Erfolgreich durch internationale Zusammenarbeit

Cite as: Archiv EuroMedica. 2026.16; 4. DOI 10.35630/2026/16/1ss.4.07

Received 16 June 2026;
Accepted 28 July 2026;
Published 6 August 2026

PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY AFTER
ORTHOTOPIC LIVER TRANSPLANTATION: A SYSTEMATIC REVIEW

Kamil Andruszkiewicz' i< , Julia Bak'

Bogna Btachowska? , Wojciech Fraczyk'

Natalia Jasinska® , Mateusz Krysiak'
Bartosz Machnio* , Katarzyna Mania'
Agnieszka Stankowska' (+}, Agata Swigtek®

Natalia Turzynska'

! University Clinical Centre in Gdansk, Poland
2 St. Vincent de Paul Hospital, Gdynia, Poland
* 7th Naval Hospital, Gdansk, Poland

4 Medical University of Warsaw, Poland

® St. Adalbert Hospital, Gdansk, Poland

B< kaarticles@wp.pl


http://dx.doi.org/10.35630/2026/16/Iss.4.07
mailto:kaarticles@wp.pl
mailto:kaarticles@wp.pl
https://orcid.org/0009-0006-1854-2846
https://orcid.org/0009-0006-1854-2846
https://orcid.org/0009-0001-8532-9029
https://orcid.org/0009-0001-8532-9029
https://orcid.org/0009-0004-1245-9991
https://orcid.org/0009-0004-1245-9991
https://orcid.org/0009-0003-2315-0554
https://orcid.org/0009-0003-2315-0554
https://orcid.org/0009-0003-8036-4225
https://orcid.org/0009-0003-8036-4225
https://orcid.org/0009-0007-1783-4473
https://orcid.org/0009-0007-1783-4473
https://orcid.org/0009-0004-6674-4149
https://orcid.org/0009-0004-6674-4149
https://orcid.org/0009-0007-9300-6370
https://orcid.org/0009-0007-9300-6370
https://orcid.org/0009-0009-6728-4179
https://orcid.org/0009-0009-6728-4179
https://orcid.org/0009-0008-2909-3155
https://orcid.org/0009-0008-2909-3155
https://orcid.org/0009-0007-9655-4137
https://orcid.org/0009-0007-9655-4137
mailto:kaarticles@wp.pl

ABSTRACT

| Background

Progressive multifocal leukoencephalopathy is a demyelinating disease of the nervous
system. It is caused by reactivation of the John Cunningham Virus in patients with
compromised immune systems. It is well described in other diseases, but occurrence

after orthotopic liver transplantation is not well documented.

Aims

The aim of this systematic review is to summarise data about neurological presenta-
tion, immunosuppressive treatment, diagnosis, treatment and outcomes in patients
with  progressive  multifocal leukoencephalopathy after orthotopic liver

transplantation.

Materials and Methods

PubMed and Scopus were searched on 6 April 2026 without date restrictions. Case re-
ports, case series, and observational studies providing individual patient data on pro-
gressive multifocal leukoencephalopathy after orthotopic liver transplantation were
included. Studies without liver transplant recipients or without original patient data
were excluded. The reference lists of the included publications were also screened for

additional eligible studies.

Results

Sixteen studies reporting a total of 17 patients were included. The interval between liv-
er transplantation and diagnosis of progressive multifocal leukoencephalopathy
ranged from 1.5 to 204 months, with a median of approximately 10 months among the
14 patients with available data. Clinical manifestations were heterogeneous and most
commonly included motor deficits, cognitive impairment, coordination or gait distur-
bances, and visual symptoms. Diagnosis was based mainly on brain magnetic reso-
nance imaging and detection of John Cunningham virus DNA in cerebrospinal fluid.
Reduction or discontinuation of immunosuppression was the most frequently report-

ed therapeutic approach. Twelve of the 17 patients died.



Conclusions

Progressive multifocal leukoencephalopathy after orthotopic liver transplantation is a
rare but severe complication associated with high mortality. It may develop within the
first months or many years after transplantation. The available evidence is insufficient
to determine the optimal strategy for reducing immunosuppression, particularly be-

cause of the risk of graft rejection.

Keywords: Immunosuppression; Opportunistic Infections; Central Nervous System
Diseases; Risk Factors; Cerebrospinal Fluid

INTRODUCTION

Progressive multifocal leukoencephalopathy is an opportunistic infection of the cen-
tral nervous system caused by reactivation of the John Cunningham virus (JCV) [1,2].
Primary John Cunningham virus (JCV) infection is usually asymptomatic, and serologi-
cal evidence of previous exposure is found in approximately 50% to 80% of adults, with
seroprevalence increasing with age [3,4,5]. In immunocompromised patients, viral re-
activation may result in infection of oligodendrocytes, progressive demyelination, and

neurological deterioration [6].

Historically, PML was most frequently associated with advanced HIV infection. It has
also been reported in patients with hematological malignancies, individuals receiving
monoclonal antibody therapy, and solid organ transplant recipients [1,7,8,9]. Earlier re-
ports attributed approximately 80% of PML cases to HIV infection, whereas more re-
cent data suggest that HIV accounts for about 509 of cases. Hematological malignan-
cies account for approximately 10%, while another 109 are associated with sarcoido-
sis, primary immunodeficiency syndromes, rheumatological diseases, and transplanta-
tion. Therapies used for multiple sclerosis, including natalizumab, have been associat-
ed with less than 5% of reported PML cases [7,10,11].

PML after orthotopic liver transplantation is rare but clinically important. It may develop
within the first months after transplantation or many years later, and its initial manifes-
tations are often nonspecific. Reported symptoms include cognitive impairment, mo-
tor deficits, speech disturbances, visual abnormalities, ataxia, and seizures. The dis-

ease may progress rapidly and result in severe neurological disability or death [12-27].



Management is particularly difficult in liver transplant recipients. Reduction or with-
drawal of immunosuppressive therapy may allow recovery of antiviral immune respons-
es, but it may also increase the risk of graft rejection. Immune recovery may additional-
ly be complicated by immune reconstitution inflammatory syndrome [12,28,29,30]. No
established antiviral treatment for JCV is currently available, and published therapeu-

tic experience is limited.

Available evidence on PML after orthotopic liver transplantation remains fragmented
and is derived mainly from individual case reports and small case series [12-27]. The
reported cases differ considerably in the interval between transplantation and PML di-
agnosis, immunosuppressive treatment, clinical presentation, diagnostic methods,
therapeutic management, duration of follow-up, and outcome. Consequently, it re-
mains unclear whether specific clinical patterns can be identified, whether particular
immunosuppressive regimens are associated with PML development, and how im-
munosuppression should be modified after diagnosis while minimizing the risk of graft

rejection. A structured synthesis of the available data is therefore needed.

AIM

The aim of this systematic review is to summarize published evidence on progressive

multifocal leukoencephalopathy after orthotopic liver transplantation.
The objectives are:

1. To describe the clinical characteristics of affected patients and the interval
between liver transplantation and PMLdiagnosis.

2. To summarize the immunosuppressive regimens used before PML diagnosis and
the subsequent changes in immunosuppressive therapy.

3. To systematize neurological manifestations, neuroimaging findings, and methods
of diagnostic confirmation.

4. To summarize the reported treatment approaches and clinical outcomes.

MATERIALS AND METHODS

This systematic review was conducted in accordance with the PRISMA 2020 guidelines

[31]. PubMed and Scopus were searched on 6 April 2026 without date restrictions.



The PubMed search query was: (“progressive multifocal leukoencephalopathy”
[Title/Abstract] OR PML[Title/Abstract]) AND ("liver transplantation”[Title/Abstract]
OR "liver transplant”[Title/Abstract] OR "Liver Transplantation”[MeSH Terms]).

The Scopus search query was: TITLE-ABS-KEY("progressive multifocal leukoen-
cephalopathy” OR PML) AND TITLE-ABS-KEY("liver transplantation® OR “liver

transplant”).

Case reports, case series, and observational studies reporting individual patients with
PML after orthotopic liver transplantation were included. Studies involving patients
without liver transplantation or publications without original patient data were exclud-
ed. The reference lists of the identified publications were also screened for additional
eligible studies. Duplicate records were removed before screening. The study selec-

tion process is presented in Figure 1.

The extracted variables included age, sex, etiology of liver disease, immunosuppres-
sive treatment before and after PML diagnosis, interval from transplantation to PML di-
agnosis, neurological manifestations, neuroimaging findings, method of diagnostic

confirmation, additional treatment, and outcome.

Because of the small number of cases and the heterogeneity and incompleteness of
the reported data, a descriptive qualitative synthesis was performed, and no meta-
analysis was conducted. The median interval between liver transplantation and PML di-
agnosis was calculated for the 14 patients with available data. Early-onset PML was de-
fined as diagnosis within 12 months after transplantation, and late-onset PML as diag-
nosis more than 12 months after transplantation. Mortality was calculated using all 17
included patients as the denominator. Patients with missing data were excluded only

from analyses requiring the unavailable variable.

The methodological quality of the included publications was not assessed.



Figure 1. PRISMA 2020 flow diagram of the study selection process [31].
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RESULTS

From 75 identified records, 16 studies comprising 17 patients were included after
screening and eligibility assessment. Fifteen studies reported one patient each, and
one study reported two patients. All included publications were case reports or small
case series. The patients were adults and included 10 women and 7 men. The interval
between orthotopic liver transplantation and PML diagnosis ranged from 1.5 to 204

months.



All patients were on immunosuppressive therapies, which included: calcineurin in-
hibitors (tacrolimus, cyclosporine), corticosteroids and antimetabolites (mycopheno-
late mofetil). Combination therapy (calcineurin inhibitors + antimetabolites + corticos-
teroids) was present in 10 cases [13-16,19,21-23,25,27]. Induction therapy with basilix-
imab was reported in 2 patients. Clinical characteristics, immunosuppressive regi-

mens, and outcomes were reported in Table 1.

Clinical manifestations were heterogenous but often included: cognitive impairment,

motor deficits (hemiparesis, ataxia), speech disturbances and visual symptoms.

The median time from transplantation to PML onset was approximately 10 months (1.5-
204 months), 571% of cases occurred within the first 12 months (early onset), while
42.9% developed after 12 months (late onset); interval was calculated only for patients
with available data [14-23,25,26,32]. Three cases did not specify the time from OLTx to
PMLonset [13,24,27].

Magnetic resonance imaging (MRI) usually led to detection of multifocal white matter
lesions. Most cases showed no significant mass effect or contrast enhancement;
however, ring enhancement was reported in one case [16]. In 14 cases diagnostic crite-
rion was JCV DNA with polymerase chain reaction (PCR). Neurological manifestations
and neuroimaging findings were reported in Table 2. The main therapeutic strategy in-
volved reduction or discontinuation of immunosuppressive therapy; also in selected
cases, antiviral agents or immune-modulating approaches were used. Outcomes were
generally poor; the mortality rate was very high, 70.6% (n = 12/17) [13,14,16-
21,23,25,27]. Some survivors showed persistent neurological impairment, while neuro-

logical outcomes were incompletely reported in several cases.



Table 1. Clinical characteristics, immunosuppressive regimens, and outcomes. Due to
heterogeneity of reported data, outcomes were reported as after transplantation or after

diagnosis.
YEAR SEX / AGE ETIOLOGY IS TREATMENT MONTHS FROM DIAGNOSTIC ~ PML OUTCOME
LT TO PML BASIS TREATMENT
1994 [13] F/53 HCV CsA, AZA, NA brainbiopsy ~ None Died 18
steroids months after
OLTx
1995 [14] M/ 51 Cryptogenic  CsA, AZA, 1.5 Brainbiopsy  ISwithdrawal + Died 8 months
methylpred- cytarabine after OLTx
nisolone
2001 [15] F/60 SBC CsA, AZA, 10 JCVPCR (CSF) ISL/withdraw- Minorim-
MMF, al + cytarabine provement;
prednisolone continent of
feces
2005 [16] F/39 HCV Basiliximab, 10 JCVPCR (CSF) IS! +cytara-  Died 6 weeks
CsA, MMF, bine (5days) after diagnosis
steroids -
TAC,
prednisone
2007 [17] Fl45 HCV TAC, pred- 15 JCVPCR (CSF) ISy Died 2 months
nisone, CsA after diagnosis
2009 [32] F/66 HCV MMF 13 JCVPCR (CSF) IS¢ Died - time not
specified
2011[18] FIT HCV Basiliximab, 36 JCVPCR (CSF) ISy Died 4 months
TAC, MMF after diagnosis
2015 [19] M /55 HBV Prednisolone, 9 JCVPCR (CSF) ISwithdrawal + Died 5 weeks
MMF, TAC cytarabine (5  after diagnosis
days)
2015 [20] M/66 Hcv TAC, Sirolimus 48 JCVPCR (CSF) IS withdrawal + Died 27
mefloquine months after
diagnosis
2016 [21] F/48 PSC Prednisolone, 144 JCVPCR (CSF) ISl Died 26
MMF, TAC months after
diagnosis
2016 [21] M /54 Alcohol TAC, steroids 204 JCVPCR (CSF) ISL Alive 36
months after
diagnosis
2017 [22] M/65 HCV TAC, MPA, 4 JCVPCR (CSF) ISy Alive 4 months
methylpred- after diagnosis
nisolone
2017 [23] FI76 HCV TAC, pred- 132 JCVPCR (CSF) IStapering+  Died 2 months
nisone, MMF mirtazapine after diagnosis
2019 [24] A AlH TAC, MMF NA JCVPCR (CSF) ISwithdrawal; Neurological
switch to improvement
sirolimus in 6 months
2019 [25] M /59 HCV TAC, MMF, 25 Brain biopsy  I1SJ Died 3 weeks
steroids after diagnosis
2023 [26] F/58 Alcohol Methylprednis 9 JCVPCR (CSF) IS +mirtaza- Alive 3 years7
olone, TAC, pine + months after
everolimus mefloquine diagnosis
2025 [27] M /56 HCV TAC, MMF, NA JCVPCR (CSF) ISwithdrawal Died - time not
prednisone + brain biopsy specified

Abbreviations: Etiology refers to etiology of liver disease; F - Female, M - Male; AZA -

azathioprine; CsA - cyclosporine A; TAC - Tacrolimus,; CSF - cerebrospinal fluid; HBV - hepatitis
Bvirus; HCV - hepatitis C virus; IS - immunosuppressant; ISJ - IS tapering; JCV - JC virus; OLTx
- orthotopic liver transplantation; MMF - mycophenolate mofetil; NA - not available; PCR -
polymerase chain reaction; PML - progressive multifocal leukoencephalopathy; PSC - primary



sclerosing cholangitis; SBC - Secondary Biliary Cirrhosis; MPA - mycophenolic acid; AIH -

autoimmune hepatitis

Table 2. Neurological manifestations and neuroimaging findings.

YEAR

1994 [13]
1995 [14]

2001[15]

2005 [16]

2007 [17]

2009 [32]

2011[18]

2015 [19]

2015 [20]

2016 [21]

2016 [21]

2017 [22]

2017 [23]

2019 [24]

2019 [25]

2023 [26]

2025 [27]

SEX / AGE

F/53
M /51

F/60

F/39

F 145

F/66

FI

M /55

M /66

F148

M/ 54

M /65

F176

F 141

M /59

F/58

M /56

NEUROLOGICAL SYMPTOMS AT
PRESENTATION

Asymptomatic

Agitation, progressive right
hemiparesis, generalized
seizure

Cognitive impairment, confu-
sion, apathy, incontinence

Hemiparesis, cognitive decline,
coma

Weakness, paresthesia, foot
drop, peripheral neuropathy

Left-sided numbness / weak-
ness, fatigue, mild cognitive
impairment

Vertigo, gait instability, left arm
paresis, left hemiparesis

Weakness, dysarthria

Disorientation, right motor
paralysis, apraxia

Progressive monoparesis, limb
ataxia, hemianopia

Dysarthria, hemiparesis, limb
ataxia, diplopia

Psychomotor slowing,
homonymous hemianopia,
hemiparesis, ataxia

Spastic paresis of arm, hyper-
tonia, gait disturbance

Dysarthria, central facial
paresis

Cognitive deficits, drowsiness,
altered behavior, left
hemiparesis

Tonic-clonic seizures, acalcu-
lia, agraphia

Bilateral vision loss, intermit-
tent confusion

NEUROIMAGING

Not performed

CT: low attenuation left pari-
etal lobe lesion extending to
frontal white matter

MRI: widespread asymmetric
white matter changes

MRI: extensive T2/FLAIR hyper-
intensity in parietal, left
frontal/temporal, occipital
white matter; ring
enhancement

MRI: right frontal white matter
lesion extending across corpus
callosum

MRI: T2/FLAIR hyperintensity in
bilateral frontal, right parietal,
thalamus, pons, cerebellum

MRI: asymmetric periventricu-
lar/subcortical FLAIR
hyperintensity

MRI: asymmetric FLAIR hyper-
intensity in frontoparietal/oc-
cipital white matter

MRI: enlargement of left frontal
lobe lesion

MRI: asymmetric FLAIR hyper-
intensity right temporoparietal

MRI: asymmetric FLAIR hyper-
intensity right temporooccipi-
tal, cerebellar peduncle

MRI: asymmetric confiuent le-
sions periventricular/subcorti-
cal parietooccipital; patchy re-
stricted diffusion

MRI: bilateral FLAIR hyperinten-
sity in frontal subcortical, thal-
amus, internal capsule,
cerebellum

MRI: high T2/FLAIR signal deep
in left hemisphere white mat-
ter, splenium

MRI: multiple round/oval le-
sions with restricted diffusion
in bilateral cerebral/cerebellar
hemispheres

MRI: asymmetric cortex-spar-
ing white matter lesions left
frontal/parietal, right
parietooccipital

MRI: increased white matter
signal abnormalities in multiple
regions



Abbreviations: F - Female, M - Male; CT - computed tomography; FLAIR - fluid-attenuated
inversion recovery; MRl - magnetic resonance imaging.

DISCUSSION

Progressive multifocal leukoencephalopathy after OLTx is rare but associated with sig-
nificant morbidity and mortality. The condition is rather linked with major immunosup-
pression, not with single drug. Clinical presentation is often nonspecific, resulting in

diagnostic delays.

PML can have different initial symptoms - cognitive and neuropsychiatric alterations
(36%-54%), visual disturbances (19%-41%), motor (33%-45%) or sensory impair-
ments (7%-19%), coordination and gait difficulties (13%-35%) or epileptic seizures
(5%-14%) [33]. Unlike in multiple sclerosis, the optic nerve and the spinal cord are typ-
ically not involved [34]. In our study, clinical presentations were like those reported in
the literature. Cognitive impairment was reported in 7 out of 17 patients, visual distur-
bances in 4, motor in 13, sensory in 2, coordination or gait in 5 and epileptic seizures in
2. One patient did not present neurological symptoms. Asymptomatic patients have al-
ready been described in literature, e.g. in natalizumab-treated patients, where diagno-
sis was based on MRI findings as long as 9 months before clinical diagnosis [35]. This
may suggest that PML can be detected before initial symptoms, offering an opportuni-

ty for early diagnosis [36].

Patients can be divided into 2 groups: early (<12 months) and late (>12 months) from
the onset of PML. Indicating both early and delayed risk patterns, likely reflecting both
intensive early immunosuppression and cumulative immunosuppressive burden over

time.

Nine cases reported survival time after diagnosis [14,16-21,23,25]. Among them, the
median survival from diagnosis was 2 months (0.75-27 months). It highlights the ex-

tremely aggressive course of PML after OLTx.

Early diagnosis remains challenging [36,37]. Based on the 2013 consensus published
by the Neuroinfectious Disease Section of The American Academy of Neurology, diag-
nostic classification distinguishes between definite, probable, and possible PML [33].
There are 2 paths to diagnosis, one involves biopsy with histopathological study and
JCV DNA detection in material, and the second path, which consists of confirming pro-

gressive neurological symptoms, MRI findings, combined with CSF PCR for JC virus



[7.38]. The second approach is less invasive and usually preferred [11,36,39,40].
Recent study proposed algorithnm based on 2013 diagnostic criteria, which emphasise
neuropathological evaluation [5]. Given the rapid progression of the disease, clinicians
should maintain a high index of suspicion in transplant recipients presenting new neu-
rological symptoms. In magnetic resonance imaging, the literature describes T2/FLAIR
hyperintense lesions that do not respect the border between the white and grey mat-
ter. In T1 with or without gadolinium contrast enhancement, or perilesional oedema can
be detected. On Diffusion-weighted imaging, a hyperintense signal intensity at the
border of an active PML lesion can be found [33,41]. In our study, most cases demon-
strated asymmetric white matter lesions with FLAIR hyperintensity and minimal or ab-
sent contrast enhancement. Less typical findings, such as mass effect or ring en-

hancement, were observed in a minority of cases.

Currently, no effective antiviral therapy for JCV exists [1,42]. The development of an-
tiviral strategies against JCV has been slow due to the lack of an animal model of PML,
although a variety of new approaches are being tested, including virus-directed T-cell
therapies and checkpoint inhibitors [43]. The key to management is restoration of im-
mune function through reduction of immunosuppression. The success of this treat-
ment depends on early diagnosis, limited disease progression and rapid and effective
immune repletion [7]. However, this approach carries the risk of graft rejection and im-
mune reconstitution inflammatory syndrome (IRIS), which may paradoxically worsen
neurological status [28]. IRIS in natalizumab-treated patients explains why some pa-
tients with PML will present symptoms after the treatment of an underlying condition
has been initiated: A reconstituted cellular immune response against JCV-infected
brain cells can result in overshooting inflammation, structural damage, and new symp-
toms and may require specific anti-inflammatory therapy to prevent added harm

[29,30]. The consensus definition of IRIS in PML has not yet been established.

In comparison to other populations, e.g. HIV-associated PML (mortality 25.9%) or pa-
tients treated with monoclonal antibodies for multiple sclerosis (mortality 18-20%),
patients after transplantations present a much higher mortality rate (up to 84%)
[12,44-46]. One of the reasons is that patients after OLTx may need more careful im-

munosuppressive therapy reduction due to graft rejection risk.

This review has several limitations. The evidence is based on a small number of pub-
lished case reports and small case series, without a control group. Therefore, the re-
view cannot estimate the incidence of PML after liver transplantation or determine
whether any specific immunosuppressive drug or regimen increases the risk of its de-

velopment. The included reports differed substantially in the completeness and timing



of clinical data, particularly with regard to symptom onset, diagnosis, treatment, follow
up, neurological outcome, and survival. In several cases, outcomes were reported from
the time of transplantation rather than from PML diagnosis, which limited survival
analysis. Quality of the included publications was not assessed. Publication bias is also
likely, since severe, unusual, or successfully treated cases are more likely to be pub-
lished. These limitations prevent firm conclusions regarding prognostic factors, com-
parative treatment effectiveness, and the optimal strategy for reducing immunosup-
pression. Standardised multicentre registries are needed to improve the quality and

comparability of future data.

CONCLUSION

Progressive multifocal leukoencephalopathy after orthotopic liver transplantation is a
rarely reported but severe complication that may develop within the first months or
many years after transplantation. Clinical manifestations are heterogeneous and in-
clude cognitive, motor, speech, visual, and coordination impairments. Various immuno-
suppressive regimens were reported in the published cases, while reduction or discon-
tinuation of immunosuppression was the main therapeutic approach after PML diag-
nosis. Diagnosis was based primarily on brain MRI and the detection of JCV DNA in
cerebrospinal fluid, while brain biopsy was used in selected cases. Outcomes were fre-
quently unfavorable, including fatal outcomes and persistent neurological deficits in
some survivors. The available evidence does not allow PML to be linked to any specific
immunosuppressive regimen or the optimal strategy for reducing immunosuppression

to be determined, particularly given the risk of graft rejection.
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