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Abstract

Background Epidemiological studies on predisposing conditions and outcomes of progressive multifocal leukoencephalopa-
thy (PML) cases have been carried out exclusively in high-income countries. We aim to report and compare the main charac-
teristics and outcomes of patients with PML and several underlying diseases in a referral center in a middle-income country.
Methods We performed a retrospective cohort study of PML cases admitted to a tertiary care hospital in Sdo Paulo, Brazil
during 2000-2022. Demographic and PML-specific variables were recorded. One-year case-fatality rate and factors associ-
ated with death were identified using a multivariate Cox proportional hazards regression model.

Results Ninety-nine patients with PML were included. HIV infection (84.8%) and malignancy (14.1%) were the most preva-
lent underlying conditions. Other predisposing diseases were autoimmune/inflammatory diseases (5.1%) and solid organ
transplantation (1.0%). One (1.0%) patient had liver cirrhosis and another (1.0%) patient was previously healthy. Focal motor
deficits (64.2%) and gait instability (55.1%) were the most common signs. The one-year case-fatality rate was 52.5% (95%
CI 42.2-62.7). The one-year case-fatality rate (95% CI) in patients with or without malignancy (85.7%, 95% CI 57.2-98.2%
and 47.1%, 95% CI 36.1-58.2%, respectively) were statistically different (P =0.009). Crude and adjusted Cox regression
models identified malignancy as independently associated with death (adjusted HR =3.92, 95% CI 1.76-8.73, P=0.001).
Conclusions HIV/AIDS was the predisposing condition in 84.8% of PML cases. The one-year case-fatality rate was 52.5%
and having a malignancy was independently associated with death. This study reports emerging data on the epidemiology
and outcome of PML in a middle-income country.
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Introduction infection being common in the adult population worldwide,

PML remains a rare disease occurring almost exclusively
Progressive multifocal leukoencephalopathy (PML) is a  in immunosuppressed individuals [2]. Furthermore, few
severe demyelinating disease of the central nervous sys-  PML cohorts, most of which are restricted to people living
tem (CNS) caused by the JC virus (JCV) [1]. Despite JCV with HIV/AIDS (PLWHA), have been described in low- and
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middle-income countries [3]. In these settings, there are no
published cohorts on PML in non-HIV-infected individuals.

The predominant risk factor underlying PML has changed
over time since the first cases of the disease were described
in 1958 [4], with four “epochs” describing the history of
PML to the present: (i) predominance of individuals with
hematological malignancies, particularly B cell disorders,
before the AIDS pandemic; (ii) predominance of individuals
with advanced HIV disease in the pre-combined antiretro-
viral therapy (cART) era; (iii) predominance of individuals
with advanced HIV disease in the post-combined antiretro-
viral therapy (cART) era with a dramatic reduction in the
incidence of PML; and (iv) predominance of individuals
with advanced HIV disease combined with the appearance
of PML in individuals receiving natalizumab or other immu-
nomodulatory therapies [2, 5].

This history is based on data from the US and West-
ern Europe, whereas little information on PML has been
reported from low- and middle-income countries where
the AIDS epidemic remains a public health problem,
including in Latin America. Some reasons for the pur-
ported low incidence of PML in low- and middle-income
income countries (LMICs) include underdiagnosis [i.e.,
low autopsy rates, unavailability of or limited access to
neuroimaging, particularly magnetic resonance imaging
(MRI), and to molecular diagnostics from cerebrospinal
fluid (CSF)], underreporting, and higher morbidity and
mortality related to other common infections (i.e., tuber-
culosis, bacterial infections, cerebral toxoplasmosis). In
addition, biological variables as differences in viral strains
(i.e. high prevalence of HIV Clade C in India and Africa),
HIV and JCV interactions, variability in host susceptibil-
ity, and variable pathogenic potential of some JCV strains
were postulated as potential causes of low PML incidence
in low-income countries [6, 7]. Nowadays, available evi-
dence does not suggest the presence of biological factors
that justify the concept of low incidence or non-existence
of PML in some settings [7-9]. For example, a study from
India, where HIV clade C is predominant, showed that
PML cases presented no significant differences in clinical,
radiological, and pathological features when compared to
patients in the US and Western Europe where HIV clade
B is most common. Probably the main reason for the low
incidence of PML in low- and middle-income countries
is the lack of diagnostic tools. In this line, studies carried
out over last decade in some tertiary centers in Africa [7],
Asia [9] and Latin America [10] using molecular diag-
nostics in CSF and/or MRI suggest that HIV-related PML
is not as uncommon as previously reported. Despite this,
there is a paucity of information from large series of PML
in PLWHA in LMICs and reports of PML in hosts with
other underlying immunosuppressive conditions (rheuma-
tological diseases, hematological malignancies, chronic
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inflammatory diseases, solid organ transplantation, and
primary immunodeficiency) [11] are even rarer.

We aimed to report the main features and outcomes of
patients with PML and several underlying conditions in a
tertiary care hospital in Sdo Paulo, Brazil, over a 20-year
period.

Methods

This study was designed and reported according to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.

Study design, setting and data collection

This was a retrospective cohort study of all patients with
PML admitted to the Instituto Central of the Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sdo
Paulo (HCFMUSP) in Sao Paulo, Brazil between January
2000 and December 2022. The Instituto Central has 900
beds and is the main public tertiary referral center in the
State of Sdo Paulo. Patients were identified from: (i) the
database of the Virology Laboratory of Instituto de Medicina
Tropical de Sdo Paulo (IMT), where JCV PCR in CSF sam-
ples were assayed; and (ii) the database of autopsies car-
ried out in HCFMUSP. The IMT was the only laboratory to
carry out the molecular diagnostic testing for JCV during the
study period. Electronic and physical medical records were
reviewed, including clinical, neuroradiologic and laboratory
data, to classify patients according to the American Acad-
emy of Neurology diagnostic criteria for PML [12].

Clinical characteristics

Variables of interest included sex, date of birth, date of
hospital admission, date of discharge to home, date of
death, date of PML-related symptom onset, date of PML
diagnosis, clinical outcome, presenting symptoms, HIV
infection status, malignancy status, transplantation status,
autoimmune disease status, immunosuppressive medica-
tions, CSF profile, neuroimaging, and treatment history. We
define oncohematological disease as the presence of malig-
nancy (hematological or solid tumor), in order to increase
the number of cases of this variable, and considering that
these two groups of diseases have similar outcomes previ-
ously reported [11]. For patients who were HIV infected,
lymphocytes T-CD4 + count and HIV viral load at the time
of PML diagnosis, and after 3, 6, and 12 months of hospital
admission were included. Neuroimaging description were
documented according to the reports made by neuroimaging
specialists or annotations in medical charts.
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Statistical analyses

There was no formal sample size calculation, otherwise
a convenience sampling of consecutive cases of PML.
Median (interquartile range -IQR-) and frequencies were
used when appropriate. Quantitative variables were
compared using t-Student’s test with or without correc-
tion for homogeneous variance and categorical variables
using the Chi-square (Xz) test or Fisher’s exact test when
appropriate. Log-rank test and Cox proportional hazards
model were used for survival analysis. The one-year all-
cause mortality rate was defined as the number of deaths
occurring within 12 months following the date of hospital
admission. To estimate the case-fatality rate at 3, 6 and 12
months, we considered the worst case scenario, as lost-to-
follow-up equal to death cases. Ninety-five percent confi-
dence intervals (95% CI) were calculated for each variable.
A parsimonious multivariate model was created with one-
year mortality as the outcome and sex (male/female), age
(years), diagnosis of HIV/AIDS (yes/no) and diagnosis of
malignancy (yes/no) as the predictors, according to a prior
study [13]. A sensitivity analysis excluding three patients
with possible PML was performed. All assumptions of
normality, homogeneity of variances, and proportionality
of hazards were evaluated. The Chi-squared goodness-of-
fit tests for the proportional hazards regression model, as
well as Schoenfeld residuals, were used for this purpose.
Survival curves (for the total population and for defined
subgroups) at one-year were displayed using Kaplan—Meier
plots of cumulative survival probabilities following hos-
pital admission. All tests used were two-tailed and the
significance level was P <0.05. All statistical analysis
were performed with the software SPSS 24.0 (IBM Corp.,
Armonk, NY, EUA).

Ethical approval

This study was approved by the Clinical Research
Ethics Committee of HCFMUSP (approval code:
76445323.8.0000.0068).

Data availability

Data will be made available upon reasonable request by
qualified investigators and subject to ethics board approvals.
Results

We identified 113 potentially eligible cases. Ninety-eight
(86.7%) cases had an initial report of a positive CSF JCV

PCR, but 17 (15.0%) were excluded due to insufficient clini-
cal and neuroradiological information (n=7); inability to

locate medical records (n=6); and presence of BK virus
instead of JCV (n=4). Fifteen (13.2%) cases, all of whom
were included, had a histopathological diagnosis of PML.
Three (2.7%) patients with advanced HIV disease and clini-
cal and neuroimaging findings typical of PML were inad-
vertently included (protocol deviation). Thus, 99 patients
were included.

Patients characteristics

Most patients were male (69.7%) and the median age at the
time of hospital admission was 41 years (range 12 — 89)
(Table 1). Patients with HIV/AIDS were slightly younger
than patients without HIV/AIDS, but this difference was not
statistically significant (median ages of 41 and 47.5 years,
respectively, P=0.224). Classification of PML by diagnosis
category showed 82 (82.8%) patients with definite PML,
14 (14.1) with probable PML and 3 (3.0%) with possible
PML. The majority of patients were white (78.8%) (Table 1).
Almost half of PML diagnoses (44%) were made between
2010-2014 (Fig. 1).

Underlying conditions

Eighty-five percent of patients (85.8%) had HIV/AIDS
(Table 2). Among PLWHA, 43.7% (31/71) reported
cART use (regular or irregular) at hospital admission and
only 11 (11.1%) patients had an undetectable HIV viral
load at admission. The median (IQR) of lymphocytes
T-CD4 + count (n=81) at the time of PML diagnosis was
58 cells/ul (23.0-155.0) (Table 2). Of those, 33 (40.7%)
patients had lymphocytes T-CD4 + count < 50 cell/ul, 38
(46.9%) patients had lymphocytes T-CD4 + count between
50-200 cells/pl and 10 (12.3%) patients had lymphocytes
T-CD4 + count > 200 cells/ul. In 33 (39.8%) of 83 PLWHA,
PML was the AIDS-defining disease. Eight (9.4%) PLWHA
had an underlying malignancy: Kaposi’s sarcoma (n=4),
non-Hodgkin’s lymphoma (n=3), and seminoma (n=1).

Fourteen (14.1%) patients did not have HIV/AIDS
(Table 2) and 6 (42.9%) of them had an underlying oncohe-
matological disease: acute myeloid leukemia (n=2), non-
Hodgkin’s lymphoma (n=2) and multiple myeloma (n=2).
Two patients with underlying oncohematological diseases
underwent allogenic stem cell transplantation prior to the
diagnosis of PML. Eight (57.1%) patients had other underly-
ing diseases or conditions.

Two patients had systemic erythematosus lupus, which
one patient was treated with azathioprine plus prednisone
and the other with hydroxychloroquine and prednisone.
Three patients had inflammatory diseases, one of whom
had Devic's disease treated with methylprednisolone,
cyclophosphamide and plasmapheresis. One patient
had cerebral amyloid angiopathy related inflammation
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Table 1 Demographic

s ¢ . Total (n=99) PML and HIV/ PML and non- P-value
Charact§rlstlcs, dlagnqstlc (n=85) HIV/AIDS
categories of progressive (n=14)
multifocal leukoencephalopathy
(PML), and year of PML Age (years), 41.0 (35.0-52.0)  41.0 (35.0-50.5)  47.5(29.5-68.8)  0.2248
diagnosis, stratified by HIV median (IQR)
status Female sex 30 (30.3) 25 (29.4) 5(35.7) 0.634*
n (%)
Race, n (%) 0.277°
Asian 2 (2.0 2(2.4) 0 (0.0)
White 78 (78.8) 66 (77.6) 12 (85.7)
Black 5(5.1) 5(5.9) 0(0.0)
"Parda" 13 (13.1) 12 (14.1) 1(7.1)
Unknown 1(1.0) 0 (0.0) 1(7.1)
Category of PML diagnosis, n (%) 0.637"
Definite 82 (82.8) 71 (83.5) 11 (78.6)
Probable 14 (14.1) 11 (12.9) 3(21.4)
Possible 3(3.0) 3(3.5) 0(0.0)
Year of PML diagnosis, 0.622"
n (%)
2000-2004 9 (10.6) 9 (10.6) 0(0.0)
2005-2009 28 (28.3) 24 (28.2) 4(28.6)
2010-2014 44 (44.4) 38 (44.7) 6 (42.9)
2015-2019 12 (12.1) 9 (10.6) 3(21.4)
2020-2023 6 (6.1) 5(5.9) 1(7.1)

IQR interquartile range, PML progressive multifocal leukoencephalopathy. § Student's t-test (with or with-
out correction for heteroscedasticity as appropriate); § Pearson's chi-square test; 1 Fisher's exact test

(CAA-RI) and underwent treatment with prednisone,
pulse methylprednisolone and cyclophosphamide. The
last patient with inflammatory disease had an unspecified
demyelinating disease of the CNS, and received methyl-
prednisolone, azathioprine and prednisone. The other 3
patients did not have oncohematological or autoimmune
/ inflammatory disease. One patient underwent a kidney
transplantation 16 months prior to the diagnosis of PML
and received tacrolimus, everolimus and prednisone.
One patient had liver cirrhosis, secondary to hepatitis C,
and received two doses of interferon-alpha. Finally, one
patient with PML did not have any comorbidity identified
or immunosuppression condition.

Clinical, laboratory and neuroradiological
manifestations

The median (IQR) time between symptom onset and hospital
admission was similar in patients with (30, 9-60 days] or
without HIV/AIDS (30, 1-60 days) (P=0.910).

The median (IQR) time of hospitalization was 51
(43-59) days. Focal motor deficits (64.2%), gait instability
(55.1%), and psychomotor slowing (50.0%) were the most
common clinical manifestations (Table 3). These and other
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abnormalities (i.e., limb incoordination, speech deficits,
seizures) were more common in PLWHA, but none of the
differences were statistically significant. Headache, pares-
thesias, and visual deficits were more common in non-HIV/
AIDS patients, but none of the differences were statistically
significant.

Basic cerebrospinal (CSF) characteristics (leukocyte
count, glucose, and protein) were available for 86 (86.9%)
patients. Median (IQR) leukocytes count, protein, and glu-
cose were 3.5 cells/mm? (1.0-15.5), 55 mg/dL (31.0-98.0),
and 52 mg/dL (IQR 46.0-60.5), respectively. No CSF
parameter showed statistically significantly differences
between patients with or without HIV/AIDS. On MRI, areas
of increased signal on T2-weighted and fluid attenuated
inversion recovery (FLAIR) sequences were described in
71 (82.8%) of 82 patients. The 17 (17.2%) patients without
MRI findings had histopathological confirmation of PML.

Outcomes

In hospital case-fatality ratio following hospital admission
was 39.4% (95% CI 29.7-49.7) for the whole cohort. In
hospital case-fatality ratio (95% CI) in HIV/AIDS patients
(41.2%, 30.6-52.4) and in non-HIV/AIDS patients (28.6%,
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Fig. 1 Number of progressive multifocal leukoencephalopathy cases by diagnosis year, in individuals admitted at Hospital das Clinicas, Facul-
dade de Medicina, Universidade de Sdo Paulo, 2000-2022. Note. PML: progressive multifocal leukoencephalopathy

8.4-58.1), were not statistically different (P =0.556). In
hospital case-fatality ratio (95% CI) in oncohematological
patients (64.3%, 35.1-87.2) and in nononcohematological
patients (5.3%, 25.2-46.4) were not statistically differ-
ent (P=0.073). Neurological sequelae at discharge was
reported in 72.2% (39/54) and rates in HIV/AIDS patients
and non-HIV/AIDS were 72.7% (32/44) and 70.0% (7/10),
respectively (P=0.501). Nosocomial pneumonia was the
most frequent cause of in hospital death (16/40, 40%).
These 16 deaths occurred in HIV/AIDS patients and none
in patients without this condition (P =0.432).

Twelve (20%) out of the 60 patients who were dis-
charged from the hospital, lost to follow-up within the
first year after PML diagnosis. During a mean follow-up
of 9.3 (95% CI 7.9-10.6) months and 21,393 person-day,
we found an incidence of 3.1 (95% CI 2.4-3.9) deaths per
1,000 person-day. One-year case-fatality ratio (95% CI)
following hospital admission was 52.5% (42.2-62.7) for
the whole cohort. In patients with HIV/AIDS, (17,643 per-
son-days), we found an incidence of 3.7 (95% CI 2.9-4.8)

deaths per 1,000 person-day. In patients without HIV/AIDS
(3,750 person-days), we found an incidence of 17.6 (95%
CI 13.6-22.4) deaths per 1,000 person-days.

One-year case-fatality ratio (95% CI) in HIV/AIDS
patients (54.1%, 42.9-65.0) and in non-HIV/AIDS
patients (42.9%, 17.7-71.1), were not statistically different
(P=0.556). One year case-fatality ratio (95% CI) in oncohe-
matological patients (85.7%, 57.2-98.2%) and in non-onco-
hematological patients (47.1%, 36.1-58.2%) were statisti-
cally different (P=0.009). Case-fatality ratios of the patients
of this study by follow-up period is showed in Fig. 2.

Kaplan—Meier survival curves for the entire study pop-
ulation and for the two subgroups of underlying diseases
are presented in Fig. 3. Crude and adjusted Cox regression
models identified oncohematological diseases as indepen-
dently associated with death (adjusted HR =3.92, 95% CI
1.76-8.73. P=0.001) (Table 4). The sensitivity analysis
that excluded the 3 cases with possible PML showed simi-
lar results to the main analysis (adjusted HR =3.82, 95% CI
1.71-8.51, P=0.001).
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Table 2 Main characteristics

of individuals with progressive
multifocal leukoencephalopathy,
stratified by HIV status

Table 3 Baseline neurological
manifestations of individuals
with progressive multifocal
leukoencephalopathy, stratified
by HIV status
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PML and HIV/AIDS (n=385)

PML and

non-HIV/AIDS

(n=14)

Prior HIV diagnosis, n (%) 50/83 (60.2)
HIV diagnosis (months), median (IQR), n=49 72.0 (4.0-144.0)
Prior AIDS-defining disease, n (%) 50/74 (67.6)
Prior AIDS-opportunistic disease, n (%) 27172 (37.5)
cART use at admission, n (%) 38/71 (53.5)
cART, n (%)

Abandoment 4/38 (10.5)

Naive 4/38 (10.5)

Irregular use 13/38 (34.2)

regular use 17/38 (44.7)
CD4 + (cells/mm?), 58.0 (23.0-155.0)
median (IQR), n=81
CD4 + nadir (cells/mm?), 43.0 (14.0-88.0)
median (IQR), n=79
Log HIV viral load,median (IQR), n=76 5.0 (3.5-54)
Undetectable HIV viral load, n (%) 11/76 (14.5)
Malignancy, n (%) 8(9.4) 6 (42.9%)
Autoimmune / inflammatory diseases, n (%) 5(35.7%)
Solid organ transplantation, n (%) 1(7.1%)
Liver cirrhosis, n (%) 1(7.1%)
Previously healthy, n (%) 1(7.1%)

IQR interquartile range, PML progressive multifocal leukoencephalopathy

Total (n=99) PML and HIV/ PML and non-HIV/  P-value
AIDS (n=85) AIDS (n=14)

Focal motor deficit, n (%) 52/81 (64.2) 47/69 (68.1) 5/12 (41.7) 0.1417
Gait instability, n (%) 38/69 (55.1) 33/58 (56.9) 5/11 (45.5) 0.485"
Psicomotor slowing, n (%) 39/78 (50.0) 37/67 (55.2) 2/11 (18.2) 0.0927
Limb incoordenation, n (%) 23/58 (39.7) 21/48 (43.8) 2/10 (20.0) 0.2757
Headache, n (%) 22/72 (30.6) 18/61 (29.5) 4/11 (36.4) 0.794"
Speech deficits, n (%) 17/75 (22.7) 17/64 (26.6) 0/11 (0.0) 0.183"
Paresthesias, n (%) 10/49 (20.4) 7/39 (17.9) 3/10 (30.0) 0.066
Seizures, n (%) 16/79 (20.3) 15/68 (22.1) 1711 (9.1) 0.858"
Visual deficits, n (%) 12/73 (16.4) 10/62 (16.1) 2/11 (18.2) 0.7927
Involuntary movements, n (%) 2/77 (2.6) 2/66 (3.0) 0/11 (0.0) 0.832F

IOR interquartile range, PML progressive multifocal leukoencephalopathy $ Student's t-test (with or with-
out correction for heteroscedasticity as appropriate); * Pearson's chi-square test;  Fisher's exact test
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Fig.2 Case-fatality ratios of progressive multifocal leukoencephalopathy cases by follow-up period, in individuals admitted at Hospital das

Clinicas, Faculdade de Medicina, Universidade de Sdo Paulo, 2000-2022

Discussion

This study showed that PML occurs in a broad spectrum of
predisposing conditions in Brazil, but HIV/AIDS is the most
important of them. Clinical outcomes of our PML cases
were similar to those described in high-income countries.
To the best of our knowledge, the present study is the first
carried out in low- and middle-income countries to report
the spectrum of predisposing conditions of PML.

Most studies about PML have evaluated specific popula-
tions of patients at risk, mainly HIV/AIDS infection or use
of monoclonal antibodies. Population-based studies of PML
epidemiology remain scarce, since PML is considered to be
rare in the general population [14]. However, studies with sev-
eral designs have analysed the spectrum of PML predisposing

conditions from a local to a national scale. Table 5 shows
selected studies, carried out since 2000, that simultaneously
included several hosts with PML. Four were carried-out in the
U.S [15-18], three in Scandinavia [13, 19-21], two in Asia
[22, 23], and two in western Europe [11, 24]. All these studies
were performed in high-income countries. Our results suggest
that HIV/AIDS is the most common underlying condition in
cases of PML in Brazil and probably in other epidemiologi-
cally similar settings. As expected, the vast majority of PML
cases occurred in PLWHA with advanced HIV disease, con-
firming the opportunistic nature of this disease. In contrast,
HIV-related PML has been rarely observed in the last decade
in some high-income countries, while in the same period an
increase in chronic inflammatory diseases-related PML, par-
ticularly when monoclonal antibodies are used [21].
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Fig.3 Survival curves at one year following progressive multifocal
leukoencephalopathy in individuals admitted at Hospital das Clini-
cas, Faculdade de Medicina, Universidade de Sdo Paulo, 2000-2022.
A Survival curve for the entire study population (n=99). B Survival

Globally, HIV/AIDS is the main underlying condition of
PML in most [11, 15, 18, 23, 24] but not in all studies [19,
21, 22]. When HIV/AIDS was the most common predis-
posing condition for PML, this proportion varied between
44 and 84.1% [11, 15]. Some arguments may explain the
ongoing importance of HIV/AIDS as the main risk factor
for PML in our setting. First, despite important advances
in prevention and treatment, the HIV epidemic continues
to be a major public health issue in Brazil when compared
with other epidemiological scenarios [20-22]. Second, the
proportion of individuals with advanced HIV disease at the
time of HIV diagnosis or re-engagement in care contin-
ues to be high in Brazil [25]. Third, HIV-related PML is a

@ Springer

curve of subgroups of patients with or without HIV/AIDS. C Sur-
vival curve of subgroups of patients with or without onco-hematolog-
ical diseases

well-known opportunistic disease in tertiary care centers in
Brazil for which laboratory confirmation is readily available
[3, 10]. Fourth, PML is probably more underdiagnosed and
underreported in patients with predisposing conditions other
than HIV. Nowadays, the availability of diagnostic tools to
confirm PML continues to be very restricted in most health
services in Brazil. Finally, PML has been an emerging con-
cern in patients using some monoclonal antibody therapies,
mainly natalizamab, but these medications were introduced
late and are less used in Brazil when compared with high-
income countries.

Well-established risk factors for PML in HIV-negative
patients include.
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Table 4 Cox proportional

Crude Adjusted
hazards model for factors
associated with one-year HR (95% CI) P-value HR® (95% CI) P-value
mortality in individuals
with progressive multifocal Age, years 0.99 (0.96-1.02) 0.497 0.99 (0.96-1.02) 0.484
leukoencephalopahy Sex 0.280 0.188
Male 0.70 (0.37-1.33) 0.65 (0.34-1.24)
Female 1.00 (Ref.) 1.00 (Ref.)
HIV/AIDS 0.341 0.083
Patients with HIV/AIDS 1.65 (0.59-4.64) 2.75 (0.88-8.62)
Patients without HIV/AIDS 1.00 (Ref.) 1.00 (Ref.)
Malignancy 0.015 0.001

Patients with malignancy
Patients without malignancy

2.53 (1.20-5.35)
1.00 (Ref.)

3.92(1.76-8.73)
1.00 (Ref.)

HR hazard ratios, 95% CI confidence interval. ¥ HRs were adjusted for age, gender, HIV/AIDS status, and
a history of malignancy. Hazard proportionality assumptions for multivariate analysis: proportionality test:

adjusted model: X2= 1.71, P=0.790

hematological malignancies, organ transplantation,
immunomodulatory therapy, autoimmune disorders, and
primary immunodeficiency disorders [1, 2, 26]. Classically,
the second most significant risk factor for the development
of PML has been hematologic malignancies, but the propor-
tion of PML cases attributed to this condition is varied able
(4.5—61.3%) [11, 13, 15-19, 21, 23]. In fact, hematological
malignancies were more frequent than HIV/AIDS in some
studies [19, 22].

Other risk factors for PML as autoimmune diseases,
inflammatory diseases, and organ solid transplantation
were less common in the present study, similarly to pre-
viously described [11, 13, 17-19, 23, 24, 27].

Some studies described non-hematological malignan-
cies as the underlying condition for PML range in frequency
from 2.8 t0 23.4% [11, 13, 15, 17-19, 22, 23]. As expected,
the use of chemotherapy is common in this scenario, which
appears to have a synergistic effect on the development of
PML. Thus, concomitant risk factors for PML usually coex-
ist and a similar rational can be speculated in patients with
underlying conditions who required transplantation or in
patients with HIV/AIDS with Kaposi’s sarcoma and use of
chemotherapy [11, 13, 19, 23].

The risk for PML is not equal among immunosuppressive
agents and the presence of confounding factors are com-
mon. Three classes of drug that vary by PML risk, latency
to infection, and underlying illness had been stratified with
natalizumab as the prototype of Class 1 that unequivocally
increases the risk of PML in individuals without known dis-
orders that predispose to PML [28]. Unlike other studies [11,
16, 22] we did not report any case with multiple sclerosis
and the use of natalizumab [29]. The recent incorporation
of this medication into the Brazilian public health system
may explain, at least partially, the limited number of patients
who received natalizumab in our hospital. In contrast, some

patients of the present study received azathioprine, cyclo-
phosphamide, and/or methotrexate before the development
of PML. These medications belong to Class 3 and depend
on the underlying disorder and treatment with other immu-
nosuppressive agents to cause PML [28].

Although very rare, individuals with minimal or no
immunosuppression may develop PML [30]. In this study we
reported one patient with hepatic cirrhosis and a previously
healthy patient with no known predisposing conditions.

The clinical, CSF, and neuroimaging features of patients
included in this study are in accordance with the consoli-
dated knowledge of PML [31-33] and were similar between
patients with or without HIV/AIDS. Natalizumab-associated
PML has some particular clinical and neuroradiological fea-
tures [34], but we did not have any patients with this predis-
posing condition.

PML is usually progressive and fatal but varies accord-
ing to the underlying condition and treatment. In this study
we identified a one-year case-fatality ratio of 52.5% for the
whole cohort. Interestingly, the case-fatality ratios at 6 and
12 months was similar, indicating that virtually no addi-
tional deaths occur between 6 and 12 months after PML
diagnosis. This result suggests that if the patient survives
at least 6 months after being diagnosed with PML, they
will most likely be able to survive longer while receiving
cART. The 11 studies presented in Table 5 reported case
fatality rates between 21 to 71%, but only 2 [18, 19] had
higher values than ours. This finding suggests a greater
lethality in our patients, probably associated with struc-
tural problems such as inequity and barriers accessing the
health system when compared to other epidemiological
scenarios. Interestingly, we identified a one-year case-
fatality rate of 54% in patients with HIV/AIDS, similarly
with prior reports from high-income countries [14, 16].
However, recent studies showed that mortality rate in
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HIV-related PML patients has improved to 21% to 40.4%
[11, 21, 23, 24]. In the present study, all deaths from noso-
comial pneumonia occurred in patients with HIV/AIDS,
suggesting a worse neurological status or the presence of
concomitant opportunistic diseases, frequently described
in our setting [10]. In our study, the one-year case-fatality
ratio in HIV/AIDS (54.0%) was higher than in non-HIV/
AIDS (42.9%), but one-year case-fatality ratio in oncohe-
matological diseases (including patients with and without
HIV/AIDS) was 85.7%. This result is in line with other
studies that demonstrate a worse outcome in PML cases
with hematological and solid organ neoplasm [11, 23, 24].
In contrast, some studies have reported one-year all-cause
mortality < 20% in PML cases with chronic inflammatory
diseases, particularly in natalizumab use [11, 35].

Our study has several limitations. First, it was carried out in
a high complexity tertiary urban center from a middle-income
country. Thus, caution is required before extrapolating results
to other LMICs. Second, we used two reliable sources for case
selection of hospitalized patients, but did not have access to
PML individuals diagnosed through brain biopsy or on an
outpatient basis. For these reasons, in particular, our frequency
of severe cases must be underestimated. However, this is the
first approach in the southern hemisphere to analyse PML
in individuals with diverse underlying conditions and similar
studies are needed. Third, we included 3 cases of possible
PML (protocol deviation). However, they were HIV/AIDS
patients with typical manifestations of PML and sensitivity
analysis were compatible with the main analysis. Finally, due
to the relatively low number of events, we decided to use a
more comprehensive definition to evaluate the outcome of
individuals with malignancy. Interestingly, this variable was
the single independently associated with death but future stud-
ies are necessary to evaluate this association.

In conclusion, HIV/AIDS was the underlying condition in
84.8% of cases. One-year case-fatality ratio was 52.5% and
oncohematological diseases was independently associated
with death. This study reports emerging data on the epide-
miology and outcome of PML in a middle-income country.
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