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Abstract

Progressive multifocal leukoencephalopathy (PML) and PML immune reconstitution inflammatory syndrome
(PML-IRIS) can be devastating neurological processes associated with HIV, but limited knowledge of their char-
acteristics in the established antiretroviral therapy (ART) era is available. We conducted a case series to evaluate
the clinical course of PML and PML-IRIS at our urban safety-net hospital in Atlanta, GA. All HIV-positive
individuals with a positive John Cunningham virus DNA polymerase chain reaction in the spinal fluid between
May 1, 2013 to June 1, 2017 were identified from the electronic health records (EHRs) using the HIV Disease
Registry. Demographics, symptom presentation, laboratory data, imaging results, treatment, and outcomes were
abstracted from the EHR. PML and PML-IRIS were defined using the American Association of Neurology criteria.
Of the 32 individuals identified, 6 (19%) were felt to have asymptomatic positive results. Of the remainder, 15
(58%) HIV-positive patients had PML and 11 (42%) PML-IRIS (2 with an unmasking presentation and 9 with a
paradoxical presentation). The most common presenting symptoms were motor weakness (18, 69%), cognitive
deficits (15, 58%), and dysarthria (11, 42%). Corticosteroids were used in 12 patients and maraviroc in 3 patients.
Outcomes were dismal with 7 (47%) patients with PML and 9 (82%) with PML-IRIS dying or being referred to
hospice, with median survival times of 266 days in the PML group and 109 days in the PML-IRIS group. Despite
widespread access to ART, patients with PML continue to have poor outcomes, particularly among those who
develop PML-IRIS. More research is needed to understand the risks for and prevention of PML-IRIS.
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Introduction

Progressive multifocal leukoencephalopathy (PML) is a
progressive neurological disorder characterized by focal

demyelination of central nervous system (CNS) white matter.
This results in a constellation of symptoms, including loss of
coordination, gait disturbances, cognitive decline, visual
impairment, and limb paresis.1 The causative agent of PML is
the John Cunningham virus ( JCV), a ubiquitous polyoma
virus named after the patient from whom it was first isolated.2

Primary infection generally occurs in childhood and is
asymptomatic, resulting in a chronic carrier state. Although
PML is most commonly associated with advanced HIV, it is

also occasionally seen in other immunocompromised states,
including hematologic malignancies, recipients of solid or-
gan transplants, and those receiving humanized monoclonal
antibodies, such as natalizumab, efalizumab, and ritux-
imab.1,3,4 Diagnosis of PML is based on clinical and radio-
logical findings in the appropriate clinical setting.5

Unfortunately, the prognosis is very poor in the majority of
cases. There is no specific therapy for PML, but with the
advent of effective antiretroviral therapy (ART), 1-year sur-
vival after diagnosis has improved from 10% to 50% among
persons living with HIV (PLWH).6

Immune reconstitution inflammatory syndrome (IRIS) is
an exaggerated host immune response to a specific disease or
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pathogen that follows immune system recovery, such as after
initiation of ART. There are two manifestations of IRIS:
paradoxical, a worsening of a previously diagnosed disease
after starting ART, and unmasking the discovery of a previ-
ously undiagnosed disease after starting ART.3,5 IRIS is
commonly associated with a low initial CD4+ cell count, a
rapid decrease of the initial elevated HIV viral load, and
typically presents 4 to 8 weeks after initiation of ART. PML-
IRIS can be devastating and is associated with a rapid pro-
gression of the disease either clinically, radiologically, or
both. Although there is some evidence supporting the use of
steroids in these cases, this evidence is limited by loose
definitions of PML-IRIS requiring only progression of dis-
ease rather than evidence of inflammation, conflicting out-
come data, and variable duration of corticosteroids used.3,7,8

Another potential therapy for PML and PML-IRIS is mar-
aviroc, a chemokine receptor 5 (CCR5) inhibitor, used in the
treatment of HIV, which has recently been studied in the
treatment and prevention of PML-IRIS, as the immune cell
trafficking to the CNS in PML-IRIS appears to occur in a
CCR5-dependent mechanism.9,10 As a result, maraviroc is
currently being used anecdotally for the treatment of PML-
IRIS in both the multiple sclerosis and HIV populations, with
mixed results.11–13 Because the initial studies describing
immune cell trafficking in PML-IRIS were performed in
HIV-negative patients, there is some concern that these re-
sults may not apply to PLWH and PML-IRIS.14 Therefore,
guidelines for the management of PML-IRIS do not make
definitive recommendations regarding the use of maraviroc,
citing a lack of quality evidence to support its general use.3

Although PML and PML-IRIS can be devastating neuro-
logical processes associated with HIV, there is limited data
available on their characteristics in the established ART era.
We performed a retrospective review of all PLWH who had a
positive cerebrospinal fluid (CSF) JCV polymerase chain
reaction (PCR) from May 1, 2013 through June 1, 2017 to
assess the clinical presentation and outcomes of PML and
PML-IRIS in the modern ART era.

Materials and Methods

Case definitions

All cases were initially identified from the registry by a
positive JCV PCR isolated from the CSF. All CSF samples
were sent to Quest Diagnostics (Chantilly, VA) for qualita-
tive JCV PCR testing. Testing was performed using the in-
house real-time PCR targeting a highly conserved sequence
of large T antigen, with a limit of quantitation of 500 cop-
ies/mL and limit of detection of 375 copies/mL. PML cases
were defined using the 2013 American Academy of Neurol-
ogy’s consensus statement.15 Definite PML was defined as
meeting both clinical features (cognitive/behavioral abnor-
malities, motor weaknesses, gait abnormality/incoordination,
sensory loss, speech/language disorder, visual defects, and
seizures) and radiographic findings on magnetic resonance
imaging (MRI) (hyperintense lesions on T2-weighted images
that are hypointense on T1-weighted images in subcortical or
periventricular white matter). Probable cases, where either
only clinical features or only radiographic findings were
compatible with the diagnosis of PML, were included in the
analysis if the physicians caring for the patient documented in
the electronic health records (EHRs) that PML was the most

likely cause for the patient’s symptoms. Possible cases,
where neither the clinical features nor radiographic findings
were compatible with the diagnosis of PML, were considered
to have asymptomatic positive CSF JCV PCR results.

Cases of PML-IRIS were identified using previously val-
idated definitions.5 Patients had to meet criteria for PML in
addition to four additional criteria: (1) administration of ART
within the previous 2 years, (2) subacute onset of neurolog-
ical deficits that either appeared (unmasking PML-IRIS) or
was exacerbated after initiation of ART (paradoxical PML-
IRIS), (3) decrease in plasma HIV RNA viral load of ‡1 log10

copies/mL with or without an increase in CD4 T cell count
from baseline at the onset or worsening of symptoms, and (4)
evidence of an inflammatory reaction in the brain demon-
strated by MRI (contrast enhancement, edema, and/or mass
effect) to distinguish PML-IRIS from usual progression of
previously acquired PML. Cases could be considered to be
PML-IRIS cases if the baseline HIV RNA viral load or viral
load at diagnosis was not available but satisfied the other
criteria.

Data abstraction

Using the previous described definitions, this study in-
cluded all cases of positive CSF JCV PCR in PLWH between
May 1, 2013 and June 1, 2017 within the Emory University
Center for AIDS Research (CFAR) registry, which collects
data from the EHR of PLWH who are cared for in the Grady
Health System. The Grady Health System cares for a pri-
marily underserved population in the metropolitan Atlanta
area in Georgia and includes Grady Memorial Hospital as
well as the Infectious Diseases Program outpatient HIV
specialty clinic. There were 7,873 unique individuals regis-
tered in the Emory University CFAR registry during this
study period. The registry was accessed in August 2017 and
PLWH who tested positive for JCV by PCR in the CSF were
included for manual chart review to confirm eligibility for
inclusion in the case series. Patient demographics, symptom
presentation, laboratory data, imaging results, treatment, and
outcomes were abstracted from the EHR.

Data analysis

All statistical tests were performed using SAS software,
version 9.4 (SAS Institute, Cary, NC). A descriptive analysis
of baseline characteristics was performed, which were then
compared between the two groups (PML vs. PML-IRIS)
using two-sample t-tests (continuous variables) and chi-
square tests (categorical variables) to identify unique
characteristics between the two entities. Cochran–Mantel–
Haenszel (CMH) odds ratios (OR) were calculated to
determine factors associated with both the development of
PML-IRIS as well as the development of a composite out-
come of discharge to hospice or withdrawal of care. Logit
estimators of the CMH OR were performed using a correction
of 0.5 in every cell of those tables that contained a zero
when necessary. Comparison of survival time for PLWH with
PML or PML-IRIS was performed using Kaplan–Meier
curves. Survival time was calculated from the date of the
positive CSF JCV PCR to the last documented encounter with
the patient in the EHR. A p value <.05 was considered sta-
tistically significant.
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Results

There were 32 patients with a positive qualitative CSF JCV
PCR initially identified between May 1, 2013 and June 1,
2017 out of the 7,873 unique PLWH in the registry. Six pa-
tients did not meet diagnostic criteria for PML or PML-IRIS
and were classified as asymptomatic positive CSF JCV PCR.
This yielded 26 total cases, of which 15 met criteria for
PML and 11 met criteria for PML-IRIS (two with an un-
masking presentation and nine with a paradoxical presenta-
tion) (Fig. 1), giving an estimated rate of 8.09 cases per
10,000 person years.

Baseline patient information is presented in Table 1. The
majority of patients in all three groups (asymptomatic CSF
JCV, PML, and PML-IRIS) were African American men
with a mean age between 43.58 to 46.79 years and a mean
CD4 count between 58 to 65 cells/lL at the time of CSF
sampling. Age, gender, ethnicity, CD4 count, HIV viral load,
symptom duration, and duration of HIV did not significantly
vary between patients with PML and PML-IRIS. The most
common finding on MRI for patients with PML was white
matter changes (13 of 15, 86.67%), whereas patients with
PML-IRIS were noted to have more inflammatory changes,
including contrast enhancement (5 of 11, 45.45%) and mass
effect (3 of 11, 27.27%). The most common treatment for
PML-IRIS was corticosteroids (9 of 11, 81.82%), followed
by the addition of maraviroc to the ART regimen (3 of 11,
27.27%). The three patients (3 of 15, 20%) with PML who
were given corticosteroids had progression of disease with
worsening neurological decline and clinical concern for IRIS
despite not meeting diagnostic criteria for PML-IRIS. Out-
comes were poor in both groups, with 7 of 15 (46.67%)
progressing to hospice or death in the PML group and 9 of 11
(81.82%) progressing to hospice or death in the PML-IRIS
group with median survival times of 266 days in the PML
group and 109 days in the PML-IRIS group (Table 3). This
difference in outcomes approached statistical significance
( p = .05).

As seen in Table 2, baseline patient demographics were not
significantly associated with the diagnosis of PML-IRIS. The
presenting neurological symptoms, however, varied some-
what between patients with PML and PML-IRIS. Patients
with PML-IRIS more often presented with motor symptoms

(OR = 8.75, 95% confidence interval (CI): 0.88–86.60), dys-
arthria (OR = 10.67, 95% CI: 1.71–66.72), and ataxia
(OR = 7.00, 95% CI: 1.20–40.83).

As seen in Table 3, there were no factors that were sig-
nificantly associated with progression to demise, hospice, or
withdrawal of care. Although not statistically significant,
individuals who presented with CD4 count £50 cells/lL
(OR = 3.60, 95% CI: 0.71–18.25), dysarthria (OR = 2.63,
95% CI: 0.53–13.07), and visual changes (OR = 2.18, 95%
CI: 0.17–27.56) tended to have higher odds of poor out-
comes, as did those who were ultimately diagnosed with
PML-IRIS (OR = 2.63, 95% CI: 0.53–13.07). Additionally,
individuals who received treatment with either corticoste-
roids with or without the addition of maraviroc were also
observed to have nonstatistically significant higher odds of
poor outcomes (OR = 5.00, 95% CI: 0.79–31.63).

Table 4 describes basic information on the individuals
diagnosed with an asymptomatic positive CSF JCV PCR,
along with other recent opportunistic infections (OI), out-
comes, and alternative diagnoses. OI were common, with 3 of
6 (50%) asymptomatic cases having other ongoing OI, in-
cluding disseminated Mycobacterium avium complex (2,
33.33%), CNS toxoplasmosis (1, 16.67%), and Cryptococcal
meningitis (1, 16.67%). One patient had recently recovered
from Cryptococcal meningitis within the previous year.

A more detailed description of the 11 patients with PML-
IRIS is presented in Table 5. ART regimens, CD4 count
trends (when available), and corticosteroid dose and dura-
tion are shown. Dates are provided to outline a relative
timeline for events. The majority of patients with PML-IRIS
had poor ART adherence documented before their diagno-
sis of PML (9/12, 75%). Corticosteroids, when used, were
started after imaging indicated PML-IRIS. Of the three pa-
tients treated with maraviroc, one patient was started before
the development of PML-IRIS, explicitly for the prevention
of PML-IRIS, whereas the other two were started after IRIS
had developed, explicitly for the treatment of PML-IRIS.
Maraviroc was not used in any of the patients with PML.

Kaplan–Meier curves comparing survival time between
patients with PML and PML-IRIS are shown in Figure 2.
Patients with PML-IRIS were found to have shorter survival
times than patients with PML, which trended toward signif-
icance (Log-Rank p = .05).

FIG. 1. Study design. CFAR, Center
for AIDS Research; CSF, cerebrospinal
fluid; IRIS, immune reconstitution in-
flammatory syndrome; JCV, John Cun-
ningham virus; PCR, polymerase chain
reaction; PML, progressive multifocal
leukoencephalopathy.
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Table 1. Characteristics of Patients with Positive Cerebrospinal Fluid John Cunningham Virus

Polymerase Chain Reaction (N = 32)

Demographic Asymptomatic CSF JCVa (n = 6) PML (n = 15) PML-IRIS (n = 11)

Age 46.79 (16.04) 45.32 (11.78) 43.58 (9.92)
Male, n (%) 3 (50) 11 (73.33) 9 (81.82)
Ethnicity, n (%)

Black 6 (100) 14 (93.33) 9 (81.82)
Asian 0 (0) 1 (6.67) 2 (18.18)

ART regimen at diagnosis, n (%)
INSTI 2 (33.33) 5 (33.33) 6 (54.55)
PI 2 (33.33) 12 (80) 5 (45.45)

CD4 (cells/lL) 58 (48.80) 65 (66.87) 64 (51.45)
CD4 (%) 7.50 (6.16) 6.73 (5.79) 5.54 (4.03)
HIV viral load (log10 copies/mL) 4.03 (2.01) 4.46 (1.29) 3.58 (2.17)
Symptom duration (days) 22.60 (38.63) 37.14 (36.87) 42.10 (31.89)
HIV duration (days) 919 (1222.71) 3105 (316) 2132 (2388)
ART duration before diagnosis (days)b — 96.75 (308.30) 27.80 (119.40)
Survival time (days) 420 (477) 266 (370) 109 (118)
Presenting neurological symptoms, n (%)

Motor weakness 0 (0) 8 (53.33) 10 (90.91)
Cognitive dysfunction 3 (50) 11 (73.33) 4 (36.36)
Dysarthria 0 (0) 3 (20.00) 8 (72.73)
Ataxia 0 (0) 3 (20.00) 7 (63.64)
Cranial nerve palsy 0 (0) 1 (6.67) 4 (36.36)
Seizures 2 (33.33) 4 (26.67) 1 (9.09)
Visual changes 1 (16.67) 2 (13.33) 1 (9.09)

Radiological findings on MRI, n (%)
White matter involvement 0 (0) 13 (86.67) 11 (100)
Contrast enhancement 1 (16.67) 0 (0) 5 (45.45)
Mass effect 1 (16.67) 1 (6.67) 3 (27.27)

Corticosteroid use, n (%) 0 (0) 3 (20.00) 9 (81.82)
Addition of maraviroc to ART regimen, n (%) 0 (0) 0 (0) 3 (27.27)
Death or hospice, n (%) 4 (66.67) 7 (46.67) 9 (81.82)

All values reported are frequency (%) or mean (standard deviation).
aAsymptomatic CSF JCV were individuals with positive results but not meeting diagnostic criteria for PML or PML-IRIS.
bNumber of patients with JCV Infection on ART before diagnosis = 1, PML on ART before diagnosis = 12, number of patients with PML-

IRIS on ART before diagnosis = 10.
ART, antiretroviral therapy; CSF, cerebrospinal fluid; INSTI, integrase strand transfer inhibitor; IRIS, immune reconstitution

inflammatory syndrome; JCV, John Cunningham virus; MRI, magnetic resonance imaging; PI, protease inhibitor; PML, progressive
multifocal leukoencephalopathy.

Table 2. Factors Associated with the Diagnosis of Progressive Multifocal

Leukoencephalopathy-Related Immune Reconstitution Inflammatory Syndrome (N = 26)

Factor PML, n (%) PML-IRIS, n (%) OR (95% CI) p

Male gender 11/15 (73.33) 9/11 (81.82) 1.64 (0.24–11.08) 0.62
Age >45 years 8/15 (53.33) 6/11 (54.55) 1.05 (0.22 to 5.00) 0.95
CD4 £ 50 cells/lL 9/15 (60.00) 5/11 (45.45) 0.56 (0.12–2.68) 0.47
HIV viral load >4.87 log10 copies/mLa 9/15 (60.00) 3/10 (30.00) 0.29 (0.05–1.57) 0.15
ART regimen at the time of diagnosis

INSTI 5/15 (33.33) 6/11 (54.55) 2.40 (0.48–11.89) 0.29
PI 12/15 (80.00) 5/11 (45.45) 0.21 (0.04–1.18) 0.07

Presenting neurological symptoms
Motor weakness 8/15 (53.33) 10/11 (90.91) 8.75 (0.88–86.60) 0.04
Cognitive dysfunction 11/15 (73.33) 4/11 (36.36) 0.21 (0.04–1.11) 0.06
Dysarthria 3/15 (11.54) 8/11 (72.73) 10.67 (1.71–66.72) 0.01
Ataxia 3/15 (20.00) 7/11 (63.64) 7.00 (1.20–40.83) 0.03
Cranial nerve palsy 1/15 (6.67) 4/11 (36.36) 8.00 (0.75–85.73) 0.06
Seizures 4/15 (26.67) 1/11 (9.09) 0.28 (0.03–2.89) 0.27
Visual changes 2/15 (13.33) 1/11 (9.09) 0.65 (0.05–8.23) 0.74

a4.87 log10 copies/mL, median viral load.
CI, confidence interval; OR, odds ratio.
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Discussion

We described a case series of PLWH with a positive CSF
JCV PCR in the late ART era over a 4-year period. One
interesting observation was the high rates of PML-IRIS
identified in our case series. While rates of PML-IRIS have
varied in other recent works from 4% to 31%, we found that
11 of 26 cases (42%) included in this study were diagnosed
with PML-IRIS.16–18 Although it can be difficult to differ-
entiate the natural progression of PML from PML-IRIS, we
believe our findings are accurate because of the strict criteria
used to define PML-IRIS in an attempt to avoid over-
diagnosis.5 One factor that may have contributed to the high
incidence of PML-IRIS was the high proportion of all pa-
tients who were treated with integrase strand transfer inhib-

itors (INSTIs; 11 of 26, 42%), which have been previously
shown to be associated with higher incidence of IRIS, felt to
be related to the rapid decline in plasma HIV viral load.19

INSTIs have been observed to have excellent CNS pene-
trance,20 which has been shown to be associated with
improved rates of HIV viral suppression within the CSF.21

Unfortunately, viral suppression in the CSF has not corre-
lated well with incident AIDS-defining neurological condi-
tions,22 so the adjustment of an ART regimen based on
concern for PML or PML-IRIS is not supported at this
time. Additionally, it is not clear if a rapid decline in the CSF
HIV viral load affects the development of IRIS in the CNS
more than the decline in plasma HIV viral load does.23

That said, the fact that we limited our case series to only
include the modern ART era, which includes more

Table 3. Factors Affecting Progression to Hospice or Withdrawal of Care (N = 26)

Factor Frequency of outcomea when present, n (%) OR (95% CI) p

Presenting neurological symptoms
Motor weakness 9/18 (50) 1.00 (0.19–5.29) 1.00
Cognitive dysfunction 7/15 (46.67) 0.73 (0.15–3.47) 0.70
Dysarthria 7/11 (63.64) 2.63 (0.53–13.07) 0.24
Ataxia 6/10 (60) 1.93 (0.39–9.60) 0.43
Cranial nerve palsy 3/5 (60) 1.65 (0.23–11.99) 0.63
Seizures 3/5 (60) 1.65 (0.23–11.99) 0.63
Visual changes 2/3 (66.67) 2.18 (0.17–27.56) 0.55

Radiological findings
White matter involvement 13/24 (54.17) 5.87 (0.25–135.15) 0.15b

Contrast enhancement 3/5 (60) 1.65 (0.23–11.99) 0.63
Mass effect 2/4 (50) 1.00 (0.12–8.42) 1.00
Edema 2/3 (66.67) 2.18 (0.17–27.56) 0.55

PML-IRIS 7/11 (63.64) 2.63 (0.53–13.07) 0.24
CD4 £ 50 cells/lL 9/14 (64.29) 3.60 (0.71–18.25) 0.12
Treatmentc 10/12 (83.33) 5.00 (0.79–31.63) 0.08

aComposite outcome: discharge to hospice or withdrawal of care.
bLogit estimators use a correction of 0.5 in every cell for those tables that contain a zero.
cTreatment was with corticosteroids in 12 individuals, 3 of whom were also started on maraviroc.

Table 4. Patient Characteristics for Individuals with an Asymptomatic Positive

Cerebrospinal Fluid John Cunningham Virus Polymerase Chain Reaction (N = 6)

Patient Gender
Date CSF

JCV
Other OI

no. 1
Date OI

no. 1
Other OI

no. 2
Date OI

no. 2
Outcome

(date)
Alternative
diagnosis

1 F October
7, 2013

— — — — Hospice
(October
27, 2013)

HIV dementia

2 F October
28, 2013

DMAC September
21, 2013

— — Hospice
(April
1, 2014)

Unknown

3 M February
5, 2014

— — — — Good Psychosis

4 F February
1, 2015a

DMAC February
1, 2015

CNS
Toxoplasmosis

February
1, 2015

Hospice
(April
3, 2015)

CNS
Toxoplasmosis

5 M July
15, 2015

Cryptococcal
meningitis

March
4, 2014

— — Good Unknown

6 M November
10, 2015

Cryptococcal
meningitis

November
7, 2015

— — Hospice
(February
20, 2017)

Cryptococcal
meningitis

aRepeat CSF JCV was positive on March 21 2015.
CNS, central nervous system; DMAC, disseminated Mycobacterium avium complex; F, female; M, male; OI, opportunistic infection.
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potent regimens, may have affected the proportion of cases of
PML-IRIS.24

In addition to the high frequency of PML-IRIS, there was a
surprising proportion of patients who were felt to have an
asymptomatic positive CSF JCV PCR result (6 of 32, 18%).
The JCV PCR testing has been shown to have a very high
specificity of over 90% and false-positive results are felt to be
exceedingly rare.25,26 Of interest, two recent case series re-
viewing patients with detectable CSF JCV PCR found posi-
tive results in 11 of 25 (44%) and 8 of 43 (19%) of patients
who ultimately received diagnoses other than PML or PML-
IRIS.27,28 In one series, other CNS OIs are described in 4 of
11 (36%) of patients with cryptococcal meningitis (one case)
and toxoplasmosis (three cases).28 Although JCV is known to
reside dormant in the renal epithelium after primary infec-
tion, it is not yet known how or when JCV enters the CNS to
infect oligodendrocytes.29,30 It is not clear if the asymptom-
atic positive CSF JCV PCR results in this work represent an
asymptomatic infection that was detected before onset of
symptoms or instead translocation from an asymptomatic
viremia into the CSF in the setting of a weakened immune
system or CNS inflammation from other processes. Our work
supports these recent reviews by observing that 6 of 32 (18%)
of PLWH who had a positive CSF JCV PCR did not meet
diagnostic criteria for PML or PML-IRIS, 3 of whom (50%)
had a coexisting OI. This consistent finding of a significant
proportion of patients with asymptomatic positive CSF JCV
PCR results supports the judicious use of diagnostic testing to
prevent unnecessary ordering of expensive testing.

The present study also found surprisingly high mortality
rates among this group of patients, with 16 of 26 (62%) pa-
tients overall and 9 of 11 (82%) patients with PML-IRIS
progressing to death or hospice during the study period. This
is considerably higher than several recently published case
series and cohort studies, which found 1-year mortality rates
to be improving to 25%–36% with the advent of modern ART

as well as improved supportive care measures.31–33 One
possible explanation is the fact that the current study assessed
all-cause mortality rather than PML-specific mortality. This
is due to the fact that a significant proportion of patients were
discharged to hospice and did not have subsequent encoun-
ters within the EHR, creating difficulty in determining cause-
specific mortality. Whether the higher mortality rate is re-
lated to the higher incidence of PML-IRIS observed in this
study or due to other factors, patients with both PML and
PML-IRIS suffered poor outcomes.

This study also identified several factors associated with
both the development of PML-IRIS as well as progression to
death or discharge to hospice. Patients presenting with motor
weakness (OR = 8.75, 95% CI: 0.88–86.60), dysarthria
(OR = 10.67, 95% CI: 1.71–66.72), and ataxia (OR = 7.00,
95% CI: 1.20–40.83). Although not statistically significant,
patients with PML-IRIS, dysarthria, visual changes, and CD4
cell counts of 50 cells/lL or less trended toward higher odds
of progression to death or discharge to hospice. A trend to-
ward poorer outcomes with PML-IRIS is counter to what was
seen in a recent similar study in Spain, where patients with
PML-IRIS were noted to have improved survival when
compared with patients with PML alone.18 It is not clear what
is responsible for these disparate results, but one potential
confounder is the large proportion of patients in this present
study who were discharged to hospice, which was included in
the composite outcome. Identifying patients who are at the
highest risk for poor outcomes may help target individuals
who could benefit most from new therapies.

Several studies have looked at potential therapies to treat
or prevent the development of PML-IRIS. Maraviroc has
garnered a growing interest in the prevention of development
of PML-IRIS, as the migration of inflammatory cells to the
CNS related to the development of PML-IRIS appears to
occur in a CCR5-dependent fashion.9,34,35 Several small re-
ports and case series have supported this conjecture.12,35–37

FIG. 2. Kaplan–Meier curve
comparing survival of PML
versus PML-IRIS patients.
Log-Rank p value: .05. Surv-
time, survival time. Color
images are available online.
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Although the CADIRIS study, a large randomized controlled
trial evaluating the use of maraviroc for the prevention of
development of any IRIS-related disease, ultimately found no
reduction in incident IRIS with the addition of maraviroc,
there are several potential limitations to applying this study to
the PML population as there were no instances of PML
identified in the CADIRIS study.13 Therefore, the findings
of the CADIRIS study are not applicable to PML-IRIS. Al-
though more widely used for the treatment of PML-IRIS, the
data supporting the use of corticosteroids are largely based on
observational and anecdotal data, with limited information on
dosing recommendations.7,8 The corticosteroids used, as well
as their dose and duration, are outlined in this study, and these
were observed to vary greatly between patients. Although those
who were treated with corticosteroids tended to have non-
statistically significant poorer outcomes, this may be in part
related to selection bias. Corticosteroids were primarily used in
patients with PML-IRIS, who were also observed to have more
severe presentations and poorer outcomes, limiting the inter-
pretation of these results. Other agents that have been consid-
ered for the treatment or prevention of PML or PML-IRIS
include cidofovir, CMX001, and mefloquine, with mixed but
generally unfavorable results.38–40 Although use of maraviroc
or corticosteroids may indeed be ineffective, any potential
benefit remains theoretical at this time. Identifying patients who
would benefit most from interventions will help in the search
for effective therapies for PML and PML-IRIS beyond ART.

Limitations of this work include the retrospective and
observational nature of the study as well as the small number
of patients included which limits statistical power. The re-
sults should therefore be viewed as hypothesis generating. It
may be that use of medications to treat or prevent PML-IRIS,
whether they be corticosteroids or maraviroc, are only ben-
eficial in reducing mortality in the most ill subset of patients.
A potential limitation of misclassification bias, incorrectly
assigning a patient to PML or PML-IRIS, was accounted for
by using strict definitions before the analysis of results.

PML and PML-IRIS continue to have devastating outcomes
despite the advent of modern ART, with mortality rates above
50%, as seen in this study and median survival of 266 days for
patients with PML and 109 days for patients with PML-IRIS.
Current evidence supporting use of various agents for the
treatment or prevention of PML and PML-IRIS is lacking.
Further studies are needed to assess preventive measures as
well as therapeutic interventions for this devastating disease.
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