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To evaluate the bene®t of combined antiretroviral therapy including protease
inhibitors (CART) on survival time and neurological progression in patients
with AIDS-related progressive multifocal leukoencephalopathy (PML), 81
consecutive PML cases, collected between January 1990 and June 1998, were
reviewed. Fifteen patients were neuropathologically proven. JC virus detection
in CSF was positive in 59 patients. At PML diagnosis, median CD4 cell count
was low (median, 35 cells/mL) and plasma HIV load, determined in 41 patients,
was high (median, 4.8 log10 copies/ml). Following PML diagnosis, there was a
signi®cant difference (P51074) in survival between patients who were
untreated or treated with nucleoside analogs (n=50, median: 80 days) and
patients who were started early on CART (n=23, median: 246 days). A third
group of eight patients who received CART late during the course of PML was
considered separately. At the study endpoint, 18 of all the CART-treated
patients (n=31) were still alive. Plasma HIV load was undetectable in 67% of
them. The median increase in CD4 cell count was 112 cells/mL from CART onset.
In contrast, no signi®cant improvement in neurological status was observed.
Our results demonstrate a bene®t of CART on survival of AIDS-related PML
patients and suggest the need for an early, speci®c anti-JC virus treatment to
limit the neurological deterioration.
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Introduction

Progressive multifocal leukoencephalopathy (PML)
is a demyelinating disease of the central nervous
system caused by the JC virus (JCV). The ®rst
description of PML as an opportunistic disease in
association with acquired immunode®ciency syn-
drome (AIDS) was reported in 1982 (Miller et al,
1982). Consecutive to the human immunode®ciency
virus (HIV) epidemic, the occurrence of PML has
greatly increased during the past 15 years. PML
currently affects 1 ± 4% of AIDS patients (Krupp et

al, 1985; Berger et al, 1987; Gillepsie et al, 1991;
Holman et al, 1991; Major and Ault 1995).

Median survival time after PML diagnosis is
about 4 months in AIDS patients (Gillepsie et al,
1991; Berger and Concha, 1995; Fong et al, 1995a).
Recent reports have indicated that patients on
combined antiretroviral therapy (CART) including
protease inhibitors (PI) have prolonged survival
(Power et al, 1997; Elliot et al, 1997; Domingo et al,
1997; Baqi et al, 1997; Albrecht et al, 1998; Cinque
et al, 1998). Here we report a large retrospective
series of 81 patients with AIDS-related PML. The
aim of this observational study was to compare
survival time and neurological progression accord-
ing to the different antiretroviral therapy (ART)
regimens used.
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Results

Clinical and laboratory features of the study
population
Among the 113 HIV patients diagnosed with PML
during the study period, only 81 patients were
eligible for the present study according to our
radioclinical criteria. PML diagnosis was virologi-
cally con®rmed in 59 patients. Neuropathological
con®rmation was obtained in 15 patients following
brain biopsy (eight) or autopsy (seven), including
ten with positive JCV detection by PCR. Therefore,
a total of 64 patients were considered as having
con®rmed PML on virological or neuropathological
grounds. Seventeen patients had a diagnosis of
PML based only on radioclinical criteria. Most of
these 81 patients were men (88%). The mean age

was 36 years (range: 24 ± 70 years). The mode of
exposure for HIV infection was intravenous drug
use (IDU) in 44 patients, homo or bisexual contact
in 24 males, heterosexual contact in eight patients
and blood transfusion in ®ve patients. The median
delay between clinical onset and PML diagnosis
was 2 months. PML was the ®rst AIDS-de®ning
event in 47 patients (58%). Table 1 displays
neurological features and topography of brain
lesions on initial (magnetic resonance imaging)
MRI (75 patients) or (computed tomographic
scanning) CT scan (six patients). The most common
initial signs and symptoms were weakness, speech
disorders, incoordination and visual defects. The
brain lesions on ®rst MRI (or CT scan) were mainly
located in the supratentorial area (73%) as against
the infratentorial area (27%). Unilateral hemi-
spheric lesions were discovered in 41 patients
(51%), exclusive posterior fossa lesions in 14
patients (17%) and directly multifocal lesions in
26 patients (32%). A faint and irregular contrast
enhancement was uncommonly observed in only
®ve patients.

Biological features are presented in Table 2. At
the time of diagnosis, the median CD4 lymphocyte
count was 35 cells/mL (mean: 67 cells/mL; range: 1 ±
663). The CD4 cell count was higher than 100 cells/
mL in 21 patients (26%) and exceeded 200 cells/mL
in three patients (4%). The median plasma HIV load
determined in 41 cases at PML diagnosis was 4.8
log10 copies/mL (range: 2.3 ± 6.2). Cerebrospinal
¯uid (CSF) JC viral load was determined in 27
patients within 2 months following PML diagnosis
and ranged from 3.2 ± 7.0 log10 copies/mL with a
median of 4.6 log10 copies/mL.

Course of ART following PML diagnosis
Following PML diagnosis, 22 patients remained
either untreated (nine) or on the previous nucleo-
side reverse transcriptase inhibitor (NRTI) mono-
therapy (13). For 28 patients, NRTI therapy was

Table 1 Clinical and neuroimaging features of 81 AIDS patients
with progressive multifocal leukoencephalopathy

No %

Neurological signs and symptoms at presentation
Motor weakness
Speech disorders
Incoordination
Visual ®eld de®cits
Seizures
Cognitive disturbances
Sensory loss
Brainstem dysfunctions
Headache

47
29
25
17
16
14
13
9
9

58.0
35.8
30.9
21.0
19.8
17.3
16.0
11.1
11.1

Brain disturbance on ®rst neuroimaging
Sustentorial

Frontal
Parieto-occipital
Centrum semiovale
Temporal
Internal capsule/Basal ganglia

Posterior fossa
Cerebellum
Brainstem

52
42
40
21
9

23
22

64.2
51.9
49.4
25.9
11.1

28.4
27.2

Table 2 Biological and neurological features at baseline of 81 AIDS patients with progressive multifocal leukoencephalopathy

CD4 cell count (per mL)
Plasma HIV load
(log10 copies/mL)

CSF JCV load
(log10 copies/mL) EDSS

Population (No.)
Median

(Quartiles) (No.)
Median

(Quartiles) (No.)
Median

(Quartiles) (No.)
Median

(Quartiles)

Total
Con®rmed PML
Radioclinical PML

P value{
Untreated or NRTI
Early CART
Delayed CART
Deceased
Alive*

P value{

(81)
(64)
(17)

(50)
(23)
(8)

(63)
(18)

35 (10 ± 101)
33 (11 ± 99)
35 (10 ± 107)

0.43
23 (8 ± 51)
84 (24 ± 134)
62 (38 ± 140)
27 (8 ± 71)
91 (46 ± 163)

51073

(41)
(34)
(7)

(15)
(22)
(4)

(28)
(13)

4.8 (4.3 ± 5.4)
4.9 (4.0 ± 5.4)
4.6 (4.4 ± 6.0)

0.47
4.7 (4.8 ± 5.4)
4.8 (4.0 ± 5.5)
5.0 (4.7 ± 5.8)
4.8 (4.3 ± 5.5)
4.8 (4.0 ± 5.1)

0.33

(27)
(27)

(9)
(14)
(4)

(16)
(11)

4.6 (3.4 ± 5.4)
4.6 (3.4 ± 5.4)

5.0 (4.0 ± 5.7)
4.5 (3.9 ± 5.2)
3.5 (3.3 ± 4.4)
5.1 (4.4 ± 5.7)
3.9 (3.3 ± 4.5)

51072

(81)
(64)
(17)

(50)
(23)
(8)

(63)
(18)

5.5 (4.5 ± 6.5)
6.0 (4.75 ± 6.75)
5.0 (4.5 ± 6.0)

0.12
6.0 (5.0 ± 7.0)
4.5 (4.0 ± 6.0)
5.25 (4.5 ± 5.75)
6.0 (5.0 ± 7.0)
4.5 (3.5 ± 5.5)

51073

EDSS=expanded disability status scale; NRTI=nucleoside reverse transcriptase inhibitor; CART=combined antiretroviral therapy
including protease inhibitor. *Alive on September 30, 1998; {Mann-Whitney test.
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either modi®ed (13) or started (15). All these 50
patients were similar as regards CD4 cell counts and
were pooled for the survival analysis (group A). A
total of 31 patients received CART including
protease inhibitors (indinavir: 21, nel®navir: seven,
ritonavir - saquinavir: three). Twenty-three of them
(group B) were started early on CART within 3
months after PML onset (median: 1 month). The
remaining eight patients who were previously on
NRTI bitherapy were started on CART late during
the course of PML within a period of 8 ± 37 months
after PML onset (median: 14.5 months). These eight
patients on delayed CART (group C) were still alive
at the study endpoint and were considered sepa-
rately for the survival analysis.

Prolonged survival in PML patients on CART
The median survival was 124 days (range: 15 ± 1446
days) for the total study population. A signi®cant
difference (log-rank test, P51074) in survival was
found according to the ART regimens following
PML (Figure 1). As shown in Table 3, all the patients
from group A died with a median survival of 80
days. The 23 patients in group B had a median
survival of 246 days; ten of them (43.5%) were still
alive at the endpoint. Similarly, an age below 45
years, a CD4 cell count at baseline higher than 100
cells/mL or an (Expanded Disability Status Scale)
EDSS score at baseline below 6.0 were signi®cantly

associated with survival prolongation and reduc-
tion of crude relative hazard (RH) of death. In
contrast, no signi®cant relationship was found
between survival and sex, mode of HIV exposure,
topography of brain lesions, AIDS status or ART
regimen before PML onset. In the multivariate
analysis using the Cox regression model (Table 3),
the relationship between survival and age
(P51073), CD4 cell count at baseline (P=0.01), EDSS
score at baseline (P=0.02) as well as CART (P51074)
was con®rmed.

Neurological progression of PML patients on early
CART
At the study endpoint, 13 of the 23 patients from
group B had died. Their survival (median: 136 days;
range: 43 ± 654 days) was signi®cantly shorter
(P51073) as compared to the ten patients who were
still alive (median: 539 days; range: 187 ± 734 days).
The neurological progression of the ten survivors
was variable. As compared to baseline, the neuro-
logical status at last point worsened in ®ve patients,
improved in four and remains stable in one. No
signi®cant change in EDSS score was observed
between the last point and the baseline (median:
+0.25; quartiles: 71.50 to +2.50) (Figure 2). In
contrast, the median increment of CD4 lymphocytes
from CART induction to the last point was 78 cells/
mL in the survivors and 56 cells/mL in the deceased

Table 3 Survival after progressive multifocal leukoencephalopathy diagnosis: surrounding factors and Cox regression model

Cox univariate model Cox multivariate model
Patients Survival (days)* Global P Global P

Variables Categories No. (Alive) Median [Quartiles] cRH 95% CI value aRH 95% CI value

Sex{

Age at baseline

Mode of
exposure{

Brain
localisation

at baseline{
EDSS score

at baseline
CD4 cell count

at baseline
PML as ®rst

AIDS-event{
ART prior to

PML onset{
Course of ART

after PML
diagnosis

Males
Females
545 years
545 years
Transfusion
Heterosexual
H/B sexual
IDU
Sustentorial
Posterior fossa
Multifocal
56.0
56.0
5100
5100
yes
no
yes
no
untreated
or NRTI
early CART
delayed CART{

71
10
9

72
5
8

24
44
41
14
26
40
41
21
60
47
34
39
42
50

23
8

(15)
(3)
(1)

(17)
(1)
(1)
(7)
(9)
(7)
(3)
(8)
(4)

(14)
(8)

(10)
(13)
(5)
(7)

(11)
(0)

(10)
(8)

125
101
46

132
80

140
122
122
144
88

122
85

187
218
119
122
128
136
123
80

246
1137

(70 ± 293)
(68 ± 552)
(34 ± 111)
(74 ± 328)
(73 ± 151)

(104 ± 416)
(73 ± 400)
(65 ± 289)
(73 ± 243)
(38 ± 320)
(75 ± 464)
(57 ± 160)
(85 ± 602)
(90 ± 602)
(61 ± 203)
(70 ± 336)
(64 ± 218)
(78 ± 243)
(66 ± 464)
(54 ± 132)

(121 ± 552)
(895 ± 1286)

1.00
0.88
1.00
0.32
1.00
0.41
0.52
0.56
1.00
1.10
1.01
1.00
0.54
1.00
1.90
1.00
0.92
1.00
1.27
1.00

0.24

0.40 ± 1.94

0.15 ± 0.68

0.12 ± 1.42
0.17 ± 1.55
0.20 ± 1.59

0.55 ± 2.20
0.57 ± 1.79

0.33 ± 0.90

1.03 ± 3.52

0.56 ± 1.51

0.77 ± 2.09

0.13 ± 0.45

0.75

51072

0.56

0.96

0.02

0.04

0.74

0.35

51074

1.00
0.22

1.00
0.52
1.00
2.31

1.00

0.28

0.09 ± 0.51

0.31 ± 0.89

1.19 ± 4.50

0.14 ± 0.53

51073

0.02

0.01

51074

IDU=intravenous drug user; PML=progressive multifocal leukoencephalopathy; EDSS=expanded disability status scale; NRTI=nucleo-
side reverse transriptase inhibitor; ART=antiretroviral therapy; CART=combined antiretroviral therapy including protease inhibitor;
cRH=crude relative hazard of death; aRH=adusted relative hazard of death; CI=con®dence interval. *End-date: September 30, 1998;
{excluded for Cox model; {excluded for multivariate analysis.
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Figure 1 Kaplan Meier survival curve in AIDS-related progressive multifocal leukoencephalopathy. Longer survival time in 23
patients treated with potent combined antiretroviral therapy including protease inhibitors (group B, median survival: 246 days) versus
50 patients untreated or on previous nucleoside analogs (group A, median survival: 80 days). Difference is signi®cant by logrank test
(P51074).

Figure 2 EDSS assessment: Evolution on combined antiretroviral therapy (CART) in 18 living AIDS patients with progressive
multifocal leukoencephalopathy (PML). Group B: ten patients started early on CART. No signi®cant change (Wilcoxon signed rank
test) in EDSS score from baseline (median: 3.75) to CART onset (5.50) and from CART onset to last point (5.25). Group C: eight patients
started later on CART. Signi®cant impairment (P=0.01) in EDSS score between baseline (median 5.25) and CART onset (7.0). No
signi®cant change in EDSS score from CART onset to last point (6.5). In both groups B and C, no signi®cant change in EDSS score from
baseline to last point.
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patients (P=0.13). Plasma HIV load was undetect-
able (limit of detection: 200 copies/mL) at the last
point in eight of the ten survivors and in seven of the
13 deceased.

Long-lived PML patients on delayed CART
The eight patients in group C had a survival
exceeding 2.5 years after PML clinical onset
(median: 44 months; range: 31 ± 63 months). All
were still alive at the study endpoint. All these
patients received CART late in the course of PML
(median: 14.5 months). At CART onset, they were
similar to group B patients in terms of CD4 cell
count (median: 56 cells/mL; range: 13 ± 352) and
HIV viral load (median: 4.9 log10 copies/mL;
range: 2.7 ± 5.0). Plasma HIV load was undetect-
able at the last point in four of them. As
compared to the evaluation at baseline, the
neurological status at last point worsened in one
patient, improved in four and remains stable in
three. No signi®cant change in EDSS score was
observed between the last point and the baseline
(median: +1.0; quartiles: 0.0 to +2.0).

Speci®c anti-JC virus treatments
Twenty patients underwent speci®c anti-JCV
therapies. Eleven patients from group A were
treated with different regimens of alpha-interferon
(®ve) or cytarabine (six) with no statistically
signi®cant improvement in survival. One patient
from group B received topotecan infusions
(0.3 mg/m2 for 21 consecutive days per month)
and died 178 days after PML diagnosis. Eight
patients from group B received cidofovir infu-
sions (5 mg/kg bimonthly); at the study endpoint,
no statistically signi®cant difference in survival
(P=0.12) was found as compared to the 14
patients on early CART alone.

Discussion

Our study shows a signi®cant bene®t of CART on
survival, however without clear neurological im-
provement in a series of 81 patients with AIDS-
related PML. Fifty-one of these consecutive cases
were observed in the last 4 years. PML was the ®rst
AIDS-de®ning event in 58% of them, in agreement
with other series (Gillepsie et al, 1991; Fong et al,
1995a; Albrecht et al, 1998). In this study, diagnosis
of PML was based only on radioclinical criteria in
17 patients, including 13 from group A, three from
group B and one from group C. At baseline, these
patients had similar neurological and biological
features as compared to the 64 patients with
virological and neuropathological con®rmation of
PML (Table 2). Exclusion of these 17 patients has
not modi®ed study results as regards survival
analysis, multivariate analysis of factors affecting
RH of death and neurological progression.

The spectrum of initial symptoms and signs
observed in our series was similar to that reported
in other series of either AIDS- (Gillepsie et al, 1991;
Von Einsiedel et al, 1993; Fong et al, 1995a;
Albrecht et al, 1998; Berger et al, 1998a) or non-
AIDS-related PML (Brooks and Walker, 1984). MRI
contrast enhancement was observed in only 6% of
our patients in contrast to the 15% reported in
another series (Berger et al, 1998a).

At PML diagnosis, plasma HIV loads obtained in
41 patients were high and CD4 cell counts were low
(see Table 2), suggesting that PML occurs mainly in
the setting of severe immunode®ciency consecutive
to ART absence or failure.

Several studies had previously demonstrated
the high sensitivity and speci®city of JCV DNA
detection by PCR in CSF (Moret et al, 1993;
Gibson et al, 1993; Weber et al, 1994; Fong et al,
1995b; McGuire et al, 1995). This method is
currently supplanting brain biopsy because it is a
less invasive procedure (Weber et al, 1996;
Cinque et al, 1997; Antinori et al, 1997). JCV
DNA detection by PCR in CSF was a reliable
marker for PML diagnosis in our patients.

The natural course of PML is usually rapidly
fatal with a median of 4 months from diagnosis to
death in our series as in other HIV series (Berger
and Concha, 1995) or in other immunosuppres-
sive diseases (Brooks and Walker, 1984). In this
series, prolonged survival was correlated with a
CD4 cell count at PML diagnosis higher than 100
cells/mL, as reported in other studies (Fong et al,
1995a; Von Einsiedel et al, 1993; Berger et al,
1998b). We had previously shown the prognostic
value of CSF JC viral load in PML patients
(Taou®k et al, 1998b). In the present study, JC
viral load, determined in CSF of 27 patients
within 2 months following PML diagnosis, was
signi®cantly higher in the 16 deceased patients
than in the 11 who were alive at the study
endpoint (see Table 2).

Prolonged survival, exceeding 2.5 years, was
observed in eight patients (group C). These long-
lived PML patients had a low CD4 cell count
(median: 62 cells/mL; range: 26 ± 266) and a high
level of plasma HIV load (median: 5.0 log10 copies/
mL; range: 4.6 ± 6.0) at baseline. Interestingly, CSF
JC viral load, determined at baseline in four of these
patients, was moderate (3.2, 3.3, 3.7 and 4.7 log10

copies/mL). This might explain the unusual PML
course, which seemed unrelated to CART, as the
latter was initiated with a median delay of 14.5
months following PML onset.

Prolonged survival in PML patients treated with
CART has been suggested in anecdotal case reports
(Power et al, 1997; Elliot et al, 1997; Baqi et al, 1997)
and in series of ®ve patients (Albrecht et al, 1998)
and ten patients (Cinque et al, 1998). Our data
con®rm the signi®cant improvement of survival
time in a large series of 31 patients.
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In our series, the 18 survivors from both groups B
(early CART) and C (delayed CART) had a median
survival of 724 days with an undetectable plasma
HIV load in 67% of them and a median increase in
CD4 counts of 112 cells/mL following initiation of
potent CART. In agreement with a preliminary
multicentre study (Clifford et al, 1998; Hall et al,
1998a), our results show that prolongation of
survival is associated with a sustained virological
and immunological response to CART. Moreover,
CSF JC viral load became undetectable in nine of the
12 tested survivors. Our data support the hypothesis
of restoration of an anti-JCV immune response
(Taou®k et al, 1998b). On the other hand, the
median time to death was 3 months in the 63
deceased patients including the 13 on early CART.
These results also suggest an initial critical period
in the course of AIDS-related PML with a dual
potentiality of prognosis. The severe form of PML
may be related to more virulent JCV strains that
rapidly induce a lethal destruction of cerebral white
matter. The absence of signi®cant neurological
improvement as we observed in the 18 survivors
suggests that CART, as the only PML treatment is
not suf®cient. The rapid, and often irreversible,
deterioration of neurological condition is not
prevented by CART. One possible explanation is
that the CART-induced immune reconstitution
(Autran et al, 1997) might require a given latency
to be effective. Therefore, an early speci®c anti-JCV
therapy would be of interest to limit extensive
destruction of cerebral white matter.

Despite the recent in vitro con®rmation of
cytarabine effectiveness against JCV (Hou and
Major, 1998), AIDS Clinical Trials Group 243, a
three-armed controlled trial with cytarabine, con-
ducted before the era of CART, failed to demon-
strate any bene®t of cytarabine in survival of PML
patients (Hall et al, 1998b). This result may re¯ect
the weak bioavailability of cytarabine in cerebral
white matter. In contrast, a clinical trial of alpha-
interferon in association with CART might be of
interest in light of the survival prolongation of PML
observed in a recent open label study (Huang et al,
1998). Cidofovir exhibits in vitro activity against the
polyomavirus SV40 (Andrei et al, 1997). Prelimin-
ary reports in AIDS-related PML patients treated
with CART have suggested a bene®t of cidofovir
alone (Brosgard et al, 1997; Matheron et al, 1998) or
in association with cytarabine (Sadler et al, 1998).
At the endpoint of this study, no statistically
signi®cant bene®t in survival was observed in
PML patients started early on CART in association
with cidofovir. However, extended follow-up is
necessary to draw conclusions on effect of cidofovir
in PML progression.

Taken together, these results show a signi®cant
bene®t of combined antiretroviral therapy includ-
ing protease inhibitors on survival of AIDS-related
PML patients, although without neurological im-

provement. In this regard, the early association of
CART and an ef®cient speci®c anti-JCV therapy
early after PML onset should be considered in
future trials.

Materials and methods

Study design
This study was a chart review collected retro-
spectively between January 1990 and December
1994 and prospectively from January 1995 through
June 1998. The sources of the records were the
Department of Internal Medicine and Clinical
Immunology (Antoine BeÂcleÁre Hospital, F-Clamart,
France) and the Unit of NeuroAIDS Rehabilitation
Care (Department of Internal Medicine and Infec-
tious Diseases, BiceÃ tre Hospital, F-Le Kremlin-
BiceÃ tre, France).

All subjects were in-patients documented for HIV
infection and with clinical AIDS diagnosis accord-
ing to the CDC 1993-revised de®nition. PML
diagnosis was established by a neurologist on
radioclinical grounds according to the following
criteria: (1) presence of a focal cerebral disease with
a subacute rate of progression; (2) correlated with
focal white matter lesions on brain MRI or CT scan
consistent with PML (without mass effect or
nodular contrast enhancement); (3) prior antitox-
oplasmic prophylaxis or failure of acute antitox-
oplasmic treatment and (4) no evidence for another
etiology during follow-up. Patients with positive
JCV DNA PCR in CSF were considered as virologi-
cally con®rmed cases. Moreover, 15 patients were
considered as pathologically diagnosed PML cases
on the basis of the histopathological triad: (1)
demyelination sometimes associated with necrosis;
(2) enlarged bizarre reactive astrocytes and (3)
dense amphophilic nuclear inclusions in oligoden-
drocytes. Papovaviruses were detected in oligoden-
droglial nuclear inclusions by electronic
microscopy (n=6) or by using immunocytochemical
staining (n=9) with a rabbit polyclonal SV40 anti-
body (Oncogene Science Inc, Mineola, NY, USA).

Analysis parameters
As the time of PML clinical onset was not precisely
known for all patients, the date of PML diagnosis
was used as the baseline for the survival analysis. In
this study, the date of the initial brain MRI or CT
scan was considered as the date of PML diagnosis.
Living patients were right-censored to the study
endpoint on September 30, 1998. For patients who
died before this date, survival time was de®ned as
the period from baseline to death. The following
variables were considered for their relationship to
survival: sex, age, mode of HIV exposure, initial
distribution of brain lesions, CD4 cell count and
plasma HIV viral load at baseline, AIDS status
before PML onset, ART regimens before and after
PML onset and speci®c anti-JCV medications.
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No standardized neuroimaging protocol was
performed in this study. The distribution of brain
lesions at PML diagnosis was assigned by
correlation of clinical status and neuroimaging
®ndings as supratentorial, infratentorial or di-
rectly multifocal location. The neurological dis-
ability was measured at baseline by the same
neurologist (J Gasnault) with the EDSS (Kurtzke,
1983), a standardized neurological score graded
from 0 (normal) to 10 (death). For most patients
followed since 1995, the EDSS score was
determined every 2 months until the study
endpoint. The change in EDSS score was
calculated by subtraction of the baseline value
from the ®nal score.

Virological methods
Detection of JCV in CSF by PCR assay was
performed in 49 patients at the Unit of Virology
(Department of Microbiology, Paul Brousse Hospi-
tal, F-Villejuif, France). JCV quantitation by PCR in
CSF was performed in the same laboratory since
1996, as previously described (Taou®k et al, 1998a,
b). The threshold of JCV quantitation was 3.2 log10

copies/mL. Twenty-three CSF samples were inves-
tigated for JCV detection in other laboratories of
virology (Assistance Publique - HoÃ pitaux de Paris,
France). Plasma HIV load was determined by
reverse transcriptase PCR assay (Amplicor HIV
Monitor kit, Roche Diagnostic Systems, F-Neuilly,
France). The limit of HIV quantitation was 200
copies/mL.

Statistical analysis
All statistical analyses were carried out with
Statview 4.5 software (Abacus Concepts). Analy-
sis of survival time according to the ART
regimen was done using the Kaplan Meier
product limit method. Survival curves were
compared using log-rank tests. Non-parametric
tests (Mann-Whitney test, Kruskall-Wallis test)
were used to compare continuous and discrete
variables. Crude relative hazards (RH) of death
were computed for all of the following variables
(sex, age, mode of HIV exposure, initial distribu-
tion of brain lesions, CD4 cell count and EDSS
score at baseline, prior AIDS diagnosis, ART
regimen before and after PML diagnosis) using
the Cox proportional hazards model. Variables
with crude RH of statistical signi®cance less than
0.2 were included in a multivariate model. The

Wilcoxon signed rank test was used to evaluate
the change of EDSS score in survivors treated
with CART.
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