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Abstract

The Extending Access Index: Promoting Global Health

Many people around the world cannot access essential medicines for diseases like ma-
laria, tuberculosis (TB) and HIV/AIDS. One way of addressing this problem is a Global
Health Impact certification system where pharmaceutical companies are rated on the ba-
sis of their drugs’ impact on global health. This rating system provides essential information
for policy makers, researchers, companies, universities, and other stakeholders on compa-
nies’ global health impact — opening the door to many ways of incentivizing positive change.
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Drug Abbreviation List

TB Drug Abbreviation

Full Name

3TC

Lamivudine

ABC

Abacavir

AL

Artemether-Lumefantrine

Amk

Amikacin

AS+AQ

Artesunate + Amodiaquine

AS+MQ

Artesunate + Mefloquine

AS+SP

Artesunate + Sulfadoxine-Pyrimethamine

ATV/r

Atazanavir/Ritonavir

AZT

Zidovudine

Cm

Capreomycin

Cs

Cycloserine

DHA-PPQ

Dihydroarteminisin-Piperaquine

ddl

Didanosine

d4T

Stavudine

E (or EMB)

Ethambutol

EFV

Efavirenz

Eto

Ethionamide

FTC

Emtricitabine

Gfx

Gatifloxacin

H (or INH)

Isoniazid

Km

Kanamycin

Lfx

Levofloxacin

LPV/r

Lopinavir with a ritonavir boost

Mifx

Moxifloxacin

NFV

Nelfinavir

NVP

Nevirapine

Ofx

Ofloxacin

PAS

4-aminosalicylic acid

R (or RMP)

Rifampicin

S (or STR)

Streptomycin

TDF

Tenofovir




The Extending Access Index: Promoting Global Health!

1. Extending Access on Essential Drugs

Many people around the world cannot access essential medicines to treat diseases like malaria, tubercu-
losis (TB), and HIV/AIDS. Every year 9 million people are diagnosed with tuberculosis, every day more
than 13,400 people are infected with AIDs, every 30 seconds malaria kills a child.> One reason for this
is that many people cannot access the existing drugs and technologies they need. Even basic medicines,
like antibiotics, may be too expensive for people in low income countries making less than the equivalent
of what $1,025 a year will buy in the US.? Another reason many people around the world lack access to
essential medicines is that little of the research and development on new drugs and technologies focuses
on the diseases that have the largest impact on global health. Consider research and development (R&D)
spending on cardiovascular diseases and diabetes vs. malaria, TB, and HIV/AIDS:

Condition GDEB % of Total R&D Funding R&D Funding
(Million GDB US$ Millions US$ per DALY
DALYs)

CVD 148.19 9.9 9,402 63.45

Diabetes 16.19 1.1 1,653 102.07

HIV/AIDS 84.46 57 2,049 24.26

Malaria 46.49 3.1 288 6.2

TB 34.74 2.3 378 10.88

R&D Spending and the Global Disease Burden (GDB)*

There are several ways of trying to address these problems that focus on restructuring the incentives phar-
maceutical companies face so that they can extend access on essential drugs to the poor.

Unfortunately, many proposals for increasing access to essential medicines only address the research and
development problem and do not ensure that people can actually access these medicines. Prize funds and
grants are perhaps the best known alternatives. Organizations like the Gates Foundation often offer indi-
vidual scientists, or corporations, grants to work on diseases like malaria, TB, and HIV/AIDS. Sometimes




these organizations offer prizes for any individual or corporation that can come up with a new way of
addressing global health problems.®> Other options include Priority Review Vouchers and Target Product
Profiles (TPPs). Priority Review Vouchers extend the basic idea behind the Orphan Drug Act by giving
companies focusing on essential medicines tradable rights to quicker marketing approval for working on
these medicines.® TPPs help companies evaluate the promise of new drugs to encourage potentially prof-
itable, but overlooked, research and development on essential medicines.” Such proposals may promote
new research and development on drugs and technologies that address the global burden of disease. They
do not, however, address the access problem -- the medicines that are given priority review, or result from
TPPs, prizes, or grants, may still be too expensive for most people to purchase.

Other proposals focus exclusively on helping people access existing medicines. Many governmental, and
non-governmental, organizations facilitate access to essential medicines by purchasing these products and
distributing them at greatly reduced prices. The Global Fund is, perhaps, the most prominent example of
an organization extending access on malaria, TB, and HIV/AIDS medicines globally.® Individual compa-
nies also increase access to essential medicines via their drug donation programs and differential pricing
mechanisms (when they offer reduced-prices in developing country markets). Countries can issue com-
pulsory licenses to produce patented drugs more cheaply if companies refuse to do so.” These proposals
have had varying degrees of success but do nothing to address the research and development problem.

A few proposals try to both incentivize new research and development and increase access to existing
medicines. Many public/private partnerships, such as the International AIDS Vaccine Initiative,'’ promote
new drug development.!' Others, such as the World Health Organization (WHO)/Novartis collaboration
to provide Coartem for malaria in Zambia, increase access. Perhaps the most ambitious proposal for ad-
dressing both the research and development and access problems is Aiden Hollis’ and Thomas Pogge’s
Health Impact Fund (HIF)."? The HIF is a global prize system under which companies could register for
an alternative kind of patent on essential medicines that would reward them in proportion to the global
health impact of their product.

Although there are many good ways of addressing the access to medicines problem, new ideas are de-
sirable because the problem remains. Part of the reason that the existing proposals are not sufficient to
solve this problem is that they are expensive to implement. Prize funds and grants require millions of
dollars-worth of investments, as do many drug donation programs and price reductions. It would also cost
millions, if not billions, to create the HIF.!> Some proposals, however, are relatively cheap. Most of these
proposals, like TPPs, focus on providing essential information about the state of global health and how it
might be possible to improve health outcomes.

This paper provides a new, potentially cost-effective, way of addressing the access to medicines problem
that might be used in conjunction with, and even buttress, some of the above proposals.' It suggests a
Global Health Impact rating system where pharmaceutical companies are evaluated on the basis of some of
their key drugs’ potential impacts on global health. The proposed rating system is similar to, but has some
advantages over, the main alternative: The Access to Medicines Index. The Access to Medicines Index con-
siders things like companies” patenting policies, price reductions, public-private partnerships, and chari-
table contributions. But even the best policies do not guarantee good outcomes. The Global Health Impact




index is grounded in good scientific evidence and measures the potential impact of some of companies’
key innovations on global health. It is, thus, a much more promising basis for incentivizing companies to
address the access to medicines problem and increase their global health impact.

Such a rating system will open the door to many new ways of incentivizing companies to have a greater
impact on global health. Consider just a few possibilities discussed at greater length in several key policy
papers on this proposal.”® On the basis of this rating system the best companies, in a given year, can be
licensed a Global Health Impact label to use on all of their products, everything from lip balm to food
supplements. Highly rated companies will have an incentive to use the label to garner a larger share of the
market.'s If even a small percentage of consumers promote global health by purchasing Global Health Im-
pact products, the incentive to use this label will be substantial. If consumption of Global Health Impact
goods reaches 1% of the market in generic and over-the-counter and medications that will yield about
360 million dollars-worth of incentive for pharmaceutical companies to become Global Health Impact
certified.'” The rating system can also support a wide range of other initiatives. One possibility is a Global
Health Impact licensing campaign. Pharmaceutical companies rely, to a large extent, on university research
and development. So, if universities only allow companies that agree to use Global Health Impact prac-
tices to benefit from their technology, companies will have an incentive to abide by Global Health Impact
standards. If 1% of universities sign on to a Global Health Impact licensing campaign, that will create 840
million dollars-worth of incentive for pharmaceutical companies to become certified every year.'® That is
more than the cost of developing a new drug, even on the highest estimates and might double the number
of drugs for neglected diseases produced between in 1975-1999 in a similar time-frame."” A Global Health
Impact certification system will give companies a reason to produce new medicines (like malaria or HIV
vaccines) and extend access on existing medicines that will save millions of lives.?

Similar labeling and licensing initiatives have had a large impact.* There is good experimental, and quasi-
experimental, evidence that people are willing to buy a wide variety of products with “ethical” labels and
that, when they do so, there are benefits to people around the world.” (RED) is, for instance, one of the
largest contributors to the Global Fund and, in 2005, the Global Fund provided more than 20% of the in-
ternational funding for HIV/AIDS programs and about 65% of the funding for tuberculosis and malaria
programs.* Similarly, university licensing proposals are already starting to take root. Universities Allied
for Access to Essential Medicines has, for instance, gotten the University of California Technology Trans-
fer Advisory Committee to issue the following guideline to technology licensing offices on all campuses:
“life-saving UC medical research should be licensed to drug companies in ways that make the resulting
products affordable to low-income patients in developing countries.”*

Even if using a global health impact rating system in the ways described above would not be a good idea,
the rating system provides extremely useful information in an easily accessible format and may open the
door to addressing key global health problems in other ways. It might, for instance, form the basis for
corporate social responsibility (CSR) initiatives. Similar CSR initiatives have had a large impact on firm
performance and shareholders likely invest more in socially responsible companies.”” Companies might
lobby insurance organizations to give preferential access to highly rated drugs over (medically equivalent)
alternatives in creating their formularies. Alternately, researchers or regulators might use the rating system
as a standard against which to evaluate new innovations and company efforts. Researchers might also mine
the data to figure out which causes, and consequences, of global health innovations will have the most
impact (and to answer many other important questions). Presumably the methodology developed here
for malaria, TB, and HIV/AIDS medications can be generalized to other drugs and other diseases. These




models may be useful for policy makers interested in trying to improve access to medicines and researchers
evaluating policies aimed at doing so.

For all of the reasons detailed above, I believe that the model rating system this paper presents is interest-
ing and important. Several of the assumptions the model below relies upon require significant refinement.
Nevertheless, this paper hopes to illustrate how a good model can be constructed and open the door to
debate about the best ways of doing so.




2. Model Rating System

A good Global Health Impact Index should be objective and output-based to incentivize companies to
extend access on essential medicines globally. Towards this end, companies should be able to impact their
rating and, if companies’ scores improve, that should improve global health.

This paper presents a preliminary model that provides an estimate of the impact of key medicines for HIV/
AIDS, TB, and Plasmodium Falciparum (p. falc.) malaria in 2011. As the model provides a projection be-
cause it focuses on estimating how much of the burden of these diseases is alleviated in 2010, the key drugs
will alleviate if they are as accessible and effective in 2011 as the 2010 estimates of treatment percentages
and efficacy suggest. The model focuses on these diseases as they are some of the diseases with the largest
global health impact for which good data is available globally.*
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Company Rank, Areas of Focus, and Drugs

Company Name

Disease

Drugs

Sanofi

Malaria
TB

Artesunate + Amodiaquine, Artesu-
nate + Sulfadoxine-Pyrimethamine,
Ethionamide, Rifampicin

Novartis

Malaria
HIV

Artemether Lumefantrine, Atazana-
vir/Ritonavir

Shire Pharmaceuticals

HIV

Lamivudine

Pfizer, Inc.

TB

Cycloserine, Ethambutol, Pyrazin-
amide

Boehringer Ingelheim Pharmaceuticals

Nevirapine

Bristol-Myers Squibb

Amikacin, Didanosine, Stavudine,
Kanamycin

Viiv Healthcare

Abacavir, Zidovudine, Nelfinavir

Merck

Efavirenz, Streptomycin

Hoffman-LaRoche

Isoniazid

Gilead Science

Emtricitabine, Tenofovir

Abbott Laboratories

Lopinavir with a ritonavir boost,
Atazanavir/Ritonavir

Daichii Sankyo

TB

Levofloxacin, Ofloxacin

Eli Lilly

Malaria

Capreomycin

Chongqing Tonghe Pharmaceutical Co.,
Ltd.

TB

Dihydroartemisinin-Piperaquine

Bayer AG

TB

Moxifloxacin

Kyorin Pharmaceutical Co., Ltd

TB

Gatifloxacin




Impact Scores by Company
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Percentage of the Disease Burden Alleviated by Key Malaria, TB and HIV/AIDS Medicines by Company

The model was completed in two (rough) steps. First, we estimated the impact of all of the key medicines
for HIV/AIDS, TB, and malaria. Second, we ranked companies by aggregating their drugs’ estimated im-
pacts on global health. This will allow us to rate companies based on their relative (or absolute standing).
Several of the assumptions the model relies upon could benefit from significant refinement. Nevertheless,
what follows explains the basic structure of this model.

Consider how we evaluate the impact of each drug globally. Roughly, this requires information on the need for
differentessential medicines (e.g. the deathand disability due to the diseases theytreat),information aboutac-
cesstothedrug(e.g.treatmentpercentages),andinformationaboutdrugeffectiveness (e.g. efficacyestimates).

The drug’s estimated impact is, roughly, Need * Access * Effectiveness. The need for different essential
medicines is calculated in Disability Adjusted Life Years (DALYs) lost to the diseases they treat. Informa-
tion about access to the drugs is an estimate of the number of people with access to treatment divided by
the number of people who need treatment for each drug in each country. In the model, when country- and
drug-specific treatment coverage is not available, the percent of people receiving treatment by a particular
drug is estimated at the percent of people who receive treatment for that disease within the country. Rarely,
we rely on global estimates of treatment percentages for disease states. Similarly, if country-specific efficacy
data for a drug is provided by the WHO, we use this efficacy data. If this information is not available, we
use estimates of drugs’ efficacy from clinical trial data in other countries or occasionally a global estimate.




A slightly simplified, hypothetical, example will help explain the basic idea. Again, each drug’s impact in the
model is, roughly, Need * Access * Effectiveness. Suppose, for instance, 100 million DALY are lost per an-
num to a disease treatable with a drug that reduces the impact of the disease by 80%, on average. If 50% of the
population thatneedsithasaccesstoit, we estimate that the drug will save 40 million DALYs (100*.8*.5=40).

Sample Data: DALYs lost to TB by Country

|. BOOK - 2.1M [ 100K - BODK [ 1 - 100K |

Colors in each region denote DALY lost to TB: blue indicating a low number of DALY lost and red
indicating a high number of DALY lost.




Sample Data: Multi Drug-Resistant Tuberculosis % Treatment Coverage

Treatment Coverage for Malaria by
Drug

AL AS+SP AS+AD  AS+MO DHA-PPO

TB Treatment Efficacy

Treatment Efficacy By TB Type

100%

75%

L0%

259

0%




Overall Rating,
Company 1-100
Company 2-50
Company 3-20

Drug 1 Drug 2
Impact Impact

(Impact = Need*Access*Efficacy) (Impact = Need*Access*Efficacy)

DALYSs Lost Treatment % Data Efficacy Data DALYs Lost Treatment % Data Efficacy Data

Country 1-500 Country 1-9 Country 1-90 Country 1-7900 Country 1-45 Country 1-90
Country 2-10 Country 2-11 Country 2-80 Country 2-510 Country 2-16 Country 2-80
Country 3-689 Country 3-5 Country 3-50 Country 3-5689 Country 3-56 Countey 3-50

Again, once impact is calculated, companies can be rated on the basis of their drugs’ aggregate contribu-
tion to alleviating the global burden of disease. Here is a visual illustration of the rating system’s main
components that feed into the overall rating.

Because the point of the rating system is both to incentivize new innovation and to encourage companies
to extend access on existing drugs globally, it is essential to update the model over time (e.g. when the next
DALY estimates are released). Companies’ scores will improve on the next version of the index insofar as
they do something that reduces the burden of disease. Companies can create new efficacious drugs, come
up with improvements on existing drugs, or increase access to treatment by reducing prices or increasing
their drug donations, etc. Companies will get a lot more credit for widely disseminated drugs and those

that are highly efficacious compared to drugs that fewer people can access or that are less effective. Com-
panies focusing on the worst problems, i.e. the disease to which most DALY are lost, will also get more
credit, other things being equal. On the other hand, if a company’s interventions are no longer used, e.g.
because another company comes up with a better alternative or its interventions’ efficacy falls a bit (e.g. due
to rising resistance), its score will decline.

It is not a problem with the proposed index that the best available drugs for some diseases have very
low efficacy. If the efficacy of HIV drugs was much greater than the efficacy of drugs for malaria, or
TB, and everything else was equal, the Global Health Impact index would suggest that companies
should focus on making HIV drugs first. The rationale for encouraging companies to focus more on
some diseases than others is that the expected health impact of focusing on some just happens to be
greater than the expected impact of focusing on other diseases. It is possible that companies will do
better to make less effective, but highly accessible, drugs than those that are highly effective but (say)
very expensive and, so, inaccessible. Of course, it is always true that companies can just be well-placed
to work on some diseases as opposed to others, but it is not clear that a good index should reward them
for just doing what they are good at if that does not really pay off in terms of global health impact.
In any case, the difference in average drug efficacy for the diseases we are focusing on is not that great,
so we do not need to consider the issue further here.

The Global Health Impact index is focused on evaluating companies’ global health impacts in a rigorous
way, and not on companies’ efforts or policies, so companies’ scores depend on many other factors besides




their innovations. These other factors include the nature of country-level health systems, inter- national
aid efforts, and what other drugs are already around.. To see why, consider one concrete example. Suppose
a company offers a new kind of product for a disease that requires expensive genetic testing and there are
no programs designed to provide that testing or no agreed upon strategy for doing so. Even if the company
makes their drug available for free, its score on the Global Health Impact index may be low because most
countries do not have genetic testing in place to identify most of the patients who are candidates for their
medicines. Its score may even be lower than a much less generous company’s score if that company’s
drugs had a larger impact because diagnosing the diseases they address is much easier. Nevertheless, that
company would get as much credit as its drugs have impact. The company can increase the credit it re-
ceives if it can also help people figure out if they have the disease so that more people receive treatment.
The company could, presumably, do this in many ways. It might partner with organizations that help de-
veloping countries’ health systems secure diagnostic services or come up with cheap ways of diagnosing
patients that might use their drugs in the private sector, e.g., with something similar to the new home test
kits for HIV available in the US.

Right now the impact of drugs for Malaria is most important in our model. There is a much larger need for
drugs for both malaria and HIV than for TB, but many more people can access malaria drugs, and they are
more efficaious, than drugs for HIV.

Aggregated Impact Score

B Malaria
TB
B HIV/AIDS

Percent Estimated DALY Averted for Each Disease




DALYs by Disease

B Malaria

. R
0 HIV

Treatment Coverage by Disease

B Malaria

Bl 1B
B HIV

Drug Efficacy by Disease

B Malaria

B TE
B HIV

Percent DALYs Lost by Disease, Relative Treatment Coverage Proportions,
and Relative Efficacy Proportions




3. A Concrete Case: Malaria Example

It will help to consider a real example of how a company’s score was calculated. Chongqing Tonghe Phar-
maceutical Co. Ltd. is credited only for one anti-malarial: Dihydroartemisinin-piperaquine (DHA-PPQ).
So its score is based entirely on DHA-PPQ’s score. DHA-PPQ is a first-line drug in Viet Nam, so consider
how its impact in Viet Nam was calculated. 63,901.40 DALYs were lost to malaria in Viet Nam in 2010.

About 75% of the malaria in Viet Nam was Plasmodium falciparum malaria, so we estimate that 75% of
the 63,901.40—or 47,926.05—DALYs were lost to p. falciparum malaria. DHA-PPQ is used as the first-line
treatment of Plasmodium falciparum malaria in Viet Nam.The WHO suggests that DHA-PPQ is 100% ef-
fective in Viet Nam. However, DHA-PPQ only has treatment coverage in Viet Nam of 2.6%. The impact of
DHA-PPQ in Viet Nam, then, is DALYs * Coverage * Effectiveness. The estimated impact of DHA-PPQ for
Viet Nam is (47,926.05 * 2.6% * 100%) = 1,246.08 DALYs saved. The above process was repeated for every
country where DHA-PPQ was a first-line drug, so that an impact score for every country was obtained. To get
the total impact score for Chongqing Tonghe Pharmaceutical Co. Ltd., we summed the scores for all of these
countries. The total impact score for Chongqing Tonghe Pharmaceutical Co. Ltd. is 6,730.11 DALYs saved.

The models used to calculate TB and HIV are much more complex and, so, examples illustrating the neces-
sary calculations for sample companies are relegated to the Appendices.




4. Improving the Index: Questions for Future Research

Further research might improve the model. The structure of the pharmaceutical market is complicated.
Some companies have patented drugs that other companies really developed. Some have bought the rights
to drugs others have patented. Often companies license out manufacturing and distribution of their drugs
to other companies or enter into co-marketing agreements. Different indexes might rate manufacturers,
distributors, and innovators. For now we focus on companies with patents on key medications so that
the index can incentivize new drug development (see Appendix IV). Moreover, companies that develop
a drug are often able to impact their drugs’ accessibility. These companies usually have a lot of control
over licensing co-marketing, distribution, and manufacturing rights. Taking into account side-effects as-
sociated with some drugs may be important in evaluating their impacts. Moreover, as discussed in the
appendixes, it may be worth considering further interactions between TB and HIV, and how to appro-
priation credit for different drugs in combination when one company does not make all of the drugs.
Because good data on global health problems even for major diseases like malaria, TB, and HIV/AIDS
is often sparse, it may be difficult to improve the model significantly right now. This suggests that it is es-
sential to improve global disease surveillance efforts. Nevertheless, in some cases, it may be possible to:

Improve our disease models to, for instance, better deal with interaction effects between drugs and
disease states

Model resistance rates to mono-therapies to better credit drugs in combination therapies
Improve efficacy and treatment percentage estimates

Include estimates of drug interactions/side effects

Sensitivity tests suggest, however, that many of the assumptions our model relies upon have little impact
on the overall ranking of companies. We have tested 27 alternate specifications of the model, most either
no effect on the rankings or only caused a ranking switch for two adjacent companies. Details of these
sensitivity tests and some changes made to the model as a result are included in Appendix III.




5. Conclusion

There are many difficult issues to resolve in designing a good model rating system for pharmaceutical com-
panies’ key innovations’ impact on global health. It is possible to refine many of the assumptions the model
relies upon further and to update the model as new data on need, access, and efficacy becomes available.
One might also expand it in new directions to consider new drugs, diagnostics, vaccines or other diseases
or to model the evolution of resistance rates and drug efficacy over time. Alternately, one could try to take
into account side effects of the drugs or look at how they impact the transmission potential of each of the
diseases. Nevertheless, the model presented here provides some essential information about companies’
global health impacts and highlights the need to improve global disease surveillance mechanisms. A good
rating system has the potential to foster great improvements to global health. Such a rating system should
be of interest to policy makers, researchers, companies, investors, and consumers. It will, for instance,
open the door to many new ways of incentivizing companies to have a greater impact on global health. Al-
though this will not solve all of the health problems people face, it may help many people secure essential
medicines that can save millions of lives every year.




Appendix I: TB Example

Calculating Pfizer’s final impact score was a bit more difficult than calculating Chongqing’s score for a
few reasons. It makes four anti-TB drugs: Ethambutol, pyrazinamide, cycloserine, and PAS. ethambutol
and pyrazinamide are used in combination with two other drugs (Isoniazid and Rifampicin) from other
companies for treating (active) drug-susceptible TB. But ethambutol and pyrazinamide (along with ri-
fampicin) are primarily used to prevent resistance from developing to isoniazid. So it is difficult to decide
how to credit the different drugs in the combination and extract Ethambutol’s and pyrazinamide’s impact.
A similar problem is also seen when attempting to credit Pfizer for cycloserine since it is used in differ-
ent combination therapies for multi-drug-resistant (MDR)-, and extremely drug-resistant (XDR)-, TB).
Moreover, for TB and HIV/AIDS it is also important to consider interactions between the diseases and the
drugs. People with HIV/AIDS are highly susceptible to TB and those who contract it should finish their
TB medicine, if possible, before starting treatment for HIV/AIDS. Otherwise resistance to the HIV/AIDS
medications may develop, but protocols differ for different disease states and drugs.

In our preliminary TB model, we have attempted to deal with some of these problems. The chart below out-
lines the breakdown of different patient groups we considered in crediting companies for anti-TB drugs.

All TB Incident Cases

|
Drug-Susceptible ("Normal") TB
I

| |

Our current model considers three broad categories of drug resistance in TB: Drug-Susceptible (or “Nor-
mal”) TB, MDR-TB, and XDR-TB. Totally drug-resistant (TDR)-TB is excluded from the current model
as, thus far, only a small number of TDR-TB cases have been reported.” We attempted to disaggregate the
impact of anti-TB drugs into the remaining three levels of resistance. For Drug-Susceptible TB, we also
consider the difference in drugs’ impacts on HIV+ versus HIV- TB cases. Finally, because different treat-
ment regimens are used for latent and active TB, they were also differentiated in the model.

Most anti-TB treatment is a combination therapy. The contribution of each drug should sum to the over-
all impact of the therapy. For simplicity sake, we assume that each drug carries equal weight in any given
regimen and credit the drugs equally. Each of the four drugs gets a quarter of the credit for the regimen’s
impact.®®




A difficulty that arises with MDR-TB treatment is that different patients are resistant to different drugs.
Protocols exist for which treatment to use depending on to which drugs the patient is resistant.” Once
diagnostic susceptibility testing (DST) has been performed, and MDR-TB is confirmed, there are multiple
possible regimens as indicated in the table below:

Drug Resistance Treatment Regimen

Resistant to isoniazid (H) in combination with rifampi-
cin (R) or rifampicin and ethambutol (E)

Resistance to H+R+E+ pyrazinamide (Z) S + Lfx + Eto + Cs + PAS

Resistance to any of the following: H+R+ streptomycin
(S); H+R+E+S; or H+R+E+Z+S

Z + S + Lfx + Eto + Cs + PAS

Km + Lfx + Eto + Cs + PAS

According to the National Center for Biotechnical Information, 39.4% of recipients of drug susceptibility
tests indicate multiple drug resistance. The resistance patterns are indicated in the following table:*

Drug Resistance Portion of Total
Multidrug Resistance (total) 39.4%
H+R 7.1%
H+R+E 3.3%
H+R+S 11.0%
H+R+E+S 18.6%

Unfortunately, this data does not include pyrazinamide. Pyrazinamide resistance is difficult to test for, so
many laboratories do not test for it.*! Studies in South Africa, however, indicate resistance to pyrazinamide
among MDR-TB cases of 42.25%.*> Given that H+R+E+Z+S is a subset of the H+R+E+S resistance in the
second table above, then, we use the figure from South Africa to estimate that resistance to H+R+E+Z+S
= 18.6% * 42.25% = 7.86%. We estimate that the remainder, 10.74% (18.6% - 7.86%) of the population, is
resistant to H+R+E+S but not Z. Similarly, we apply this percentage of 42.25% of those resistant to Z to the
percentage of those resistant to H+R+E (3.3%) to get 1.39% resistant to H+R+E+Z and estimate that the
remaining 1.91% are resistant to H+R+E, but not Z. Therefore, we estimate that resistances and the cor-
responding treatment regimens are as follows:

Drug Resistance | Portion of all | Portion of Treatment Regimen® Portion of MDR-TB
TB MDR-TB* &

H+R 7.1% 18.02%
T ReE with Z +S + Lfx + Eto + Cs + 22.86%
. 0
el B KT 4.84% PAS

H+R+E+Z 1.39% 3.54% S + Lfx + Eto + Cs + PAS 3.54%

treatment®




H+R+S 11.0% 27.92%

H+R+E+S with- 10.74% 27 26% Km + Lfx + Eto + Cs + 75 13%
out Z PAS

H+R+E+Z+S 7.86% 19.95%

Adjusted to 100%™, the regimes are as follows:

Treatment Regimen Portion of total MDR-TB treatment

7 + S + Lfx + Eto + Cs + PAS 22.51%
S + Lfx + Eto + Cs + PAS 3.49%
Km + Lfx + Eto + Cs + PAS 74.00%

Each drug in each regimen is given equal weight in our model.””

The treatment regimen considered for XDR-TB consists of cycloserine, at least one injectable second-line
agent, and one fluoroquinolone.*®

Injectable second-line agents Kanamycin or Amikacin or Capreomycin

Fluoroquinolones Levofloxacin or Moxifloxacin or Gatifloxacin or Ofloxacin

Each drug in this regimen is given equal weight in our model.

Given the above mentioned basis of our model, the first step in calculating Pfizer’s impact score is as fol-
lows: Taking Botswana as an example country, we see that 18,661.80 DALY's were lost to TB in Botswana.”
In 2010, 10,000 incident cases of TB were reported according to the WHO™, 80% of registered cases were
tested for HIV status, and 65.43% of TB cases with known HIV status were HIV positive.*' So 8,000 (80%
of 10,000) TB incident cases were tested for HI'V, and the breakdown of HIV positive to HIV negative cases
was 5,235 (65.43% of 8,000) to 2,765 (34.57% of 8,000). In countries where data is not available regarding
the proportion of TB incident cases with known HIV status, an estimate was derived. This was done by
using the global average of 33% of TB cases with a known HIV status.** Given that the global average is
33%, and given that we only have data on a proportion of the countries, we derived the necessary average
known HIV status for the remaining countries in order to reach the mean of 33%

The next step involves breaking down incident cases into Drug-Susceptible TB, MDR-TB, and XDR-TB.
We start with MDR-TB first. The WHO provides data for:

(a) Estimated numbers of MDR-TB cases among notified new cases of pulmonary TB: 120 in Botswana

(b) Estimated number of MDR-TB cases among notified previously treated pulmonary TB cases: 29 in
Botswana




(c) Estimated percentage of new TB cases with MDR-TB: 2.5% in Botswana

(d) Estimated percentage of previously treated TB cases with MDR-TB: 7% in Botswana.

Using this data, we determine:
(e) Estimated new cases (any type) = (a) / (c) = 120 / 2.5% = 4,800.00; and

(f) Estimated retreatment cases (any type) = (b) / (d) =29/ 7% = 414.29

From this, we can calculate:
Overall percent MDR-TB among prevalent TB = [(a) + (b)] / [(e) + (f)]
= (120 +29) / (4,800.00 + 414.29)

=2.86%

This percentage is then multiplied by the prevalent cases: 2.86% * 8,100 = 231 MDR-TB cases needing
treatment in Botswana in 2010.

The WHO provides data on the number of individuals treated per year. Based on 2010 WHO data, 92
individuals received MDR-TB treatment in Botswana. Our estimated treatment coverage, then, is the 92
individuals who received treatment divided by the 231 individuals needing treatment, or 39.75%.

To compute the DALY lost to MDR-TB in Botswana, we use the same MDR-TB proportion of 2.86% of
the total 18,661.80 DALYs due to TB of any type in Botswana to estimate that 533.27 DALY's were lost
in 2010. From this, we then subtract the number of DALYs lost to XDR-TB cases (see below) to reach
an estimate of actual DALY lost to only MDR-TB of 485.27. Because treatment coverage for MDR-TB
in Botswana is 39.75%, the impact of any MDR-TB regimen in Botswana, calculated by DALY lost to
MDR-TB * MDR-TB treatment coverage * efficacy of MDR-TB treatment, is 485.27% * 39.75% * 48% :
92.58 is the impact of MDR-TB treatment in Botswana.

For XDR-TB, we know that 9% of all MDR-TB cases are XDR-TB. Multiplying this XDR-TB proportion
to the total number of MDR-TB cases in Botswana, we have 9.00% out of 231 MDR-TB cases (or about
21 cases) being extensively drug-resistant. We have yet to obtain good data regarding country-level treat-
ment coverage for XDR-TB. Hence, we use global treatment coverage of 43% as an estimate. Since 9.00%
of MDR-TB cases are XDR-TB, we assume that this proportion is also representative of the DALY lost to
XDR-TB. Hence, we estimate that 9.00% of 533.27 DALYs lost to MDR-TB in Botswana in 2010, or 47.99
DALYs were lost to XDR-TB in Botswana. Efficacy of XDR-TB treatment is estimated at 20%. Thus the
impact of XDR-TB treatment in Botswana in 2010 is approximately 47.99 DALY lost * 43% treatment
coverage * 20% efficacy = 4.13.




Finally, we look at the treatment for Drug-Susceptible (or “Normal”) TB. As mentioned earlier, we as-
sume that the DALY lost to TB in general comes from the DALY’ lost to Drug-Susceptible TB, MDR-
TB, and XDR-TB. Based on this assumption, the DALY lost to Drug Susceptible TB for Botswana in
2010 comes to 18,128.53. Previously, we calculated the number of HIV+ and HIV- cases among incident
cases with known HIV status in Burkina Faso were 5,235 and 2,765 respectively (of 8,000 cases in total).
This works out to 65.43% HIV+ and 34.57% HIV-. Thus our DALY breakdown is as follows:

TB/HIV+: 18,128.58 * 65.43% = 11,861.73

TB/HIV-: 18,128.58 * 34.57% = 6,266.80

We have yet to get good treatment coverage data at the country level for each of the above cases. Thus for
now we use the WHO?’s estimate of the prevalence of directly observed treatment short-course (DOTYS)
coverage of 65.9% for all cases. Estimated efficacy for TB/HIV + treatment is 73% and that for TB/HIV-
treatment is 87%. Thus, impact scores for each case are calculated by DALY lost * treatment coverage *
treatment efficacy:

TB/HIV+:11,861.73 * 65.9% * 73% = 5,706.32

TB/HIV-: 6,266.80 * 65.9% * 87% = 3,592.94

The following table provides a quick summary for all the scores we have calculated thus far for each sce-
nario for Burkina Faso in 2010:

TB Case Impact Score
Drug-Susceptible Latent TB/HIV+ 5,706.32
("Normal”) TB Active TB/HIV+ 3,592.94
Multidrug-Resistant TB (MDR-TB) 92.58
Extensively Drug-Resistant TB (XDR-TB) 4.13

The next step is to disaggregate these scores into the corresponding drugs that are involved in the treat-
ment of Drug-Susceptible TB, MDR-TB, and XDR-TB




Drug-Susceptible TB Treatment Regimen

Standard 6-month first-line regiment Drug Proportion of Regimen
(2HRZE/4HR)

Rifampicin

Isoniazid
Ethambutol
Pyrazinamide

Again, we assume the impact of each drug in the standard 6-month regimen for active TB is equal.

MDR-TB Treatment Regimens

A total of three MDR-TB regimens are considered in this model. As explained above, we estimate the per-
centage of people with MDR TB receiving each regimen using data based on resistance rates as described
above. Within each regimen, we give each drug equal credit. The proportion of credit given to each drug
in each of the three regimens is shown in the right column in the table below.

Pyrazinamide + Streptomycin + Levofloxacin + Ethion- Drug Proportion of Regimen
amide + Cycloserine + PAS

Pyrazinamide

Streptomycin

Levofloxacin

Ethionamide

Cycloserine
PAS

Streptomycin + Levofloxacin + Ethionamide + Cycloser- Drug Proportion of Regimen
ine + PAS

Streptomycin

Levofloxacin

Ethionamide

Cycloserine
PAS

Kanamycin + Levofloxacin + Ethionamide + Cycloserine Drug Proportion of Regimen
+ PAS

Kanamycin




Levofloxacin

Ethionamide

Cycloserine
PAS

XDR-TB Treatment Regimen

Cycloserine + (Kanamycin or Amikacin or Capreomy- Drug Proportion of Regimen
cin) + (Levofloxacin or Moxifloxacin or Gatifloxacin or
Ofloxacin)

Cycloserine 0.33

Kanamycin or Amikacin or Capreomycin 0.11 (0.33/3)

Levofloxacin or Moxifloxacin or Gatifloxacin or Ofloxacin 0.08 (0.33/4)

We also gave proportionate weight to each drug in the above XDR-TB regimen.

For Burkina Faso, we disaggregate the scores as follows:

TB Case Total Score Score Per Drug

Rifampicin: 0.25 * 5,706.32 = 1,426.58

Isoniazid: 0.25 * 5,706.32 = 1,426.58

+ b b

B /HIV 270632 e thambutol: 0.25 * 5,706.32 = 1,426.58

Drug-susceptible Pyrazinamide: 0.25 * 5,706.32 = 1,426.58
(“Normal”) TB Rifampicin: 0.25 * 3,592.94 = 898.24

Isoniazid: 0.25 * 3,592.94 = 898.24
B /HIV- 3,592.54 Ethambutol: 0.25 * 3,592.94 = 898.24
Pyrazinamide: 0.25 * 3,592.94 = §98.24




Resistant to isoniazid
in combination with
rifampicin or rifampi-
cin and ethambutol

yrazinamide: 0.17 ¥ 20.84 =3.54
Streptomycin: 0.17 * 20.84 = 3.54
Levofloxacin: 0.17 * 20.84 = 3.54
Ethionamide: 0.17 * 20.84 = 3.54
Cycloserine: 0.17 * 20.84 = 3.54
AS: 0.17 * 20,84 = 3,54

Multidrug-Resistant

Resistance to isonia-
zid with rifampicin,
ethamutol, and pyra-
zinamide

Streptomycin: 0.20 * 3.23 =0.65

Levofloxacin: 0.20 * 3.23 = 0.65

Ethionamide: 0.20 * 3.23 = 0.65

Cycloserine: 0.20 * 3.23 = 0.65
AS: 0.20 * 3.23 =0.65

TB (MDR-TB)

Resistance to: isonia-
zid with rifampicin
and streptomycin;
isoniazid with rifam-
picin, ethamutol, and
streptomcin; or resis-
tance to isoniazid, ri-
fampicin, ethambutol,
pyrazinamide, and
streptomycin

Kanamycin: 0.20 * 68.51 = 13.70
Levofloxacin: 0.20 * 68.51 = 13.70
Ethionamide: 0.20 * 68.51 = 13.70
Cycloserine: 0.20 * 68.51 = 13.70
PAS: 0.20 * 68.51 = 13.70

[Extensively Drug-Resistant TB (XDR-TB)

Cycloserine: 0.33 *4.13=1.36
Kanamycin: 0.11 * 4.13 = 0.45
Amikacin: 0.11 * 4.13 = 0.45
Capreomycin: 0.11 * 4.13 = 0.45
Levofloxacin: 0.08 * 4.13 =0.33
Moxifloxacin: 0.08 * 4.13 = 0.33
Gatifloxacin: 0.08 * 4.13 =0.33

Ofloxacin: 0.08 * 4,13 =(0.33

An individual drug’s score, then, is the sum of each of the proportional score of any regimen in which it is
a part. Again, since this example is for Pfizer’s impact score, we only focus on the drugs by this company:
ethambutol, pyrazinamide, cycloserine and PAS. The impact score for ethambutol, pyrazinamide, cyclo-
serine, and PAS in Botswana is simply the sum of individual scores in the table above that are associated
with each drug respectively. The total score for Pfizer is the summation across all countries in the model,
which sums up to 13,209,904.58 in all countries in the world.




Appendix II: HIV Example

Consider how we calculate Gilead Science’s score. Gilead makes two antiretroviral drugs for HIV: Teno-
fovir and emtricitabine. Here we do not consider different disease states, and set aside questions about
interactions between HIV drugs and others for a rough estimate of impact.

The HIV scoring model is based on WHO data collected from mid- and low-income countries affected by
HIV that responded to the WHO AIDS Medicines and Diagnostics Service (AMDS) survey.” These coun-
tries were classified by the WHO as either “Group A” or “Group B” countries. The following table shows the
list of countries that responded to the WHO AIDS Medicine and Diagnostic Service survey.*®

Group A Group B
Low- and Middle-Income Countries excluding region of the Americas | Low- and Middle-Income Countries
in the Americas

Afghanistan Myanmar Anguilla

Bangladesh Namibia Antigua and Barbuda
Belarus Nepal Argentina

Bhutan Oman Belize

Botswana Papua New Guinea Bolivia

Burkina Faso Qatar Brazil

Burundi Republic of Moldova Chile

Cambodia Romania Cuba

Cameroon Saudi Arabia Dominican Republic
Central African Republic Sierra Leone Ecuador

China Somalia El Salvador
Democratic Republic of the Sri Lanka Grenada

Congo Sudan Guyana

Gambia Suriname Honduras

Ghana Swaziland Nicaragua
Guatemala Tanzania Panama

India Uganda Paraguay

Iran Ukraine Peru

Kenya United Arab Emirates Trinidad and Tobago
Lesotho Viet Nam Uruguay

Madagascar Yemen
Malawi Zambia
Malaysia Zimbabwe
Mozambique

Again the general formula for calculating the impact score for any drug is DALYs * % Treatment Coverage
* Drug Efficacy. Because the WHO presents statistics for adults (defined as 15 years of age and above) and
children (defined as below 15 years of age) separately, the model starts by calculating impact for these pa-
tient groups. Conveniently, the Global Health Data Exchange provides such age-specific DALYs informa-




tion.”” Using Afghanistan as an example, 21,733.66 DALY's were lost by adults to HIV in 2010, and 2,307.78
were lost by children.®

The WHO provides data for numbers of individuals (all age groups) needing treatment and number of in-
dividuals (all age groups) receiving treatment.®" Additionally, the same data is provided for children (<15)
needing treatment and children receiving treatment.®* From these numbers, the number of adults needing
and receiving treatment can be easily calculated. In Afghanistan, for example, 1600 people (all age groups)
need treatment, 550 of which are children. The number of adults needing treatment, then, is the remain-
ing 1,050. Similarly, 46 people are receiving treatment, one of which is a child; the remaining 45, then, are
adults. Treatment coverage in Afghanistan, then, is 4.29% for adults (45/1,050) and 0.18% for children
(1/550). If country-specific treatment numbers are not provided, then numbers are calculated base on
what would be necessary to reach regional averages.

The WHO provides information about what percentage of adults and children are taking first and second
line regimens by country group in Group A and B countries. Here is the information for Group A coun-
tries.”

ADULTS Group A
First-Line Regimens 97.10%
Second-Line Regimens 2.90%

CHILDREN Group A
First-Line Regimens 96.80%
Second-Line Regimens 3.20%

We assume that the DALYs each regimen can recover are proportionate to their use in each population.

The next table lists the first and second line antiretroviral regimens and efficacy information for adults and
children in each group.*




Antiretroviral Treatment Regimen Proportions and Efficacies®

Group A

ADULT First-Line Regimens Proportion of Adult First- Efficacy (%)
Line Regimens

Stavudine + Lamivudine + Nevirapine 27.70% 69.65%
Zidovudine + Lamivudine + Nevirapine 26.80% 77.00%
Stavudine + Lamivudine + Efavirenz 14.00% 77.50%
Zidovudine + Lamivudine + Efavirenz 11.40% 72.03%
Tenofovir + Lamivudine + Efavirenz 10.60% 76.73%
Tenofovir + Emtricitabine +Efavirenz 3.50% 81.06%
Tenofovir + Lamivudine + Nevirapine 2.70% 75.00%
Tenofovir + Emtricitabine + Nevirapine 2.50% 76.70%
Others 0.80% 69.65%

ADULT Second-Line Regimens Proportion of Adult Second- Efficacy (%)
Line Regimens

Tenofovir + Lamivudine + Lopinavir/Ritonavir 27.10% 83.00%
Zidovudine + Didanosine + Lopinavir/Ritonavir 25.00% 64.74%
Zidovudine + Lamivudine + Lopinavir/Ritonavir 12.70% 50.00%
Tenofovir + Emtricitabine + Lopinavir/Ritonavir 10.70% 67.00%
Zidovudine + Lamivudine + Tenofovir + Lopinavir/Ritonavir 5.50% 64.74%
Abacavir + Didanosine + Lopinavir/Ritonavir 4.80% 64.74%
Abacavir + Tenofovir + Lopinavir/Ritonavir 2.50% 64.74%
Stavudine + Lamivudine + Lopinavir/Ritonavir 1.90 60.50%
Abacavir + Lamivudine + Lopinavir/Ritonavir 1.10% 63.20%
Others 8.70% 64.74%

CHILDREN First-Line Regiments Proportion of Children Efficacy (%)
First-Line Regimens




Stavudine + Lamivudine + Nevirapine
Zidovudine + Lamivudine + Nevirapine
Stavudine + Lamuviudine + Efavirenz
Zidovudine + Lamivudine + Efavirenz
Abacavir + Lamivudine + Efavirenz

Stavudine + Lamivudine + Lopinavir/Ritonavir
Abacavir + Lamivudine + Lopinavir/Ritonavir
Abacavir + Lamivudine + Nevirapine

Others

CHILDREN Second-Line Regiments

Abacavir + Lamivudine + Lopinavir/Ritonavir
Zidovudine + Didanosine + Lopinavir/Ritonavir
Abacavir + Didanosine + Lopinavir/Ritonavir
Zidovudine +Lamivudine + Lopinavir/Ritonavir
Zidovudine + Didanosine + Efavirenz
Stavudine + Lamivudine + Lopinavir/Ritonavir

Tenofovir + Lamivudine + Lopinavir/Ritonavir

Zidovudine + Abacavir + Lamivudine + Lopinavir/Ritonavir

Stavudine + Lamivudine + Abacavir

Others

ADULT First-Line Regimens

34.90%
20.70%
15.60%
7.20%
6.20%
5.90%
5.80%
1.70%
1.50%

Proportion of Children
Second-Line Regimens

26.20%
17.20%
14.80%
12.30%
6.60%
4.60%
2.00%
1.60%
1.40%
13.30%

Proportion of Adult
First- Line Regimens

100.00%
78.50%
77.50%
72.03%
59.00%
62.00%
63.20%
73.18%
73.18%

Efficacy (%)

63.20%
65.34%
65.34%
50.00%
65.34%
60.50%
83.00%
70.00%
65.34%
65.34%

Efficacy (%)




Zidovudine + Lamivudine + Efavirenz 42.50% 82.00%
Zidovudine +Lamivudine + Lopinavir/Ritonavir 13.60% 50.00%
Zidovudine + Lamivudine + Nevirapine 12.00% 65.33%
Zidovudine + Lamivudine + Atazanavir/Ritonavir 6.40% 72.78%
Tenofovir + Emitricitabine + Efavirenz 6.20% 83.87%
Abacavir + Lamivudine + Efavirenz 2.60% 71.00%
Stavudine + Lamivudine + Nevirapine 2.10% 79.77%
Stavudine + Lamivudine + Efavirenz 1.80% 77.50%
Others 12.90% 72.78%

ADULT Second-Line Regimens Proportion of Adult Efficacy (%)
Second-Line Regimens

Tenofovir + Lamivudine + Efavirenz 18.10% 76.73%
Tenofovir + Lamivudine + Lopinavir/Ritonavir 16.60% 83.00%

Tenofovir + Lamivudine + Atazanavir/Ritonavir 13.40% 77.00%

Zidovudine + Lamivudine + Lopinavir/Ritonavir 3.90% 50.00%

Zidovudine + Lamivudine + Tenofovir + Lopinavir/Ritonavir 3.00% 68.75%
Stavudine + Lamivudine + Efavirenz 2.60% 77.50%
Stavudine + Lamivudine + Lopinavir/Ritonavir 2.20% 59.00%
Tenofovir + Lamivudine + Nevirapine 1.70% 58.00%
Zidovudine + Lamivudine + Tenofovir + Atazanavir/Ritonavir 1.40% 68.75%

Others 37.00% 68.75%

CHILDREN First-Line Regiments Proportion of Children Efficacy (%)
First-Line Regimens




Zidovudine + Lamivudine + Efavirenz 32.10% 72.35%
Zidovudine + Lamivudine + Lopinavir/Ritonavir 26.70% 50.00%
Zidovudine + Lamivudine + Nevirapine 17.50% 78.50%
Zidovudine + Lamivudine + Nelfinavir 3.50% 66.95%
Zidovudine + Didanosine + Lopinavir/Ritonavir 3.30% 66.95%
Zidovudine + Didanosine + Efavirenz 2.60% 66.95%
Others 14.40% 66.95%

CHILDREN Second-Line Regiments Proportion of Children Efficacy (%)
Second-Line Regimens

Zidovudine + Lamivudine + Nevirapine 32.10% 72.03%
Zidovudine +Lamivudine + Lopinavir/Ritonavir 26.70% 50.00%
Zidovudine + Lamivudine + Nevirapine 17.50% 78.50%
Zidovudine + Lamivudine + Nelfinavir 3.50% 66.84%
Zidovudine + Lamivudine + Lopinavir/Ritonavir 3.30% 66.84%
Zidovudine + Lamivudine + Efavirenz 2.60% 66.84%
Others 14.40% 66.84%

In each of these drug regimens, we give equal weight to each of the drugs that make up the regimen. In
first-line adult regimens in A countries, for example, efavirenz is credited with 1/3 of the proportion cred-
ited to the regimen tenofovir + lamivudine + efavirenz: (1/3) * 10.60% = 3.53%.

Let us look, then, at how Gilead’s score is calculated in Afghanistan. In Afghanistan 21,733.66 DALY
were lost in the adult sub-population and 2,307.78 in the child-sub-population in 2010.% Afghanistan is
classified as an “A” country by the WHO, so its treatment proportions and the efficacies of specific regi-
mens are represented by the “Group A” section of the chart above. Using our basic formula of Need *
Efficacy * Coverage, we can calculate tenofovir’s and emtricitabine’s impact in the various regimens of
which they are a part. Let us look at how we calculate tenofovir’s score first.

We will begin by calculating the impact of tenofovir in adult first-line treatment regimens. The first adult
first-line treatment regimen containing tenofovir is “Tenofovir + Lamivudine + Efavirenz” in adult first-
line treatment. Recall that adult DALYs in Afghanistan amount to 21,733.66, and treatment coverage
for adults in Afghanistan was calculated to be 4.29% (see above). These are the “Need” and “Treatment
Percentage” factors in our equation. We then multiply this by the percent of adults that receive first-line
treatment (97.1%), the proportion of those adult first-line treatments that receive Tenofovir + Lamivudine
+ Efavirenz (10.60%), and the efficacy of that treatment (76.73%). Then, since tenofovir is one of three
drugs in the drug regimen, it receives 1/3 of this impact score: 21,733.66 * 4.29% * 97.1% * 10.60% *
76.73% * (1/3) = 24.52. This is then repeated for each regimen of which tenofovir is a part in adult first-
line treatment regimens in WHO-classified “A” countries since Afghanistan is an A country:




* Tenofovir + Emtricitabine +Efavirenz:

21,733.66 * 4.29% * 97.10% * 3.50% * 81.06% * (1/3) = 8.55
» Tenofovir + Lamivudine + Nevirapine:

21,733.66 * 4.29% * 97.10% * 2.70% * 75.00% * (1/3) = 6.10
» Tenofovir + Emtricitabine + Nevirapine:

21,733.66 * 4.29% * 97.10% * 2.50% * 76.70% * (1/3) = 5.78

And adult second-line treatment regimens in WHO-classified “A” countries that contain tenofovir are:
» Tenofovir + Lamivudine + Lopinavir/Ritonavir:
21,733.66 * 4.29% * 2.90% * 27.10% * 83.00% * (1/3) =2.03
» Tenofovir + Emtricitabine + Lopinavir/Ritonavir:
21,733.66 * 4.29% * 2.90% * 10.70% * 67.00% * (1/3) = 0.65
* Zidovudine + Lamivudine + Tenofovir + Lopinavit/Ritonavir:
21,733.66 * 4.29% * 2.90% * 5.50% * 64.74% * (1/4) = 0.24
* Abacavir + Tenofovir + Lopinavir/Ritonavir:

21,733.66 * 4.29% * 2.90% * 2.50% * 64.74% * (1/3) = 0.15

And children second-line treatment regimens in WHO-classified “A” countries contain tenofovir are:
* Tenofovir + Lamivudine + Lopinavir/Ritonavir:

2,307.78 * 0.18% * 3.2% * 2.00% * 83.00% * (1/3) = 0.00.

The overall impact for tenofovir in Afghanistan, then, is:

2452 +8.55+6.10+5.78+2.03 +0.65+ 0.24 + 0.15 + 0.00 = 48.02.

This same procedure is followed for emtricitabine in adult first-line treatment regimens in WHO-classi-
fied “A” countries:

» Tenofovir + Emtricitabine +Efavirenz:
21,733.66 * 4.29% * 97.10% * 3.50% * 81.06% * (1/3) = 8.55

+ Tenofovir + Emtricitabine + Nevirapine:




21,733.66 * 4.29% * 97.10% * 2.50% * 76.70% * (1/3) = 5.78

And in adult second-line regimens in WHO-classified “A” countries:
» Tenofovir + Emtricitabine + Lopinavir/Ritonavir:

21,733.66 * 4.29% * 2.90% * 10.70% * 67.00% * (1/3) = 0.65

The overall impact for emtricitabine in Afghanistan, then, is: 8.55 + 5.78 + 0.65 = 14.98.

The overall impact for Gilead in Afghanistan is the sum of the impacts of tenofovir and emtricitabine:
48.02 + 14.98 = 63 DALYS averted. When this is performed for every country, the overall impact of Gil-
ead on HIV is 2,006,033.09.




Appendix III: Sensitivity Analyses

We report below the results of 27 sensitivity analyses to test the stability of the rating model to key as-
sumptions and methods. Of these, 10 caused no change whatsoever in overall rank. An additional 10 saw
only two degrees of change, wherein two companies’ positions flipped in ranked position. Only 7 saw
more than these two degrees of change. The results of each test follow.

Test #2:

Assumption tested: In the malaria calculations, average global efficacy of a drug is used as fallback data
for that drug if eflicacy data is not available for a country. Here, we test using maximum or minimum
treatment efficacy for the relevant drugs instead of the average.

Response: Minimal changes in score were observed, but no change in overall ranking occurred when us-
ing either maximum or minimum treatment efficacy as fallback data points.

Test #5:

Assumption tested: We assumed the proportion of total TB DALY lost to MDR-is equal to the propor-
tion of total TB cases that are MDR-TB cases.

Response: The model is stable if we attribute up to 59% fewer DALYs to MDR-TB than the correspond-
ing proportion of overall TB cases that are MDR-TB. Similarly, the model is stable with up to a 686% in-
crease in DALY attributable to MDR-TB than the proportion of overall TB cases. Outside of this range,
two companies flip. An additional flip in company rankings is seen at a 72% decrease in the proportion
of DALY in relation to the proportion of MDR-TB cases.

Test #6:

Assumption tested: Sources indicated that MDR-TB treatment is 48% efficacious. We assume this ap-
plies to all countries.

Response: The model shows no change in overall rank for MDR-TB treatment efficacy between 13% and
100%. At 13%, there is a flip in company rankings.

Test #8:

Assumption tested: Global XDR-TB treatment is estimated at 43%. Here, we test the impact of greater or
lesser XDR-TB treatment percentages.

Response: The model is stable with treatment percentages for XDR-TB between 0% and 100%.

Test #9:

Assumption tested: We assume that the proportion of DALY attributable to XDR-TB is equal to the
proportion of XDR-TB cases among MDR-TB cases. Here we test attributing a greater or lesser propor-
tion of DALY's to XDR-TB than the proportion of XDR-TB cases.

Response: The model is stable with up to a 224% greater proportion of DALY attributable to XDR-TB
than the proportion of cases that are XDR-TB. Beyond that, a flip is seen in company rank. No decrease
in the proportion of DALY attributable to XDR-TB sees a change in ranking.

Test #10:

Assumption tested: XDR-TB treatment efficacy is estimated at 20%. Here, we test the impact of greater

or lesser XDR-TB treatment efficacy.

Response: Model is stable with XDR-TB treatment efficacy between 0% and 65%. At 65%, a flip in com-
pany rank is observed. No further change in ranking is observed until 87%, at which point an additional




four companies have observed changes in ranking.

Test #12:

Assumption tested: Treatment coverage for “normal” TB is estimated to be 65.9%. Here, we test the im-
pact of increasing or decreasing this estimate of treatment coverage.

Response: Rankings are stable with estimated treatment coverage for “normal” TB between 44% and
68%. Outside of this range flips in ranking are observed between two companies. Additional flips in
ranking are observed at 75% and 37%.

Test #16:

Assumption tested: For HIV, the proportion of DALY recovered due to first-, second-, or third-line
treatment is assumed to be equivalent to the proportion of treatments that are first-, second-, or third-
line. Here we test extending a greater proportion of DALYs to either first- or second- and third-line treat-
ments.

Response: Model is stable with the proportion DALY's being recovered due to second- and third-line
treatment being up to 515% of the proportion of treatment that is second- and third-line. At 516%, a flip
in ranking is observed between two companies. Reducing DALY's recovered due to 2nd- and 3rd-line
treatment was stable until 34%, at which point a flip in ranking was observed.

Test #17:

Assumption tested: The WHO will occasionally indicate TB incidence in a given country of “<10”,
When this is the case, we have estimated the incidence of TB within that country as 10 cases. Setting the
estimated incidence of TB in these countries at 0

Response: The test caused no change in ranking.

Test #18:

Assumption tested: For HIV, the number needing treatment—both overall (for adults and children) and
for children only—is given as a range. We take the mean of the range. Here we test using either the upper
or lower bound.

Response: No change in company ranking resulted.

Test #19:

Assumption tested: WHO data indicates some countries have no HIV+ patients among those with TB.
Here we see what happens when we assume there are some cases in these countries.

Response: Assuming the average number of HIV+ cases in all countries with zero reported HIV+ caused
no change in ranking.

Test #20:

Assumption tested: Treatment regimen for XDR-TB consists of: (1) Cycloserine, (2) an injectable 2nd-
line agent, and (3) one fluoroquinolone. Each of these is given equal weight in estimating impact of the
treatment regimen. Here, we test giving these three components of the regimen different weights.
Response: The model is stable from 0% to 100% of the weight given to cycloserine.

Test #22:

Assumption tested: Assumption that where ACT coverage exists within a country but no first-line drug
is specified, each of the ACTs in our model could eliminate 1/11th of the possible DALYS lost to p. Falci-
parum malaria in the county. Here, we test not giving any of the ACTs any credit in these countries.




Response: No change in ranking is observed.

Test #25:

Assumption tested: Currently, if efficacy for a particular drug regimen as applied to a specific subgroup
of individuals (e.g. first-line adult treatment) is not available, we will use average efficacy for that drug
among all subjects. If this data does not exist, we will use the average efficacy for that subgroup of indi-
viduals. Here, instead of first turning to average efficacy of the drug for all subjects, we turn to average
efficacy for that subgroup.

Response: No change in ranking is observed.

Test #26:

Assumption tested: For malaria efficacy estimates we use data only from the 2010 World Malaria Re-
port. In this test, we include missing data points from older reports.

Response: No change in ranking is observed.

Test #28:

Assumption tested: Proportion of DALY that could be saved by a particular treatment regimen in a
country when there are multiple malaria treatments within a country is currently divided by the number
of malaria treatments. Here, we instead calculate the percent of countries wherein each treatment regi-
men is used. In a country with multiple drug regimens, each drug regimen is credited with the its per-
centage divided by the total of the percentages of all drugs present (e.g. if two drugs are used in a coun-
try, drug A and drug B, and drug A is used in 25% of countries and drug B in 50%, drug A is credited
with treating 25% / (25% + 50%) of the DALYs).

Response: Six companies saw changes in ranking.

Test #29:

Assumption tested: The model extends information on HIV WHO group (“A” or “B”) to countries that
are not classified as such by the WHO. Extrapolated “A” and “B” status is decided by region. Here, we test
excluding these countries when calculating either just HIV treatment impact or impact of treatment for
all diseases (malaria, TB, HIV).

Response: Excluding countries with missing data in HIV only resulted in change in ranking for five dif-
ferent companies. If these countries were excluded from all disease models, changes in ranking occurred
for eight companies.

Test #31:

Assumption tested: The model uses DALY to calculate impact scores. Here, we test using mortality data
instead.

Response: Ten companies see a change in ranking when mortality is used instead of DALYs.

Test #33:

Assumption tested: Impact scores are included for countries of all incomes. Here we test excluding high-
and upper middle-income countries, either from HIV alone or from all disease types (malaria, TB, HIV).
Response: When excluding high- and upper-middle income countries from HIV, three companies had

a change in ranking. The same three companies had a change in rank when excluding high- and upper-
middle income countries from all disease impacts.

Test #34:
Assumption tested: In the model the amount of credit given to each MDR-TB treatment regimen is




Response: No change in ranking observed when giving each MDR-TB treatment regimen equal weight
instead of weighting each in inverse proportion to the resistance exhibited to that regimen.

Test #38:

Assumption tested: The four drugs in the standard TB regimen receive equal weight. Here, we test
modifying the proportion given to isoniazid, and dividing the remainder equally between rifampicin,
ethambutol, and pyrazinamide.

Response: Isoniazid normally receives 25% of the impact of the standard regimen. This is stable between
23% and 29%. Outside of those bounds, a flip in company ranking is observed.

Test #39:

Assumption tested: TB/HIV + treatment efficacy is estimated at 73%. Here, we test the impact of increas-
ing or decreasing the estimate of treatment efficacy.

Response: The model is stable with TB/HIV- treatment efficacy between 0% and 91%. At 91%, a flip in
rank is observed.

Test #40:

Assumption tested: TB/HIV- treatment efficacy is estimated at 87%. Here, we test the impact of increas-
ing or decreasing this estimate of treatment efficacy.

Response: The model is stable with estimated TB/HIV- treatment efficacy between 55% and 90%. Setting
efficacy outside of this range saw a flip in ranking between two companies. No further flip is seen with
efficacy of up to 100%, but a further flip is seen below 44%.

Test #41:
Assumption tested: Survey data is used for ACT treatment coverage for malaria. If country-specific sur-

vey data is not available, then the regional average of available data is used. If no data is available for the
region, then the global average is used. Here, we perform three tests: (a) use country-specific survey data
first for Malaria treatment efficacy, then global average survey data as fallback (rather than region-spe-
cific); (b) use country-specific survey data first, then WHO data if available, then average of all countries
where those two data points are available; and (c) use only WHO data--country-specific where available,
then average where not.

Response: Each of these tests resulted in one flip in company ranking.
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Appendix IV: Drug Accreditation

Abbreviation

Company

Reference

Abacavir

ViiV Healthcare/
GlaxoSmith-
Kline

Abacavir was formerly known as 1492u89.%® The
first patent for 1492u89 was by The Wellcome
Foundation Limited.® The Wellcome Foundation
Limited was merged with Glaxo in 1995 to form
Glaxo Wellcome.” Glaxo Wellcome then merged
with SmithKline Beecham in January 2000 to form
GlaxoSmithKline.” 7 ViiV was created in 2009 as a
joint venture between GlaxoSmithKline and Pfizer
to take over their HIV operations.”

Atazanavir/Ritonavir

Novartis; Abbott
Pharmaceuticals

The earliest patent for Atazanavir, an antiretroviral
drug used in HIV/AIDS treatment, was by Novar-
tis in 1995 (Ciba-Geigy, at the time).”* Ritonavir
was first patented by Abbott Laboratories in 1993.7

Didanosine

Bristol Myers
Squibb

Didanosine was developed in the National Cancer
Institute (NCI) by Samuel Broder, Hiroaki Mit-
suya, and Robert. Given that the NCI cannot mar-
ket a product, Bristol-Myers Squibb was awarded a
ten-yaer exclusive license to market and cell ddl as
Videx® tablets by the National Institute of Health.”

Efavirenz

Merck

First patented by Merck in 1996.”

Emtricitabine

Gilead Sciences,
Inc.

Emtricitabine was first developed by scientists
at Emory University.”® Gilead subsequently paid
$525 million for the royalties due to Emory for the
drug.”

Lamivudine

Shire Pharma-
ceuticals

IAF Biochem first patented Lamivudine in Patent
Number 5047407.%° IAF subsequently changed its
name to Biochem Pharma, which was then merged
with Shire Pharmaceuticals in 2000.*'

Lopinavir with a rito-
navir boost

Abbot Labora-
tories

Patent Number 5541206.%

Nelfinavir

ViiV Healthcare

Nelfinavir was first developed by the Agouron In-
stitute.*> Agouron was sold to Warner Lambert in
1998, which subsequently merged with Pfizer.®
ViiV was created in 2009 as a joint venture between
GlaxoSmithKline and Pfizer to take over their HIV
operations (see above reference, Abacavir).

Nevirapine

Boehringer
Ingelheim

Patent Number EP 0667348.%

Stavudine

Bristol Myers
Squibb

Patent Number 5539099.5¢

Tenofovir

Zidovudine

Gilead Sciences,
Inc.

Tenofovir was patented by Gilead Sciences, Inc. in
1998 (filed in 1996).5”

Glaxo filed the first patent for zidovudine in 1992.
Through a series of mergers, Glaxo is now GlaxoS-
mithKline (see abacavir, above). ViiV was created
in 2009 as a joint venture between GlaxoSmith-
Kline and Pfizer to take over their HIV operations
(see above reference, Abacavir).
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Amikacin

Bristol Myers
Squibb

Patent Number 4206116 (about the combination
of amikacin and penicillin) references amikacin as
“those pharmaceutically acceptable acid addition
salts disclosed in U.S. Pat. No. 3,781,268 as being
included within the scope of the invention claimed
therein” Patent 3,781,268 was issued to Bristol
Myers Squibb in 1973.

Capreomycin

Eli Lilly

Capreomycin was originally isolated by Eli Lilly &
Co. in 1961.

Cycloserine

Pfizer, Inc.

Patent Gilbert M. Shull et al. first applied for a pat-
ent for Cycloserine and the production thereof in
1952 for Pfizer.

Ethambutol

Pfizer, Inc.

The earliest patent for Ethambutol was by the
American Cyanamid Company, filed on August I,
1974 and issued March 16, 1976. American be-
came a subsidiary of American Home Products
Corp. in 1995. American Home Products eventu-
ally changed its name to Wyeth, and Wyeth was
subsequently acquired by Pfizer.

Ethionamide

The earliest patent for Ethionamide dates to 1959
(filed 1957) by Chimie et Atomistique. The last
patent that belongs to Chimie et Atomistique is
from 1962. However, it seems that Francois Albert
created the pharmaceutical company “Theraplix
(via business at Chimie et Atomistique). Credit
for ethionamide going to Theraplix is reinforced by
information found in the book Drug Discovery: A
History: “The Theraplix company in Paris subse-
quently introduce ethionamide, but it is now rarely
used” Theraplix was taken over by Rhone Poulenc
in 1956, and this is now part of Sanofi.

Gatifloxacin

Kyorin Pharma-
ceutical Co., Ltd.

Patent Number 5880283.

Isoniazid

Hoffman La-
Roche

The earliest patent for Isoniazid (formerly isonico-
tinylhydrazine) is by Hoffman La Roche in 1952.
Hoffman La Roche’s holding company is Roche
Holding, AG.
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