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Abstract

Background—Most clinical trials comparing treatments evaluate the separate effects on each of
several efficacy and toxicity outcomes. However, population-averaged summary measures of
treatment differences may not accurately reflect individual responses to treatment, and drawing
conclusions about which treatment is “best” is straightforward if one treatment is superior across
all outcomes, but challenging when this is not the case.

Methods—We created a study outcome based on expert opinion, which captures the risk/benefit
profile of response to a treatment. Treatments were compared using this ordered outcome with
standard statistical techniques. To illustrate the approach we used as an example a study designed
to evaluate initial antiretroviral therapy (ART) in HIV-1 infected infants, in which results were
contradictory across the study’s primary and secondary efficacy and toxicity outcomes. The
proposed risk/benefit outcome was evaluated retrospectively in each participant.

Results—In the IMPAACT P1060 study, one treatment regimen (LPV/r-based ART) was
superior to the other (NVVP-based ART) in reducing viral load (primary outcome), but inferior for
immunologic and growth outcomes (important secondary outcomes in resource-limited settings).
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Treatment comparisons using the risk/benefit outcome indicated that the LPV/r-based ART
regimen had a higher proportion of participants with the best overall response to treatment.
Comparisons focusing on individual-level responses for the secondary outcomes also favored
LPV/r-based ART, results that differed from the original population-averaged analyses’ ones.

Conclusions—Designing studies prospectively using risk/benefit outcomes focusing on an
individual’s responses to treatment, more closely matches the needs of clinicians making decisions
about how best to treat patients in clinical settings.
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Introduction

In clinical trials evaluating treatments, the standard approach is to collect several clinical/
biomarker outcomes for each participant, capturing disease status as well as treatment
toxicities and tolerability. Differences between treatments are then evaluated using
population-averaged treatment differences for each outcome separately. This allows
evaluation of the potential risks and benefits of each treatment, but may not provide the right
kind of information to help guide medical practitioners making a treatment selection
decision for a future patient, especially when there are contradictory findings across
outcomes. For example, one treatment may be highly efficacious in treating the disease, but
if it can only be tolerated by a small proportion of patients, a better-tolerated treatment with
somewhat less efficacy may actually be the “best” treatment to prescribe. Therefore, for a
clinical study it seems preferable to use an endpoint which encompasses all relevant
outcomes collectively at the patient-level. Such an endpoint would quantify disease burden
and treatment toxicity over time, better reflecting the management of individual patients in
clinical practice. We refer to this endpoint as the overall patient-level risk/benefit outcome.

To illustrate this approach, we used data from the P1060 clinical trial conducted by the
International Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT) Group to
assess initial antiretroviral therapy (ART) in HIV-1-infected infants and children in resource-
limited settings (1, 2). The primary study endpoint focused on efficacy in reducing viral load
and showed superiority of the lopinavir/ritonavir (LPV/r)-based regimen versus the
nevirapine (NVP)-based regimen. For two secondary outcomes (immunology and growth
related) however, the NVP-based regimen was significantly better in adjusted analyses (3).
This discrepancy had also been observed in the NEVEREST study (4). These findings raised
questions about which of these two regimens might be “best” for use in resource-limited
settings, as LPV/r is more challenging to use (it is more expensive, needs refrigeration and is
not palatable) and weight gain is a particularly important outcome in resource-limited
settings, since poor weight gain is a major risk factor for other morbidities. The
contradictory findings left lingering questions about which ART regimen is “best” for use in
resource-limited settings.

As a possible solution to this issue, a patient-level outcome might be constructed that
integrates the various efficacy and safety outcomes and then treatments can be compared
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with respect to that outcome. To illustrate how such a risk/benefit outcome can be developed
and how it can provide new insight to interpreting results in a clinical trial, four HIV-1
clinicians developed a single ordered, categorical risk/benefit outcome measuring an
individual’s disease status and response to initiating ART after one year of treatment. The
risk/benefit outcome included components for viral load, immunology, growth, adverse
events, ability to stay on study treatment and hospitalizations. We used data from the P1060
trial as a working example of how treatment comparisons based on the risk/benefit outcome
could shed new light on the original study findings and illustrate the usefulness of this kind
of outcome retrospectively in a clinical trial. We hope the example will motivate researchers
to consider using risk/benefit outcomes focusing on individual patient responses
prospectively in future clinical trials in other disease areas than HIV-1/AIDS as well.

Creating a risk/benefit outcome

The specific components of a risk/benefit outcome relevant to real-world clinical practice
and for use in a clinical trial will depend on the disease, evaluation time point and setting.
Levels of patient response may be a combination of status at a particular time point and of
events occurring between study entry and that time point. Ideally, the outcome would be
defined by a panel of experts independent from a specific protocol and before any data are
collected.

To illustrate a possible approach in HIV-1, a team of four pediatric HIV-1 clinicians was
convened (co-authors PP, AV, MA, LB) to develop an outcome with ordered levels of
response, which comprehensively summarized a child’s risk/benefit response to ART after
48 weeks in a resource-constrained setting. All the clinicians leaned towards developing an
outcome with more than three levels. They felt having only three levels would obscure
information and result in HIV-1 RNA driving the results, which would provide no extra
insight into patient response. Each clinician independently developed a patient-level overall
outcome measure based on her/his clinical experience with HIV-1 infected infants and
children initiating ART. The clinicians and four statisticians (co-authors KA, JL, MH, LIW)
then had several extensive discussions, eventually reaching a consensus outcome with four
ordinal categories: “responder”, “partial responder”, “poor responder” and “non-responder”.
However, there wasa debate on the relative importance of the different components of the
outcome, e.g. one clinician gave a lower rank to the weight-for-age z-scores versus the
HIV-1 RNA, while another gave it a higher rank. Therefore, final agreement was a
compromise for all clinicians and all components were equally weighted.

A participant would be classified into an overall responder category using vital status and
five component measures: 1) HIV-1 RNA, 2) adverse events and changes to the ART
regimen, 3) hospitalizations (as a measure of clinically-significant morbidity), 4) weight-for-
age z-score and 5) CD4%. Each component took into account the status of the child after 48
weeks and how their status had changed since starting ART, capturing both cross-sectional
and longitudinal information, and mimicking how a clinician would assess a child in the
clinic outside the context of a clinical trial. The full consensus definition is provided in Table
1.
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Children were classified in the “Non-Responder” outcome category if they died before 48
weeks or were classified as “Non-Responders” for one or more of the five component
outcomes. Among those not classified as “Non-Responders”, children were classified as
“Poor Responders” if they were “Poor Responders” for one or more of the five component
outcomes. Among those not classified as “Non-Responders” or “Poor Responders”, children
were classified as “Partial Responders” if one or more of the five component outcomes were
so classified.

The remaining children were classified as “Responders” and thus were “Responders” for all
five component outcomes.

For example, a child would be classified as an overall “responder” at week 48 if they were
alive and were a responder in all five components (HIV-1 RNA < 400 copies/mL at week 48
and no low-level viral rebounds after achieving HIV-1 RNA < 400 copies/mL; no grade 3 or
4 adverse events (AEs) and no change to ART regimen due to AEs; no hospitalizations;
weight z-score > -1 at week 48 and less than an 0.5 decline from baseline; and CD4% >
25% at week 48 and less than 5% decline from baseline). A child would be classified as an
overall “non-responder” if they had died or were classified as a non-responder in any of the
five components. There were very few children who were lost to follow-up therefore for
simplicity in our example the assigned categories for these children were based on their
status as of their last study visit.

The final overall risk/benefit category captures trade-offs among all efficacy and tolerability
components. For example, a participant who achieved and maintained HIV-1 RNA < 400
copies/mL but whose growth profile was sub-optimal would be assigned to a worse category
than a participant with a low but detectable viral load (400 copies/mL < HIV-1 RNA < 4000
copies/mL) and a significantly improved growth trajectory.

With this overall, composite, patient-level outcome, proportions of study participants
classified into each of the four categories can be compared between treatments using
standard statistical methods. To formally compare the proportions across the ordered
categories we used the Cochran-Armitage test for trend. Alternatively, a logistic regression
model with proportional odds could be used or odds ratios could be calculated among
groups of categories (i.e. the odds of being classified as a “responder” or “partial responder”
on one treatment vs. the other).

IMPAACT P1060

To illustrate this approach, we used data from the IMPAACT P1060 clinical trial. P1060 was
a randomized trial designed to compare LPV/r- with NVP-based ART. The primary study
endpoint was treatment failure defined as a confirmed plasma HIV-1 RNA level less than
one logyg copies/mL below the baseline value at 12 to 24 weeks after treatment was
initiated, a confirmed HIV-1 RNA level =400 copies/mL at 24 weeks, or permanent
discontinuation of the randomized NVP or LPV/r component of the study treatment by 24
weeks (for any reason including death). Secondary endpoints included changes in
immunologic (assessed by CD4%) and growth (assessed by World Health Organization
(WHO) weight and height-for-age- z-scores) outcomes, both crucial in HIV-1 infected
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infants in resource-limited settings. The risk/benefit outcome was used to retrospectively
classify participant response to initiating ART in P1060 and results were compared to those
from the study’s primary and secondary outcomes.

Results

P1060 primary and secondary study outcomes

Among the 451 participants who started treatment in P1060, the primary week 24 study
endpoint for virologic failure/going off study treatment was met by 28.1% of participants in
the NVP arm and 12.3% in the NVP arm (a difference of 15.9%, 95% confidence interval
(CI): 8.3%, 23.4%, p=0.004 in favor of LPV/r). In contrast, average increases by week 48 in
CD4% and weight growth were higher in the NVP arm: CD4%: 15.2% for the NVP arm and
13.6% for the LPV/r arm (a difference of 1.6%, 95% CI: -0.3, 3.4, p=0.09); weight-for-age
z-scores: 1.19 for the NVP arm and 0.83 for the LPV/r arm (a difference of 0.36, 95% CI:
0.06, 0.65, p=0.017). Mean CD4% and weight z-scores by study visit from entry to week 48
are shown in Figure 1. Mean values for both outcomes were higher in the NVP arm at all
time points. There were 20 deaths (15 in the NVP arm and 5 in the LPV/r arm) and 23 (5%,
12 in the NVP arm and 11 in the LPV/r arm) participants were lost-to-follow-up before
week 48.

Risk/benefit outcome

Shown in Table 2 are the distributions by treatment group of the levels of response in each of
the six components and the overall risk/benefit outcome. Corresponding with the primary
analyses, the LPV/r arm had higher percentages of participants classified as “responders” for
the HIV-1 RNA component (66% vs. 52% in the NVP arm, Cochran-Armitage test for trend
across 4 responder levels p<0.001) and the toxicity/tolerability component (60% vs. 53% for
the NVP arm, p=0.012). In contrast with the primary analyses, for the CD4% and weight
growth components, the LPV/r arm did as well as or better than the NVP arm. For weight
growth, 79% of those in the LPV/r arm were classified as “responders” or “partial
responders” versus 77% in NVP arm (p=0.80) and for CD4%, these percentages were 94%
for LPV/r and 87% for NVVP (p=0.029 in favor of LPV/r). For the overall risk/benefit
outcome, which also captured information on hospitalizations, the LPV/r arm had a higher
proportion of “responders” (18% vs. 12%) and “partial responders” (30% vs. 21%) than the
NVP arm (p=0.002).

Discussion

We have proposed using outcomes to evaluate treatments in clinical trials that capture
information on efficacy and toxicity in order to assess an overall risk/benefit profile. We
illustrated the approach using existing data from a completed trial in HIV-1 infected
children. In this study, although LPV/r-based ART was superior for the primary efficacy
outcome, there was some evidence of better outcomes for NVVP-based treatment for two
secondary endpoints. Our example study was not designed or analyzed using a risk/benefit
outcome but using this approach retrospectively provided additional insight to published
results. By carefully defining what an optimal response to treatment would be at an
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individual patient-level, and comparing proportions of participants with this response, the
LPV/r-based ART turned out to be as good as or better than the NVP-based ART for growth
and immunologic outcomes — a finding inconsistent with the more standard population-
averaged comparisons. The LPV/r-based ART also emerged as superior on the overall risk/
benefit outcome.

The team performed several sensitivity analyses. Instead of using a Cochran-Armitage trend
test to compare the profiles of response for the overall risk/benefit outcome between
treatment arms, a model-based analysis using a proportional odds model was used ((5, 6)).
Additionally, the team applied three different scoring systems based on the final consensus
grid, and analyzed them as continuous variables. Finally, we used a single summary measure
of the difference between treatments based on the “general risk difference” ((7-9)). The
general risk difference measures the difference in proportion of participants expected to have
a better response on LPV/r versus NVVP from the proportion expected to have a better
response on NVP versus LPV/r. All analyses supported the superiority of LPV/r versus NVP
with respect to the patient level risk/benefit outcome. These analyses should help alleviate
concern in the pediatric HIV-1 community as to the best initial choice of ART regimen for
HIV-1 infected infants and children in resource-limited settings.

In our illustrative example, the overall risk/benefit outcome measure was constructed
retrospectively via consensus by four clinicians involved in the treatment of pediatric HIV-1
infection in resource-limited settings in which the trial was undertaken. Developing a clear
definition of the risk/benefit outcome is not straightforward. Even among these four
clinicians there was extensive debate on which outcomes should be included and how each
level of response should be defined, and they anticipate that not all their colleagues will
agree with the proposed definitions. Ideally, outcome measures would be defined by a
broader panel of clinical experts not associated with any specific clinical trial before a study
is developed and initially use the definitions in clinical trials as secondary outcomes, perhaps
adapting the definitions as more is learned. This would allow the same outcome to be used
across clinical trials and that results of studies using the accepted risk/benefit outcome
measure definition would be generally accepted in the field. As the construction of the risk/
benefit outcome may involve subjective components (e.g.: clinical response), use of double-
blind design or blinded adjudication committees should also be considered (10, 11). Evans et
al. provide a useful summary of suggestions for the risk/benefit outcome construction. Such
an outcome should at minimum consider the relative timing of events, the severity of events,
the censoring of events from competing risks and the challenge of relative interpretation
(12).

We used an example in pediatric HIV-1 to illustrate the approach, but creation of a risk/
benefit outcome is relevant in any disease area or study population. To ensure applicability
of outcomes for use by clinicians in a general clinical setting, the components should be
based on information collected in the clinic. This was largely the case with the components
used in the example study we used, which included HIV-1 RNA (used to monitor efficacy in
clinical trials and the clinic), adverse events and hospitalizations (information that would be
available in the clinic), weight (always collected in pediatric visits) and CD4% (perhaps not
as regularly collected in resource-limited settings). The rules for defining levels of response
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should also be straightforward for application in the clinic. The outcomes chosen in this
example were either based on measurements at week 48, events that occurred between entry
and week 48, or changes from baseline to week 48, which would all be simple for a clinician
to assess in the clinic. Finally, the outcomes (efficacy and toxicity) themselves would need to
be carefully chosen and be relevant to the disease and the anticipated types of toxicities. In
the example study, adverse events were generic (any labs, signs, symptoms or diagnoses
above a certain level of severity). With some treatments, there could be specific side effects
that could be parsed out into separate components of the overall risk/benefit outcome.

The use of composite outcomes in clinical trials is not a new idea. The construction of four
ordered “response” categories for the patient-level risk/benefit outcome in this example
HIV-1 study was based on each individual patient’s data for several clinically important
outcomes observed during 48 weeks of follow-up. This extends a common practice in
studies of some diseases of using a well-defined “response” categorization as the study
outcome, for example categories of tumor response in oncology studies. It also expands the
use of composite outcomes in some studies, for example an outcome which includes
different types of cardiovascular events to measure treatment efficacy. Of note however, the
choice of component outcomes in our application included ones which might measure the
beneficial effects of treatments on the disease being treated, as well as ones which might
measure the adverse effects or toxicities of treatment. Finkelstein and Schoenfeld proposed a
methodology of how to combine mortality with other longitudinal measures (12). Rather
than defining an ordered categorical response, one could define a numerical scoring system
to order the participant’s responses to treatment (11, 13-15). A more continuous study
outcome may result in greater statistical power to detect differences in treatment effects, but
the challenge would be defining clinically meaningful differences in these potentially
artificial scores. This approach would also be more difficult to extend to general clinical
practice. There are also methodological extensions to the simple approach taken in this paper
addressing how to better handle participants lost-to-follow-up (9). Finally, the primary
endpoint in the HIV-1 example study we used (virologic failure or going off study treatment)
was a composite endpoint made up of efficacy and drug tolerability, which is a miniature
version of what we are proposing.

Some argue that studies should be designed with efficacy as the primary endpoint and
toxicity/tolerability as secondary outcomes. However, drugs that are highly efficacious are
not always the most practical (effective) to use in general clinical practice if a patient cannot
tolerate the drug. Choice of a pure efficacy endpoint or a composite risk/benefit outcome
will depend on the goals of the individual clinical trial, with composite outcomes more
relevant in large Phase I11/1V studies and pure efficacy endpoints for Phase Il designs.

The goal of this article was to point out the pitfalls of relying on marginal, population-
averaged estimates of treatment effects and compartmentalized efficacy and safety outcomes
as is the current convention in the design and analysis of most clinical trials. We instead
propose the use of composite risk/benefit outcomes when evaluating treatments. These
outcomes might better capture risk/benefit profiles at the individual patient-level, and
provide more informative data on which to base decisions in general clinical practice.
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Mean CD4% and weight z-scores by treatment group

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Angelidou et al.

Table 1

Page 11

Consensus categorization of each of the six outcome measures used to construct the overall risk/benefit

outcome
OUTCOME
Responder Partial Responder Poor Responder Non-Responder
Vital Status Alive at week 48 Alive at week 48 Alive at week 48 Died before week 48

HIV-1 RNA (copies/mL)

<400 at week 48

AND no blips after

first measurement
<400

<400 at week 48 AND
single value < 1000 after
first measurement < 400

<400 at week 48 AND
single value (1000 <
blip < 4000) after first
measurement < 400

> 400 at week 48;0R < 400
at week 48 but single value =
4000 after first measurement
<400;0R < 400 at week 48
and 2400 at multiple times
after first measurement < 400

Toxicities’: Grade 3 or 4
signs and symptoms,
laboratories (AEs) and
associated ARV changes

No grade 3 or 4
AEs AND no
change to
randomized
regimen due to
AEs

Grade 3 or 4 AEs AND no
dose modification or
temporary interruption to
randomized regimen due to
an AE

AE of any grade that
leads to a dose
modification or
temporary interruption
of randomized regimen

AE of any grade resulting in
permanent discontinuation of
randomized regimen

Hospitalizations

None

1 hospitalization with
discharge on same day as,
or day after, day of
admission

1 hospitalization for > 1
day

> 1 hospitalization

Weight-for-age z-score?

z-score = -1 at

-2 < z-score < -1 at week

z-score < —2 at week 48

> 0.5 decrease from baseline

AND(<5% decline
from baseline or
increased from
baseline)

AND(< 5% decline from
baseline or increased from
baseline)

week 48 AND(< 48 AND(< 0.5 decline from | AND > 0.5 increase (irrespective of z-score at
0.5 decline from baseline or increase from from baseline week 48);0R z-score < - 2
baseline or baseline) at week 48 AND (< 0.5
increased from decline from baseline or <
baseline) 0.5 increase from baseline)
CD4% > 25% at week 48 15% — <25% at week 48 CD4% < 15% at week > 5% decrease from baseline

48 AND= 5% increase
from baseline

(irrespective of CD4% at
week 48);0R < 15% at week
48 AND(< 5% decline from
baseline or < 5% increase
from baseline)

lThe Division of AIDS Table for Grading the Severity of Adult and Pediatric Adverse Events, Version 1.0, dated December 2004 clarification
August 2009 is used (http://rsc.tech-res.com/safetyandpharmacovigilance)

ZBased on WHO criteria
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Distribution of the overall risk/benefit outcome and its defining components by treatment group (n (%))

Randomized Treatment Cochran-Armitage trend test
QOutcome Category NVP (N=229) | LPV/r (N=222) | p-value
Overall Outcome Category Responder 28 (12) 39 (18) 0.002
Partial Responder | 49 (21) 66 (30)
Poor Responder 28 (12) 28 (13)
Non-responder 124 (54) 89 (40)
Outcome category for HIV-1 RNA Responder 118 (52) 147 (66) <0.001
Partial Responder | 17 (7) 20 (9)
Poor Responder 3(1) 3(1)
Non-responder 91 (40) 52 (23)
Outcome category for toxicities Responder 121 (53) 133 (60) 0.012
Partial Responder | 59 (26) 67 (30)
Poor Responder 30 (13) 10 (5)
Non-responder 19 (8) 12 (5)
Outcome category for hospitalizations Responder 153 (67) 176 (79) 0.001
Partial Responder | 7(3) 13 (6)
Poor Responder 52 (23) 23 (10)
Non-responder 17(7) 10 (5)
Outcome category for weight-for-age z-score | Responder 120 (52) 116 (52) 0.80
Partial Responder | 57 (25) 59 (27)
Poor Responder 16 (7) 15 (7)
Non-responder 36 (16) 32 (14)
Outcome category for CD4% Responder 164 (72) 169 (76) 0.029
Partial Responder | 35 (15) 40 (18)
Poor Responder 5(2) 3(1)
Non-responder 25 (11) 10 (5)
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