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SUMMARY
This paper summarizes the proceedings of an NIAID-sponsored workshop on statistical issues for HIV
surrogate endpoints. The workshop brought together statisticians and clinicians in an attempt to shed light
on some unresolved issues in the use of HIV laboratory markers (such as HIV RNA and CD4#cell counts)
in the design and analysis of clinical studies and in patient management. Utilizing a debate format, the
workshop explored a series of specific questions dealing with the relationship between markers and clinical
endpoints, and the choice of endpoints and methods of analysis in clinical studies. This paper provides the
position statements from the two debaters on each issue. Consensus conclusions, based on the presentations
and discussion, are outlined. While not providing final answers, we hope that these discussions have helped
clarify a number of issues, and will stimulate further consideration of some of the highlighted problems.
These issues will be critical in the proper assessment and use of future therapies for HIV disease. ( 1998
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INTRODUCTION
The use of surrogate markers as endpoints in clinical efficacy studies has been an area of active
research and controversy. Clinical research of human immunodeficiency virus (HIV) disease is
one of the disciplines where surrogates have gained increasing popularity. However, there are still
many, as yet unresolved, issues regarding their use in patient management, and analysis and
design of controlled clinical studies. To facilitate further understanding of these issues, the U.S.
National Institute of Allergy and Infectious Diseases conducted a workshop in Memphis,
Tennessee on 25—26 March 1997. A goal of the workshop was to bring together individuals
representing both the statistical and clinical point of view to discuss these issues. The discussion
was in the format of a debate during which individuals were asked to take either the pro or con
viewpoint for a series of nine questions. Following the initial debate, other members of the
workshop were invited to contribute to the discussion. What follows is a synopsis of each of the
debate questions from both points of view. Unlike a conventional debate, the goal was not to
draw sharp lines between sides and determine a ‘winner’, but rather to clarify concepts and reveal
areas of agreement as well as dispute.

THE CHOICES OF MARKER METRIC AND ASSAY FOR A SURROGATE ENDPOINT
HAVE NO EFFECT ON CONCLUSIONS REGARDING TREATMENT EFFICACY
(MICHAEL HUGHES AND PHILIPPE FLANDRE)
Pro
In considering the impact of marker metrics, it is, first of all, important not to label intrinsically
different measures as being simply different metrics. For example, absolute CD4 cell count and
CD4 percentage are not simply different metrics; the former is derived from the latter, using in
addition the total lymphocyte count.1,2 Similar comments apply to endpoints involving measurements at different time points. Such outcomes involve different information (potentially, differential variation or missingness) and cannot be expected to yield similar results.
However, using alternative metrics (for example, different transformations or net versus per
cent change from baseline) that measure the same underlying quantity and generally have the
same pattern of missingness should not impact conclusions regarding treatment efficacy. This is
particularly evident if the goal is hypothesis testing. A null treatment effect on an outcome based
on one metric will imply a null effect using any alternative metric. Note also that the validity of
a marker as a surrogate endpoint should not be affected by choice of metric. This follows from the
fact that Prentice’s criteria for a surrogate endpoint3 requires that a null effect of treatment with
respect to the marker implies (and is implied by) a null effect of treatment on the ‘true’ endpoint.
Similar comments apply to the choice of assay for measuring HIV RNA; if the assays measure the
same underlying quantity, then the choice of assay should be immaterial.4 This is true provided
that the study design is appropriate for handling any differences in measurement variability, and
that the statistical analysis is appropriate for handling any differences in other measurementspecific issues such as quantitation limits.5
Of course, in any given trial, it is almost certain that treatment comparisons made using
different metrics, given their different distributional properties, will give rise to different p-values.
If there is consistency between the results using different metrics, then the conclusion from the
trial concerning differential treatment activity is unambiguous. However, it may occur that the
( 1998 John Wiley & Sons, Ltd.
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results do not appear consistent, for example, if one is statistically significant and the other is not.
This situation might arise because the study was not powered adequately to address treatment
comparisons for alternative metrics, or inconsistency in the results may point to an inappropriate
method of analysis for one or both of the metrics (for example, violation of assumptions in
a statistical test). Setting aside possible flaws in analysis, one should be cautious about overinterpreting differences; in particular, p-values for different metrics that closely straddle a significance threshold are not discordant.
Con
Attempts to use laboratory markers, especially CD4 count and HIV RNA, as surrogate endpoints
can be divided into two parts: those that employ fixed variables and those that use timedependent variables. For both, the number of options for defining metrics can be enormous.
For a fixed variable, one can have interest either in changes from baseline values to a given time
point, or in the level of the marker considered at a specific time. Numerous metrics have been
proposed,6 although absolute CD4 count, square root of CD4 count, area under the curve for
CD4 count, log HIV RNA and area under the curve for log HIV RNA are the most popular.
A shortcoming with using fixed variables is the possibility of missing data that could introduce
substantial bias in the analysis.7
In time-dependent approaches one could either use the current value of the marker or define
a time-dependent event from the marker using a previously agreed upon cut-off (for example, a 50
per cent decline in CD4 count). The former possibility is not very convenient for clinical
investigators while the latter is probably an oversimplification and allows ample room for
subjective and variable determination of cut-off values.
In addition to metric and type of covariate (fixed or time-dependent), the choice of time from
baseline (for example, week 8, 16 2) has a substantial effect on the conclusion regarding how well
the potential surrogate marker captures treatment efficacy. A good surrogate for short-term
effects may fail for long-term effects.
As an example, by considering the proportion of treatment effect explained (PTE) by a surrogate marker as a validation criterion, results can differ substantially according to the metric and
method used. Choi et al.8 analysed data from ACTG 019 to evaluate CD4 as a potential surrogate
for time to AIDS. Using CD4 count and CD4 per cent as time-dependent covariates in a Cox
regression model, the PTE was estimated as !1 per cent and 37 per cent, respectively. To help
delineate the treatment effect, AIDS after week 16 was also examined. For this endpoint, the
estimated PTEs of CD4 count and CD4 per cent (here used as fixed covariates at week 16) were
46 per cent and 74 per cent, respectively.
Further illustration of metric differences appears in data from the European Delta Trial
involving 1280 patients (and a total of 9402 blood samples). Marker responses were considered as
fixed and time-dependent covariates, change from baseline to week 8, 16, and 32, and area under
the curve for HIV-RNA (considered on a log scale). In this analysis, as in Choi et al.’s analysis,
estimated PTEs were sometimes found to lie outside the range of 0 to 1. For example, the
proportion of treatment effect explained by RNA levels up to week 16 on time to AIDS/death was
estimated as 183 per cent (95 per cent CI: 76—290 per cent) and 249 per cent (95 per cent CI:
83—416 per cent).9 This occurrence, as well as the considerable variability of estimated PTE,
obviously weaken its usefulness in comparing different surrogate endpoint or metrics. We may
need to consider robust alternative measures.10
( 1998 John Wiley & Sons, Ltd.
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It may be argued that, for example, CD4 per cent versus total count, or fixed versus
time-dependent endpoints represent different underlying parameters, and thus should not be
compared. However, the scientific distinctions among such endpoints (which may come under the
same conceptual heading of immune response) are often not well understood. Thus it is important
to clarify and demonstrate the substantial statistical differences between such alternative
measures.
THERE IS A ‘SET-POINT’ VALUE OF RNA ACHIEVED AFTER SEROCONVERSION
THAT PROVIDES MOST OF THE INFORMATION IN THE TRAJECTORY OF RNA
WITH REGARD TO DISEASE PROGRESSION (LES KALISH AND JEREMY TAYLOR)
Pro
If early ‘set-point’ RNA levels did not provide most of the information in the trajectory of RNA
with regard to disease progression, then we would expect that the estimated association between
most recent viral load and progression should be much larger than the association between
baseline viral load and progression. That is, consideration of viral load as a time-varying
covariate provides much more prognostic information than a single baseline measurement.
The most widely cited paper in support of viral load monitoring is based on data from the
Pittsburgh portion of the Multicenter AIDS Cohort Study.11 The concluding paragraph of this
paper states ‘2 HIV-1 RNA is the best available surrogate marker of HIV-1 disease progression.’
Yet the results of the paper suggest that baseline (set-point) viral load carries about the same
prognostic information as most recent value. With 10)6 years median follow-up among patients
who did not develop AIDS and 5)6 years median follow-up among those who did develop AIDS,
the relative hazard (RH) of death associated with a tenfold (1 log) difference in baseline viral load
was 2)51 (95 per cent CI: 1)85, 3)43), adjusting for CD4. In another proportional hazards model,
using time-varying covariates in place of baseline levels, the RH was 2)57 (CI: 1)85, 3)51). The
similarity of these estimates suggests that ongoing monitoring of viral load provides little more
information than the set-point level.
Table I summarizes results of the above study, and two additional published papers 12,13 which
considered both baseline and time-varying viral load in proportional hazards models. Also shown
is a meta-analysis of the three studies. The summary RH per tenfold difference in baseline levels
was 2)39 (CI: 1)84, 3)11) and using time-varying covariates the RH was 2)62 (CI: 2)02, 3)41),
suggesting that baseline (set-point) viral load carries nearly as much prognostic information as
ongoing (most recent) monitoring. This conclusion may need to be confirmed with analyses of
characteristics of the RNA trajectory other than the most recent value,14 but it is likely in practice
that subtle differences in trajectories may be masked by assay variability.15
Con
The RNA set-point is a frequently used term,16 however, very little has been written to define it
formally and to evaluate whether the concept is valid and useful. In the work of Mellors et al. on
62 seroconverters in the Multicenter AIDS Cohort Study (MACS),17 the RNA set-point level (the
viral load value attained a few months after HIV infection) was shown to have good prognostic
significance for disease progression. Mathematical modelling research18 has also assumed that
there is a long stable or equilibrium period, corresponding approximately to the asymptomatic
period in infected subjects, during which viral load and CD4 count are stable. Based on the above,
( 1998 John Wiley & Sons, Ltd.
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Table I. Meta-analysis of baseline plasma HIV-1 RNA and time-varying viral load in proportional hazards
models
Author

Endpoint

Median
follow-up

Viral load
predictor

RH per ten-fold
differences

(95 per cent CI)

Mellors et al.10

Death

5)6—10)6 years*

Baseline
Most recent

2)51
2)57

(1)85, 3)43)
(1)85, 3)51)

Henrard et al.11

AIDS

7)5 years

Baseline
Most recent

1)77
2)05

(1)01, 3)13)
(1)21, 3)47)

Phillips et al.12

AIDS

(1 year

Baseline
Most recent

3)90
6)90

(1)36, 11)20)
(2)66, 17)86)

Meta-analysis

—

—

Baseline
Most recent

2)39
2.62

(1)84, 3)11)
(2)02, 3)41)

* 5)6 years among those who developed AIDS; 10)6 years among those who did not
s RH"relative hazard

we define the ‘RNA set-point model’ to have two components, the first is the level attained by an
individual’s RNA value soon after HIV infection, and the second the level that is maintained for
an extended period of time. According to the model, the pattern of RNA values, when plotted
against time for each infected asymptomatic individual, should look like parallel, horizontal lines.
We have examined the pattern of RNA change in individuals in three data sets. The first was
a small trial of the effect of influenza vaccination on RNA values. There were 4 or fewer
measurements per subject (n"45) and the total follow-up time was 12 weeks. Over this short
time period, we saw no significant changes of RNA for different patients (graph not shown).
The second data set was from the VA Cooperative group trial 298 of early versus late AZT.19,20
Here we considered the subset of patients from the late treatment arm, who did not go on open
label AZT and did not show clinical disease progression. These patients could be considered to be
in the asymptomatic untreated phase. There was up to three years follow-up on these 70 patients.
For this study, a pattern of parallel horizontal lines for RNA values was clearly not evident.
Figure 1 shows the data from a subset of 12 of the patients chosen so that their ranking of baseline
RNA values is evenly spread across the range. There is substantial fluctuation in RNA values,
clearly not consistent with the set-point model. However, we note that the within-subject
variation seen in these data is larger than that seen in other studies,21 suggesting that not all study
populations and/or not all methods of measuring RNA are equivalent.
The third data set consisted of a subset of Los Angeles MACS participants who had an RNA
measurement on a 1985 sample and a second one on a 1992 sample. All these men were infected at
least one year prior to their 1985 measurement and we excluded all men who developed clinical
AIDS in 1996 or earlier. The remaining 108 subjects could be considered in the asymptomatic
phase. Figure 2 shows the pattern of RNA change for a sample of 27 of these subjects; although
some subjects showed little change in RNA values over the 7 year period, others showed
considerable changes. Changes in CD4 number and CD4 per cent tended to show a more
consistent pattern (Figure 2). Furthermore, there also was a clear decrease in CD4 per cent,
illustrating that this was not a perfectly stable equilibrium period, but rather that there was slow
disease progression during this time.
( 1998 John Wiley & Sons, Ltd.
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Figure 1. Log (base 10) RNA values for participants who did not progress to AIDS from the late treatment group of VA
Cooperative Group trial 298 of early versus late AZT

Since the individual-level set-point definition given above implies that individual ranks on
early and late viral load measurement are maintained (in other words, that there is a high level of
‘tracking’), it follows that the early (set-point) level is highly correlated with later measurements.
We calculated correlation coefficients between the 1985 and the 1992 measurements in the MACS
data set (Table II). The two RNA measures have a moderate correlation of 0)47 which is lower
than either the correlation of 0)59 between the two CD4 cell counts or the correlation of 0)63
between the two CD4 per centages. This suggests that the pattern of CD4 changes during the
asymptomatic period was more predictable than the pattern of RNA changes, and that CD4
values showed more tracking than did RNA values.
We also addressed the prognostic value of current and earlier RNA and CD4 values on a group
of 183 Los Angeles MACS participants who had both 1985 and 1992 RNA and CD4 values,
without excluding those who went on to develop AIDS. We used the regression model developed
by Shi et al.22 to model the cube root of residual time to AIDS from 1992 as a linear combination
of the covariates with additive normal error. The 1992 measures of RNA and CD4 were both
significantly prognostic for the development of AIDS; the coefficients in these models were!3)1
for log(RNA) and 5)9 for log(CD4). We also noted that a different marker, the median number of
CD38 molecules on CD8 positive cells,23 a measure of immune activation, was of considerably
more prognostic significance than either of RNA or CD4 for this data set, suggesting that RNA
and/or CD4 were not necessarily optimal markers for prognosis. The 1985 measures of RNA and
CD4 differed in their prognostic significance; the coefficients for RNA was !2)2 and was
( 1998 John Wiley & Sons, Ltd.
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Figure 2. Log RNA, CD4 count and CD4% values for measurements taken at two time points in 1985 (time"0) and
1992 (time"7) for a subset of participants in the Los Angeles Multicenter AIDS Cohort Study, who did not go on to
develop clinical AIDS by 1996

Table II. Correlations between 1985 and 1992 measures of RNA, CD4 count and CD4 per cent

RNA(85)
RNA(92)
CD4count(85)
CD4count(92)
CD4%(85)
CD4%(92)

RNA(85)

RNA(92)

CDcount(85)

CD4count(92)

CD4%(85)

CD4%(92)

1)00

0)47
1)00

!0)36
!0)21
1)00

!0)28
!0)36
0)59
1)00

!0)38
!0)27
0)69
0)48
1)00

!0)37
!0)41
0)52
0)74
0)63
1)00

statistically significant while the coefficient of CD4 was 3)6 and was not statistically significant.
When the 1992 and 1985 measures were considered in the same model, the earlier RNA still
retained some marginal statistical significance whereas the earlier CD4 value clearly did not.
With both markers at both time points considered jointly in the model, arguably the most
appropriate analysis, then the 1985 values showed small non-significant coefficients, while both
( 1998 John Wiley & Sons, Ltd.
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1992 measurements were highly significant. Previous work with CD4 has shown that earlier
values of CD4 add essentially no information about future disease progression if the current value
is known24,25 even if values correlate in the short term.26 For RNA, earlier values may add some
information, but the current value is far more important. This observation invalidates the RNA
set-point model.
If the RNA set-point model were correct, one would not need to measure viral load repeatedly
in untreated asymptomatic subjects. However, such reduced monitoring is unlikely to be considered in clinical studies due to safety considerations. Also stratification or inclusion criteria for
a clinical trial in asymptomatic subjects would be based on old RNA measurements; again it is
doubtful this would be seriously considered. The RNA set-point model is an interesting hypothesis, but its apparent lack of validity and the fact that the set-point value is generally unknown
argue against its usefulness in describing individual RNA trajectories or predicting clinical
outcomes.

THERE IS A THRESHOLD IN THE DISEASE PROGRESSION RISK FOR BASELINE
RNA AND CD4 AND CHANGES DURING THERAPY (JOHN IOANNIDIS AND
IAN MARSCHNER)
Pro
The presence of a threshold for a biological marker (either its baseline or its change induced from
an intervention), means that there is a value above or below which the observed risk changes to
become zero, negligible or clinically insignificant. Although there is accumulating evidence on the
biological continuum of HIV disease which should translate into a continuous risk function, there
may exist strong threshold phenomena for the combination of CD4 and RNA measurements
when we view disease risk from a clinical or decision making perspective. A linearly changing
relative risk without a threshold translates to an exponentially changing absolute risk which
strongly suggests a threshold situation. Absolute risks are more important for physicians and
patients and the combination of CD4 and RNA measurements can define patient populations
that have practically non-existent risks of disease progression for substantial periods of time even
in the absence of therapy. Data from the Multicenter AIDS cohort study11 suggest that for
patients with CD4'500/mm3 who have RNA (500 or even (10,000 copies/ml, the risk of
AIDS in the subsequent 2—4 years is practically non-existent. In a mathematical modelling
approach,27 it has been estimated that a patient with CD4 above 500/mm3 and RNA of 10,000
copies/ml has at least 2)8 years before progressing to an AIDS equivalent stage and may have up
to 19 years to enter the risk zone. By comparison, a patient with CD4 above 500/mm3, but RNA
of 100,000 copies/ml is probably already within the risk zone of progressing at any moment or
will enter the risk zone within 3 years at the most (Figure 3). This is a very abruptly increasing
function that moves from a clinically low risk to clear and present danger with a relatively small
change of the biological marker. Moreover, due to the decreasing course of the epidemic in
developed countries, especially among patient subgroups that are likely to seek responsible and
regular medical care, the overrepresentation of long-term non-progressors and slow progressors
in these subpopulations is increasing.28 This means that the proportion of patients who are below
the threshold of meaningful short-term risk of natural disease progression is becoming larger,
while at the same time they are more widely offered increasingly aggressive therapy. As a result, in
the absence of robust, controlled data, we may be treating highly successfully a small segment of
( 1998 John Wiley & Sons, Ltd.
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Figure 3. Estimation of the minimum time (in years) of asymptomatic, untreated HIV-infected patients with CD4'500
per cubic millimetre to be at risk for progression to an AIDS-equivalent stage for viral RNA load of 10,000 copies/ml
(Figure 3(a)) and 100,000 copies/ml (Figure 3(b)) by NASBA or RT-PCR; probably Chiron bDNA values may be about
half these numbers, that is, 5000 and 50,000 copies/ml, in a mathematical model accounting for the unknown time since
infection (range 0—10 years) and the unknown rate of change of viral load over time (range 0)02—0)56 log per year). Patients
with 10,000 copies/ml have at least 2)8—19 years to start being at risk for PAE, while patients with 100,000 copies/ml may
develop PAE at any moment and will definitely enter the risk zone within less than 3 years. For details on the modelling
see reference 26

the world pandemic that has had the most favourable disease course anyhow, while the world at
large is succumbing to AIDS.
The situation is more problematic for determining thresholds of therapy induced changes,
because past data pertain either to regimens of negligible potency and/or short-term effects (less
than 1 year) that are clinically uninformative for a large majority of the patients. It is unknown
whether intensification of regimens that have already decreased viral load to the limit of detection
( 1998 John Wiley & Sons, Ltd.
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with current assays will achieve any meaningful reduction in the already drastically diminished
clinical risk, especially when we consider absolute rates of disease progression. A decision analysis
approach is required to piece together all evidence as data accumulate.
It must be acknowledged that in the absence of data, not only the presence of a threshold, but
even its direction, is uncertain. For example, if complete viral eradication and cure are achievable,
thresholds may exist beyond which patients with more advanced disease cannot achieve the
desired optimum. Treating earlier and changing to more effective treatment earlier may indeed
offer more optimal results,29 and later stage patients beyond some yet undefined threshold may
only see more modest or time-limited responses, or regimens of only moderate potency may not
reach some threshold required for complete, prolonged suppression of viremia.30
In assessing disease risks, there are several clinically important components that unfortunately
are typically ignored. In the management of a complex infection such as HIV, each of these
components may have a different threshold. Examples include: the risk of toxicity, including late
effects; the risk of inducing an unfavourable evolutionary spin on the virus; the cost-benefit ratio;
and, most importantly, the risk of inadvertent failure with wide implementation of sophisticated
interventions in real life in large patient populations rather than in controlled specialized settings.
Con
To address the issue of whether a threshold exists with respect to HIV RNA levels and clinical
disease progression, it is necessary to define more precisely what is meant by the threshold. In this
discussion we consider changes in HIV RNA levels in response to antiretroviral therapy, as well
as absolute HIV RNA levels achieved in response to therapy, and address whether: (i) there is
a maximum reduction in HIV RNA level beyond which further reduction has no additional
clinical benefit; (ii) there is a minimal reduction in HIV RNA level before one achieves any
clinical benefit; and (iii) there is an absolute HIV RNA level beyond which it is not clinically
beneficial to attempt further reduction.
Data from the Multicenter AIDS Cohort Study11 have indicated that there is a lower risk of
progression to a new AIDS-defining event and/or death for lower levels of HIV RNA. Very
similar results were obtained in a cross-study analysis of seven AIDS Clinical Trials Group
(ACTG) studies,31 where there was a progressively lower risk of clinical disease progression with
lower baseline HIV RNA level. Such a relationship argues against a lower absolute HIV RNA
threshold beyond which there is no further reduction in risk of clinical disease progression.
To explore further the existence of a threshold relationship with respect to therapy-induced
HIV RNA levels, we consider the risk of clinical disease progression as a function of posttreatment reductions and absolute levels of HIV RNA. In ACTG trials 116A, 116B/117, 175, 197,
229, 241 and 259, there were 1000 individuals who received antiretroviral therapy, who had both
baseline and follow-up measurements of HIV RNA level between 16 and 24 weeks subsequent to
baseline, and who did not clinically progress (defined as a new AIDS-defining event or death)
during the first 24 weeks of therapy. The reduction from baseline to the follow-up measurement
was categorized into eight equal-sized groups (octiles), and a proportional hazards model was
fitted adjusting for baseline level and stratifying by treatment regimen. This analysis was carried
out using time from week 24 until clinical progression or censoring as the outcome variable, and
a separate relative risk of clinical progression was allowed for each octile of HIV RNA reduction.
A similar analysis was carried out using the absolute follow-up measurement of HIV RNA
level.
( 1998 John Wiley & Sons, Ltd.
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Figure 4. Relative risk of clinical progression versus octile of (log) HIV RNA level 24 weeks after treatment initiation

The results of these analyses showed a strikingly linear relationship between the (log) relative
risk of progression and the HIV RNA level achieved in response to therapy, whether considered
as a reduction (adjusted for baseline) or as an absolute level. Figure 4 presents the results of the
latter analysis, while the results of the former analysis showed a very similar trend and are
presented in Marschner et al.31 This provides strong support for the linearity of HIV RNA level
in the proportional hazards model. Based on these results, one would argue that the risk of
clinical disease progression is related proportionally to: (i) the HIV RNA response to treatment;
and (ii) the absolute HIV RNA level achieved in response to treatment. Such a relationship
implies the absence of a threshold effect with respect to HIV RNA, and in particular, that larger
reductions in HIV RNA are associated with greater delays in clinical disease progression, while
lower absolute levels of HIV RNA are associated with a lower clinical progression risk. It also
indicates that any reduction in HIV RNA (beyond the natural variation of the assay, approximately 2)5-fold)32 is associated with a delay in clinical progression.
We need to interpret these conclusions, however, in light of the available data, which did not
include a large number of individuals experiencing reductions in excess of 1)5 log . As clinical
10
endpoint data on more potent therapies become available, there is a need to investigate whether
a proportional relationship persists when one achieves very large HIV RNA reductions. Furthermore, although it has been argued that reducing HIV RNA level leads to a proportional
reduction in risk of clinical disease progression, untreated individuals with naturally low levels of
HIV RNA (for example, (5000 copies/ml) may have such a low short to moderate term risk of
clinical disease progression that further reduction in risk is not beneficial when balanced against
( 1998 John Wiley & Sons, Ltd.
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the potential for toxicities and the considerable inconvenience of taking triple or quadruple drug
regimens. However, for treated individuals who are only able to achieve low levels of HIV RNA
due to therapy, further reduction (to unquantifiable levels) is likely beneficial due to protection
against the development of drug resistance.33

CURRENT STATISTICAL METHODS FOR ADDRESSING SURROGACY ARE
ADEQUATE (JEFFREY ALBERT AND DANYU LIN)
Pro
A surrogate endpoint as defined by Prentice,3 satisfies the following: a (non-null) treatment effect
on the surrogate implies, and is implied by, a (non-null) treatment effect on the ‘true’ endpoint.
Prentice’s operational criteria for surrogacy requires a marker to be correlated with the ‘true’
(clinical) endpoint and that the relationship between the surrogate and the clinical endpoint be
the same across treatments. While the apparent stringency of this criterion is often noted, it is less
frequently recognized that a marker that satisfies Prentice’s criterion is not necessarily useful in
a practical (predictive) sense. The latter limitation occurs because validity is specific to the set of
study conditions (especially the treatments compared) for which the marker is assessed. One can
imagine, for example, the above criteria being met by a treatment compliance measure in a study
that compares drugs with equal biological efficacy. However, compliance is not likely valid for
comparisons that involve other therapies in the likely class of interest. Thus, Prentice’s criteria
address what is referred to as ‘statistical’ surrogacy. What is desired, on the other hand, is validity
over a given open-ended class of drugs — or what we could refer to as ‘mechanistic’ surrogacy.
We cannot validate the latter entirely through statistical means and thus must involve
biologic considerations, although statistical approaches can in principle invalidate a putative
‘mechanistic’ surrogate.
Some aspects of the Prentice operational criteria imply observational rather than direct causal
inference. For example, comparing the ‘relationship’ between marker and clinical endpoint (as in
the assessment of ‘proportion treatment effect explained’), involves conditioning on a postrandomization variable (the marker response) which precludes casual inference without additional assumptions.34 On the other hand, the original definition that a marker effect is equivalent
to a clinical effect suggests that the proper unit of analysis is the study (or ‘matched’ pair). The
basis for causal inference is tenuous since we cannot expect to sample studies randomly from
a population of studies that represent the class of interest.
Recognizing the limitations of ‘statistical’ surrogacy, namely its restriction to the studies
observed, and its exploratory (that is, correlative) rather than confirmatory (or causal) nature,
alternative methods have been proposed. Fleming35 presented a meta-analysis that assessed the
association among studies of anti-HIV regimens of progression to AIDS/death and statistically
significant CD4 effects. He found that out of eight studies with positive clinical effects, seven had
significant CD4 effects. However, this apparently high sensitivity came at the price of low
specificity, as six out of eight studies that showed no or negative clinical effects also had significant
results for CD4. Fleming concluded in this admittedly simple approach that CD4 is an inadequate surrogate marker — a conclusion consistent with current consensus. Daniels and Hughes36
proposed a meta-analytic method that uses a two-stage model to take into account measurement
error while relating the underlying true surrogate and clinical responses. Using a Bayesian
approach, they place prior distributions on the parameters in this regression relationship. This
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method has a number of attractive features: it allows for a test of association between marker and
clinical endpoint; the model can incorporate covariates to assess a possible lack of heterogeneity
among studies; one can accommodate studies that compare more than two treatments; and it
allows inference for predicted clinical effects for specified marker differences. Daniels and Hughes
applied this approach to a set of 16 AIDS clinical trials that involved the class of nucleoside
analogue drugs. They determined that there was a significant association between difference in
mean CD4 and the hazard ratio for progression to AIDS/death. However, they found that a very
large CD4 effect (30—40 cell difference) was needed for 95 per cent confidence of a positive
predicted clinical effect. Thus, the limitations of CD4 as a surrogate endpoint were also brought
out by this approach. In the case of single-study analysis, aside from the proportion treatment
effect explained approach, one could consider methods analogous to the above meta-analyses,
but where subgroups (based on baseline covariates) provide the unit of analysis. Although there is
much room for extension and further development, available methods provide reasonable and
informative tools for the assessment of surrogacy.
Con
While a variety of metrics have been proposed for evaluating the degree to which the Prentice
condition holds, such metrics are subject to misinterpretation because of the multiplicity of
mechanisms by which drugs operate.37 Without detailed understanding of these mechanisms,
metrics of ‘surrogacy’ are not directly interpretable. Even when all of the mechanisms are
understood, these metrics are associated with a high degree of uncertainty unless either treatment
effects are large in moderate-size studies, or sample sizes are large in studies of moderately
effective treatments.
Lin et al.38 derived variance estimates and confidence intervals for the proportion of treatment
effect explained by a surrogate marker (PTE) in the context of the Cox regression model. The
PTE is obtained from the estimated regression coefficients of treatment with and without the
marker in the model; as it involves the ratio of the two estimated parameters, it is highly variable.
In addition, the statistic is in fact not a true proportion, as it is not guaranteed to lie within 0 to 1.
Such inadequacies of PTE were demonstrated using data from ACTG 019 (see Volberding et al.39
for the primary results). For example, the 95 per cent confidence interval for PTE using CD4
count as a surrogate for progression to AIDS after week 16 was (!0)14, 1)08). As a result of the
limitations of PTE our assessment of CD4 and RNA as surrogate endpoints is indeterminate.
Existing studies do not provide strong, consistent evidence that either CD4 or RNA explains
a large proportion of (aggregated) treatment effect.8,21,40
There has been little work on alternative statistical approaches. A meta-analysis approach
seems desirable to reduce variability. Nevertheless, we need to resolve basic problems in the
interpretation of measures of surrogacy such as PTE as well as questions about the biologic
mechanisms of drug action.
THERE ARE NO SUBGROUP DIFFERENCES IN THE PROGNOSTIC ABILITY OF
SURROGATE MARKERS (KINLEY LARNTZ AND SETH WELLES)
Pro
While, it may be conceded that there are differences in various subgroups for some studies, the
problem arises when analysis of subgroups is not defined prior to study initiation. Often a clinical
( 1998 John Wiley & Sons, Ltd.
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trial seeks to determine if A is better than B. Statistical analysis may find no evidence of difference
for the main study question, but further analysis reveals some ‘interesting subgroup findings’. In
a recently analysed unpublished study there were 7 responses and 20 subgroup factors. Interaction tests were conducted to determine if there was a different effect of treatment (A or B) for each
combination of response and subgroup factor. In all, 140 tests were done. The results were that
134 tests resulted in p-values greater than 0)05, 6 with p-values between 0)01 and 0)05, and none
with p-values less than 0)01. The investigators concluded that 5 of the 6 nominally significant
differences in relationships were plausible and that for several that did not attain the 0)05 level of
significance it was worth reporting trends. From a statistical viewpoint, one must suspect that we
are merely seeing the results of chance error.41
Clinical trials are powered to answer the main endpoint and are typically underpowered to
address secondary endpoints.42 They are even less suited to study variable effects of surrogate
predictors in small subgroups. We should be sceptical of unanticipated differences in relationships and in most cases such differences have emerged with after-the-fact analyses.
Con
The ability of a marker to monitor treatment efficacy depends on the range of a marker in
a patient group, relative to the magnitude of association of a marker with clinical outcome. For
instance, how useful is CD4 count as a marker when the median level of cell count in a patient
group is quite low, for example, 50 or 100 cells/mm3? Unless very small changes of markers are
related to observable large changes in clinical progression, CD4 might not be useful in a very
homogenous patient group.
With respect to plasma HIV-1 RNA levels, one can see the effect of restricting the range of
this marker on its prognostic capacity from the published 116A analysis43 on 187 patients
selected for virus substudy. In this study, there were two groups of patients, those with a short
course of prior ZDV therapy ()16 weeks) and those who were ZDV drug-naive. Patients on
a short course of therapy came into the study with significantly lower plasma HIV-1 RNA levels
than patients who were drug naive (median levels 109,000 versus 171,000 copies, respectively;
p"0)03); we would expect this due to ZDV’s efficacy in lowering viral load in the absence of
drug-resistance.
Changes of plasma HIV-1 RNA levels in response to antiretroviral treatment also varied by
subgroup; patients with short-term prior ZDV therapy did not have decreases of viral load
whether they were continued on ZDV or switched to ddI, while drug-naive patients had
significant drops over 24 weeks of study, irrespective of treatment. However, should we interpret
this as meaning that one or both drugs are not effective in treating previously ZDV-treated
patients? In this short-term treatment subgroup, with low viral load at entry, both drugs
maintained lower levels of circulating virus.
The problem with utilizing this prognostic marker in the short-term ZDV treatment subgroup
is underscored by using Cox regression to analyse the prognostic value of plasma HIV-1 RNA;
there was no significant association of baseline RNA level with time to new OI or death in this
subgroup (RH"1)11 for having a three-fold higher RNA level at baseline; p"0)65). Contrast
this result with the significant association of this marker with progression in drug-naive patients
who enrol with plasma HIV-1 levels that reflect their immune systems’ abilities to suppress viral
load; RH"1)87; p"0)004. Thus, the utility of this marker to predict clinical progression varied
by treatment history.
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What about the use of laboratory markers to monitor treatment efficacy in diverse racial,
ethnic or risk-profile subgroups, including African-Americans, women only, or male homosexuals? If these demographic factors are associated with having drug-resistant HIV or being
drug-naive, then these demographic factors become indicators of treatment history, and we would
expect that the utility of virologic laboratory data to predict disease progression might also vary
by demographic group.

STRATIFICATION BASED ON BOTH CD4 AND RNA IS NECESSARY AND
SUFFICIENT (ALVARO MUN3 OZ AND JIM NEATON)
Pro
Using data from 1604 HIV positive participants of the Multicenter AIDS Cohort Study followed
for over ten years with prognostic factors measured at a single time point around September of
1985, HIV RNA was the single best predictor of disease progression to clinical AIDS (that is, not
simply reaching CD4 cell count below 200), followed in order of predictive strength by CD4 cell
count and serum neopterin, and beta -microglobulin. To assess the relative prognostic power of
2
each of the markers, we used a direct extension of q-q plots44 to compare the percentile values of
each marker in the group who developed AIDS with the percentile values in the group who
remained AIDS-free. Specifically, if a value x of a marker was the pth percentile of the marker in
the AIDS-free group, we determined the value y of the marker that was the same pth percentile of the
marker in the group who developed AIDS. A graph of the natural logarithm (ln) of the ratio of
the percentile values: ln (y/x) versus x, shows the difference in the distribution of the marker
between the AIDS and the AIDS-free groups. If there is no difference in the distribution of the
marker between the groups, then y+x and ln (y/x)+0. Markers that are higher (or lower) in the
AIDS group will have ln (y/x) values that are above (or below) zero; and we can use the distance
from zero of the ln (y/x) values to compare the strength of the prognostic information. Namely,
the further away the values of ln(y/x) are from zero, the better is the prognostic marker. The
advantage of this extension of q-q plots is that we can compare markers that have different scales
because the ln of the percentile value ratio is unitless and we can undertake formal testing by use
of accelerated failure time distributions.45
Of the 1604 individuals whose viral load and CD4 cell counts were measured at a single time
point (September 1985), 998 developed clinical AIDS during the follow-up to 1 July, 1995. The
25th, 50th and 75th percentile values of HIV-RNA in the AIDS-free group were 1111, 3636 and
10,340 copies/ml, respectively. The corresponding percentile values (25th, 50th and 75th) for the
AIDS group were 7153, 19,145 and 52,900 copies/ml, respectively. The natural logarithms (ln) of
the ratios of the percentile values in the AIDS: AIDS-free groups were 1)86"ln(7153/1111),
1)66"ln(19,145/3636), and 1)63"ln(52,900/10,340), respectively. Part (a) of Figure 5 shows
these three values with open circles marking the 25th and 75th percentiles and]marking the 50th
percentile. Parts (b)—(d) in Figure 5 show the ln of the ratios of the percentile values for CD4
lymphocyte count, neopterin and beta -microglobulin, respectively. Since the distance from the
2
zero line indicates the strength of the marker, HIV-1 RNA was the strongest predictive marker,
followed by CD4 lymphocyte count, neopterin and beta -microglobulin, with CD4 lymphocyte
2
count being only slightly more predictive than neopterin.
Multivariate analysis showed that plasma viral load discriminated risk at all categories of CD4
cell count. Conversely, CD4 cell count was significantly associated with the hazard of AIDS after
( 1998 John Wiley & Sons, Ltd.
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Figure 5. Natural logarithm of the ratio of the percentile values of the markers in those who developed AIDS compared
to those who remained AIDS-free during follow-up. The data points show the natural log values of the ratios. The
distance of the data points from 0 (dashed line) indicates the strength of the association of the marker with AIDS
development. The values of the markers in the AIDS-free group are shown on the abscissa: ‘]’ marks the median (50th
percentile) value of the marker and ‘L’ marks the 25th and 75th percentile

adjusting for HIV-1 RNA in a proportional hazards model.46 A regression tree using recursive
partitioning showed that HIV-1 RNA and CD4 lymphocyte counts jointly provided better
outcome discrimination than either marker alone, defining categories of AIDS risk within six
years ranging from (2 per cent to 98 per cent.46 Although not fully sufficient, the level of risk
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discrimination provided by HIV-1 RNA and CD4 lymphocyte count may suffice for prediction of
disease progression and for a wide range of issues regarding clinical management of HIV infected
individuals.
Con
In general, the research question defines the eligibility criteria for clinical trials which in
turn affects the sample size, recruitment/screening effort, and potential generalizability of
the findings. Homogeneous groups of patients are desirable in some studies for reasons of
efficiency, because of the endpoints considered, and patient safety concerns. In other studies, it
may be either reasonable to assume that the treatment will help a diverse group of patients
or important to show that it does. In those cases, one prefers or requires broad inclusion
criteria.47 These general statements apply to CD4 and HIV RNA as well as to other criteria, for
example, asymptomatic/symptomatic disease, antiretroviral drug history, background treatment
regimen.
CD4# cell count and presence/absence of symptomatic HIV disease have been used to define
inclusion criteria for most antiretroviral trials. Both are easily assessed and strong predictors for
disease progression or death.48 Both have a large impact on sample size. HIV RNA is another
important predictor of disease progression,46 but only a few studies have employed it to define
trial eligibility. Thus, trials that appear homogeneous because of tight CD4# criteria, may
actually involve patients with a substantial range of risk of disease that one could reduce with
consideration of HIV RNA.
The certainty about when to start treatment and how aggressive treatment should be argued
for much broader inclusion criteria. Since even highly active HIV treatments may have
time-limited efficacy, it is important to capture fully the range of risk of patients in future
trials. Patients at higher risk of disease may benefit from treatment, but in the same follow-up
period, the benefit for patients at lower risk of disease may either be uncertain or not present.
Thus, for trials of treatment strategies, we should record but not restrict both CD4# and HIV
RNA.
CD4# and HIV RNA are strong prognostic variables for disease progression and death.
Control of both, either with inclusion criteria or pre- and/or post-stratification, reduces
variability among patients and makes for more efficient conduct of some short-term pilot/
early phase studies. The recording of both at baseline in larger, long-term strategy trials
will provide data to assess homogeneity of treatment effects. Along the same lines, in some
studies we may find it worthwhile either to freeze specimens for future analysis or to record
additional information on other markers that may be important predictors of disease outcome,
as the determination of such markers becomes simplified and we delineate and ascertain
their predictive potential. Such markers could include SI/NSI49 phenotype, viral resistance
phenotype and genotype50,51 immunogenetic parameters,52 and immune activation markers,24
among others. The levels of proof for the predictive value of each of these markers
differ substantially, but it is unlikely that CD4 and viral load alone capture all the
prognostic information. Limiting eligibility criteria in clinical trials according to values of
these numerous markers is difficult, and probably unnecessary, but their explicit recording
might provide useful information. One could more safely extrapolate such broadly inclusive
trials with more clearly defined risk groups and use them to improve treatment guidelines.
( 1998 John Wiley & Sons, Ltd.
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SURROGATE MARKERS ARE PREFERABLE TO CLINICAL EVENTS AS PRIMARY
ENDPOINTS IN EFFICACY TRIALS (JEFF MURRAY AND ROBERT COOMBS)
Pro
For the purpose of this discussion, we define efficacy trials as those studies that illustrate the
efficacy of a drug treatment. We call trials that answer treatment strategy questions strategy trials
to differentiate them from efficacy trials. For some strategy trials, such as defining when to start
treatment, clinical events will probably remain as the endpoints of choice, however, for drug
efficacy trials there are several reasons why one would prefer surrogate markers, such as
HIV-RNA, over clinical endpoints. These reasons fall under two categories: (i) logistical/philosophical; and (ii) scientific.
Logistically, surrogate markers such as plasma HIV RNA are preferable from both an
investigator and trial participant perspective. With surrogate markers used as study endpoints,
participants are not required to remain on a fixed drug regimen until documentation of clinical
deterioration. Participants who have shown virologic or immunologic deterioration may seek
optimal therapy before experiencing significant progression, as they would in real life. Flexibility,
consistency with routine clinical practice, and protection of the patient’s well-being are reasons
for preference of surrogate markers over clinical events.
For investigators, surrogate markers are logistically preferable for the same reasons as
listed above but are also more attractive because surrogate marker studies are generally easier
to conduct. Enrollment is easier in trials that give patients ‘escape’ options before
clinical deterioration, and, if one measures time to virologic failure as the primary endpoint,
patients can switch therapies prior to clinical failure yet still contribute to the study endpoint.
With a surrogate endpoint, treatment compliance and switch-overs become less of an issue
which also reduces the difficulty in evaluating the study data. Surrogate markers are
easy to measure, requiring a simple blood test. In contrast, one may require a series of
invasive diagnostic procedures to document clinical endpoints. Finally, one can implement surrogate marker trials, as compared to clinical event trials, more quickly in patients
with earlier HIV infection in which clinical events occur infrequently over prolonged
follow-up.
We cannot justify use of surrogate markers solely for convenience if there is a lack of scientific
rationale to support the predictive abilities of the markers. However, there is substantial scientific
support for the clinical relevance of plasma HIV RNA. Plasma HIV RNA measurements served
as the basis for accelerated approval of four drugs, Epivir (lamivudine), Invirase (saquinavir),
Norvir (ritonavir) and Crixivan (indinavir). All these drugs were studied in ‘confirmatory’ trials
that used clinical events. In all cases the treatment arm that showed the greatest reduction in
plasma HIV RNA also showed clinically and statistically significant reductions in disease
progression and death.
Biologically, there is also scientific support for the use of plasma HIV RNA as an efficacy
endpoint. Antiretroviral drugs exert their effect by halting viral replication and infectivity. The
ability to reduce viral particles is the activity measure of interest. Large decreases in plasma HIV
RNA levels are associated with parallel decreases in the lymphoid compartment.53 From this
aspect, one may think of HIV RNA suppression not as a surrogate endpoint but as the direct
outcome of what antiretroviral drugs are designed to do, suppress virus.
Proponents of the formal statistical validation of plasma HIV RNA3,54 leave unclear what
percentage of treatment effect explained is adequate to consider a surrogate marker ‘validated’ for
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use as an endpoint. It is unlikely that any surrogate explains 100 per cent of the treatment
effect. Also, not all clinical events are necessarily related to HIV disease progression. For example,
the development of some infections, such as Pneumocystis carinii pneumonia, may sometimes
relate more to lapses in prophylactics rather than HIV progression or lack of antiretroviral
efficacy.
The clinical endpoint currently used in clinical event trials is a composite of death and
approximately 30 infections and other conditions (modified from a CDC definition of AIDS used
for epidemiology purposes). Endpoints other than death usually comprise the majority of events.
This complex clinical endpoint has never been held to the standards of a formal validation as
proposed for HIV RNA.

Con
Surrogate endpoints often do not predict the true clinical effects of a therapeutic intervention.38,55 The reasons for this include either the presence of causal pathways of the
disease process that are not mediated through the surrogate marker or the intervention has
unintended mechanisms of action independent of the disease process, are quite unanticipated and
are usually unrecognized until one conducts a clinical-endpoint-driven clinical trial. These
surrogate marker considerations are particularly important with a chronic illness such as HIV
infection.37
The validation criteria developed by Prentice3 for phase III clinical trials require that a surrogate must be a correlate of the true clinical outcome and must fully capture the net effect of
treatment on the clinical outcome.37 Seldom, if ever, has the latter criterion been rigorously
established in other areas of medicine let alone HIV-1 infection. For example, the wide acceptance
of suppression of arrhythmias as a surrogate for prevention of mortality in survivors of myocardial infarction (simply because arrhythmias correlated with sudden death) led to a tragically
misleading adoption of antiarrhythmic agents for such indications.56 The acceptance of a surrogate by the FDA may be a decision made in the context of pressing practical considerations
(in particular, to provide an additional treatment option to patients with few or no alternatives),
but does not prove the validity of a surrogate. In fact, the unbridled exuberance shown by
some clinical investigators, physicians and patients for plasma HIV-1 RNA as a surrogate for
clinical outcome in HIV-1 infection is based on the misconception that if an outcome is
a correlate (through observational studies) we can use it as a valid surrogate endpoint and
replacement for the true clinical outcome in prospective studies. The results of ACTG protocol
076 that looked at the effect of zidovudine on plasma HIV-1 RNA level and the association of
both with vertical HIV transmission is an example of the dissociation between a correlate and
a surrogate.57
The complete validation of plasma HIV-1 RNA requires a better understanding of the
causal pathways of the HIV-1 disease process that includes both virologic and immunologic
parameters, as well as a therapeutic intervention’s intended and unintended mechanisms
of action.37 As such, it is premature for us to use a single marker of disease, such as plasma
viral RNA level, which is sufficient for short-term preliminary phase II studies, as a replacement for clinical endpoints in phase III clinical trials of HIV-1 therapies. The purpose of a
phase III clinical trial is to learn about how to treat the patient, not just the patient’s viral
RNA!
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IMMUNOLOGIC, VIROLOGIC AND CLINICAL ENDPOINTS SHOULD ALL BE
INCORPORATED IN THE ASSESSMENT OF TREATMENT EFFICACY
(LARRY CRANE AND RALPH DEMASI)
Pro
Measurements of virologic and immunologic endpoints are powerful tools for the appraisal of
treatment efficacy in HIV disease. Unfortunately, surrogate marker treatment prediction effect is
incomplete. The literature is replete with studies that demonstrate the limitations of CD4# lymphocyte measurements.8,35,58,59 Measurement of plasma HIV RNA response to therapy represents
a significant advance. While there are encouraging preliminary results of ongoing studies of
intensive or highly active antiretroviral treatment (HAART) limited to patients with early
infection,60,61 there is incomplete proof of the concept that serial measurements of plasma HIV
RNA reflect virus activity in other compartments. Further, generalization of these observations to
include all stages of HIV disease is, at present, inappropriate. While these trials have provided
significant insights into the pathogenesis of HIV disease, it is noteworthy that we still do not fully
understand the mechanisms, likely immune, behind the low RNA/high CD4# cell counts
observed in long-term non-progressors.62 Indeed, these immune mechanisms are clearly distinct
from the treatment effect of antiviral drugs. In that regard, the currently available surrogate
markers may not apply to all treatment modalities, particularly immune- and gene-based
therapies.
There are circumstances where we obtain important information by measuring clinical endpoints in antiretroviral trials. The opportunistic event profile in AIDS was drastically altered by
prophylaxis.63 Recently, HAART has altered the event profile even further. For the clinician who
cares for persons with HIV disease, and for those with HIV disease, there are pragmatic,
compelling reasons to provide information on, and to measure, clinical endpoints. Even with
HAART, the immune system has a limited quantitative and qualitative capacity to replace T-cells
lost to infection.64 There are recent anecdotal reports of altered, unexpected or unusual opportunistic events occurring at the initiation of, or during HAART.65,66 Monitoring event profiles
should therefore provide important clues to clinicians and their patients for prophylaxis and
treatment strategies. Furthermore, clinical endpoint trials still have great utility in the advanced
patient — salvage trials. Strategy trials in less advanced patient populations are best addressed by
combined or staged endpoints that utilize laboratory and clinical endpoints.
Con
Immunologic and virologic endpoints alone are necessary and sufficient for the assessment of
treatment efficacy in all phases of controlled clinical trials. Moreover, powering clinical trials to
detect treatment differences in clinical endpoints is no longer necessary to the extent that virologic
and immunologic parameters can reliably predict the treatment effect of antiretrovirals on clinical
endpoints.46,67 In other words, confirmatory clinical endpoint studies (which necessarily have the
same design as a previous trial with virologic and immunologic endpoints) are redundant since
there is a high probability that observed meaningful treatment effects on virologic and immunologic endpoints (that is, larger and more sustained virologic and immunologic responses) will
translate into meaningful treatment differences on the (unobserved) clinical endpoints.21
One may argue that there is too much unexplained variation in the estimate of the treatment
effect on the clinical endpoint (that is, unexplainable by the treatment effects on virologic and
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immunologic endpoints alone). Measurement error associated with virologic and immunologic
endpoints is often cited59 as the primary reason that virologic and immunologic endpoints may
not capture fully the treatment effect on the clinical endpoints. However, one must not dismiss the
measurement error associated with the clinical endpoints in this shortcoming, since it is wellknown that so-called non-differential misclassification biases68 the estimate of the true treatment
effect towards the null.
It also has been argued that the clinical effects of an anti-HIV treatment may operate through
a causal pathway which excludes virologic and immunologic responses (and therefore we may
miss a good treatment with respect to clinical outcomes if we rely only on virologic and
immunologic endpoints); however, this argument is biologically implausible given recent advances in our understanding of HIV-1 pathogenesis.18
It also has been argued that an anti-HIV treatment may actually be unduly toxic and as such,
we should avoid sole reliance on virologic and immunologic endpoints since we may miss the
toxic effects (or they could contribute to the efficacy analysis if we consider all-cause mortality).
This underlies the importance of thorough treatment comparisons of clinical adverse event rates
and abnormal laboratory profiles. There are other disadvantages of using clinical endpoints for
assessment of treatment efficacy in controlled clinical trials, namely: (i) with the new and
improved anti-HIV regimens and the emphasis on early treatment, clinical endpoints are
becoming increasingly rare, and as such, studies designed to detect clinical endpoints will require
more patients with longer follow-up periods; (ii) with the increasing use of real-time viral load
monitoring treatment, we can identify failures early (often within two to four weeks of treatment
initiation); thus patients are unwilling to remain on such a failing regimen and non-compliance
results, which blurs the true treatment difference and makes the results difficult to interpret; and
(iii) the excess morbidity and mortality observed in a confirmatory clinical endpoint trial is
a prerequisite for a successful trial (that is, a trial that confirms treatment efficacy), but presents
ethical dilemmas if such a trial promotes sub-optimum patient care.

THERE IS A NEED FOR STANDARDIZATION IN ANALYSIS
AND REPORTS WITH RESPECT TO SURROGATE ENDPOINTS
(BRIAN CONWAY AND DENNIS O. DIXON)
Pro
The goal of antiretroviral therapy in 1997 is to reduce plasma viral load below the limit of
quantitation of currently available assays (generally speaking, below 400 copies/ml plasma). It is
clear that a wide range of drug regimens can accomplish this, particularly in treatment-naive
individuals. More sensitive tests will become widely available in the near future, allowing accurate
quantitation down to 50 copies/ml plasma or less. Nevertheless, we need agreement on the most
appropriate endpoint to compare the efficacy of different highly effective treatment regimens.
A number of specific issues need addressing: (i) Are the kinetics of plasma viral load clearance
relevant in comparing the ability of different regimens to suppress HIV replication? (ii) What
threshold of suppression should we utilize to compare regimens? (iii) Should we use a composite
measure that integrates the magnitude and durability of virologic suppression? (iv) Should we
integrate additional factors into a composite virologic efficacy parameter?
In a study69 of 151 drug-naive patients randomized to zidovudine/didanosine (ZDV/ddI)
versus zidovudine/nevirapine (ZDV/NVP) versus zidovudine/didanosine/nevirapine (ZDV/ddI/
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NVP), no significant difference in virologic suppression between the ZDV/ddI and the
ZDV/ddI/NVP groups was observed at 52 weeks (!1)1 versus !1)3 log 10 copies/ml, p"0)95)
when conventional viral load test results (limit of quantitation 400 copies/ml) were considered.
When the analysis was repeated using a more sensitive viral load assay (limit of quantitation 20
copies/ml),70 a difference between the two groups was now readily evident (!1)5 versus!2)1 log
10 copies/ml, p"0)001). The clinical relevance of this result is supported by the fact that patients
with maximal virologic suppression ((20 copies/ml) had a more rapid and durable response to
therapy and were less susceptible to compliance-related loss of virologic containment than
patients who were not maximally suppressed (20—400 copies/ml).
The standard analysis for comparing different antiretroviral therapy regimens should involve
the reduction in viral load compared to baseline using a test capable of quantitating HIV down to
the lowest practicable level. One could use secondary analysis (including the kinetics of initial
virologic suppression and the durability of the response) to provide supportive evidence of
therapeutic efficacy.71

Con
Standardization is good only when based on good analyses. At present, data are not available to
guide the definition of marker-based endpoints. It is likely to be more useful to standardize the
data to be collected, so that alternative approaches to analysis are possible, but even such
standardization is a formidable challenge.
Choice of a particular primary endpoint should not be arbitrary. It should reflect a belief on the
part of the investigators that one metric carries more meaning than other possible choices. We
need to know much more about how RNA changes over time in the presence of antiretroviral
treatments in order to define summaries with evident meaning.
Perhaps the most controversial issue is whether the RNA levels ultimately matter as surrogates for clinical events in the traditional way or whether they are important by themselves,
that is, whether viral load reductions measure efficacy. In the latter case, resources that one
would otherwise use for prolonged follow-up and collection of laboratory and clinical data
might be used instead for more intensive observation over a specified, relatively short time
period. Data relevant to this point are emerging, but only for relatively advanced patient
populations.
Until we have a solid basis for focusing on a particular metric, it is surely better to encourage
diversity of approaches so as to explore the widest possible variety.
It might be claimed that we should at least be able to examine results of different studies using
the same metric. This means that we need agreement on a basic data set for collection, even if it
involves some observations for which there is no immediate analysis plan. (It will be tricky to
justify the extra burden of data collection at the level of the informed consent.)
Suppose two trials are both evaluating mean reduction in log (RNA) at 6 months, but one
requires single measurements at baseline and at 6 months, whereas the other requires replicate
measurements at baseline separated by at least 7 days and requires averaging of measurements at
5, 6 and 7 months for the 6-month value. Standardizing data requirements entails a significant
additional burden on the first trial participants and investigators.
Given the severe limitations on current understanding, it is more productive to obtain
information about a range of endpoint definitions than to standardize.
( 1998 John Wiley & Sons, Ltd.
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Table III. Description of debate questions and summary conclusions
Question

Summary

The choice of marker metric and
assay for a surrogate endpoint
have little effect on conclusions regarding treatment efficacy

If assays measure the same quantity then the choice of assay should be
immaterial. Inconsistency of results for different metrics may point to
design or analysis flaws, or inconclusive data. Estimates of proportion
of treatment effect explained can be very different according to the
metric used, but its typically high variability makes comparisons
difficult.

The ‘set-point’ provides most of
the information in the trajectory of
RNA with regard to disease progression

The ‘set-point’ may be examined from both the group and individual
perspective. From the group perspective, a meta-analysis of three
natural history studies suggested that baseline values (considered as
set-points) carried as much prognostic information as the most recent
value. On an individual basis, longitudinal measurements of RNA
over time show very substantial variability which contradicts the
set-point concept of a long, stable RNA level and undermines its
practical use in study design and analysis. The usefulness of the
set-point model is also questionable in the context of effective treatment.

There is a threshold in the disease
progression risk for baseline RNA
and CD4 and changes during therapy

For asymptomatic patients with CD4'500 who have RNA(10,000
the risk of AIDS within 2—4 years is practically non-existent. Determining thresholds for changes is problematic since the available data
is primarily short term. In a cross-sectional analysis of several protocols there is a linear response, with no evidence of any threshold,
however changes in RNA were modest. In the absence of data on the
efficacy of potent regimens and the possibility of eradication even the
direction of a threshold is uncertain. All reductions of viral load are
likely to result in some benefit. However, quantitation of the benefit in
absolute magnitude for individual patients and populations is also
important.

Current statistical methods for addressing surrogacy are adequate

The proportion of treatment effect explained by a surrogate endpoint
is subject to large variability and difficulties in interpretation. An
alternative approach is to model the relationship between marker
changes and clinical response, either through meta-analysis or within
a single study by looking at subgroups. All methods are subject to bias
due to the observational nature of the question. Extrapolation to new
drugs requires a biologic understanding of drug action.

There are no subgroup differences
in the prognostic ability of surrogate markers

Subgroup analysis should be defined prior to the initiation of the
main analysis, and driven by biological considerations. It may be
argued that the prognostic ability of HIV RNA differs in naı̈ve and
treated patients. However, a difficulty in such subgroup analyses is
that the range of marker values within subgroups is often reduced.

Stratification based on both CD4
and RNA is necessary and sufficient

The combination of CD4#cell count and RNA level provides better
outcome discrimination than either marker alone and explain to
a large extent the variability in time to disease progression. Homogeneity is desirable for some studies to reduce variability among patients
for short-term/pilot studies. Heterogeneity is desirable in larger
studies and incorporation of CD4 and RNA measurements in the
trial design may allow an assessment of the generalizability of the
results.

( 1998 John Wiley & Sons, Ltd.
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Table III. Continued
Question

Summary

Surrogate markers are preferable
to clinical events as primary endpoints in efficacy trials

Use of surrogates as opposed to clinical endpoints in efficacy trials as
opposed to strategic trials appears to give increased flexibility and the
outcome measures in the short term correlate clinically and virologically. For a chronic illness such as HIV where the causal pathway is
not fully known, it is important to consider clinical endpoints in
patient management. Adequacy of surrogate endpoints such as HIV
RNA may not carry over across different circumstances, for instance
from treating adults to preventing maternal-infant transmission.

Immunologic, virologic, and clinical endpoints should all be incorporated in the assessment of treatment efficacy

Clinical endpoints are still needed for advanced disease patients,
strategy designed clinical trials, and trials designed to address the
relative contribution of the immune system versus viral load at various stages of disease. They may not be needed in drug licensure
studies.

There is a need for standardization
in analysis and reports with respect to surrogate endpoints

So far no particular summary of RNA copy number data has emerged
as most useful for comparing effects of treatments (although a metric
based on the ability to suppress viral load to below the level of
quantitation of the most sensitive assays is promising). Until we have
a solid basis, however, for focusing on one metric or another, it is
probably better to encourage a diversity of approaches.

CLOSING REMARKS
The primary focus of this workshop has been to draw attention to key considerations in the use of
surrogate markers of HIV disease. Table III provides a summary of the major points made for
each of the nine questions discussed. It is clear that many questions have compelling arguments
on both sides and we emphasize that the purpose of this paper has been to promote a greater
understanding of these issues rather than to provide final answers. Challenges in the use of
surrogate markers in HIV clinical trials are likely to increase as the use of new potent antiretroviral therapies becomes more widespread and the need escalates to contain and treat the
pandemic worldwide, and not only in selected populations. Further consideration of these issues,
together with many of the insights elucidated here, are crucial to the proper use of surrogate
markers in future HIV clinical research and practice.
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