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Abstract

Objective—Transplant recipients are at risk of developing progressive multifocal
leukoencephalopathy (PML), a rare demyelinating disorder caused by oligodendrocyte destruction
by JC virus.

Methods—Reports of PML following transplantation were found using PubMed Entrez (1958—
July 2010). A multicenter, retrospective cohort study also identified all cases of PML among
transplant recipients diagnosed at Mayo Clinic, Johns Hopkins University, Washington University,
and Amsterdam Academic Medical Center. At 1 institution, the incidence of posttransplantation
PML was calculated.

Results—A total of 69 cases (44 solid organ, 25 bone marrow) of posttransplantation PML were
found including 15 from the 4 medical centers and another 54 from the literature. The median time
to development of first symptoms of PML following transplantation was longer in solid organ vs
bone marrow recipients (27 vs 11 months, p= 0.0005, range of <1 to >240). Median survival
following symptom onset was 6.4 months in solid organ vs 19.5 months in bone marrow recipients
(p=10.068). Case fatality was 84% (95% confidence interval [CI], 70.3-92.4%) and survival
beyond 1 year was 55.7% (95% Cl, 41.2-67.2%). The incidence of PML among heart and/or lung
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transplant recipients at 1 institution was 1.24 per 1,000 posttransplantation person-years (95% ClI,
0.25-3.61). No clear association was found with any 1 immunosuppressant agent. No treatment
provided demonstrable therapeutic benefit.

Interpretation—The risk of PML exists throughout the posttransplantation period. Bone marrow
recipients survive longer than solid organ recipients but may have a lower median time to first
symptoms of PML. Posttransplantation PML has a higher case fatality and may have a higher
incidence than reported in human immunodeficiency virus (HIV) patients on highly-active
antiretroviral therapy (HAART) or multiple sclerosis patients treated with natalizumab.

Progressive multifocal leukoencephalopathy (PML) is a rare, emerging central nervous
system demyelinating disease caused by reactivation of JC virus.! More than 50% of adults
are infected by JC virus,? but only certain populations are susceptible to viral changes that
can lead to PML. PML was initially described in 3 patients with hematological malignancy
in 1958.3 The first report of PML in a transplant recipient was in 1971 and has been
followed by isolated case reports over the last nearly 4 decades.

The number and survival of transplant recipients has increased dramatically since these
original reports of PML, with approximately 450,000 solid organ transplants occurring in the
United States over the past 20 years.> The risk factors, clinical spectrum, and incidence of
PML among transplant recipients remain uncertain even though the transplant population is
likely at a significant risk of developing PML. Comparable groups of immunosuppressed
patients have found PML to be of high concern in human immunodeficiency virus (HIV)
infection (0.6% of patients treated with highly-active antiretroviral therapy [HAART]),8
multiple sclerosis (0.1% of patients treated with natalizumab for 1 year),” multiple
rheumatological disorders,? rituximab therapy,® and more rarely in other conditions. In these
settings, the case fatality of PML can be high9 and no effective treatment is recognized.

We reviewed the available literature for any cases of PML following transplantation over the
past 4 decades. We also performed a retrospective multicentered cohort study of PML in
transplant recipients in 4 large academic medical centers. These cases were collectively
analyzed for demographic, clinical, and treatment-related features in order to characterize
the spectrum of PML in solid organ and bone marrow transplant recipients.

Patients and Methods

Case Ascertainment

The institutional review board at each center approved this study. A search for all cases of
PML among transplant recipients was performed for the years 1988-2008 (Mayo Clinic,
Rochester, MN), 1995-2008 (The Johns Hopkins University, Baltimore, MD), 1990-2008
(Washington University, St. Louis, MO), and 1991-June 2010 (Academic Medical Center,
The Netherlands). Searches were performed by diagnostic code keywords “progressive
multifocal leukoencephalopathy” and “JC virus” in the transplant recipient database in
Rochester and by search for transplant recipients among all identified cases of PML in
clinical and pathology records in Amsterdam, St. Louis, and Baltimore. All centers perform
bone marrow and living and cadaveric kidney transplantation. In Rochester, Baltimore, and
St. Louis, heart, lung, liver, pancreas, and intestine transplants are also performed.
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Literature Review

Reported cases of PML among solid-organ and bone marrow transplant recipients were
found in PubMed in July 2010 using the keywords “progressive multifocal
leukoencephalopathy” or “JC virus” and “transplantation” or “lung” or “heart” or “liver” or
“kidney” or “pancreas” or “intestine” or “bone marrow.” All articles that reported cases of
PML in the posttransplantation period with sufficient detail in any language were included.
Translation of articles into English was performed by physicians who were native speakers
of the language of the article. Reference lists from articles found by this search were also
used to identify cases that were not identified by the PubMed database search.

Data Collection

Collected cases were assessed for clinical and demographic features, including age at
transplantation, sex, type of transplantation, underlying diagnosis prompting transplantation,
time to first neurological symptoms representing PML, presenting symptoms, time between
symptom onset and PML diagnosis, survival following PML diagnosis, current and past
immunosuppressant regimen, attempted treatment, outcome of PML, presence of immune
reconstitution inflammatory syndrome (IRIS), and cause of death. Data retrieval was
completed by July 2010 and patients still alive were censored on the date of their last clinical
contact.

Criteria for Diagnosis of PML and PML-IRIS

Different levels of certainty were applied to the diagnosis of PML in this study. When JC
virus was identified in brain tissue by pathological examination or polymerase chain reaction
in the cerebrospinal fluid (CSF PCR), the diagnosis was considered to be confirmed. When a
patient had characteristic features on magnetic resonance imaging (MRI) of the brain,
neurological deficits, and the clinical diagnosis of PML by the treating physician, with
exclusion of other possible etiologies, the case was considered to be suspected. Suspected
cases were not tested for JC virus in the CSF and did not undergo brain tissue examination.

Since there is no consensus on the criteria for IRIS in patients undergoing transplantation,
the following were considered diagnostic of PML-IRIS in posttransplantation patients.
These criteria are modified from the criteria used for IRIS in the setting of HIV infection
treated with HAART.11 A neurologist assessed each of the clinical cases from the present
series to determine if the patient fit the criteria for PML-IRIS.

1. Symptoms consistent with an inflammatory reaction in lesions of PML that
lead to clinical deterioration and/or enhancement on MRI of the brain.

2. Symptoms appear while on immunosuppressant therapy that is reduced or
changed.

3. These symptoms could not be explained by a newly acquired infection, by the
expected clinical course of a previously recognized infectious agent, or by side
effects of therapy.
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Statistical Analysis

Results

Calculation of Incidence—At the Mayo Clinic Transplant Registry, a neurologist has
retrospectively reviewed each heart and/or lung transplant recipient's chart in detail (F.J.M.:
lung and heart-lung; D.v.d.B.: heart), including all patients from the beginning of
cardiothoracic transplantation at the Mayo Clinic (1988). The total number of person-years
from cardiothoracic transplant recipients (heart, single-lung or double-lung, and combined
heart-lung) during follow-up time was used to calculate the incidence rate of PML among
cardiothoracic transplant recipients. The censoring date was last clinical follow-up on or
before 31 March 2009 for lung recipients and 31 Oct 2006 for heart recipients. The total
number of posttransplantation person-years was used as the total time at risk. Incidence rate
estimates were obtained using a Poisson model, and corresponding confidence intervals
were computed exactly.12 Potential trends in the incidence rate of PML over calendar-time
were investigated using a Poisson linear regression model incorporating a dichotomization
of time and fitted via generalized estimating equations.13:14

Data Analysis—ABasic statistical measures included mean, median, range, and 95%
confidence intervals (Cls). The programming language R version 2.8.1 (R Foundation for
Statistical Computing, Vienna, Austria)® and the statistical software STATA/IC 10 for
Windows16 were used to perform all statistical computations. Statistical comparisons of
means were conducted using 2-sample ¢tests, while 2-sample continuity-corrected Z tests
were used to compare proportions.11:17 Cls for means were obtained by inverting 1-sample
2-sided ttests, while Cls for all proportions were constructed using the score interval along
with Yates' continuity correction.11:17 Tests of equality of medians were performed using a
chi-square statistic as in the Mood-Brown median test; in all cases, a Wilcoxon-Mann-
Whitney rank-sum test for detecting a location shift between 2 distributions was also
performed and yielded concordant results.11:18 Estimates of the survival curve were obtained
using the Kaplan-Meier estimator.19 Cls for the median survival time using data subject to
loss to follow-up were computed using the method of Crowley and Brookmeyer.29 Hazard
rates were estimated using a smoothing approach based on the Epanechnikov kernel,
including local bandwidth selection and boundary correction.21.22 All tests of hypothesis
were performed under 2-sided alternatives.

All centers reported cases of PML in their posttransplantation populations (Academic
Medical Center, n = 3; Johns Hopkins University, n = 3; Mayo Clinic, n = 6; and Washington
University, n = 3). Twelve patients with PML in this study received solid organ
transplantation and 3 received bone marrow transplantation (Table 1). Confirmed
categorization occurred in 12 patients and was made by CSF PCR (n = 10), brain biopsy (n
= 1), and autopsy (n = 1). Suspected categorization occurred in 3 patients who were
diagnosed before the routine use of PCR for JC virus testing and when the families declined
autopsy. Brain imaging and clinical findings were considered to be PML by the treating
physicians. Immunosuppressive drugs varied by patient, type of organ transplant, center, and
time period, with the most common regimen being multiple drug therapy including
prednisone. When considering the immunosuppressive drugs a patient was on at the time of
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PML symptom onset, in this cohort, no 1 drug was taken by all patients. At the time of
symptom onset, patients were exposed to prednisone (n = 13), cyclosporine (n = 8),
mycophenolate mofetil (n = 7), tacrolimus (n = 5), azathioprine (n = 3), sirolimus (n = 2),
rituximab (n = 3), alemtuzumab (n = 1), muromonab (n = 1), leflunomide (n = 1),
thalidomide (n = 1), methotrexate (n = 1), OKT3 (n = 1), and alkylating chemotherapy (n =
1). Five cases have been published previously either in aggregated cohort studies (see Table
1; cases 5-7)%3:24 or as isolated case reports (cases 4 and 10).25:26 All cases reported from
these centers are HIV seronegative.

The incidence of PML in the heart and/or lung posttransplantation population was 3 cases in
2,428 total posttransplantation person years or an incidence rate of 1.24 per 1,000
posttransplantation person years (95% ClI, 0.25-3.61). There is no significant difference in
incidence rate of PML before and after 1998 in this group (rate ratio comparing pre-1998
and post-1998 = 0.154, p = 0.13). The total proportion of posttransplantation patients
developing PML was 3 out of 427 cardiothoracic patients or 0.7% (95% Cl, 0.18-2.21%).
The baseline characteristics of this group have been previously reported.23:27 Follow-up is
greater than 98% in this cohort, which includes 24 children.

A comprehensive literature search identified 33 additional published cases of solid organ
transplant recipients with PML (Fig 1). Six were derived from the non-English medical
literature. A total of 32 patients were reported in detail, including 3 lung,28-30 4 heart,31-34 6
liver,35-40 and 19 kidney*#1-57 recipients (Fig 2). Among kidney transplants, graft was from
a deceased donor (n = 9), living donor (n = 7), combined living and dead donors (n = 1), and
unstated (n = 2). There have been no reports of PML following pancreatic or intestinal
transplant. All solid organ cases from the literature fulfilled the confirmed categorization,
diagnosed by autopsy (n = 13), brain biopsy (n = 10), or CSF PCR (n = 9). Case reports
were distributed throughout the study time-frame with more cases being reported in recent
years: 1970-1979 (n = 5), 1980-1989 (n = 9), 1990-1999 (n = 7), and 2000-2009 (n = 12).
There is no significant difference in the proportion of women, mean age of transplantation,
time to symptom onset of PML posttransplantation, time from symptom onset to diagnosis
of PML, or time from symptom onset to death between the current series of 12 solid organ
transplant recipients and the 32 cases reported (Table 2).

PML following bone marrow transplantation was found in 3 patients in this series and 22
patients in the literature.58-77 An additional 7 bone marrow transplant recipients were
reported in a case series on rituximab® but were not included in this study because
insufficient details were available. The method of diagnosis, age, sex, and reason for
transplantation for bone marrow transplant recipients is reported in Tables 3 and 4. Method
of diagnosis was brain biopsy (n = 11, 44%), CSF PCR (n = 6, 24%), autopsy (n = 3, 12%),
and MRI brain (“suspected”, n = 2, 8%). Cases of bone marrow transplant recipients with
PML have been published in the 1990s (n = 7) and 2000s (n = 16).

In total, the median time to development of PML symptoms following transplantation was
17 months but ranged widely from <1 month to more than 20 years. There were 12 patients
who presented with PML more than 5 years posttransplantation (12/69, 17.4%; 95% ClI, 9.7-
28.8%) of whom 6 patients (6/69, 8.7%; 95% CI, 3.6-18.6%) presented after more than 10
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years posttransplantation and 2 patients presented after 20 years (2.9%; 95% Cl, 5.0-
11.0%). The median time to PML symptoms following transplantation was longer in
reported cases of solid organ transplant recipients compared to bone marrow transplant
recipients (17 vs 11 months, p= 0.0005 [2-sample Wilcoxon-Mann-Whitney rank-sum test]
and p=0.001 [2-sample equality-of-medians Mood-Brown test]) although mean age at
transplantation and the proportion of females did not differ (p> 0.05; see Table 2). The
median time from symptom onset to death also showed a trend toward significance with
bone marrow transplant recipients surviving longer (19.5 vs 6.4 months, p=0.0679) (Fig 3).
Consistent with the existing literature, the most common presenting symptoms of PML were
cognitive deficits (n = 32 out of 68 with information on symptoms available; 47.1%),
weakness (n = 30; 41.9%), visual symptoms (16; 23.5%), cerebellar symptoms (n = 13;
19.1%), dysarthria (n = 13, 18.8%), personality change (n = 10, 14.7%), aphasia (n = 10,
14.7%), and seizures (n = 7, 10.3%). Dizziness, hallucinations, falls, lethargy, fever, and
headaches were each noted in less than 5% of patients.

Using data from all patients who were diagnosed with PML in life and had available
information on time of symptomatic onset (n = 41), the hazard rate of developing PML
among transplant recipients was greatest immediately posttransplantation (Fig 4). This risk
decreased over time. Given the few transplant recipients who were observed to develop PML
beyond year 6 posttransplantation (<20%), an estimate of the hazard of developing PML
posttransplantation after year 6 should be made with caution.

Overall, when combining all cases of PML, the immunosuppressive drug exposures were
reported in some form (ever exposed or currently exposed) in 68 of 69 cases (99%) with 2
early cases of post—kidney transplant recipients having an undetailed history of
immunosuppressive drug exposure. Overall, 42 different immunosuppressive drugs were
used in the collected cases with prednisone, cyclosporine, and azathioprine being most
commonly prescribed (Fig 5). Bone marrow transplant recipients in particular had exposures
to chemotherapeutic drugs including monoclonal antibodies and alkylating, antimicrotubule,
or antimetabolite agents. Most patients were exposed to at least 2 immunosuppressive
medications following transplantation (range, 1-9 medications).

Treatment of PML in the posttransplantation period was inconsistent (Table 4). There is no
controlled clinical experience with the different treatment options used to treat PML in
posttransplantation patients. Treatments were reported in 41 patients including 10 from the
current study (Table 5). 17 cases have stabilized or improved. Any 1 treatment has been tried
less than 10 times in the available literature for posttransplantation PML. A small fraction of
patients have survived with PML and reports of symptomatic improvement were the
exception. Many (n = 20) had immunosuppressant reductions and alterations following
PML. In the current study, 3 patients are still alive following attempted treatment, last
reported alive at 13, 44, and 155 months following PML symptom onset. All 3 cases were
diagnosed by positive JC virus detection in the CSF.

Cause of death was PML in 42 of 50 patients who have a reported cause of death (case
fatality 84.0%; 95% CI, 70.3-92.4%). A total of 16 patients had no reported death or cause
of death, and 3 patients were still alive at the time of analysis. Other causes of death in this
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multi-center cohort were graft-vs-host disease, multisystem organ failure with sepsis, and
progressive liver failure (1 case each) and, in the literature, concurrent central nervous
system (CNS) lymphoma and PML (n = 1) and suicide (n = 2). Overall mortality in patients
with PML posttransplantation is 41.2% at 6 months following symptom onset (95% ClI,
27.2-52.5%), 55.7% at 12 months (95% ClI, 40.2-67.2%), and 63.9% at 18 months (95% ClI,
47.2-75.4%). Patients have been observed under follow-up for 38 months in the literature
and 153 months in the present cohort.

IRIS was identified in 1 patient in the multicohort study (1/15) (case 7). Her blood CD4 cell
count was 0 cells/mms3 at the time of first presentation with neurological symptoms. Due to
the development of PML, the dosages of her tacrolimus and prednisone were decreased.
Cidofovir and mirtazapine were given as treatment for PML. One month later, the severity of
her neurological symptoms increased. MRI of the brain demonstrated multifocal areas of
high signal intensity lesions in the white matter involving the frontal and parietal lobes,
thalami, brain stem, and cerebellum, best seen on fluid-attenuated inversion recovery
(FLAIR) sequences. There was contrast enhancement within the PML lesions. Her CD4 cell
count was 88 cells/mm3 at the time of worsened symptoms. Repeat CSF analysis identified
JC virus. She was given mefloguine (500mg loading dose then 250mg weekly); however, her
neurological status continued to deteriorate until her death 3 months later. There were no
identified cases of PML-IRIS among transplant recipients in the reported literature.

Immunological data on the patients in this series was inconsistent. CD4 cell counts were
reported in 10 cases (3 solid organ, 7 bone marrow) with a collected mean of 319/, and
median 167/4.

Discussion

Transplant recipients are at a small but significant risk of developing PML. This risk occurs
throughout the course of the posttransplantation period. The risk of PML is 1.24 per 1,000
posttransplantation person years for heart and lung transplant recipients at 1 institution with
98% or higher follow up (95% CI, 0.025-3.61 per 1,000 posttransplantation years) and does
not appear to have changed over time. This incidence is comparable to the risk of PML with
natalizumab treatment (approximately 1 per 1,000 people treated for 1 year” or 1 in 1,000
patients treated for 18 months)’8 and exceeds the risk reported among HIV patients treated
with HAART (0.6 cases per 1,000 people treated for 1 year; 95% ClI, 0.4-1.0 cases per
1,000). The incidence of PML post-heart and/or lung transplantation is also likely higher
than in rheumatological disorders such as systemic lupus erythematosus.’®

Until recently, PML cases following transplantation were often diagnosed at autopsy,
leading to inconsistent information on the clinical characteristics and survival in this group.
We present a cohort of PML in a group of transplant recipients in which the diagnosis was
made in life in 14 of 15 cases. The type of organ transplantation, underlying diagnoses
necessitating organ replacement, and immunosuppressive regimens employed at these
centers are representative of transplant populations at other major academic medical
institutions in high income settings.® The survival rates at the 3 U.S. centers can be
compared to national averages of posttransplantation survival through the United Organ
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Sharing Network® and meet or exceed survival rates of transplant populations at other
centers over the time periods studied. This cohort thus provides a useful perspective on the
rate of PML that can be expected at other centers.

The most important underlying risk factor for PML in patients undergoing solid organ
transplantation is immunosuppressive medication, which is necessary to prevent graft
rejection. Because most patients are exposed to a combination of immunosuppressive
therapies over time, it is unclear whether any 1 drug is primarily associated with the
reactivation of JC virus. In this study, 69 recipients had exposure to 42 different
immunosuppressive agents, including chemotherapeutic drugs. The duration and doses
varied over time although nearly all patients were exposed to at least 2 medications. Most
regimens included prednisone, which is standard for posttransplantation patients and cannot,
by itself, be taken to represent a specific drug exposure risk for the development of PML.
Prior hematologic malignancies, absolute level of immunosuppression, in combination with
a history of chemotherapy, may partially explain the lower median time to symptom onset in
bone marrow vs solid organ transplant recipients. Another possible explanation is reporting
bias in the literature. Bone marrow transplant recipients often had myeloablative
chemotherapy prior to transplantation, which may have increased their risk of developing
PML in the early posttransplantation period. Solid organ transplant recipients are, however,
likely to die sooner with a diagnosis of PML with a lower median survival of 6.4 months
overall (95% ClI, 4.0-15.6).

As higher rates of posttransplantation survival are achieved, it is presumed that the total
number of cases of PML will similarly increase. Because we were unable to find an end to
the risk period for the development of PML posttransplantation (ie, there is no time beyond
which patients are “free” of risk for developing PML), it is possible that the higher number
of posttransplantation years alive will carry a higher risk of PML in this population. PML
symptom onset occurred from 1 to 63 months in the present cohort and beyond 20 years
following transplantation in the available literature. An estimation of the hazard rate of PML
in the subpopulation of transplant recipients who do develop disease provides insight into
the time period within which a person is expected to develop PML, if ever. Our plot suggests
that if a transplant recipient will ever develop PML, he or she has the greatest risk of disease
onset immediately posttransplantation. This risk decreases smoothly thereafter and
eventually stabilizes. Our data do not suggest a discernible period after which there is a
dramatic reduction in risk, but rather a very gradual decrease in risk over time. PML must
therefore be suspected at all times during the posttransplantation period. Again, reporting
bias may influence these results.

The case fatality among patients who develop PML posttransplantation is high. A
conservative estimate, given here, is based on 42 PML-related deaths out of 50 patients who
have a reported cause of death (case fatality 84.0%; 95% CI, 70.3-92.4%). By comparison, 8
of the first 28 confirmed cases of PML with natalizumab have been reported as fatal (29%).”
The 1-year survival in posttransplantation PML is 56%, equivalent to that reported among
HIV patients treated with HAART (39— 56%).10.80 Among survivors, some patients had
their immunosuppressive drug regimen significantly reduced or withdrawn at the time of
diagnosis of PML but it remains unclear what treatment, if any, leads to improved outcomes
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in PML posttransplantation. Treatments that were given late in the disease course were of
dubious benefit. The limited experience with PML treatment in this setting suggests that no
1 treatment is definitely effective. Primary graft rejection is of significant concern with
immunosuppressive drug reduction, but here it is consistent with survival in some cases of
PML.

This study has limitations. The case series presented is a retrospective cohort study. As in all
studies of PML posttransplantation, the graft, donor, and recipient JC virus status prior to
transplantation are unknown. The centers in this study also do not collect information on the
presence of BK virus in the donor or recipient of the graft. This information, if available,
would almost certainly be helpful to assess risk profiles for recipients and determine whether
donor or recipient viral exposures are important factors in the eventual development of
posttransplantation PML.

Three cases of PML were suspected but could not be confirmed by brain biopsy or autopsy
due to patient and family wishes and predated the routine use of PCR for diagnosis. The
survival rate of solid organ transplant recipients has also changed over time such that an
increase in PML cases in recent decades cannot be attributed to changes in
immunosuppressive drug selection or transplantation care. Rather, improved survival
following transplantation may increase the risk of PML in this population because their risk
period has increased in length. Given the small sample size, the changing
immunosuppressive drug regimen in each patient, and the uncertain mechanism of JC virus
dissemination to the brain in the immunosuppressed, we were unable to correlate
development of PML with any 1 specific drug. The varied exposures to immunosuppression
in these cases suggest that PML may not be linked to a single drug with a single mechanism
of action in the immunosuppressed.

In some cases, the underlying diagnosis prompting transplantation, including cryptogenic
cirrhosis, hepatitis C, chronic lymphocytic leukemia, systemic amyloidosis, and Hodgkin's
and non-Hodgkin's lymphoma have been associated with development of PML even in the
absence of transplantation and immunosuppressive drugs.8 Cases of PML have been
recognized in hematological malignancy untreated by transplantation, as in the original
report by Astrém and colleagues,3 however, the range of transplantation graft organs,
spectrum of underlying disorders, and targets of the immunosuppressive drugs found here
suggest that it is transplantation and immunosuppression in general and not the underlying
disease prompting them that are the most important determinants for development of PML.
Among solid organ recipients, there are very few disorders that are linked with PML in the
absence of immunosuppression, supporting this hypothesis.

Finally, by reviewing the available literature and comparing it to the expected incidence of
cases, it is clear that most cases of PML posttransplantation are not identified through
publication. If the above incidence is generalizable (1.24 per 1,000 posttransplantation
years), the number of published cases is a small fraction of expected cases. In the United
States, heart, lung, and heart-lung transplant recipients total 70,016 and a 5-year survival rate
from 50% to 70% can be expected.® This would be expected to yield at least 200 cases of
posttransplantation PML in heart and lung recipients instead of the 10 reported from the
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United States including this series. Although our incidence calculation is based on a small
number of cases, it is likely that PML posttransplantation is severely underreported and
perhaps underrecognized. Our collected series of cases almost certainly represents a
reporting bias as well. We can assume that only some posttransplantation PML cases have
been reported in the literature and the characteristics of the reported cases may differ in
important but unknown ways from the true population of PML posttransplantation patients.
Existing databases may be unable to answer remaining questions. Over a similar timeframe
(2000-2008), the Normative Health Informatics database in the United States reported no
cases of medical chart—confirmed PML among 6,649 solid organ recipients and 1 case
among 2,129 bone marrow transplant recipients.8! The absence of PML-IRIS cases seen in
all reported cases is almost certainly due to underreporting and the lack of a standard
definition of PML-IRIS in transplant recipients rather than an absolute lack of PML-IRIS in
this group.

This suggests that there is a benefit for national registration of rare but life-threatening
neurological diseases that represent an underlying infectious etiology but emerge in
identifiably vulnerable groups. A national registry for PML would provide a more effective
means by which to identify important risk factors for disease development, clarification on
the most important at-risk groups, and the relative burden of PML posed to transplant
recipients. This could lead to modification of risk factors, and eventually, mechanisms for
the recording of tried and failed treatments. Such collective reporting, even by means of
passive surveillance and consensus on case definitions of PML and PML-IRIS in transplant
recipients, would provide useful new data to neurologists who may be repeating previously
failed treatment in new patients or lose vigilance for the disorder when the risk remains
important. A national registry that links donor and recipient serostatus on JC virus and BK
virus in transplant patients would heighten the value of such an endeavor and recognize the
new trend of neurological infectious diseases that are potentially transmitted iatrogenically,
many years prior to disease manifestations.

At present, PML poses an especially difficult situation for the solid organ transplant
recipient. Immune reconstitution—clinically prompted by immunosuppressant reduction—
remains the only recognized mechanism by which patients may improve with PML but
creates the possibility of graft rejection. In patients undergoing heart and lung
transplantations especially, the risk of organ rejection includes loss of life and suitable
replacement organs are usually not immediately available. A stronger appreciation of the
risk of PML posttransplantation and a concerted effort toward controlled studies and early
treatment will become increasingly important in this population. Urgent workup of
suspected cases of PML by CSF PCR and where suspicion is high, brain biopsy, may be life-
saving. At least in some cases, reduction or change in immunosuppression and perhaps
treatment attempts are compatible with long-term recipient survival.
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Histogram demonstrating frequency of PML cases reported by type of organ transplantation
(n = 69). PML = progressive multifocal leukoencephalopathy.
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The hazard rate of developing PML as a function of time since transplantation in the
subpopulation of transplant recipients ever developing PML. PML = progressive multifocal
leukoencephalopathy.
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Immunosuppressive medication exposures among transplant recipients who developed PML
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