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Human immunodeficiency virus (HIV)-associated progressive multifocal
leukoencephalopathy (PML) remains a relevant clinical problem even in the
era of highly active antiretroviral therapy (HAART). Aims of the study were
to analyze clinical and treatment-related features and the survival probabil-
ity of PML patients observed within the Italian Registry Investigative Neuro
AIDS (IRINA) during a 29-month period of HAART. Intravenous drug use, the
presence of focal signs, and the involvement of white matter at neuroradiol-
ogy increased the risk of having PML. A reduced probability of PML was ob-
served when meningeal signs were reported. Patients starting HAART at PML
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diagnosis and previously naïve for antiretrovirals showed significantly higher
1-year probability of survival (.58), compared to those continuing HAART (.24),
or never receiving HAART (.00). Higher CD4 cell count were associated with
a higher survival probability (.45). At multivariate analysis, a younger age,
higher CD4, starting HAART at PML diagnosis, the absence of previous ac-
quired immunodeficiency syndrome (AIDS)-defining events, and the absence
of a severe neurologic impairment were all associated with a reduced hazard
of death. The use of cidofovir showed a trend towards a reduced risk of death.
Journal of NeuroVirology (2003) 9(suppl. 1), 47–53.
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Introduction

Progressive multifocal leukoencephalopathy (PML)
is a rare demyelinating disease of the central ner-
vous system caused by the JC polyomavirus (JCV). In
people with acquired immunodeficiency syndrome
(AIDS), it represents an important cause of morbidity
and mortality. Studies performed before the introduc-
tion of highly active antiretroviral therapy (HAART)
reported a prevalence of PML ranging from 1% to
5% of AIDS cases in clinical studies and up to 10%
in autoptic series (Berger et al, 1998b), and was the
recognized cause of death for 0.7% of people with
AIDS (Holman et al, 1991). During the years before
the introduction of HAART, the incidence rate among
human immunodeficiency virus (HIV)-infected pa-
tients had significantly increased (Bacellar et al,
1994; Berger et al, 1998b). Even if preliminary ob-
servations showed a reduction trend of the disease in
the years of antiretroviral combination therapy (Brodt
et al, 1997), several subsequent studies reported a sta-
ble trend during the HAART era (Ledergerber et al,
1999; Sacktor et al, 2001). Among the AIDS-related
focal brain disorders, PML prevalence remained sta-
ble over time following the introduction of HAART,
different from what observed for other disorders such
as primary brain lymphomas (Ammassari et al, 2000).
The median survival time after the diagnosis of PML
was approximately 4 months before the introduction
of HAART because no specific efficacious therapy
was available (Berger et al, 1987; Hall et al, 1998).
In recent years, several observational studies reported
an improved survival in patients with AIDS-related
PML treated with HAART compared to patients not
treated or treated with nucleosides analogues alone
(Tassie et al, 1999; Miralles et al, 1998; De Luca
et al, 2000; Clifford et al, 1999; Dworkin et al, 1999;
Cinque et al, 1998). Nevertheless, not all PML cases
have an improved prognosis with potent antiretrovi-
ral therapies (De Luca et al, 1998), and it has been ob-
served that PML may progress despite virologic and
immunologic response to HAART, and that HAART-
induced immunoreconstitution could paradoxically
worsen the course of neurologic disease (Cinque et al,
2001). Several prospective observational studies (De
Luca et al, 2000, 2001; Gasnault et al, 2001; Berenguer
et al, 2001) reported improving survival in patients

treated with HAART plus cidofovir compared with
those treated with HAART alone. However, even in
case of a survival benefit, an improving neurologic
picture was not always associated with cidofovir
therapy (Gasnault et al, 2001) and an uncontrolled
clinical trial failed to demonstrate the improvement
of neurologic scores when cidofovir was added to
HAART (Marra et al, 2002). In the present study,
the epidemiological, clinical, and treatment-related
features of PML patients observed within the Italian
Registry Investigative Neuro AIDS (IRINA) between
January 2000 and June 2002 were reported. Specific
aim of the study was to analyze prevalence of PML
among neurologic disorders in the HAART era, char-
acteristics and predictive factors of PML, and survival
probability on the basis of main baseline covariates.

Results

Prevalence and clinical characteristics of PML cases
During the period of the study, among 714 neuro-
logic patients registered, 101 cases were notified as
PML (14.1%). Prevalence of PML according to drug
exposure at diagnosis, HIV-1 RNA, and CD4 levels are
illustrated in Figure 1.

Analyzing general characteristics, 80% of PML
patients were male and 57.4% were intravenous
drug users (IDUs). The median CD4 cell count
was 88 cells/mm3 (interquartile range [IQR] 27–
176), with 16.8% of patients having CD4 cell count
more than 200/mm3. Median plasma HIV RNA was
4.79 copies/ml (IQR 3.73–5.33). At physical examina-
tion, focal signs were reported in 79.2% of patients,
cognitive symptoms in 67.3%, and an abnormal
mental status in 24.8%. Neuroimaging (computed
tomography [CT] scan in 39% and magnetic reso-
nance imaging [MRI] in 62%) revealed white matter
lesions in 94.1% of cases, with a multifocal pattern
in 77.2%. T1-hypointensity and T2-hyperintensity
were reported in 60.2% and 80.7% of all MRI-
investigated patients, respectively. A contrast en-
hancement was observed in 21.8% of cases, with a
mass effect in 5.9%, whereas signs of atrophy were
reported for 36.6% of cases.
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Figure 1 Prevalence of PML cases according to exposure to HAART and CD4 and HIV-1 RNA subgroups.

Fifty-two (51.5%) of all patients with PML had
a previous antiretroviral exposure, 43 (82.7%) to
HAART, while only 9 (17.3%) were exposed to nucle-
oside analogues alone. Among the HAART-exposed
patients, 36 had been on potent triple combination
at the time of neurologic diagnosis for a median of
15 months (IQR 6–39). In 32 patients, cidofovir was
added to HAART, but the collection of additional in-
formation on the number of administrations, base-
line performance status, HAART treatment, and HIV-
1 RNA level at cidofovir start were not planned in the
study design.

At logistic regression analysis, PML diagnosis de-
spite a previous exposure to HAART was signifi-
cantly associated to a previous AIDS-defining event
(odds ratio [OR] 10.2; 95% confidence interval [CI]
3.2–39.5) to harbor a lower amount of HIV-1 RNA
copies per milliliter in plasma at neurologic diag-
nosis (OR 0.58; 95% CI 0.39–0.87 for each log10 in-
crease) to have a focal lesion at CT/MRI (OR 2.69;
95% CI 1.18–6.12), and to a reduced probability of
an abnormal mental status at diagnosis (OR 0.33; 95%
CI 0.13–0.86).

Diagnostic features of PML cases
Diagnosis of PML was performed according to histol-
ogy in 4 cases (3.9%), to JCV DNA detection with sug-
gestive clinical and neuroimaging features in 48 cases
(47.5%), to a compatible clinical and neuroimag-
ing picture despite a JCV DNA–negative detection
in 32 cases (31.6%), or without performing a lum-
bar puncture in 17 (16.8%) patients. JCV DNA was
detected in the cerebrospinal fluid (CSF) of PML pa-
tients by polymerase chain reaction (PCR) in 49 (in
1 with a contemporary histology available) out of
84 patients in whom a lumbar puncture was per-
formed (58.3%). Analyzing the main baseline vari-
ables, no significant association was found between
the detection of JCV DNA in CSF and gender, age,
HIV transmission route, viroimmunological status,
exposure to HAART, and clinical and radiological
features.

Factors predictive of PML
Among the demographic and epidemiologic features,
intravenous drug use as HIV-1 transmission signif-
icantly increased the risk of developing PML at
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multivariable logistic regression analysis (OR 2.56;
95% CI 1.05–6.28). The presence of meningeal signs
at diagnosis strongly reduced the probability of
having a diagnosis of PML (0.31; 95% CI 0.10–
0.97), as well as the presence of atrophy (OR 0.42;
95% CI 0.23–0.78) or mass effect (OR 0.07; 95%
CI 0.02–0.22) at CT/MRI examination. Conversely,
the risk of a PML diagnosis was significantly higher
when focal signs were detected at physical exami-
nation (OR 7.90; 95% CI 4.00–15.59) and whether a
white matter involvement was found at neuroimag-
ing (OR 23.83; 95% CI 8.63–65.79). Age, gender, risk
factors other than intravenous drug use, CD4 level,
plasma HIV-1 RNA, antiretroviral exposure before di-
agnosis, taking antiretroviral drugs penetrating brain-
blood barrier, cognitive symptoms, abnormal mental
status, and contrast enhancement at neuroimaging
where not associated with a diagnosis of PML.

Survival analysis
After a median follow-up of 93 days (IQR 14–200),
a total of 44 PML patients died. All deaths were
reported related to PML. Kaplan-Meier analysis re-
vealed that patients naïve for antiretrovirals who
started HAART at time of PML diagnosis showed
a longer survival than patients with a previous ex-
posure to HAART who continued treatment and pa-
tients who did not perform any antiretroviral treat-
ment after PML diagnosis. The 1-year cumulative
proportion of survivors was 0.58 in naïve patients
starting HAART, 0.24 in experienced patients contin-
uing treatment, and 0.00 in patients not treated over-
all (P at log rank test<.0001). Moreover, patients with
CD4 cell count higher than 150/mm3 had a higher es-
timated proportion of survivors (0.45) than patients
with CD4 between 50 and 150/mm3 (0.38) and pa-
tients with CD4 less than 50/mm3 (0.22) (P = .017).
A poorer 1-year probability of survival was observed
in persons with a previous AIDS-defining event (0.48)
compared to patients without a previous AIDS diag-
nosis (0.07) (P = .007).

At univariate Cox regression, a CD4 cell count
<50 cell/mm3 at the time of neurological diagnosis
compared to >150 cell/mm3 as reference was asso-
ciated with an increased risk of death (hazard ra-
tio [HR] 2.30; 95% CI 1.10–4.81). Moreover, patients
who started HAART at the time of PML diagnosis
(HR 0.10; 95% CI 0.04–0.26), but also patients pre-
viously exposed to HAART who continued therapy
after diagnosis (HR 0.20; 95% CI 0.09–0.44) had a sig-
nificantly reduced risk of death compared to patients
who did not receive any antiretroviral treatment after
PML. At multivariable analysis, a younger age, higher
CD4 counts, starting HAART at PML diagnosis or con-
tinuing a previous antiretroviral therapy, the absence
of previous AIDS-defining events, and the presence
of a less severe neurological impairment were all in-
dependently associated with a reduced risk of death.
Treatment with cidofovir did not influence survival
in a univariate approach (HR 0.81; 95% CI 0.45–1.48),

Table 1 Multivariate Cox regression analysis on 101 cases of PML

HR 95% CI P

Age (×10 years) 2.08 1.24–3.51 .006
HIV transmission route

IVDU 1.00 —
MSM 1.09 0.31–3.84 .89
Heterosexual 1.19 0.47–3.05 .71
Others 1.64 0.62–4.35 .31

CD4 cell count/mm3

>150 1.00 —
50–150 0.77 0.29–2.02 .59
0–50 3.36 1.34–8.45 .01

Previous AIDS
No 1.00 —
Yes 2.31 1.09–4.86 .03

Contrast enhancement
No 1.00
Yes 1.89 0.81–4.38 .14

Cidofovir
No 1.00
Yes 0.40 0.15–1.06 .06

PCR for JCV DNA
LP not performed 1.00
JCV DNA+ 1.58 0.62–4.00 .33
JCV DNA− 1.14 0.43–3.05 .79

HAART
No HAART after PML diagnosis 1.00
HAART at PML diagnosis 0.10 0.03–0.32 <.0001
HAART-naı̈ve starting therapy 0.07 0.02–0.22 <.0001

Signs/symptoms
Only cognitive symptoms 1.00
Focal signs and/or cognitive 3.24 1.01–10.40 .04

symptoms
Abnormal mental status 4.76 1.39–16.32 .01

whereas in multivariable Cox regression, receiving
cidofovir showed a trend towards a reduced hazard
of death (Table 1).

Discussion

The results of the present study confirm that, even
in the era of potent antiretroviral therapy, PML still
appears as a relevant disorder in terms of morbidity
and mortality in HIV-infected patients. In fact, within
the IRINA cohort, PML shows a 14% prevalence, rep-
resenting overall the third cause of neurologic dis-
orders after toxoplasmic encephalitis (TE) and HIV
encephalopathy (HIVE). Indeed, PML frequency was
very close to that of HIVE, generally reported as the
main HIV-associated neurological disorder in the pre-
HAART period (Clifford, 2000). These data are in
agreement with the previously reported, less marked
incidence decrease of PML as result of the impact
of the HAART introduction when compared to that
of other neurologic disorders such as HIV dementia,
TE, and primary brain lymphoma (Sacktor et al, 2001;
Ammassari et al, 2000).

Accordingly, PML prevalence was not substan-
tially influenced by exposure to antiretrovirals and
it remained relatively stable in different subgroups
independently from CD4 and HIV-1 plasma viremia
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levels. In patients taking HAART at diagnosis and
in those with low-level plasma viremia, PML was
even more prevalent than HIVE. This finding is con-
sistent with the observation that PML may occurr
few months after starting HAART (Ledergerber et al,
1999) and with data on the development of disease
in patients with relatively high CD4 count (Berger
et al, 1998a; Gasnault et al, 1999). Indeed, PML may
be a HAART-induced immune reconstitution dis-
ease (Shelburne et al, 2002). In addition, the lack of
control of HIV-1 replication in the central nervous
system (CNS) compartment during HAART in pa-
tients with neurologic disorders (Antinori et al, 2002)
may represent a further explanation for the PML
occurrence in HAART-treated patients even after a
control of plasma viral replication was achieved. In-
travenous drug use was associated with PML occur-
rence in the multivariable model. This association
was not previously reported in the literature. It is
conceivable that, even adjusting with antiretroviral
therapy exposure as a covariate, intravenous drug use
remains a negative factor due to a lower antiretrovi-
ral medication adherence and a less regular access to
therapeutic programs by this patients category. The
other PML-associated predictive factors were in ac-
cordance with previously reported historical clinical
and neuroimaging features (Berger et al, 1987, 1998).

The present study confirms published observations
concerning the evidence of improved survival in
patients with PML treated with HAART (Dworkin
et al, 1999; Albrecht et al, 1998; De Luca et al, 2000;
Clifford et al, 1999; Tassie et al, 1999). As addi-
tional information about the role of timing of an-
tiretroviral exposure, in our study the higher bene-
fit on survival was observed in patients previously
naïve to antiretrovirals who started HAART at the
time of PML diagnosis. It could be hypothesized that,
in antiretroviral-naı̈ve patients starting HAART after
neurological diagnosis, a more rapid control of vi-
ral replication or the absence of HIV-1–resistant mu-
tants harbored in plasma or the CSF, may induce a
more effective control of HIV-1 replication, result-
ing in a more complete JCV-specific immune recovery
(Weber et al, 2001). This observation is in accordance
with the association of reduced CSF JCV burden with
prolonged survival (De Luca et al, 2000; Koralnik,
1999; Yiannoutsos et al, 1999). Moreover, our finding
that higher levels of CD4 cell counts were indepen-
dently associated with an improved survival is con-
sistent with other clinical observations (Berger et al,
1998; Clifford et al, 1999; Berenguer et al, 2001) and
with the notion that JCV-specific immune response
plays a role in the prevention of disease progression
and death (Koralnik et al, 2001, 2002). In the present
study, we failed to prove a clear benefit of cidofovir
administration on PML survival. In previous obser-
vational studies, it has been reported that the addi-
tion of cidofovir to HAART was independently asso-
ciated with improved survival (De Luca et al, 2000,
2001; Gasnault et al, 2001). The apparent discrep-

ancy between previous findings and the present re-
sults may be due to design differences such as a more
heterogeneous case recruitment and time period only
partially overlapping with previous reports. In the
ACTG 363 study, even though cidofovir failed to im-
prove neurologic examination of PML cases, clini-
cal scores were significantly better in patients who
started cidofovir after suppression of HIV-1 plasma
viremia by HAART (Marra et al, 2002). In the present
study, no information about time of starting cidofovir
after HAART was available, and we cannot exclude
that in several centers, cidofovir was added prefer-
ably later to patients with a more severe neurologic
picture, a worsening evolution, or no effective re-
sponse to HAART. However, after adjusting for base-
line prognostic factors, cidofovir treatment showed a
trend towards increased survival, with a 60% mean
reduction of the risk of death, but this result was not
significant due to large confidence limits and possi-
bly low detection power of the study. Nevertheless,
we cannot adjust for several other prognostic factors,
such as CSF JCV burden, virologic efficacy of HAART
at the time of cidofovir introduction, duration of cid-
ofovir treatment, patients’ performance status, and
neurologic severity. For all these considerations, we
think that benefit of cidofovir in HIV-associated PML
will require further definitive evidences in larger
prospective studies.

Methods

IRINA is an ongoing prospective multicenter study
designed to survey epidemiologic changes and nat-
ural history of HIV-related neurological disorders in
the era of HAART. The secondary aim of the study
is to assess diagnostic criteria used in clinical cen-
ters based on available resources and to work out
standardized guidelines. The study started in January
2000 and included all the HIV-related neurologic dis-
orders observed among 45 infectious diseases centers
in Italy involved in the medical care of HIV-infected
patients. For each new neurologic case observed,
each center had to fill a notification sheet includ-
ing demographic and epidemiologic variables, natu-
ral history of HIV infection and antiretroviral therapy,
clinical and radiological characteristics, and diagnos-
tic criteria. Moreover, a questionnaire of diagnostic
procedures employed was administered at each cen-
ter: it investigated the availability of diagnostic tools
(neurologic scores, neuroimaging, PCR tests on cere-
brospinal fluid, serology, histologic features) and the
minimal diagnostic criteria employed for each neuro-
logic disorder. Every 6 months, a follow-up sheet was
filled with information regarding treatment outcome
and survival.

The current study includes all cases of PML re-
ported to IRINA between January 2000 and June
2002. Diagnostic criteria for PML included, besides
the Centers for Disease Control and Prevention (CDC)
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1993 revised case definition, presumptive diagnostic
criteria based on (i) the detection of JCV DNA in the
CSF by PCR in the presence of suggestive clinical and
neuroimaging features, (ii) the presence of a compat-
ible clinical and neuroimaging picture even in the
absence of JCV DNA detection in CSF, or when the
lumbar puncture was not performed or the test was
not available, after excluding other neurological dis-
eases. All the notified PML diagnoses were revised by
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