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Clinical Trial Report

Designs for clinical trials to test the ef�cacy
of therapeutics in progressive multifocal
leukoencephalopathy
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The design of a comparative treatment trial to evaluate the ef�cacy of thera-
peutics for progressive multifocal leukoencephalopathy (PML) is outlined. We
propose a large simple randomized trial with patient survival as its primary
endpoint, completed in a short period of time and involving a cohort with as
few enrollment restrictions as possible. We use strati�cation as the counter-
weight to the lack of exclusion criteria and suggest that proper strati�cation
will attenuate differences inherent in a heterogeneous subject cohort. Estima-
tion of power, sample size, and study duration, implementation of interim
analyses, toxicity management, and validation of secondary clinical measures
are also addressed. Journal of NeuroVirology (2001) 7, 369–374.
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Introduction

Progressive multifocal leukoencephalopathy (PML)
is a demyelinating disease resulting from brain in-
fection with the JC virus. It is rapidly fatal, affecting
immunocompromised individuals and up to 5% of
human immunode�ciency virus (HIV)-infected pa-
tients (Berger et al, 1998). No effective therapy has
been identi�ed for PML. In HIV infection, increases
in survival after PML diagnosis have been noted with
the advent of highly active anti-retroviral therapy
(HAART) (Clifford et al, 1999; Tassie et al, 1999;
De Luca et al, 2000a). Nevertheless, several cases
with poor prognosis have been observed in HAART-
treated patients (De Luca et al, 1998) even among pa-
tients otherwise responding to therapy (Weiner et al,
2000). PML-speci�c treatments are urgently needed.

Authoritative assessment of treatment ef�cacy can
only be performed through properly designed and
implemented clinical trials. Without such a study,
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information on the ef�cacy of a therapeutic agent will
be, at best, incomplete and, at worst, contradictory. A
salient example in the context of PML therapy is the
question of the ef�cacy of cidofovir, where several
contradictory reports have appeared in the literature
(Brambilla et al, 1999; De Luca et al, 2000a; Houston
et al, 2001; Marra et al, 2001).

We describe various aspects of the design of a PML
treatment study. The article is organized as a protocol
template of a comparative clinical trial. We advo-
cate a simple, large, multicenter randomized study
based on a simple outcome: patient survival on a
background of optimized anti-retroviral therapy for
all subjects (control group). This design can be ex-
tended to two or more comparisons with standard
treatment taking the place of the no-treatment arm.

Diagnosis of PML
De�nitive diagnosis of PML is made through patho-
logical evaluation of stereotactic brain biopsy spec-
imens (Silver et al, 1995). A less invasive and
adequately accurate diagnosis criterion includes ob-
servation of typical clinical and radiological fea-
tures of PML such as focal signs and symptoms,
plus magnetic resonance imaging (MRI) revealing fo-
cal demyelination with JC virus DNA detected in
the cerebrospinal �uid (CSF) by a polymerase chain
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reaction (PCR) assay. In the proposed trial, the latter
criterion will be used. Biopsy will be required if any
of the three criteria is negative or not present.

Primary endpoint
Given the rapidly fatal course of PML despite
HAART, in approximately 50% of subjects that de-
velop symptoms, survival is a viable endpoint for a
PML treatment study. A number of factors have been
shown to be predictive of patient outcome, such as
JC virus DNA levels in the cerebrospinal �uid (CSF)
(Taou�k et al, 1998, Koralnik et al, 1999, De Luca
et al, 1999, Yiannoutsos et al, 1999), reductions of
CD4 counts and HIV-RNA (Berger et al, 1998, Clifford
et al, 1999), proton magnetic resonance spectroscopy
(MRS) (Chang et al, 1997), Karnofsky score (De Luca
et al, 2000b), evolution of the neurological (Berger
et al, 1998, De Luca et al, 2000a) and neuroradio-
logical picture (Berger et al, 1998), and changes in
disability indices (Gasnault et al, 2001). However, no
endpoint has been validated as a surrogate marker
of PML morbidity and mortality. Patient survival is
a simpler and unequivocal endpoint that does not
require diagnostic technology not universally avail-
able (e.g., quantitative JCV-PCR or MRS) and it can be
recorded even after subjects have discontinued study
participation. Given current knowledge about the dis-
ease and its course, patient survival as the primary
study endpoint is a viable and easily quanti�able out-
come that will form the basis of our design.

Inclusion criteria
In a comparative PML treatment study, de�nition of
the target population is complicated by several is-
sues. Many patients succumb in the �rst 12 weeks af-
ter diagnosis. Inclusion of these rapidly progressing
cases will not allow the ef�cacy of even bene�cial
treatments to be observed, resulting in an increased
likelihood of a negative study, despite a large number
of events (deaths) experienced by this subject popula-
tion, which will result in a shorter study. With an ob-
served 10% rate of spontaneous remission even in the
absence of therapy (Berger and Mucke, 1988), includ-
ing PML patients with chronic infection will result in
a lower number of events and will reduce power,
increasing the required sample size, and lengthen-
ing study duration. A viable compromise is to in-
clude progressing cases regardless of the duration
of symptoms. Progression can be de�ned according
to a combination of imaging, virological, and neu-
rological markers. Whatever the de�nition, it must
be quanti�able and de�ned in advance to maintain
consistency across subjects and participating medi-
cal centers.

The issue of study duration is also important, so we
will elaborate brie�y here. HIV therapy has been the
only factor that has had a bene�cial impact on PML
survival. Anti-retroviral therapy is a rapidly evolving
science, so that in a lengthy study, patient progno-

sis may be dramatically different among subjects that
were enrolled early, versus those that were enrolled
later, especially when new anti-retroviral options be-
come available for patients failing their current treat-
ments. It is thus imperative that any trial of PML be
completed as soon as possible, to ensure the great-
est similarity among potentially confounding factors.
Given the dif�culties with patient enrollment, dis-
ease progression, and study duration—the best op-
tion is, in our opinion, conducting a large trial that
places the minimum of restrictions on subject enroll-
ment, and uses patient strati�cation to attenuate the
effect of potential confounding or predictive factors
of the clinical outcome.

Study design
Until a PML treatment standard has been identi-
�ed, a comparative treatment trial will entail the
experimental treatment along with a “control” arm
likely involving anti-retroviral therapy alone. Previ-
ous studies have attempted to separate the effect of
anti-retroviral and PML-speci�c therapies by requir-
ing an anti-retroviral therapy lead-in period prior to
study entry. We think that this would unnecessar-
ily complicate the study. Furthermore, as PML is a
rapidly fatal infection, subjects may elect to be treated
by both HIV- and PML-speci�c therapies, effectively
excluding themselves from a study requiring anti-
retroviral optimization prior to the initiation of PML
treatment. We propose eliminating the requirement
of an anti-retroviral lead-in period and thus includ-
ing all available subjects into the study as soon as
they are identi�ed. This may also increase the win-
dow of opportunity for the experimental agent to ben-
e�t the patient. On the other hand, monitoring anti-
retroviral therapy changes during the study as well
as HIV viral load in plasma and possibly the CSF
will be critical in the effort to distinguish the effect
of the anti-retroviral therapy from that of the PML-
speci�c treatment, particularly in a design where no
balancing through strati�cation or other means for
anti-retroviral history or treatment at entry has been
employed.

Strati�cation
Stratifying will ensure balancing factor levels across
treatment arms. Appropriate subject strati�cation is a
fundamental aspect of our design. It should be clear
that we are not attempting to introduce additional
subgroup analyses. Most likely, several factor combi-
nations will be sparsely populated and comparisons
between these subgroups will be woefully underpow-
ered. Rather, we expect that strati�cation will elimi-
nate confounding of signi�cant factors with treatment
effect (leaving the latter as the most likely cause of any
observed differences in clinical outcome). We also ex-
pect that the complexity that strati�cation will con-
fer on the study design will be more than compen-
sated by the increase in sample size resulting from
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open enrollment and the attenuation of the effect of
differences among subject subgroups. Possible strat-
i�cation factors may include the following:

² Baseline CSF JCV DNA. We can use detectable ver-
sus undetectable DNA levels, or, if quantitative PCR
technology is available at all sites, a low JCV DNA
threshold could be considered (De Luca et al, 1999;
Koralnik et al, 1999; Yiannoutsos et al, 1999).

² CD4 count and plasma HIV viral load at entry. CD4
count above or below 100 cells/¹L and detectable
versus undetectable viral load—particularly if the
subject is on stable anti-retroviral therapy—can
be used to determine cases with poor versus bet-
ter prognosis, although viral-load changes during
the study might be more predictive of outcome
(Clifford et al, 1999).

² Karnofsky score or a related functional scale
like the Expanded Disability Status Scale (EDSS)
(Kurtzke, 1983). A Karnofsky score of 60 (De Luca
et al, 2000a) and an EDSS cutoff of 6 (Gasnault et al,
2001) could be considered.

² Duration of PML symptoms. Time since onset of
PML symptoms of less than 8–12 weeks will likely
distinguish active cases from slowly progressing
ones. Inclusion of symptom duration as a strati�-
cation factor may obviate the necessity to stratify
subjects according to duration of antiretroviral ther-
apy, as most likely therapy will have been changed
or initiated in recently identi�ed cases.

Statistical considerations
We envision a randomized (ideally double-blind)
2-arm trial with patient survival (duration of study
enrollment to death) as the primary endpoint. The
methods described here are appropriate for multi-
treatment trials, as long as the duration of a disease-
related event from study entry remains the primary
endpoint.

Power, sample size, and study duration In a
study of the time from entry to the occurrence of a
clinical event, its duration, power, and sample de-
pend on the number of observed events rather than
the number of subjects. We project the rate of en-
rollment to be 3 or 4 uniformly enrolled subjects per
month. This is 2 times higher than the accrual rate ob-
served in the most recent AIDS Clinical Trials Group
(ACTG) trial (protocol 363 [Marra et al, 2001]). Such
an estimate is not unrealistic, however, if one consid-
ers broadening the inclusion criteria to include virtu-
ally all progressing PML patients and expanding the
study to include additional centers (ACTG 363 was
performed in 9 sites). The study will cease once the
last enrolled subject has completed a 6-month (26-
week) therapy regimen.1

1Power calculations are not affected substantially for different
duration of therapy assumptions. If a 3-month duration of therapy
is assumed, power decreases by 1–2%.

Table 1 Power and sample-size calculations

Median survival

Control Exp. treatment

Total
sample

size

Expected
number
of events

Study
duration
(months)

Power
%

6 9.65 136 109 40 80
8 16.20 88 53 28 80

Median survival after PML in HAART-treated pa-
tients is about 2–4 months for rapidly evolving cases
(Clifford et al, 1999; Marra et al, 2001) but is likely
to be much longer in a study enrolling a wider group
of subjects (Tassie et al, 1999; De Luca et al, 2000a).
Here, we assume that the median survival of a broad
PML subject cohort will be 6–8 months (calculations
for 6 and 8 months are given in Table 1).

The minimum clinically signi�cant improvement
that one would reasonably expect from an ef�ca-
cious treatment, given the persistently short survival
expected for a large percentage of PML patients, is an
increase in survival at a given point in time in subjects
randomized to the experimental arm versus controls
(Hall et al, 1998). We consider a 30% increase in the
6-month survival in the experimental treatment over
the control arm. If the median survival is 6-months
in the control group (i.e., 50% of the subjects survive
at 6 months), a meaningful increase of the 6-month
survival rate in the experimental treatment would
be 65% (i.e., a 30% increase over 50%). This cor-
responds to a median survival of 9.7 months, assum-
ing an exponential distribution of the event (death)
times. Similarly, if the median survival is assumed
to be 8 months in the control arm—corresponding to
a 6-month survival rate of 59.5%— the 6-month sur-
vival rate in the experimental arm will need to be
77.3%, which corresponds to a 16.2-month survival
rate (Table 1). Treatment comparisons were based on
a 1-sided log-rank test carried out at the 5% alpha
level.

Power estimates are presented in Table 1. With a
4-subject monthly enrollment, median survival of 6
or 8 months, and at least 80% power, the study will
involve 136 and 88 subjects, enrolled over 34 and
22 months, respectively. In all cases, patient follow-
up ceases 6 months after the enrollment of the last
subject. The expected number of events is 109 and
53, respectively.

These estimates do not account for losses to follow-
up, as in a study with survival as the primary end-
point, the outcome should be recorded on virtually
all subjects, even those that discontinue participa-
tion, whether or not they are receiving medication.
Nevertheless, a small sample-size increase can be
considered. This should not affect power levels ap-
preciably, as all projections are based on number of
events rather than the number of subjects.

Early study termination In studies of fatal dis-
eases such as PML, interim data must be reviewed
frequently, and allowance must be given to study
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Figure 1 Boundaries for early trial termination.

interruption prior to completion. A study may be
interrupted for ef�cacy considerations either when
the bene�t of one of the treatments is so unequiv-
ocal that to continue treating some of the subjects
with the other therapy is unethical, or differences are
so insigni�cant, that the probability that a statisti-
cally signi�cant effect will ultimately be detected is
small. Detailed calculations are beyond the scope of
this short communication. As an illustration, we con-
sider a monitoring plan that encompasses 2 interim
analyses, 1 taking place after one third of the total
events have been observed and the second after two
thirds of the events have occurred. The case of an
assumed 8-month median survival and enrollment
rate of 4 patients per month is presented in Figure 1.
At each analysis, 2 criteria for interruption are spec-
i�ed, based on a statistical test shown as 2 curves.
If the value of the statistical test is higher than the
upper boundary, the study is interrupted and the ex-
perimental treatment is declared superior to the stan-
dard treatment. If the value of the statistical test is
below the lower boundary, then the study is inter-
rupted, as the probability of ever detecting a treat-
ment difference is very small. The study continues
as long as the value of the statistical test falls within
the funnel-shaped region. The study is interrupted in
favor of the experimental treatment if a highly sig-
ni�cant survival advantage is observed (P D 0:002
during the �rst interim analysis and 0.02 at the sec-
ond), whereas the �nal analysis is carried out almost
at the 5% signi�cance level (Figure 1). On the other
hand, nonsigni�cant P-values (P D 0:571 and 0.173)
indicate futility with regard to ever detecting sig-
ni�cant differences. Boundary curves and P-values
were determined by the O’Brien–Fleming criterion
(O’Brien and Fleming, 1979). Calculations were car-
ried out by the EaSt 2000 software (Cytel corporation,
Cambridge, MA).

Toxicity management We address brie�y here in-
corporation of drug toxicity assessments on study de-
sign and monitoring. Drug-related adverse events are

of crucial importance when assessing the potential
bene�t of a therapeutic agent. Toxicity considerations
are largely context-speci�c, in terms of the particu-
lar agent and mode of administration. Thus, a study
involving cidofovir would involve different toxicity
guidelines than one involving IL-2, as would a study
of intravenously administered Ara-C versus one in-
volving intrathecal administration of the same drug.
To generalize toxicity assessments across trials and
events, a consistent grading system must be devel-
oped. In the ACTG, toxicity is rated in a 5-step scale,
from mild (grade 1) to life threatening (grade 4) and
death (grade 5). Existence of a toxicity grading system
vastly simpli�es the trial design, by allowing compar-
isons across different adverse events. For example,
hemoglobin 6.5–6.9 g/dL is a grade-3 (severe) hema-
tological toxicity according to the Division of AIDS
(DAIDS) Table for Grading Severity of Adult Adverse
Experiences. It can be straightforwardly compared
with a concentration of triglycerides of 400–750 mg/
dL, a grade-2 (moderate) toxicity. Comparisons be-
tween treatments with regard to toxicity rates are thus
distilled to evaluations of proportions of subjects ex-
periencing a speci�c toxicity grade (e.g., moderate or
higher) or the duration of being toxicity-free among
patients assigned to the treatments under compari-
son. Both sample size and power calculations can
be produced, and toxicity assessments can be con-
sidered systematically during interim reviews of the
study.

As an illustration, suppose that in a placebo-
controlled study we want to ensure that the rate of
grade 3 (severe) or higher toxicity in the experimental
arm is no more than 20% higher compared to the arm
comprised of anti-retroviral therapy alone. A sample
of 88 subjects equally assigned to the 2 arms (e.g., as-
suming 6 months median survival and accrual rate of
4 patients per month) will produce power of 83% if
the baseline (control-arm) toxicity rate is 10%.

Secondary analyses
Comparative trials, such as the one proposed here,
offer an unparalleled opportunity to validate mark-
ers that are associated with the disease. With de-
creasing patient mortality resulting from successful
therapies, future studies of PML therapies that fo-
cus on survival as their primary outcome will be
too long and thus dif�cult to implement and inter-
pret. On the other hand, with increasing survival,
the signi�cance of other aspects of the disease,
such as neurological functioning, will continue to
grow. Validation of several measures can be per-
formed in subgroups of subjects enrolled on all
participating centers, or within a subset of cen-
ters with the requisite expertise. Examples of po-
tential diagnostic tests (and possible endpoints) are
indices of humoral or cellular immunological re-
sponse such as the JC virus–speci�c antibody in-
dex (Sindic et al, 1997; Weber et al, 1997; Giudici
et al, 2000; Koralnik et al, 2001) and qualitative
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or quantitative PCR (Taou�k et al, 1998; Garcia de
Viedma et al, 1999; Koralnik et al, 1999; Yiannoutsos
et al, 1999). In addition, measures of neurological sta-
tus such as the EDSS commonly used in multiple
sclerosis, or, alternatively a combination of a neu-
rological evaluation with a disability index (e.g., the
Barthel index (Colin et al, 1988, 105)) and imaging
methods such as MRS (Chang et al, 1997) can be
considered.

Discussion

Authoritative decisions on treatment ef�cacy can
only be made through randomized comparative clin-
ical trials. We provide an outline of such a study
in the context of therapeutic agents of PML. We
advocate a relatively large simple study, with pa-
tient survival as its primary endpoint. Subjects are
to be randomized equally to two treatment arms.
In the current state of PML treatment research, this
probably means one experimental agent compared
to maximized anti-retroviral therapy alone but this
design can be extended straightforwardly to com-
parisons of two or more active treatments, or differ-
ent doses of the same treatment. The resulting het-
erogeneity of the studied subjects will be balanced
across treatments by stratifying on several important
factors. Examples of these include baseline JCV CSF
DNA levels, CD4 count, and plasma HIV RNA levels,
functional status and duration of symptoms of PML,
with possibly special attention paid to cases where
PML is the AIDS-de�ning event, as these have better
prognosis.

We recognize that some of our proposals may be
controversial, such as our suggestion to enroll virtu-
ally “all identi�ed cases of PML.” We feel, however,
that as long as progressing cases are sought, the sim-
plicity in the design and speed of accrual more than
compensate. A similar controversy may arise from
our intention not to require an anti-retroviral lead-in
period that may confound the response to a certain
extent. However, we expect that strati�cation with
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