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Introduction
In 1958, Astrom, Mancall, and Richardson [1••]
described a progressive neurologic syndrome with
characteristic neuropathologic findings of demyelina-
tion, giant astrocytes, and oligodendrocytes with
abnormal nuclei; they named the entity progressive
multifocal leukoencephalopathy. In 1965, viral particles

resembling papovavirus were identified within glial
nuclei and were subsequently cultured from the PML–
affected brain in glial cell cultures [2,3]. Named JC
virus, it is a double-stranded DNA virus of icosahedral
symmetry. Its ability to hemagglutinate type O erythro-
cytes has permitted the performance of seroepidemio-

Opinion statement
• Before embarking on experimental therapies for progressive multifocal leuko-

encephalopathy (PML), the diagnosis needs to be unequivocally established.
• Improving the underlying immunodeficiency state is the best initial approach 

to the management of PML. Immunosuppressive therapies should be discontinued 
when feasible. In the patient with AIDS, highly active antiretroviral therapy should 
be administered; this appears to prolong survival.

• At present, no therapy has been demonstrated to be effective in a well-designed 
prospective trial. Cytosine arabinoside, which has demonstrated efficacy in vitro 
against JC virus, has not been effective when administered intravenously or 
intrathecally to patients with AIDS and PML. The failure of regimens employing 
cytosine arabinoside in PML may have been the consequence of inadequate 
penetration of the drug to sites of infection in the brain. Other drugs with estab-
lished in vitro activity against JC virus, such as topoisomerase and camptothecin, 
are poorly tolerated. The use of cidofovir in patients with AIDS and PML remains 
anecdotal, although it is currently under investigation.

• Interferon alfa may improve survival in patients with AIDS and PML and may 
have general applicability to PML regardless of the cause of the underlying 
immunodeficient state.

• Approximately 7% to 9% of patients with PML demonstrate prolonged survival 
(>12 months) and associated improvement in clinical and radiographic abnor-
malities in the absence of specific therapy. In patients with AIDS-related PML, 
prolonged survival correlates with PML as the presenting manifestation of AIDS, 
higher CD4 T-lymphocyte counts, and contrast enhancement of PML lesions on 
radiographic imaging. A brisk inflammatory response may also be associated with 
improved survival.

• The increased understanding of the pathophysiology of JC virus provides hope for 
the development of curative strategies. The growing number of persons affected 
with PML has allowed the organization of carefully designed therapeutic trials to 
address this issue.
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logic studies,  which demonstrate that JC virus
infection is worldwide, is common (about 80% of all
populations studied), and usually occurs before the
age of 20 years. Spread of JC virus is likely via respira-
tory secretions [4], but no identifiable acute illness has
been convincingly established with primary infection.
The infection typically remains latent in extra–central
nervous system sites until a number of events tran-
spire, chief among them the occurrence of impaired
cell-mediated immunity. Until the 1980s, chronic lym-
phocytic leukemia and lymphoma were the underlying
illnesses most often associated with PML. In the past
two decades, the frequency of PML has increased dra-
matically owing to the AIDS epidemic, and it is no
longer a rare disease.

Before 1982, 200 cases of PML had been recorded by
the National Center for Health Statistics [5,6], most the
consequence of lymphoid malignancies. Other neoplas-
tic disorders, granulomatous disease (eg, tuberculosis
and sarcoidosis), and immunosuppressed conditions
were the next most frequent causes [7•]. Since the
beginning of the AIDS pandemic, however, the number
of persons with PML has increased dramatically. Most
studies now report an incidence of approximately 5% in
patients with AIDS [8]. In a series from south Florida, a
20-fold increase in the prevalence of PML was seen
between the years of 1980 and 1984 and the years 1990
to 1994, with all but 2 of 156 cases of PML occurring in
association with HIV [9•]. The number of patients with
AIDS developing PML greatly exceeds the rate in other
illnesses having similar degrees of impaired cell-medi-
ated immunity, suggesting that factors related to HIV
infection may amplify the frequency of the disease.

The JC virus is latent in many extraneural sites,
including kidneys, lymph nodes, tonsils, lung, and liver,
and likely replicates in bone marrow–derived lympho-
cytes [10]. It has been postulated that these infected B
lymphocytes migrate to the brain, providing the route
for central nervous system penetration of the virus [10].
JC virus DNA codes for three capsid proteins, protein
“T” (a nonstructural protein responsible for initiation
of viral DNA replication and transcription of its capsid
proteins), and protein “t,” which is of no known patho-
genic significance [11••]. Susceptibility to JC virus infec-
tion appears to be controlled by cellular transcription
factors rather than being dependent on attachment to
cellular receptors [11••]. Glial cells are infected because
they provide the transcriptional factors necessary for the
expression of the virus [10].

The clinical manifestations of PML vary depending
on the affected area of white matter. In the AIDS popula-
tion, common abnormalities include weakness, gait dis-
turbance, speech and language disorders, cognitive
dysfunction, and visual loss [9•]. Weakness, frequently
hemiparesis, is the foremost manifestation of the disease

both at onset and at time of diagnosis. Ataxia, dysarthria,
numbness, headaches, aphasia, seizures, and vertigo are
occasionally observed [9•]. The frequency with which
these clinical findings are seen may be different in the
non–AIDS population [7•]. The correct diagnosis of PML
is often delayed in persons who are not recognized as
having an underlying immunodeficiency state, particu-
larly among those who are not recognized as having HIV
infection. PML is rarely present in the absence of detect-
able focal findings on careful neurologic evaluation.

The diagnosis of PML is strongly supported by radio-
graphic and magnetic resonance imaging studies. On
computed tomography, multiple white matter hypoden-
sities are observed, but magnetic resonance imaging is
significantly more sensitive [8]. The lesions of PML
appear hyperintense on T2 images and hypointense on
T1 images [8]. A scalloped appearance in subcortical
regions is the consequence of involvement of “U” fibers.
There is a predilection for the parieto-occipital region,
but about one third of patients with AIDS and PML have
posterior fossa involvement [8]. Faint contrast enhance-
ment generally at the periphery of the lesions may be
seen in up to 9% [8].

Routine studies of cerebrospinal fluid (CSF) are not
particularly helpful in the diagnosis of PML; however,
polymerase chain reaction (PCR) for JC virus has
become a useful test for diagnosing the disorder
[12,13]. The use of PCR for JC virus on cerebrospinal
fluid coupled with the appropriate clinical and radio-
graphic studies has assisted in establishing the diag-
nosis of PML. CSF PCR has a specificity of 100% [14].
Its sensitivity varies from laboratory to laboratory,
although some investigators claim the capability of
detecting as few as 105 copies per 10 microliters of CSF
[15,16]. Since PCR of the cerebrospinal fluid for JC
virus is not 100% sensitive, brain biopsy is often
required to establish the diagnosis. Confirmation in
the absence of a positive CSF PCR for JC virus in the
proper clinical and radiologic contexts requires tissue
examination. In addition to the pathognomonic histo-
pathologic findings seen on light microscopy, viral
particles may be demonstrated by electron microscopy,
viral DNA by in situ hybridization, and JC virus anti-
gens by immunocytochemistry.

The prognosis for PML is typically grim, with death
occurring in most patients 1 to 18 months (mean 4
months) after disease onset [17,18]. In the setting of
AIDS, certain features seem to be associated with a
greater likelihood of prolonged survival (more than 12
months): PML as the heralding illness of AIDS; lesser
degrees of immunosuppression (CD4 counts of more
than 300 cells/mm3); enhancement on radiographic
imaging; and any evidence of clinical recovery [19]. Low
CSF JC viral loads have also been associated with longer
survival [20,21].
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Treatment

• Reversing the immunosuppression that has set the stage for the develop-
ment of PML should be a high priority. Although this measure is not 
practical in some conditions (eg, HIV infection), if immunosuppression is 
iatrogenically induced, discontinuing corticosteroid therapy, antineoplastic 
drugs, or other immunosuppressive agents to allow for the restoration of 
the immune system may have an ameliorating effect on PML.

• There are no compelling reasons or data to suggest that alteration of dietary 
habits or lifestyle will influence the course of PML. Because the greatest risk 
factor for the development of PML is HIV infection, alterations in lifestyle 
may be highly effective in reducing the risk of becoming infected with this 
virus. Use of injected drugs and having sexual relations with HIV-seroposi-
tive partners are the greatest risk factors for acquisition of HIV infection in 
adults. Avoidance of these activities would substantially reduce the number 
of patients with PML.

• The treatment of PML remains frustrating because there are no unequivo-
cally successful therapeutic modalities. Before the AIDS epidemic, mean-
ingful studies would have been exceptionally difficult to conduct as a 
result of the small number of persons with PML. To date, there has been 
only one well-designed prospective trial of therapy in PML, namely the 
use of cytosine arabinoside in AIDS-related PML [22•, Class I].

• A not insignificant number of persons have demonstrated remarkable 
recovery clinically and radiographically in the face of advanced PML 
[19,23]; it seems that the white matter appears to have the capacity to 
regain both its structural and its functional integrity if JC virus can be 
cleared from the brain. Anecdotal evidence based on recovery following res-
toration of the immune system suggests that the immune system is 
capable of clearing JC virus from the brain. In addition, in the absence 
of significant underlying destruction, the brain is capable of remyelinating. 
An alternative approach to immune reconstitution would be the use of 
a pharmacologic treatment capable of inhibiting JC virus replication.

Cytosine arabinoside
Because of their ability to impede the synthesis of DNA, nucleoside analogues 
have been employed in the treatment of PML [24]. In vitro studies [25] have 
clearly demonstrated the ability of cytosine arabinoside (ara-C) (Cytarabine; 
Bedford Labs, Bedford, OH), a cytosine analogue, to inhibit JC virus replication; 
anecdotal reports of intravenous and intrathecal administration suggested the 
value of this therapy in PML [26–32, Class IIIb]. A carefully conducted clinical trial 
of AIDS–related PML failed to show the value of either intravenous or intrathecal 
administration of ara-C when compared with placebo [22•, Class I]. Theoretically, 
neither method of administration permitted adequate concentrations of the drug to 
reach the disease sites. More effective methods of drug delivery to the affected 
intraparenchymal sites may prove that cytosine arabinoside has a role in the treat-
ment of PML; however, this remains unproven.

Diet and lifestyle

Pharmacologic treatment
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Standard dosage No standard dose for the administration of cytosine arabinoside has been estab-
lished. In the study by Hall et al. [22•, Class I] of AIDS-associated PML, antiretro-
viral therapy was optimized, and patients in the treatment arms were randomized to 
receive either intravenous or intrathecal therapy. In the former, cytosine arabinoside 
was administered as 4 mg/d per kilogram of body weight for 5 days by intravenous 
infusion followed by a 16-day period when antiretroviral therapy alone was given. 
This cycle was repeated every 21 days. In the latter, 50 mg of cytosine arabinoside 
was administered intrathecally through an Ommaya reservoir once a week for 4 
weeks; once every 2 weeks for the next 8 weeks; then once every 4 weeks for the 
remainder of the study without an alteration in antiretroviral therapy.

Contraindications Cytosine arabinoside is contraindicated in patients who are hypersensitive to the 
drug. It is a potent bone marrow suppressant and should be used with extreme cau-
tion and careful monitoring, particularly when administered with antiretroviral 
therapy, which is also toxic to bone marrow.

Main drug interactions Cytosine arabinoside causes a reversible decrease in steady-state plasma digoxin con-
centration and renal glycoside excretion. Therefore, plasma digoxin levels need to be 
monitored. Also, antibiotic regimens with gentamicin may need to be modified.

Main side effects The chief side effect is bone marrow suppression with attendant leukopenia, 
anemia, and thrombocytopenia. Infectious illness may be observed with the use 
of cytosine arabinoside, which is a particular concern in the face of a preexisting 
immunodeficient state.

Special points It is likely that the absence of established efficacy of cytosine arabinoside in the 
treatment of AIDS–associated PML applies to PML arising in other settings as well. 
Therefore, there exists no compelling reason to recommend its use. The demon-
stration of its value in suppressing JC viral replication in vitro suggests that 
more effective drug delivery may lead to restudy of its value.

Cost/cost effectiveness In addition to the cost of the medication ($6.75 per 100 mg, average wholesale 
price) and that of its administration (either intravenous or intrathecal), frequent 
assessments for bone marrrow suppression are required. When coupled with the 
absence of compelling data demonstrating the effectiveness of the medication, 
it is difficult to recommend cytosine arabinoside unless it is administered in an 
experimental setting with parameters different from those already addressed.

Cidofovir
Cidofovir—1-[(S)-3-hydroxy-2-(phosphomethoxy)propyl]cytosine dihydrate 
(HPMPC)—and its cyclic counterpart have demonstrated selective antipolyoma-
virus activity [33]. The 50% inhibitory concentrations for HPMPC are in the range 
of 4 to 7 mg/mL, and its selectivity index varies from 11 to 20 for mouse polyoma-
virus and from 23 to 33 for SV40 strains in confluent cell monolayers [33]. It has 
been proposed as an agent for the treatment of PML [34] because anecdotal cases 
suggest that it has value in treating PML [35–39, Class IIIb]. Currently, a well-
designed AIDS Clinical Trials Group (ACTG) study is addressing the value of 
cidofovir in the same fashion as it had ara-C earlier. No results are yet available 
from this study.

Standard dosage There is no standard dosage regimen for cidofovir in the treatment of PML. 
In the ACTG trial, cidofovir is administered in an initial dose of 5 mg/kg, which 
is repeated on day 7 and then every 14 days thereafter. Adjustments are made for 
renal function. Probenecid is administered 3 hours before and 2 and 8 hours after 
each dose of cidofovir, for a total dose of 3 gm for adults weighing 41 to 60 kg 
and 4 gm for adults weighing more than 60 kg.

Contraindications Significant preexisting renal disease would be considered a relative contraindica-
tion to the use of cidofovir.

Main drug interactions The concomitant administration of nephrotoxic medications (eg, intravenous 
pentamidine, amphotericin B, foscarnet, aminoglycosides, vancomycin, or non-
steroidal anti-inflammatory drugs) should be avoided.
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Main side effects The principal toxicities of cidofovir are renal, hematologic, and ocular. 
Renal toxicity is characteristically manifest by elevated serum creatinine level and 
proteinuria. The chief hematologic side effect is neutropenia. Ocular toxicity is 
somewhat unique and includes the appearance of hypotony, decreased intraocular 
pressure, and uveitis.

Special points Patients require hydration during the administration of cidofovir. Additionally, 
intraocular pressure needs to be recorded routinely and the medication discon-
tinued if intraocular pressure drops by more than 50% of pretreatment values.

Cost/cost effectiveness This is experimental therapy for which cost effectiveness has not yet been calculated.

Interferon alfa
Occasional positive results have been seen with the use of interferons (IFNs), both 
subcutaneously [40, Class IIIb] and intrathecally [31, Class IIIb] when used in 
conjunction with ara-C. The antiretroviral activity of the interferons may be the 
consequence of their ability to stimulate natural killer cells. In a pilot study of 17 
patients with AIDS and PML treated with interferon alfa-2a and zidovudine, 2 had 
long-term clinical stabilization, though none improved [41, Class IIIa1]. A retro-
spective study compared patients with AIDS-associated PML receiving a minimum 
treatment of 3 weeks of 3 million units of IFN-a daily with untreated historical 
controls and suggested that IFN-a treatment delayed the progression of the 
disease, palliated symptoms, and significantly prolonged survival [42, Class IIIa2]. 
Better-designed trials with this agent are clearly warranted.

Standard dosage There is no standard dosage for IFN-a in the treatment of PML. The dose employed 
generally mirrors that used in the treatment of Kaposi's sarcoma occurring in asso-
ciation with AIDS. Three different preparations of IFN-a are currently available. 
Two forms have been prepared by recombinant technology: interferon alfa- 
2a (Roferon-A; Roche Laboratories, Nutley, NJ) and interferon alfa-2b (Intron A; 
Schering Corporation, Union, NJ). A natural preparation of IFN-a is derived from 
human leukocytes, interferon alfa-N3. The experience accumulated to date has 
been with the former two preparations; however, they may not be equally effective. 
Three million units of IFN-a are administered subcutaneously daily. As with 
AIDS-related Kaposi's sarcoma, the dose may be escalated gradually to 36 million 
U/d or more.

Contraindications Interferon alfa should not be administered to persons with a hypersensitivity to 
the preparation.

Main drug interactions Caution needs to be exercised when administering IFN-a in association with other 
drugs that cause myelosuppression. Synergistic toxicity has been observed with 
zidovudine. IFN-a has been found to reduce the clearance of theophylline.

Main side effects Constitutional symptoms, including fever, fatigue, headache, chills, anorexia, 
nausea, diarrhea, and weight loss, are common. Many of the “flulike” constitu-
tional symptoms can be managed with nonsteroidal anti-inflammatory agents. 
Acute confusion, depression, and suicidal ideation may be observed with use 
of IFN-a.

Special points Careful assessment for evidence of myelosuppression needs to be performed 
periodically during therapy with IFN-a. Patients receiving high doses should be 
cautioned about performing tasks requiring concentration.

Cost/cost effectiveness The average wholesale price of IFN-a is approximately $50 per 5 million units. 
Therefore, the average daily expense for the administration of this medication, 
assuming lower doses (3 million units), is $30.

Adenine arabinoside
Adenine arabinoside or ara-A (Vidarabine; Monarch Pharmaceuticals, Bristol, TN) 
[31,43,44, Class IIIb] has been reported to be of anecdotal value in PML. To date, 
there are no convincing experimental data or well-conducted clinical study results 
to support its use in PML.
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Camptothecin
The antineoplastic drug camptothecin, a DNA topoisomerase I inhibitor, has been 
demonstrated to block JC virus replication in vitro when administered in pulsed 
doses in amounts nontoxic to cells [45]. Its therapeutic usefulness in PML has 
been entirely anecdotal [46,47, Class IIIb].

Topotecan
Another antineoplastic drug, topotecan, may also inhibit JC virus replication [45]. 
To date, there have been no reports in the literature addressing the experience with 
topotecan in PML; however, both camptothecin and topotecan display 
significant systemic toxicity, and their value in the treatment of PML remains 
highly questionable.

• Power et al. [48, Class IIIb] reported remission of AIDS-associated PML 
following splenectomy in a patient who was receiving antiretroviral ther-
apy. The rationale for the performance of this procedure is not entirely 
clear, because JC virus had already established a foothold in the brain 
with the appearance of the clinical and radiographic manifestations of 
PML. Eliminating the spleen as a potential site of further virus dissemina-
tion to the brain seems unwarranted. Whether it has subtle effects on the 
immunology of PML is uncertain. To date, the success of splenectomy in 
PML has not been repeated.

• Special consideration needs to be given to the treatment of AIDS-associated 
PML because anecdotal information suggests that antiretroviral therapy, 
which has no detectable effect on JC virus replication in vitro, may have 
a salutary effect on PML. As with antiviral therapy being active against JC 
virus, the current literature purporting effective therapy remains largely 
anecdotal. Zidovudine (AZT) and other antiretrovirals have been proposed 
as adjunctive therapy for AIDS-associated PML. One patient has been 
described with an apparent response to zidovudine [49, Class IIIb], 
and other investigators have commented on similar cases. In theory, 
the downregulation of HIV-tat may decrease the transactivation of JC virus. 
Administration of zidovudine, 1000 mg or more daily, should be attempted 
in light of its superior ability to cross the blood-brain barrier.

• Perhaps more exciting have been the small retrospective series that have 
strongly suggested the value of highly active antiretroviral therapy (HAART) 
in HIV-infected patients with PML [50,51, Class IIIb]. A decrease in the 
frequency of AIDS-associated PML has been noted since the introduction 
of HAART [52]. An improvement in survival may not be accompanied by 
an improvement in neurologic disability consequent to PML [53, Class 
IIIb]. The benefit of HAART in AIDS-associated PML has not been 
universally observed, however [54, Class IIIb].

Interventional procedures

Other treatments/considerations
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