NOACs)

Novel oral anticoagulants are new blood thinner medicines that are given to people
with conditions that put them at high risk of a blood clot. In people with non-valvular
atrial fibrillation (NVAF) - a common heart rhythm disturbance - NOACs are used to
substantially reduce the risk of a stroke, and in people who have previously suffered a
clot in the leg or lung (a venous thromboembolism; VTE), NOACs are used to reduce the
risk of recurrence. In both cases NOACs are now preferred in the United States and
Europe over an older class of anticoagulants - vitamin K antagonists - of which the
most widely used example is warfarin.25-29

The number of people with NVAF is on the rise in LMICs and is estimated to reach 17.8
million in LMICs by 2020, with each person having an annual risk of stroke of 1-8%,
depending on the region.30 In addition, there are at least 6 million cases of venous
thromboembolism annually in these countries. Both strokes and VTEs are often fatal.
Compounding this significant burden, LMICs face multiple challenges in treating and
preventing stroke and VTE. For example, in many countries there are limited facilities to
treat and rehabilitate those with stroke.3!

In 2015, the WHO EML Expert Committee noted the relevant clinical benefits of the
NOACs but decided not to include them in the EML, indicating as one of their main
concerns the considerably higher price of NOACs compared to warfarin.*

One of the most important advantages of NOACs over warfarin is that they do not
require regular monitoring, due to significantly more stable and predictable
pharmacokinetics and pharmacodynamics. This may be particularly important in LMICs,
where access to regular monitoring (which is required with warfarin) can be limited.
National background papers commissioned for this study noted that there is hesitation
to prescribe warfarin to people needing anticoagulation in view of this challenge. In
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addition, NOACs likely confer a lower risk of bleeding,32-3¢ have fewer interactions with
other medications and fewer dietary restrictions. Low availability and unaffordable
prices in LMICs were reported as major barriers and their use has remained very
limited. Lack of reversal agents for most of the NOACs (though they are under
development) was also raised as a potential challenge for the scale-up of NOACs.

One of the four approved NOACs, dabigatran, has recently become available as a generic
in India. However, other NOACs, which are still under patent protection, may offer
certain advantages for scale-up in LMICs. We estimated that MPP licensing agreements
on NOACs could facilitate 0.5-1.6 million additional patient-years of treatment for
patients with NVAF, preventing 10,000-31,000 cases of SSE. For the VTE indication, we
estimated that 234,000-702,000 additional patients could be treated, preventing
94,000-281,000 VTE events.

NOACs therefore represent an interesting example of medicines with strong potential
for improving public health outcomes in LMICs that were not included in the WHO EML
partly due to affordability concerns. Early MPP licensing in such cases could contribute
to making such medicines available sooner at affordable prices in LMICs through a
collaborative public health mechanism, with suitable royalties. Given the lower
monitoring requirements of NOACs over alternatives, this could enable more people in
need to access anticoagulation therapy, therefore reducing the risk of strokes and other
sometimes fatal complications in LMICs.

VI. Patented medicines for which the WHO Expert Committee
recommended a therapeutic area review by a separate
working group

In 2017, a number of cancer medicines were submitted to the WHO Expert Committee
for inclusion in the WHO EML. The Committee “considered that listing of these
medicines was premature and recommended the establishment of an EML cancer
medicines working group to coordinate comprehensive evaluation of cancer medicines
for the EML.”® The working group would support WHO in establishing some guiding
principles in relation to the potential inclusion of second-line cancer treatments,
clarifying what constitutes a clinically relevant therapeutic effect for inclusion in the
EML. Some or all of these medicines will likely be re-evaluated at the next meeting of
the Committee and are therefore candidates for future inclusion. We analysed the
potential for MPP licensing of medicines that fit in this category, which covered
treatments for lung cancer (erlotinib, gefitinib, afatinib, crizotinib), prostate cancer
(abiraterone, enzalutamide), multiple myeloma (lenalidomide) and breast cancer
(pertuzumab, ado-trastuzumab emtansine, lapatinib).

Most of these medicines are licensed for use in patients with advanced cancer and, in
some cases, restricted to second-line use. In the majority of patients, the therapies are
not curative, and the EML cancer working group is considering how to define a
therapeutic effect that is sufficient to justify addition to the EML.

Most of the medicines reviewed in this section offer certain improvements over
therapies currently listed in the WHO EML. Advantages, depending on the medicine,
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include increases in overall survival, more favourable tolerability and/or an oral route
of administration, removing the need for hospital-based infusions and potentially lower
overall costs to health systems.

The medicines considered for lung cancer and breast cancer require, in general, biopsy,
molecular diagnostics and trained pathologists, which is often not widely available in
some LMICs. However, national background papers revealed that this diagnostic
infrastructure is becoming increasingly available at least in the main cancer centres.
Additionally, greater access to these medicines may facilitate investments in such
infrastructure.

Information gathered by cancer experts in LMICs suggested that access to these
medicines in LMICs is limited. MPP licences could potentially play a role in improving
access in countries where licences could facilitate the development a competitive
generic market, which could make the medicines more affordable to local populations.
This would have to go hand-in-hand with a number of other interventions to facilitate
proper diagnosis, treatment and care for cancer patients, including expanding capacity
for surgery and radiotherapy, which are central to the treatment of many cancers. In
certain cases, generics have already become available in some countries because
patents have expired, have not been granted, or existing secondary patents may not be
blocking (e.g. abiraterone). In such cases MPP licensing would likely not be needed or
could be limited to specific countries.

For some of these medicines, markets are likely to be small due to indications that are
limited to patients with specific tumour characteristics. Additionally, the breast cancer
medicines considered in this study, like many new cancer medicines, are biologics,
which pose additional challenges. These challenges are discussed in the following
section.

Taking into consideration any recommendations made by the EML cancer medicines
working group and the WHO Expert Committee in 2019, the MPP could explore
licensing those medicines that are considered to offer sufficient therapeutic benefit and
contribute to improved access in LMICs.

VII. Biologics and similar biotherapeutic products

Many of the stakeholders interviewed raised concerns about the limited access to
several important biologics in LMICs and argued that this may therefore be an area in
which the MPP could explore opportunities to improve access through its licensing
model. However, there are important differences in the development, manufacture, and
regulatory approval of similar biotherapeutic products (SBP) compared to ‘small
molecule’ generics that need to be considered.

One of the greatest challenges for SBPs is that, in general, manufacturers are required to
conduct more extensive studies to demonstrate comparable efficacy and safety
compared to the reference (originator) product. Various other regulatory challenges
exist, which vary by country.37:38 The expertise needed to develop and safely
manufacture SBPs, as well as the high capital expenditures for biologics may also be a
major challenge.3?
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On the other hand, a large number of SBPs are under development. The WHO and some
LMIC governments are making efforts to encourage the development of domestic
production capacity of SBPs. The WHO has developed guidelines for SBP regulatory
review,*0 and has recently announced a pilot programme for the prequalification of
SBPs.#1 Some governments have initiatives to help develop local SBP production
capacity.3742

In terms of MPP’s potential for working in SBPs, some of the challenges mentioned
above could be substantial and may reduce the potential impact MPP licences could
have in facilitating access to more affordable treatments in LMICs. However, including
strong technology transfer components in licensing agreements may allow some of
these challenges to be partially overcome. MPP licensing agreements on biologics could
potentially draw from the experience that some originator companies have in
partnering with LMIC manufacturers to supply local markets. This is an area that would
require further exploration.

VIII. New antibacterials to combat antimicrobial resistance (AMR)

The EML includes 61 antibiotic medicines, antibiotic groups, or combinations. The
absence of patented antibiotics on the EML (except those for TB) is indicative of
systematic underinvestment in the discovery of new antibiotics over the last several
decades.#3-48 This underinvestment, alongside misuse and overuse, has contributed to
growing antimicrobial resistance (AMR), in which the medicines that are currently
available are less and less effective in treating certain infections.

Combatting the spread of antimicrobial resistance is an international global health
imperative. The threat of widespread antimicrobial resistance has been the subject of
increasing focus and recent high-level reports have highlighted the need for the
development of new antibiotics alongside strategies to enable access while ensuring
proper stewardship and rational use.#34>49 Some reports identified patent pooling
through the MPP as one way to contribute to addressing the access-innovation-
stewardship ‘tripod’, as a key part of novel mechanisms for financing antimicrobial
development.

Stakeholder feedback indicated that the MPP’s model could be adapted to address the
specific challenges in antimicrobial resistance in LMICs. In antibiotics, for instance, the
MPP should target only those products of public health priority, particularly those for
which there are limited or no existing alternatives or that significantly improve on
existing options. Rather than broadly licensing to multiple manufacturers to promote
wide availability and generic competition, the MPP would likely need to limit the
number of licensees to prevent overuse, while still ensuring that the products are made
affordably available to those who need them.

While licensing cannot address many important aspects of proper stewardship of new
antibiotics (such as strengthening regulatory systems in developing countries and
expanding the availability of proper diagnostics), tailored licensing approaches for
specific antibiotics of public health significance could contribute to good stewardship in
a number of ways. These could include, for example, ensuring: that manufacturers meet
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quality standards, that manufacturers do not engage in inappropriate promotional
practices, that manufacturing is conducted under rigorous standards for the treatment
of wastewater, that only appropriate combination products are developed, and that the
products are only distributed through appropriate channels.

IX. Other products in the WHO EML and other products
mentioned in discussions with stakeholders

For certain products on the WHO EML, while the main patents may have expired,
secondary patents have been filed or granted in certain countries and could delay the
development of a competitive market. These products are primarily cancer medicines,
reproductive health products and medicines for hepatitis B. The MPP could potentially
play a role in facilitating broader availability of such products at affordable prices in
LMICs.

In addition to the medicines discussed in the case studies mentioned above, a number of
other medicines or therapeutic areas were highlighted in discussions with stakeholders
and experts as having, in their opinion, potential for being considered essential
medicines in the future and therefore possibly representing candidates for MPP
licensing. It should be noted that such medicines or therapeutic areas were not analysed
in detail and may represent the view of only some stakeholders. They are mentioned in
the study for completeness, but a more thorough evaluation would be required.

Several stakeholders consulted suggested that the MPP consider a role in increasing
access to certain diagnostics, medical devices or vaccines. In diagnostics, the WHO is
developing an Essential Diagnostics List,>® which could potentially provide a starting
point. This study, however, does not explore the role of the MPP in improving access to
diagnostics. The MPP commissioned a separate study to explore whether there could be
arole in the licensing of essential vaccines.

X. Discussion

There is a substantial public health need for access to new, patented medicines beyond
HIV, hepatitis C and tuberculosis in LMICs. The case studies presented in the feasibility
study have outlined how accelerating access to selected medicines in cardiovascular
disease, diabetes and cancer could contribute to improving public health outcomes and
reduce morbidity and mortality. Instances were also identified where the MPP’s
potential role may be more limited or may not be necessary, for example where generic
manufacturers are already becoming widely available on the market.

Some of the medicines analysed are treatments for diseases that represent a large and
growing health burden in LMICs. In other cases, where the disease in question is not as
prevalent, such as for some cancer subtypes, the medicines discussed represent
important treatments for patients that may otherwise have few alternatives. In addition,
some of the NCDs discussed in the cases studies are associated with catastrophic health
expenditure for the individuals. Expanding the treatment and prevention of NCDs, in the
context of universal health coverage schemes, would likely have significant knock-on
effects on LMIC health systems.
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The MPP could also play an important role in addressing what is considered by many to
be one of the most pressing challenges in global health today, that of increasing
resistance to antimicrobials, by facilitating access to, and good stewardship of, new
antibiotics of public health priority.

However, certain health system factors may pose challenges to achieving public health
impact through MPP licensing. In some disease areas and some regions, resource-
constrained health infrastructure, limited diagnostic capacity, and a lack of expert staff
may limit the detection of cases that could be treated with MPP-enabled generics and
the likelihood of people receiving the best available treatment. This challenge would
likely be more pronounced for some of the medicines discussed in this study (e.g.
certain cancers) than for others.

Moreover, several stakeholders highlighted the lack of international funding
mechanisms for NCDs such as those that have been established in the area of HIV, TB
and malaria, as another significant challenge that would likely limit market uptake of
new treatments. MPP’s work would therefore need to be integrated in a broader
framework of interventions within the Universal Health Coverage agenda, that seek to
improve diagnosis, screening, treatment and care for the disease area in question.
Partnering with governments and key global, regional and national organisations would
be an important part of the MPP’s strategy if it were to work in NCDs.

From a market perspective, many of the medicines considered in this study appear to
have limited commercial markets for originator manufacturers in many of the LMICs for
which data were collected. In a number of cases, the medicines were not registered
locally, were unavailable in the public sector or were affordable only to a limited
proportion of the population in the private market. MPP licensing could contribute to
making patented essential medicines more widely available from quality-assured
suppliers in such countries, while compensating originator companies through
reasonable royalty rates, which may vary according to income or disease burden.
Licensing early on, as has been the case in HIV, could also be important in order to
accelerate access to those in need.

Access-oriented licensing is a relatively new approach for increasing access to
medicines in LMICs, which has primarily been used in the fields of HIV and hepatitis C. It
would therefore be important to consult further with patent holders and other
stakeholders to increase/strengthen confidence in the model for essential medicines
beyond those disease areas, develop opportunities for win-win strategies and ensure
that concerns around market leakage can be addressed.

The cases studies presented in the study are illustrative and further prioritization
would be required, in consultation with stakeholders, to identify suitable opportunities
for MPP licensing.

XI. Conclusions
Based on the analysis presented in this feasibility study, there appears to be a strong

case for the MPP to expand its mandate to include patented essential medicines in other
therapeutic areas, beyond its current work in HIV, TB and hepatitis C. Patented

Exploring the expansion of the Medicines Patent Pool’s mandate to patented essential medicines 18



medicines added to the WHO EML in its biennial revisions could be natural candidates
for MPP licensing. In addition, the MPP could explore licensing patented medicines that
the WHO Expert Committee highlights as having clinical benefits but have not yet been
included on the list given concerns about the high prices for these medicines or the need
for additional data to confirm clinical benefits.

As some of the case studies note, there appear to be instances where patent holders’
commercial interests in the countries analysed may be limited and where MPP licensing
could lead to win-win solutions that benefit all stakeholders. Suitable royalty provisions
could play a role in providing adequate compensation.

Developing robust ways to prioritize medicines in close consultation with WHO and
other key stakeholders would be important, while drawing upon the WHO EML Expert
Committee to identify promising medicines for in-licensing as early as possible, as was
the case in HIV. Some flexibility should remain to explore opportunities where a given
medicine has strong potential for improving public health outcomes in LMICs and
where patent holders are willing to engage early-on.

In the field of AMR, partnerships with existing and new initiatives to stimulate the
development of novel, effective antibiotics, would be important. The MPP’s role in this
area could focus on exploring the licensing of new antibiotics of public health priority,
with a view to contributing to the appropriate stewardship of new antibiotics to prevent
misuse and overuse while facilitating access to those who need them.

The MPP would also need to monitor closely the evolving area of international quality
standards and identify appropriate quality assurance standards for use in licenses on
essential medicines. This will require working closely with the WHO Prequalification
Programme, as it expands the range of medicines it reviews, and monitoring ongoing
discussions at WHO on updating the definition of ‘stringent regulatory authorities’.
These discussions could inform appropriate standards for MPP’s future licensing
agreements.

Given many of the challenges relating to biologics, the MPP could initially consider
focusing its activities under an expanded mandate on the licensing of small-molecule
medicines, for which the current model would likely be more easily adaptable and
where the challenges for facilitating the development of competitive markets may be
smaller. In parallel, the MPP could consider developing licensing approaches that would
potentially be suitable for biologic products in the future.

Certain adaptations to the model would also be required to address the specific
circumstances of each product and public health objectives being pursued. Tailored
approaches could include, for example: the inclusion of terms to support good
antimicrobial stewardship practices; targeted licences to address specific challenges in
specific countries; greater use of differentiated royalties; limiting the number of
licensees where there are small markets and introducing affordability provisions where
competition alone may not achieve affordable prices.

Finally, partnerships with governments, public health organisations and patient groups
in relevant disease areas would likely be important to gain an understanding of the
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public health needs as well as facilitating uptake when MPP-enabled generics reach
markets. A number of recent initiatives in the field of NCDs and AMR could represent
interesting opportunities for synergies with MPP’s approach.
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1 Introduction

1.1 Background to the study

1.1.1 The Medicines Patent Pool

The Medicines Patent Pool (MPP) is a public health organisation established in 2010 to
accelerate access to affordable, appropriate, and quality-assured HIV treatments in
developing countries through public health voluntary licensing and patent pooling. The
innovative financing mechanism Unitaid supported the establishment of the MPP at the
request of the international community to respond to the significant gap between the
number of people living with HIV eligible for therapy and those receiving care. Concerns
about high costs for the newer HIV treatments, some of which were on the World Health
Organization’s Model List of Essential Medicines (EML) were coupled with a need for
medicines with better efficacy, tolerability, and a higher barrier to resistance.

The MPP’s licences with patent holders enable multiple HIV medicine manufacturers to
enter low- and middle-income countries (LMICs) markets several years prior to patent
expiry with quality-assured formulations. In addition to facilitating access to
treatments, the MPP model enables innovation that addresses specific needs in LMICs.
This includes the development of new fixed-dose combinations (FDCs) and special
formulations for children, a neglected population given limited treatment options
adapted for different age-groups and weight bands.

The MPP was the first public health patent pool and was created in response to calls for
the implementation of novel mechanisms to facilitate innovation, access, and technology
transfer.! Multiple positive endorsements from public health agencies, international
organisations, as well as high-level declarations supported the launch of the MPP which
helped establish its role as an integral part of the international response to the HIV
epidemic.2-#

1.1.2 Expansion of the MPP’s mandate to hepatitis C and tuberculosis

Following extensive consultation, in November 2015 the Unitaid Executive Board
decided to fund the expansion of the MPP mandate to include hepatitis C and
tuberculosis (TB). In both therapeutic areas, new and promising medicines had recently
been granted regulatory approval, or were in late-stage development, and had patents
pending or filed in several developing countries. Some of these medicines had been
recently added to the EML and there was a pressing need to increase access in LMICs.
Public health-oriented licensing was identified as one way to address some of those
needs. Shortly after the expansion, the UN Political Declaration on HIV/AIDS
“welcome|[d] the broadening of the scope of work of the Medicines Patent Pool [...] to
promote voluntary partnerships to address hepatitis C and tuberculosis.”?
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1.1.3 The MPP’s current model

The MPP’s work starts with the identification of a priority list of approved and pipeline
medicines for in-licensing in consultation with the World Health Organization (WHO)
and other experts, including in governments and civil society. Prioritization is based on
the analysis of medical needs, market challenges, and patent status in LMICs.

Once the MPP finalises its list of priority medicines, the organisation approaches
relevant patent holders to explore the possibility of obtaining a licence, with a detailed
rationale as to why and how licensing to the MPP would contribute to facilitating access
to the medicine and to improving public health in LMICs. To date, the MPP has
negotiated licensing agreements with nine patent holdersB covering 16 medicines for
the treatment of HIV, hepatitis C virus (HCV), and tuberculosis. This includes 12
medicines/combinations that are included in the WHO EML (Table 1). In addition to
these licensing agreements, the MPP has partnerships with two other patent holders in
the form of non-assert declarations and a price discount agreement.

Table 1. Medicines in the WHO EML licensed to the MPP.

Medicine(s) Year of MPP licence Year of addition to
agreement the EML

Abacavir (paediatrics) 2013 2002/2007/2017

Abacavir/lamivudine 2013 2015

Atazanavir 2013 2009

Atazanavir/ritonavir 2013 and 2015 2017

Daclatasvir 2015 2015

Dolutegravir 2014 2017

Lopinavir/ritonavir 2015 2002/2007/2009

Raltegravir (paediatric) 2015 2017

Ritonavir 2015 2002

Tenofovir disoproxil fumarate 2011 2007

Tenofovir disoproxil fumarate/emtricitabine | 2011 2007 (treatment)
2017 (prophylaxis)

Tenofovir disoproxil fumarate/emtricitabine | 2011 and 2015 2007

/efavirenz

Tenofovir/lamivudine/efavirenz 2011 2017

Valganciclovir * 2013 2015

* Special access agreement for HIV programmes for 138 low- and middle-income countries.

Licences with patent holders are negotiated from a public health perspective and have

been recognised for their pro-access terms and for providing the greatest flexibility and

transparency.>¢ Key terms and conditions in MPP licences include:

e Broad geographical coverage in LMICs to enable a large number of
countries/patients to benefit from access to affordable treatment and to facilitate
economies of scale for manufacturing

B The MPP has licences from: AbbVie, Bristol-Myers Squibb, Gilead Sciences, Johns Hopkins University,
MSD, NIH, Pharco, Viiv Healthcare. In addition, the MPP has an agreement with Roche and collaborated on
non-assert declarations with Janssen and Boehringer Ingelheim.
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e Ability to sublicense manufacturing rights in a non-exclusive and non-
discriminatory manner to multiple manufacturers to facilitate robust competition

e Strict quality assurance requirements

e Where necessary, reasonable royalty terms, including differentiated royalties
according to a country’s per capita income

e Freedom for manufacturers to develop suitable paediatric formulations or other
fixed-dose combinations that meet public health needs.

In addition, a key characteristic of MPP licences is that they are all published on the MPP
website, setting a new precedent for licensing transparency in pharmaceuticals and
public health.

Following the issuance of a licence, the MPP publishes an expression of interest inviting
qualified manufacturers to apply for a sublicence. The process seeks to ensure that
sublicences are granted to companies or product developers that have the capacity,
willingness and commitment to develop appropriate formulations, obtain regulatory
approval, and make them available in the licensed territory. To date, 24 manufacturers
and one product development partnership have signed sublicences with the MPP
(Figure 1).

Figure 1. The MPP model.
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The MPP also helps to facilitate and accelerate the development process through the
publication of market projections jointly with the WHO, the provision of technical
support to sublicensees where needed and quarterly meetings with manufacturers to
review progress in development and address any issues. This helps to shorten the
development timelines, enabling people with HIV in the developing world to access the
best available treatments more rapidly.”

As of December 2017, MPP’s generic manufacturer partners had supplied more than 17

million patient years of treatment and allowed savings of US$553 million through the
procurement of more affordable treatments.8 MPP licences have also enabled the
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development of new fixed-dose combinations that are now recommended by the WHO.
One example is the combination tenofovir / lamivudine / dolutegravir (or TLD). Only
four years after the approval of the HIV medicine dolutegravir, the first generic
manufacturers have already obtained US FDA approval for the new combination TLD,
providing a new FDC that is ideally suited for scale-up in developing countries.’

1.1.4 Calls for expansion into patented essential medicines

In 2016, the WHO recommended to the UN High Level Panel on Access to Medicines that
consideration be given to “the expansion of the mandate of the Medicines Patent Pool to
all disease areas, and for all patented essential medicines on the WHO Essential
Medicines List to be licensed into the [Medicines Patent] Pool”, with the MPP’s work
recognised as a “major advancement for access to medicines”.10

In November 2016, the Lancet Commission on Essential Medicines Policies made a
similar recommendation, concluding that there appeared to be “a wide scope for patent
pooling for other essential medicines (as defined by WHO or national committees)” and
calling for the expansion of the MPP into an Essential Medicines Patent Pool.11

The recommendations from the WHO and the Lancet Commission, as well as
preliminary conversations with a number of stakeholders, highlighted a perception that
the MPP’s patent pooling and voluntary licensing model could potentially be adapted to
essential medicines in therapeutic areas beyond HIV, TB and HCV. In the same year, the
pharmaceutical company GlaxoSmithKline announced an intention to license any
essential medicines for lower middle-income countries and to license future cancer
medicines to a patent pool and to explore this with the MPP.12

In December 2016, the MPP’s Board decided to undertake an evidence-based
assessment that would explore the feasibility and potential public health and economic
impact of expanding the MPP’s mandate to include patented essential medicines in
other therapeutic areas. This study would support an informed decision on whether the
mandate should be expanded.

1.2 Essential medicines

1.2.1 The concept of essential medicines and the WHO Model List of Essential
Medicines (EML)

The WHO defines essential medicines as “those drugs that satisfy the priority health
care needs of the majority of the population” and that are “intended to be available
within the context of functioning health systems at all times in adequate amounts, in the
appropriate dosage forms, with assured quality and adequate information, and at a
price the individual and the community can afford.”13 Target 3.8 of the UN Sustainable
Development Goals is to “[a]chieve universal health coverage, including financial risk
protection, access to quality essential health-care services and access to safe, effective,
quality and affordable essential medicines and vaccines for all.”

The WHO EML, first issued in 1977,14 is intended to serve as a model for the
development of national essential medicines lists and a large number of countries have
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developed their own lists, including, in some cases, EMLs at the provincial level.
National essential medicines lists are usually associated with treatment guidelines and
often guide the procurement of medicines in the public sector, reimbursement schemes,
or other mechanisms linked to a country’s medicines policy. At the global level, the
WHO EML provides a valuable framework for multiple public health actors, including
international organisations, for the prioritization of medicines for various programmes
and activities.!!

1.2.2 The WHO EML Expert Committee and criteria for inclusion in the List

The WHO EML is updated every two years by the WHO Expert Committee on the
Selection and Use of Essential Medicines. The current procedure for development of the
list and general criteria for inclusion were established in 2001 by the WHO Executive
Board, with further clarifications provided by the Committee in its subsequent
meetings. The medicines included in the WHO EML are selected on the basis of public
health relevance, evidence on efficacy and safety and comparative cost-effectiveness.14

The WHO Executive Board clarified the application of the comparative cost
effectiveness criterion in 2001. Absolute cost is not considered a reason for excluding a
medicine. However, comparative cost-effectiveness is assessed when multiple
treatments are available for the same indication. The patent status of a medicine is also
not considered in the selection of medicines for inclusion.1# In 2013, the Expert
Committee defined the criterion of public health relevance to include not only
consideration of medicines for diseases with a high prevalence, but also medicines for
diseases that may be less common but for which there are highly effective
medicines.1>16

The number of medicines on the WHO EML has been growing steadily over the years.
Today, the core and complementary lists combined contain 433 medicines.

1.2.3 Evolution in the inclusion of new patented medicines in the WHO EML

Historically, the vast majority of medicines included in the EML were medicines that
had been on the market for many years, and for which patent protection had expired in
developing countries or had never been widely granted¢.1”

In 2002, the inclusion of 12 new, patented antiretroviral medicines (ARVs) for the
treatment of HIV marked an important turning point in this respect. These ARVs had
been included in the WHO HIV treatment guidelines but were generally unavailable
and/or unaffordable in the vast majority of developing countries. The WHO Expert
Committee recognised the limited experience in treating HIV in resource-limited
settings but noted the significant public health needs.® These ARVs were under patent
protection in some LMICs, with expiry dates many years beyond the date of their
addition to the EML.19 Since then, several additional ARVs have been added to the EML,
many of which have been licensed to the MPP.

¢ Many LMICs did not grant patents on pharmaceutical products until the World Trade Organization’s
Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) entered into force.
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In 2013, the patented medicine bevacizumab was added to the EML for its use in
ophthalmology?.15> The 2015 revision of the EML resulted in the inclusion of several new
patented medicines outside of the area of HIV treatment. This was triggered by the
approval of the first new medicines for TB in over forty years, the approval of ground-
breaking new hepatitis C treatments, inclusion of hepatitis B medicines and a review of
the oncology section of the EML. In oncology, bendamustine, imatinib, rituximab, and
trastuzumab (in addition to 12 other older cancer medicines) were added to the EML.20
The working group responsible for recommending medicines for inclusion noted that
“although some of the medicines are currently under patent protection and are only
sold at a high price, there are some good examples of initiatives to expand the
availability of such medicines to lower-income settings at an affordable price.” The
proponents also recalled the case of ARVs, noting that inclusion in the EML could be a
critical step to improving affordability.?!

1.2.4 The 2017 revision of the EML

The 2017 revision of the WHO EML resulted in the addition of a number of new,
patented medicines to the list, including three medicines for HIV, one for HCV, two for
chronic myeloid leukaemia (nilotinib and dasatinib), one for emergency contraception
and at least one other cancer medicine with secondary patents (zoledronic acid). In the
case of the HIV medicine dolutegravir, the Committee highlighted the existence of MPP
licences in its recommendation for inclusion, noting that nine generic manufacturers
held sublicences on the product and would be bringing quality-assured generics to the
market.?2 The MPP had signed a licence on dolutegravir with patent holder ViiV
Healthcare in 2014, three years before it was submitted to the WHO EML in 2017. By
the time the Committee discussed the listing of dolutegravir, several MPP licensees had
already developed the product and had filed for WHO Prequalification.

In addition to the two leukaemia medicines, several other recently approved cancer
medicines were submitted but were ultimately not added, pending a comprehensive
evaluation of cancer treatments by a dedicated ‘cancer working group’. It is expected
that this working group will support the WHO in establishing guiding principles on the
inclusion of second-line cancer treatments, clarifying what constitutes a therapeutic
effect significant enough to justify a medicine’s addition to the EML. Thus, numerous
cancer medicines submitted to the 2017 Committee - such as those for lung cancer,
breast cancer, and prostate cancer - will likely be reconsidered at the next meeting of
the Committee as part of a review of cancer medicines.??

In total, we have estimated that approximately 45 medicines on the WHO EML may be
protected by patents in some jurisdictions, of which 13 are covered by compound
patents. This does not include consideration of patented vaccines that are also listed on
the WHO EML. These numbers should not be considered an exhaustive analysis (see
Methodology chapter for how these were identified). The numbers will also continue to
evolve as new medicines are added to the EML, and patents on listed medicines expire.

D Listed in the WHO EML for age-related macular degeneration but is also used for the treatment of colon
cancer, lung cancer, glioblastoma, renal-cell carcinoma, and numerous other cancers.
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1.2.5 National Essential Medicines Lists

Many countries have developed national essential medicines lists (NEMLs), which are
used in different ways depending on local legislation and practices. Often, they guide the
procurement and supply of medicines in the public sector and medicine reimbursement
schemes. In certain cases, countries may also have national or provincial level
reimbursement lists that are distinct from the NEML.?3

While the WHO EML is often used as a basis for the development of national lists,
several studies have shown significant differences between NEMLs. In the case of
imatinib, for example, 30% of the reviewed NEMLs had already included the medicine
prior to its inclusion on the WHO list in 2015.24

Due the link between NEMLs and government reimbursement, several stakeholders
noted during consultations that governments often hesitate to have new, highly-priced
medicines added to NEMLs in view of the impact this may have on health budgets.
Several examples of this were cited, including, for example, the direct-acting antivirals
for hepatitis C or certain medicines for cancer or diabetes. Conversely, a few countries
have NEMLs that include many of the new cancer medicines, sometimes leading to
significant budgetary pressures.

1.3 Aims and scope

The aim of this study is to assess the public health need for, feasibility and potential
impact of, expanding the MPP’s mandate to include patented essential medicines in
other therapeutic areas beyond HIV, TB, and hepatitis C. The methodology for this
feasibility study and main sources are outlined in Chapter 2.

The starting point for this feasibility study was to identify essential medicines that are
included on the WHO’s EML, are used in the treatment of diseases other than HIV, HCV,
and TB, and that are under patent protection. For this, we used earlier studies that
analysed previous editions of the EML, and supplemented these with our own analyses
of the new patented medicines added in the most recent editions (Table 2).17.25
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Table 2. Examples of medicines added to the EML in recent years with patents in
force at time of addition, outside of HIV, TB, and hepatitis C (not exhaustive).

Medicine Main use(s) Year added to EML

Artemether- lumefantrine Malaria 2002
Bendamustine Cancers of the blood 2015
Bevacizumab Macular degeneration, colorectal 2015
cancer
Dasatinib Leukaemia 2017
Entecavir Hepatitis B 2015
Etonorgestrel impant Contraceptive 2015
Imatinib Leukaemia 2015
Nilotinib Leukaemia 2017
Omeprazole Gastrointestinal reflux disease 2009
Oseltamivir Influenza 2011
Pegylated interferon Hepatitis C 2013
Progesterone vaginal ring Contraceptive 2015
Rituximab Cancers of the blood, rheumatoid 2015
arthritis
Tenofovir disoproxil fumarate Hepatitis B (and HIV) 2015 (for hepatitis B)
Trastuzumab Breast cancer 2015
Ulipristal acetate Emergency contraceptive 2017
Valganciclovir Citomegalovirus retinitis (CMVr) 2015
Zoledronic acid Malignancy-related bone disease | 2017

Vaccines are excluded from the table.

In addition, the human papilloma virus and the pneumococcal conjugate vaccines are
also considered important essential medicines as per the WHO EML with patent
protection in some LMICs, but are not covered in this study, as vaccines will be the focus
of a separate assessment.

As the WHO EML is updated every two years, it was important that this study reviewed
not only medicines that are on the list today, but also included an analysis of treatments
that may be considered essential medicines in the future. To do so, we relied on the
WHO Expert Committee’s own assessments, identifying medicines that were highlighted
by the Committee for offering relevant clinical benefits.

We identified the following medicines, falling into four categories, for exploratory case
studies:

1. Patented medicines included in the EML: Examples of medicines that are on the
EML, were under patent protection at the time of addition to the EML, and are
outside of the therapeutic areas of HIV, TB, and hepatitis C, are shown in the
table above. In Chapter 3, we present an in-depth case study on two patented
medicines recently added to the EML: dasatinib and nilotinib, used for the
treatment of chronic myeloid leukaemia (CML).

2. Patented medicines that the WHO Expert Committee considered as having
relevant clinical benefits but needing additional data to confirm findings: These
are medicines that appear to offer benefits over medicines already on the list, but
for which inclusion in the EML was considered premature at the time they were
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reviewed. In this category, we considered the case of a new class of medicines
used for the treatment of type 2 diabetes - the SGLTZ2 inhibitors. In 2017, the
WHO Expert Committee concluded that “SGLT2 inhibitors have been reported to
be associated with a relevant clinical benefit as intensification therapy in
patients at high risk of cardiovascular events, leading to a relevant reduction in
overall mortality. This finding needs to be confirmed in other trials, prior to
selectively supporting this class of medicines in patients with type 2 diabetes.”??
Chapter 4 will provide an analysis of medicines in this category, with a focus on
new medicines for type 2 diabetes.

Patented medicines that have clinical benefits but did not meet the EML Expert
Review committee’s comparative cost-effectiveness criterion: In this category,
we considered the case of the novel oral anticoagulants (NOACs). In 2015, the
Committee assessed an application for the inclusion of the NOACs and concluded
that the “evidence indicates a favourable, overall clinical benefit of the NOACs
over warfarin” but also that “the large difference in costs between NOACs and
warfarin was disproportional to the observed incremental benefit.”20 MPP
licensing for this category of medicines could potentially contribute to reducing
concerns over their affordability in LMICs. A case study on this category of
productss is available in Chapter 5.

|

4. Patented medicines for which the WHO Expert Committee recommended a
therapeutic area review by a separate working group: In this category, we

considered the case of medicines for lung cancer (erlotinib, gefitinib, afatinib,
crizotinib), prostate cancer (abiraterone, enzalutamide), breast cancer
(trastuzumab emtansine, pertuzumab, lapatinib) and multiple myeloma
(lenalidomide) which the WHO Expert Committee in 2017 recommended could
be reviewed as part of the work of a new Cancer Working Group.?? For some
such medicines, the Committee noted clinical benefits (e.g. more favourable
tolerability profile, or greater efficacy) but also certain challenges (e.g. a lack of
screening and diagnostic infrastructure). Comprehensive evaluation by the EML
Cancer Working Group may result in these or other cancer medicines being
added to the list in 2019. These medicines are discussed in Chapter 6.

In addition to the medicines described above, this study also analysed the potential role
that MPP licensing could play in antimicrobials, with particular attention to aligning any
potential work with efforts to tackle antimicrobial resistance. In 2017, the WHO Expert
Committee undertook a thorough review of antibiotics and introduced a new
classification, categorizing antibiotics into three groups - Access, Watch and Reserve - to
balance the need for broad access to some antibiotics with the need to preserve other
classes of antibiotics as last resort in case of resistance. Given that the international
community has prioritised the need for developing new antibiotics,?¢ it is likely that
certain new antibiotics, once developed, would be important candidates for inclusion in
the WHO EML. Various reports have indicated that mechanisms such as the MPP could
play a role in ensuring the appropriate supply of new antibiotics to LMICs while
contributing to proper stewardship to avoid the development of resistance.?” In
Chapter 7, we consider how the MPP could play a role in relation to new antibiotics in
the context of the AWaRe framework established by the EML Committee.
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Chapter 8 provides a brief outline of a few other patented medicines in the EML that
are not covered in the above case studies. It also covers other medicines or candidate
drugs highlighted by different stakeholders that may be candidates for inclusion in the
EML in the future. These medicines have in general not been reviewed by the WHO EML
Committee, have not been analysed in detail and are mentioned in the study for
completeness.

In Chapter 9, we provide a general discussion of the public health and market
considerations that are relevant to a potential expansion of the MPP’s mandate and
draw some general conclusions.

While vaccines have not been analysed in this study, they are the subject of a separate
ongoing assessment.

As the future composition of the EML is not known, this analysis should be considered
illustrative. We have focussed on specific products and therapeutic areas in order to
explore some of the publc health needs in LMICs at present and the potential role the
MPP could play. However, if the MPP’s mandate were to be expanded, further
prioritization processes would be needed to identify, in consultation with stakeholders,
specific target products for MPP licensing.

1.4 References

1 World Health Organization. Global strategy and plan of action on public health, innovation and intellectual
property. 2008. http://apps.who.int/medicinedocs/documents/s21429en/s21429en.pdf (accessed March 13, 2018).
2 United Nations General Assembly. Political Declaration on HIV and AIDS: On the Fast Track to Accelerating

the Fight against HIV and to Ending the AIDS Epidemic by 2030. 2016.
http://www.unaids.org/sites/default/files/media_asset/2016-political-declaration-HIV-AIDS_en.pdf (accessed
March 13, 2018).

3 World Health Organization. Global Strategy and Plan of Action on Public Health, Innovation and Intellectual
Property. 2011. http://www.who.int/phi/publications/Global_Strategy_Plan_Action.pdf (accessed March 13, 2018).
4 Deauville G8 declaration: Renewed commitment for freedom and democracy. 2011.

https://photos.state.gov/libraries/unitedkingdom/164203/2011/Deauville_Declaration_FINAL_ENGLISH.pdf
(accessed April 20, 2018).

5 Access to Medicine Foundation. The Access to Medicine Index. 2014.
https://accesstomedicinefoundation.org/media/atmf/2014-Access-to-Medicine-Index.pdf (accessed March 12,
2018).

6 World Health Organization. Global health sector strategy on HIV 2016-2021. 2016.
http://apps.who.int/iris/bitstream/10665/246178/1/WHO-HIV-2016.05-eng.pdf?ua=1 (accessed March 12, 2018).
7 Burrone E, Perry G. Ensuring new medicines reach those in most need. Lancet HIV 2015; 2: e362-3.

8 KPMG statement. 2017. https://medicinespatentpool.org/uploads/2017/06 /KPMG-statement_13-Oct-
2017.pdf (accessed March 11, 2018).

9 Press release. Mylan Receives Tentative Approval for ‘TLD’ Under PEPFAR. 2017.

https://www.prnewswire.com/news-releases/mylan-receives-tentative-approval-for-tld-under-pepfar-
300500233.html (accessed March 12, 2018).

10 World Health Organization. WHO Submission to the UN SG High Level Panel on Access to Medicines. 2016.
https://staticl.squarespace.com/static/562094dee4b0d00c1a3ef761/t/56e746279f7266a586c2b893 /1457997352
055/WHO_HLP_Submission_7Mar2016.pdf (accessed Feb 16, 2018).

11 Wirtz V], Hogerzeil H V, Gray AL, et al. Essential medicines for universal health coverage. Lancet 2017; 389:
403-76.
12 GlaxoSmithKline. Increasing medicine access across the world’s poorest nations. 2016.

https://au.gsk.com/en-au/behind-the-science/access-to-healthcare/increasing-medicine-access-across-the-worlds-
poorest-nations/ (accessed Feb 16, 2018).

13 World Health Organization. Essential medicines. http://www.who.int/topics/essential_medicines/en/
(accessed March 12, 2018).
14 World Health Organization. Revised procedure for updating WHO’s Model List of Essential Drugs. 2001.

http://apps.who.int/medicinedocs/documents/s22165en/s22165en.pdf (accessed March 8, 2018).

Exploring the expansion of the Medicines Patent Pool’s mandate to patented essential medicines 31



15 World Health Organization. Report of the WHO Expert Committee on the Selection and Use of Essential
Medicines. 2013. http://apps.who.int/iris/bitstream/10665/112729/1/WHO_TRS_985_eng.pdf (accessed Jan 30,

2018).

16 Magrini N, Robertson ], Forte G, et al. Tough decisions on essential medicines in 2015. Bull World Health
Organ 2015; 93: 283-4.

17 Beall RF, Attaran A. Patent-based Analysis of the World Health Organization’s 2013 Model List of Essential
Medicines. 2016.

18 World Health Organization. Report of the WHO Expert Committee on the Selection and Use of Essential

Medicines. 2002. http://www.who.int/medicines/publications/essentialmeds_committeereports/TRS_914.pdf
(accessed March 15, 2018).

19 The Medicines Patent Pool. MedsPaL. http://www.medspal.org/ (accessed Feb 3, 2017).

20 World Health Organization. The Selection and Use of Essential Medicines: Report of the WHO Expert
Committee. 2015. http://apps.who.int/iris/bitstream/10665/189763/1/9789241209946_eng.pdf?ua=1 (accessed
Oct 17,2017).

21 Shulman LN, Wagner CM, Barr R, et al. Proposing Essential Medicines to Treat Cancer: Methodologies,
Processes, and Outcomes. J Clin Oncol 2016; 34: 69-75.
22 WHO EML Expert Committee. Report of the WHO Expert Committee on Selection and Use of Essential

Medicines. WHO Tech. Rep. Ser. 2017.
http://www.who.int/medicines/publications/essentialmedicines/EML_2017_EC21_Unedited_Full_Report.pdf?ua=1
(accessed Sept 14, 2017).

23 Wirtz V], Hogerzeil H V., Gray AL, et al. Essential medicines for universal health coverage. Lancet 2016.

24 Robertson |, Barr R, Shulman LN, Forte GB, Magrini N. Essential medicines for cancer: WHO
recommendations and national priorities. Bull World Health Organ 2016; 94: 735-42.

25 UNITAID. Ensuring that essential medicines are also affordable medicines: challenges and options. 2016
https://unitaid.eu/assets/Ensuring_that_essential_medicines_are_also_affordable_medicines_challenges_and_options
-1.pdf.

26 United Nations General Assembly. Political Declaration of the high-level meeting of the General Assembly on

antimicrobial resistance. 2016.
http://www.un.org/ga/search/view_doc.asp?symbol=A/71/L.2&referer=/english/&Lang=E (accessed March 12,
2018).

27 The Review on Antimicrobial Resistance Chaired by Jim O’Neill. Tackling drug-resistant infections globally:
final report and recommendations. 2016. https://amr-review.org/sites/default/files/160525_Final paper_with
cover.pdf (accessed Feb 18, 2018).

Exploring the expansion of the Medicines Patent Pool’s mandate to patented essential medicines 32



2 Methodology

This section outlines the methodology used to explore the feasibility of expanding the
MPP’s mandate to work on patented essential medicines. Additional details are
available in the appendix.

2.1 Identification of patented essential medicines

In order to explore the feasibility of expanding the MPP’s mandate to include patented
essential medicines in other therapeutic areas, the MPP first identified patented
medicines included on the WHO EML. We used as our starting point recent studies
published by Unitaid and the World Intellectual Property Organization (WIPO) that
analysed patent protection on medicines in the EML.12 As these studies were published
before the release of the most recent EML in 2017, we additionally assessed patent
status for medicines added in 2017. Medicines used for the treatment of human
immunodeficiency virus (HIV), hepatitis C (HCV) and tuberculosis (TB) were excluded
from this analysis, as the MPP’s current area of work includes these therapeutic areas.

We also reviewed the reports of the WHO Expert Committee to identify other medicines
with potential for future inclusion in the EML, as discussed in the preceding chapter.

2.2 Mapping the patent landscape

The MPP identified relevant patent families for the medicines included in case studies
using the FDA Orange Book and the Health Canada Patent Register.3# These databases
list patents that were supplied by the originator company as relevant to patent
protection. There are known limitations regarding the types of patents that are listed
under both resources, for example, process patents are not included,> and some of the
patents listed may in practice not block generic market entry. These resources
nevertheless offer the best available picture and reflect the patent holders’ own
assessments. This is the same methodology used for the MPP’s patents and licences
database MedsPalL, an established resource for the patent status of essential medicines.®

We assessed patent status and likely patent expiry dates in a sample of LMICs with a
focus on countries with significant domestic capacity in manufacturing generic
medicines. We used online patent databases, data provided by some patent offices
themselves and commissioned patent lawyers to conduct searches. The jurisdictions for
which patent status was assessed include the African Regional Intellectual Property
Organization (ARIPO; covering 19 countries in Africa), Brazil, China, the Eurasian Patent
Organization (EAPO), Guatemala, India, Indonesia, Morocco, the Organisation Africaine
de la Propriété Intellectuelle (OAPI; covering 17 countries in Africa), Philippines,
Ukraine, South Africa, Thailand, and Vietnam.

2.3 Review of disease burden and treatment landscape

We estimated the disease burden for the selected medicines using established sources
for epidemiological data - the Global Burden of Disease study,”8 the GLOBOCAN project
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maintained by the WHO International Agency for Research on Cancer,? and the Diabetes
Atlas maintained by the International Diabetes Federation.1?

In reviewing the landscape of treatments and diagnostics for the relevant diseases, we
drew on submissions made to the WHO Expert Committee, as well as the Committee’s
reports, WHO publications, relevant United States and European treatment guidelines,
key clinical evidence (e.g. clinical trials, meta-analyses, published real-world data), and
published analyses of the availability of relevant treatments and diagnostics.

2.4 Country-level analysis

The MPP commissioned a series of national background papers from local expert
clinicians to provide a perspective of the current standard of care for some of the
relevant therapeutic areas in their countries. These national reports covered current
diagnostic and treatment practices, current access challenges and potential
opportunities for improving access to the best available treatments.

The countries covered in these national reports were:
e For cancer treatments - Botswana, Haiti, Kenya, Nicaragua, Pakistan, Uzbekistan
and Vietnam.
e For novel oral anticoagulants - Botswana, India, Nigeria, Peru and South Africa.
e For novel treatments for type 2 diabetes - Cambodia, India, Pakistan, Peru and
Tanzania.

Additionally, national experts collected information on local availability, pricing, generic
status and registration of the medicines.

We reviewed 25 recent national essential medicines lists (NEMLs) from LMICs to which
we had access to provide a sense of the extent to which the medicines analysed in the
case studies were included in NEMLs. Given the complexity of obtaining and reviewing a
wide range of NEMLs, and analysing the patent status of hundreds of medicines, we did
not additionally analyse medicines in NEMLs that were not already part of the case
studies (see Chapter 1). However, medicines included in NEMLs but not in the WHO
EML may merit further attention in the future.

2.5 Consultations with experts and stakeholders

The MPP established a Steering Group to guide the development of the feasibility study,
composed of subject matter experts with extensive experience in access to medicines
(see Acknowledgements).

We held a wide range of informal consultations with experts in relevant disease areas
(diabetes, oncology, cardiovascular disease, and antimicrobials) and stakeholder
groups. In addition to informal consultations, we conducted semi-structured interviews
with civil society organisations, and representatives from originator and generics
companies. We also consulted government representatives at the 2017 World Health
Assembly and subsequently in other fora. We solicited peer review for individual
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chapters from eminent experts in the relevant fields. A list of experts and stakeholders
consulted as part of this study is included in the Acknowledgements.

2.6 Focus on new antibiotics

Numerous recent reports have analysed the issue of antimicrobial resistance and
recommended MPP playing an important role as part of innovative R&D financing
mechanisms..11-13 An earlier analysis conducted by the MPP - the TB Stewardship
Report - identified ways in which the MPP could tailor its licences to contribute to
addressing both access and stewardship needs for novel TB antibiotics.1#

In this study, we further developed potential MPP approaches in the field of
antimicrobials, drawing on the findings of the MPP’s TB Stewardship Report, the report
of the O’Neill Review on Antimicrobial Resistance, the Report from the Chatham House
Working Group on New Antibiotic Business Models, the DRIVE-AB report, the WHO
priority pathogens list (PPL), the AMR Benchmark 11-1315 and consultations with leading
stakeholders.

2.7 Estimation of public health and economic impact

For some medicines, we modelled quantitative estimates of the potential public health
and economic impacts that could result from MPP licensing. We developed estimation
models based on assumptions regarding various treatment and market factors, which
are summarised in Table 1 (details in appendix).

Table 1. Assumptions/sources used for modelling potential public health and
economic impact of MPP licensing under an expanded mandate.

Epidemiology Data from Global Burden of Disease study, GLOBOCAN, and IDF Atlas

Market Conservative assumptions varying by medicine, taking into account, among

penetration other factors, the proportion of the population that is undiagnosed, guideline-
recommended use, and availability of alternative treatments

Efficacy Clinical trials, meta-analyses, modelling published by the UK National
Institute for Health and Care Excellence (NICE)

Cost savings Estimated cases treated multiplied by price difference between projected
generic price and current lowest originator price in India

Market Assumed licence signed in 2019, generic market entry 1-3 years later, uptake

dynamics increases linearly over 5 years*, price of MPP-enabled generic treatments
decreases gradually

Territory Countries in past MPP licences (see 2.8. Geographical scope of the analysis)

Impact duration | From time of hypothetical generic market entry to one year after expiry of
relevant patents in LMICs. Impact is halved after expiry of compound patent.

2.8 Geographical scope of the analysis

The MPP’s work focuses on improving health outcomes in countries designated by the
World Bank as low- and middle-income economies. 1617 The geographical scope of
licences negotiated by the MPP varies. Since there is little precedent for access-oriented
licensing in the therapeutic areas analysed, it is difficult to predict the likely
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geographical scope of such licences. As a result, while in general the study looked at
low- and middle-income countries (LMICs) more broadly, for the purpose of estimating
public health and economic impact, we focussed on the countries that have in general
been included in past MPP licences in HIV and HCV. We use the term ‘countries in past
MPP licences’ (CPL) for this group of countries, which was defined as all low- and lower-
middle income, as defined by World Bank,!” plus all countries in sub-Saharan Africa.1®

2.9 Market analysis

We collected data on pricing and availability from the Management Sciences for Health
International Medical Products Price Guide,!° national databases,?°-22 and data provided
by the experts in national background papers. We assessed the availability of generic
products based on data provided by the national experts, as well as by reviewing Drug
Master File submissions to the US FDA, discussion with manufacturers, and generics
manufacturers’ websites for indications that generic versions were in development.

To complement information on access to treatments provided by national experts, we
reviewed initiatives by originator companies to increase access to the selected
medicines by consulting publications by the International Federation of Pharmaceutical
Manufacturers and Associations and the Access to Medicine Foundation.?324 We also
reviewed relevant companies’ corporate social responsibility reports.

Lastly, we projected potential generic prices for the medicines analysed by applying a
standard generic price erosion curve to current originator prices in India,2> and,
separately, by calculating the cost-of-goods based on the prices of the active
pharmaceutical ingredient exported from India, using previously described methods.2¢

2.10 Analysis of opportunities and challenges

We undertook an analysis of potential opportunities and challenges for the MPP in
expanding its mandate. This was based on internal evaluation of the findings in the case
studies, as well as extensive consultations with diverse stakeholders, including
originator and generics companies, academic experts and representatives from
governments and civil society.
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3 Patented medicines included in the EML: Case study
on medicines for chronic myeloid leukaemia

3.1 Background

New, patented medicines have been added to the WHO EML in each of its recent
revisions. Beyond HIV, HCV, and TB, other patented medicines that have recently been
added to the EML have been primarily for the treatment of certain cancers, hepatitis B
or for reproductive health. Two cancer medicines on the WHO EML have compound
patent protection and, unless licensed to generic manufacturers, are unlikely to become
available as generics in LMICs until those patents expire. In this case study, we examine
the case for MPP licensing of these two medicines - dasatinib and nilotinib - which
were added to the WHO EML in 2017 as second-line treatments for chronic myeloid
leukaemia.l? Some other cancer medicines in the EML that still have secondary patent
protection in certain countries are discussed in Chapter 8.

3.2 Burden of disease in low- and middle-income countries

Chronic myeloid leukaemia (CML) is a condition in which a type of stem cell begins to
proliferate uncontrollably. This process suppresses the normal development of blood
cells, leading to fatigue, anaemia and spleen enlargement. 3 Other initial symptoms of
CML include fever, abdominal pain and a feeling of fullness, and pain in the bones.*
Before the advent of newer medicines called tyrosine kinase inhibitors (TKIs), the
expected survival time for CML was five to seven years.> With TKI treatment, it is
estimated that survival time may now be more than 25 years.3 In 2015, there were
106,000 prevalent cases of CML in countries included in past MPP licences. There were
a further 83,000 people with CML in other upper middle-income countries.® We project
that prevalence in countries included in past MPP licences will increase to 147,000 by
2030 and incidence will increase to 32,000 (appendix).

In 85-90% of cases, CML is caused by a mutation in chromosome structure, with the
resulting altered chromosome known as the Philadelphia chromosome.” This altered
chromosome produces a mutated tyrosine kinase enzyme which leads to uncontrolled
cell growth. Imatinib, the first drug that could selectively inhibit this mutated enzyme
and thus control the disease, was developed in the 1990s,8 and added to the WHO EML
in 2015.2 Newer medicines in the same class are termed second-generation TKIs (SG-
TKIs), which include dasatinib and nilotinib. These newer medicines are the focus of the
analysis presented in this chapter.

In the US, the median age at presentation for CML is 55 to 65 years.? In high-income
countries, CML is generally diagnosed as an incidental finding before it has become
symptomatic, while undertaking a blood sample analysis.* Studies have suggested that
the median age of presentation may be 20 years lower in Africa and Pakistan compared
to high-income countries.1011 However, in India, it is unusual for CML cases to be
diagnosed while they are still asymptomatic - they are usually diagnosed when the
disease is already more advanced.1?2-14 A similar pattern is reported in Nigeria.l> This
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later presentation of CML in resource-poor settings is likely due to the lower rate of full
blood count testing compared to high-income countries.

National background papers commissioned to inform this feasibility study suggest that
the proportion of cases that are diagnosed is as low as 30% in Kenya, Haiti and
Botswana, while local experts in Pakistan and Uzbekistan reported diagnosis rates may
be more than 90%. Without more systematic data, these numbers need to be
interpreted with caution.

3.3 Note on acute lymphocytic leukaemia

In addition to use as second-line therapy in CML, dasatinib is also indicated for acute
lymphocytic leukaemia (ALL) when it displays the Philadelphia mutation (Ph+ ALL).16
There were 439,000 people living with ALL in countries included in past MPP licences
in 2015, of which about 70,000 are estimated to be Philadelphia chromosome positive.

About 60% of cases of ALL occur in people less than 20 years of age,!” and about 16% of
cases display the Philadelphia chromosome mutation. In broad terms, ALL manifests
with symptoms similar to those in CML. However, these symptoms usually present
suddenly in ALL, as opposed to slowly emerging in CML.18 In high-income countries,
when optimal treatment is given, survival rates for ALL are excellent.1® A subset of ALL
has a significantly worse prognosis (unless treated with TKIs), with up to 75% of those
affected dying within a year.20

Imatinib is approved for the first-line treatment of Ph+ ALL and dasatinib is approved
for second-line treatment of Ph+ ALL. Dasatinib has been shown to be efficacious in Ph+
ALL as first- or second-line treatment, in combination with chemotherapy.2? There is
evidence that nilotinib is also effective in Ph+ ALL, though it is not licensed for this
use.?! While this chapter focuses mainly on CML, the impact analysis below also
considers the possible use of dasatinib for the treatment of ALL.

3.4 Outline of drugs, diagnostic methods and guidelines

Imatinib, dasatinib and nilotinib are all approved for the first-line treatment of CML.22
However, dasatinib and nilotinib were included in the EML due to their importance as
second-line treatments, which therefore remains the main focus of this chapter.

While imatinib is a highly effective medicine, an estimated 23% (or 40% according to
the UK National Institute for Health and Care Excellence) of patients with CML may
eventually become resistant or intolerant to standard-dose imatinib.2324 Treatment
options for imatinib-resistant CML include high-dose imatinib (300-400mg twice daily,
as opposed to the normal dose of 400mg once daily), dasatinib, or nilotinib.22

European and US guidelines recommend all three treatments as second-line
therapies.2>26 However, dasatinib and nilotinib may offer multiple benefits to high-dose
imatinib. US guidelines consider that patients with primary resistance to imatinib are
unlikely to benefit from dose escalation and a SG-TKI should be used.?¢?7 In addition,
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trials have suggested that an earlier, rather than later, switch to SG-TKIs results in
better patient outcomes.??

SG-TKIs have shown greater efficacy compared to imatinib in vitro and have shown
larger responses in proxy measures of disease activity.28 So-called ‘deep molecular
responses’ are more frequently achieved with dasatinib or nilotinib compared to high-
dose imatinib. Deep molecular response is associated with better event-free survival,
transformation-free survival, and failure-free survival.22.29-32 The risk of transformation
from chronic phase to accelerated or blast phase leukaemia is decreased in patients
taking dasatinib or nilotinib rather than imatinibF.24 Dasatinib and nilotinib are also
considered to have favourable side effect profiles compared to imatinib.22.23

Modelling exercises undertaken for the UK National Institute for Health and Care
Excellence (NICE) estimated that quality adjusted life years (QALYs) and overall
survival gain conferred by dasatinib and nilotinib were greater than those conferred by
high-dose imatinib, and that dasatinib and nilotinib are better tolerated overall than
imatinib in terms of side effects.?3:33

Two other TKIs have been approved for the treatment of CML: bosutinib and
ponatinib.2526 These medicines were not considered by the WHO Expert Committee for
inclusion in the EML. We therefore do not focus on them. However, some of the
conclusions may be equally applicable to bosutinib and ponatinib.

3.4.1 Diagnosis and monitoring of chronic myeloid leukaemia

Various modalities exist to diagnose and monitor CML. Cytogenetic analysis, the oldest
method, requires a bone marrow sample, which is collected through a painful procedure
in which a special needle is placed into the hip bone. Newer techniques can diagnose
Ph+ CML using a blood sample, termed FISH and PCRF.

In sub-Saharan Africa, significant challenges exist in diagnosing haematological
malignancies due to a lack of laboratories, equipment, and skilled staff.34 In India,
cytogenetic analysis costs US$8-15, FISH costs US$31-46, and PCR costs US$77-108,
per test.1* GeneXpert machines, initially developed and distributed through health
systems to diagnose multidrug-resistant TB, can be used to detect Ph+ CML. Public
health experts hope the technology will make diagnosis easier and affordable in the
near future.34-37

National background papers commissioned to inform this feasibility study noted that in
Haiti, molecular testing to diagnose Ph+ CML relies on sending bone marrow out of the
country, although GeneXpert machines are being repurposed for Ph+ CML diagnosis.
Diagnosis by FISH is available in Botswana. In Kenya diagnosis is performed through
cytogenetic testing and/or PCR, which is partially supported by the Glivec International
Patient Assistance Program (now called CMLPath to Care; more on this below). FISH and
PCR are available in Uzbekistan.

E In patients with non-low Sokal risk scores.?> In a study of Indian CML patients, 79% had non-low Sokal
scores.51
FFISH - fluorescent in situ hybridisation. PCR - reverse transcriptase polymerase chain reaction.
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The major modalities of monitoring CML response to treatment are cytogenetic
response, requiring bone marrow sampling, and molecular response, which uses simple
blood samples. Both are proxy measures for clinical outcomes.2>

3.4.2 Availability and affordability of medicines

Data on access to dasatinib and nilotinib in LMICs is sparse. In India, it has been noted
that in most large centers “patients who experienced treatment failure with imatinib
are now back to receiving older medicines, such as hydroxyurea“# A study in Rwanda
noted that monitoring of CML patients receiving imatinib “had little practical
implication given that if resistance to imatinib had developed, other treatment options
were not available”.3¢ During consultations with certain governments, dasatinib and
nilotinib were mentioned among the medicines for which high prices are challenging for
access. In some cases, this made their inclusion in NEMLs difficult.

National background papers commissioned to inform this feasibility study showed
highly varied availability between countries. There are originator access initiatives in
place for imatinib and, to a lesser extent, nilotinib and dasatinib, which provide free or
discounted access to these medicines for patients in some LMICs and have contributed
to making them accessible (see section 3.9). Where originator access initiatives were
not in place, the drugs were either unavailable or available on the private market at high
prices (Table 1). In Botswana, while generic imatinib has recently been registered,
access to SG-TKIs is costly and, given the small number of patients, effective price
negotiations could be challenging. In Haiti, dasatinib is theoretically available through
donations. However, mutational testing for resistance to first-line agents is currently
unavailable. In Pakistan there is partial support through an originator access program.
In South Africa, only nilotinib appears to be available in the public sector, at US$156 per
month. On the Indian private market, nilotinib is currently priced at US$3,742 per
month,38 and dasatinib at US$2,843 per month.3°

Table 1. Prices and availability of dasatinib and nilotinib in selected countries.

Medicine Price per month (USD)

Dasatinib Nilotinib \
Botswana N No data
Haiti N N
Kenya Originator donated through GIPAP, $2,260

no generic available
India $2,842 $3,742
Pakistan $489** $4,341

(partial GIPAP support)

South Africa $1,650 (private), not available in $156 (public), $2,160 (private)

public sector
Uzbekistan N Originator donated through GIPAP, no

generic available

Viet Nam N Originator donated through GIPAP, no
generic available

N - not registered and/or unavailable. GIPAP - Glivec International Patient Access Programme,
recently replaced by CMLPath to Care. **Available but not registered.

Assumed dosage: imatinib 400mg/day, dasatinib 100mg/day (price for Pakistan approximated based
on price for 140mg tablets), nilotinib 800mg/day.
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3.5 Tyrosine kinase inhibitors for CML and the WHO Expert Committee

Imatinib was first submitted for inclusion in the WHO EML in 2013 and eventually
added in 2015.240 At the time imatinib was first submitted, the medicine was still under
patent in several LMICs.#! In 2017, the WHO Expert Committee added dasatinib and
nilotinib to the WHO EML as second-line therapies for Ph+ CML, noting that they confer
“arelevant clinical benefit resulting primarily from large response rates (i.e. complete
cytogenetic response) in patients with otherwise very limited treatment options”.!

3.6 Inclusion in national essential medicines lists (NEMLs)

Of the 25 recent NEMLs from LMICs that we were able to review, imatinib was included
in those of Colombia, Peru, Kenya, Costa Rica, the Dominican Republic, Russia, South
Africa, Panama, India and Serbia, as well as in Mexico’s reimbursement list.

Dasatinib was included in the NEMLs of Peru, Thailand, Bulgaria, Croatia, Jordan, Russia
and Panama.

Nilotinib was included in the NEMLs of Mexico, Thailand, Bulgaria, Jordan, Russia, South
Africa, Syria, Panama and Serbia.

3.7 Patent landscape for second-generation tyrosine kinase inhibitors

While the primary patent for imatinib expired in 2013, secondary patents on imatinib
are in force until 2018/21, which may delay access to generics in countries where those
patents are granted. The expiry dates for the primary patent on dasatinib and nilotinib
are 2020/24 (depending on the country) and 2023 respectively. Secondary patents on
these medicines may provide exclusivity until 2025-2030 and could delay generic
market entry in certain countries. As shown in the table below, patents have been
granted in key countries of manufacture such as India, China, and South Africa,
including many of the secondary patents.
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Table 2. Patent status of CML drugs in some LMICs and expected expiry dates.

Expected date
of expiry

Imatinib

Product patent 2013

B-Crystalline form of Imatinib 2018 . F G G* . G R . . G G . G
IMesylate

[Method of treating 2021 . F G G* ? . . ? ? G . ? G

gastrointestinal stromal
tumours

Nilotinib

Product patent 2023 . G G G* . . G . . G G . G
Nilotinib Monohydrochloride 2026 . F G G* G F (6] G . G F . G
|salt

Method of treating 2030 . F G F* F G F G . G A . G
proliferative disorders with

nilotinib.

[Dasatinib

Dasatinib product 2020/2024 . F F F* . . G . . G F G G
Crystalline Dasatinib 2025 . F G G* . . (] . . F . . G
monohydrate

G - granted. F - filed. R - refused. * - in Russia only. Blank - not filed. ? - no data. ARIPO - African Regional
Intellectual Property Organization, EAPO - Eurasian Patent Organization, OAPI - Organization Africaine de
la Propriete Intellectuelle.

3.8 Relevant market analysis for generic manufacturer interest in the area

With the expiry of the primary patent on imatinib, a number of generic manufacturers
have entered the Indian market and other LMICs. However, patients with CML that
eventually develop resistance or intolerance to imatinib would benefit from switching
to SG-TKIs such as dasatinib and nilotinib, neither of which currently have generic
versions available on the market. Nine generic manufacturers have submitted data on
the active pharmaceutical ingredient to the US FDA for dasatinib, and eight for nilotinib,
suggesting that several companies eventually plan to apply for approval for a generic
version.*? Some of these submissions are from manufacturers that have an established
relationship with the MPP as generic partners and have been actively supplying LMICs
with medicines for HIV and hepatitis C.

Market analyses estimate that about half of the high-income country market in value
terms will comprise second- and third-generation CML drugs in 2020, with the other
half comprising generic imatinib.#3 Similar projections are not available for LMICs, and
will likely depend on price, generic market entry and originator access programmes.
Originator nilotinib is currently priced at US$3,742 per month on the Indian private
market, and dasatinib at US$2,843 per month. Generic prices in LMICs could vary
significantly based on a number of factors, including volumes, which in the case of these
medicines will remain low. In Tamil Nadu, imatinib is procured for $8 per patient per
month via state tender.4
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Medicines with lower dosage can often have a significant price advantage over generic
medicines that have higher API cost requirements.#> Dasatinib has notably lower dosage
(100mg daily) than nilotinib (400mg daily) and high-dose imatinib (600-800mg daily).
This may mean that generic dasatinib could eventually be less expensive, as less APl is
needed per tablet.

3.9 Initiatives by originators to improve access to SG-TKIs in LMICs

Novartis, the originator company for imatinib, has partnered with the Max Foundation,
a non-governmental organisation, to operate a donation scheme for imatinib -
previously called the Glivec International Patient Assistance Program (GIPAP), now
CMLPath to Care. The programme “[makes] imatinib accessible to all medically and
financially eligible patients within 80 countries on an ongoing basis as long as their
physicians prescribe it and no other means of access exists”.#¢ In India, 55% of
diagnosed patients receive imatinib through CMLPath to Care at free or a reduced
price.*” For nilotinib and dasatinib, access through this programme appears to be more
limited. CMLPath to Care provides nilotinib for second-line treatment in a subset of
those countries in which it provides imatinib. Many lower-middle income countries in
Sub-Saharan Africa, Asia and Latin America are not covered.484° At present, the
program is expected to run until 2021.48

In Pakistan, Novartis has partnered with provincial governments. In four provinces, the
agreements entail Novartis covering the cost of imatinib for nine months and of
nilotinib for 11 months, with the provincial government then covering a further three
months of treatment with imatinib, and one month with nilotinib. Two other provinces
have a different agreement, where both Novartis and the provincial government
partially cover the price of imatinib and nilotinib, but the patient must pay 20-50% of
the price as well as laboratory monitoring costs. This latter programme experiences a
higher rate of non-compliance, presumed to be due to higher out-of-pocket expenses.¢

Dasatinib is also donated to the Max Foundation by the originator Bristol Myers-Squibb
for specified countries. The initiative is “designed to respond to spontaneous requests
for treatment access on behalf of patients who are uninsured and underinsured, where
product is either not available commercially, where significant access hurdles exist and
where local market initiatives cannot enable access to the therapy”.5? The Max
Foundation also donates GeneXpert diagnostic equipment to selected countries.*?

3.10 Estimated public health impact for MPP intervention in SG-TKIs

Potential economic and public health impacts of hypothetical MPP licences on SG-TKIs
inhibitors were estimated using the methodology outlined in Chapter 2 and described in
more detail in the appendix. The assumed duration of impact was five years and we
modelled low-uptake and high-uptake scenarios. See the appendix for further details.

G Details on these programmes in Pakistan are drawn from a background paper commissioned to inform
this feasibility study.
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Table 3. Estimated public health impact for MPP intervention in SG-TKIs in
imatinib-resistant Ph+ CML.

Dasatinib Nilotinib

Total duration of impact 5 years

Total patient-years of treatment 42,000-150,000 17,000-124,000
Total life-years gained (calculated only 5,000-33,000 3,000-19,000
for treatment of imatinib-resistant Ph+

CML)

3.11 Estimated economic impact for MPP intervention in SG-TKIs

We estimated that total theoretical savings in countries included in past MPP licences
could range between US$0.2-1.6 billion (ranges represent low- and high-uptake
scenarios). Economic savings took into account the donation programmes in place for
dasatinib and nilotinib in a number of LMICs.

3.12 Conclusions

While CML is a relatively uncommon type of cancer, it can be treated with effective oral
medicines to achieve nearly normal life expectancy.? SG-TKIs such as dasatinib and
nilotinib are preferable to imatinib in patients that have primary imatinib resistance,
and in patients intolerant to normal-dose imatinib, and show superiority in proxy
measures that are likely to translate into clinical benefits.222526

We estimated that an MPP licence on SG-TKIs could potentially deliver up to 150,000
patient-years of treatment in countries included in past MPP licences over a period of
five years.

While the focus of this chapter has been primarily on dasatinib and nilotinib in second-
line treatment, SG-TKIs may also be used in first-line treatment and may be preferable
to imatinib in patients with a high risk of progression (reported to be high in a study in
India®?). In addition, dasatinib, and possibly nilotinib may become important first-line
therapies for ALL too. We did not consider bosutinib or ponatinib, but they may also
merit further analysis.

Various factors may limit the potential impact of a hypothetical MPP license on SG-TKIs.
In particular, the market for SG-TKIs is small and spread thinly across LMICs, which
may limit its attractiveness for generic manufacturers, until they are able to
simultaneously supply more profitable markets in high-income countries. There are,
however, several manufacturers that are developing these medicines and have
expressed interest in supplying LMICs.

Despite these challenges, lessons can be drawn from the case of imatinib in LMICs.
Despite the small market, several manufacturers developed generic versions in India
many years before generics reached high-income countries, resulting in significant price
reductions.52 The Indian state of Tamil Nadu, for example, procures imatinib for $8 per
patient per month.#4
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The donation programmes established by the originator companies in partnership with
the Max Foundation have played an important role in facilitating access to treatment
and diagnostics for CML in certain countries and could provide a springboard for
transitioning towards what could be a more sustainable access model in the future.
Discussions with all parties would be important to determine opportunities and
challenges.

As with imatinib, nilotinib and dasatinib are small molecules that could be
manufactured at relatively low cost and several manufacturers are developing generic
versions of these medicines. MPP licences could potentially provide early access in
certain LMIC markets. This could enable more people to have access to two highly
effective essential medicines for cancer.
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4 Patented medicines that the WHO Expert
Committee considered as having relevant clinical
benefits but needing additional data: Case study on
novel medicines for type 2 diabetes

4.1 Background

The WHO Expert Committee considers applications for inclusion in the EML on the basis
of public health relevance, safety, efficacy and comparative cost-effectiveness. For some
medicines, the Committee may consider that the available evidence is not strong enough
to recommend immediate inclusion, but that additional evidence may justify inclusion
in the future if such evidence confirms the benefits shown in earlier data. One such case
can be seen in the SGLT2 inhibitors, a novel class of medicines for the treatment of type
2 diabetes.

The 2017 WHO Expert Committee considered a review of second-line treatments for
type 2 diabetes and highlighted the SGLTZ inhibitors in view of their clinical benefit as
second-line therapy and mortality-reducing effect in patients at high risk of
cardiovascular events.! The Committee indicated that more clinical data were needed
before this class of medicines could be reconsidered for addition to the list.

This case study will consider the current challenges with treatment of type 2 diabetes in
low- and middle-income countries (LMICs) and the potential for the MPP to play a role
in accelerating access to new treatments.

4.2 Burden of disease in low- and middle-income countries

Diabetes represents a major cause of illness, causing five million deaths worldwide in
2015.2 The number of people living with diabetes is expected to increase from 415
million in 2015 to 642 million by 2040.2 In countries included in past MPP licences, the
prevalence is estimated to reach 200 million people in the next 15 years (see appendix).

Diabetes and deaths due to high blood glucose are now more common in LMICs than in
high-income countries (Figure 1),3 and diabetes represents a greater disease burden
globally (in terms of disease-adjusted life years) than tuberculosis or malaria.*

While it is estimated that about half of diabetes cases in LMICs are undiagnosed,® its
impact is significant. The prevalence of diabetes has quadrupled worldwide since 1980,
and continues to rise particularly in LMICs (Figure 1).367 It is estimated that diabetes
will cause more than US$1.1 trillion economic losses in LMICs in 2030.8
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Figure 1. Evolution in the proportion of the population living with diabetes, by
country income category, 1980-2012. It is estimated that approximately 90% of
cases are type 2 diabetes.
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Figure adapted from the World Health Organization’s Global report on diabetes, 2016.3
World Bank lending groups used for income categories.

The three main types of diabetes are termed type 1 diabetes (T1D), type 2 diabetes
(T2D), and gestational diabetes (diabetes arising during pregnancy). T2D represents
more than 90% of global diabetes and is the focus of this chapter.® In all types of
diabetes, the levels of blood sugar are raised, which, if uncontrolled over time, can lead
to many serious and life-threatening complications.

In T2D, the body becomes resistant to insulin, secretion of insulin becomes impaired, or
both.7? The development of T2D is closely associated with overweight and obesity, but
there is evidence to suggest that Black, Hispanic, and Asian populations develop risk for
diabetes at a lower body mass index than Caucasian populations do.67.10-13

4.3 Complications of diabetes

The long-term clinical management of T1D and T2D is focused on preventing long-term
complications, which include damage to the kidneys, eyes, nerves and cardiovascular
system. Diabetes causes up to 55% of all end-stage kidney failure,® and 7% of diabetics
have damage to the retina severe enough to threaten sight.14

Cardiovascular complications are particularly important (and are the key focus of this
case study). Diabetes increases the risk of cardiovascular disease,'> and cardiovascular

disease is responsible for more than 70% of deaths in people with T2D.16

Compared to people living with diabetes in high-income countries, people living with
diabetes in LMICs may have a higher risk of developing complications. For example,
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high blood sugar is generally detected later in Africa, suggesting a higher risk of
complications at the time of diagnosis.>1” In addition, the onset of diabetes is generally
earlier in Asians, leading to a higher long-term risk of complications.18

4.4 Outline of type 2 diabetes treatment, drug classes, diagnostic methods,
and guidelines

441 Diagnosis and monitoring

T2D is diagnosed by detecting blood glucose levels that are above defined limits, using
tests that measure blood glucose directly, or by measuring glycated haemoglobin
(HbA1c) levels.

Blood glucose levels are ideally measured by laboratory analysis of a sample of venous
blood, but point-of-care capillary blood glucose meters are more convenient and an
acceptable alternative.l® However, these point-of-care devices come with their own
challenges for access.?? HbA1c testing is more convenient in that it does not require the
individual to fast before the test. In addition, HbA1c better reflects long-term diabetes
control, and point-of-care measurement devices are available. However, HbAlc
measurement is more expensive than other modalities.1??1 A WHO survey found that
blood glucose measurement was generally available in primary care settings in more
than 90% of upper-middle-income countries and more than 80% of lower-middle-
income countries, but only 50% of low-income countries.??

T2D is ideally monitored through at least twice-yearly HbAlc measurements or, if not
available, blood glucose measurements.1° In addition to monitoring glycaemic control, it
is critical to incorporate complication surveillance, including regular monitoring of
kidney function, eye and foot health, and cardiovascular risk factors.1?

National background papers commissioned to inform this analysis revealed substantial
variety in diagnosis and monitoring practices. In Cambodia, the majority of diabetes
patients are diagnosed through random blood glucose measurement late in the disease
process when complications are already severe. Similarly, in Pakistan,, the proportion
of the population screened for diabetes is likely to be less than 5%, and diagnosis is
normally preformed using random blood glucose measurement with a point-of-care
device. In India, screening is done opportunistically, most often with a point-of-care
blood glucose meter. However, in Peru blood glucose screening is part of standard
cardiovascular screening done for patients more than 40 years of age.

The IDF estimates that 47% of diabetes is undiagnosed globally, with regional rates of

undiagnosed diabetes ranging from a low of 30% in North America and the Caribbean to
a high of 67% in Africa (Figure 5).2
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Figure 5. Percentage of diabetes that is undiagnosed, by region.
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4.4.2 Treatment of Type 2 Diabetes

While we focus on pharmaceutical interventions, it is important to note that
interventions to promote a healthy lifestyle may be as or more important in controlling
the type 2 diabetes epidemic at the population level. The WHO Global action plan for the
prevention and control of NCDs, for example, proposes numerous policy options for
member states aimed at promoting healthy eating and exercise.?3

US and European treatment guidelines advocate starting treatment with metformin as
soon as T2D is diagnosed (unless contraindications are present), along with dietary
changes and exercise.2425

Figure 6. Summary of pharmacological treatment guidelines for T2D (American
Diabetes Association).

Type 2 diabetes diagnosed
v

Metformin

¢ if glucose levels not adequately controlled

Preferred second-line
therapies (choice depends
on patient-specific factors):

Metformin + 1 second-line therapy — ., Sulphonylureas

¢ if glucose levels not adequately controlled e Thiazolidinediones
Metformin + 2 second-line therapies —| + SGTL2 inhibitors

¢ if glucose levels not adequately controlled * DPP4inhibitors
Combination injectable therapy *  GLP-1receptor agonists

* Insulin

(basal insulin + GLP-1 receptor agonist and/or rapid
acting insulin)

Current guidelines offer six classes of drugs as options for second-line treatment if and
when metformin monotherapy fails (Figure 6). These six classes are sulphonylureas,
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thiazolidinediones, SGLT2 inhibitors, DPP4 inhibitors, GLP1As, and insulin. Of these, the
first two and insulin are therapies that have been in use for decades, while SGLT2
inhibitors, DPP4 inhibitors, and GLP1As have been brought to market in the last decade.

While in general guidelines leave the choice between the classes of second-line
treatment down to patient-specific considerations,?42¢ in patients with known
cardiovascular disease, second-line agents that showed cardiovascular benefits in trials
should be prioritized: the SGLT2 inhibitors canagliflozin and empagliflozin and the
GLP1A liraglutide.?* After second-line therapy with one of these drug classes fails,
current guidelines recommend adding another of these classes as a third
medication.?426 US guidelines recommend that in patients who have markedly high
blood glucose levels at diagnosis be treated with metformin and a second-line agent
from the start.?

GLP1As and insulins require subcutaneous injections and cold chain and may therefore
be less suitable for large-scale use in resource-poor settings. Other challenges with
insulin include the need for more regular blood glucose monitoring, a high risk of
hypoglycemic events (in which blood sugar drops too low) and a weight-gain effect.
Some GLP1As require injection only once weekly and have weight-reducing effects. The
development of an oral GLP1A (currently in phase 3) may also contribute to making this
class of antidiabetic medicines more suitable for scale-up in resource-limited settings in
the future.?”

Thiazolidinediones have been the subject of multiple controversies surrounding
potential dangers of increasing heart attacks and bladder cancer,?82° although the
evidence for these risks is controversial.”3% Nevertheless, they confer an increased risk
of bone fractures when used in women3! and increase the risk of developing heart
failure.3? In high-income countries, thiazolidinediones are not commonly used,33-3¢ and
national background papers commissioned to inform this study suggested that they are
used little in LMICs, despite their low price. They are also not included in the WHO EML.

Sulphonylureas (SUs) are the only class of oral second-line medicine for type 2 diabetes
currently included in the WHO EML. SUs can cause hypoglycemic events and weight
gain and may contribute to beta-cell failure. However, in combination with metformin,
SUs are the most widely used drug class in LMICs due to their low price and long period
of clinical experience.” Data on sulphonylureas’ cardiovascular effects are equivocal
with some studies showing increased, and some decreased, risk.37:38 A recent meta-
analysis found that SUs conferred an increased risk of severe hypoglycemia compared
to newer agents.3° Aside from being unpleasant for patients and diminishing medication
adherence,*Y episodes of severe hypoglycemia are linked to a significantly increased
risk of cardiovascular events and mortality in patients with T2D.4!

Based on the WHO Expert Committee’s highlighting of SGLT2 inhibitors, we have
focused on this class for the purposes of this feasibility analysis. SGLT2 inhibitors are a
novel class of medicines used as second-line therapy for T2D. This class currently
includes empagliflozin, canagliflozin and dapagliflozin.

In general, the benefits of SGLT2 inhibitors compared to other oral second-line T2D
drug classes are their weight-reducing effect, and mortality-reducing effects for patients
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with high cardiovascular risk profiles,*? notably described in the EMPA-REG trial for
empagliflozin*3 and in the CANVAS trial for canagliflozint.#* These benefits for patients
with cardiovascular risks were highlighted by the WHO EML Committee, and are also
reflected in the recently updated guidelines of the American Diabetes Association,
which recommend that second-line therapy in patients with known cardiovascular
disease should be treated with SGTL2 inhibitors or liraglutide (a GLP-1 agonist).24

The SGLT?2 inhibitors’ main side-effects are associated with their mechanism of action
(increased excretion of glucose in the urine), a higher rate of urogenital infections, and a
risk of dehydration due to increased passage of urine (osmotic diuresis). 42,4> There are
concerns that canagliflozin (but not empagliflozin or dapagliflozin) confers an increased
risk of amputation, although the exact causal link is unclear.*® Assessments by the UK
National Institute for Health and Care Excellence (NICE) found that overall, SGLT2
inhibitors were superior to the SUs, thiazolidinediones, and DPP4 inhibitors in terms of
quality-adjusted life years gained through treatment, although inferior to GLP1As
(which are currently limited to injectable formulations).47-4°

DPP4 inhibitors and GLP1As, with drugs in both classes under patent protection (see
section 6), could also potentially be candidates for MPP licensing, and parts of the
impact analysis described later in this chapter may also apply to those classes.

4.4.3 Availability and affordability of medicines for diabetes.

In a 2015 WHO survey, the standard first-line medicine for T2D, metformin, was
reported to be generally available in the public sector in approximately 40% of low-
income countries and more than 70% of lower-middle-income countries. The
availability of SUs, the most commonly used second-line drug class, was lower. It was
generally available in the public sector in only 15% of low-income countries and 67% of
lower-middle-income countries .>° A survey by the International Diabetes Federation
found that T2D medicines were available for purchase in approximately half of low-
income countries and 48-89% of middle-income countries (depending on the drug
class), but that full government provision of T2D medicines was very low.>!

A survey of 30 countries undertaken by Health Action International (HAI) assessed
affordability of treatments and found that metformin and sulphonylureas were both
available and affordable in 28% of cases in low-income countries and 23% of cases in
middle-income countries!.52 Although the prices offered for metformin and
sulphonylureas are in general low,>3 mark-ups within the supply chain and other supply
chain problems contribute substantially to a lack of availability and affordability.6->2

National background papers commissioned as part of this analysis identified a number
of illustrative examples in relation to the new T2D medicines, namely the DPP4
inhibitors, SGLT2 inhibitors, and GLP1As:

H A trial on the cardiovascular and renal effects of dapagliflozin (DECLARE-TIMI58) is ongoing,5¢ and a
real-world analysis that has found cardiovascular benefit for dapagliflozin is described below.

I Medicines were considered available and affordable when they were available 80% of the time or more,
and a monthly supply cost no more than the equivalent of one day’s wages for the lowest-paid
government worker or were available for free in the public sector.
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e In Pakistan, SGLTZ2 inhibitors are not registered and not available and GLP1As
are registered but expensive. An estimated 10% of patients eligible for triple
therapy with DPP4 inhibitors receive it, and less than 5% of those eligible for
triple therapy with GLP1As receive the treatment.

e InIndia, teneligliptin, a DPP4 inhibitor that was one of the earlier DPP4
inhibitors to go off patent, has become widely used, as other DPP4 inhibitors
were less affordable. Teneligliptin is little-known outside of India and Japan.
While SGLT2 inhibitors are becoming more popular due to their weight loss
effect, DPP4 inhibitors entered the market earlier and are thus still more
commonly prescribed and are more affordable. However, the significant majority
of Indians pay for medicines out-of-pocket.>* GLP1 agonists are used only in a
few specialist centres due to their high price.

¢ In Cambodia, less than 1% of those that could benefit from SGLT2 inhibitors or
DPP4 inhibitors receive them, and GLP1As are not available.

e In Tanzania, some SGLT2 inhibitors and DPP4 inhibitors were available, but only
in the private sector, and at a high price.

In summary, while data are limited, available information suggests that newer second-
line medicines are generally not widely available in LMICs (DPP4 inhibitors being an
exception in a few countries). Second-line medicines may be accessible in the private
market in some countries, but their prices can be prohibitive for many.
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Table 1. Prices and registration status for medicines for type 2 diabetes, as

reported in national back

Medicine

Cambodia

round papers.
Lowest available price per unit (USD)

Pakistan

Tanzania

Metformin 500mg* | $0.02t $0.01t $0.13t $0.004+
Metformin 850mg* | N $0.01t $0.02t N
Sulphonylureas
Glibenclamide 5mg | $0.02t $0.01t $0.02t $0.003*
Gliclazide 30mg* $0.15t $0.03t $0.70** N
Pioglitazone 15mg | N $0.01t $1.45t N
SGLT2 Inhibitors
Canagliflozin N N $2.05 $2.23
100mg
Empagliflozin Limited N $2.38 N
10mg donations by
originator
Dapagliflozin 5mg | Limited N $1.81 N
donations by
originator
DPP4 Inhibitors
Saxagliptin 2.5mg | N N $1.63 N
Sitagliptin 50mg N $0.09t $2.68 $0.80
Linagliptin 5mg N N $1.40 N
Vildagliptin 50mg | N $0.14t $0.77 $0.69
GLP1 agonists
Liraglutide 18mg N N $109.50 N
in 3mL vial
*Standard-release formulation. **extended-release formulation. 1 - generic. N: - not registered or not
available. Assumed 1 Pakistani rupee = 0.0095 US dollars, 1 Tanzanian shilling = 0.000445 US dollars. For
Tanzania, maximum retail price for dispensaries and health centers used, as reported by the Medical
Stores Department.55

4.5 T2D medicines and the WHO Expert Committee.

In 2017, the WHO Expert Committee reviewed all second-line T2DM treatment classes
for potential inclusion in the EML. The Committee highlighted that “SGLT-2 inhibitors
have shown a relevant clinical benefit as second-line therapy in patients at high risk of
cardiovascular events, with a reduction in overall mortality, but [more] data are needed
to confirm this finding”.! While the Committee did not add any new antidiabetic
medicines to the EML, the favorable conclusion with regard to SGLTZ2 inhibitors in
particular suggests the potential for inclusion in future EMLs if and when further data
become available.

Further data on the cardiovascular effects of SGLTZ inhibitors in trials and real-world
settings will become available over the next two to three years. Multiple large trials are
underway to further elucidate the effect of SGLTZ2 inhibitor therapy on cardiovascular
and renal disease. These trials are expected to be completed in the next three years, and
include the DECLARE-TIMIS58, Dapa-HF, and Dapa-CKD trials for dapagliflozin, the
CREDENCE trial for canagliflozin, and the EMPEROR trials for empagliflozin.>6-61 [n
addition, real-world data are beginning to emerge: the EASEL study, published in
November 2017, retrospectively analysed a cohort of over 25,000 patients using SGLT2
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inhibitors,®? finding reductions in the rate of cardiovascular events and all-cause
mortality comparable to those seen in Phase III trials.

4.6 Inclusion in national essential medicines lists (NEMLs).

A 2014 study found that second-line medicines for T2D, with the exception of
sulfonylureas, were included in NEMLs of only about a tenth or less of LMICs
surveyed.®3 We did not find SGLTZ inhibitors included in any of the NEMLs we were
able to review. Government representatives, in discussions with the MPP, identified
high costs as one of the reasons these treatments may not have been included. One
health technology assessment mentioned by one government consulted concluded that
at currently available prices they were not considered cost-effective.

4.7 Patent landscape for SGLT2 inhibitors

The main product patents on SGLTZ inhibitors expire between 2023 and 2025 and have
been filed or granted in many of the LMICs for which it was possible to collect
information, including those with significant manufacturing capacity such as India,
China, South Africa, Brazil, and Thailand. Several secondary patents may also delay
further competition for these products in countries in which patents have been granted.
Table 4 also includes patent data for the DPP4 inhibitors and the GLP1As showing a
similar pattern. It should be noted, however, that for DPP4 inhibitors a number of
generics have already entered the market in some countries (e.g. India, Pakistan) and
there has been significant patent litigation around the DPP4 inhibitors sitagliptin,
saxagliptin, and vildagliptin in India.64-6¢

Table 4. Patent status of type 2 diabetes drugs in select LMICs and expected expiry
dates.

APO

SGL2 inhibitors
Canagliflozin
Canagliflozin product 2024 . F |F |G . G |G . . G |G |G |G |G
Crystalline form of canagliflozin hemihydrate 2027 F |G |G G |G |O . G |G |G |G |G
Method of treatment with SGLT inhibitoranda 2029 . F |G | . G |0 . . G |G
DPP4 inhibitor
|Dapagliﬂozin
Dapagliflozin product 2020/2023 |. F |G |G . G |G . . G |G |G |G |G
Pharmaceutical formulation of dapagliflozin 2027 . F |G |G . G |0 . . G |G | G
propanediol monohydrate
Crystalline dapagliflozin propanediol 2027 . F |G |G . G |0 . . G |G |G |G
|Empagliflozin
Empagliflozin product 2025 . F |G |G . G |G . . G |F |G |G |G
Crystalline form of empagliflozin 2026 . F |G |G . G |0 . . G |G |G |G |G
Combination of empagliflozin and linagliptin. 2028 . F |G |G . G |O G | G |G |G |G |G
DPP4 inhibitors
Alogliptin
Alogliptin product patent. 2024 . F |F |G . G |0 G | G |F |G |G |G
|Method of treating Type II diabetes using 2026 . F |G |G . G |R/A |G |G |G |F |G |G |F
alogliptin and pioglitazone
Linagliptin
|Product 2023 . F |G |G . G |G . . |G |F |G |G |G
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[Method of treating type 2 diabetes with 2027 . F |F |F . F |F . . F |F |G

combination

Intermediate and process for preparation 2025 . F |G |G* | . F . . G |F | G |F

Saxagliptin

Product or salt 2021 . G |G | . G |G . . G |G | G |

Coated tablet 2025 . F |G | . G |G . . |G |G |G |G |G

Sitagliptin

Sitagliptin product 2022 . G |G |G . G |G G | G |G |G |G |G

Sitagliptin phosphate and its hydrates 2024 . F |G |G . G | F | G |G |G |F |G
GLP-1 agonists

|Dulaglutide

[Dulaglutide product 2024 el le Ll e L L L L e

|Exenatide

|Injectable composition 2021 . F |G

[Method of lowering plasma glucagon with 2020 . G |G

exendin

Composition for sustained-release of exendin 2025 . F |G |G . . G

|Liraglutide

Liraglutide Product 2017 . . . . . . .

Liraglutide Formulation 2025 . F |G | . . (0] . . . . . .

Composition of Insulin Degludec 2028 . F |F | . . G . . . . . G

Albiglutide

Albiglutide product specifically. 2025/2026 |. F |G | . G |G G | G | . F |G

IMethod for enhancing GLP-1 activity 2027 . F |F |G . F |F G | G |F |G |G |F

Semaglutide (pipeline medicine)

Product and composition 2026 . F |G | G G

G - granted. F - filed. R - refused. *Patent terminated in AM, AZ, BY, KG, KZ, MD, T] and TM. Blank - not filed.
? - no data. ARIPO - African Regional Intellectual Property Organization, EAPO - Eurasian Patent
Organization, OAPI - Organization Africaine de la Propriete Intellectuelle.

4.8 Relevant market analysis

Currently, the originators of empagliflozin and dapagliflozin both have distribution
agreements with generic companies in India.6”-68 To our knowledge, no distribution
agreements exist for canagliflozin to supply LMICs. At least two generics manufacturers
disclose that they have SGLTZ2 inhibitor products in development on their websites.69.70

The global market for T2D medicines is expected to double between 2015 and 2025,71
and market analysis has identified diabetes as the top therapeutic area in terms of
expected growth in emerging markets in the medium term.”2 Originator SGLT2
inhibitors are currently priced at US$19-23 per month on the Indian private market.”3
This stands in contrast to median prices for the oral antidiabetic drugs currently on the
WHO EML: gliclazide at $1.33 per month and metformin at $1.94 per month (Table 5).

Dapagliflozin and empagliflozin have significantly lower dosages (10mg and 10-25mg
daily, respectively) compared to canagliflozin (100-300mg daily). This suggests that, if
manufactured at scale, generic dapagliflozin and empagliflozin may be less expensive to
produce.
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Table 5. Current global monthly prices for type 2 diabetes medicines (USD).

Description Buyer median price per month
Gliclazide* $1.33
Metformin slow-release $7.13
Metformin immediate-release using 500mg tablets* $1.94
Metformin immediate-release using 850mg tablets $1.04

Data from the International Medical Products Price Guide published by Management Sciences for Health.53
Prices given for representative daily dose in US dollars. Blank - no data. *Included in the 2017 WHO Model
List of Essential Medicines.

4.9 Estimated public health impact

Potential economic and public health impacts of hypothetical MPP licences on SGLT2
inhibitors were estimated using the methodology outlined in Chapter 2 and described in
more detail in the appendix. While the estimates outlined in this section apply
specifically to the SGLT2 inhibitors, some of the findings may also apply to other new
classes of T2D medicines.

The number of patients in countries in past MPP licences that could potentially receive
treatment with MPP-enabled generic SGLT2 inhibitors was calculated to reach 1.1-3.3
million, delivering 7-19 million patient-years of treatment, over the seven years leading
up to expiry of patent protection.

Based on available data on the impact of SGLTZ inhibitors on mortality among people
with high cardiovascular risk,*34* we estimated that early access to SGLTZ inhibitors
could potentially avert 31,000-126,000 major adverse cardiovascular events (MACE),
depending on the scenario (Table 6). This assumed that SGLT2 inhibitors would be used
preferentially in T2D patients with higher cardiovascular risk. These estimates are for
canagliflozin and empagliflozin only, as there are as yet no published trial data on the
impact of dapagliflozin on MACE and mortality (though trials are ongoing). It was also
estimated that early access could confer a total of 68,000-275,000 additional QALYs,
compared to sulphonylureas, for people living with T2D.

In addition to the potential for wider use as a second-line treatment, SGLT2 inhibitors
could be of use as a third-line treatment. Most patients need a new line of treatment
added every few years until they are eventually switched to insulin therapy.

These impacts in MACE events and QALYs were found with conservative assumptions

regarding rates of diagnosis and market uptake in low, medium and high uptake
scenarios (see appendix for details).
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Table 6. Estimated iublic health imiact of MPP licensini of SGLT2 inhibitors.

Assumed duration of impact 7 years

Number of patients treated with MPP- | Low up to 1.1 million

enabled product Med up to 2.2 million
High up to 3.3 million

Total major adverse cardiovascular Low 31,000-43,000

events averted Med 59,000-83,000
High 89,000-126,000

Total QALYs gained Low 68,000-94,000
Med 132,000-181,000
High 199,000 - 226,000

QALY - quality-adjusted life year.
4.10 Estimated economic impact

The economic impact calculation estimated the theoretical savings possible through the
purchase of more affordable quality-assured generic versions of the medicines instead
of procurement of the same quantity of originator product. The assumed quantity
purchased, per year, was based on projected disease burden and assumptions regarding
rate of diagnosis, access to healthcare, and market penetration. Estimated savings were
US$0.9-3.1 billion, depending on the uptake scenario and medicine.

4.11 Conclusions

The global burden of T2D is considerable and prevalence in countries in past MPP
licences is estimated to reach 200 million people in the next 15 years. In addition to
representing a significant health burden, diabetes causes substantial economic losses in
LMICs, and financial burden for patients. For example, in India, people with T2D and
low incomes spend between a quarter and a third of their income on diabetes care.”*

Metformin is the recommended treatment for first-line treatment. The only oral second-
line treatment currently included in the EML is associated with weight gain, a risk of
severe hypoglycemic events,3° and possibly an increased risk of stroke.3® Newer types of
antidiabetic medicines have potential benefits. Among these benefits, and depending on
the class, are the weight-reducing effect, the lower rate of severe hypoglycaemia, and
the cardiovascular mortality benefit demonstrated by SGLT2-inhibitors, which was
highlighted by the WHO'’s Expert Committee.!

From discussions with diabetes clinicians and national background papers
commissioned by the MPP, it is clear that, with few exceptions, these medicines are
generally not being used in LMICs because they are altogether unavailable or affordable
only to few patients who pay for them out-of-pocket. Without licences, it is unlikely that
generic competitors will be able to enter markets in many countries before patents
expires. However, when generic market entry becomes possible, prices of SGLT2
inhibitors could become more affordable and this may facilitate their inclusion in
national reimbursement schemes, at least for patients at high risk of cardiovascular
events.

Exploring the expansion of the Medicines Patent Pool’s mandate to patented essential medicines 59



Our modelling suggested that MPP licensing of SGLTZ2 inhibitors could extend access to
1.1-3.3 million people, delivering 7-19 million patient-years of treatment. Treatment at
these levels would avert an estimated 31,000-126,000 cases of major adverse
cardiovascular events, confer 68,000-275,000 additional QALYs. It should be noted,
however, that these figures would be highly sensitive to the rate of market uptake for
MPP-enabled generics and the number of countries covered by licences.

In terms of public health impact, we focussed on cardiovascular complications and
QALYs. However, multiple other potential effects of affordable SGLT2 inhibitors were
not captured in this analysis, including benefits gained through delaying or avoiding
complications such as visual impairment, kidney disease, and diabetic foot disease. As
insulin use brings a slew of challenges for patients and is associated with its own access
challenges in poor countries,’> delaying the need for insulin could be another important
benefit of SGLT2Is. The economic impact estimated in this analysis derives only from
savings on the cost of medicines and did not consider other benefits to the patient and
indirect wider benefits to economies.

Aside from SGLT2Is, GLP1As and DPP4 inhibitors are gaining popularity in high-income
country contexts and are under patent protection. DPP4 inhibitors appear to be
available as generics in a few countries and some are currently the subject of patent
disputes in India. GLP1As would likely become more attractive as an option for LMICs if
and when the oral GLP1A in development is approved.

Optimal management of diabetes in the long term requires well-organised
multidisciplinary care. Broader access to novel medicines would only be one piece in a
package of strategies in LMICs. Interventions to promote healthier diets and exercise
are likely to be particularly important and are considered cost-effective.”®

Multiple factors pose challenges for treating diabetes in LMICs. T2D is typically
insidious in its development. Without screening, it can present at a stage where serious
complications are already present. Diagnostic modalities, though significantly more
affordable than in some other diseases, can nevertheless be unaffordable or unavailable
for other reasons.?? Without improvements in diagnosis and access to diabetes care
more generally, any newly available diabetes medicine will have limited impact at the
population level. Current treatment access even to the first-line therapy (metformin)
remains low in certain countries and increased efforts are needed to diagnose people
with T2D early and connect link them to effective treatment.

The WHO Expert Committee’s assessment highlighted the clinical benefits of the SGLT2
inhibitors but recommended that additional data were needed to confirm their effects
in decreasing cardiovascular mortality. These data are likely to become available soon,
through a number of ongoing trials and observational data from real-world cohorts.>6-62
If data were to confirm the findings, concerns around availability and affordability in
LMICs would likely arise, and licensing through the MPP could contribute to making
these medicines more widely available at affordable prices through a collaborative
accesss mechsnism.
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5 Patented medicines that have clinical benefits but
did not meet the EML Expert Review committee’s
comparative cost-effectiveness criterion: Case study
on novel oral anticoagulants

5.1 Background

One of the criteria used by the WHO EML Expert Committee is that of comparative cost-
effectiveness.! Comparative cost-effectiveness is assessed when multiple treatments are
available for the same indication. In some cases, the WHO Expert Committee has
identified medicines as offering relevant public health benefits over the next best
treatment but considered that they were not cost-effective compared to treatments that
are already on the EML at current prices. For these medicines, availability at lower costs
would change the cost-effectiveness balance, potentially tipping it in favour of addition
to the EML in the future.

In this case study, we review a class of medicines termed novel oral anticoagulants
(NOACs)), which are used in preventing blood clots. In 2015, the WHO Expert
Committee reviewed an application for the inclusion of NOACs in the EML and
considered that “the evidence indicates a favourable, overall clinical benefit of the
NOACs over warfarin” but that “the large difference in costs between NOACs and
warfarin was disproportional to the observed incremental benefit”.? While NOACs offer
advantages over the next best therapy (warfarin), and are the guideline-recommended
first-line treatment in the US and Europe, they are rarely used in LMICs. The advantages
of using NOACs include that they do not require regular monitoring, have fewer drug
and food interactions, and emerging evidence suggests that they are safer than warfarin.

In the context of the MPP’s role in contributing to reducing the prices of medicines in
LMICs, this case study seeks to understand the public health need for NOACs in LMICs,
the potential for their introduction and what the public health and economic impact
could be if the MPP secured licences on NOACs to facilitate affordable access in LMICs.

More generally, the case study seeks to understand whether there could be a role for
the MPP in relation to medicines, such as the NOACs, assessed by the EML Expert
Committee as offering clinical benefits but not meeting the comparative cost-
effectiveness criterion at current prices.

NOACs have two approved uses that are discussed in this analysis: they are used
prophylactically in patients with a heart rhythm disturbance termed non-valvular atrial
fibrillation (NVAF), to prevent the common complications of stroke and other blood
clots (stroke and systemic embolism; SSE), and in patients who have had a blood clot in
a vein (venous thromboembolism (VTE)) to treat the acute phase of the disease and to
prevent another one from occurring. A third use, for the prevention of blood clots in
patients that have had hip or knee surgery, is not discussed in this chapter.

I Also referred to as non-vitamin K antagonist oral anticoagulants or direct-acting oral anticoagulants.
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5.2 Burden of Disease in Low- and Middle-Income Countries

5.2.1 The global burden of atrial fibrillation, stroke, and systemic embolism.

Atrial fibrillation (AF) is the most common type of rhythm disturbance of the heart: in
Europeans over the age of forty, the lifetime risk for developing AF is one in four.34
Acutely, AF is usually asymptomatic or causes only mild symptoms. However,
chronically, it confers significant risk of blood clots in the brain, causing stroke, or
elsewhere in the circulation, causing injury to tissue or organs.

By 2020, it is estimated that there will be 17.8 million people with non-valvular AF in
LMICs (Figure 1).> AF causes significant long-term morbidity and mortality, increasing,
among other things, the risk of heart failure by a factor of two-three and stroke by a
factor of four-five.3 In addition, stroke has been observed to be more closely associated
with AF as a risk factor in LMICs than in high-income countries.®7”

Figure 1. Projected prevalence of non-valvular atrial fibrillation by country income
category (appendix for details)
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Stroke is a significant cause of death in LMICs. The proportion of deaths that are caused
by stroke is in decline in high-income countries, but increasing in most other world
regions.8 Stroke is associated with a significantly higher fatality rate in LMICs, with, for
example, 41% of stroke patients in Kolkata, India, and 57% of stroke patients in the
Gambia, dying within 30 days.?-1! In survivors, stroke is associated with significant
disability, with 50% experiencing one-sided weakness, 46% experiencing cognitive
deficits, 35% experiencing depression, 31% unable to walk without assistance, 22%
incontinent of urine, 20% losing vision on one side, and 19% losing the ability to
converse.!?
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This disability is particularly catastrophic in developing countries. In a recent WHO
survey of 177 countries, the majority of low- and lower-middle-income countries
reported that provisions for the treatment of acute stroke and stroke rehabilitation
were available in less than a quarter of public healthcare facilities.13 It was reported that
in China, 37% of households that suffered a stroke were pushed below the poverty
line.1# Studies found that only 17% of stroke survivors in Nigeria returned to work,>
and 65% of survivors in Tanzania permanently retired.®

Anticoagulation therapy is a crucial tool for the prevention of stroke, reducing incidents
in patients with risk factors by approximately 66%.17

Limited data are available on the annual risk of stroke conferred by AF outside of North
America and Europe.!8 In a recent analysis of 15,400 patients presenting to emergency
departments in 47 countries with a primary or secondary diagnosis of AF, a stroke
occurred within one year in 4% of all patients, 1% of patients in India, 3% in the Middle
East, 7% in South-East Asia, and 8% in Africa.l?

5.2.2 The global burden of venous thromboembolism.

Venous thromboembolism is an event in which a blood clot forms in veins. The main
locations where this occurs are in the lower limbs, termed a deep venous thrombosis
(DVT), and in the lungs, termed a pulmonary embolism (PE). Pulmonary embolisms
carry a high risk of death, with about 40% of those affected dying within a year.?29 DVTs
in most cases do not result in lasting damage to the leg. However, the clot in the leg can
travel to the lungs, causing a PE, which poses a significant risk to life.

In addition to the high risk of death, VTE also causes substantial disability.?! For
example, following DVT, 10-20% of patients develop severe post-thrombotic syndrome,
which affects the ability to walk.??

While there are limited data on the global epidemiology of VTE, the broadest available
study estimated the annual incidence of VTE in low- and middle-income countries at 6
million, among hospital inpatients alone. Based on this study, we estimated the annual
incidence of VTE in countries previously included in MPP licences to be 3.6 million
(appendix).2223 As projections for future trends in VTE burden are not, to our
knowledge, available, we assume that this incidence would remain constant over the
next few years for the purposes of estimating MPP impact. This is likely to be a
conservative assumption as VTE burden is expected to rise.?? In addition, this captures
only VTEs in hospital inpatients.

5.3 Outline of drugs, drug classes, diagnostic methods, and guidelines.

5.3.1 Diagnosis and management of AF.

AF is relatively simple to diagnose even in resource-limited settings. It can be detected
by a clinician by simply taking a patient’s pulse and is suspected if the pulse is found to
be irregular. The diagnosis is confirmed by electrocardiography. After diagnosis, the
clinician must balance the likely benefits and risks of starting anticoagulation as
primary prevention of SSE. To decide on appropriate therapy, guidelines recommend
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the use of predictive scoring systems that are simple and can be calculated based on
medical history alone. In general, no laboratory tests are required before initiating
anticoagulation.

National background papers contributed by national experts in Botswana, Nigeria,
South Africa and PeruX to collect information for this study confirmed that such
diagnostic techniques are regularly used in primary care and hospitals and the locally
available infrastructure is sufficient for effective AF diagnosis. In India,
electrocardiography was reported as often unavailable outside of large urban centres
and, while clinical diagnosis is reliable, it has lower sensitivity and many cases are likely
missed.

If the scoring system predicts moderate or high risk, a NOAC is the preferred first-line
treatment for prevention of SSE in high-income countries. 24 Treatment is continued
life-long unless intolerable or dangerous side effects emerge, or a contraindication
develops (for example, end-stage kidney disease).

Besides anticoagulation, other medications are commonly used in AF to control the
heartrate and, in some cases, to control the heart rhythm.2# These medicines, such as
calcium channel blockers and beta blockers, are generic. A recent WHO survey with
results from 177 countries found that calcium channel blockers were generally
available in the public health sector in 31%, 64%, and 81% of low-income, lower-middle
income and upper-middle income countries, and beta blockers in 38%, 67%, and 86%
respectively.13

5.3.2 Diagnosis and management of VTE.

DVT is relatively easy to detect clinically, as it presents as acute one-sided leg swelling.
PE is more challenging to diagnose as it commonly presents with vague symptoms. A
risk-stratification scoring system (Wells score) is available to estimate the likelihood of
DVT and PE before the need for laboratory tests or imaging. A relatively simple and
affordable blood test exists to further narrow the probability.2> The diagnosis of DVT is
confirmed with an ultrasound of the leg, which can be performed at the bedside.
Ultrasound devices are becoming more compact and affordable and availability in
LMICs is increasing.2® They are a priority diagnostic instrument for any hospital, as they
are used in many different areas of medicine. National background papers contributed
by national experts indicated that ultrasound is routinely used to confirm DVT in
Botswana, Nigeria, Peru, South Africa, and large metropolitan centres in India.

In PE, the gold standard diagnostic test uses computer-assisted tomography (CT scan),
which is often not available in resource-limited settings.?” National background papers
indicated that CT is routinely used in Botswana, Peru, and large metropolitan centres in
India, while in Nigeria, South Africa, and rural India most cases are diagnosed on clinical
grounds. However, a combination of the Wells score and the D-dimer blood test can
correctly exclude more than 95% of non-cases.28

K National experts contributing background papers for this Chapter were: Professor Marc Blockman
(University of Cape Town/Groote Schuur Hospital, South Africa), Dr Prabhakar Dorairaj (Public Health
Foundation India, India), Dr German Malaga (Hospital Cayetano Heredia, Peru), and Dr Anthony Oyekunle
(University of Botswana, Botswana).
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In both DVT and PE, guidelines in high-income countries recommend therapy with a
NOAC generally for 3-6 months!, and treatment without admission to hospital, or
discharge from hospital as early as possible unless the patient is considered high-risk.2°
Guidelines note that the use of some NOACs (apixaban or rivaroxaban) enables
treatment without admission or early discharge, as they do not require pre-treatment
with heparin, which is needed if using other NOACs or warfarin.??

5.3.3 Warfarin.

Warfarin is the most commonly used medicine in the vitamin K antagonist (VKA) class
and the most widely used anti-coagulant in LMICs, according to national background
papers undertaken by national experts to inform this study. Aspirin and other
antiplatelet medications are also widely used in LMICs to prevent stroke in patients
with AF, despite being significantly inferior to anticoagulants (VKAs and NOACs) and
exclusion from modern guidelines recommendations.?42%30 Warfarin is taken orally in
tablet form and has been in clinical use as an anticoagulant for decades.3! When using
warfarin in acute VTE, heparin, which is an injectable blood thinner, must be added to
the treatment for the first 10 days.32

The pharmacokinetics of warfarin are highly variable between patients, and potentially
affected by a number of factors such as other medicines and foods. 33-35 As warfarin has
a narrow therapeutic window (i.e. a narrow range of blood concentration within which
it is safe and effective), the dose of warfarin must be carefully tailored and monitored
for each patient. If the levels of warfarin in the blood are too low, the drug will not be
effective. If it is too high, there is a substantial risk of bleeding and death.

Warfarin therapy is monitored using a blood test known as an international normalized
ratio (INR) test. Though numerous protocols exist for the initiation of warfarin therapy,
in general, multiple INR tests must be done in the first few weeks of warfarin treatment,
and thereafter every 1-3 months. Warfarin levels in the blood must be within a certain
range at least 65% of the time in order for warfarin to have a significant benefit over
other treatments.36

Little data have been published on the availability of, and adherence to, INR monitoring
in resource-limited settings. A study in South Africa found that four out of five patients
on warfarin failed to maintain an average time in therapeutic range that meets the 65%
target.3” In Ethiopia, it was found that 70% of patients on warfarin therapy did not have
effective and safe blood levels of warfarin.38 Small studies undertaken in hospital
inpatients in Nigeria and Botswana found that only 39% and 20% of INR tests were in
therapeutic range, respectively.3940

Background papers undertaken to inform this analysis in Botswana, India, Nigeria, Peru
and South Africa concluded that the convenience of NOACs, reduced need for testing,
and reduced drug and food interactions presented major advantages in these countries.
Prices of NOACs appeared to be the main barrier to treatments adoption. A national
expert in South Africa noted that access to NOACs “in the public sector would be

L Unless the patient has cancer, in which case LMWH is preferred over VKA or NOACs.
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essential due to lack of INR clinics close to many of our patients, especially the rural
areas” (appendix).

Expert analyses of stroke management in LMICs have suggested that in many settings
the burden of INR monitoring makes physicians reluctant to prescribe warfarin to
patients.#1-43 In addition, INR monitoring comprises a substantial part of the total cost
to health systems and patients of using warfarin as an anticoagulant. For example, a
study in Mexico found that the cost of warfarin itself represented less than 2% of the
total costs of warfarin therapy.** Added to these costs is the inconvenience of having to
travel to a health facility to undertake monitoring and any dose adjustments.*3

With all anticoagulants, the risk of bleeding increases, and in situations of acute
bleeding the anti-coagulation may need to be ‘reversed’. For example, if a patient taking
warfarin suffers trauma, they are likely to bleed more than someone who is not taking
warfarin, and their bleeding is likely to be harder to stop. Another scenario in which
warfarin may need to be reversed is if emergency surgery is needed in order to
minimise the likelihood of excessive blood loss during surgery. In the context of
emergencies like these, warfarin can be reversed by using prothrombin complex
concentrate (a product that is extracted from donated blood) and/or vitamin K.4>
However, full reversal can take more than 24 hours.*®

5.3.4 Novel oral anticoagulants.

Novel oral anticoagulants (NOACs) are also known as non-vitamin K antagonist oral
anticoagulants. There are four medicines in this class: dabigatran, rivaroxaban,
apixaban, and edoxaban. Though NOACs became available less than a decade ago, they
are now the most commonly prescribed antithrombotic treatment in Europe and US,
prescribed more often than warfarin by a wide margin, in line with guidelines.*”

NOACs is indicated for non-valvular AF and not for valvular AF, such as rheumatic heart
disease - a syndrome in which an autoimmune reaction to a bacterial throat infection
causes damage to the heart.1848 Rheumatic heart disease causes a significant proportion
of AF in LMICs.18 In such cases, warfarin can still be used. An ongoing clinical trial is
investigating the use of rivaroxaban in patients with rheumatic heart disease.*®

The major advantages of NOACs compared to warfarin are:

e No requirement for monitoring due to significantly more consistent and
predictable pharmacokinetics. This may be particularly important in LMICs
where access to INR monitoring is may be limited.

e Significantly lesser restrictions on foods and interactions with other
medications.

¢ A meta-analysis found that NOACs were safer and more effective in Asians and
significantly reduced the risk of SSE and major bleeding compared to warfarin.50

e Forrivaroxaban and apixaban, no requirement for lead-in coadministration of an
injectable anticoagulant (heparin) in acute VTE treatment.?®

¢ Some meta-analyses have found that NOACs have superior efficacy to
warfarin.51,52
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Real-world evidence is also emerging to show that some NOACs may have additional
benefits over VKAs than those described above. A study of 61,678 patients in a Danish
database found a lower risk of bleeding and death with apixaban and dabigatran
compared to warfarin.>3 A study of 15,390-32,350 patients in the US mirrored this,
finding that apixaban and dabigatran conferred a lower risk of major bleeding than
warfarin.>* Meta-analyses of the main randomised controlled trials for NOACs found
that NOACs as a class conferred significantly greater reduction in strokes, all-cause
mortality, and intracranial haemorrhage compared to warfarin, but increased the risk of
gastrointestinal bleeding.5152 Other meta-analyses, however, have not confirmed the
significance of these findings for individual NOACs.>>56

The main disadvantage of NOACs compared to warfarin is the absence of reversal
agents for all but one NOAC. While warfarin can be reversed relatively easily, the only
NOAC for which a reversal agent exists is dabigatran, for which a biological reversal
agent has been developed (idarucizumab). Reversal agents for the others are in
development and may enter the market in 2018,57 but in most cases of bleeding,
discontinuation and supportive care are likely to be sufficient, in large part owing to the
NOACs’ short half-lives.>859

NOACs are in general well-tolerated. Among the side effects, dabigatran is associated
with significantly increased rates of dyspepsia (indigestion), with 5-10% of patients
experiencing this side effect.6061 Use of dabigatran is also contraindicated in renal
impairment. NOACs are contraindicated in pregnancy. Analyses from the US suggest
that adherence to rivaroxaban and apixaban is higher than for dabigatran or
warfarinM.62-65

5.3.5 Relative differences between individual NOACs

Significant differences in efficacy between the different NOACs are yet to be
conclusively demonstrated.>>6667 However, there appear to be important differences in
safety and practical terms.

Recent meta-analyses have found that apixaban appears to be safer, in terms of bleeding
risk, than warfarin and the other NOACs.%067 Both apixaban and rivaroxaban are
associated with a lower rate of side effects and discontinuations compared to
dabigatran.6263.6869 [n addition, in the treatment of VTE, dabigatran and edoxaban
require at least five days (average 10 days)3® of lead-in treatment with another
injectable anticoagulant (heparin), requiring an extended hospital stay, while apixaban
and rivaroxaban do not have this requirement.?? This would add costs and
inconvenience to the patient. A 10-day treatment course with heparin, needed as a lead-
in overlapping treatment if using warfarin, dabigatran and edoxaban, costs US$26-69 at
lowest available prices (see appendix), plus the costs of longer hospitalisation.

In the US, recent data show that apixaban is now the most widely prescribed NOAC,
with rivaroxaban as a close second. Dabigatran use is significantly lower, and edoxaban
use is negligible.”0

M Edoxaban had not become available within the timeframe of the cited studies.
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In addition, generic apixaban, rivaroxaban, and edoxaban have the potential for being
cheaper than dabigatran in view of their considerably lower dosage and active
pharmaceutical ingredient (API) requirement (Table 1). The cost of API can be a central
determinant of generic prices, accounting for 65-90% of the price of antiretroviral
medicines in competitive generic markets, and medicines with lower dosage can often
have a significant price advantage over generic medicines that have higher API cost
requirements.”! Therefore, the significantly lower dosing of apixaban (10mg daily),
rivaroxaban (20mg daily) and edoxaban (60mg daily) compared to dabigatran (300mg
daily) may mean potential for lower generic prices in the long term.

Table 1. Dosage and treatment protocol for NOACs.

Medicine \ NVAF treatment VTE treatment

Dabigatran 150mg twice daily 150mg twice daily following treatment with a parenteral
anticoagulant for at least 5 days

Rivaroxaban 20mg once daily 15mg twice daily for the first three weeks, then 20 mg once
daily

Apixaban 5mg twice daily 10mg twice daily for first week, then 5mg twice daily

Edoxaban 60mg once daily 60mg once daily following treatment with a parenteral
anticoagulant for at least 5 days

5.3.6 Availability and affordability of medicines for anticoagulation in AF and VTE.

Before the emergence of NOACs, the preferred first-line medicines used in primary
prevention of stroke in AF were warfarin, aspirin, and clopidogrel, with warfarin being, ,
the most effective medicine out of the three by a significant margin..3 Although there is
a lack of published data on the availability and affordability of these medicines,
background papers on Botswana, India, Nigeria, Peru, and South Africa undertaken to
inform this feasibility study uniformly noted that warfarin and aspirin are widely
available at low cost. A recent study of 45 hospitals and 100 private pharmacies in
Uganda found 65% availability of warfarin.”?

An analysis of 15,400 patients presenting to emergency departments in 46 countries
found that, among patients for whom oral anticoagulants were clinically indicated, the
percentage of patients that were on oral anticoagulants was less than 40% in Southeast
Asia and South America, less than 30% in India, less than 20% in Africa, and only
slightly above 10% in China (Figure 2).73 These figures may be overestimates of the
proportion of people for whom oral anticoagulants are guideline-indicated that actually
receives these medicines (appendix).30.5573
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Figure 2. Percentage of clinically eligible patients receiving oral anticoaugulants, by
country/region.
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Data from Oldgren et al.”3 OACs - oral anticoagulants. Graph shows OAC use among patients who had non-
rheumatic AF and a CHADSZ score of 2 or above.

There is little information available on NOAC registration, availability, or use in LMICs,
although the costs of NOACs have been noted as prohibitive in sub-Saharan Africa,”*
India,”> Asia,’® and South America.”” Background papers confirmed that NOACs have
very limited availability, with lack of reimbursement by healthcare systems and price
being some of the barriers to wider use. In South Africa, access to NOACs is essentially
confined to a small proportion of patients in the private sector. In Botswana, “[m]ost
experts point to the cost of the NOACs as being the major stumbling block to unfettered
prescription and use of the NOACs.” In Nigeria, the experts consulted identified two
significant barriers, namely the comparatively higher cost of NOACs and the lack of
awareness of NOACs locally and reluctance of most physicians to prescribe them. In
India, physicians often do not prescribe warfarin because INR monitoring is poor,
making the treatment ineffective. In Peru, NOACs are not in the formularies of the public
healthcare system, and their availability is limited to the private system or a minimal
proportion of patients from the public system that can support costs.

5.4 Anticoagulants and the EML Expert Committee.

NOACs were submitted for inclusion in the WHO EML in 2015. The Expert Committee’s
report noted the favourable overall clinical benefits of NOACs and some of the
advantages over warfarin in terms of monitoring and dietary requirements. It also
noted, however, that “the prices of novel oral anticoagulants (NOACs) in most countries
are still several times higher than those of older oral anticoagulants such as warfarin,
even taking into account of the cost of monitoring warfarin dose and response” and that
“the large difference in costs between NOACs and warfarin was disproportional to the
observed incremental benefit”.
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The EML committee therefore considered that “despite some cost-effectiveness
analyses suggesting that the NOACs are “cost-effective”, replacing warfarin with a NOAC
will require significant investment of a country’s healthcare funds, which might be
better spent on alternative treatments for other diseases or healthcare facilities.”

The failure in the comparative cost-effectiveness criterion appears to have been a
significant factor in the Expert Committee’s rejection, along with concerns about the
lack of the NOACs’ reversibility and of data supporting improved outcomes. In recent
years, some evidence suggested that NOACs may be superior to warfarin in efficacy and
safety, both in meta-analyses of the trials and in real-world settings (see 5.3.4. and 5.3.5.,
above). The concern over lack of reversal agents may also be overcome in the near
future, through new reversal agents (adexanet alpha and ciraparantag) that are
currently in late stae development. In addition, the concern about reversibility may not
be as significant, as bleeding in patients taking NOACs can usually be managed without a
reversal agent (see 5.3.4., above).

5.5 Inclusion in national essential medicines lists (NEMLs).

We found that NOACs were included in seven of the 25 LMIC NEMLs that we were able
to review. One or more NOACs were included in the NEML of Romania, Russia, Serbia,
Jamaica, and Panama, and the reimbursement list of Mexico. In the context of
consultations with a select number of governments, high prices for NOACs were noted
as one of the reasons for non-inclusion in national EMLs.

5.6 Patentlandscape for NOACs.

The primary patent for dabigatran has expired in LMICs in 2018, although there are
secondary patents until 2024 /5 that may delay access to generics in countries where
those patents are granted. The expiry dates for the primary patent of the other NOACs
in LMICs are 2020, 2022, and 2023 for rivaroxaban, apixaban, and edoxaban
respectively. There are also secondary patents on these medicines that may provide
exclusivity until 2026-2031 and could potentially play a role in keeping generics out of
the market. As shown in Table 2 below, there are patents filed or granted in key
countries of generic manufacture such as India, China, and South Africa.

With the expiry of the primary patent on dabigatran, it is likely that generic
manufacturers may be able to sell the treatment in countries without blocking
secondary patents. Nevertheless, even if a generic version of dabigatran were to become
available in some LMICs, there could be significant benefit in enabling generic entry of
other NOACs, both from a clinical perspective as well as in terms of price. These were
described above.

The need for access to more affordable generic medications was highlighted in the
World Heart Federation’s 2017 ‘Roadmap for Nonvalvular Atrial Fibrillation’, which
noted ‘strategies for improving the affordability of [cardiovascular] medications’,
including ‘[promoting] the use of high-quality, safe, and efficacious generic medications
by overcoming legal barriers relating to patents and licenses in LMICs’.43
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Table 2. Patent status of NOACs in selected LMICs

Expected date of
expiry

Apixaban

Apixaban product generically 2019 . F G G . . G . . G . . G .
Apixaban product 2022 . G G . . G G . . G F G G G
Crystalli.n.e apixaban 2031 F F F G G
composition

|Dabigatran

Dabllgatran product and its 2018 G G G G G G G G G G
etexilate

Bllst.er packaging for' 2025 G R | g G G G G G G
Dabigatran formulation

Polymorphic Modification II of 2024 .

Dabigatran Etexilate Mesylate F GG ) G G ) ) G F ) G G
|Rivaroxaban

Rivaroxaban Product 2020 . G G . G G G G . G F G G
Process of preparing tablets {2024 . G G G* G G G G . G G G G
Method of treating a 2026

thromboembolic disorder F R G A G G G G
|[Edoxaban

Edoxaban and its salts 2022 . G G X . G G . . G G . G

For III crystals of edoxaban 2031 . F G . . . G . . . . . . .
Edoxaban tablet composition 2028 G G * G G . . G . . G G

* Patent granted in RU. ** Patent terminated in AM, AZ, KZ, KG, KZ, MD, T] and TM.
ARIPO - African Regional Intellectual Property Organization, EAPO - Eurasian Patent Organization, OAPI -
Organization Africaine de la Propriete Intellectuelle

5.7 Estimated public health impact.

We estimated that MPP licence could facilitate 0.5-1.6 million additional patient-years
of treatment for patients with NVAF, preventing 10,000-31,000 cases of SSE across
countries in sub-Saharan Africa, low-income countries, and lower-middle-income
countries. For the VTE indication, we estimated that 234,000-702,000 additional
patients could be treated, preventing 94,000-281,000 VTE events (further details in the
appendix).

Table 2. Estimated public health impact for NVAF/SEE

Assumed duration of MPP impact 4 years

Absolute risk reduction for SSE, per year 2%

Cumulative number of patient-years 522,000-1,566,000
treated to prevent SSE in NVAF

Cumulative cases of SSE averted 10,000-31,000

Table 3. Estimated public health impact for VTE

Assumed duration of MPP impact 4 years

Absolute risk reduction for VTE per year 40%

Cumulative number of patients treated for | 234,000-702,000
VTE
Cumulative cases of VTE averted 94,000-281,000
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5.8 Estimated economic impact.

We estimated the potential economic impact of MPP licensing of NOACs in terms of
combined savings for SSE and VTE indications, taking into account the potential cost
advantages of NOACs for which there are no generics currently on the market. The
assumed quantity purchased, per year, was based on projected disease burden and
conservative assumptions regarding rate of diagnosis, access to healthcare, and market
penetration.

We estimated that MPP licensing could enable savings of US$82-332 million, depending
on the medicine licensed and market penetration. We were unable to find pricing
information for edoxaban in India (used as the reference country in our analysis).

5.9 Relevant market analysis.

The global market for anticoagulants is expected to grow by 44% in value between
2016 and 2021.78 Originator NOACs are currently priced US$69-70 per month in the
Indian private market. As noted earlier, several generic versions of dabigatran entered
the Indian private market in early 2018, with the lowest priced version costing US$26
per month.”® Cost of production modelling, based on the current market price of raw
materials, suggested that NOACs could be profitably manufactured at fairly low cost and
could become available at lower prices as volumes increase and the market expands
(see appendix). The lowest available price for warfarin is around $1 per month, but
there are significant healthcare system costs linked to its use, particularly in connection
to the monitoring requirements.8% Over time, it is expected that total costs of using
generic NOACs would be lower than warfarin therapy.

5.10 Conclusions.

There is a substantial burden of atrial fibrillation and venous thromboembolism in
LMICs. It is estimated that there will be 17.9 million people NVAF in LMICs by 2020,
each with a 1-8% yearly risk of stroke.1® In addition, there are at least 6 million cases of
VTE annually in LMICs.?! Compounding this significant burden, LMICs are faced with
multiple challenges in treating and preventing stroke and VTE, such as limited facilities
to treat and rehabilitate those with stroke.!3

The recommended first-line therapy for these indications in high-income countries is
with NOACs,32960 owing to disadvantages of the next best therapy - warfarin - such as
the need for monitoring, and food and drug interactions. In resource-poor settings,
attending regular clinic appointments for warfarin monitoring can be challenging for
patients and health systems, and physicians in resource-poor settings are often
reluctant to prescribe warfarin to patients for this reason. NOACs, however, are
unavailable to most patients in LMICs. The recent entry of generic versions of
dabigatran to the Indian market can be expected to lead to increased access. 8!

There may be certain economic and clinical advantages for using other NOACs instead

of dabigatran. These include possible superior safety of apixaban, the advantage of not
needing to coadminister an injectable anticoagulant in the treatment of VTE when using
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apixaban or rivaroxaban, and the likely lower generic prices that could be achieved for
other NOACs, owing to their significantly lower dosages compared to dabigatran.

We estimated that MPP licensing could facilitate up to 1.9 million patient-years of
treatment for both NVAF and VTE. Licensing could also lead to savings for developing
county health systems. The economic impact was estimated only for savings in direct
expenditure on medicines; other aspects potentially conferring economic gains such as
reduction in disability were not included. Similarly, we did not include potential savings
from averting additional costs associated with warfarin use, such as monitoring and
time spent in hospital.

In view of the limited current use of NOACs in many LMICs and the limited commercial
originator markets in such countries, there may be opportunities for win-win
agreements that could benefit all stakeholders, through appropriate royalties.

NOACs therefore represent an interesting example of medicines with strong potential
for improving public health outcomes in LMICs, that were not included in the WHO EML
partly due to affordability concerns. Early MPP licensing in such cases could contribute
to making such medicines available sooner to more people in LMICs, where otherwise
their use remains limited. Given the lower monitoring requirements of NOACs over
alternatives, this could enable more people to access anticoagulation therapy, therefore
reducing the risk of strokes and other sometimes fatal complications in LMICs.
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6 Patented medicines for which the WHO Expert
Committee recommended a therapeutic area
review by a separate working group: Case studies
on lung cancer, prostate cancer, multiple myeloma
and breast cancer

6.1 Background

In this section, we consider cancer medicines submitted to the WHO Expert Committee
for inclusion in the EML in 2017 and for which the Committee considered that “listing o
these medicines was premature and recommended the establishment of an EML cancer
medicines working group to coordinate comprehensive evaluation of cancer medicines
for the EML.” The report of the Committee indicates that “the working group should
support WHO in establishing some guiding principles in relation to the potential
inclusion of second line treatments, clarifying what constitutes a clinically relevant
therapeutic effect that is sufficient to grant to a cancer medicine the status of essential
medicine.”! These medicines will, therefore, be reconsidered in 2019:

¢ Erlotinib, afatinib, gefitinib, and crizotinib for lung cancer
¢ Enzalutamide and abiraterone for prostate cancer, and
e Trastuzumab emtansine (T-DM1), pertuzumab, and lapatinib for breast cancer.

Trastuzumab, which was added to the WHO EML in 2015,2 is also included in the
analysis of breast cancer medicines for completeness.

Figure 1. Mortality from selected cancers in low income, lower-middle income countries,
and Sub-Saharan Africa.
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NHL - non-Hodgkin lymphoma. Data from the GLOBOCAN 2012 online analysis tool.3

In addition, the WHO Expert Committee indicated that “the Cancer Working group
should consider other important oncology conditions for review that were not part of
the previous update, including (but not limited to) multiple myeloma, renal and brain
cancers”.! In that context, we also considered one medicine for multiple myeloma,
lenalidomide, as a possible candidate that was highlighted by a number of stakeholders
during our consultations.

Figure 1 provides an overview of the mortality projections of different cancers in
countries included in past MPP licences for reference throughout this chapter.

6.2 Lung cancer

In this section, we briefly outline the potential for facilitating broader access to tyrosine
kinase inhibitors (TKIs) erlotinib, afatinib, crizotinib, and gefitinib, in treating lung
cancer in LMICs. All four drugs are approved for the treatment of advanced non-small
cell lung cancer (NSCLC) that displays specific mutations - the EGFR mutation for
erlotinib, afatinib, and gefitinib, and the ALK or ROS1 mutations for crizotinib. We refer
to these medicines collectively as lung cancer TKIs.

6.2.1 Epidemiology of lung cancer in LMICs

In developing countries, lung cancer is the leading oncological cause of death in men,
and the second leading cause after breast cancer in women.* There were 1.2 million
new cases of lung cancer in LMICs in 2015.5 The mortality for lung cancer is projected to
rise more rapidly than other cancer types (Figure 1), with a 57% increase in mortality
projected between 2015 and 2030.6

Erlotinib, afatinib, and gefitinib are approved for first-line use in advanced NSCLC that
displays a mutated EGFR gene, and are considered interchangeable for this indication in
US and European guidelines.”8 NSCLC represents 85-90% of lung cancer cases,’ and
about 15% to a third of NSCLC cases display a mutated EGFR gene. Studies have
suggested that the rate of EGFR mutations is higher in Asians.810-14 Erlotinib and
afatinib each have other indications, in which they are not interchangeable: erlotinib is
additionally indicated for use in metastatic pancreatic cancer without testing for EGFR
positivity, and afatinib is additionally indicated for use in advanced squamous-cell lung
cancer after progression on chemotherapy, even if EGFR mutations have not been
detected. These additional indications are included in the estimated size of disease
burden that would be eligible for treatment with erlotinib or afatinib (Table 1), but are
not discussed further in this analysis as they represent cases in which lung cancer TKIs
are relatively less important compared to existing therapies.

Crizotinib is approved for first-line use in advanced NSCLC that displays mutations in
the ALK and/or ROS1 genes. The ALK mutation is seen in 3-5% of NSCLC, and the ROS1
mutation is seen in 1-2% of lung cancers.1®

We estimated that when cancer subtype, mutation status, and stage at presentation are

taken into account, between 11,000 and 91,000 new people in countries included in
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past MPP licences could benefit from these medicines each year (Table 1; details on
estimation in the appendix). The numbers increase significantly if additional upper-
middle-income countries are included. While the numbers may be limited the disability-
adjusted life years lost (DALYSs) is significant.

Table 1. Estimated size of disease burden in countries included in past MPP licences
potentially eligible for treatment with erlotinib, afatinib, crizotinib, and gefitinib.

Medicine | Incidence DALYs lost \ Prevalence
Erlotinib | 90,000 2,263,000 86,000
Afatinib 91,000 2,220,000 123,000
Crizotinib | 11,000 274,000 15,000
Gefitinib | 30,000 729,000 40,000

DALY - disability-adjusted life year.
6.2.2 Diagnosis of lung cancer and mutation testing

Data from the US suggests that most lung cancer cases present at an advanced stage.®
Case studies undertaken to inform this study suggested the same scenario in LMICs.
The first investigation of choice is usually imaging by X-ray, which will successfully
identify the disease in most cases.!” If resources allow, the next investigation should be
a CT (computer-assisted tomography) scan. Compared to simple radiography, CT
scanning equipment is far more expensive and requires expert staff.

After imaging, obtaining a tissue or cell sample allows confirmation of the diagnosis.
Biopsies in general require highly trained staff and expensive equipment such as
bronchoscopes and a CT scanner. Sputum cytology involves collection of a sample of
sputum coughed up by the patient and analysing the sputum under a microscope to look
for cancer cells. While it is not preferred in high-income guidelines,'® some argue that is
a viable alternative to biopsy in resource-poor settings, being far cheaper, non-invasive,
and technically simpler.1?

Testing to establish the presence of the relevant mutation (EGFR, ALK, or ROS-1 as
applicable) is a prerequisite to using the medicines discussed in this section. This can be
done either by analysing biopsy samples with techniques such as
immunohistochemistry, or by analysis of sputum samples with PCR-based methods.
Though sputum PCR has a lower sensitivity than more invasive methods, it is more
affordable,'20 and is gaining support as a viable test for determining EGFR mutation
status when more invasive biopsy is not possible.21.22 Diagnosis by sputum PCR, to our
knowledge, has not yet been described for ROS-1 or ALK mutations.

Background papers undertaken to inform this feasibility study suggested that
diagnostics for EGFR, ALK, and ROS-1 mutations have limited availability in several
LMICs. Currently, EGFR and ALK testing is available in some pathology centres in
Vietnam, though patients have to pay out-of-pocket for the test. EGFR, ALK, and ROS-1
testing are expected to become available at government laboratories in Uzbekistan in
the next year. In Kenya, EGFR testing is performed in top urban hospitals for one
subtype of NSCLC and ALK testing is done on special request. Mutation testing for
NSCLC is not available in Botswana or Haiti.
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6.2.3 Efficacy and tolerability of lung cancer TKIs

Landmark TKI trials for afatinib, erlotinib and gefitinib showed improvements in
progression-free survival and quality of life compared to standard chemotherapy but
did not demonstrate benefits in overall survival.23-2> Once the disease has progressed, a
switch to chemotherapy is in general recommended.”8

Lung cancer TKIs cause less toxicity than conventional (cytotoxic) chemotherapy,26-30
and, importantly, far lower rates of adverse events such as immune suppression,
anaemia, and increased risk of bleeding (thrombocytopenia). Managing these
complications usually requires hospital admission and specialised facilities, which
poses a significant challenge for using cytotoxic chemotherapy in resource-limited
settings.1? The absence of these requirements represents a significant potential
advantage to using lung cancer TKIs in these settings.

6.2.4 Availability of medicines

Table 2 summarises availability and pricing data collected in background papers
undertaken to inform this feasibility study (except data for South Africa and India,
which have been collected from public sources31-33).

Table 2. Availability and prices of lung TKls in selected LMICs.

Lowest available price per patient per month (USD)

Erlotinib Afatinib ‘ Gefitinib Crizotinib

Uzbekistan $2,100 N N N

Kenya $480* N $145* N

Haiti N N N N
Nicaragua $2,600 N $1,920 $8,450
Vietnam $630* N $600* N
Pakistan $333*t $1,067*t $66*t $15,000t
South Africa $2,081 N N N

India $408* N $91* $1,492

N - not registered and/or unavailable. *Generic. tAvailable but not registered.

For erlotinib in Pakistan, a higher priced originator product exists, and is registered. The price shown is for
the lower priced, unregistered, generic product. No registration data for India. Viet Nam prices are for
procurement in public hospitals. Month = 30 days. Exchange rates of 31 Oct 2017.

From the national background papers,N gefitinib and erlotinib appear to be more widely
available than afatinib and crizotinib and generics seem to be available in several
countries. This is likely due to the earlier launch of gefitinib and erlotinib. Considering
they are small molecule oral medicines, all four drugs have affordability challenges in
LMICs. Even the lowest observed price - $66 per month for gefitinib in the private
market in Pakistan - is likely to be unaffordable for the majority of the population.
Similarly, even with numerous manufacturers, generic erlotinib has a relatively high
price in India, where it has been the subject of patent litigation.3* This may be partially

N National experts contributing background papers for this Chapter were: Nicholas Anthony Othieno
Abinya (University of Nairobi, Kenya), Professor Zeba Aziz (Hameed Latif Hospital, Pakistan), Dilshod
Egamberdiev (National Cancer Center of Uzbekistan), Temidayo Fadelu (Dana-Farber Cancer Institute,
USA), Yehoda Martei (University of Pennsylvania, USA), Orlando Benito Martinez-Granera, (Fundacién
Movicancer Nicaragua, Nicaragua), and Tuan Anh Pham (National Cancer Hospital, Vietnam).
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due to the limited market size and thus limited sales volumes. Crizotinib is the only one
for which there appear to be no generics on the market today. Though afatinib, gefitinib,
and crizotinib do not yet appear to be marketed in South Africa, applications for their
registration have been submitted as they have been listed in the Schedules to the
Medicines and Related Substances Act.3> They also are not yet procured by the public
sector.

6.2.5 EML Expert Committee

In their 2017 review cycle, the Expert Committee considered that “[e]rlotinib, gefitinib
and afatinib are associated with a more favourable tolerability profile and comparable
efficacy to cytotoxic chemotherapy, and crizotinib has been associated with greater
efficacy in terms of [progression-free survival] and [overall survival] compared with
chemotherapy. However, the need to screen patients to determine suitability for
treatment must be taken into account by health systems. The availability, affordability,
and quality of diagnostic screening of patients for EGFR mutations and ALK gene
rearrangements will be an important factor requiring consideration by the Working
Group in prioritizing cancer therapies for future EML applications.”?

6.2.6 National essential medicines lists

Of the 25 LMIC NEMLs reviewed, erlotinib is included in the NEMLs of Mexico, Bulgaria,
Cote d’lvoire, Jordan, Moldova, the Russian Federation, Trinidad and Tobago, Ukraine,
Panama, Serbia. Gefitinib is included in most of the NEMLs that include erlotinib.
Afatinib is included in Serbia’s NEML, and crizotinib is included in Panama’s NEML. This
overview is not exhaustive.

In consultations with certain LMIC governments during the preparation of this
feasibility study, high prices for certain cancer medicines was indicated as a reason for
not including them in national EMLs in certain countries.

6.2.7 Patentlandscape

A patent search revealed that primary patents for erlotinib and gefitinib have expired,
but secondary patents have been granted in many LMICs, with expected expiry in 2020
and 2023, respectively, which may delay competitive supply in some countries. Afatinib
appears to have primary patents and secondary patents in many LMICs and are in force
until 2021 and 2024, respectively. Crizotinib is protected by primary patents in many
LMICs until 2025.
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Table 3. Patent landscape for lung TKIs.

Lung Cancer Expected

date of

expiry
Erlotinib
Erlotinib product 2016 . . . G* .
Crystalline Erlotinib hydrochloride form B 2020 G |F |G |G | G |G |G | G | G |G |G
Afatinib
Afatinib product generically 2018 . F |R |G* | . . . . . . . G |
Crystalline Afatinib dimaleate Form A 2024 G |G** | G |G | . G |[F |G |G |G
Afatinib product 2021 . F |G |G**| G |G | . G |G |G |G |G

%

Gefitinib
Gefitinib product 2016 . . .
Crystalline DMSO solvate of Form 3 of Gefitinib 2023 . F |G |G* | G |G | . G |G |G |G
Crizotinib
Crizotinib product generically 2024 G |F |G |G | G |G |G |G |G | G |G |G
IMethod of treating abnormal cell growth with 2026 . F |G | . . . . . . . . G
Crizotinib
Crizotinib Product Specific 2025 G |[F |G |G G |G |G |G |G |G |G |G |G |G
Crystalline form 1 of Crizotinib 2026 . F |G |G* R/A|. G

. — patent not found. F - filed. G - granted. R/A - rejected, under appeal. * RU only, ** KZ and RU only, *** BY
and RU only, **** BY KZ RU only.

6.2.8 Conclusions

Erlotinib, gefitinib, afatinib, and crizotinib - oral small-molecule cancer medicines -
offer benefits in tolerability, progression-free survival,23-25 and possibly overall
survival,3637 for a proportion of lung cancer cases.

These medicines have challenging diagnostic requirements. In general, the use of these
medicines would necessitate biopsy, which is demanding in terms of requiring
technically skilled staff, and resource-intensive equipment. After biopsy, special
diagnostics are required to identify cases that display the mutations that these
medicines target. These diagnostics are either unavailable or very costly in some LMICs,
and the limited market size may prevent them from becoming widely available and
affordable in the near future.

On the other hand, these medicines offer some distinct advantages for use in low-
resource settings, including significantly lower toxicity than cytotoxic chemotherapy,
and low requirements for monitoring or facilities.!? In addition, if these oral medicines
were affordable, despite the added requirement of mutation detection, they may reduce
overall costs to LMIC healthcare systems by reducing the costs associated with the
regular visits needed for cytotoxic chemotherapy, and the costs associated with
managing the toxicities of cytotoxic chemotherapy.

The primary patents for erlotinib and gefitinib have expired in most LMICs and generics
have entered the market, but challenges may remain in relation to secondary patents in
certain jurisdictions where generics are still not available (e.g. South Africa). For
afatinib, patent protection will expire in 2021 in most jurisdictions with additional
patents in certain jurisdictions until 2024. Patent protection for crizotinib is likely to be
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in place until at least 2025, but the number of lung cancer cases that may benefit from
crizotinib is significantly smaller (11,000 new cases annually in countries previously
included in MPP licences), making the market for both the medicine and the relevant
mutation tests very limited.

In summary, the potential role for the MPP in relation to the medicines for lung cancer
reviewed here is likely to be limited due to small market size (particularly for
crizotinib), challenging diagnostic requirements, and availability of generic versions of
erlotinib and gefitinib in some countries. Nevertheless, access to affordable treatments
can be an important driver for the development of diagnostic capacity, and national
background papers suggest that several countries are increasing such capacity at least
in certain tertiary care centres. The MPP may be able to play a role in increasing access
to some of these medicines, for example, through targeted licences for specific countries
in which secondary patents are in place. Licences could contribute to enabling earlier
generic market entry in such countries.

6.3 Prostate cancer

In this section, we outline the potential for the MPP to facilitate access to abiraterone
and enzalutamide for the treatment of prostate cancer in LMICs.

6.3.1 Epidemiology of prostate cancer in LMICs

Prostate cancer is the fifth highest oncological cause of death in men in developing
countries,* with over three million people with prostate cancer in LMICs.> The mortality
from prostate cancer is projected to increase by 68% from 2015 to 2030 (Figure 1).6 In
Africa and Asia, screening for prostate cancer is not common, and it is likely that a large
proportion of prostate cancer patients present at a late stage.383° The mortality rate for
prostate cancer in Africa and the Caribbean is more than twice the world average.?

Abiraterone and enzalutamide are approved for the treatment of metastatic prostate
cancer that is resistant to first-line hormonal therapies. Abiraterone is additionally
approved for the treatment of high-risk metastatic prostate cancer that is not yet
resistant to first-line therapy, giving it a wider range of use than enzalutamide. We
estimated that 168,000 people in countries in past MPP licences are guideline-eligible
for treatment with enzalutamide, and 311,000 people are eligible for treatment with
abiraterone (Table 4, details on estimation in the appendix).

Table 4. Estimated number of prostate cancer cases in countries in past MPP licences
potentially eligible for treatment with enzalutamide or abiraterone.

Medicine Incidence DALYs Prevalence
Abiraterone 47,000 454,000 311,000
Enzalutamide 25,000 245,000 168,000

6.3.2 Diagnosis of prostate cancer
In high-income settings, prostate cancer is diagnosed through a combination of clinical

history and risk factor assessment, clinical examination, serial blood testing for
prostate-specific antigen (PSA), imaging, and biopsy.4?
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An analysis of prostate cancer treatment in Nigeria considers PSA expensive and notes
the difficulties in diagnosing prostate cancer due to a lack of trained urologists and
ultrasound-guided biopsy.*! The overall rate of prostate biopsy in sub-Saharan Africa is
low,*2 and diagnosis is typically made when the cancer is already advanced, and
regularly made on clinical grounds alone.#3 On the other hand, according to national
background papers undertaken to inform this feasibility study, guided biopsies and PSA
measurement are widely available in Nicaragua and Uzbekistan.

6.3.3 WHO Expert Committee

An application was submitted to include enzalutamide in the 2017 update of the WHO
EML. No application was submitted for abiraterone. The Expert Committee’s report
“recommended that enzalutamide should not be added to the EML at this time, but
should be considered as part of a comprehensive review encompassing additional
medicines (e.g. abiraterone) at its next meeting.”!

6.3.4 Treatment of prostate cancer

Surgery and radiotherapy with curative intent are in general not recommended in
metastatic prostate cancer?.44

The first-line pharmaceutical treatment in metastatic prostate cancer is androgen
deprivation therapy (ADT) with abiraterone, which can include surgical removal of the
testes and/or treatment with medicines.*44> The first medicines for ADT - bicalutamide
and leuprorelin - were added to the WHO EML in 2015 following a review of cancer
medicines by the Union for International Cancer Control (UICC).46:47

Abiraterone is recommended in the first-line treatment for metastatic prostate cancer,
given together with ADT.#8 Enzalutamide and abiraterone are both recommended as
treatments for metastatic prostate cancer that has become resistant to ADT.** Both
abiraterone and enzalutamide confer benefits in overall survival.*84° Concurrent steroid
therapy (prednisone or prednisolone - generic oral medicines) is required for
abiraterone but not for enzalutamide.>?

Cytotoxic chemotherapy has a high rate of adverse events such as immunosuppression,
which require specialised facilities and in most cases hospital admission. In many
LMICs, chemotherapy is limited by the availability of appropriate facilities and the cost
of chemotherapy. Abiraterone and enzalutamide have been shown to confer similar or
greater survival benefits compared to cytotoxic chemotherapy (docetaxel) and may thus
be considered a therapeutic alternative to cytotoxic chemotherapy (trials to determine
whether abiraterone or enzalutamide should be used with rather than before cytotoxic
chemotherapy are ongoing).44454851 Thus, at present, both abiraterone and
enzalutamide may represent important treatment options for patients for whom
chemotherapy is undesirable, or in settings where chemotherapy is difficult to
administer.50.52

0 Though surgery and/or radiotherapy may be used in managing complications (such as spinal cord
compression) or as part of palliation.
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With evidence to support the benefit of using abiraterone earlier in the disease process
(i.e. before resistance to ADT develops), and no equivalent evidence for enzalutamide,
abiraterone may be more important from a public health perspective in LMICs at
present.

6.3.5 Availability of medicines

Table 5 summarises availability and pricing data for enzalutamide and abiraterone,
collected in background papers undertaken to inform this feasibility study (except data
for South Africa and India, which have been collected from public sources31-33).P

Table 5. Availability and prices of enzalutamide and abiraterone in selected LMICs.

Lowest available price per patient per month (USD)

Enzalutamide Abiraterone

Uzbekistan N N

Kenya $3,305 $627*

Haiti N N

Nicaragua $4,950 N

Vietnam N $1,920
Pakistan $6,580t $380*t

India $4,807 $598*

South Africa $2,567 $2,370

N - not registered and/or unavailable. *Generic. tAvailable but not registered. No registration data for India.

Background papers undertaken to inform this feasibility study suggested that
enzalutamide and abiraterone are not widely used in LMICs. Generic abiraterone
appears to be available in Kenya, Pakistan, and India, but prices are still high, although
significantly more affordable than enzalutamide. This may be due to abiraterone only
recently becoming favoured in guidelines and generics new entry into the market.

The preferred treatment in many parts of Africa is bilateral orchidectomy - surgical
removal of both testes in order to decrease testosterone levels.3841 This is partially due
to the higher costs of reducing testosterone levels with pharmaceuticals.*! A
background paper on cancer care in Haiti, undertaken to inform this feasibility study,
identified a similar trend. In some countries in Asia, an older medicine, ketoconazole
(primarily used as an antifungal) is used instead of newer anti-androgens due to their
high price, despite ketoconazole having significantly greater adverse effects.44>0

6.3.6 National essential medicines lists

Of the 25 NEMLs from LMICs that we were able to collect, enzalutamide was present
only in the NEML of Serbia, though our search overview was not exhaustive.

In consultations with certain LMIC country governments during the preparation of this
feasibility study, high prices for certain cancer medicines were indicated as a reason for
not including them in national EMLs in certain countries.

P See footnote above, in section 6.2., for a list of experts that provided national background papers for this
Chapter.
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6.3.7 Patentlandscape

Enzalutamide is under compound patent protection in some LMICs. In the US, Europe,
and Australia, generic versions of abiraterone may be blocked by a method-of-use
patent until 2027,53 but this patent appears not to have been filed or granted in most
LMICs for which data was gathered (table below). While other reports have highlighted
other patents on abiraterone, this analysis focuses on those listed in the USFDA Orange
Book and the equivalent national patents in LMICs.

Table 6. Patent landscape for enzalutamide and abiraterone.

Expected
date of

expiry

Enzalutamide

Product 2026/202 . F G G* | . G R/ . . . . . G
7 A

Abiraterone

Method of treatment with 2027 . . F . ? . . ? ? . . ?
abiraterone and
prednisone

. — patent not found. F - filed. G - granted. R/A - rejected, under appeal. * RU only, ** KZ and RU only, *** BY
and RU only, **** BY KZ RU only.

6.3.8 Conclusions for prostate cancer

The burden of prostate cancer in LMICs is substantial, with mortality rates in many
LMICs higher than in high-income countries.

Abiraterone or enzalutamide, if available at more affordable prices, could offer
significant benefits to people with prostate cancer in LMICs. At present, abiraterone
appears to be more promising from a public health perspective in LMICs as evidence
supports its use earlier in the disease. One potential drawback for abiraterone could be
its need for concurrent treatment with an oral steroid (not required for enzalutamide),
which would add to the price and may not be well-tolerated by some. Both drugs offer
an alternative to chemotherapy that is effective, have substantially lower side effects,
and do not require specialised facilities for administration. These advantages are
especially significant in resource-poor settings.

Based on our analysis, while there are some secondary patents, these do not appear to
be blocking generic market entry for abiraterone in most LMICs for which we were able
to collect data, and generic versions are already available in some countries. It is
therefore unclear what, if any, role the MPP could play in facilitating broader access to
abiraterone, unless the MPP could contribute to the transfer of technology to
manufacturers and/or partner with other stakeholders to facilitate market entry and
uptake. Enzalutamide has primary patent protection until 2026/2027 in some LMICs
and could potentially be a candidate for MPP licensing, pending future
recommendations by the EML cancer working group and the WHO Expert Committee.
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6.4 Multiple myeloma

This section looks at the potential for MPP to play a role in enhancing access to
lenalidomide for the treatment of multiple myeloma in LMICs. Multiple myeloma is a
cancer of the blood. Presenting symptoms typically include anaemia, bone pain, kidney
failure, and high blood calcium levels (causing symptoms such as constipation).>*

6.4.1 Epidemiology of multiple myeloma in LMICs

Multiple myeloma represents about 1% of all cancer cases and 10% of blood cancer
cases.>> In 2016, there were 134,195 people living with multiple myeloma in LMICs. In
Europe, the median age at diagnosis is 72.5°> We estimated that 64,000 people in
countries included in past MPP licences are clinically eligible for treatment with
lenalidomide (Table 7).

Table 7. Estimated number of multiple myeloma cases in countries in past MPP licences
potentially eligible for treatment with lenalidomide.

Incidence Prevalence

29,000 704,000 64,000

6.4.2 Diagnosis of multiple myeloma

Multiple myeloma is diagnosed on the basis of clinical symptoms and confirmed using,
at minimum, urine and blood electrophoresis and a bone marrow sample. Background
papers commissioned to the feasibility study noted that these tests are available in
Botswana, Nicaragua, Pakistan, Uzbekistan, Vietnam, as well as in urban centres in
Kenya.Q

6.4.3 WHO Expert Committee

Lenalidomide has not specifically been submitted to the WHO Expert Committee for
addition to the WHO EML. However, in 2017, the WHO Expert Committee called for the
established of a “Cancer Working group [that] should consider other important
oncology conditions for review that were not part of the previous update, including (but
not limited to) multiple myeloma, renal and brain cancers”.! Lenalidomide was
mentioned by multiple stakeholders as an important medicine for multiple myeloma for
which there are access issues in some LMICs.

6.4.4 Treatment of multiple myeloma

Lenalidomide is an oral, once-daily medicine. Lenalidomide with dexamethasone (a
generically available steroid) is the only guideline-preferred fully oral first-line
combination treatment.>>5¢ Treatment generally lasts for at least one year. Five -year
survival in multiple myeloma was previously about 30-40% before newer medicines,
but is now around 50% with the use of lenalidomide and dexamethasone.57:>8

Q See footnote above, in section 6.2., for a list of experts that provided national background papers for this
Chapter.
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Lenalidomide was developed as a derivative of thalidomide, a long-generic medicine
whose efficacy in treating multiple myeloma was discovered in the early 2000s.5°
Lenalidomide has been shown to be superior to thalidomide in its side effects profile,
though superiority in overall survival has not yet been demonstrated.>%¢0 In terms of
side effects, lenalidomide is associated with significantly less neuropathy (nerve
damage) than thalidomide - about a third of patients taking thalidomide experience
some nerve damage. Additionally, lenalidomide is associated with an increased risk of
venous thromboembolism, and therefore prophylaxis with aspirin or a different
anticoagulant such as a NOAC is recommended for patients being treated with
lenalidomide.

The addition of bortezomib to lenalidomide/dexamethasone offers an 11 month
increase in median overall survival,! and bortezomib may thus also be a promising
candidate in the future both for addition to the EML and for MPP licensing. Bortezomib
is an injectable medicine which has substance patent protection in the US expiring in
2022, though patents may not be widely in force in most LMICs.

6.4.5 Availability of medicines

Table 8. Availability and prices of lenalidomide in selected LMICs.
Lowest available price per patient per month (USD)

Haiti N
Nicaragua $9,333
Vietnam $280*
Botswana N
Pakistan $142*
India $63*
South Africa $7,224

N - not registered and/or unavailable. No registration data for India. 10mg per day dose assumed. *Generic

Multiple generic versions are available in India, though the current generic monthly
price is likely to be unaffordable for the majority of the population. Generics are also
available in Vietnam and Pakistan, which appear to be imported from India. Generics
are not currently available in South Africa or Nicaragua, where prices are significantly
higher.

6.4.6 National essential medicines lists

Of the 25 NEMLs from LMICs that we reviewed, lenalidomide was included in the NEML
of Guatemala, Mexico, Russia, and Serbia.

6.4.7 Patentlandscape

The patent landscape for lenalidomide is shown in Table 9. The primary (compound)
patent is not in force in most LMIC jurisdictions. A patent on crystalline form of
lenalidomide, however, has been widely granted in LMICs and is expected to expire in
2027. In India, this patent was refused, which may explain the availability of multiple
generic versions.
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Table 9. Patent landscape for lenalidomide.
Expected

date of
expiry

Product patent 2019 . . G G*

Method of treating 2023 . G G . . . . . . . . . G
myelodysplastic
syndrome with
lenalidomide
Crystalline form B 2027 G R/A G G** . G R G G G . G G G
Method of treating 2023 . G G F* . . R . . G . G G
multiple myeloma and
non-Hodgkin's
lymphoma

Method of treating 2028 . . G G*
mantle cell lymphoma
. — not filed/withdrawn/abandoned. G - granted. F - filed. R - refused. R/A - refused and under appeal. *RU only
**patent ceased in RU

6.4.8 Conclusions

Multiple myeloma affects an estimated 134,000 people in LMICs. We estimated that
64,000 people live in countries included in past MPP licences and would be clinically
eligible for treatment with lenalidomide. The burden of disease associated with multiple
myeloma in the countries is substantial, representing 704,000 DALYs. While the
primary patent is not in force in most LMICs, a secondary patent on a crystalline form of
lenalidomide may delay generic market entry in some LMICs. Prices of lenalidomide
appear to be high across LMICs, particularly where there is a single supplier.

The requirement of bone marrow aspiration may pose a challenge to wider treatment of
multiple myeloma. However, expert clinicians who provided background papers for this
study reported that the required diagnostics are available in many LMICs.

The combination bortezomib-lenalidomide-dexamethasone appears to currently be the
best treatment for patients with multiple myelomaR.>556 [f bortezomib is not available,
lenalidomide-dexamethasone is still a guideline-recommended all-oral first line
regimen.

In conclusion, following any decisions by the EML cancer working group on
recommended treatments for multiple myeloma, MPP licensing could contribute to
accelerating access to lenalidomide in LMICs where generic market entry may not be
possible yet, enabling broader access to treatment for people with multiple myeloma.

6.5 Breast cancer

In this section, we consider treatments for HER2-positive breast cancer that have been
recently highlighted by the WHO EML Expert Committee as candidates for future
review: trastuzumab emtansine (T-DM1), pertuzumab, and lapatinib. In addition, we
note the case of trastuzumab, which was added to the WHO EML 2015. Of these five
drugs, lapatinib is the only one that is not a biologic - it is a small molecule tyrosine

R For patients who will not receive autologous stem cell transplantation.
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kinase inhibitor. Palbociclib, a breast cancer medicine for HER2-negative breast cancer,
is discussed separately, in Chapter 8.

We use the term similar biotherapeutic product (SBP) to describe biologic medicines
that are similar to an originator biologic medicine in quality, safety, and efficacy. This
term is in most cases synonymous with ‘biosimilar’.

6.5.1 Epidemiology of breast cancer in LMICs

Breast cancer is the leading oncological cause of death in women in developing
countries,* with 1.4 million new cases in LMICs in 2015.5 While the incidence rates for
breast cancer are highest in North America and Europe, the mortality rates are highest
in Western Africa and Northern Africa.3

Data from the US suggest that about 40% of breast cancer cases present at an advanced
stage.1® The proportion of patients presenting with metastatic disease is higher in
LMICs in Asia and Africa, and median age at presentation is lower.62-64 For example,
while 48% of breast cancer is diagnosed at Stage I (i.e. an early stage) in the US,° this
number has been reported at only 4% and 23% in centres in India and Malaysia,
respectively,®? and 77% of breast cancers present at an advanced stage in Sub-Saharan
Africa.6* Median age at diagnosis is 60 years in the US,%> but the average age in China is
45-55 years,®3 and a systematic review of 83 studies spanning 17 sub-Saharan African
countries found that most patients in Africa were aged 35-49 years.®*

In around 15-20% of breast cancer cases,®® tumour cells overexpress a specific receptor,
termed HERZ2, which in these cancer cells is the central driver for the disease process.
HER?2 positivity is associated with more aggressive disease (in the absence of HER2-
targeted treatment).6” All of the medicines considered in this section are HER2-targeted
treatments.

We estimated that, when cancer subtype, mutation status, and stage at presentation are
taken into account, between 535,000 and 1,112,000 people in countries in past MPP
licences could benefit from trastuzumab, T-DM1, pertuzumab, and lapatinib (Table 10,
details on estimation in the appendix).

Table 10. Estimated size of disease burden in countries in past MPP licences potentially
eligible for treatment with trastuzumab, pertuzumab, T-DM1, and lapatinib.5
Medicine Incidence Prevalence

(cases per year)

Trastuzumab 147,000 1,285,000 1,112,000
Any one of: trastuzumab 65,000 499,000 535,000
emtansine (T-DM1),
pertuzumab, and lapatinib

S Trastuzumab is indicated first-line for all HER2+ breast cancers (i.e. both early and advanced cancers).
Pertuzumab is indicated in metastatic HER2+ breast cancer. Lapatinib and T-DM1 are indicated in
metastatic HER2+ breast cancer after failure of trastuzumab. For the purposes of these estimates, we
assumed that all patients with metastatic breast cancer treated with trastuzumab would eventually
become resistant and would therefore become eligible for T-DM1 and/or lapatinib. It should be noted,
however, that this is likely an overestimation °6.
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6.5.2 Diagnosis of breast cancer

Screening of breast cancer is not common in resource-poor settings due to multiple
factors.2 Mammography equipment, which is widely used as the first-line diagnostic
technique in high-income countries and many middle-income countries, is unavailable
in some LMIC. 68

In order to use HER2-targeted therapy, a biopsy has to be obtained once the tumour is
identified, and molecular testing used to assess the mutation status of the tumour. Both
obtaining the biopsy and molecular testing of the sample require specialised facilities,
equipment, and highly-trained staff.

National background papers undertaken to inform this feasibility study suggest that
HER2 mutation diagnostics have mixed availability in LMICs.T Currently, HER2 testing is
available in some pathology centres in Vietnam, though patients have to pay out-of-
pocket for the test. HER2 testing is expected to become available at government
laboratories in Uzbekistan in the next year. HER2 testing is normally not done in Haiti
due to lack of laboratory capacity. HER2 testing is available and covered in the public
sector in Botswana. In Kenya, HER2 testing is available at the main hospital in Nairobi. It
should be noted, however, that limited access to treatment has been a key barrier to
broader scaling up of HER2 testing (interviews with key stakeholders). This may change
as access to trastuzumab increases in LMICs.

6.5.3 Treatment of breast cancer

The stages of breast cancer divide, generally, into early (localised), locally-advanced,
and metastatic. In general, surgery and radiotherapy are recommended first-line
treatments in early breast cancer, but not in metastatic breast cancer, where treatment
with medicines is preferred.®®70 In locally-advanced breast cancer, some tumours may
be operable, and some tumours initially considered inoperable may become operable
after treatment with radiotherapy and/or systemic therapy.’172 Despite the fact that the
great majority of breast cancer present at an advanced stage in sub-Saharan Africa,®4
mastectomy (total removal of the breast(s)) is the most common treatment for breast
cancer in the region.”3 A 2010 survey found that less than half of African countries had
an external-beam radiotherapy machine.”#* While mastectomies can be performed in
most hospitals with surgical facilities,”> but access to surgery can be a major challenge
in many low-income and lower-middle-income countries.”® The high proportion of
cases that present with advanced disease and the low availability of radiotherapy and
surgery suggest that a large proportion of breast cancer patients would benefit from
superior outcomes if gold-standard medical therapy become available.

Trastuzumab is the only anti-HER2 therapy recommended for early breast cancer in
current European guidelines.’? The preferred therapy in advanced HER2-positive breast

T See footnote above, in section 6.2., for a list of experts that provided national background papers for this
Chapter.
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cancer is cytotoxic chemotherapy combined with trastuzumab and pertuzumabV. After
disease progression on this regimen, the recommended second-line treatment is with T-
DM1 (preferred over lapatinib).®®

6.5.4 Availability of medicines

Table 11 summarises availability and pricing data for HER2-targeted medicines,
collected from national background papers undertaken to inform this feasibility study
(except data for South Africa and India, which have been collected from public
sources3133),

Table 11. Availability and prices of HER2-targeted medicines in selected LMICs.

Price per month (USD)

Trastuzumab T-DM1 Pertuzumab Lapatinib
Uzbekistan $873* N $4,667 N
Kenya $789* N N N
Haiti N N N N
Nicaragua $1,640 $8,496 $5,267 N
Vietnam $1,676* N N N
Pakistan $1,256 $11,958t $4,647t $2,304
India $970* N N $1,149
South Africa $7,214 N N $1,585
N - not registered and/or unavailable. *Generic/similar biotherapeutic product. fAvailable but not registered. No
registration data for India. Assumed dosage regimens (body weight assumed 60kg): trastuzumab - 6mg/kg body
weight every 3 weeks, pertuzumab - 420mg every 3 weeks, T-DM1 - 3.6mg/kg body weight every 3 weeks,
lapatinib - 1500mg daily. Month = 28 days. Perfect vial sharing assumed.

According to the background papers, trastuzumab SBP is available in Uzbekistan from
BIOCAD, is available in Kenya from Mylan and Galaxy, is available from Mylan in
Vietnam, and is available in India from Emcure and Biocon.

Of the four medicines included in this section, trastuzumab was mostly widely available.
Despite the availability of SBPs for trastuzumab in many countries, the monthly prices
of trastuzumab are still high, and several countries still have a single supplier. This may
be partly explained by the relatively recent market entry of SBPs and by the high
development and manufacture costs for SBPs. The background papers estimated that
10%, 7%, 5% and 5% of patients who could benefit from trastuzumab actually have
access in Vietnam, Pakistan, Uzbekistan and Kenya, respectively. One informed
stakeholder provided a higher estimate of about 29% of patients needing trastuzumab
receiving it in a representative sample of developing countries. Estimates for
pertuzumab, T-DM1, and lapatinib were generally much lower in those four countries.

There are multiple reasons for limited access to treatments for HER2-positive breast
cancer, including challenges in diagnosis, limited access to specialized facilities and
expert medical staff, price, and lack of public reimbursement for treatment. The list is by
no means exhaustive. Significant access programs from originator companies were
reported for the diagnosis and treatment of breast cancer in certain countries in Asia,
Latin America and North Africa. Examples include screening and diagnostic services,

U The cytotoxic chemotherapy preferred in this regimen is any one of: docetaxel, paclitaxel, nab-paclitaxel,
vinorelbine, and capecitabine.t® Of these, all but nab-paclitaxel are included in the WHO EML.
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awareness campaigns, training of pathologists, tiered prices for treatment in public
sector, establishment of “women consulting rooms” and patient assistance programs.

There are at least 17 trastuzumab SBPs being developed by various companies, at
various stages of development.”’” In South Africa and India, Roche (the originator
pharmaceutical company for trastuzumab) markets two versions of trastuzumab -
Herceptin, and Herclon. Herclon is sold exclusively to the public sector in South Africa,
and on the private market in India at a price approximately 50% lower than Herceptin.
SBPs of trastuzumab are priced lower than Herclon in India, but are not available in
South Africa.”® In India, Roche holds an agreement with Emcure, under which Emcure
manufactures and markets trastuzumab (marketed as Biceltis) locally, using Roche’s
technology.”?

6.5.5 Patentlandscape

There are a number of patents on trastuzumab that are still in force until 2018 to
2026.80 However, as SBPs are now available in many LMICs, those patents may not be
considered to be blocking. Patents on pertuzumab and T-DM1 have been granted in
many LMIC jurisdictions, with protection potentially lasting until 2025 and 2029,
respectively (Table 12). For lapatinib, the primary patent expires in 2019, and
secondary patents expire in 2026.

Table 12. Patent landscape for HER2-targeted medicines.
Breast cancer Expected

date of

expiry

T-DM1

|MOT tumor comprising identifying said ~ |2020 arl G - . . . . . . . . G

with overexpression of ErbB2 receptor

MOT cancer expressing human epidermal 2029
growth factor receptor 2 protein by
administering combination of
Transtuzumab emtansine with . F |G F . . Al G . G|F|G|G]|G
chemotherapeutic agent selected from
GDC-0941 and GNE-390, as a combined
formulation or by alternation.

Lyophilized composition of a conjugate 2024

comprising a humanized antibody that . F F G . . G . . . . . G
binds to DM1,
IPertuzumab
MOT for cancer expressing HER2 antibody |2020 Flc G* G
2C4
[MOT for HER2 i ith  [2025
. or expressing cancer wi lrl g Rl rlc clelclclc
fixed dose of pertuzumab
composition of HER2 antibody 2025 . Flcglece=| Flcglcglogc . Gl Flcglaglog
Pertuzumab formulation 2025 . Flcglece=| Flcglcglogc . Gl Flcglaglog
|Lapatinib
Lapatinib product specifically 2019 clagla G . llFlglrlFrlcg!loa
Lapatinib Ditosylate Salt 2021 . Fl g . . . R . . G . . G
Lapatinib Ditosylate monohydrate film 2026
coated tablet Composition and . F| G . . . F . . . . . G
reparation
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. — patent not found. F - filed. G - granted. * RU only, ** KZ and RU only, *** BY and RU only, **** BY KZ RU
only.

6.5.6 WHO Expert Committee

An application was made to include T-DM1 in the 2017 update of the WHO EML. No
applications were made for pertuzumab or lapatinib. Trastuzumab is on the WHO EML,
having been added in 2015.

The 2017 WHO Expert Committee recommended “that trastuzumab emtansine [T-DM1]
should not be added to the EML at this time but should be considered as part of a
comprehensive review encompassing additional medicines (e.g. pertuzumab, lapatinib,
bevacizumab) at its next meeting.”!

6.5.7 Conclusions

Trastuzumab, pertuzumab, and T-DM1 have demonstrated improvements in overall
survival in HER2-positive metastatic breast cancer and are the recommended first-line
(trastuzumab and pertuzumab) and second-line (T-DM1) treatments for HER-positive
advanced breast cancer, in European guidelines. In LMICs, many cases present at an
advanced stage, and the availability of radiotherapy and surgery is limited. In this
context, effective systemic therapies could be especially valuable.

There are multiple challenging factors that may limit the extent to which these
medicines could be used in resource-limited settings. The use of these medicines would
rely on successful diagnosis of HER2-positive metastatic breast cancer, and the ability of
patients to attend 3-weekly treatment sessions at a specialised facility. HER2-positivity
must be assessed before using these medicines, and facilities to enable HER2 testing
(including biopsy) may be unavailable in several LMICs, though background papers
illustrated a trend of increasing availability.

Aside from lapatinib, the HER2-targeted therapies outlined in this section are biologics.
Biologics pose multiple challenges. Their use requires a cold chain, which may pose a
major challenge in some settings. Price reductions with SBPs appear to be smaller than
the price reductions seen in generic competition for small molecules (i.e. non-
biologics).81 There are numerous factors that add additional costs to the manufacture
process that small molecules do not have, such as higher development costs, costs
associated with manufacture, and added regulatory requirements (additional clinical
trials that prospective SBP manufacturers must undertake). Nevertheless, recent
experience shows that significant price decreases are possible with SBPs, even when
SBP markets are still in their infancy,8? and numerous SBPs were identified as available
in national background papers.

Trastuzumab has a larger demand volume than the other three medicines due to its
indication in early breast cancer, as well as its earlier market entry. Similarly,
pertuzumab may attract a larger demand volume than T-DM1 or lapatinib as it is
indicated earlier in the disease, which may translate to a larger potential patient pool.
However, for all three, the availability of trastuzumab is a prerequisite for their use (as
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recommended in guidelines), and access to trastuzumab remains a challenge, though
access has been increasing and SBPs are increasingly available in many LMICs.

In terms of specific challenges for the MPP entering the biologic space, there are
questions regarding whether LMICs included in an MPP licence would represent a
sufficient market to incentivise investment in developing an SBP if manufacturers were
limited to selling to this market. While lapatinib is a small molecule, and development of
generic versions may therefore be easier, faster, and may achieve lower monthly prices
in LMIC markets, it is considered less effective than T-DM1 in guidelines.®® Moreover,
with the primary patent on lapatinib expiring in 2019, the scope for MPP may be rather
limited.

In summary, there are distinct challenges for MPP working on trastuzumab,
pertuzumab, T-DM1, and lapatinib. However, background papers from a select number
of LMICs suggest that the availability of and access to relevant diagnostics is increasing.
In addition, access to affordable treatments can be an important driver for further
development of diagnostic capacity, and for national initiatives to expand care.
Following the review by the EML cancer working group and the WHO Expert Committee
in 2019, the MPP could explore concrete opportunities for licensing breast cancer
medicines that are highlighted. In the case of biologics, this may also require strong
provisions for technology transfer.

6.6 Similar biotherapeutic product (SBP) manufacture in LMICs

In reviewing a number of the new cancer medicines, in particular those for breast
cancer, discussions around the challenges for the development and registration of SBPs
were raised by multiple stakeholders. This section provides a brief overview of some
challenges and recent developments, and the potential role that the MPP could play in
relation to SBPs if it decided to expand its mandate to include these medicines. The
WHO defines an SBP as a “biotherapeutic product that is similar in terms of quality,
safety and efficacy to an already licensed reference biotherapeutic product”.83

6.6.1 SBP developmentin LMICs

Though SBPs are still a relatively new phenomenon, estimates for the number of SBPs
currently in the pipeline range from 600 to more than 900.8485> While it was initially
expected that SBPs would achieve price reductions of only around 30%,8¢ reductions in
the neighbourhood of 70% have been achieved in recent years.82

Probably the largest challenge for SBP development is that manufacturers are in general
required to undertake larger (Phase III) clinical trials to show comparable efficacy and
safety to the reference (originator) product. In addition, some countries require that
clinical trials for SBPs be conducted locally - or that a certain proportion of patients are
from the local population.?” In the US and EU, there are regulatory processes in place
that can support manufacturers developing SBP products throughout development with
advice to help compilation of an application dossier. In LMICs, such support may not be
available.88 Lastly, manufacturers entering the SBP space will need to build new
manufacturing plants, which often have to be very large in order to lower production
costs to competitive levels.8?
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The WHO has developed guidelines for SBP regulatory review,83 and has recently
announced a pilot programme for the prequalification of two SBPs (rituximab and
trastuzumab).?? National guidelines for SBP approval, often a crucial first step in
enabling SBP markets, have also been developed in numerous LMICs, including
Malaysia, Turkey, Taiwan, Thailand, Brazil, Saudi Arabia, South Africa, Argentina, Cuba,
India, Iran, Mexico, Peru, China, and Russia.?’-93 In the absence of national guidelines,
regulators in many cases rely on WHO, FDA, or EMA guidelines.?192 In Brazil, the
government has established public-private partnerships to kick-start local SBP
production capacity. The partnerships are additionally supported by guarantees of
government advance market commitments.?* Turkey and Russia have similar
governmental initiatives aimed at boosting domestic SBP production capacity.8”

In summary, while there are significant challenges for SBP development in LMICs, the
WHO and some LMIC governments are making efforts to encourage the development of
domestic production capacity, and the pipeline of SBPs is rapidly expanding.

6.6.2 Considerations regarding potential MPP work in SBPs

MPP licensing for SBPs could potentially improve access in LMICs, as has been the case
for small molecules.

A specific concern for the MPP entering the biologic space raised by some stakeholders,
was whether LMICs included in an MPP licence would represent a sufficient market to
incentivise investment in developing an SBP, given the high costs of development.

It is therefore possible that for the MPP to play a role in biologics, the technology
transfer aspect of MPP licensing agreements would be of greater importance than it is
for small-molecule medicines. Transfer of originator materials such as cell lines and
details on manufacturing process, which are otherwise protected as trade secrets, could
significantly lower barriers to SBP market entry and reduce costs. In effect, such
licensing agreements could draw from the experience of the agreements that some
originator companies have already made with LMIC SBP manufacturers to supply
local/regional markets (e.g. for rituximab and trastuzumab in India).”® This is an area
that would require further analysis and further discussion with pharmaceutical
companies.
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7 New antibiotics to combat antimicrobial resistance

7.1 Background

Antibiotics comprise a significant part of the WHO Essential Medicines List (EML). The
EML includes 61 antibiotic medicines, antibiotic groups, or combinations. Of these, 20
are TB treatments. None of the antibiotics currently listed, outside of TB, are patented.
The absence of patented antibiotics on the EML is indicative of systematic
underinvestment in the discovery of new antimicrobials over the last several decades.1-
6 This underinvestment, in turn, has contributed to growing antimicrobial resistance
(AMR), in which the medicines that are currently available are less and less effective in
treating infections.

The rising threat of AMR has received greater attention in recent years, with discussions
at the United Nations,” World Health Assembly,® the G7,° the G20,1° and elsewherell
highlighting the gravity of the situation. The international community has stressed the
imperative of increased research and development (R&D) of new antimicrobials, as well
as fostering better stewardship in order to preserve their effectiveness. Novel
initiatives, such as the Global Antibiotic Research and Development Partnership
(GARDP) and CARB-X, have been established to facilitate the development of new
antimicrobials against priority pathogens, and other incentive mechanisms have been
proposed to stimulate greater R&D in antimicrobials, for example, large end-stage
prizes.1312

The increased focus on the need to respond to rising antimicrobial resistance will likely
translate to a growing pipeline of new drug candidates to target priority pathogens in
the coming years. And, given the clear public health need for these drugs, antimicrobials
that effectively target drug-resistant microbes will likely be added to the WHO EML
soon after regulatory approval. This chapter will focus on the potential role that the
MPP could play in relation to these drugs, with a particular focus on how the MPP could
contribute to both affordable access and good stewardship of new antimicrobials.

7.2 The challenges of development, access and stewardship in AMR

Although precise data are unavailable, it is conservatively estimated that 700,000
people die every year from drug-resistant infections, and this number is estimated to
reach 10 million by 2050 (Figure 1).! These figures include the estimated number of
deaths from drug-resistant strains of HIV and TB, but also includes projected deaths
from other drug-resistant forms of bacteria.
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Figure 1. Deaths attributable to antimicrobial, compared to other causes.
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Figure reproduced from the O’Neill AMR Review.!

In an effort to guide and promote R&D to combat AMR, the WHO published a priority
pathogen list (PPL) in 2017, highlighting those bacteria (apart from drug-resistant TB,
which remains the largest global killer in AMR) for which there is an urgent need for
new treatments (Table 1).13 All three critical priority pathogens in the PPL, and seven of
the nine listed as critical or high priority are Gram-negative bacteria. The WHO Expert
Panel consequently noted that “future R&D strategies should particularly focus on the
discovery and development of new antibiotics specifically active against multidrug- and
extensively drug-resistant Gram-negative bacteria.”13 At the same time, the panel noted
that antibiotic stewardship programmes are urgently required.!3

Table 1. WHO priority pathogen list.13

Antibiotic Key antibiotic to which there is resistance
Critical priority

Acinetobacter baumanii Carbapenem

Pseudomonas aeruginosa Carbapenem

Enterobacteriaceae Carbapenem, 3rd-generation cephalosporins
High priority

Enterococcus faecium Vancomycin,

Staphylococcus aureus Vancomycin, methicillin

Helicobacter pylori Clarithromycin

Campylobacter species Fluoroquinolones

Salmonella species Fluoroquinolones

Neisseria gonorrhoeae 3rd-generation cephalosporins, fluoroquinolones
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Medium priority

Streptococcus pneumoniae Penicillins*
Haemophilus influenza Ampicillin
Shigella species Fluoroquinolone

*non-susceptible.
Adopted from the WHO Antibacterial agents in clinical development report.14

Following the publication of the PPL, the WHO published a pipeline report that analysed
antibiotics in clinical development in terms of their expected activity against priority
pathogens and their level of innovativenessV.1# Although the report identified a number
of potentially valuable agents, the analysis concluded that the current pipeline was
insufficient to meet the rising challenge of AMR. For example, given an estimated phase
1 success rate of 14%,'* only one or two of the ten anti-Gram-negative compounds in
phase 1 are likely to eventually be approved.

In an effort to facilitate antibiotic stewardship efforts, the 2017 EML adopted a new
categorization system for antibiotics.!> The new classification categorises antibiotics
into three groups - Access, Watch and Reserve - to balance the need for broad access to
some antibiotics against the need to preserve other classes of antibiotics as a last resort
for highly resistant cases. The Access category includes antibiotics that are the first- or
second-choice treatment for common infectious syndromes, for which the aim should
be to have affordable and quality-assured versions widely available. The Watch
category includes antibiotic classes that are considered to be especially susceptible to
the development of resistance, but which are still important in some indications (the
Access and Watch categories have some overlap). The third, Reserve category includes
last-resort antibiotics and antibiotic classes that are to be used when alternatives have
failed or would be inadequate. Newly developed antibiotics may automatically fall
under the Watch or Reserve categories due to their class - for example, pipeline
fluoroquinolones (a class included in the Watch category), or pipeline oxazolidinones (a
class included in the Reserve category).

While sound stewardship of antimicrobials is critically important, access to existing
antimicrobials remains limited in low- and middle-income countries (LMICs). An
estimated 5.7 million deaths occur annually from infections that would in most cases
have been treatable with existing antimicrobials if they were accessible (Table 2).16

VIn the WHO report on the antibiotic pipeline, innovativeness is described in terms of the medicine not
having cross-resistance to existing antibiotics, being of a new chemical class, having a new target, or
having a new mechanism of action.*
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Table 2. Global deaths due to infections amenable to treatment with existing

antimicrobials (thousands).

Lower respiratory tract infections* 2,466
Tuberculosis 1,290
Malaria 855
Neonatal infections and sepsis 366
Meningitis 304
Gastrointestinal infections* 221
Sexually transmitted infections* 142
Maternal infections and sepsis 24
Total: 5,668
*Excludes cases due to viral causes.

Table from Daulaire et al.16

Thus, while there is a need to develop new antimicrobials to treat drug-resistant
infections and ensure that they are used appropriately, there is also a need to expand
access to existing and recently-approved antimicrobials, particularly in LMICs. As
Daulaire et al note: “Ensuring universal and appropriate access to essential medicines is
a necessary precondition to any policy on restricting the use of antimicrobials in low-
income settings; absent this, any restriction is likely to be ethically and politically
challenged, or simply ignored.”1¢ This is the ‘policy tripod’ of aims in tackling
antimicrobial resistance (Figure 1): improving access to existing antimicrobials,
boosting the development of new antimicrobials, and developing effective stewardship
practices to protect existing antimicrobials from becoming ineffective.l”

Figure 2. The ‘policy tripod’ for tackling antimicrobial resistance.

Access for
millions

of people without
antimicrobials

Stewardship to
maintain
effectiveness of
existing drugs

Figure from Peter Beyer.18

Development
of new

antimicrobials

Source: J-A Rgttingen, based on Hoffman et al. (2015)
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7.3 The potential role of the MPP in contributing to access and
stewardship for new antimicrobials

The MPP has previously worked on antimicrobial resistance in the context of HIV and
TB. In HIV, the MPP holds numerous licences on second-line antiretrovirals - i.e.
antiretrovirals used in patients whose HIV infection has developed resistance to first-
line treatment - as well as products such as dolutegravir, which is recommended by the
WHO for first-line use in countries with high levels of pre-treatment resistance to one
class of medicines.1® In TB, the licence signed by MPP and the Johns Hopkins University
on sutezolid includes provisions to ensure that commercialization of the product
follows proper stewardship.

We consulted with a number of key stakeholders in the area of AMR (Table 2). This list
supplements the large number of stakeholders that the MPP consulted during the
preparation of its TB Stewardship Report,2? which examined how MPP licences could
contribute to both affordable access and responsible stewardship for new TB drugs.

Table 2. Stakeholders consulted specifically in the area of AMR, as part of this
feasibility study.

Manica Balesagaram, Global Antibiotic Research & Development Partnership (GARDP)

Peter Beyer and Nicola Magrini, WHO

Kevin Outterson, CARB-X

Tim Jinks and Jeremy Knox, The Wellcome Trust

Anna Zorzet and Helle Aagaard, ReAct

Sanne Fournier-Wendes, Unitaid

Ursula Theuretzbacher, Center for Anti-Infective Agents

Gabrielle Breugelmans and Adrian Alonso Ruiz, Access to Medicines Index/AMR Benchmark
Numerous other civil society organisations and originator and generic pharmaceutical companies
with whom semi-structured interviews were conducted in the course of the overall study (see
Acknowledgements).

The stakeholder feedback echoed much of what was gathered during the preparation of
the TB Stewardship Report: that there was a potential role for MPP, through its licences,
to play in promoting good stewardship practices while enabling affordable access to
new antimicrobials. For example, a number of stakeholders pointed out that many of
the developers of pipeline antimicrobials identified in the WHO Pipeline Report were
smaller biotechnology companies, with little to no presence in LMICs and no current
plans for stewardship or access in these countries. Indeed, the AMR Benchmark
published recently by the Access to Medicine Foundation found that only two of 28
antibiotics in late stages of clinical development had any access or stewardship plans in
place.?1

Stakeholder feedback also indicated that the MPP’s model would need to be adapted to
address the specific challenges in antimicrobial resistance. In antibiotics, for instance,
the MPP should not aim to make new antibiotics broadly available from multiple
manufacturers. Rather, the MPP should target just products of public health priority,
particularly those for which there are limited or no existing alternatives or that
significantly improve on existing options. And, rather than broadly licensing to multiple
manufacturers to promote wide availability and generic competition, the MPP would
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need to limit the number of licensees to ensure that the products are made affordably
available to those who need them while preventing overuse.

7.3.1 Role of the MPP in relation to initiatives to stimulate antibiotic R&D

Recent high-level reports have recommended that the MPP could play an important role
in new mechanisms for financing antimicrobial R&D.1312 The Review on Antimicrobial
Resistance Chaired by Jim O’Neill recommended that incentive mechanisms such as
market entry rewards should be linked to requirements to ensure access and
stewardship - for example, by requiring recipients of payouts to license their discovery
to the MPP under appropriate provisions.! Analyses from Chatham House, a prominent
international affairs think tank based in the United Kingdom and DRIVE-AB, a
consortium supported by the European Innovative Medicines Initiative, made similar
recommendations.312

CARB-X is an initiative to stimulate the early-stage pipeline for antimicrobials targeting
priority pathogens, established by two divisions of the US Department of Health and
Human Services,"W and funded by one of these divisions along with the Wellcome Trust.
CARB-X indicated that it would contractually require its grantees to develop an access
and stewardship plan for its drug candidates that advance through the pipeline and
viewed licensing to the MPP as one key option for grantees to fulfil this requirement.
Likewise, GARDP envisioned a role for MPP in AMR, both as a potential in-licensor of
promising candidate compounds for further development, as well as a licensee of
products successfully developed by GARDP.

7.3.2 Role of the MPP in relation to good antimicrobial stewardship

An access and stewardship licensing framework for the AMR context would build upon
the substantial work that the MPP has already completed in exploring how
stewardship-related practices could be integrated into its licensing model.2? The
development of such a framework would begin with the recognition that many of the
most important measures for ensuring proper stewardship of new antimicrobials lie
outside of the licensing context; for example, strengthening regulatory systems in
LMICs, expanding the availability of proper diagnostics, and developing and
implementing sound treatment guidelines will be key to achieving good stewardship
but cannot be addressed in a licence agreement with a manufacturer. However,
interviews with stakeholders indicated that the MPP could nevertheless make an
important contribution by addressing certain aspects of stewardship that can be
influenced through licensing agreements. Potential areas in which antimicrobial
stewardship could be promoted through MPP licensing are explored further below.

W These two divisions are the Biomedical Advanced Research and Development Authority (BARDA) and
the National Institute of Allergy and Infectious Diseases (NIAID).
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7.3.2.1 Quality standards

Ensuring that a drug meets quality standards, that it is safe and effective, contains the
correct amount of active ingredient, has a stable shelf-life, and is manufactured in
accordance with current Good Manufacturing Practices (cGMP) - is a central pillar of
ensuring responsible antimicrobial stewardship.?# In its licences for HIV and HCV
products, the MPP requires that all licensees manufacture the product in a manner
consistent with WHO pre-qualification (PQ) or stringent regulatory authority (SRA)
standards, or approval through an Expert Review Panel (ERP).X This is consistent with
the standards used by the the Global Fund, Unitaid and the Global Drug Facility (GDF).
The MPP would continue to implement strict quality standards in any licences for other
antimicrobials.

7.3.2.2 Release of active pharmaceutical ingredients into the environment

The O’Neill Review on AMR observed that improper treatment of wastewater by
manufacturers of antibacterial active pharmaceutical ingredients (APIs) and the
resultant release of the APIs into the local environment can act as a “driver for the
development of drug resistance, creating environmental ‘reservoirs’ of antibiotic-
resistant bacteria.”! The AMR Industry Alliance recognised the importance of reducing
the environmental impact from the production of antibiotics and committed to establish
targets for limiting discharge by 2020.2> The AMR Benchmark, in turn, is tracking the
pharmaceutical industry’s performance with regard to such commitments.2! MPP
licences in antimicrobials could seek similar commitments from its licensees regarding
environmental discharge and incorporate rigorous standards for acceptable levels of
discharge once these are developed in the coming years.

7.3.2.3 Marketing and promotional practices

Concerns have been raised that aggressive sales promotion could result in overuse of an
antibiotic.1? In particular, it would be appropriate to have strict controls on the
sublicensee’s promotion and marketing for antibiotics that have been (or are likely to
be) classified as “Watch” or “Reserve” in the WHO EML. In order to ensure that MPP
sublicensees do not engage in inappropriate promotional activities, the MPP could, as
part of its Expression of Interest (EOI) process, ask potential sublicensees to submit
marketing plans that are in line, for example, with the recommendations in the WHO's
Ethical Criteria for Medicinal Drug Promotion, or other relevant standards, and in line
with national laws and regulations. Such plans could then become binding obligations
as part of the licensing agreement. Prohibitions on over-promotion may need to be
coupled with an incentive mechanism that would delink the licensee’s revenue from the
volume of sales, such as, for example, advance purchase commitments.1? This sort of

X For example, the quality provision in the MPP-ViiV Form Sublicense for dolutegravir, in section 4.2,
provides as follows: “Licensee agrees that it will manufacture Raw Materials and Product in a manner
consistent with (i) World Health Organization ("WHO") pre-qualification standards; or (ii) the standards of
any Stringent Regulatory Authority ("SRA"), defined as regulatory authorities which are members, observers
or associates of the International Conference on Harmonization of Technical Requirements for Registration
of Pharmaceuticals for Human Use, as may be updated from time to time. Where such approvals are not yet
available, the Licensee will obtain temporary approval through a WHO Expert Review Panel, as appropriate
and if applicable.” A similar provision could be included in MPP licences covering other antimicrobials.
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delinkage mechanism, of course, would have to be implemented by or in partnership
with donors, governments, or procurement agencies capable of financing such a
mechanism.

7.3.2.4 Selection of licensees

For its HIV and HCV licences, the MPP selects licensees through its Expression of
Interest (Eol) system, which allows the organisation to assess a potential licensee’s
ability to promptly bring a quality-assured product to market at an affordable price in
the countries included in the licence.Y This existing framework can be leveraged to
require interested licensees to submit additional information that is relevant to good
stewardship, such as marketing plans (as discussed above) and manufacturing
environmental controls.

Unlike with MPP-licensed products with high sales volumes, such as medicines used in
first-line HIV treatment where the MPP seeks a large number of licensees in order to
generate market competition, in antimicrobials the MPP may need to limit the number
of licensees in order to better control the medicines’ use in line with good stewardship.
Under this practice, because the number of licensees - and thus competition - would be
limited, there may be a need for additional measures to ensure that the end product is
made available at an affordable price. This could be done, for example, by specifying a
‘cost-plus’ formula that establishes the maximum allowable price based on the
manufacturer’s production costs, while ensuring a sustainable profit margin for the
licensee.

7.3.2.5 Definition of permissible buyers

If guidelines such as the WHO EML recommend that an antimicrobial licensed to the
MPP is used only in restricted settings (e.g. only in hospitals), it may be appropriate for
the MPP to define in sublicence agreements the types of entities to whom sub-licensees
may sell the product. This would be in line with the AMR Industry Alliance Roadmap, in
which the signatories have committed to “collaborate with governments, their agencies
and other stakeholders to reduce uncontrolled antibiotic purchase, such as via over-the-
counter and non-prescription internet sales”.2> Permissible buyers could be limited to,
for example, public-sector hospitals, tertiary care centres, or certain NGOs. Specific
restrictions included in sublicences would need to be sensitive to factors such as a
product’s recommended scope of use or the level of public provision of healthcare in a
given country.

7.3.2.6 Limitations on irrational combinations and use

The inappropriate use of antimicrobials, including in irrational combinations, can
contribute to the development of resistance. Recently, for example, an alarming
proliferation of irrational fixed-dose combinations of antibiotics has been reported in
India.?® New antimicrobials may also have potential applications in veterinary use, but
such use may not be conducive to good stewardship. In close consultation with the

Y See http://www.medicinespatentpool.org/expressions-of-interest/
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WHO and other experts, MPP licences could define permissible uses and permissible
combinations.

7.4 Conclusion

As recognised in the MPP’s earlier TB Stewardship Report,2? the use of patent licences is
an imperfect tool for enforcing stewardship obligations. Such obligations could only be
enforced on drugs that are under patent and as long as patents are in force. Moreover,
such obligations would not be binding on non-licensees based in jurisdictions in which
the product is not patented. However, stewardship-related activities at the
manufacturing, commercialisation, and distribution levels could make an important
contribution towards good stewardship, and, to the extent that a patent licence can
place binding requirements for stewardship, it would seem counterproductive not to
use this tool.

Within the aforementioned constraints, the MPP is uniquely positioned to implement
and enforce stewardship obligations. The MPP is already implementing, monitoring, and
enforcing stewardship-related obligations in its current licences with drug
manufacturers in the fields of HIV, hepatitis C and TB. These practices include the
careful evaluation and selection of licensees through its Eol system, strict quality
requirements, and provisions for pharmacovigilance. Through these binding
requirements and close monitoring of licensees’ compliance, the MPP has demonstrated
success in encouraging its licensees to adhere to such obligations and has sought
remedies up to and including termination of licences for those who fail to perform. The
existing licence management infrastructure within the MPP could readily be adapted to
encompass a broader set of stewardship-related obligations along the lines set forth in
this chapter.

The MPP’s work in the field of AMR could be further strengthened if the MPP were to
partner with existing initiatives, such as the Access to Medicine Foundation’s AMR
Benchmark. In HIV, the Access to Medicine Index (ATMI) has recognised that MPP-
negotiated licences set the standard for public health-oriented licensing. Licensing to
the MPP could similarly be included as requirements in milestone prizes offered by
CARB-X and other innovative R&D financing mechanisms. Indeed, should a large end-
stage prize for the development of antimicrobials eventually be established, several
stakeholders felt that the MPP could play an important role as the mechanism to ensure
equitable access and responsible stewardship, particularly in LMICs, by manufacturers
for any new antimicrobial that is rewarded an end-stage prize.

7.5 References

1 The Review on Antimicrobial Resistance Chaired by Jim O’'Neill. Tackling drug-resistant infections globally:
final report and recommendations. 2016. https://amr-review.org/sites/default/files/160525_Final paper_with
cover.pdf (accessed Feb 18, 2018).

2 Renwick M], Simpkin V, Mossialos E. International and European Initiatives Targeting Innovation in
Antibiotic Drug Discovery and Development: The Need for a One Health - One Europe - One World Framework. 2016.
http://static.diariomedico.com/docs/2016/02/12/2016-report-on-antibiotic-rd-initiaitives-1.pdf (accessed March
26,2018).

3 DRIVE-AB. Revitalizing the antibiotic pipeline: Stimulating innovation while driving sustainable use and
global access. 2018. http://drive-ab.eu/wp-content/uploads/2018/01/DRIVE-AB-Final-Report-Jan2018.pdf
(accessed Feb 19, 2018).

Exploring the expansion of the Medicines Patent Pool’s mandate to patented essential medicines 112



4 Silver LL. Challenges of Antibacterial Discovery. Clin Microbiol Rev 2011; 24: 71-109.

5 Coates AR, Halls G, Hu Y. Novel classes of antibiotics or more of the same? Br ] Pharmacol 2011; 163: 184-
94,
6 Outterson K, Gopinathan U, Clift C, So AD, Morel CM, Rgttingen J-A. Delinking Investment in Antibiotic

Research and Development from Sales Revenues: The Challenges of Transforming a Promising Idea into Reality. PLOS
Med 2016; 13: e1002043.

7 United Nations General Assembly. Political Declaration of the high-level meeting of the General Assembly on
antimicrobial resistance. 2016.
http://www.un.org/ga/search/view_doc.asp?symbol=A/71/L.2&referer=/english/&Lang=E (accessed March 12,

2018).

8 Sixty-Eighth World Health Assembly. WHA68.7 Global action plan on antimicrobial resistance. 2015.
http://apps.who.int/gb/ebwha/pdf _files/WHA68/A68_R7-en.pdf?ua=1 (accessed May 26, 2015).

9 G7 Health Ministers. G7 Milan Health Ministers’ Communiqué: ‘United towards Global Health: common

strategies for common challenges’. 2017.
http://www.g7italy.it/sites/default/files/documents/FINAL_G7_Health_Communiqué_Milan_2017_0.pdf (accessed
March 26, 2018).

10 Berlin Declaration of the G20 Health Ministers. 2017.
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/G/G20-
Gesundheitsministertreffen/G20_Health_Ministers_Declaration_engl.pdf (accessed March 12, 2018).

11 AMR Industry Alliance Secretariat. AMR Industry Declaration. 2016.
https://www.amrindustryalliance.org/wp-content/uploads/2017 /12 /AMR-Industry-Declaration.pdf (accessed
March 26, 2018).

12 Chatham House. Towards a New Global Business Model for Antibiotics Delinking Revenues from Sales:
Report from the Chatham House Working Group on New Antibiotic Business Models. 2015.
https://www.chathamhouse.org/sites/files/chathamhouse/field /field_document/20151009NewBusinessModelAnti
bioticsCliftGopinathanMorelOuttersonRottingenSo.pdf (accessed Feb 15, 2018).

13 World Health Organization. Global priority list of antibiotic-resistant bacteria to guide research, discovery,
and development of new antibiotics. http://www.who.int/medicines/publications/WHO-PPL-
Short_Summary_25Feb-ET_NM_WHO.pdf?ua=1 (accessed March 26, 2018).

14 World Health Organization. Antibacterial agents in clinical development. 2017.
http://apps.who.int/iris/bitstream/handle/10665/258965/WHO-EMP-IAU-2017.11-eng.pdf?sequence=1 (accessed
March 27, 2018).

15 WHO EML Expert Committee. Report of the WHO Expert Committeeon Selection and Use of Essential
Medicines. WHO Tech. Rep. Ser. 2017.
http://www.who.int/medicines/publications/essentialmedicines/EML_2017_EC21_Unedited_Full_Report.pdf?ua=1
(accessed Sept 14, 2017).

16 Daulaire N, Bang A, Tomson G, Kalyango JN, Cars O. Universal Access to Effective Antibiotics is Essential for
Tackling Antibiotic Resistance. | Law, Med Ethics 2015; 43: 17-21.

17 Hoffman SJ, Outterson K. What will it take to address the global threat of antibiotic resistance? J Law, Med
Ethics 2015; 43: 363-8.

18 Beyer P. Options for a global development and stewardship framework to combat AMR. In: WHO
consultation of Member States and relevant partners. Geneva, 2016.
http://www.who.int/phi/news/amr_ppt_consultation2016%0A-%0A02%0A-%0A29.pdf?ua=1.

19 World Health Organization. Consolidated guidelines on the use of antiretroviral drugs for treating and
preventing HIV infection, 2nd edn. WHO Press, 2016
http://apps.who.int/iris/bitstream/handle/10665/208825/9789241549684_eng.pdf;jsessionid=939637CE96EB31
0F2D06E5FCBEC2FF95?sequence=1.

20 The Medicines Patent Pool Foundation. TB Stewardship Report. 2016.
https://medicinespatentpool.org/uploads/2017/07 /STEWARDSHIP-REPORT_FINAL-1.pdf (accessed March 8,
2018).

21 Access To Medicine Foundation. Antimicrobial Resistance Benchmark. 2018.

https://amrbenchmark.org/wp-content/uploads/2018/03/Antimicrobial-Resistance-Benchmark-2018.pdf
(accessed April 2, 2018).

22 Shields RK, Potoski BA, Haidar G, et al. Clinical Outcomes, Drug Toxicity, and Emergence of Ceftazidime-
Avibactam Resistance Among Patients Treated for Carbapenem-Resistant Enterobacteriaceae Infections: Table 1. Clin
Infect Dis 2016; 63: 1615-8.

23 Temkin E, Torre-Cisneros |, Beovic B, et al. Ceftazidime-avibactam as salvage therapy for infections caused
by carbapenem-resistant organisms: a case series from the compassionate-use program. Antimicrob Agents
Chemother 2016; : AAC.01964-16.

24 Laxminarayan R, Duse A, Wattal C, et al. Antibiotic resistance—the need for global solutions. Lancet Infect
Dis 2013; 13: 1057-98.

25 Industry Roadmap for Progress on Combating Antimicrobial Resistance —-September 2016. 2016.

26 McGettigan P, Roderick P, Kadam A, Pollock AM. Access, Watch, and Reserve antibiotics in India: challenges

for WHO stewardship. Lancet Glob Heal 2017; 5: e1075-6.

Exploring the expansion of the Medicines Patent Pool’s mandate to patented essential medicines 113



8 Other products in the WHO EML, highlighted by
EML Committee or mentioned in discussions with

stakeholders

8.1 Introduction

For the purpose of exploring the feasibility of expanding the MPP’s mandate to include
patented essential medicines beyond those for HIV, HCV and TB, we described some of
the public health challenges in relation to a few products/therapeutic areas in the
previous chapters, along with an analysis of the potential for MPP licensing. This
chapter looks at a range of other medicines and therapeutic areas that were not covered
in the case studies in previous chapters. It includes significantly less detail than in those
case studies. It starts by outlining some of the other medicines in the WHO EML that
have patent protection in certain LMICs. It then mentions other medicines that were not
included in the WHO EML, in part as a result of concerns about the affordability of these
medicines, such as the insulin analogues. Finally, we outline numerous other products
or drug candidates that are on the market or under development that were highlighted
in conversations with stakeholders and experts, for which MPP licences may offer a
mechanism for increasing treatment access in the future.

8.2 Other patented medicines on the EML

A number of medicines in the WHO EML for HIV, TB, and hepatitis C, are under patent
protection and are already within the MPP’s current mandate. Outside of these three
diseases, and apart from dasatinib, imatinib, nilotinib and trastuzumab discussed in the
case studies, there are a number of other medicines on the EML that have patents in
force in LMICs. Some of them are mentioned below. The list is by no means exhaustive,
as there are instances of other essential medicines with patents in force in some
jurisdictions (one example is moxifloxacin in Ukraine).

8.2.1 Rituximab

Rituximab is a biologic that was added to the EML in 2015, and is an important
treatment for certain types of blood cancer - diffuse large B-cell lymphoma (DLBCL),
follicular lymphoma, and chronic lymphocytic leukaemia (CLL) - as well as for
rheumatoid arthritis, a debilitating autoimmune condition that causes joint destruction.
Rituximab reduces joint damage and pain and improves quality of life in rheumatoid
arthritis.? Rituximab improves overall survival in chronic lymphocytic leukaemia,?
follicular lymphoma,* and diffuse large B-cell lymphoma.>

We estimated that there are over 2.5 million prevalent cases and 244,000 incident cases
that would theoretically be eligible for rituximab treatment in low-income, lower
middle-income and Sub-Saharan African countries.

The original rituximab product was formulated as an intravenous infusion. A new,

subcutaneous formulation of rituximab was approved in 2017. This formulation allows
the drug to be given by an injection in a few minutes, rather than by infusion, which
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takes hours.® This difference in administration time could offer savings in LMICs by
reducing healthcare professional work time and reducing the time patients have to
spend in a health facility.”

The main patents on rituximab appear to have recently expired in many LMICs, but in
some jurisdictions, such as South Africa, method of treatment patents may still delay
entry of biosimilars.8 A patent protecting the subcutaneous formulation is set to expire
in 2030 in several LMICs, including India. The subcutaneous formulation appears to also
be covered by data exclusivity in a few countries.

At least three biosimilars of rituximab (intravenous formulation) have been approved in
India, and many biosimilars are in development by various companies globally.? No
generics are currently available for the sub-cutaneous formulation.

A role for the MPP may be possible in particular in relation to the sub-cutaneous
formulation - though biosimilar manufacturers would likely need to undertake
additional clinical trials to support regulatory approval of this new formulation.
Technology transfer may be an important element for any potential MPP licence on
biologics like rituximab.

8.2.2 Bevacizumab

Bevacizumab was added to the WHO EML in 2013 for its use in a relatively common eye
condition - wet age-related macular degeneration.!® However, bevacizumab is
approved and used as a medicine to treat numerous cancers, including metastatic
colorectal cancer, metastatic breast cancer, some types of metastatic lung cancer,
advanced renal cell cancer, advanced ovarian carcinoma, and cervical cancer. Monthly
prices of bevacizumab can reach $1,890 in the South African public market, $2,441 in
Pakistan and over $4,000 in the Indian private market.

The primary patents for bevacizumab expire in 2017-2019 in the US, Europe, China,
Brazil, and South Africa, and secondary patents are in force in some jurisdictions until
2025.

Numerous biosimilars of bevacizumab are in development, with two already approved
in India, one in Russia, and one in Argentina.!!

8.2.3 Bendamustine

Bendamustine was added to the WHO EML in 2015.1 Bendamustine is used as a first-
line treatment for chronic lymphocytic leukaemia in some patients, treatment for
indolent non-Hodgkin’s lymphoma that is refractory to rituximab, and for multiple
myeloma.

Numerous patents have been granted for bendamustine formulations in LMICs, expiring
in 2026. Additional method-of-treatment patents have been filed in some LMICs, which,
if granted, would expire in 2033.8 In the US, litigation resulted in a settlement between
the proprietor (Teva) and multiple generics companies, under which generic versions
will be permitted to enter the market from November 2019.12 In India, generic
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bendamustine is available from Natco, Emcure, Innova, RPG LS, and Dr Reddy’s
Laboratory, but is only available from a single supplier in a number of other LMICs.

8.2.4 Zoledronic acid

Zoledronic acid was added to the WHO EML in 2017 for malignancy-related bone
disease. It is used to treat a number of bone diseases including high blood calcium, bone
breakdown due to cancer, osteoporosis and Paget’s disease. It is administered by
injection.

The US FDA Orange Book lists several patents on zoledronic acid including one on the
drug product expiring in 2028. Several generic manufacturers, however, appear to have
entered the market.

8.2.5 Entecavir

Entecavir was added to the EML in 2015.1 Entecavir is an oral, once-daily treatment for
hepatitis B and is one of two WHO-recommended first-line treatments for hepatitis B
(the other being tenofovir disoproxil fumarate (TDF), that has already been licensed to
the MPP in view of its HIV indication). Entecavir is the only drug recommended for
treatment of children below 12 years of age and is preferred for patients at risk of renal
and bone toxicity.1314

Globally, about 257 million people are living with HBV infection, some of them require
long-term therapy. In 2015 alone, hepatitis B resulted in 887,000 deaths, mostly from
liver cirrhosis and hepatocellular carcinoma (HCC).15

While primary patent for entecavir have expired in most LMIC jurisdictions, secondary
patents expiring in 2021 have been granted in a number of LMICs and may delay
generic market entry in some countries.8

8.2.6 Reproductive health

There are a number of contraceptives on the WHO EML that appear to have active
patents in some jurisdictions: ulipristal acetate, the etonogestrel implant, and a new
subcutaneous formulation for depot medroxyprogesterone acetate (DMPA-SC).
Ulipristal acetate is an emergency contraceptive that was added to the EML in 2017.16 It
is protected by patents expiring in 2030. Teva challenged the patents protecting
ulipristal in the US, but reached a settlement with the proprietor, Laboratoire HRA.1”
The terms of this settlement do not appear to be publicly available.

Depot medroxyprogesterone acetate has been included in the WHO EML in
intramuscular injection form since 1985. A new formulation allows subcutaneous
injection that women can administer themselves,'® and was added to the WHO EML in
2017.16 A patent protecting the new formulation will expire in 2020 in the US.1°

The etonogestrel implant is a contraceptive implant that is inserted under the skin and

offers effective contraception for 3 years. It was added to the WHO EML in 2015.1 It
offers benefits over the implantable contraceptive that was previously on the EML -
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levonorgestrel - primarily in that its insertion and removal are easier. The etonogestrel
implant appears to have geographically widespread patent protection until 2025-
2027.20 The originator (MSD) operates large discount programmes for donor agencies,
all low-income countries, and some lower-middle-income countries.2!

8.3 Patented medicines that were not included in the WHO EML partly
due to affordability concerns.

In recent years, an application for adding the novel oral anticoagulants to the WHO EML
was rejected by the WHO Expert Committee in part due to concerns around
affordability. This case was discussed in Chapter 5. We outline below two further cases
where the WHO EML Expert Committee or submission to the WHO highlighted
affordability concerns over certain treatments being reviewed.

8.3.1 Insulin analogues.

For people living with type 1 diabetes, regular insulin injections are necessary for
survival. Insulin may also be used in type 2 diabetes as one of the treatment options
available for second- and third-line treatment.

Insulin analogues are newer forms of insulin in which the molecular structure has been
altered leading to pharmacokinetic advantages such as more durable long-acting
versions, faster rapid-acting versions, as well as more stable action in the body,
potentially reducing the risk of hypoglycaemic events.??2 While the insulin analogues
have come to dominate the market in high-income countries and increasingly also some
LMICs,?3 in 2017, the WHO Expert Committee reviewed an application to add insulin
analogues to the EML, and concluded that “the benefits in terms of reduced Alc and
advantages of reduced hypoglycaemia of insulin analogues over human insulin were
modest and do not justify the current large difference in price between analogues and
human insulin”.1®¢ Some have suggested that the rapid rate at which analogues are
replacing human insulin in LMICs means that the issue of affordability needs to be
urgently tackled.?3

The patent landscape for insulin analogues is unclear. Two different analyses have
reported that there appears to be little remaining patent protection for some of the
insulin analogues, apart from patents on injection devices (pre-filled syringes, pens, and
cartridges).2425 As insulins are biologic medicines, with a production process
significantly more complex than that of small molecule (non-biologic) medicines, the
details of the production process itself are highly important for successful manufacture
of generic versions. These details are in general trade secrets, and as such pose a
potentially indefinite, though partial, barrier to prospective biosimilar entrants.2>26
Nevertheless, the first biosimilar insulin analogue (a biosimilar of insulin glargine) was
recently approved in the US and the European Union, and multiple other biosimilars are
in development.2”

The field of insulin analogues is an area that may merit further exploration, in view of

the importance of insulin for diabetes patients and the access challenges that have been
widely reported in LMICs.28-30 For example, engaging in technology transfer of certain
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insulin analogues to biosimilar manufacturers in developing countries could be an
interesting opportunity for the MPP to explore with industry partners.

8.3.2 Denosumab

The Union for International Cancer Control (UICC) prepared a review of
bisphosphonates and submitted to the 215t WHO Expert Committee an application for
the addition of the bisphosphonate zoledronic acid to the WHO EML.31 Bisphosphonates
are medicines that slow the breakdown of bone. This makes them useful in treating
bone lesions, which are a common occurrence in certain cancers, occurring, for
example, in nearly all cases of multiple myeloma, 75% of prostate cancer cases, and
70% of breast cancer cases.31-33 Bisphosphonates prevent about a third of morbidity
associated with bone lesions (such as fractures, pain, etc).3134-37 The UICC review noted
that denosumab, a biologic, is superior to bisphosphonates,31.38 but has a far higher
price, leading the UICC not to recommend denosumab for addition to the WHO EML “at
this time due to the adverse economic impact this agent would have on health care
budgets”. Denosumab appears to be protected by substance patents lasting until at
least 2022.3°

8.4 Other patented medicines highlighted by stakeholders

In discussions with stakeholders and experts, a number of other medicines or
therapeutic areas were flagged as having, in their opinion, potential for being
considered essential medicines in the future and possibly representing candidates for
MPP licensing. It should be noted that these medicines or therapeutic areas have not
been analysed in detail and may represent the view of only a small number of
stakeholders. The following are given as illustrative examples and are not intended to
be an exhaustive list, nor are they intended to indicate cases in which the MPP could or
should play a role. As they were mentioned by certain stakeholders, they are included
here for completeness. For the cancer medicines mentioned below, the upcoming
discussions of the EML working group on cancer could contribute to determining
whether such treatments hold potential for future inclusion in the WHO EML.

8.4.1 Liver cancer

An estimated 813,000 people are currently living with liver cancer in LMICs.#% Sorafenib
is the only medicine that is recommended in European guidelines for treating primary
liver cancer, apart from palliative medications.#! Sorafenib is an oral, small-molecule
medicine. The primary patent for sorafenib expires in 2020 in the US, and secondary
patents may offer protection until 2028. In 2012, a compulsory licence was issued for
sorafenib in India.*?

8.4.2 Checkpoint inhibitors
Immune checkpoint inhibitors represent a new class of biologic medicine. Multiple

medicines in this class have been approved in the past few years, and have shown
benefit in cancers that previously had little options for treatment,*3 such as metastatic

Exploring the expansion of the Medicines Patent Pool’s mandate to patented essential medicines 118



melanoma and metastatic lung cancer.444> Examples include ipilimumab, nivolumab,
and pebrolizumab.

8.4.3 HER2-negative breast cancer

Palbociclib is an oral, small-molecule medicine approved for the treatment of HER2-
negative, hormone-receptor positive breast cancer. Palbociclib offers overall survival
benefits in patients who are not eligible for HER2-targeted therapies such as
tratuzumab.*® Patent protection for palbociclib expires in 2023 in the US.

8.4.4 Schizophrenia

An estimated 17.6 million people are currently living with schizophrenia in LMICs.40
Multiple long-acting injectable (LAI) formulations of second-generation antipsychotics
have become available in recent years. Some of these depot formulations, for example,
paliperidone palmitate, have a duration of action as long as 3 months from a single
injection. Depot formulations are useful in cases of low adherence to treatment.*’

8.4.5 Multiple sclerosis

Natalizumab is biologic medicine approved for the treatment of relapsing-remitting
multiple sclerosis (RRMS), the most common type of multiple sclerosis. In 2016, there
were 962,000 people living with multiple sclerosis in LMICs.#8 RRMS is a debilitating
neurological condition causing symptoms such as muscle weakness, fatigue, and visual
problems, among others. In the landmark trial, natalizumab reduced the risk of
worsening disability? by 42% in the first two years of treatment.*° Natalizumab is
protected by a patent expiring in 2024.

8.5 Areas where important new treatments may emerge soon

Experts and stakeholders highlighted a number of areas where promising drug
candidates are in the pipeline, and, if approved, may represent important treatments for
LMICs. We note a few illustrative examples that were highlighted to us below.

8.5.1 Sickle cell disease

One example is GBT440, a medicine for sickle-cell disease that has shown promise in
early trials and is now in Phase III trials.50 Sickle-cell disease is a condition in which red
blood cells can become deformed, leading to a range of severe symptoms and
complications, including anaemia, pulmonary infections, attacks of severe pain, and
stroke before the age of 20 in 11% patients.>1 99% of the estimated 3.8 million people
with sickle cell disease cases occur in low- and middle-income countries.*8

8.5.2 Endometriosis

Z Worsening disability based on increases in the Extended Disability Status Scale sustained for at least 12
weeks.
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Another example is elagolix, a treatment for endometriosis - a condition that affects 6-
10% of women of reproductive age and causes severe pelvic pain and constipation,
among other symptoms,>2 translating to significant economic losses.>3 Two phase III
trials published in 2017 showed that elagolix conferred reductions in pain for a large
proportion of women.5#

8.5.3 Hepatitis B

While tenofovir and entecavir have higher barrier to resistance emergence than the
older nucleoside analogues, these drugs alone are unable to achieve functional cures on
their own and require long-term treatment. The management of treatment failures as
well as the prospects for short-term therapy would benefit from new classes of direct-
acting anti-HBV drugs, many of which are in Phase II or earlier-phase development.
New treatment strategies for HBV may shift towards the use of a direct HBV-targeting
drug in combination with an immunotherapy aimed at activating the immune system.
This is reflected in the current HBV pipeline, where numerous immunomodulators are
in Phase II. At present, the only Phase III candidate is besifovir, an oral treatment shown
to be as effective current first-line treatment and possibly offering advantages in
tolerability and toxicity.

Given that the MPP has already been working on expanding access to hepatitis B
treatments through its licences on TDF and TAF (which are both also indicated for HIV),
if promising new treatments were to enter the market, including treatments that could
be used for a functional cure, the MPP would be well placed to play a role in facilitating
access in LMICs.

8.6 Diagnostics

Shortcomings in access to diagnostics was a prominent and recurring issue across the
range of areas considered in this feasibility study. Many of the stakeholders and experts
consulted suggested that the MPP should consider whether it could play a role in
increasing access to certain diagnostics in the therapeutic areas that the MPP works in,
in collaboration with other stakeholders. This was mentioned not only in relation to
therapeutic areas that would be new for the MPP, but also in relation to diagnostics for
hepatitis C. The WHO is developing an Essential Diagnostics List,>> which could
potentially provide a starting point. However, the MPP has not, to date, undertaken an
analysis of whether the MPP’s patent pooling model could play a role in relation to
diagnostics. There are many differences between medicines and diagnostic
technologies, including differences in the role played by patent protection. We
considered diagnostics to be beyond the scope of this feasibility study.

8.7 Note on vaccines

The MPP has separately commissioned a paper on vaccines, with a particular focus on
the human papilloma virus vaccine and the pneumococcal conjugate vaccine, which are
therefore not covered in this study.
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8.8 Conclusions

In addition to dasatinib, imatinib, nilotinib and trastuzumab, which were discussed in
an earlier chapter, and valganciclovir, for which the MPP has already signed an
agreement in view of its use for an HIV-related co-infection, there are other medicines
on the EML outside of HIV, hepatitis C, and TB that have patents granted or pending in
some LMICs. These include bendamustine, bevacizumab, entecavir, rituximab,
zoledronic acid, and three different contraceptives - ulipristal, DMPA-SC, and the
etonogestrel implant. This list is not exhaustive, as others have secondary patents in
some countries, and we were unable to review the patent status of all essential
medicines in all countries.

Some of the products mentioned above are protected by secondary or device patents.
Some patents are on specific formulations. MPP licensing agreements may enable
increased access to these products in LMICs, although the potential MPP engagement in
device patents would require more detailed evaluation beyond this analysis. Similarly,
insulin analogues also appear to have device patents, and the possibilities for MPP
involvement in that area through licensing and technology transfer could be explored
further.

This chapter has also shown that there may be other recently-approved or pipeline
medicines that could be promising candidates for MPP licensing, as was raised by
different stakeholders and experts in our consultations. In some cases, these are
(pipeline) products that are or could become important treatments for diseases with
high prevalence in LMICs (e.g. hepatitis B). In other cases, the products target small
patient populations but may offer improved efficacy over currently available
treatments. In still other cases, these treatments may have limited available
alternatives. Some of these may be products with potential for future inclusion in the
WHO EML, although they have generally not been reviewed b the EML Committee.

However, one consideration that was repeatedly raised in consultations is the
importance of the MPP to consider licensing important new medicines with strong
potential for improving public health outcomes in LMICs early-on, which may mean
negotiating licences before they are reviewed by the WHO. The key argument made was
that there will in most cases be a period of time between the MPP identifying a
promising new medicine, to that medicine being available as a quality-assured generic
from MPP licensees. The sooner the process starts, the earlier populations lacking
access could be treated. Moreover, as shown in previous chapters, the Expert
Committee may delay EML inclusion due to affordability concerns or a need for
additional data to justify inclusion. It would be important to have robust mechanisms in
place for the early identification of new medicines with the potential to significantly
improve public health in LMICs. This issue will be further discussed in the following
chapter. If the MPP’s mandate were expanded, the further exploration of mechanisms
that could be used to identify candidates for MPP licensing, in close consultation with
the WHO, would constitute an important element of the implementation plan.
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9 Discussion and conclusions

This chapter presents an overall discussion on the findings of the feasibility study. We
begin by discussing public health considerations, followed by market considerations
and, finally, outline some strategic considerations. The discussion draws from the
preceding chapters as well as from consultations with multiple stakeholders. We then
provide general conclusions for the study.

9.1 Public health considerations

Some of the therapeutic areas analysed in the feasibility study represent a large
and growing disease burden in low- and middle-income countries (LMICs). For
example, the prevalence of diabetes in the population is estimated to be over 7% in all
income categories and is rapidly rising. In such areas, even small improvements in
treatment access could help millions, improving the quality of care and reducing the
number of diabetes-related complications such as heart attacks and stroke. In other
cases, where the disease in question is not as prevalent, the medicines discussed
represent important treatments for patients that may otherwise have few alternatives,
such as in the case of chronic myeloid leukaemia.

Improving standards of care in LMICs can have a significant impact on public
health. MPP licences could enable access to standard-of-care treatment for people in
countries where it is currently unavailable or accessible only to a few. In the field of HIV,
MPP licences have contributed to improving the standard of care by substantially
shortening the time from the approval of new improved medicines to their availability
at affordable prices in LMICs. The case studies presented in the feasibility study have
outlined how accelerating access to selected medicines in cardiovascular disease,
diabetes and cancer could contribute to improving public health outcomes and reducing
mortality.

“Making medicines affordable changes everything.”2A Enabling access to affordable
essential medicines can have positive effects on other parts of health systems that are
necessary for universal health coverage. Several stakeholders mentioned ethical
dilemmas concerning screening for certain cancers and investing in diagnostic
infrastructure if there is little or no affordable treatment available to patients in the
event of a positive test. Some specific examples are mentioned throughout the study.
The case of hepatitis C was also often mentioned in this regard, in which significant
reductions in prices for new treatments allowed some countries to develop national
strategies and begin to scale up screening, diagnosis, and treatment.

Increased access to NCD treatments would contribute to reducing health system
costs and catastrophic health expenditures for patients. Globally, about 150 million
people suffer catastrophic health expenditures every year.! The majority of health
expenditure, particularly in relation to NCDs, is out-of-pocket in many LMICs, of which a
substantial proportion is expenditure on medicines.? 3 Expanded access to affordable
essential medicines could reduce costs to health systems, as well as decrease

AA A comment made by several key stakeholders in discussions and interviews.
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catastrophic health expenditures by lowering direct and indirect treatment costs to
patients. Lower treatment costs could in some cases facilitate the inclusion of
treatments in public health programmes or reimbursement schemes.

The MPP could play a role in tackling what is considered by many to be one of the
most pressing challenges in global health today, that of increasing resistance to
antimicrobials.*> Recent high-level reports have concluded that overcoming the
growing threat of widespread antimicrobial resistance will require the development of
new antimicrobials, along with strategies for enabling access while ensuring proper
stewardship and rational use to prevent the development of resistance.>-7 Patent
pooling through the MPP for new antibiotics that treat priority pathogens has been
identified as one way to contribute to addressing the access-innovation-stewardship
‘tripod’.8

Other barriers to treatment access may limit MPP impact. The 2011 UN High-Level
Meeting on NCDs noted some of the main challenges faced by LMICs in the area of NCDs:
a lack of awareness and data, the unprecedented healthcare needs associated with a
rising epidemic of NCDs, the link between economic inequality and NCDs, and the need
for strengthening of health systems, infrastructure, and human resources.?19 Further,
even at affordable prices, and with generics on the market, many essential medicines for
NCDs are not consistently available or accessible in some LMICs, highlighting the
multitude of factors that need to be addressed to ensure sustainable access.!! In certain
therapeutic areas (e.g. certain cancers), medicines are only one component of a
comprehensive package of care, which can include, for example, surgery, radiotherapy,
and palliative care, requiring specialized healthcare workers and infrastructure. The
increasing political focus on NCDs and universal health coverage may contribute to
mitigating some of these challenges. In many regions, governments as well as global
health actors are either launching new programmes or strengthening existing
programmes to work on access to care in NCDs. Significant efforts from governments,
service delivery organisations, and technical organisations would be important for MPP
licences to translate in increased access on the ground, for example, by supporting the
uptake of generic products enabled through the licences. Partnering with such
organizations may be an important part of an MPP strategy in relation to NCDs.

Availability of diagnostic equipment, laboratories, and specialists is a major
challenge in some areas. The availability of certain diagnostics is a prerequisite for the
use of some of the medicines with potential for MPP licensing. Examples of such
medicines include many of the cancer treatments discussed in the case studies, which
require identification of tumour receptor positivity before the medicines can be used.
As argued above, the MPP’s work in these disease areas could complement increased
screening efforts and investment in diagnostic infrastructure. However, for certain
other therapeutic areas, such as atrial fibrillation or diabetes, diagnosis may not be as
technologically challenging. For these areas, local experts and WHO surveys have
confirmed that screening and diagnostic capacity is generally available in many LMICs.!!

9.2 Market-based considerations

For many of the medicines analysed in this study, the current volume of sales for
originator products is limited in many LMICs. National background papers
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commissioned to inform the feasibility study, as well as published data, suggest that
many of the medicines analysed were unavailable in the public sector in focus countries
and were either completely unavailable or affordable only to a few in the private
market. Commercial profits in many of the countries in past MPP licences are thus likely
to be negligible. MPP licensing could be a strategy that would contribute to making
patented essential medicines more widely available from quality-assured suppliers in
such countries, while compensating originator companies through reasonable royalty
rates. MPP licensing may represent a more sustainable strategy for enabling access to
affordable essential medicines than the donation schemes or discounted prices that are
currently in place for some of the treatments analysed in this feasibility study.

There is interest from manufacturers in developing generic versions of many of
the medicines analysed in the case studies for supply in LMICs. Interviews with
generics manufacturers, review of companies’ websites, and filings with the US FDA
suggest that numerous companies are already developing, or are interested in
developing, generic versions of many of the medicines analysed for supply in LMICs. In
addition, based on cost-of-goods analysis and generic price projections, we expect that
most medicines could be manufactured at relatively low cost (biologics may be an
important exception).

With the exception of HIV, tuberculosis, and malaria, there are no international
mechanisms to fund the procurement of medicines for use in resource-limited
settings. For the most part, NCD treatments are funded with domestic resources and, in
some cases, out-of-pocket payments.1213 Multiple stakeholders raised this as a concern
and a likely limitation on uptake of new treatments. However, there is growing political
will for scaling up NCD treatment, including through the universal health coverage
(UHC) agenda, and domestic efforts are increasing, although slowly and unevenly across
countries.!* Pooled procurement mechanisms may also become increasingly important
in relation to NCDs for accessing more affordable treatments and for integration in
public health programs.1516

The market size may be limited in some disease areas. Certain new medicines may
offer significant clinical benefit for a relatively small patient population. Medicines for
the second-line treatment of CML provide one example of a small market given the
relatively low incidence of the disease. The same may be true for other targeted cancer
treatments. Nevertheless, we found that a number of generics manufacturers are
developing these medicines, suggesting that even limited market potential may still
attract generic manufacturers. In cases like this, MPP licences could be tailored to
enable more affordable access even with a limited number of sub-licensees. In the case
of new antibacterials, where certain new, effective agents would likely fall into the WHO
EML Watch or Reserve categories rather than being recommended for widespread use,
the market would also be small.8 Various approaches to incentivise and reward the
development and manufacturing of such products while supporting good stewardship
principles have been proposed to address these challenges.”

Internationally recognized quality assurance standards will be important for sub-
licensing medicines to manufacturers. In HIV, hepatitis C and tuberculosis, MPP
licences have relied on approval by stringent regulatory authorities (in particular the US
FDA ‘tentative approval’) or the WHO Prequalification Programme for quality
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assurance. At present, the WHO Prequalification Programme does not cover all products
in the WHO EML nor those with potential for future inclusion but has been gradually
expanding the range of medicines it reviews.!8 The definition of “stringent regulatory
authorities” is also likely to evolve in the near future, following ongoing discussions at
the WHO.1° These discussions could inform appropriate standards for the MPP’s future
licensing agreements.

Additional market and regulatory challenges exist for biologic medicines.
Regulatory pathways are more complex for biologics than for small molecules, partly
due to the relatively recent emergence of biosimilars and the lack of regulatory capacity
to review biosimilar applications in certain countries.?? The WHO prequalification
programme has played a central role in overcoming regulatory challenges in the HIV,
TB, and malaria generics markets,?! and its recently launched pilot project for
prequalifying biosimilars may provide important support in the future.'® Another
challenge for biosimilars is the higher cost and lengthy development and regulatory
processes compared to small molecule generics, which may limit the number of
potential sub-licensees and the potential for significant price reductions. Technology
transfer, in addition to IP licensing, may be key to accelerating development of
biosimilars and could be part of a potential MPP licensing model for biologics. Despite
the various challenges, a number of governments and other stakeholders highlighted
the need to find affordable solutions for several biologics.

Concerns relating to the risk of market leakage would need to be addressed.
Discussions with pharmaceutical companies highlighted the need for strategies to
prevent leakage of any licensed medicines into unlicensed territories. Previous
experience in addressing these concerns in relation to HIV and hepatitis C would put the
MPP in a good position to develop approaches that would be acceptable to all
stakeholders. Packaging and labelling requirements, close monitoring of licensee
activities, as well as auditing and termination clauses where appropriate are some of
the strategies that could be implemented in coordination with patent holders and
licensees.

9.3 Strategic considerations

The MPP model is adaptable. The MPP model centres on negotiating and
implementing licensing agreements. A wide range of tailored terms and conditions can
be developed to suit the needs of various types of medicines, populations and
stakeholders. Tailored approaches could include, for example: the use of differentiated
royalties to enable a greater number of countries to be covered by a licence; the
inclusion of terms to support good antimicrobial stewardship practices; targeted
licences to address specific challenges in specific countries or therapeutic areas; and
affordability provisions in cases where competition alone may not achieve affordable
prices. This list is by no means exhaustive.

The number of patented treatments outside of HIV included in the EML has been
increasing. In recent years, the range of patented medicines included in the WHO EML
has expanded with the addition of a number of new medicines for hepatitis B, hepatitis
C, drug-resistant tuberculosis, various cancers, and reproductive health, in addition to

patented medicines for HIV. The convening of an EML cancer medicines working group
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this year, may also continue that trend. The recent review of diabetes medicines also
identified a class of medicines that may be promising candidates for inclusion in the
EML (see Chapter 3) and increasing efforts in supporting the development of new
antimicrobials may result in new additions to the EML. Expansion of the MPP’s mandate
to include patented essential medicines would ensure that the MPP can act swiftly when
new medicines emerge that have a strong potential for improving public health in
LMICs. Recent experience with hepatitis C medicines, where the MPP was initially
unable to respond to patent holder interest in discussing licensing opportunities due to
mandate limitations, highlighted the importance of being able to respond quickly to
opportunities that can offer significant public health impact.

In recent WHO EML review cycles, there have been examples of medicines that
have not been included in the EML in part due to affordability concerns. There are
medicines that may offer relevant clinical benefits but may be unaffordable in LMICs,
and therefore do not meet the comparative cost-effectiveness criterion for inclusion in
the WHO EML. Licensing by the MPP could contribute to making these medicines
affordable, thus facilitating access to such medicines in LMICs.

Early licensing of medicines with significant potential for future public health
impact in LMICs can be key to accelerating access. For example, the WHO’s work in
identifying opportunities for future treatment optimization helped to identify the HIV
medicine dolutegravir as a promising candidate early on, leading to a licence agreement
with ViiV Healthcare on the treatment only two months after its approval at the
European Medicines Agency. Early licensing of dolutegravir by the MPP facilitated the
timely development of generic versions, which in turn contributed to the inclusion of
dolutegravir in treatment guidelines and in the WHO EML. As illustrated by this
experience, candidates for in-licensing could be identified through various WHO
processes, including, for example, the WHO EML Expert Committee, the WHO
Prequalification Programme and WHO treatment guidelines. Discussions with various
stakeholders, including industry and civil society organizations, also highlighted the
importance of maintaining a degree of flexibility to be able to respond to opportunities
where significant public health impact is possible and patent holders may be willing to
engage early on, as was the case with dolutegravir.

There are limited precedents for access-oriented licensing outside of HIV, TB, and
hepatitis C treatments. Access-oriented licensing for LMICs is a relatively new
approach to increasing treatment coverage, which until recently was mainly used in the
field of HIV. Before the establishment of the MPP, its use was rare even in HIV and the
licences were more restrictive in their application and scope. Today, to a large extent
through MPP’s work, public-health oriented and transparent licensing has become
almost standard practice in HIV and an integral part of industry access strategies for
most new HIV and hepatitis C treatments. Expansion into new areas will not be without
its challenges. Nevertheless, this study suggests that opportunities may exist. Further
discussions with patent holders would be key to increase/strengthen confidence in the
model for essential medicines beyond those disease areas, develop opportunities for
win-win strategies and ensure that concerns around market leakage can be addressed.
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9.4 Conclusions

Based on the analysis presented in this feasibility study, there appears to be a
strong case for the MPP to expand its mandate to include patented essential
medicines in other therapeutic areas. The cases analysed in this feasibility study
have described a need for affordable generic versions of newer treatments beyond HIV,
hepatitis C and tuberculosis. A number of specific medicines were identified for which
there are significant public health needs in LMICs. Further prioritization of candidates
for in-licensing, in consultation with relevant stakeholders, would be required if the
MPP were to expand its mandate.

Patented essential medicines on the WHO EML would be natural candidates for
MPP licensing. Some of the medicines reviewed in this study are already included in
the EML and could be candidates for licensing by the MPP under an expanded mandate,
and new patented medicines are likely to be added at every biennial review. In some
cases, generics may already be available in certain countries and licensing could
contribute to making them available in additional countries. Licences could also
complement existing access policies by pharmaceutical companies.

This study also identified a number of medicines that have been highlighted by
the WHO Expert Committee as having relevant clinical benefits but have not yet
been added to the WHO EML due to concerns about affordability or pending
additional clinical data. MPP licensing could contribute to overcoming affordability
concerns by facilitating affordable access to quality-assured generics and enabling
valuable new treatments to become available sooner in LMICs. As some of the case
studies note, there appear to be incidences where patent holders’ commercial interests
in countries analysed may be limited, and where MPP licensing could lead to win-win
solutions in which all stakeholders benefit. Suitable royalty provisions, including tiered
royalties, could play a role in providing adequate compensation to patent holders,
where necessary. Other incentives may also be explored as well as terms and conditions
that are adapted to specific contexts, products and therapeutic areas.

Many stakeholders active in the field of antimicrobial resistance noted that the
MPP could play a significant role in relation to access and stewardship of new
antibiotics that treat priority pathogens, for which there may be limited
alternatives. The MPP could partner closely with various recently launched or future
initiatives in this area and contribute to addressing access and stewardship needs
through terms and conditions in the licences and active monitoring of compliance.

Robust mechanisms to monitor recently approved and pipeline medicines, in
close consultation with WHO and other key stakeholders, could be important to
identify candidates for early licensing. Promising methods include linking to WHO
processes such as the WHO EML Expert Committee reviews, the WHO'’s Prequalification
programme’s invitations for expression of interest. Additional ad hoc mechanisms could
also be considered. Some flexibility should remain to allow the exploration of
opportunities where patent holders are willing to engage early-on, and where the
medicines in question have a strong potential for improving public health outcomes in
developing countries.
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Given the limited precedents for access-oriented licensing outside of HIV and
hepatitis C, it would therefore be important to consult further with patent holders
and other stakeholders to increase/strengthen confidence in the model for essential
medicines beyond those disease areas, develop opportunities for win-win strategies and
ensure that concerns around market leakage can be addressed.

Identifying appropriate quality assurance standards for use in licenses on
essential medicines would also be important. This will require working closely with
the WHO Prequalification Programme, as it expands the range of medicines it reviews,
and monitoring ongoing discussions at the WHO on updating the definition of ‘stringent
regulatory authorities’. These discussions could inform appropriate standards for MPP’s
future licensing agreements.

At first, the MPP could consider focusing its activities under an expanded
mandate on the licensing of small-molecule medicines, for which the current
model would likely be more easily adaptable and where the challenges, including
of a regulatory nature, may be easier to overcome. However, the MPP should
continue to monitor developments and opportunities relating to biologics and consider
whether MPP licences on selected medicines could play a role in facilitating access. A
separate paper is exploring the potential role of the MPP in relation to vaccines, which is
not covered in this study.

The MPP should seek partnerships with public health organisations in relevant
clinical areas. Partnerships with governments, established public health organisations
and civil society and patient groups would be valuable in encouraging uptake of generic
versions when sub-licensees bring these to market, as well as in identifying candidate
medicines for in-licensing. Given the multifaceted challenges for access to many NCD
medicines, the MPP’s licensing work is more likely to lead to significant improvements
in access if it is coordinated with the activities of other key players working to provide a
comprehensive package of care for NCDs in LMICs.

In relation to new antimicrobials, the MPP could work closely with leading
organisations involved in undertaking or funding the development of new
antimicrobials, and monitor closely developments in relation to stewardship
frameworks to ensure the MPP can follow best practices in this area.

The potential for work in diagnostics and medical devices may also need to be
examined. The central importance of access to effective diagnostics was evident
throughout the feasibility study, particularly in conversations with stakeholders. While
the scope of this analysis did not include consideration of the feasibility of expansion to
diagnostics, this issue may bear careful consideration in the future, particularly as an
Essential Diagnostics List is currently in development at the WHO.22 Similarly, for some
areas that were explored in this study, such as for insulins, it appeared that patent
protection on some of the medicine substances was limited, but patent protection for
the delivery devices may be a key factor limiting the development of a competitive
market. These areas would merit separate consideration and are beyond the scope of
this study.
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1 Incidence, all-age disability-adjusted life years and prevalence of relevant
diseases

The table below provide the incidence, prevalence and all-age disability adjusted life years (DALYs) by income group for the different
therapeutic areas that were analysed in the various case studies included in the MPP’s feasibility study.

Table 1. Incidence, all-age disability-adjusted life years, and prevalence of relevant diseases.

Disease group Incidence (thousands of cases per year) DALYs (thousands, all- age) Prevalence (thousands)

Global UMI LMI LI CPL UMI Global |UMI LMI CPL UMI Global 'UMI LMI CPL UMI

not in not in not in
CPL CPL CPL

Tracheal, bronchus, [2,019 875 252 26 289 865 36,419 |18,063 |6,052 732 7,032 17,816 3,300 1,298 344 33 391 1,285
and lung cancer
|Pancreatic cancer 426 132 66 11 80 129 8,237 3,054 1,665 304 1,969 3,054 |394 107 52 7 59 107
|Prostate cancer 1,618 310 129 23 169 294 6,281 1,996 1,194 342 1,635 1,898 14,434 12,309 866 137 1,119 2,192
Chronic myeloid 64 18 20 3 23 18 945 297 390 54 451 289 298 85 93 11 106 83
leukaemia
Acute lymphoid 161 68 62 12 76 67 5,058 2,337 1,919 402 2,370 2,287 875 346 352 78 439 337
leukaemia
|Breast cancer 2,422 697 608 109 743 670 15,411 |5,116 4,703 795 5,700 4,914 |21,362 |5,968 5,024 880 6,110 5,762
|Diabetes 22,728 |8,161 8,953 1,065 10,371 7,807 64,135 21,476 |28,275 |3,462 33,202 {20,011 {435,328 {169,895 |160,207 |16,876 182,564 164,414
Chronic lymphocytic [191 73 32 4 38 72 1,269 534 254 43 306 525 904 371 153 18 175 366
leukaemia
Non-Hodgkin’s 666 194 139 28 171 190 6,284 2,024 1,952 509 2,513 1,972 4,292 1,242 860 178 1,061 1,219
leukaemia
|Multiple myeloma 154 36 24 4 29 35 2,182 653 562 114 704 625 488 105 56 6 64 102
|Rheumatoid arthritis 1,288 499 342 69 430 480 6,333 2,593 1,508 280 1,877 2,504 24,491 (9,766 5911 1,079 7,325 9,431
Atrial 2,461 786 550 58 619 776 4,434 1,411 934 95 1,044 1,396 33,294 10,465 6,816 689 7,628 10,342
fibrillation/flutter
Venous 9,900 |Nodata |6,000 |Nodata |3,555 No data {7,700 No data |5,400 |Nodata |3,200 |Nodata |[Nodata [Nodata [Nodata |[Nodata |[No data |No data
thromboembolism*

Data for 2015, from the Global Burden of Disease study,! except for venous thromboembolism (see below).

GBD - the Global Burden of Disease study, UMI -

upper middle income by World Bank classification, LMI - lower middle income by World Bank

classification, LI - low income by World Bank classification, DALYs - all-age disability-adjusted life years, CPL - countries included in past MPP
licences (see Appendix point 2.1.).
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*In-hospital venous thromboembolism (VTE) events only, based on Jha et al.2 DALYs and incidence for VTEs in CPL estimated as proportion of LMI
country populations that lives in CPL (59.25% based on 2015 World Bank population data (2011 data for Eritrea)) multiplied by estimates by Jha et
al for LMI countries.
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2 Estimation of number of clinically eligible cases

For the cancer medicines in Chapter 6 and rituximab in Chapter 8 we did not quantitatively
estimate public health or economic impact but estimated the number of cases that would be
clinically eligible for treatment in CPL, as well as the DALYs attributable to these cases.

Country-specific 2015 data for incidence, DALYs, and prevalence for relevant disease groups
were collected from the Global Burden of Disease (GBD) study (Table 1).! The number of
patients and burden of disease theoretically eligible for treatment with each medicine was then
calculated by multiplying the GBD disease group incidence/DALYs/prevalence with percentage
values representing the proportion of patients that would fit certain criteria in the indication.
These percentage values, and final estimates for number of eligible patients, are given in Tables
19-23. Additional assumptions for estimate calculation are noted below the respective Table.
Similar methodology has been used in previous studies.?

Indications were retrieved from US FDA and the electronic Medicines Compendium (which lists
approved indications from both the UK Medicines and Healthcare products Regulatory Agency
and the European Medicines Agency). The table includes all approved indications for each drug
except where otherwise indicated.
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Table 2. Erlotinib, afatinib, crizotinib, gefitinib.
Indication(s) Subgroup 1 Subgroup 2 Subgroup 3 CPL epidemi

Incidence \ Prevalence
Erlotinib first-line for locally advanced or NSCLC 85%4 EGFR+ & possible to | Locally advanced 29,942 728,644 40,477
metastatic EGFR+ NSCLC evaluate EGFR or metastatic
status 14.6%356 83.5%347
in combination with gemcitabine for the | Advanced 60,128 1,534,529 45,884
treatment of metastatic pancreatic /metastatic
cancer 75%38
Total: 90,070 2,263,173 86,361
Afatinib EGFR TKI-naive adult patients with NSCLC 85%4 EGFR+ & possible to | Locally advanced 29,942 728,644 40,477
locally advanced or metastatic EGFR+ evaluate EGFR or metastatic
NSCLC status 14.6%356 83.5%347
locally advanced or metastatic NSCLC of | NSCLC 85%#* Squamous histology | Locally advanced 71,780 1,746,750 97,034
squamous histology progressing on or 35%°9 or metastatic
after platinum-based chemotherapy 83.5%347
Total*: 91,242 2,220,369 123,344
Crizotinib first-line or second-line treatment of NSCLC 85%4 ALK+ 4.5%10 Locally advanced 9,229 224,582 12,476
adults with ALK+ advanced NSCLC or metastatic
83.5%347
treatment of adults with ROS1+ NSCLC 85%4 ROS1+ 1%1! Locally advanced 2,051 49,907 2,772
advanced NSCLC or metastatic
83.5%347
Total: 11,280 274,489 15,248
Gefitinib treatment of adult patients with EGFR+ NSCLC 85%4 EGFR+ & possible to | Locally advanced 29,942 728,644 40,477
locally advanced or metastatic NSCLC evaluate EGFR or metastatic
status 14.6%356 83.5%347

*For calculation of total, in order to avoid double-counting between the indications, subgroup 2 for afatinib adjusted to be “squamous histology and
not EGFR+ or not possible to evaluate EGFR status” by the calculation 0.35*%(1-0.146) = 29.89%.

EGFR(+) - epidermal growth factor receptor (a cancer that demonstrates a mutation causing overexpression of this receptor), NSCLC - non-small
cell lung cancer, TKI - tyrosine kinase inhibitor, ALK(+) - anaplastic lymphoma kinase (a cancer that demonstrates a mutation affecting this

enzyme), ROS1(+) - a receptor tyrosine kinase encoded by the ROS1 gene (a cancer that demonstrated a mutation affecting this enzyme)

For afatinib, the present calculations assumed 100% of patients progress on, or after platinum-based chemotherapy. No adjustment made to restrict
estimate to adults. For crizotinib, assumed no cases of both ALK+ and ROS+. No adjustment made to restrict estimate to adults.
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Table 3. Abiraterone and enzalutamide.
Indication(s)

Subgroup 1

Subgroup 2

Incidence

\ CPL epidemiology

DALYs

Prevalen

ce

Enzalutamide treatment of metastatic castration- Castrate- 25,319 245,176 | 167,840
resistant prostate cancer who are resistant prostate
asymptomatic or mildly symptomatic cancer 15%12
after failure of androgen deprivation
therapy in whom chemotherapy is not
yet clinically indicated, or whose disease
has progressed on or after docetaxel
therapy
Abiraterone treatment of metastatic castration- Castrate- 25,319 245,176 167,840
resistant prostate cancer who are resistant prostate
asymptomatic or mildly symptomatic cancer 15%12
after failure of androgen deprivation
therapy in whom chemotherapy is not
yet clinically indicated, or whose disease
has progressed on or after docetaxel
therapy
treatment of adult men with castrate- Castrate- High-risk 21,521 208,399 142,664
sensitive prostate cancer deemed 'high- | sensitive prostate | prostate cancer
risk' cancer 85%12 15%?12
Total: 46,840 453,575 | 310,505

For enzalutamide, assumed that all patients will eventually progress on or after docetaxel therapy.13 We assumed that ‘high-risk’ status and castrate-
resistance are independent of one another, 100% of castrate-resistant and high-risk prostate cancers become rapidly metastatic, and 100% eventually
progress on or after docetaxel therapy.
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Table 4. Lenalidomide.
Indication(s) CPL epidemiology

Incidence DALYs Prevalence

Lenalidomide Maintenance treatment of adult patients with newly 29,494 703,652 64,163
diagnosed multiple myeloma who have undergone
autologous stem cell transplantation; treatment of adult
patients with previously untreated multiple myeloma
who are not eligible for transplant; treatment of multiple
myeloma in adult patients who have received at least
one prior therapy, in combination with dexamethasone.

As the indications for lenalidomide cover both first- and second-line use as well as both patients who have undergone autologous stem cell
transplantation (ASCT) as well as patients who will not undergo ASCT, no assumptions were necessary to narrow the number of clinically eligible cases
for lenalidomide. Two additional indications for myelodysplastic syndrome and mantle cell ymphoma were excluded.
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Table 5. Trastuzumab, trastuzumab emtansine, pertuzumab, lapatinib.
Indication(s) Subgroup 1 Subgroup 2 CPL epidemiology

Incidence \ DALYs \ Prevalence
Trastuzumab treatment of adult patients with HER2 positive HER2+ 17.5%14 130,059 997,571 1,069,191
early or metastatic breast cancer, as first- or
second-line therapy

in combination with capecitabine or 5-fluorouracil | HER2+ 15%15 Metastatic 40%16 17,066 287,902 42,499
and cisplatin for the treatment of adult patients
with HER2 positive metastatic adenocarcinoma of
the stomach or gastro-esophageal junction who
have not received prior anti-cancer treatment for
their metastatic disease.

Total: 147,125 1,285,473 1,111,691

Ado-trastuzumab treatment of adult patients with HER2-positive, HER2+ 17.5%14 Locally advanced or 65,030 498,785 534,596
emtansine (T-DM1)* unresectable locally advanced or metastatic breast metastatic 50%17.18

cancer who previously received trastuzumab and a

taxane, separately or in combination
Pertuzumab* treatment in combination with trastuzumab and HER2+ 17.5%14 Locally advanced or 65,030 498,785 534,596

docetaxel in adult patients with HER2-positive metastatic 50%17.18

metastatic or locally recurrent unresectable breast

cancer, who have not received previous anti-HER2

therapy or chemotherapy for their metastatic

disease.
Lapatinib* treatment in advanced or metastatic HER2-positive | HER2+ 17.5%14 Locally advanced or 65,030 498,785 534,596

disease with progression following prior therapy metastatic 50%17.18

(restriction to ombination

HER2(+) - receptor tyrosine kinase erbB-2 (a cancer that demonstrates a mutation affecting this enzyme)

All patients with advanced HER2+ breast cancer are eligible for taxane and/or trastuzumab treatment, assuming no contraindications.1® For T-DM1 calculations, assumed that they all
eligible patients received trastuzumab and/or a taxane, and that all eventually progress. No adjustment made to restrict estimate to adults. For trastuzumab, many overlapping
indications exist for use in various combinations with other chemotherapeutic agents, which are all included in the summarized indication of use as first- or second-line in HERZ positive
early or metastatic breast cancer. The EML Expert Committee included trastuzumab for the indications of early and metastatic breast cancer, but indications for gastric cancer were not
mentioned.

*Trastuzumab is indicated first-line for all HER2+ breast cancers (i.e. both early and advanced cancers). Pertuzumab is indicated in metastatic HER2+ breast cancer. Lapatinib and T-DM1
are indicated in metastatic HER2+ breast cancer after failure of trastuzumab. For the purposes of these estimates, we assumed that all patients with metastatic breast cancer treated with
trastuzumab would eventually become resistant and would therefore become eligible for T-DM1 and/or lapatinib (in the landmark trial for trastuzumab monotherapy in the metastatic
setting, around 80% of patients eventually became resistant?0). For this reason, the estimated ‘eligible burden’is the same for pertuzumab, T-DM1, and lapatinib, although pertuzumab is
indicated earlier in the disease (some additional indications are excluded for simplicity). These eligibility estimates may therefore be slightly overestimated for T-DM1 and lapatinib, as a
significant proportion of patients will pass away while on trastuzumab (with or without pertuzumab) therapy.
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Table 6. Rituximab.
Indication(s)

Subgroup 1

Subgroup 2

Subgroup 3

CPL epidemiology

Rituximab

Incidence

DALYs

Prevalence

treatment of previously untreated patients | Follicular Stage 3-4 at 25,456 373,900 157,813
with stage III-1V follicular lymphoma in subtype diagnosis
combination with chemotherapy* 18.6%21 809022
is indicated for the treatment of patients Diffuse CD20 80,546 1,183,088 499,349
with CD20 positive diffuse large B cell large B cell | positive
non-Hodgkin's lymphoma in combination | subtype 98.5%23
with “CHOP” chemotherapy. 47.8%21
in combination with chemotherapy is 37,916 306,080 175,369
indicated for the treatment of patients
with previously untreated and
relapsed/refractory chronic lymphocytic
leukaemia.
in combination with methotrexate is Not Inadequate 100,425 438'030 1,709,098
indicated for the treatment of adult controlled response to
patients with severe active rheumatoid with anti-TNF
arthritis who have had an inadequate methotrexat | 33.33%25
response or intolerance to other disease- e alone
modifying anti-rheumatic drugs 70%24
(DMARDSs) including one or more tumour
necrosis factor (TNF) inhibitor therapies.
Total: 244,342 2,301,098 2,541,629

*We assumed that the following additional indications are accounted for in the estimate for this indication and were not separately calculated:

» o«

“maintenance therapy is indicated for the treatment of follicular lymphoma patients responding to induction therapy”, “monotherapy is indicated for
treatment of patients with stage I1I-1V follicular ymphoma who are chemoresistant or are in their second or subsequent relapse after chemotherapy”.

An indication for the use of rituximab for severe, active granulomatosis with polyangitis (GPA) and microscopic polyangitis (MPA) has not been included
due to the rarity of these conditions, and technical difficulty in diagnosis. For bendamustine in the treatment of multiple myeloma, we assumed 0%
autologous stem cell transplantation. No adjustment made to restrict estimate to adults.
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3 General methodology

3.1 Countries

For the purpose of estimating public health and economic impacts, we used a set list of
countries that have generally been included in past MPP licences. We use the term ‘countries in
past licences’ (CPL) for this group of countries. This number is used as a proxy and is purely
based on precedent.

The list was defined as all countries defined as low-income or lower-middle-income by the
World Bank,2é plus all other countries in sub-Saharan Africa. These 90 countries represent a
total population of 3.7 billion, equivalent to 49.8% of the global population or 59.3% of the total
population of low- and middle-income countries in 2015.27

3.2 Review of selected National Essential Medicines Lists

We gathered NEMLs and/or national reimbursable medicines lists, as applicable, from LMICs
where a version updated in the last 3 years was available. We were kindly assisted in gathering
of NEMLs, and advised on the availability of NEMLs, by Dr Jane Robertson and Kotoji Iwamoto
from the Health Technologies and Pharmaceuticals programme of the WHO Regional Office for
Europe.

The presence of the medicine(s) in question on NEMLs/reimbursement lists was recorded for
each country for which these documents could be accessed.

3.3 Estimating burden of disease

Data on disease burden were gathered from the Global Burden of Disease (GBD) study’s online
database for 2015, the GLOBOCAN online tool,?8 for venous thromboembolism burden from a
study using literature review and hospital surveys commissioned by WHO,? and from the
International Diabetes Federation’s Diabetes Atlas project.29 Some therapeutic indications with
very small patient populations were excluded.

Where the indication for a medicine was for a subtype of a disease, GBD estimates for the
epidemiology of the larger disease group were multiplied by estimates made in other studies of
the proportion of cases that fit into the relevant subtype. For example, dasatinib and nilotinib
are indicated for the treatment of the Philadelphia chromosome-positive subtype of chronic
myeloid leukaemia. As GBD reports only the epidemiology of chronic myeloid leukaemia as a
whole, we multiplied this by 87.5% to estimate the prevalence and incidence of Philadelphia
chromosome-positive cases.3°

Various sources were used to generate projections for future disease burden. For type 2
diabetes, projections made by the IDF Atlas project were used.2? For cancers, these were
generated by applying the proportional change over time in mortality projected by the
GLOBOCAN project to GBD (current) estimates of prevalence and incidence in CPL.128 For atrial
fibrillation, linear regression was used to extrapolate a trend for prevalence in CPL using GBD
data.! For VTE, the incidence was assumed to remain constant as no projections were found.
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3.4 Estimating the potential public health and economic impact of MPP
intervention

The ‘MPP intervention’ considered in these impact estimates is the hypothetical enabling of
generic market entry before patent expiry, for the medicine(s) in question in CPL, where generic
entry would otherwise not have been possible until patent expiry. For many of the assumptions
included in the model, we have relied on the model developed by the MPP for HIV,31 while in
places adapting this for the specific context of each therapeutic area.

We estimated the potential public health and economic impact for MPP interventions in SGTL2
inhibitors as second-line treatment for type 2 diabetes, novel oral anticoagulants (NOACs) for
clot prevention, and second-generation tyrosine kinase inhibitors (TKIs) for the treatment of
chronic myeloid leukaemia.

While the general methodology is similar for all three cases, methodologies were tailored with
respect to epidemiological considerations and measures of clinical effect. For all three groups,
we started by estimating the number of people that could be treated with MPP-enabled generic
versions per year, based on epidemiology and assumptions regarding diagnosis and treatment
access, duration of impact, and market dynamics. For public health impact, the number of
people treated (or number of patient-years of treatment, as applicable) was multiplied by
measures of effect to give an estimated sum effect in the population, for example, number of
strokes averted. For economic impact, patient-years of treatment were multiplied by projected
differences in price between potential MPP-enabled generic versions and originator products in
relevant countries, to estimate overall monetary savings to health systems.

A scheme of the overall model, illustrating individual contributing components, is shown in
Figure 1.
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Figure 1. Scheme of overall model for estimating public health and economic impact of medicines
in case studies.
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3.5 Assumptions regarding the duration of MPP’s potential impact

For all medicine(s) in question, we assumed licence signing in 2019. The duration of impact for
MPP interventions was assumed to last from generic market entry to one year beyond the year
of expiry of patent protection.

As generic market entry would not occur instantaneously as soon as an MPP licence were
signed, we made assumptions regarding the lag in generic market entry. The lag in generic
market entry - that is, the time taken for generic manufacturers to develop a generic version
and bring it to CPL markets following an MPP licence becoming available - was assumed to be
e 1year from licence signing when generic versions were found to already be available in
India and/or South Africa
e 2 years from licence signing when generic versions were not found to be available in
India and/or South Africa, but manufacturers’ websites indicated that generic versions
were in development, and
e 3years from licence signing in all other cases.

We assumed that MPP impact ends one year after the expiry of all LMIC patents that are in the

same family as those listed in the US FDA Orange Book patents.32 In most cases, we also
assumed that expiry for one drug in the class under consideration (e.g. SGLTZ2 inhibitors) would
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impact on other medicines in the class. That is, once one drug within the group becomes
available at an affordable price, it will likely be used as a preferred alternative to the others.

As in the MPP’s HIV model,31 the impact of MPP interventions was generally assumed to persist
one year beyond the expiry of Orange Book patents, as in the counterfactual scenario of no MPP
intervention, there would likely be a lag in generic market entry after the expiry of all blocking
patents. The expiry dates of blocking patents in LMICs (as opposed to the US) were also
included in the impact estimation model, as described in the following section, Market dynamics.

3.6 Market dynamics

We defined MPP-enabled products as medicines that could be manufactured and sold by generic
manufacturers if a voluntary licence were negotiated between the MPP and the originator, and
for which a generic version would otherwise be unlikely to enter the market until after expiry of
the originator patents.

Not all generic products entering the market while an MPP licence is available would
necessarily be considered MPP-enabled products: for example, products brought to market by
manufacturers who are able to design around (secondary) patent protection would not be
considered MPP-enabled products, as these products would have been brought to market even
if an MPP licence had not been available. To account for the reduction in impact attributable to
MPP intervention once generics become available due to loss of patent protection in some
LMICs, we halved the estimated MPP impact after expiry of the main compound patent in LMICs.
Given the large number of unpredictable factors, we have estimated the reduction in
attributable impact at half, though in various scenarios it could be more or less than this.

We assumed that maximum market penetrance was reached after 5 years, with a linear increase
from 0% market share to a maximum percentage determined by assumptions regarding the
proportion of cases diagnosed, the proportion of the affected population with access to
healthcare, and clinical factors (these assumptions were specific to each therapeutic area).

3.7 Collection of current prices

Data on the current originator price available in India were collected from online price
comparison websites (CIMS and 1mg) and converted from Indian rupees to US dollars assuming
an exchange rate of 1 Indian rupee to 0.016 US dollars.

Indian prices were used as a proxy for price in LMICs, due to data availability, as well as because

India is a historically important pharmaceutical market, and represents a large proportion of
the total population.

3.8 Estimating generic prices

Potential generic prices were estimated by applying a standard industry generic price erosion
curve (Figure 2) to the current originator price for each medicine in India.
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Figure 2. Industry historical average for generic price erosion.31
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We additionally calculated estimated generic prices based on cost-of-goods analysis, following
previously published methodology,33 and using data on the price of active pharmaceutical
ingredient exported from India available from an online database.3*

3.9 Estimated economic impact

To calculate potential savings for each year within the assumed period of MPP impact, the price
difference between Indian originator price (which we assumed remains constant) and the
projected generic price for each year was multiplied by the estimated patient-years? of
treatment with MPP-enabled generics for that year. Savings for each year were discounted at
the UK Treasury recommended rate of 3.5% per year.35 Estimated potential savings for each
year were summated to yield total savings, see point 2.1..

A Except for treatment of acute VTE with NOACs, for which 6 months of treatment per incident case was
assumed.
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