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Progressive multifocal leukoencephalopathy (PML), a formerly rare disease, is
estimated to occur in up to 5% of all patients with AIDS. The high prevalence of
PML in AIDS patients currently enables a comprehensive evaluation of this
disorder. We evaluated the clinical and radiographic features of PML in a large
cohort of AIDS patients identi®ed by retrospective chart review from 1981 to
1994. Two hundred and ®ve patients were diagnosed with PML of which 154
met the inclusion criteria. Seventy-two (47%) were pathologically con®rmed
and the remaining 82 (53%) met clinical and radiographic criteria. There was a
12-fold increase in the frequency of PML between 1981±1984 and 1991±1994.
PML affected 136 men and 18 women with AIDS. Eighty-four percent of cases
were 20±50 years old (range 5 to 68 years). The most common AIDS risk factors
were homosexuality (57%) among men and heterosexual transmission (28%)
and intravenous drug abuse (28%) among women. In 27% of patients, PML
heralded AIDS. Common manifestations included weakness, gait abnormal-
ities, speech disturbance, cognitive disorders, headache, and visual impair-
ment. The CD4 lymphocyte counts exceeded 200 cells in 11% at the time of
presentation. Involvement of posterior fossa structures was evident in 48% of
cranial magnetic resonance imaging (MRI) studies, but in only 11% of computed
tomographies (CT) of the brain. Contrast enhancement, typically faint and
peripheral, was seen in 10% of CT scans and 15% of MRIs. The median survival
was 6 months and survival exceeded 1 year in 9%. PML is no longer a rare
disease. It often heralds AIDS and may occur in the absence of signi®cant
decline in CD4 lymphocytes. Survival is generally poor, although prolonged
survival beyond 1 year is not unusual.
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Introduction

Progressive multifocal leukoencephalopathy (PML)
was ®rst crystallized as a syndrome by AÊ strom,
Mancall, and Richardson in 1958 on the basis of
characteristic histopathological features (AÊ strom,
1958). A viral etiology was proposed due to
recognition of inclusion bodies in the nuclei of
damaged oligodendrocytes (Cavanaugh et al, 1959).
Electron microscopic criteria suggested a polyoma
virus (ZuRhein, 1967; 1969), later con®rmed by
isolation of a papovavirus in human fetal brain
cultures (Padgett et al, 1971). In almost, if not all

instances, the papova virus responsible for PML is
the JC virus (Major et al, 1992). Seroepidemiologic
studies have revealed that the majority of the
world's population develops antibody to this virus
at an early age (Rhiza, 1978; Walker and Padgett,
1983). By middle adulthood, 80±90% of the
population have IgG antibodies against JC virus
and seroconversion rates have exceeded 90% in
some urban areas (Walker and Padgett, 1983).

PML is typically observed in the setting of
cellular immunode®ciency. The initial report was
in individuals with chronic lymphocytic leukemia
and Hodgkin's disease (AÊ strom et al, 1958). In 1984,
a review of 230 previously published cases of PML
revealed that lymphoproliferative disease were the
most common underlying disorders accounting for
62.2% of the cases. Other predisposing illnesses
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included myeloproliferative diseases in 6.5%,
carcinoma in 2.2%, granulomatous and in¯amma-
tory diseases, such as, tuberculosis and sarcoidosis,
in 7.4% and other immune de®ciency states in
16.1%. AIDS was included in the latter category and
was observed in only 3.0% of the total cases (Brooks
and Walker, 1984).

The ®rst description of PML complicating AIDS
was reported in 1982 (Miller et al, 1982), 1 year after
the initial description of AIDS. By the late 1980s,
AIDS was reported to be the most common under-
lying disorder predisposing to the development of
PML at insitutions in New York (Krupp et al, 1985)
and Miami (Berger et al, 1987). AIDS has been
estimated to be the underlying disease for PML in
55% to more than 85% of all current cases (Major et
al, 1992).

The subsequent evolution of the AIDS epidemic
has resulted in a signi®cant change in the epidemiol-
ogy of PML. This formerly rare disease has become
remarkably common. Gillespie and colleagues (Gil-
lespie et al, 1991) found that patients with AIDS in
the San Francisco Bay area have an estimated
prevalence of PML of 0.3%, although the investiga-
tors acknowledged that this may be a signi®cant
underestimate. Based on reporting of AIDS to the
Centers for Disease Control (CDC) between 1981 and
June 1990, 971 (0.72%) of 135 644 individuals with
AIDS were reported to have PML (Holman et al,
1991); this is also likely a signi®cant underestimate
of the true prevalence due to the notorious
inaccuracies in death certi®cate reporting (Messite
and Stellman, 1996) and the requirement of patho-
logic con®rmation for inclusion in this study. Other
studies have suggested that the prevalence of PML in
AIDS cases is substantially higher than that reported
by the CDC with most estimates ranging between 1 ±
5% in clinical studies and as high as 10% in
pathological series (Krupp et al, 1985; Berger et al,
1987; Stoner et al, 1986; Lang et al, 1989; Kure et al,
1991; Kuchelmeister et al, 1993; Whiteman et al,
1993). In 1987, a large, retrospective, hospital-based,
clinical study (Berger et al, 1987) found PML in
approximately 4% of patients hospitalized with
AIDS. In a combined series of seven separate
neuropathological studies comprising a total of 926
patients with AIDS (Kure et al, 1991), 4% had PML.
Two other large neuropathologic series found PML
in 7% (Lang et al, 1989) and 9.8% (Kuchelmeister et
al, 1993) of autopsied AIDS patients. The authors of
the latter study acknowledged that an unusually
high estimate may have resulted from numerous
referral cases from outside the study center (Kichel-
meister, 1993). However, a study of 548 consecutive,
unselected autopsies between 1983 and 1991,
performed on patients with AIDS by the Broward
County (Florida) Medical Examiner revealed that 29
(5.3%) had PML con®rmed at autopsy (Whiteman et
al, 1993). Although these estimates may be suscep-
tible to selection bias, there does appear to be a

marked increase in the frequency with which PML
has been observed since the inception of the AIDS
epidemic.

The remarkable increase in frequency of PML
associated with HIV infection has allowed us to
study the largest series of PML patients reported to
date.

Results

During the time period of this study, 205 patients
were diagnosed with PML, however, 51 patients did
not meet the inclusion criteria. The remaining 154
patients were included in this study: 72 were
pathologically-proven by brain biopsy (31), autopsy
(38), or both (3); 82 met the clinical and radio-
graphic criteria for inclusion, but did not have
pathologic con®rmation.

Of the 51 excluded cases, 11 without patholo-
gical con®rmation of PML had alterations in
mental state, but no focal ®ndings on neurological
examination; because of the concern of misinter-
preting the white matter changes of HIV dementia
seen on CT scan or MRI for those of PML
(Whiteman et al, 1993; Olesen et al, 1988; Post
et al, 1988), these patients were excluded from the
study. In three of these 11, seizures prompted
medical evaluation. Nine patients were excluded
because concomitant established illnesses may
have explained their neurological ®ndings. The
spectrum of these illnesses included CNS toxo-
plasmosis (3), primary central nervous system
lymphoma (1), neurosyphilis (1), meningitis (3 ±
cryptococcal, tuberculous, and unidenti®ed patho-
gen), and cocaine overdose (1). Six patients
without pathologically proven PML failed to meet
the CT or MRI inclusion criteria; mass effect was
observed in four of these six. Seven patients failed
to meet both the clinical and the radiographic
inclusion criteria. Histopathology failed to estab-
lish the diagnosis in two patients: biopsy in one
patient was interpreted as shown `alcoholic
cerebellar degeneration' and autopsy in another
revealed multiple cerebral infarctions and the
pathological hallmarks of HIV dementia (Katz et
al, 1994). Two patients with pathologically-proven
PML were excluded as they were not HIV infected:
one was a 15-year-old boy with Wiskott-Aldrich
syndrome who has been previously reported (Katz
et al, 1994) and the other was a 58-year-old
woman with Hodgkin's disease. In 14, insuf®cient
data precluded proper assessment.

All but nine of the 154 patients with PML lived in
a four county region (Dade, Broward, Palm Beach
and Monroe) of south Florida. As shown in Figure 1,
a dramatic increase in the annual frequency of PML
among the 145 HIV-infected persons from south
Florida was observed during the study period.
During the ®rst 4 years of the study (1981 ± 1984)
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only six con®rmed cases were identi®ed. In
contrast, during the last 4 years (1991 ± 1994), 69
cases were identi®ed. This represents nearly a 12-
fold increase in the number of identi®ed PML cases
among HIV-infected persons over this 14-year
period.

The age distribution of the study population is
depicted in Figure 2. This mean age was 39 years
(s.d.=10.3) with a range of 5 ± 68 years. Four patients
were under 20 years old: the three pathologically-
con®rmed cases were 10, 13, and 19 years old,
respectively, and the single clinically-diagnosed
case was 5 years old. Two of the children with
pathologically-con®rmed PML had been reported
previously (Berger et al, 1992), the youngest of
whom had been infected by HIV during liver
transplantation for congenital biliary atresia. The
5-year-old child had acquired HIV by maternal-fetal
transmission as had the 13-year-old child, who had
been the subject of a report on prolonged latency to

the development of symptomatic HIV disease
following vertical transmission (Burger et al,
1990). The 19-year-old girl had acquired HIV by
heterosexual transmission.

There were a total of 136 males and 18 females in
the study. Among the males, the most common
identi®ed risk factor (Table 1) for HIV infection was
homosexuality/bisexuality. As an isolated risk
factor for HIV infection, it accounted for 57% of
the total group and was identi®ed as a potential risk
factor in another 4% in whom multiple risk factors
were present, such as, gay men who were also
parenteral drug users. Among females, the most
commonly identi®ed risk factors were heterosexual
transmission (28%) and parenteral drug use (28%),
although the numbers were small and no risk factor
was identi®ed in 33% of this group. Many of the
women without identi®ed risk factors were sus-
pected to have acquired HIV through heterosexual
transmission.

Historical data regarding the existence and nature
of other AIDS-related were available in 135 cases at
the time of presentation. PML was the initial AIDS-
de®ning illness in 36 (27%) of these cases.

CD4 lymphocyte counts were obtained either at
the time of diagnosis or within 6 months of
diagnosis in 94 patients. The mean CD4 count was
104 cells/mm3 (s.d.=143.0) and the median CD4
count was 54 cells/mm3 with a range of 0 to 793
cells/mm3. Eleven percent of the study population
(10 cases) had CD4 lymphocyte counts in excess of
200 cells/mm3 within 6 months of diagnosis of PML.

Symptoms and signs were evaluable in 139 and
144 cases, respectively. The initial symptoms of
PML are summarized in Table 2. The most common

Figure 1 Annual incidence of PML with HIV infection.

Figure 2 Age distribution of AIDS patients with PML. The
change in the pattern of age distribution of PML since the AIDS
era is highlighted in this ®gure. The clear bars display the age
distribution of AIDS patients with PML from this study and the
solid bars represent the age distribution of 53 pathologically and
virologically proven cases of PML published in 1983. None of
the patients in the latter study were identi®ed as having AIDS.

Table 1 Risk factors for HIV infection.

Risk factor Men n=136 Women n=18 Combined n=154

Gay/bisexual
Heterosexual
IVDA
Blood products
Multiple
Unknown

78 (57%)
16 (12%)
13 (10%)

5 (4%)
10 (7%)
14 (10%)

0 (0)
5 (28%)
5 (28%)
1 (6%)
1 (6%)
6 (33%)

78 (51%)
21 (14%)
18 (12%)

6 (4%)
11 (7%)
20 (13%)

Table 2 Initial symptoms of PML.

Symptom n=139

Weakness
Speech abnormalities
Cognitive abnormalities
Headache
Gait abnormalities
Sensory loss
Visual impairment
Seizures
Diplopia
Limb incoordination

59 (42%)
56 (40%)
50 (36%)
45 (32%)
40 (29%)
27 (19%)
26 (19%)
13 (9%)
13 (9%)
9 (6%)
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initial symptoms included weakness, speech ab-
normalities, cognitive abnormalities, headache, and
gait abnormalities. The initial signs of PML are
summarized in Table 3. The most common initial
signs included weakness, cognitive abnormalities,
gait abnormalities, and dysarthria.

No strict neuroimaging protocol was followed in
these patients. CT scans of the head were available
for analysis in 99 patients at the time of initial
presentation, and in 117 patients at some point in
their illness. The CT scan at presentation was
interpreted as normal in 13 patients. In ten of these
patients, an MRI obtained 1 day to 2 months later
was abnormal. In the other three, repeat CT scans
obtained 13 days to 22 months later demonstrated
abnormalities consistent with PML. Cranial MRI
scans were available for analysis in 109 patients at
the time of initial presentation, and in 111 patients
at some point in their illness. No cranial MRIs were
interpreted as normal. The distribution of lesions on
MRI at the time of initial clinical presentation is
illustrated in Table 4. Posterior fossa lesions were
observed in only 11% of the initial CT scans in
comparison to 48% of the MRIs. Contrast enhance-
ment was observed in 10% of the CT scans obtained
and in 15% of the MRIs. The contrast enhancement
was typically faint and present at the edges of the
lesion. When there were multiple lesions, contrast
enhancement was generally evident in at least one
of these lesions. Mild mass effect was evident
radiographically in two (3%) of the 72 patients with

pathologically proven disease. Any patients with
mass effect on radiographic imaging who did not
have pathological con®rmation by brain biopsy or at
autopsy were excluded from the study.

Cerebrospinal ¯uid studies were obtained on 67
patients. The mean cell count was 7.7 cells/mm3

(s.d.=36.7) with a median of 2 cells/mm3 and a range
of 0 to 301 cells/mm3. Fifty-six (83.6%) had normal
cell counts (0 to 5 cells/mm3), 10 (14.9%) had mild
CSF pleocytosis (6 to 50 cells/mm3), and only one
(1.5%) had a marked CSF pleocytosis (greater than
200 cells/mm3). The mean CSF protein was 66.5 ng/
dl (s.d.=37.7) (0.664 gm/L; s.d.=0.377 gm/L) with a
median of 58 mg/dl (0.58 gm/L) and a range of 17 to
180 mg/dl (0.17 to 1.8 gm/L). Thirty (44.8%) had
normal CSF protein levels of 15 to 50 mg/dl
(0.15 gm/L to 0.5 gm/L), 20 (30%) had levels of 51
to 100 mg/dl (0.51 to 1.0 gm/L), and 17 (25.4%) had
levels greater than 100 mg/dl (>1.0 gm/L). The
mean CSF glucose was 54.2 mg/dl (s.d.=11.4)
(3.01 mmol/L; s.d.=0.63 mmol/L) with a median of
52 mg/dl (2.88 mmol/L) and range of 31 to 87 mg/dl
(1.72 to 4.83 mmol/L). Nine (13.4%) had hypogly-
corhachia de®ned as glucose values less than
45 mg/dl (2.5 mmol/L) and two did not have CSF
glucose determinations. Of those with hypoglycor-
rhachia, four had values between 40 to 45 mg/dl
(2.2 to 2.5 mmol/L), ®ve had values between 30 to
39 mg/dl (1.67 to 2.16 nmol/L), and none had
values below 30 mg/dl (51.67 mmol/L).

The median survival was 183 days (95%
con®dence interval 155 to 303 days) (Figure 3).
Six (8.3%) of the 72 pathologically proven cases
had survivals in excess of 12 months (range 18 to
92 months). Eight (9.4%) of the 82 non-pathologi-
cally con®rmed cases had survivals exceeding 12
months with the longest length of survivorship
exceeding 37 months in this group. All but one of
the six patients in the pathologically con®rmed

Table 3 Initial signs of PML.

Sign n=144

Weakness
Gait abnormalities
Cognitive abnormalities
Dysarthria
Aphasia
Sensory loss
Visual impairment
Oculomotor palsy
None

78 (54%)
41 (28%)
40 (28%)
34 (24%)
28 (19%)
27 (19%)
25 (17%)

8 (6%)
8 (6%)

Table 4 Location and nature of lesions on MRI (n=111).

Hemisphere 89 (80%)

Frontal
Temporal
Parietal
Occipital
Corpus callosum/centrum semiovale
Internal capsule/basal ganglia
Thalamus

Posterior fossa
Cerebellum
Brainstem

Contrast enhancement

30 (27%)
17 (15%)
39 (35%)
23 (21%)
21 (19%)
13 (12%)
16 (14%)
53 (48%)
38 (34%)
39 (35%)
17 (15%)

Figure 3 Survival in AIDS-associated PML.
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group who had survived greater than 1 year
demonstrated both clinical and radiographic im-
provement after the diagnosis was established.
The patient who continued to deteriorate was also
the only one in this group to have received
therapy directed at JC virus, namely, intravenous
cytosine arabinoside.

Discussion

During the 14 year study period, the frequency of
PML in the study population increased dramati-
cally. In the ®rst 2 years of the study, 1981 and
1982, no cases of PML were observed, whereas in
the last 4 years of the study there were an average
of 18 cases per year. The Multicenter AIDS Cohort
Study also identi®ed a dramatic rise in the
incidence of PML over a similar time period.
Speci®cally, the Multicenter AIDS Cohort Study
identi®ed 22 cases of PML among the cohort of
AIDS cases studied from 1985 to 1992: the average
annual incidence of PML was 0.15 per 100 person-
years with a yearly rate of increase of 24% between
1985 and 1992 (Bacellar et al, 1994).

In this study, only two patients (both pathologi-
cally proven) from among the 156 cases meeting our
criteria for the diagnosis of PML did not have AIDS
as the underlying etiology of their immunosuppres-
sion. The reasons for the high rate of PML in HIV
infection in comparison to other predisposing
causes, such as lymphoproliferative disorders and
organ and bone marrow transplantation, are un-
known. Possible explanations include differences
in the degree and duration of the cellular immuno-
suppression in HIV infection, facilitation of the
entry into the brain of JC virus infected B-
lymphoctyes (Houff et al, 1988) by alterations in
the blood-brain-barrier due to HIV (Power et al,
1993) or the upregulation of adhesion molecules on
the brain vascular endothelium due to HIV infection
(Hofman et al, 1994; Sasseville et al, 1992) and the
potential for the HIV tat protein to transactivate JC
virus (Tada et al, 1990).

The population with PML is vastly different than
it was just a decade ago. In their review of 230
patients with PML in 1984, Brooks and Walker
found that males and females were affected in a
ratio of 3 : 2 and the incidence of the condition
increased steadily from middle age (Brooks and
Walker, 1984). More than 50% of individuals with
PML had lymphoproliferative disease as the under-
lying etiology (Brooks and Walker, 1984). In
contrast, in our population currently, AIDS is the
overwhelming predisposing cause for PML. Conse-
quently, the disorder chie¯y affects homosexual/
bisexual men between the ages of 25 and 50 years,
with a correspondingly high male-female ratio of
7.6 to 1.0. PML continues to be rare in children, but
it has been reported in this age group (Brooks and

Walker, 1984; Berger et al, 1992; Wrozlek et al,
1995) and it was identi®ed in four cases from the
current series.

PML was the initial AIDS-de®ning illness in more
than one quarter of those with PML associated with
HIV infection, although ®gures as high as 57% (16 of
28 patients) have been reported from some smaller
series (Fong and Toma, 1995). In patients who are
not suspected to be at risk from AIDS, the initial
presentation with PML can be a dignostic enigma.
Therefore, a high level of suspicion for HIV is
required in anyone presenting with focal neurolo-
gical de®cits and abnormal radiographic studies
consistent with PML. The importance of a thorough
sexual and social history cannot be overempha-
sized. In those individuals in whom PML occurred
subsequent to other AIDS-de®ning illnesses, there
did not appear to be any particular opportunistic
disorder that was predictive of its subsequent
development.

As anticipated, severe cellular immunosuppres-
sion, as de®ned by CD4 lymphocyte counts below
200 cells/mm3, was seen in the overwhelming
majority of patients. The mean CD4 count in the
present study was 104 cells/mm3, which is similar
to that seen in other studies of PML in AIDS
patients. The mean CD4 lymphocyte value was 85
cells/mm3 in one study (Fong and Toma, 1995) and
84 cells/mm3 in another (von Einsiedel et al, 1993).
Nevertheless, 11% of patients in the present study
had CD4 lymphocyte counts in excess of 200 cells/
mm3.

With few exceptions, the spectrum of symptoms
and signs observed in this series is similar to that
seen in earlier series of non-HIV related PML
(Brooks and Walker, 1984). The symptoms most
commonly reported by patients or their caregivers
in HIV-associated PML were weakness and dis-
turbances of speech. Other common symptoms
included cognitive abnormalities, headache, gait
disorders, visual impairment, and sensory loss.
Each of these symptoms was seen in more than
15% of patients. Except for headache, the symp-
toms reported in the present study are similar to
those among series of non-HIV-associated PML
cases. Indeed, headache was recorded in only
7.2% of PML patients in one large, previous
review (Brooks and Walker, 1984). However,
headache may be observed with a signi®cant
frequency in HIV infection in the absence of
underlying neurological disease. In a prospective
study in a large cohort of HIV infected patients,
headache was reported by 50% of patients at study
entry and 2 years later (Berger et al, 1996); these
headaches were neither associated with the degree
of immunosuppression nor with underlying in-
tracranial disease (Berger et al, 1996). Therefore, it
is quike likely that some of the headaches reported
by the patients in this series were unrelated to
PML.
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Seizures were seen in 9% of patients; this ®gure
approximates that reported by Brooks and Walker
(1984), but is less than the 20% reported in a French
study of 49 AIDS patients with PML (Moulignier et
al., 1995). Seizures in AIDS-associated PML may
re¯ect involvement of the cortex by the JC virus
(Sweeney et al., 1994) or may be secondary to some
other process of HIV infection of the brain itself
(Wong et al, 1990). Wong and colleagues (Wong et
al, 1990) reported no identi®able etiology in 32
(46%) of 70 AIDS patients with seizures and
attributed their occurrence to HIV infection.

The most common sign observed with HIV-
associated PML was limb weakness occurring in
over 50%. Brooks and Walker (1984) noted weak-
ness in 33% of patients with PML at onset of their
disease and found it to be present in more than 80%
by the time of diagnosis. Cognitive disturbances and
gait disorders were observed in 28% each. Diplopia,
noted by 9% of patients, was usually the conse-
quence of involvement of the third, fourth or sixth
cranial nerves and was typically observed in
association with other brain stem ®ndings. As has
been observed by others (Brooks and Walker, 1984;
Omerud et al, 1996), visual ®eld loss due to
involvement of the retrochiasmal pathways was
signi®cantly more common than diplopia. No
patients in this series were observed to have optic
nerve disease as a consequence of PML.

From this study alone it is not possible to
adequately compare the performance of CT and
MRI in the diagnosis of PML, since both radiologic
studies were not obtained on every patient, since
the studies when obtained were often obtained at
different stages of the illness, and since the studies
were not reviewed in a blinded fashion. Previous
reports (20) suggest that MRI is more sensitive than
CT to the presence of lesions. Indeed, in some
instances in the present study, lesions that were not
observed on the CT scan were conspicuously
present on MRI.

The distribution and character of changes on
imaging studies can be very helpful in the diagnosis
of PML. The absence of intense contrast enhance-
ment and mass effect (except in very rare instances)
help to distinguish the lesions of PML from
toxoplasmosis and central nervous system lympho-
ma. Unlike the white matter changes observed
radiographically in association with HIV dementia,
the lesions of PML are more likely subcortical, often
hypintense on T1-weighted MRI, and occasionally
show faint, peripheral enhancement (Whiteman et
al, 1993). In this study, the subcortical white matter
of the frontal and parieto-occipital lobes was most
commonly affected. In 12% of patients, deep
nuclear structures were involved. In one pathologi-
cally proven case, both basal ganglia were exclu-
sively affected, resulting in diagnostic confusion.
Isolated involvement of the basal ganglia has been
previously reported with PML (Kuchelmeister et al,

1993; Sarrazin et al, 1995). Forty-eight percent of all
patients had lesions in the brain stem or cerebellum
and in 20% lesions were located solely infratento-
rially. Because of the association of mass effect with
other opportunistic intracranial processes with HIV
infection, its presence was an exclusion criteria for
the non-pathologically proven group. However, two
(3%) patients with pathologically-proven PML
demonstrated mild mass effect on radiographic
imaging. Therefore, the presence of mass effect
cannot be used as an absolute criteria to exclude
PML, but it is very rare and typically quite mild.
Contrast enhancement was seen in 10% of CT scans
and 15% of MRIs. Contrast enhancement of the
lesions of PML has been previously noted (White-
man et al, 1993; Sarrazin et al, 1995; Wheeler et al.,
1993). In some patients with contrast-enhancing
lesions that had undergone brain biopsy, in¯amma-
tion was noted, suggesting that this may be a cause
of the blood-brain-barrier breakdown responsible
for the contrast enhancement. However, contrast
enhancement was also seen in the absence of
in¯ammation (Whiteman, 1993). The rare occur-
rence of focal hemorrahge in PML lesions detected
radiographically (Sarrazin et al, 1995; Ng et al,
1995) was not observed in this series.

CSF examination was most helpful in excluding
other diagnoses. Three patients labelled with PML
were not included in this study because of
meningitis. Cryptococcus neoformans and Myco-
bacteria tuberculosis, respectively, were identi®ed
in the CSF of two of these patients. The median CSF
cell count was 2 cells/mm3 and the mean was 7.7
cells/mm3. Sixteen percent of patients had CSF cell
counts 56 cells/mm3 and, with the sole exception
of one patient with a cell count of 301 cells/mm3, no
counts exceeded 50 cells/mm3. Fifty-®ve percent of
our patients had an abnormally elevated CSF
protein. The highest recorded value was 208 mg/
dl (2.08 gm/L). Hypoglycorrhachia was observed in
13.4% of our patients with the lowest recorded
value being 31 mg/dl (1.72 mmol/L). These ab-
normalities are not inconsistent with that pre-
viously reported to occur with HIV infection alone
(Marshall et al, 1988; Katz et al, 1989; Elovaara et
al., 1987). No trend was observed in this study with
respect to other CSF parameters, but these tests
were obtained infrequently and inconsistently
precluding meaningful analysis. Similarly, poly-
merase chain reaction (PCR) for JC virus in the CSF
was obtained on too few patients for meaningful
comment. Several recent studies (Weber et al, 1994;
Fong et al, 1995; McGuire et al, 1995) demonstrate a
high sensitivity and speci®city of CSF PCR for JC
virus in PML. Validation of these results and
standardization of the methods for CSF PCR for JC
virus may eventually obviate the need for brain
biopsy to establish the diagnosis.

The prognosis of HIV-associated PML was dismal
and not very different from that described in the
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pre-AIDS era (Brooks and Walker, 1984). The
median survival was 6 months. The length of
survival was similar to that observed in the pre-
AIDS era (Brooks and Walker, 1984) and in two
different cohorts of AIDS patients with PML (Fong
and Toma, 1995; Moor and Chaisson, 1996).
Survival greater than one year was seen in six
(8.3%) pathologically-proven patients with the
longest survival being 92 months from the time of
onset. Two of these patients have been previously
reported (Berger and Mucke, 1988). Subsequent to
that initial report, one experienced almost complete
clinical and radiographic recovery with a survival
of 92 months and the other, surviving 37 months
from the time of brain biopsy, experienced sig-
ni®cant clinical improvement, but less dramatic
radiograhic resolution of her lesions. Eight (9.7%) of
the 82 non-pathologically con®rmed cases had
survival exceeding 12 months. The remarkable
clinical and radiographic recovery in some of these
patients suggests that remyelination of the lesions of
PML is possible. The lack of recurrence of PML in
some of the patients exhibiting long term survival
and recovery also suggests that the JC virus may be
cleared or rendered nonpathogenic.

Although antiretroviral therapy has been anec-
dotally reported to result in improvement in PML
(von Einsiedel et al, 1993; Bauer et al, 1973;
Singer et al, 1994; Conway et al 1990; Martin-
Suarez et al, 1994; Fiala et al, 1988), in none of
the patients in this series did survival appear to be
associated with a speci®c treatment. In general, we
failed to notice any signi®cant clinial or radiologic
improvement despite the administration of anti-
retroviral therapy, but incomplete data regarding
the type and durations of antiretroviral therapies
precluded detailed analysis. Furthermore, we
cannot comment on the value of highly active
antiretroviral therapy (HAART), particularly, the
use of protease inhibitors, nor the prognostic
signi®cance of HIV viral load in patients with
PML, as this study predated their introduction
into the clinical arena.

Cytosine arabinoside has also been associated
with improvement in PML with or without under-
lying HIV infection in anecdotal reports (Bauer et al,
1973; Conomy et al, 1974; Buckman and Wiltshaw,
1976; Peters et al, 1980; O'Riordan et al, 1990;
Portegies et al, 1991) and has been shown to inhibit
JC virus replication in vitro (EO Major, personal
communication). However, intravenous and/or in-
trathecal cytosine arabinoside administered to eight
patients in this series demonstrated no detectable
bene®t. This lack of bene®t of cytosine arabinoside
is concords with the results of the AIDS Clinical
Trials Group Study #243 in which cytosine arabino-
side administered either intravenously or intrathe-
cally showed no bene®t in the prognosis of HIV-
infected persons with PML in comparison to
patients treated with antiretroviral therapy alone

(Hall et al, submitted). Despite anecdotal reports of
improvements in PML following treatment with
alpha-interferon either alone (Colosimo et al, 1992)
or in combination with cytosine arabinoside (Stei-
ger et al, 1993), none of the 13 patients treated with
alpha interferon and antiretroviral therpy in this
series demonstrated a signi®cant clinical or radio-
grapahic improvement.

PML has ceased to be a rare disease. It will be
confronted by phsicians caring for AIDS patients in
ever increasing numbers due to the spread of HIV
infection and the worsening immunosuppression in
HIV-infected persons who are currently asympto-
matic.

Methods

This study was a retrospective chart review for the
years 1981 through 1994 inclusive. The sources of
the records included the outpatient records of the
Department of Neurology at the University of
Miami School of Medicine, Miami, Florida, the
hospital discharge records of Jackson Memorial
Hospital/University of Miami Medical Center, and
the records of the Broward County Medical
Examiner's Of®ce, Fort Lauderdale, Florida, USA.
The Broward County Medical Examiner's Of®ce
was included because individuals dying with AIDS
or serological evidence of HIV infection were
routinely autopsied there during the years of this
study and many of the patients treated for AIDS at
the Univerity of Miami School of Medicine resided
in Broward County.

To be considered as a pathologically-con®rmed
case of PML, the classic histopathological triad of
(1) demyelination; (2) hyperchromatic, enlarged
oligodendroglial nuclei, and (3) enlarged bizarre
astrocytes needed to be demonstrated on biopsy or
autopsy specimens of the affected brain. If only
two of the above histopathological features were
evident, JC virus needed to be demonstrated by in
situ hybridization techniques or electron micro-
scopy.

In the absence of pathological con®rmation, the
following criteria were required to be considered as
a case of PML: (1) PML was diagnosed clinically; (2)
focal neurological ®ndings were evident on neuro-
logical examination; (3) focal white matter lesions
were present on magnetic resonance imaging (MRI)
or computed tomographic scanning (CT); (4) no
mass effect was observed on MRI or CT and (5) no
other diagnosis to explain the observed abnormal-
ities was established at the time of the initial
hospitalization or during follow-up.

Cases of PML included in this study were those
with documented HIV infection. Cases were ana-
lyzed by age, sex, risk factors for HIV infection. CD4
lymphocyte counts at the time of presentation or the
most proximate CD4 lymphocyte count within six
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months of diagnosis, whether PML was the herald-
ing illness for AIDS, symptoms and signs of PML,
radiographic ®ndings, cerebrospinal ¯uid (CSF)
®ndings, and survival. Estimates of survival from
diagnosis (in days) were determined in SAS using
the product-limit (Kaplan-Meier) method. For
purposes of this study, the date of the initial
radiographic study demonstrating lesions consis-
tent with PML was considered to be the date of
diagnosis.
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