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ABSTRACT
Objective: To establish criteria for the diagnosis of progressive multifocal leukoencephalopathy (PML).

Methods: We reviewed available literature to identify various diagnostic criteria employed. Sev-
eral search strategies employing the terms “progressive multifocal leukoencephalopathy” with
or without “JC virus” were performed with PubMed, SCOPUS, and EMBASE search engines.
The articles were reviewed by a committee of individuals with expertise in the disorder in order
to determine the most useful applicable criteria.

Results: A consensus statement was developed employing clinical, imaging, pathologic, and virologic
evidence in support of the diagnosis of PML. Two separate pathways, histopathologic and clinical, for
PML diagnosis are proposed. Diagnostic classification includes certain, probable, possible, and not PML.

Conclusion: Definitive diagnosis of PML requires neuropathologic demonstration of the typical
histopathologic triad (demyelination, bizarre astrocytes, and enlarged oligodendroglial nuclei)
coupled with the techniques to show the presence of JC virus. The presence of clinical and imag-
ing manifestations consistent with the diagnosis and not better explained by other disorders cou-
pled with the demonstration of JC virus by PCR in CSF is also considered diagnostic. Algorithms
for establishing the diagnosis have been recommended. Neurology® 2013;80:1430-1438

GLOSSARY

DWI = diffusion-weighted imaging; FLAIR = fluid-attenuated inversion recovery; HAART = highly active antiretroviral ther-
apy; MS = multiple sclerosis; PML = progressive multifocal leukoencephalopathy.

Interest in progressive multifocal leukoencephalopathy (PML) has increased considerably since
its observation in association with natalizumab treatment for Crohn disease and multiple scle-
rosis in 2005.'7 Publications on PML have increased fivefold in the 30 years from 1980 to
2010. Other monoclonal therapies and other drugs have also been reported to be associated with
an increased risk of PML? and prognosis has improved considerably. Therefore, establishing the
diagnosis of PML has assumed a greater importance than when it was considered a universally
fatal complication of an oftentimes underlying lymphoproliferative malignancy.

The approach to diagnosis of PML has evolved considerably since its initial description in 1958.
Initially, the diagnosis of PML was predicated on brain histopathology as there were no clinical,
laboratory, or radiographic features that would unequivocally establish the diagnosis. The histopa-
thology was characterized by a classic triad of demyelination, bizarre astrocytes, and oligodendroglial
nuclear inclusions. The uniqueness of the concurrence of these histopathologic findings alerted
Astrom et al.” to the novelty of the disorder. The subsequent demonstration of the causative
polyomavirus, JC virus, in 1971,° permitted the use of electron microscopy or immunohistochem-
ical techniques to demonstrate the virus in tissue specimens.”<' The next advance occurred with the
establishment of PCR to amplify JC virus DNA from brain and CSF.*<

The etiology of PML is a ubiquitous polyomavirus that infects 50% or more of the adult pop-
ulation throughout the world. PML remains an extraordinarily rare complication of this
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infection in otherwise normal persons and
almost always occurs in the setting of pre-
disposing immunosuppressive conditions.
In the recent past, it has been recognized
that PML is not the only brain disorder
caused by JC virus. Other disorders that
have been described include granule cell
neuronopathy of the cerebellum’ and a fulmi-
nant JC virus encephalopathy involving cortical
pyramidal neurons.'” On occasion, the patho-
logic findings in a patient with PML include
features that are indistinguishable from these 2

disorders,'!

suggesting that some overlap may
exist and is likely the consequence of viral
mutations.'> The virus has also been found
in the brains of otherwise normal individuals
(reviewed in White and Khalili'®). Therefore,
the simple demonstration of the virus, either
in tissue or CSF, is insufficient to establish
the diagnosis of PML.

No single criterion establishes the diagnosis of
PML; rather, it requires clinical, imaging, and
virologic evidence. Recently, a working group
of German investigators with expertise in
neurology, virology, hematology, and phar-
macovigilance proposed a case definition for
PML developing in association with monoclonal

antibodies."* Shortcomings in this proposed
schema include 1) limitation to PML in the set-
ting of monoclonal antibodies; 2) heavy reliance
on the demonstration of JC virus DNA by PCR
in CSF without addressing the sensitivity and
specificity of the assay; 3) underemphasis of
the value of cranial MRI abnormalities occurring
before clinical symptoms become evident; and 4)
liberal criteria for excluding PML with failure
to account for patients having more than one
neurologic disease concomitantly.

PATHOLOGIC, CLINICAL, AND RADIOGRAPHIC
FEATURES OF PML Pathology. The cardinal feature

of PML is demyelination, which is apparent both mac-
roscopically and microscopically. Demyelination may,
on rare occasions, be monofocal, but it typically occurs
as a multifocal process, suggesting a hematologic spread
of the virus. These lesions may occur in any location in
the white matter and range in size from 1 millimeter to
several centimeters™; larger lesions are not infrequenty
the result of coalescence of multiple smaller lesions."
The myelin loss may be very extensive, involving

> and may result in atrophy

an entire hemisphere,’
of the affected structures. The histopathologic hall-
marks of PML are a triad®* of multifocal demyelination
(figure 1A), hyperchromatic, enlarged oligodendroglial
nuclei (figure 1B), and enlarged bizarre astrocytes with

lobulated hyperchromatic nudlei (figure 1C). The latter

[ Figure 1 Pathology of progressive multifocal leukoencephalopathy ]

(A) Luxol fast blue staining with hematoxylin counterstain of the frontal lobe in a patient with progressive multifocal leuko-
encephalopathy (PML) shows extensive multifocal and confluent areas of demyelination. Small islands of demyelination coa-
lesce to produce large confluent areas resulting in a “ground glass” bright appearance on T2-weighted MRI scan. (B)
Enlarged oligodendrocyte with a large inclusion-bearing nucleus is characteristic of PML. No discrete intranuclear inclusion
is seen. (C) A large bizarre astrocyte is depicted. (D) Immunostaining with polyclonal antibody to JC virus from Abcam Inc.
shows dark brown staining of nuclei of several oligodendrocytes. (E) Electron micrograph of crystalline array of assembled
JC virions in nuclei of infected oligodendrocyte in PML brain lesion. Virions measure 40 nm in diameter.
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may be seen to undergo mitosis and appear malignant,
which has resulted in a mistaken diagnosis of glioma on
occasion.” Electron microscopic examination or immu-
nohistochemistry reveals JC virus in the oligodendroglial
cells. These virions measure 28-45 nm in diameter and
appear singly or in dense crystalline arrays (figure 1E).>*
Less frequently, the virions are detected in reactive
astrocytes and uncommonly in macrophages that are
engaged in removing the affected oligodendrocytes.'**
JC virus antigens can be detected by immunostaining
in oligodendrocytes and astrocytes, and, rarely, in cere-
bellar granule cell neurons'” and cortical pyramidal neu-
rons."® In situ hybridization and in situ PCR for JC virus
DNA or immunostaining for JC virus antigen (figure
1D) allows for detection of the virus in the infected
cells in formalin-fixed tissue.” Historically, PML was
regarded as being devoid of lymphocytic or plasma cell
infiltration,' but the presence of inflammatory cells
was associated, even prior to the AIDS pandemic,
with improved prognosis in the rare PML patient.*
The presence of an inflammatory infiltrate is typically a
feature of relative immune preservation or immune
reconstitution in the setting of PML.

Clinical features. As virtually any area of the brain may
be involved by PML, the clinical manifestations are
quite diverse. Some variation in the frequency of clinical
features appears to depend on the underlying predispos-
ing cause of PML (table 1). Behavioral and cognitive
abnormalities are seen in one-third to one-half of all
patients. Among the common clinical findings are
motor weakness, gait abnormalities, visual field deficits,
speech and language disturbances, and incoordination.
Sensory loss, seizures, headache, and diplopia occur less
frequently. The predisposing condition for PML does
not preclude any clinical abnormality. While muldple
deficits may be observed, particularly in advanced dis-
ease, the disorder may present with but one salient
objective neurologic abnormality at onset and may
remain monofocal both clinically and radiographically.

Optic nerve disease has not been reported with
PML; visual deficits are usually due to involvement of
the optic radiations. Although spinal cord involvement

is exceptionally rare and myelopathic clinical features
have yet to be described.?"*>® The failure to recognize
myelopathic signs and symptoms may be the conse-
quence of overwhelming brain involvement in these
unusual patients. PML does not involve the peripheral
nervous system.

Neuroimaging. In the appropriate clinical context, brain
imaging may strongly support the diagnosis of PML. CT
of the brain in PML reveals hypodense lesions of the
affected white matter. On CT scan, the lesions of
PML exhibit no mass effect and infrequently contrast
enhance. A “scalloped” appearance beneath the cortex
is noted when there is involvement of the subcortical
arcuate fibers.”> Cranial MRI is far more sensitive to
the presence of the white matter lesions of PML than
CT scan”® MRI shows hyperintense lesions on T2-
weighted images and fluid-attenuated inversion recovery
(FLAIR) images in the affected regions (figure 2). On
T1-weighted images, these lesions are hypointense. With
CT scan, faint, typically peripheral, contrast enhance-
ment may be observed in 5%-10% of cases.” As
many as 15% of patients with HIV-associated PML
may exhibit gadolinium enhancement on MRL* and
gadolinium enhancement has been observed in 40% of
natalizumab-associated PML at the time of diagnosis.?*2°
The lesions of PML may occur virtually anywhere in
the brain and although characteristically multifocal,
they need not be. Indeed, natalizumab-associated
PML is often monofocal, with frontal lobe lesions
predominating.”’” In a review of the first 40 cases of
natalizumab-associated PML, lesions were most fre-
quently large (>3 cm), subcortical, and exhibited a
sharp border toward the cortex and ill-defined border
toward the white matter on T2-weighted image.”® A
proposal in 2006 for distinguishing muldple sclerosis
(MS) from PML lesions® has recently been revised.?®
In every radiographic series of PML, the frontal lobes
and parieto-occipital regions are the regions that appear
to be most commonly affected, presumably as a conse-
quence of their volume. However, isolated or associated
involvement of the basal ganglia, external capsule, and
posterior fossa structures (cerebellum and brainstem)

by PML has been reported in pathologic specimens, it may be seen as well.>
[ Table 1 PML clinical symptoms and signs in association with different predisposing causes ]
PML by Speech or
predisposing No. of patients Cognitive and Motor Gait abnormality and Sensory language Visual
cause in each study behavioral, % weakness, % incoordination, % loss, % disorder, % deficits, % Headache, % Seizures, %
PML in the 230 36 &8 13 17 34 7 5)
pre-AIDS era®®
AlIDS-associated 154 36 42 35 19 40 19 32 9
PML23
Natalizumab- 42 54 45 7 24 41 14

associated PML3®

Abbreviation: PML = progressive multifocal leukoencephalopathy.
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[ Figure 2 MRI in progressive multifocal leukoencephalopathy ]

(A) Fluid-attenuated inversion recovery image with large subcortical lesion of right frontal
lobe. A smaller lesion is observed posterior to this lesion. (B) T1-weighted image shows
hypointense lesion (arrow) in the right frontal lobe. (C) T2-weighted image from another
patient with extensive high signal intensity lesions in the white matter sparing the cortex.
An area of hyperintensity similar to that of CSF suggests an area of cavitation.

In HIV infection, other diseases may affect the white
matter in a similar manner, including AIDS dementia.
Radiographic distinctions between AIDS dementia
and PML include a greater propensity for the latter to
involve the subcortical white matter, hypointensity on
T1-weighted imaging, and occasional contrast enhance-
ment.”? Cytomegalovirus lesions are typically located in
the periventricular white matter and centrum semio-
vale. ' Subependymal enhancement is sometimes
observed as a consequence of cytomegalovirus infection®
although it is not often detected on imaging.** Other
potentially HIV-associated disorders that may result
in hyperintense signal abnormalities of the white
matter resembling PML include varicella-zoster leu-
koencephalitis,®’ an MS-like illness,** acute dissem-
inated encephalomyelitis,®'' CNS vasculitis,** a
reversible leukoencephalopathy associated with nucleo-
side analogue antiretrovirals,”> and white matter edema
associated with primary or metastatic brain tumors.
Almost always, the clinical features, laboratory findings,
and associated radiographic features enable the correct
diagnosis.

Distinguishing white matter lesions of PML from
those of MS can also be difficule. MRI FLAIR images
are most sensitive in detecting the lesions of PML, even
in the posterior fossa, in contradistinction to MS. Unlike
MS, PML often occurs at the gray—white junction, is
often monofocal (typically affecting the frontal lobes),
and may be large, whereas MS lesions generally predom-
inate periventricularly and are smaller. A Dawson finger
pattern (sausage-shaped hyperintensity oriented peri-
pendicular to the ventricular surface) is classic for
MS, but not observed in PML. Diffusion-weighted
imaging (DWI) may be helpful in determining the rel-
ative age of a lesion and DWI lesions are frequently
observed with PML. These lesions may be mistaken
for an acute cerebrovascular insult. On T2-weighted
imaging, the affected tissue of PML has a “ground glass”
appearance. About 50% of PML associated with nata-
lizumab, where inflammation is common with PML,

exhibits gadolinium enhancement that is a faint rim of
enhancement or a speckled interior enhancement.

The role of other neuroimaging techniques, such
as magnetization transfer MRI, magnetic resonance
spectroscopy, SPECT, and PET, is limited. Magneti-
zation transfer MRI studies have been suggested for
monitoring the degree of demyelination in PML.*
Magnetic resonance spectroscopy reveals a decrease
in N-acetylaspartate and creatine and increased cho-
line products, myo-inositol, and lactate in the lesions
of PML.%<1>13 These changes likely reflect neuronal
loss and cell membrane and myelin breakdown.>”
Cerebral angiography is not routinely performed,
but exhibited arteriovenous shunting and a parenchy-
mal blush in the absence of contrast enhancement on
MRI in 4 of 6 patients in one study.>® Pathologic
studies suggested that small-vessel proliferation and
perivascular inflammation explained these unexpected
angiographic features.”® Thallium-201 SPECT (T]*!
SPECT) generally reveals no uptake in the lesions
of PML,*® but not invariably. A patient with con-
trast-enhancing MRI lesions and a positive T1*’
SPECT* and 2 patients with both positive T1*!
and gallium SPECT mistakenly diagnosed as
CNS lymphoma*! have been reported. PET imag-
ing with "8F fluorodeoxyglucose typically demon-
strates hypometabolic lesions.> In one instance,
'8E PET at conventional (60 minutes after injection)
and delayed (300 minutes after injection) were unable
to distinguish pathologically proven PML from a malig-
nant brain lesion.®®

Laboratory studies. The vast majority of HIV-infected
patients with PML have CD4 lymphocyte counts
<200 cells/mm’. In 3 separate series of AIDS-related
PML, %<7 the mean CD4 count ranged from 84 to
104 cells/mm?®. However, in the largest series of HIV-
associated PML,” more than 10% of patients had CD4
lymphocyte counts in excess of 200 cells/mm?’. In the
era of highly active antiretroviral therapy (HAART), the
percentage of HIV-associated PML with CD4 counts
exceeding 200 cells/mm?® may be higher.

CSF examination is very helpful in excluding
other diagnoses. Cell counts are usually less than 20
cells/mm?.** In one large study, the median cell count
was 2 cells/mm? and the mean was 7.7 cells/mm?.*
In that same study, 55% had an abnormally elevated
CSF protein* with the highest recorded value being
208 mg/dL (2.08 g/L); however, the mean value was
66.5 mg/dL. Hypoglycorrhachia was observed in less
than 15%. These abnormalities are not inconsistent
with those previously reported to occur with HIV
infection alone®-<!-!>
attributable to PML.

The greatest value of the CSF is demonstrating the
presence of JC virus by PCR. Several studies*“** have

and may not necessarily be
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Table 2

data®

Certainty of PML
diagnosis

Definite

Probable

Possible

Not PML

Abbreviations: ND

leukoencephalopathy.
2+ = Positive; — = negative.

Establishing the diagnosis with clinical, radiographic, and laboratory

CSF PCR

Compatible clinical Compatible imaging for JC
features findings virus

+ + +

+ - +

- + +

+ I —IND

- - +

+ _ _

_ + _

not done or equivocal result; PML =

progressive multifocal

demonstrated a high sensitivity and specificity of CSF
PCR for JC virus in PML. Many authorities regard the
demonstration of JC viral DNA coupled with the
appropriate clinical and radiologic features sufficient
to be diagnostic of PML, thus obviating the need for
brain biopsy.* Quantitative PCR techniques for JC
virus in biological fluids continue to be refined.’ Prior
to the development of ultrasensitive PCR techniques
for JC virus, the sensitivity of this test was on the order
of 75%.% However, the sensitivity with newer ultra-
sensitive techniques is >95%. Although amplification
of the virus from the CSF in the absence of PML has
been considered very unlikely, a low copy number of
JC virus was reported in 2 of 515 CSF samples from
patients without PML using these ultrasensitive techni-
ques.”® Since JC virus viremia can occur in healthy
individuals, any contamination of the CSF with blood
has the potential for providing a false-positive result.
Despite the high sensitivity of the PCR assay, a negative

[ Table 3 Establishing the diagnosis with histopathology ]

Classic

Certainty of PML  histopathologic Immunohistochemistry or Tissue PCR for

diagnosis triad® electron microscopy JC virus

Definite + + +
+ —IND +
+ + —/ND

Probable® + - —IND

Possible = + —/ND

Not PML = = —IND

Abbreviations: ND = not done; PML = progressive multifocal leukoencephalopathy.
2 Classic histopathologic triad: demyelination, bizarre astrocytes, enlarged oligodendroglial

nuclei.

®The presence of clinical and radiographic focal features that support the diagnosis not
resulting from the possible presence of other confounding diseases increases this category

to definite PML.
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PCR does not rule out PML, and in some cases biopsy
of the brain with PCR amplification from the brain
tissue has been employed to establish the diagnosis';
however, reliance on JC virus PCR alone to demon-
strate the presence of the virus in tissue remains inves-
tigational and should be viewed cautiously.

Most diagnostic laboratories are able to detect >200
copies of JC virus DNA/mL of CSF. In HIV-infected
patients, the viral load is usually high, and this is suffi-
cient for the diagnosis; however, the ability to detect
JC virus declines substantially following exposure to
HAART and in the presence of higher CD4 counts,”
and may render laboratory-confirmed diagnosis difficult.
This is particularly problematic in patients started on
HAART who develop PML-immune reconstitution
inflammatory syndrome as the first manifestation of
PML. In patients with MS and other autoimmune dis-
eases, the viral loads are often lower and the sensitivity of
the assay can be critical in establishing the diagnosis.
The laboratory at the NIH is able to reliably detect
up to 10 copies/mL of JC virus using primers from
the N terminal of large T antigen, which is a conserved
region of the virus.”> Extraction of DNA from at least
200 pL of CSF prior to amplification helps increase the
sensitivity. In light of the rare occurrence of detection of
low viral copy numbers of JC virus in CSF in the
absence of PML,” this finding in isolation, i.e., without
clinical or imaging findings to suggest PML, must be
interpreted cautiously.

Diagnostic measures. Many authorities considered the
demonstration of JC viral DNA coupled with the
appropriate clinical and imaging features to be diag-
nostic of PML, therefore obviating the need for a
brain biopsy.** Occasionally, either the clinical or
imaging features are unconvincing or CSF PCR is
negative or has not been performed. A matrix to assist
in determining diagnostic certainty in these circum-
stances in the absence of brain biopsy is provided
(table 2).

The histopathologic triad® is rather convincing evi-
dence of the disorder as this unique cluster is not ob-
served in other neurologic disorders. Nonetheless, there
are examples in which PML has been misdiagnosed at
the time of biopsy as a glioma.®> Furthermore, although
historically PML lesions were not associated with inflam-
mation, an inflammartory response may be observed, par-
ticularly in individuals with natalizumab-associated
PML**1 and increasingly in other circumstances,”><!”
including in HIV infection following HAART 5¢<'8
The occurrence of PML in the setting of MS has added
to the complexity of the diagnosis due to the underlying
demyelination observed with each, resulting in radiologic
and pathologic findings that may overlap.

Relying on tissue diagnosis (table 3) requires brain
biopsy, which is not without potential sampling errors



and complications. Brain biopsy for focal lesions in the
AIDS population was associated with a 93%°"-96%"®
sensitivity, a 12% perioperative morbidity, and a
mortality of 2%.%” Light microscopy and immuno-
histochemistry techniques alone may be insufficient
in establishing the etiology and PCR enhances the
yield when tissues obtained by stereotactic biopsy
are nondiagnostic.”

Therefore, there are 2 approaches to establishing
the diagnosis of PML: namely, securing the diagnosis
with tissue or, as is more commonly practiced, estab-
lishing the diagnosis with clinical or radiographic cri-
teria coupled with demonstrating the presence of the
virus in the CSF compartment.

DISCUSSION We provide a framework for the diagno-
sis of PML (tables 2 and 3). The algorithm in figure 3
demonstrates that a secure diagnosis of PML can be
established in 2 fashions. In one, the characteristic his-
topathologic features of PML are coupled with evidence
of the presence of JC virus by electron microscopy,
immunohistochemistry, or PCR. Alternatively, the pres-
ence of classic radiographic findings and clinical fea-
tures consistent with the diagnosis coupled with a
positive CSF JC virus PCR is also sufficient for the
unequivocal diagnosis of PML. The diagnosis of definite
PML is predicated on irrefutable evidence. Relega-
tion to probable PML is based on a missing critical
feature, either the failure to demonstrate JC virus when

[ Figure 3 Algorithm for diagnosing progressive multifocal leukoencephalopathy ]

Patient with progressive neurological symptoms
in an immune suppressed patient or on immune
modulatory therapy

:

MRI scan with and without gadolinium

Ring enhancing lesions, gray and white
matter involvement, massive edema:
consider other infections, tumor,
infarct etc

Workup for other disorders (e.g.,

High signal intensity cerebral gray-white
junction or brainstem white matter
lesions on T2 or FLAIR images,

+ enhancement +mild mass effect

:

CSF for JCV PCR

A

CNS vasculitis, PRES, VZV
leukoencephalopathy, malignancy, etc)

Negative

and repeat CSF PCR for JCV

Negative

Brain biopsy for histology,
immunohistochemistry / in situ
hybridization

Positive

Y

Definite PML

Positive

FLAIR = fluid-attenuated inversion recovery; JCV = JC virus; PML = progressive multifocal leukoencephalopathy; PRES =
posterior reversible encephalopathy syndrome; VZV = varicella-zoster virus.
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histopathologic criteria are employed or the absence of
either clinical or imaging features despite CSF JC virus
PCR positivity when the diagnosis is based on clinical
features. Patients with probable PML should be man-
aged as PML. The diagnosis of PML remains less certain
in the possible PML category; however, this category is
particularly helpful when attempting to assess the
chance of PML in at-risk patient groups. Management
of possible PML is a clinical decision.
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