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The discovery and development
of HIV therapy: the new challenges
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Summary. The therapy of HIV infection has been dramatically improved over the years, and allowed
the achievement of unexpected results. The availability of many drugs, and the knowledge of HIV
related pathogenesis, helped in selecting highly effective antiviral therapies, yet today a major chal-
lenge stands, that is the selection of the best regimen(s) in clinical practice. In this frame, evidence-
based medicine remains a cornerstone of modern medicine, but its structure needs to be adapted to
the new challenges, made by an excess of information (not always fully reliable), by highly sophis-
ticated statistical systems that may overlook the clinical practice despite their ability to define the
statistical significance, and the limited number of independent controlled studies. The revision of
the criteria of evidence-based medicine, and their adaptation to the new tools available, may allow a
better contribution to the definition of the best therapy for each single patient.
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Riassunto (La scoperta e lo sviluppo della terapia anti HIV: le nuove sfide). La terapia dell’infezione
da HIV ¢ molto cambiata negli anni, permettendo oggi il raggiungimento di risultati assolutamente
inattesi. La disponibilita di nuovi farmaci, ¢ la conoscenza della patogenesi della malattia da HIV,
ha contribuito a selezionare terapie particolarmente efficaci. Oggi tuttavia rimane la sfida prima-
ria della personalizzazione della terapia, ossia la scelta della migliore terapia per ciascun paziente.
In tale contesto, la medicina basata sulla evidenza rimane fondamentale, tuttavia essa deve essere
adattata alle nuove sfide, legate all’eccesso di informazione scientifica (non sempre pienamente at-
tendibile), alle modalita di analisi statistica, spesso finalizzate piu alla definizione della significativita
statistica che all’identificazione del dato avente rilevanza clinica, e la scarsita di studi controllati in-
dipendenti. La revisione dei criteri della medicina basata sull’evidenza, e il suo adattamento ai nuovi
strumenti di analisi oggi disponibili, puo aiutare a definire una metodologia di analisi finalizzata alla

identificazione della migliore terapia per ciascun paziente.

Parole chiave: medicina basata sull’evidenza, HIV, terapia antivirale.

INTRODUCTION

It is now almost 30 years from the discovery of AIDS,
and 27 years from the identification of the causative
agent, the human immunodeficiency virus, named HIV.
Since then, major efforts from governments, public
agencies and institutes, as well as big investments from
pharmaceutical companies, have made possible what
many considered a human miracle, that is transforming
a deadly disease (rates of death in the range of 100%), in
a chronic, curable disease, whose survival has not been
fully quantified, but assumed to be not far from the av-
erage lifetime of a non-infected individual [1].

To date, the availability of 26 anti-HIV compounds,
approved for clinical use by the US Food and Drug
Administration (FDA) (Table 1), and the introduction
of the highly active antiretroviral therapy (HAART)
have provided an extraordinary clinical benefit in HI'V-
infected patients in lowering morbidity and mortality
(Figure 1).

HIV THERAPEUTIC APPROACHES

Beside this astonishing success, now the problem
comes. Having many drugs available, and knowing
that the therapeutic approaches to this disease must
be based upon certain paradigms, the selection of
the best drug and drug regimens remained unsolved.
All guidelines tend, now more than in the past, to
be relatively specific in their suggestion, yet they are
not consistent each other, and what is given as as-
sumed in one, is reported just as an option (perhaps
the most valid, but still the option) in another one
[2-4]. This situation seems to be not too far from
that of other diseases. Despite the incredible amount
of information available, and the statistical power
of the modern analyses, the definition of a unitary
approach in antiviral therapy is far to be achieved.
Which are the factors that contribute to this appar-
ent disarticulation of the process of knowledge in
HIV field?
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Table 1 | Antiretroviral drugs in clinical use

Drug Abbreviation FDA approval
Nucleoside reverse transcriptase inhibitors (NRTI)
Zidovudine ZDV 1987
Didanosine ddl 1991
Zalcitabine ddC 1992
Stavudine aaT 1994
Lamivudine 31C 1995
Abacavir ABC 1998
Tenofovir TDF 2001
Emcitrabine FTC 2004
Non-nucleoside reverse transcriptase inhibitor (NNRTI)
Nevirapine NVP 1996
Delevirdine DLV 1997
Efavirenz EFV 1998
Etravirine ETV 2008
Protease inhibitor (PI)

Saquinavir sQv 1995
Ritonavir RTV 1996
Indinavir IDV 1996
Nelfinavir NFV 1997
Amprenavir APV 1999
Lopinavir LPV 2000
Atazanavir ATV 2003
Fosamprenavir FSV 2003
Tipranavir TPV 2005
Darunavir DRV 2006
Integrase inhibitor (INI)

Raltegravir RAL 2007
Fusion inhibitor (FI)

Enfuvirtide ENF 2003
Entry inhibitors (El)

Maraviroc MRV 2007

Approval dates are taken from the Food and Drug Administration web
site (www.fda.govlaoshilaidslhiv.html).

Among many elements to be considered, the most
consistent is the crisis of evidence-based medicine.
As the name says, evidence-based medicine (EBM)

promotes the knowledge in the fields of medicine,
based upon those factors that have reached a sci-
entific evidence at levels beyond the doubt or the
chance. To do so, EBM has defined certain criteria
that help in selecting the papers and the data that
have the greatest chances to get close to the truth,
and that allow a good identification of the best med-
ical approach.

Among the most important criteria are: a) infor-
mation must come from articles published in peer-
reviewed journals; b) information taken from rand-
omized clinical trials have by far more relevance than
information from cohorts and from expert opinion;
¢) statistical significance, that is a key factor for an
information being considered in EBM.

All these elements have been heavily challenged by
the new approaches to scientific medicine. First of
all, the assumption that everything published in a
peer reviewed journal is true, or at least very close
to the truth, is no longer credible (or probably it has
never been). In HIV field, more than 200 000 scien-
tific articles have been published in the last 28 years.
They are far beyond all possible hypotheses that can
be raised, to the point that it is quite common that
two or more articles on the same topic (and pub-
lished at the same time) are in evident contradiction,
despite methodologies apparently consistent! So, in
term of evidence-based, it is too frequent to have
contradictory results both from randomized trials,
as well as from cohort studies, to draw conclusions
that can be acceptable to the scientific community as
such, and translated in guidelines.

One typical example is the study ACTG5142, one
of the few conducted independently (see below a
comment on this point) by a public agency [5]. This
study challenged a first line therapy to HIV infec-
tion, based upon a tritherapy including a non-nucle-
oside reverse transcriptase inhibitor (NNRTI), ver-
sus a tritherapy including a protease inhibitor (PI),
both associated to the same two nucleoside reverse
transcriptase inhibitors (NRTI). The results show
that the association with NNRTT allowed a great-
er number of patients reaching undetectable virus
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therapy.



(success) compared to Pl-based therapy. However,
the patients failing the NNRTI-based therapy had a
greater level of resistance (that precluded in part fu-
ture therapies) and lower number of CD4 (that is a
surrogate marker of lower immunological success),
than patients under PI-based regimen. Just to make
even more complicated the history, another couple
of studies, one of them randomized, did not sup-
port the conclusions of ACTG 5142, since the rate
of virological success was not significantly different
in the two arms, NNRTI- and PI-based [6, 7]. These
results have produced different interpretation of the
data in the guidelines, to the point that recommen-
dations vary in different countries [2-4].

Another major issue regarding randomized clini-
cal trials, the cornerstone of evidence-based medi-
cine, is the very small number of such studies run
independently by public officers on behalf of public
institutions. The large majority (far more than 90%)
of the studies available in recent years have been run
by companies with registrative purpose. Thus, and
despite the presence of an independent data safety
monitoring board (DSMB), the design is more fo-
cused to demonstrate the quality of the drug of a
specific pharma company, rather than contributing
to make the overall picture more clear.

A final problem regarding randomized clinical tri-
als is the issue of non inferiority. The remarkable
efficacy of current antiretroviral regimens has now
caused a situation in which the new studies, since
at least 5 years, have been all designed only with
“non inferiority” as the outcome to be reached. This
means, in practice, that the bounds of confidence of
the studies have been posed with the purpose to de-
fine the potential non inferiority of a drug toward
another one, rather than real superiority. The practi-
cal advantages of this approach are evident: in order
to achieve the right of registering a drug, the key
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need is to demonstrate that such drug is non infe-
rior to what is considered the (or one of the) current
standard of care. In practice, today we have available
a number of drugs, all each other non inferior, with-
out knowing which is the superior one(s), and thus
which are best to be used. Whether they are really
convenient in clinical practice remains debatable.

CONCLUSIONS

Taking all together, evidence-based medicine per
se remains (still today) the cornerstone of appro-
priateness in all clinical practices, including HIV
infection. The criteria to be used to define whether
approaches are appropriate, need to be adapted to
the new situation of excess of information (not all
reliable, despite being published), and the lack of
evidences of superiority of one approach to the oth-
er. New standards have to be set, and interpretation
systems need also to be adapted to the current prac-
tice. Above all, stands the need of tailoring therapy
to each single patient. Evidence-based medicine has
this major challenge, since the tools today available
let us make this achievement possible. The current
transit from a system to the other however, requires
caution and knowledge. Good common sense rep-
resents today an invaluable tool to help us discrimi-
nating valid options in a jungle of inappropriate
information.
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