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INTRODUCTION

WIDESPREAD USE OF ANTIRETROVIRAL DRUGS has led to an
increasing prevalence of multidrug-resistant HIV-1 in-

fection, and development of effective treatments for patients
with such infections should be a public health priority.1 As re-
cent registrational studies demonstrate, there are often perceived
conflicts between the goals of drug development (determining
the safety and efficacy of a new drug) and those of clinical prac-
tice (providing the most rapid possible access to effective drug
combinations). We focus much of our discussion on these stud-
ies, as pharmaceutical companies drive much of the current re-
search agenda and can largely specify how they would like their
agents to be tested. Conflicts may be reduced, though not en-
tirely eliminated, when studies are sponsored by disinterested
third parties. Conflicts between the needs of study participants
and the goals of drug development are particularly noteworthy
in settings where resistance to one or more drugs in a multidrug
regimen can occur.

To address the apparent conflicts between the needs of
study participants and pharmaceutical manufacturers, we pro-
pose changes in current research strategies, summarized as
follows. (1) Salvage studies should be designed to minimize
the chance that the study participants receive only one active
drug. New drugs must be developed in conjunction with other
new or existing drugs to create potent regimens; relevant in-
formation about how best to combine drugs should be de-
veloped early in phase II investigations. (2) Study partici-
pants should be maintained on assigned regimens long
enough to provide reliable comparisons of toxicity between
the new and standard treatments. When crossover to the new
regimen is allowed, appropriate methods must be used to ad-
just for the resulting informative censoring as well as for un-
controlled use of potent drugs. (3) The primary endpoint in
salvage studies of antiviral drugs should generally be sup-
pression of virus below levels of detection. (4) Because drug

efficacy depends on the genotype of the microbe or cell, stud-
ies must provide adequate information for classifying future
patients according to their predicted response to therapy. (5)
The regulatory policy must be modified to ensure proper re-
view of drugs that are targeted to patients according to geno-
type of the infecting agents.

STUDY DESIGN

In TORO2,3 and RESIST, two landmark studies of new sal-
vage treatments for HIV-1 infection, a single drug, enfuvitide
(ENV) or tipranivir (TPV), was added to optimized background
regimen (OBR) and compared to a standard-of-care (SOC) arm.
Study participants who failed treatment on the SOC arm were
crossed over to the new drug. The shortcomings of this ap-
proach include the following. (1) Participants for whom there
are no active drugs in the OBR may essentially be receiving
monotherapy, and therefore be at high risk of treatment failure
and development of additional resistance. (2) Rapid crossover
to the new drug prevents long-term toxicity comparisons. (3)
Differential use of potent drugs other than the study drug may
induce a bias in favor of the new drug, especially in unblinded
studies. In RESIST, study participants were asked to decide
prior to randomization whether or not to include ENF in their
OBR. While full compliance with this decision would result in
balanced randomization, there was less actual use of ENF in
the SOC arm. Because failing study participants could cross
over to TPV at 8 weeks, some who were randomized to SOC
might have sabotaged their regimens by failing to take ENF;
doing so would have allowed them to avoid exposure to ENF
as their only active drug. Similarly those randomized to TPV
might have reconsidered their refusal of ENF to avoid effec-
tively receiving TPV monotherapy. These considerations un-
derscore the potential for conflict between study protocol and
good clinical practice.
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The choice of endpoint—achievement of at least a 1-log drop
in RNA at week 24—also raises concerns about the inter-
pretability of the RESIST study. This endpoint has not been
clinically validated in this setting, and the choice of a low bar
for success may reflect concerns about the shortcomings of ef-
fective monotherapy. While transient reductions in viral load
were associated with short-term clinical benefits in the era of
mono or dual-nucleoside therapy, longer-term benefits of such
reductions have not been established in the current era. Study
participants with short-term RNA reductions may develop re-
sistance mutations that reduce future drug options and thereby
experience negative long-term consequences that outweigh
short-term gains. Even in the prior era, reductions in viral load
were found to be at best only moderately good surrogates.4

We propose that patients not be included in salvage studies
if they effectively will be receiving monotherapy. Study par-
ticipants without access to a currently licensed active drug to
combine with the study drug should receive two new drugs.
This requirement may exclude from studies many patients in
need of a new drug, but most of them will benefit from wait-
ing for access to another drug with which to create a potent reg-
imen. For those who cannot wait, compassionate use programs
may provide early access. As an alternative to the RESIST de-
sign, we propose the following. Participants with no active drug
besides ENF are randomized to TPV � ENF vs. SOC without
ENF; those who have another active drug are randomized to
TPV � OBR vs. SOC. Patients who refuse ENF but have no
other active drug would either be excluded from participation
or included in a special stratum and randomized to TPV � OBR
vs. SOC. The advantages of this design are that no participant
willing to take ENF gets effective monotherapy, and that the
endpoint can be viral suppression below detection. The impact
of TPV alone on toxicity and efficacy can be evaluated among
participants who refuse ENF. Offsetting the apparent disad-
vantage of studying TPV only in combination with ENF in cer-
tain types of patients is the fact that this use of TPV may be
optimal for such patients. We can replace ENF in this example
with any drug never before seen by the patient population,
whether new or not. Although studying one drug only in com-
bination with another may not be optimal from the perspective
of drug development, it may best meet the interest of potential
study participants.

Often an incentive for patients to enter a study is access to
the new drug after failing the SOC arm. When crossover oc-
curs early—8 weeks in RESIST and 12 weeks in TORO—there
is little information on which to base 24- and 48-week toxicity
comparisons because patients at highest risk of toxicities may
have a short experience on the SOC arm. Moreover, partici-
pants may be crossed over before there is any real evidence of
the benefit of doing so. Crossover designs should be used only
when there are no effective therapeutics available to partici-
pants receiving SOC, and crossover should be delayed as long
as possible. Phase II data on genetic barrier and rate of resis-
tance selection for new drugs can help in designing appropri-
ate criteria for crossing over. These criteria must be drug spe-
cific, as considerations for older drugs may not be relevant to
new classes of inhibitors. Criteria for crossover based on CD4
T-lymphocyte count may be preferable to those based on viral
load, because such criteria better reflect the risk of clinical pro-
gression for advanced patients.5

Adjusting for bias

Crossover studies can yield biased results because factors
that influence crossover may also influence risk of toxicity,
and differential use of potent treatments between arms can
affect the interpretability results of these studies. To deter-
mine whether differential use of ENF was responsible for the
apparent superiority of the TPV treatment arm in RESIST,
analyses conducted by the FDA were stratified by actual (not
intended) use of ENF. Such analyses suffer from confound-
ing by indication; i.e., the choice of treatment may depend
on factors that impact the risk of outcome. Only analyses that
take this phenomenon into account can provide valid esti-
mates of the effect of TPV adjusted for actual ENF use. These
methods adjust for known confounding factors by (1) esti-
mating the probability that a study participant used ENF,
given his or her personal characteristics; (2) regressing the
study endpoints on treatment and patient characteristics; and
(3) combining these analyses to estimate the TPV effect.6,7

Methods to reduce the dependency of model assumptions and
to analyze sensitivity to unmeasured confounding factors are
also available.8,9 These methods also permit valid estimation
of the risk of toxicity from crossover studies, correcting for
the bias that results from analyzing only study participants
who remain on assigned therapy. Furthermore, these meth-
ods permit use of information on toxicity obtained after
crossover to the new drug.

Use of phase II information

Requiring that all participants in phase III studies receive
two new drugs makes it difficult to estimate the activity of
either alone. Therefore, more information about activity and
resistance must be developed from phase II studies. In addi-
tion, investigation of combinations of new drugs (including
pharmacokinetic studies undertaken in healthy volunteers)
must be done earlier in phase II; this is an important role for
federally funded clinical research programs. In some cases,
factorial designs are useful for finding the most promising
drug combinations. If these studies are short enough to keep
the onset of resistance low, factorial designs that involve
monotherapy (or effective monotherapy) may be appropriate.
Frequent measurements of disease burden, such as HIV-1
RNA, would not only facilitate determination of drug activ-
ity, but also provide a safeguard against development of re-
sistance by allowing rapid detection of viral rebound, upon
which the drug can be stopped.

Resistance classes

Roberts and Chabner10 recommended that FDA fasttrack
programs promote more selective use of targeted cancer drugs,
and proposed a new FDA approval mechanism that would re-
quire sponsors to identify subgroups of patients likely to ben-
efit from these drugs. They further recommend that such stud-
ies begin in the earliest phases of development, and that the
FDA negotiate commitments to conduct appropriate phase 4
studies. Such recommendations also apply to drugs targeting
resistant strains of HIV-1 and other infectious agents. For ex-
ample, in RESIST, TPV was shown to be effective against
some, but not all, patterns of PI resistance mutations; hence the



need to identify classes of patients expected to benefit from
TPV. Defining such classes requires more than simply demon-
strating that some score (like number of PI mutations) predicts
outcome. Balancing costs and benefits requires estimating the
probability of response by class and the probability of toxicity
based on baseline factors. Designing studies to produce such
information impacts not only study size but also inclusion/ex-
clusion criteria, like resistance profile, and the presence of coin-
fection or of other medical conditions. There must be a balance
between excluding patients who are likely to be resistant to the
drug (as was done in RESIST) and recruiting a heterogeneous
population with a large spectrum of resistance patterns to fa-
cilitate prediction of resistance. Failing to screen for a rare re-
sistance pattern that compromises the drug could effectively ex-
pose some patients to monotherapy; but the more patients
excluded, the fewer the patterns available for analysis.

DISCUSSION

Ethical considerations

For any clinical research study, physicians can only ethically
enroll patients when they believe that such enrollment is in the
best interest of the patient. Conflicts of interest can arise when
physicians derive income (e.g., support for personal or staff salary
or professional status) from enrolling a patient into a salvage ther-
apy study, but the study design does not conform to their current
standard of practice. Belief that the study may benefit patients in
the future does not justify enrollment of patients who, in the physi-
cian’s opinion, do not stand to benefit or may even be harmed by
the study. Our recommendations are developed specifically to re-
duce the number and degree of such conflicts in the future.

Current research agenda

There are currently under development both new classes of
drugs, such CCR5 inhibitors, and drugs from existing classes
with novel resistance patterns; every drug poses some special
concerns. Because CCR5 inhibitors may induce a tropism shift
with negative long-term clinical consequences, the need for
partnering these drugs with other potent agents is particularly
acute. Full virologic suppression at 48 weeks is the most rele-
vant endpoint in studying CCR5 inhibitors; and proper study of
its effect on tropism shift requires avoidance of premature
crossover. Study of drugs from existing classes requires iden-
tifying patient populations likely to be sensitive to the new drug
and to one other potent agent, but not to existing drugs from
the same class.

Our recommendations will be challenging to implement.
Partnering drugs requires cooperation across pharmaceutical
companies and may impact labeling. Rapid crossover to a new
study drug is used as an inducement to enrollment, even when
it compromises the usefulness and validity of studies. Broad-
ening the use of sophisticated methods for bias adjustment re-
quires resources and training. Meeting these challenges will re-
quire collaborative ties among investigators and statisticians in
industry, government, and academia. In a recent report, the FDA
noted the following: “There is currently an urgent need for ad-
ditional public-private collaborative work on applying tech-
nologies such as genomics, proteomics, bioinformatics systems,

and new imaging technologies to the science of medical prod-
uct development.” Only by making resources available for such
collaboration can drugs targeted to diverse multidrug-resistant
viruses be developed and used in an optimal way.
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