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The Economics of upgrading to innovative treatment
technologiesin thefight against HIV/AIDS

Patrick L. Leoni

Abstract. We argue that current funding campaigns to figHd@lin developing countries fail
to recognize significant losses associated withritreduction of innovative treatment
technologies. For instance, the future albeit ulageappearance and widespread use of a
therapeutic vaccine will trigger significant andrecoverable losses in current drugs treatment
investments. Our objective is then two-fold. Westfidlocument losses associated with the
transition to better treatment technologies andkav that failure to hedge against such
losses leads to sub-optimal policies. Our secofekctie is to provide policy
recommendations to alleviate this problem. We show to transform some cutting-hedge
financial products to generate full insurance cageragainst such losses, and in some cases
how to achieve full risk-sharing with agencies depeng innovative treatments. We
recommend that every funding campaign in currem@\treatments be accompanied with the
provision of such insurance against the cost ofchwng to future albeit uncertain innovative
treatments.

1. Introduction

The epidemic of HIV/AIDS has been one of the magtiicant medical
crises worldwide in the last few decades. It tuwrasthat the epidemic has
mostly spread in developing countries, for instancg8ub-Saharan Africa where
the share of HIV infected individuals represents&%he population in 2007
(see UNAIDS 2007). Given the magnitude of the emideboth governmental
and international interventions are necessary mwano and eradicate the disease.
The shocking consequence is that developing casitaice not only a medical
crisis, but also an economic crisis since a sigaift fraction of national GDP
must be allocated to fighting the disease. Foams#, Nigeria has allocated
1.2% of its GDP in 2005 to fight HIV/AIDS only (sétickey 2005), a colossal
amount of national resources that no country ceeifavithout severe
consequences on its economic development. Moretheespread of the disease
triggers an increase in AIDS-related spendings twes; for instance, the
percentage of health expenditures devoted to HID&\has switched from
0.8% to 7.8% between 2001 and 2005 in South-Afsea Hickey 2005).

International agencies such as the United NatibvesGAFTAM and the G7
have provided significant subsidies and expertasgetveloping countries to help
them contain and eradicate the disease. A totabotit US$ 8.3 billion have
been spent in 2005, about US$ 8.9 billion and UBHillion in 2006 and 2007
respectively (see Leoni and Luchini, 2006). Newadhs, those subsidies are
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nowhere close to being sufficient to meet the nedieeds, and a significant
part of the economic burden still remains on theestiging countries.

In the situation of insufficient resources that eleping countries face, the
need to prioritize medical interventions and taniifg optimal economic
policies to fund them becomes critical. So far,regnic policies have focused
on two distinct objectives. The first objectivaasfoster investments in current
treatment technologies such as field delivery idady-available ARV
treatments; the second one is to allocate fundsegncoming from developed
countries, to develop innovative treatment techgiel® such as therapeutic
vaccines (see Klausner et al., 2003).

In this study, we argue that those two policiesaatagonistic, and thus
inefficient, because they fail to address the seusfficiencies associated with
the transition to future albeit uncertain innovativeatment technologies. In a
first step, we show that the development of innweaireatment technologies is
a deterrent to current investments in availablbrietogies. The basic idea is
that the optimal reaction of developing countneken facing the risk of
forfeiting a significant part of current investmemluring the transition, is to
postpone those investments until more informatiecoines available about the
time of their obsolescence. This finding is corestvith reports of reluctance
to invest in current treatment technologies in sérgean countries (see
UNAIDS, 2004, p.11). Second, we show that the awdity of insurance
contracts allowing developing countries to hedgares) the severe losses
resulting from the appearance of an innovativetitneat (a therapeutic vaccine
for instance) must be a full component of everyroalt policy in the fight
against HIV/AIDS. We also explain why standard nagice contracts cannot be
used for this type of risk, and we describe twdainics ways of efficiently
replicating the desired hedge using recent findipc@ucts such as exotic
options.

The deterrence to invest in current treatment telcgres is briefly explained
as follows. As documented in Section 2, therapeugerines currently
developed are more effective both at medical and@mic levels. It is
commonly agreed that the therapeutic vaccine wdh¢ually become available,
although the time of availability is uncertain. @t treatment technologies
such as ARV treatments would then become immegliatedolete after the
appearance of such vaccines. Moreover, new finkeft@ts would be needed
to implement the innovative technology. The abamademt of the obsolete
technology nevertheless implies to forfeit unrecalbte previous investments;
those losses are particularly severe and are dodeohen Section 3. The social
cost of those losses triggers severe crowding{ftetts on every other public
expenditures; that is, those unrecoverable AID&teel expenditures tend to



decrease public investments in other essentialiteesi of a country life such as
schools, roads et.c. (see Harling et al., 200%\rits out that an insurance
contract available at the time decisions to inwesurrent treatments are made,
and allowing to hedge against the losses resuitorg the upgrading, is the
most efficient way to alleviate those crowding-etfects.

When the development of innovative technologsemccompanied by the
issuance of hedging schemes as described in tiig,sve argue thaiptimal
delays in current investments are shortened. The maiefiiest shortening
those optimal delays is an easier containmenteéfgidemic, with positive
consequences on the morbidity as well as futura@oe development. Despite
the availability of insurance schemes and its grflces on current investments,
it remains optimal to nevertheless delay becauseavfding-out effects linked
to the always present losses in unrecoverable timesgs. Another positive
effect of the introduction of those insurance scbéeis the increase in optimal
provision of current treatments, as argued in thake analysis of Leoni and
Luchini (2006).

In Section 5, we discuss in details why standasdnance contracts are of no
help to generate the desired hedge. Basicallyhalare of the risk does not
allow the issuer to diversify away as it is typigalone. This fact alone prevents
the issuance of such contracts because of the dangeint of money at stake.
However, we show how to modify recently commerskidi financial products to
replicate the desired hedge. We give two distinethmds hinging on different
approaches of diversification. The first approacterived from so-called
Collaterized Debt Obligationsnitially used to hedge the risk of losses on
corporate bonds (see Chacko et al. 2006). The dexggproach uses a set of
appropriately designed securities to be purchae#uliy developing countries
and agencies in charge of vaccines R&D. Leoni amchini (2006) shows that
full risk-sharing between developing countries &&D agencies can be
achieved when those securities are traded.

The paper is organised as follows. In Section 2¢carey out a general
economic analysis, presenting all the relevant ddévant and explaining the
Improvements a therapeutic vaccine brings upormctnently available
technologies. In Section 3, we explain why it al&/agmains optimal to
postpone current investments. In Section 4, weyaart a standard risk
management analysis to show the improvements anainse contract against a
vaccine appearance before a given date bringedhdd 5, we give two distinct
ways to generate the desired hedge using exotienspt-inally, Section 6
concludes this work. We have kept our discussianainceptual level, always
presenting the intuition of the results and purpoaeoiding mathematical
modelling. The interested reader is invited to &the mathematical soundness



of our results by directly looking at the referentieerein. Moreover, our
analysis is devoted to the important case of HIXZ/8) although the same
analysis extends to similar diseases such as wibsre and malaria.

2. General economic analysis

We now discuss two important economic ideas centrahe problem of
transition to innovative treatment technologiesodé two ideas are crowding-
out effects triggered by AIDS-related expenditursgd economic externalities
(or future consequences) associated with the skt disease. In a first step,
we identify why optimal economic policies must piti@e those problems; in
subsequent sections we will discuss why the issuafi@ppropriate insurance
schemes must be part of every optimal policy tagkthose problems. Even if
our focus is on AIDS, our discussion extends talamdiseases such as malaria
and tuberculosis.

The first and obvious economic issue in the figiiast HIV/AIDS is the
funding of current treatments; that is, once aneadtdd population and
appropriate treatments strategies are identifiedntlest natural challenge is to
optimally allocate funds to implement those stregegsee Jenkins and Robalino,
2003, for an exhaustive list of strategies). Thisbem is simple albeit already
difficult to address, since funds are not availdbléully tackle this problem. For
instance, the total amount of funds to fight AIDE2004 amounted to U.S.
$10.8 billion, which resulted only in 12% of theewall HIV-positive population
worldwide receiving ARV treatments (see WHO, 20@4is figure includes
international subsidies). Moreover, even if goveents in developing countries
were to allocate enough funds to treat the infeptgalilation in its entirety, the
diversion of those funds from other necessary pubkpenditures (such as
schools, public infrastructures and else, see htadit al., 2003) would render
this policy inefficient. The idea is that, when datieg the whole infected
population, the severe reduction in social welfasulting from all the other
forfeited expenditures would offset the benefitsecddicating the disease. The
economic situation is thus far more complex thatelgofunding treatment
strategies on a given infected population, andestuing this issue alone without
alleviating crowding-out effects necessarily letmisub-optimal policies.

Another important issue is the future economic egugnces of the spread of
the epidemic. The most natural consequence of @aontiolled spread is an
increase in future public expenditures that wilgeyate crowding-out effects
(see Hickey, 2005, for the already-described irs@da public expenditures in
South-Africa). We next argue that an uncontrollptead of the epidemic also,
and perhaps foremost, leads to a decrease in dommea&tstments and in turn to
a slow-down in the economic growth of developingurdoies. When a



significant fraction of the population is infectad in Sub-Saharan countries, it
becomes difficult to maintain a productive laboorce and in turn competitive
businesses because of the morbidity associatedANtB. The prospect that the
epidemic spreads, and thus that a larger fractidheolabour force gets infected,
makes current investment decisions in labor-intendiusinesses riskier and
thus less likely. Labour-intensive businesses #at typical in developing
countries may indeed find themselves short of warke the long-run, and thus
they may have to slow-down their production planh\a long-term reduction
in profitability.

When making investment decisions in labour-intemsbusinesses, or in
other words when evaluating the profitability ofcBuinvestments, it becomes
essential to anticipate the spread of the epidemdat its effect on the labour
force. Standard economic theory (Dixit and Pyndit®94, Chapters 5-11 for
instance) teaches us that the optimal reaction igostpone investments until
better information about the reliability of the taly force becomes available.
However, postponing the creation and/or expansibrsugh businesses is a
significant impediment to the economic developnamlready poor countries.
At a micro-economic level, delays in investmentie@fnearly every aspect of
economic life, such as agriculture with possibléufe famines and private
sectors (see Shisana et al.,, 2004, for an exhaub$iv of economic sectors
sensitive to AIDS). Young (2007) reaches similanatasions using a different
approach, although the author considers mortalgyaa economic factor.
Therefore, optimal economic policies must addregonly the treatment of the
currently infected population, but also the contant of the epidemic to reduce
future negative effects on the labor force.

It turns out that crowding-out effects and spreztkmalities are intimately
linked to the problem of transition to innovativedtment technologies, for
reasons made clear in the next section. In the ingl@a of this study, we
develop in details this issue that has been coelglegnored so far, and we also
describe some other negative economic consequassesiated with switching
to innovative treatment technologies. We also mtepolicy recommendations
optimally tackling the pitfalls of upgrading; in p@ular, we show that those
recommended policies alleviate crowding-out effactd spread externalities.

3. Optimal investment delays

We now explain why it is always optimal to delayremt investments when
facing the risk of upgrading to an innovative treant technology. The analysis
developed here for the therapeutic vaccine exteildsny other medical
improvement.



The difficulty with current treatments against HAIDS, such as ARV
treatments, is that they are awkwardly expensive difficult to deliver to
patients. Moreover, much better ways to tackle gpiglemic, both at medical
and economic levels, are being developed and wiéntwially cause the
abandonment of current treatments. The best invevéiteatment technology
being currently developed is a therapeutic vacaapable of both reducing the
transmissibility of the virus and treating infectedtients by reducing the viral
load within a population (see Klausner et al., 200&ith such a vaccine
available, one injection only would treat a patienstead of a live-long
treatment with ARV; moreover, the cost of productiand delivery of one
Injection is small. Even if such vaccines are tgfliccheap to produce and easy
to deliver to patients, the development is techgicklly challenging and
expensive (see Kremer and Glennester, 2004). We Wwarmessed many failures
in the R&D process, for instance with the InstRasteur in 2004 anderck &
Co. in 2007; however, it is commonly agreed that ijust a matter of time
before success arises.

The availability of this vaccine could thus appess good news for
developing countries, since cheaper and more eféeavays to treat large
infected populations woulde factobecome available. Developing countries and
subsidizing organisations such as GAFTAM, the Gd athers will find it
optimal to adopt this new vaccine technology, bfmthmedical and economic
reasons. International subsidies amounting to ryugb of the overall budget
allocated to fighting AIDS will thus be diverted t@ccine implementation,
forcing in turn developing countries to upgrade ttos new technology.
Nevertheless, irreversible investments in currezdtinents technologies will be
lost.

Those irreversible investments sunk-costsare particularly stringent in the
case of ARV treatments for instance; using UNAID@)4£ data Leoni and
Luchini (2006) estimates that, at the very ledstytamount to $6 billion for the
period 2005-2008. This last figure includes progidanel costs or managerial
costs and related issues, but it does not inclhdecost of reshuffling/shutting
down drugs plants nor inefficiencies linked witre ttransition period. This
amount would represent not only a severe dired Inscase of a switch for
developing countries, but also and perhaps forent@sbpportunity cost of
those funds is severe and renders public econoaiicigs inefficient if those
losses cannot be compensated.

The general framework is thus as follows. Consittex decision for a
developing country ofvhether to invest now in available treatments. Some of

'That is, the social value of what is forfeited witilose funds.



those investments are irreversible; that is, oheentoney is spent it cannot be
recovered if those treatments are to be abandon#tkifuture. The risk faced
by developing countries is about the date of olssalece of those investments,
or in others words about when a therapeutic vacappears. We next see how
theuncertainty about the time those losses occur distorts optimal decisions to
invest now in available treatments technologies.

The following figure summarizes the timing of intregnt decision in current
technology and obsolescence of such investmentgrenthe obsolescence
corresponds to the random appearance of the vafmirtiee reasons previously
explained.

N/ ™

Time to decide Possible times of
whether to invest in obsolescence of
current reatment current technology
technology

Figure 1 Timing of investment and obsolescence

This abstract situation has been extensively apdlyz economic theory;
it is a standard risk management problem with desstapplications in
Industrial Organisation and Finance for instan@doing an argument similar
to that in Dixit and Pyndick (94) Ch. 7 for instand can be derived that the
optimal investment decision in our setting is... tsfpone the investment. The
strategic motivation for delaying the investmestsoi wait until better
information about the expected time of a vaccingeapance becomes public;
this in turn will provide a better estimate aboailong current investments
will remain in place and thus about their profitei

This idea is rather intuitive and easy to explaine decision of investing
now in current treatment technologies is basedercomparison between the
return of the investments, not entirely measureshametary terms in our setting,
and the overall social cost of the investments. illnportant to notice that the
social cost of those investments ought to inclingedpportunity cost of money;
that is, the cost of not using this money for othecessary social needs such as
building schools and roads. The decision to inwest is optimal when the



expected social benefits exceed the expected smstd, where the expectation
encompasses the random time of obsolescence ehtumwvestments. This
method is standard in Economics, and it is calledst-benefit analysisSince
the time of appearance is random, it is rationals® the expected time of
appearance when making the above comparison.

Standard results in Probability Theory show thdttembetter information
become available over time, the estimator of thpeeted appearance time
becomes more accurate leading in turn to morehlelieost-benefit analysis.
Theoptimal delay to invest thus corresponds exactly to the datenvthis
estimator on the time of vaccine appearance becao®gate enough to make
the cost-benefit analysis reliable. Information atibe likely time of a vaccine
appearance will come naturally over time, for ins&athrough public releases of
success probability in the trial period of the vaewr investment levels from
bodies in charge of its pre-trial R&D. The sitoatis illustrated in the
following figure.

Cpiimal delay in
curent investment

<

Time to decide Better estimates of
whether to invest in cbsolescence after
cument treatmenit investment delay

technoclogy

Figure 2. Optimal delay in current investments

We still need to incorporate the externality of @pdemic spread in our
analysis. The apparent difficulty is that any ogimecision to invest now must
encompass this issue, and at the same time artnmatsdelay (proven to be
optimal in the previous case) worsens the spreaddris out that it still remains
optimal to delay current investments in the presesfan epidemic spread;
however the presence of this negative externdilitytens the optimal delay of
the previous case. The intuition is similar to pinevious cost-benefit analysis,



the only difference is that the benefits of curienestments are now increased
because they slow down the spread. The soundnésis olew cost-benefit
analysis still and nevertheless depends on theacgwof the estimator of the
time of vaccine appearance, and as argued eagli@ysito sharpen this
estimator still remain optimal. Following this reasg, it is also easy to see
that the stronger the externality of the spreael stiorter the delay.

The optimal reaction of developing countries ifieatproblematic because it
forces to delay current investments when we waigelly like immediate
intervention. This is a typical situation of an nsurable risk; in the next section,
we show that the creation of financial productewalhg to hedge against the
risk of a vaccine appearance before a given ddtmalty tackles this problem.

4. Risk management

We now analyze how to optimally manage the riskawfcine appearance
from the viewpoint of developing countries. Intparar, we explain why
optimal delays are shortened and the provision|bfSArelated expenditures is
increased with the availability of insurance schenwe also argue that
standard insurance contracts cannot be used indabhes However, the design of
such insurance schemes is postponed until theseekbn.

The most obvious motivation for purchasing an iasge against a vaccine
appearance before a given date is to compensatieefdvss of sunk costs. The
financial compensation allows future insurance payts to be allocated to the
implementation of the new technology. That is, scogts are not recovereer
sebut the compensation to developing countries mak@® funds available
during the transition to the new technology. Thigding effect on investment
compensations, and consequently crowding-out efi@ctcurrent public
expenditures, is unavoidable; however, future iasce payments have a direct
and positive influence on current investment deaisiat every macro-economic
level.

Leoni and Luchini (2006) carries out a welfare gsisl to identify the effects
of the availability of this insurance opportunitgtronly on AIDS spendings but
also on other macro-economic variables such asqgbbds (like roads,
schools et.c.). The point is to see whether thedloiction of this insurance
fosters investments in current treatment technekgs well as reduces the
crowding-out effect on public expenditure describadier. The main finding is
that the optimal reaction from developing countnelsen having this insurance
available, is to increase the level of investm@émturrent treatment
technologies. Moreover, it is shown that dpeimal redistribution of insurance
payments in case of a vaccine appearance als@aseg®ther current public



expenditures. The study thus shows that crowdirigeffacts of AIDS
spendings are significantly reduced when insuracbemes are available.

The intuition of the results in Leoni and LuchiBDQ6) is well beyond the
scope of this study, but the idea can be roughiysarized as follows. The
introduction of this hedging toalompletes the markdhat is, it allows to
switch from a situation of fully uninsurable risk@&nother one where every
hedging need can be met. Standard economic theachés us that social
welfare, which encompasses provision of public goaslwell as AIDS
spendings, is maximised when markets are complétis.increase in social
welfare directly stems in our case from an increadmth the provision of
AIDS spendings and public goods; the proportiothefincreases and thus the
reduction of crowding-out effects depend on thesstudion effects across those
goods.

Another effect of the introduction of this insuraris the reduction of the
optimal delay in current investments. Going backuo cost-benefit analysis
from the previous section, we have seen that thiemapdecision to invest in
current treatment technologies occurs when thefitgeé current investments
are greater than their overall social costs. Tiso®gal costs must include the
opportunity cost of unrecoverable funds in curiamestments. The necessity to
consider those opportunity costs as social coskatsinrecoverable funds are
invested in AIDS-related expenditures and not ireohecessary public goods;
this diversion of funds is economically detrimeriiatause of the scarcity of
resources (this issue is particularly stringerdeneloping countries). The value
Is what is currently forfeited, and permanentiyt ibs0 compensation is made,
has a direct decreasing effect on overall socidlaneeencompassing every
aspect of the social life of a country.

One of the consequences of the welfare analydisami and Luchini (2006),
described above, is that the opportunity cost oksuosts can be partially
compensated by the benefits of future insurancenpays in case of an
upgrading. The introduction of our insurance schetherefore reduces the
overall social cost of current investments in aag technologies, since
provision of public goods is shown to increasehis tase. The optimal delay to
evaluate whether the benefits of current investmarg profitable enough is
necessarily shortened as a consequence, by argemelair to the cost-benefit
analysis of the previous section. However, sineeutficertainty about the time
of the vaccine appearance can only be reducedlbyidg the investment,
delaying still remains optimal. The following figuilustrates this situation.
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Figure 3. Optimal investment delay with insurance

After having described the benefits of this hyptitte insurance scheme,
we are now left with designing its implementatitiriurns out that standard
insurance contracts are not applicable in thisnggtior reasons explained next,
and we must rely on recent financial products sastterivativesand in
particularexotic optiondo meet this hedging need (see Hull, 2006, for a
complete introduction to those products).

There are many reasons why standard insuranceactsjtlike an
individual car insurance contract, would be of etphn the fight against AIDS.
Let us focus on car insurances to illustrate hesj and let us take the
standpoint of the insurer. Let us assume thatisisrer knows somehow that
her average customer has a car accident with apildip of, say, 10%, and that
an accident triggers an average payment of $5,@00 the insurer. A naive and
inefficient way to manage this risk for the insueuld be to set an insurance
premium so that she would break even ex-ante; beggremiun® to be
charged should be such tlia6,000*0.1=0 corresponding to tkar price of the
contract.

The way this risk is managed in practice is veffedent from that, and it
relies on more sophisticated statistical ideas. groblem of issuing one
contract only is that the insurer faces a hugetiityaon her cash flow, and
therefore the issued contract would simply comerdtwtransferring the risk of



a car accident from the driver to her. Standatdmanagement techniques rely
on the fact that this volatility is significantlgduced by issuing a large number
of similar contracts; the idea is that the realisedertainty of a large group of
comparable individuals is a lot more predictabbg the realised uncertainty of a
single individual. The Central Limit Theorem fostance, when applied in this
setting, asserts that percentage of the insuredlgiogn that willactually have

a car accident converges to 10% (this correspantltgetprobability of an
accident) as the insured population increases. WNigifact in mind, it becomes
straightforward for the insurer to manage the dkst and the risk of accident.

From the previous example, we can readily see whig sontracts are of
no use to hedge against a vaccine appearance eAt@binsurer cannot issue
many such contracts in the case of vaccine appearand all the customers are
simultaneously affected by the same event (in eshtit is fair to assume that
the occurrence of an accident for a single driaemot affect the odds of
accident of a large population). As argued earies,insurance contract
described in this section would thus represent aisietransfer to the issuer,
and this issuer would find it nearly impossibladteersify away this risk. In the
unlikely event that an insurer accepts to issué sucontract, any financial
regulator following the Basel Il agreement wouldyant its issuance because of
too high the risk taken by the insurer. It turns that modern financial products
such as derivatives and exotic options allow tdicafe the desired hedge
against a vaccine appearance while avoiding alptbeious flaws. Those
products are described in the next section.

5. Health derivatives

We now describe some financial products capabtepiicating the desired
hedge against the risk of upgrading before a gdagr, while avoiding the
pitfalls of standard insurance contracts. As weeheaen in the previous section,
the main problem with standard insurance contnadtsat the risk of vaccine
appearance is nearly impossible to diversify awdg.next describe two ‘exotic
options’ making this diversification natural, evéthey rely on two very
different approaches of risk management. We finst g brief overview of these
products, and we describe them in details laténigisection.

The first exotic option that we give is inspiredrfr a class ofredit
derivatives(see Hull, 2006, Ch. 21 and Chacko, 2006) cdlletiaterized Debt
Obligation,or CDO forthwith. Diversification is obtained by @og parts of a
broad insurance against vaccine appearance witly otaer risky assets in
order to form a new financial asset. The pointdifiag parts only of the broad
Insurance against vaccine appearance, insteae dftad contract, is to allow
an easier diversification through many CDOs. Ohezlarge structured product



Is formed, the insurer or issuer of the CDO sad|sasate pieces tranchesof
this body to investors, each tranche does not gpetiich assets are at risk but
rather the overall risk of potential losses of streictured product. This
construction is called a CDO, or alssteuctured producteven if they may take
different shapes in practice. CDOs have largelywgron popularities to become
one of the largest financial markets nowadays.llistrate their importance, the
aggregate global CDO issuance worldwide was U.&3#lion in 2005 and
U.S.$ 489 billion in 2006 Finance professionals have found ways to
incorporate various forms of financial assets thtwse structured products. For
instance, the risk of default on individual homare has been hedged with
CDOs, even if they have caused the famous cradtiictr of 2007 in the U.S.

The second exotic option presented here is taken freoni and Luchini
(2006). The way to diversify the risk of vaccingpaprance in this case is based
on the observation that developing countries arttidsan charge of the vaccine
R&D facenegatively correlated riskghat is, success in developing a vaccine
negatively affects developing countries wheredsraimaintains current
investments in place longer and thus it positiadfgcts those countries. In this
situation, it should be possible to exchange thle between those two parties by
issuing well-designed securities, and it turnstbat the securities described
later achieve full risk-sharing between develogiogntries and agencies in
charge of vaccine R&D.

The financial products introduced here are regaedeithe latest generation
of financial products due to the originality in theiversification techniques.
Structured products have been developed sometmtbs imid-90s to hedge
against losses on corporate bonds in case of batakrof the issuing sides. The
securities described in Leoni and Luchini (200@) mwore difficult to trace in
practice because of some potential problems of Inhazard; in the case of a
vaccine development it is possible to fully elinméhis problem as explained
later. The origin of those securities is more tle&oal and is due to K. Arrow
and his early works on complete markets, thus #meenofArrow securities
used throughout. Exotic options such as CAT bomtiyduced in the late 90s
to provide compensations if a pre-determined catplsic event occurs (or not),
are somewhat similar to the Arrow securities desighere.

One can easily imagine other ways to generatedbeatl hedge while
avoiding diversification problems; however the cahproblem of pricing those
products is a significant challenge that is notfy#ly understood, and it thus
can prevent their implementation.

2n contrast, the Gross Domestic Product of Bemia(06 was U.S.$ 4,749 million.



5.1 Structured product

We now describe in details the first class of exoptions generating the
desired hedge. The structured product presentadsdgrived from a standard
CDO in which we can easily diversify any insuragoatract against a vaccine
appearance. Before showing how to diversify awaydasired hedge with such
a product, we first describe the basic organisaticem abstract CDO.

Consider an arbitrary number of tradable assetsyesset has a reselling
price and carries the risk that its price may desedan the future. The pointis to
hedge against the risk of loss in the reselling@alhose assets can be
assembled into one single financial product, whadee (or price) is the sum of
the prices of all pooled assets. This structuredlyrct is also risky, since a loss
on any constituting asset will directly translat®ia loss on the pool. However,
standard results in Probability Theory show thatwariance of the structured
product is smaller than the sum of all individuatiences, and thus the
structured product is less risky than individuaeds alone. It turns out that the
smaller the correlation across constituting assle¢sless risky the structured
product.

The most standard way to diversify away the riskefstructured product is
to cut it into pieces or tranches and to sell thadhes to outside investors, who
would accept the risk of losses in return for aggeced yield depending on the
risk of the tranche. Tranches can be designedllasviy even if other
combinations are possible and commonly seen. Tsietfancheamountsto,
say, 15% of the overall initial value of the CDO and it absorbs the first 15%
losses of this initial value. That is, if the CD@shHost more than 15% of its
initial value during the lifetime of the trancheeththe first tranche will become
worthless. If now the overall loss on the CDO ssléhan 15% at the end of the
lifetime, then the owner of the tranche will ree@efvom the issuer of the CDO a
pre-determined yield on the remaining value ofttaache on top of the
remaining value. The second tranche amounts to@3#%e value of the CDO,
and it absorbs losses within the range of 15-25%ebverall CDO during its
lifetime. Payments to the owner of the second tiarwork exactly as for the
first tranche, with a different pre-determined glidhough. The third tranche
then absorbs losses within the range 25-35%, amkisvexactly as the previous
ones. The process is repeated until every possaidevel is allocated to a
tranche.

The next question is how to attract outside inwasito buying such tranches.
Clearly, the first tranche is much riskier than sieeond tranche; the second
tranche is much riskier than the third and so dreré&fore, the issuer must
provide a greater yield to the owner of the firahthe to compensate for the



greater risk, then a lower yield for the ownerled second tranche and so on.
Typically, high yields on the riskiest tranches éaitracted aggressive investors
such as hedge funds, whereas less risky tranchesatizacted conservative
investors seeking assets with low risk and yiel@atpgr than those of riskless
Treasury bonds for instance. The structure of @ is described in the
following figure.

Tranche 1: 30% wield

N ks W,

1 Pool of assets
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&
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Assat I Tranche 2: 20% yield
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Figure 4. Basic structure of a Collaterized Debt Obligation

We now describe how to add the hedge against vaegipearance into an
abstract CDO as above. Consider a contract stipglatpre-determined
payment if a therapeutic vaccine becomes availadiere a given date and
nothing otherwise; such payment need not covehallosses incurred by
developing countries so as to break down in smplisres the broad hedging
scheme. The risk of loss issuing this contract occurs in case of a vaccine
appearance during the life of the contract, arthiimicase the loss to the issuer is
the value of payment to developing countries Iresstlling price of the
insurance. The only potential problem in adding ttontract to an already
existing CDO is that it would make the tranchekieis That is, the potential
pitfall is that the probability that any tranchecbmes less profitable or even
worthless increases by adding insurance schemassag#e risk of a vaccine
appearance. It turns out that the overall riskadfilng any tranche riskier is
unaffected by adding this insurance contract to the CDO. This be shown by
observing that the risk of vaccine appearance ¢eualated with the risk of
losses of any other already-pooled asset, sinceuiat of a vaccine appearance



(or not) is independent of the performances of mb#te financial assets traded
such as stocks and corporate bonds. Even if thenga of the CDO will be
affected, the overall risk of the structured prddemains the same after adding
this new insurance contract, and the attractiveaggge CDO also remains
unchanged.

We have thus seen that breaking down the largeansa contract against
vaccine appearance and adding the smaller contcaotany CDOs is a natural
and effective way to diversify away the risk. Thaerent difficulty with this
method is to find the optimal yield assigned torgwdass; this problem is
however common to every CDO. Theoretical methodmtbthose yields are
still in their infancy (see Hull, 2006, Ch. 21) spée the large volume of trades
of those products. However, there exists a manke¢ pinstead of a theoretical
price, for similar tranches characterized by thisk level. In practice, every
tranche is assigned a risk levelooedit ratingby specialized agencies such as
Moody's. Once the credit rating of a given tranehassigned, market indices
such as iTraxx and CDX IG NA provide the currentkea price of the tranche.
Since adding the insurance contract on AIDS to@DY does not change the
risk of the tranche, the pricing of the CDO is staml and thus this method of
diversification can be regarded as feasible andiefi.

5.2 Arrow securities

We now describe our second class of financial prtedgenerating the
desired hedge against the vaccine appearance ppnes&h to diversify away
the risk here is significantly different from CD@sd other structured products;
the idea is now to design securities allowing tarshhe risk of vaccine
appearance/failure before a given date betweerebadicharge of the vaccine
R&D and developing countries. What follows is dedvrom Leoni and Luchini
(2006); interested readers are referred to thexeete for more details, in
particular for the pricing of those securities.

In our setting, we are dealing with two partiegrigmnegatively correlated
risk as explained earlier. On the one hand, devwaopountries face the risk of a
loss of at least $6 billion in case of a vaccinpegyance, and on the other hand
vaccine development agencies have invested $500p800n until 2006 in the
R&D and they face the risk of loosing a significaatt of this investment in
case of failure (Leoni and Luchini, 2006, documehtse losses). Many studies
such as Arrow (71) show that it is never optimalrisk-averse agents to fully
insure against all possible losses; however, iagdwremains optimal for risk-
averse agents to insure against a significantgbdntose losses. The point is
now to design a set of securities allowing bothipaito share the risk, by
exploiting the negative correlation of the eventgjering losses.



Consider a financial asset available when decigiomsvest in current
treatment technologies are made, with a fixed nigt(or expiration) date and
the following payoff structure: a pre-determinedaimpayment is made to the
owner of the asset if a successful vaccine is selé&@efore maturity and no
payment is made otherwise. We call this ass&raow security Developing
countries can purchase this asset to hedge agjamssk of vaccine appearance,
and the small payment makes the diversificatioee#sr the issuer.

The way to achieve risk-sharing is obtained byirgsanother security,
which will call acomplementary securitConsider a security similar to an
Arrow security, different only in the payoff struce: the same payment is made
to the owner if the vaccine ot released before maturity and no payment is
made otherwise. Agencies in charge of the vacci&pb Rre in demand for this
complementary security, since they can compenbatevay for losses resulting
from failure in development. However, one must bey\carefully when issuing
complementary securities because the event triggéhneir payment is
controllable by the party owning those securitibgleed, a simple way to make
profits for those agencies is to purchase thosergies in large amount, and to
collude for not making any R&D at all. No vaccinélwver appear before
maturity, and payments will be received in retwnrfo effort.

We must therefore refine our notion of complemegnsacurity to remove
this moral hazard. The last problem can be singkled in the case of medical
innovations as follows. The first observation iattevery medical innovation
must pass an official trial (for instance, the ADs in charge of organising
those trials in the U.S.) before being approvedtaed released. A therapeutic
vaccine against AIDS is no exception, and moretivere exist reliable tests
capable of deciding whether a typically costlyltisaworth undertaking (see
Leoni and Luchini, 2006, and Klausner et al., 2G8Bmore details). We can
therefore remove the moral hazard described abpwediking payment of the
complementary security contingent on two eventsitleast one therapeutic
vaccine has passed the pre-trial test before niygtand 2- no therapeutic
vaccine is released before maturity. Condition duees that enough
investments in R&D have been made by at least emeldpment agency to
have a reliable vaccine; the remaining uncertaabtyut the official approval
depends on the F.D.A. for instance and it is beybedagency control.

There is yet another moral hazard linked to theineadf the trial. Indeed,
medical trials are carried out by national agenbigsare paid for by submitting
companies. The typical cost of a trial amounts/8df the overall R&D budget.
A natural strategy for a vaccine agency is thusuypa large amount of



complementary securities, to make enough R&D imaests to pass the pre-
trial test and to immediately withdraw from theatriA vaccine agency using
this strategy can save 1/3 of its initial budget egceive the payment from the
complementary securities, thus making a substamtodit. This moral hazard
can simply be removed by adding a third claus@éacbntract stating that, in
order to receive payment from complementary seesriho medical trial can be
stopped without the approval of the official agencgharge of carrying it out.

With those two securities, it is relatively easysee that the risk of
vaccine appearance and development failure carene removed. Consider
the viewpoint of an insurer having issued an insceacontract against vaccine
appearance to a developing country. This contractoe entirely replicated by
iIssuing a given numb&t of Arrow securities (the number needed to be dsue
depends on the amount of money payable on eachitg®gcl natural way to
diversify away the risk incurred after this issuaumto issue exactiy
complementary securities, in which the insurealsrig no risk at all and can
make some profits through commission fees. Thigsin is described in the
following figure.

Figure5. Risk-sharing between parties

The last point to observe in the previous consuds that the risk of
vaccine appearance has not fully been eliminatackrzhe relative amounts of
money needed to be insured by both parties, itagdlat insurers following a
N-for-N issuance scheme above cannot fully inseneetbping countries (recall
that at least $6 billion are at risk in developauyntries, whereas in contrast
$500-600 million have been invested in vaccine R&lil 2006). The excess
risk in developing can baptimally covered by inter national bodies, such as



the GAFTAM, the G7 and else, subsidizing those toesmin their fight against
AIDS. Indeed, subsidies are entirely devoted toenirtreatments whereas
throughout this study we have shown that this gaidnefficient. Diverting

part of those subsidies to hedging against thallstbf a vaccine appearance
would render those policies more efficient, and thould allow for a complete
risk-sharing between parties involved in the thetaigz vaccine. Moreover, a
combination of securities issuance and structuredycts (as in Section 5.1) to
diversify away the resulting excess risk on devielggountries is feasible,
efficient and easy to implement.

6. Conclusion

We have analysed, from the viewpoint of develomagntries, the economic
consequences of upgrading to innovative treatnsahinologies in the case of
HIV/AIDS, with a particular focus on therapeuticcemes. The basic risk for
developing countries is that the future albeit utaiety appearance of a
therapeutic vaccine, or any other innovative treatintechnology, would trigger
significant losses in investments on current treatintechnologies.

In a first step, we have seen that the optimaltr@aof a developing country,
when facing the uncertainty about the time of ality of a vaccine
appearance, is to delay investments in currentntesa technologies despite the
negative externalities this brings. This findisgconsistent with reports of
reluctance to invest in current treatment techne@ some African countries
(see UNAIDS, 2004, p.11). We have also seen tleaattailability of an
insurance allowing to hedge against this risk $icgmtly shortens the optimal
delay in current investments, and other studieb agd_eoni and Luchini (2006)
show that the optimal investment level is increas#d the availability of such
an insurance scheme. However, standard insuramtects are useless in this
situation and we must rely on modern financial piad to effectively replicate
the desired hedge.

In a second step, we have given two ways to rdplitee desired hedge, one
using structured products to diversify away thk,riee second one based on the
issuance of Arrow securities allowing to achieviérigk-sharing with vaccine
development agencies. We can imagine other finbpooaucts for this purpose,;
however their pricing always remains an importamtaern and a severe
iImpediment to their practical implementation.

This work has thus addressed the important probleapgrading to
innovative treatment technologies, an issue sydteatly ignored in the design
of economic policies to fight HIV/AIDS. We argueattevery optimal policy to
fight this epidemic must go beyond the optimal fumgdof treatments with



current technologies and the R&D in innovative nsatlproducts; it must also
encompass the transition to those future albeiedain innovative technologies.

In this respect, we recommend that funds allocaborurrent treatment
technologies and/or R&D in innovative treatmenhtexlogies be accompanied
with the issuance of financial products as desdrhoere. The point is that, when
providing decision-makers with such hedging scheitiespresent and future
welfare gains largely offset the diversion of fundsmmediate treatments and
R&D. Those insurance products are thus a full camepo of every optimal
economic policy in the fight against AIDS.
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