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Abstract

Post transplant lymphoproliferative disorder (PTLD) causes significant morbidity and mortality in
pediatric recipients of liver transplantation (LT).

Objective—Describe the incidence of PTLD and symptomatic Epstein Barr virus disease
(SEBV) in a large multicenter cohort of children who have undergone LT focused on the risk
factors and changes in incidence over time.

Methods—~Prospective determination of SEBV and PTLD in 2283 subjects who had undergone a
first LT with at least 1 year of follow up in the Studies of Pediatric Liver Transplantation database.
SEBYV was defined by specific criteria and PTLD required tissue confirmation. Incidences of
SEBV and PTLD were determined by Kaplan Meier. Univariate and multivariate modeling of risk
factors were performed using standard methods.

Results—SEBV occurred in 199, of whom 174 (87.4%) were EBV negative at LT. 75 patients
developed PTLD of whom 64 (85.3%) were EBV negative at LT. Of 2048 patients with at least 2
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years of follow-up, 8.3% developed SEBV and 2.8% PTLD by the second year post-LT. There was
a lower incidence of SEBV (11.3% vs 5.9, p<0.0001) and PTLD (4.2 vs. 1.7, p=0.0011) in
2002-07 compared to 1995-2001. Tacrolimus and cyclosporine trough blood levels in the first year
post transplant were significantly lower and fewer children were receiving steroids in 02-07. Era of
LT, EBV negative recipient status, younger age, biliary atresia and frequent rejection episodes
were associated with an increased risk for SEBV and PTLD in univariate analysis. Age, biliary
atresia and EBV recipient status were correlated. In multivariate analysis era of LT, EBV recipient
status and frequent rejection episodes was associated with SEBV and PTLD.

Conclusions—The incidence of SEBV and PTLD is decreasing in pediatric LT recipients
coincident with a reduction in immunosuppression. Younger recipients and those with multiple
rejections remain at higher risk for SEBV and PTLD.

Post transplant lymphoproliferative disorder (PTLD) is a significant source of morbidity and
mortality in pediatric recipients of liver transplantation with a reported incidence of 6-20%
and a mortality of 12-60% (1-6). First recognized in the late 1960's, most cases of PTLD are
associated with infection with Epstein Barr Virus (EBV) and represent a spectrum of disease
from polyclonal PTLD to lymphoma (7). PTLD related to EBV infection is most frequent in
the first one to two years following liver transplantation with non EBV related PTLD more
frequent later (8). Risk factors for PTLD have been reported to include: EBV seronegativity
of the recipient (9), age of the recipient (1, 2), older donors, high levels of
immunosuppression (1), immunosuppression regimen (2, 10) and use of anti-lymphocyte
therapies (11). These risk factors have been reported in single center experiences and may
reflect center effects.

There have been significant changes in the management of pediatric liver transplant
recipients since the early reports on PTLD. Some of these changes may increase the risk of
PTLD, such as an increase in the use of newer and/or potentially more potent
immunosuppressive agents (10, 13) as well as an increase in the use of partial grafts (from
either split livers or live donors) with a resultant older donor age leading to a higher risk of
an EBV positive donor for the younger pediatric recipients who are more likely to be EBV
naive. In contrast, some changes might be expected to reduce the risk for PTLD, such as the
development of molecular monitoring for EBV infection (14) and, subsequent responses to
this information such as reduction of immune suppression and the use of as yet unproven
preventative and preemptive interventions like antiviral therapy (15-17).

We report the incidence of symptomatic EBV infection (SEBV) and histologically
confirmed PTLD utilizing a standardized definition in 2283 pediatric liver transplant
recipients from 1995 to 2008 prospectively enrolled and followed for at least one year as
part of the Studies of Pediatric Liver Transplantation (SPLIT). The goal of this study is to
report the incidence and describe the factors that may be related to longitudinal changes in
PTLD and SEBV in a large diverse pediatric population of liver transplant recipients.

Methods

The SPLIT data registry is a multi-center data registry for children receiving liver
transplantation in the United States and Canada. As of May 31, 2008, the SPLIT registry
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database contained data on 2283 children who had undergone a first liver-only
transplantation at 1 of 45 SPLIT centers with follow up for at least one year. As described
previously, all of the participating SPLIT centers had institutional review board and/or
research ethics board approval for data collection and analysis (18). Individual informed
consent was obtained from parents and/or guardians. For analysis of changes in prevalence
over time, we a priori assigned time periods to 1995-2001 (prior to PELD) and 2001-2007
(after PELD).

Data Collection

Detailed data was collected at listing, transplant and during follow up. After liver
transplantation, follow-up data was submitted by each participating center to the SPLIT data
coordinating center every 6 months for 2 years and annually thereafter until the subject's
18th birthday. One-year follow up was defined as a follow-up visit at 12 + 3 months
following transplant. These regular follow-up forms requested data elements on
demographics, blood chemistry, hospitalizations, school status and performance, infections,
post transplant complications, immunosuppression, and other medication regimens. Specific
events including death, retransplantation, allograft rejection, symptomatic EBV infection
and histologically confirmed PTLD were reported on separate forms. Missing data indicates
nothing entered in the data forms and unknown data indicates that the testing was not done
or the result was not known. For EBV status, missing data was treated as unknown for
analyses.

SEBV was determined locally and was defined as seroconversion (development of a new
positive VCA IgM in a previously documented negative patient) or development of a
positive viral load, with either histologic evidence of EBV infection (as determined by the
local pathologist) or symptoms associated with EBV infection (fever, leukopenia, atypical
lymphocytosis, exudative tonsillitis and/or adenopathy, or hepatitis). PTLD was defined
locally based on the minimum requirement of a tissue biopsy considered diagnostic of PTLD
by the local pathologist based on the published classification scheme (19). EBV PCR was
determined by the method in place at the local site.

For patients with SEBV or PTLD after liver transplantation, the following information was
requested using a specific EBV/PTLD form: EBV/PTLD symptoms, diagnostic criteria,
immunosuppression prior to diagnosis, initial treatment of the EBV disease or PTLD, and
use of monoclonal/polyclonal antibody therapy for induction or rejection that were reviewed
for inclusion in the database. Each new diagnosis of SEBV or PTLD required a new
enrollment. Following SEBV or PTLD diagnosis, data were captured every three months
until resolution, up to a maximum of 12 months post diagnosis, exit or death. Date of
follow-up or resolution, immunosuppression, and other treatments were queried in the
follow-up assessments. In the data analysis of this study, for patients with multiple
enrollments, only the first diagnosis with associated follow-up visits was considered. Since
maternal EBV antibodies can cross the placenta and remain with the infant until about 12
months of age, for the purposes of this analysis, the EBV status of the recipient and donor
were classified by serology for those >12 months of age and as negative for those <12
months of age.
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For the purposes of this study, the SEBV group included those patients with or without
PTLD and PTLD is therefore a subset of the SEBV group.

Statistical Methods

Results

Kaplan-Meier estimates was used to calculate and plot time to the first SEBV or PTLD.
Univariate statistical analyses included Chi-square or Fisher exact test to make comparisons
of baseline categorical variables between SEBV/PTLD patients and non-SEBV/PTLD
patients, Wilcoxon rank sum test for comparison of means of continuous factors. Hazard
ratios and p values for risk factors for time to the first symptomatic EBV or PTLD were
estimated by using a univariate and multivariate Cox proportional hazards model.
Demographic factors, such as era of transplant, age, gender, race, primary diagnosis, donor
age; baseline characteristics, including EBV status for recipient and donor, PELD score,
organ type, patient hospitalization status at the time of liver transplantation, CMV status for
recipient, medical treatments, and rejection were assessed in the univariate model. To
develop a multivariate model, factors significant at 0.10 level in the univariate analyses were
included in the initial multivariate model. We investigated the correlation between univariate
factors including age at transplant, primary diagnosis and recipient EBV status. The final
multivariate model was derived using the stepwise backward elimination procedure. Factors
remaining significant at p < 0.05 were kept in the final model. Multivariate analysis was
performed using separate models excluding 2 of the 3 individual correlated factors (age,
recipient EBV status and primary diagnosis). N, mean, median, and standard deviation were
calculated and p value was estimated using Wilcoxon rank sum test to compare the trough
level of calcineurin inhibitors between era of transplant. All statistical analyses were
performed using the SAS System (Windows, v 9.2, SAS Institute, Cary, North Carolina).
Note that the number of rejections was analyzed as a time-varying covariate. In such
analyses, a patient's rejection status varies over time and rejections occurring after the
outcome of interest are not included.

A total 2283 children undergoing liver transplantation since 1995 with at least one year of
follow up, were included in this study. The baseline data for all subjects and those with
SEBV or PTLD are shown in Table 1. The donor EBV status was unknown for 37.9% of all
subjects and 43.2% of those with SEBV. This was in part due to sites not performing EBV
screening. There was a difference between era 1 and era 2 with 45.4% unknown in era 1 vs.
32.7% in era 2 for all patients and 46.3% (era 1) vs. 38.5% (era 2) for patients with SEBV. In
contrast, the EBV status of the recipient was unknown in only 3.9% of all subjects and 3.0%
of those with SEBV. SEBV occurred in 199 subjects post transplant, of whom, 174 (87.4%)
were EBV negative at the time of transplant. One hundred twenty four had SEBV without
PTLD of whom 88 (71%) developed SEBV within 12 months of transplant. Of the 199
subjects with SEBV, 75 (37.7%) developed PTLD of whom 46 (61.3%) developed PTLD
within 12 months of transplant. Of those who developed PTLD, 64 (85.3%) were EBV
negative at the time of transplant, which is higher compared to 1524 of the 2208 (69%) who
did not develop PTLD (p=0.0003). Similarly of those who developed SEBV, 174 (87.4%)
were EBV negative at the time of transplant, which is higher compared to 1414 of the 2084
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(67.8%) who did not develop SEBV (p<0.0001). Fifty-two percent of the EBV negative
patients developing PTLD received an organ from a donor with unknown EBV status.
Patients with SEBV and PTLD were younger than the overall cohort.

As can be seen in Figure 1, the majority of patients developed SEBYV disease (Figure 1A) or
PTLD (Figure 1B) in the first 24 months following transplant. Of 2283 patients with at least
one year of follow-up and 2048 with at least two years of follow-up, 5.9% and 8.3%
developed SEBV and 2.0% and 2.8% developed PTLD by the first one and two years post-
transplant, respectively. There was an effect of era on the incidence of SEBV and PTLD,
with a significantly higher one and two year prevalence of both SEBV and PTLD in patients
transplanted from 1995 to 2001 compared to those transplanted from 2002 to 2007 (Table 2
and Figures 2A and B).

We next performed univariate analysis of time to SEBV and PTLD, which is presented in
table 3. Factors found to be significant for both SEBV and PTLD include: era of transplant,
recipient EBV status, age at transplant, primary diagnosis, and number of of rejection
episodes. Since the number of patients with 4 or more rejection episodes is very few, we
combined 3 or more rejection episodes into one group. None of the following oft cited
factors were associated with a risk for PTLD: donor EBV status, recipient CMV status,
antiviral treatments or 1VIG, early rejection or any rejection episode. Importantly, the donor
EBV status was unknown in 43.2% of the SEBV and 49.3% of the PTLD cases, which likely
affected the outcome of the role of this factor in the univariate and multivariate analyses.
There was a significant relationship between primary diagnosis, age at transplant and
recipient EBV status, thus the multivariate model was performed with only one of the three
factors age at transplant, primary diagnosis or recipient EBV status. There were no
differences in the other resultant factors and thus the multivariate analysis results using
recipient EBV status are shown in Table 4. The factors associated with an increased risk of
SEBV and PTLD were limited to era of transplantation, having more than one rejection
episode and recipient with negative EBV status at transplant.

We sought to explore factors that might account for the reduced incidence of SEBV and
PTLD in the two eras. Overall the immunosuppression regimens did change between the two
eras. The percentage of subjects with cyclosporine based immunosuppression decreased
from 34.0% in era 1 to 8.5% in era 2 and tacrolimus use increased from 54.6% to 80.5%.
Induction therapy was used in 11.7% in era 1 and 27.4% in era 2. Steroid use in the
regimens did not change. There was no difference in the percentage of recipients who were
EBV negative at the time of transplant between the two eras (71.2% v 68.4% p=0.09). In the
earlier era, donors were slightly older and there were more live donors. In the later era, there
were more cadaveric split liver donors. To assess the relative intensity of
immunosuppression, we compared the mean and median trough levels of tacrolimus or
cyclosporine at 7 days and 1, 6 and 12 months post transplant. Among all evaluable subjects
in the database, there were significantly lower trough levels of tacrolimus at 7 days and 1, 6
and 12 months (p value<0.01) and of cyclosporine at 7 days and 1 month (p value <0.01) in
2002-2007 compared to the earlier era (Table 5). There was a significantly lower percentage
of patients receiving steroids at 1, 6 and 12 months post transplant (p=0.03 at 1 month, <.
0001 at 6 and 12 months) in 2002-2007 compared to the earlier era. There was no difference
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in the mean or median trough levels of tacrolimus or cyclosporine before 12 months post
transplant between the patients who were EBV negative at the time or transplant and those
who were EBV positive or whose status was unknown in either era. There were significantly
more rejection episodes in the earlier era compared to the more recent era and more rejection
episodes in the recipients with EBV positive/unknown in that earlier era (Table 6).

EBYV monitoring and treatment paradigms based on the levels of circulating EBV viral load
have evolved in the last 10 years. We did not begin to systematically collect this data until
2006. We have examined the use of EBV monitoring for the diagnosis of SEBV and this was
not significantly different between the two eras.

The outcomes: clearance of disease, death, and graft loss for patients with SEBV and PTLD
are shown in Table 7. One hundred and forty-two of 199 SEBV cases (71.4%) and 60 of 75
PTLD cases (80.0%) resolved with a mean time to resolution of 5.83 and 5.68 months,
respectively, Twelve (6.0%) patients with SEBV and 5 (6.0 %) patients with PTLD died with
unresolved SEBV and PTLD, respectively. Twenty-one (10.6%) patients with SEBV and 7
(9.3%) with PTLD experienced graft loss (death or rejection post SEBV/PTLD diagnosis).
Similar rates of resolution, death and graft loss were seen in the subset of patients with
SEBV who did not have PTLD compared to the larger SEBV group and those with PTLD.
There was no significant era effect on outcome.

Discussion

PTLD is a multifactorial process in children undergoing liver transplantation that is related
to the interplay between immunosuppression and an EBV infection. As previously described
and as expected, this study demonstrated that children who are EBV naive at the time of
transplant and those who have frequent episodes of rejection are at the highest risk for the
development of SEBV and PTLD.

Several important observations come from this large multicenter study. There has been a
significant reduction in the risk of the development of SEBV and PTLD during the first 2
years following liver transplantation in the more recent era (2002-2007) compared to the
earlier era (1995-2001) with equal number of patients and risks. This suggests some factor
or factors in management has changed the natural history of the development of PTLD.

This study provides strong evidence that the primary reason for the reduction in incidence of
SEBV and PTLD is that there has been a general reduction in the overall “level of
immunosuppression” in pediatric patients. There were significantly lower early levels of
tacrolimus and cyclosporine and less steroid use in the patients in the more recent era,
consistent with an overall reduction in immunosuppression during the recent era. Despite
these lower levels, the frequency of rejection in all patients was lower in the more recent era
with an apparent reduction in the level of immunosuppression.

Recent data from the SPLIT registry has suggested that the major mortality associated with
pediatric liver transplantation is related to infections implicating potentially excessive
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immunosuppression (20). This is reinforced by our finding that the risk of both SEBV
disease and PTLD was greater in patients with more than one rejection episode in the first
year post transplant. These data indicate the relationship between the effect of increased
levels of immunosuppression and the risk for SEBV and PTLD. With the knowledge from
previous studies of the importance of the EBV status of the recipient, specifically the
increased risk in an EBV naive recipient, selective changes in the immunosuppressive
management of these patients likely contributed to the decreasing incidence of both SEBV
disease and PTLD.

There was a slight reduction in the use of older donors in the more recent era that was also
reflected in less live donors. This is another factor that may contribute to the reduced
incidence of PTLD, but given that most of the recipients were EBV naive,
immunosuppression is still likely the major factor for the decline in PTLD.

Another potential factor is the use of techniques to monitor EBV burden, specifically EBV
viral load measurements in blood to identify transplant recipients who may be at increased
risk for development of disease. Unfortunately, most of our data comes from before we
prospectively determined EBV monitoring and management resultant from that monitoring.
This is an area that needs further study. However, we speculate that EBV molecular
monitoring leads to changes in immunosuppression prior to the development of symptomatic
disease that may in part account for the decreasing incidence of both SEBV disease and
PTLD in the recent era. Many centers have developed strategies for either prophylactic
(antiviral treatments or alterations in immunosuppression regimen in higher risk patients) or
preemptive (antiviral treatments or alterations in immunosuppression regimen in patients
with asymptomatic elevated EBV viral load) strategies (15, 21). The use of these strategies
has increased with the increased availability of EBV monitoring. However, antiviral use at
the time of transplant (a surrogate for prophylactic treatment) was not found to be a
significant factor in the univariate analysis. This may be complicated by the overlap between
CMV prophylaxis and EBV prophylaxis, but does suggest that antiviral prophylaxis in this
group did not alter the risk of either SEBV disease or PTLD independent of the level of
immunosuppression.

Unfortunately, while the incidence of PTLD has decreased in the recent era, the outcome for
those who developed PTLD in this study has not significantly improved over time. Possible
implications of this finding are that PTLD represents a threshold beyond which outcome is
already determined. It may also indicate that our treatment modalities have potentially
improved resolution of PTLD or SEBV, but lead to an imbalance in graft survival. An
alternative explanation is that the presence of SEBV or PTLD indicates a level of
immunosuppression imbalance that leads to complications of infections as we have
previously reported (20).

The primary risk factors for SEBV and PTLD in multivariate analysis were recipient EBV
negative status, era of transplant and number of rejection episodes. The era of transplant and
number of rejection episodes are strong indicators of the level of immunosuppression. EBV
status of the recipient is tightly correlated with a younger age at transplant and a diagnosis of
biliary atresia, which may explain the variation in these risk factors in other studies.
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This large study of pediatric liver transplant recipients demonstrates that the incidence of
SEBV and PTLD is clearly decreasing in the more recent era. The reasons behind this
decline are likely multifactorial and complex. However, the primary factor is more attention
to the level of immunosuppression and a global decrease in the level of immunosuppression
in the more recent era. Future research should focus on the management of patients with
subclinical EBV targeting younger patients, EBV naive recipients and those who have more
rejection episodes who seem to be at the highest risk for SEBV and PTLD.
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A
Kaplan-Meier Analysis of Time to First Symptomatic EBV Disease
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Figure 1A.
shows the Kaplan-Meier estimates of time from transplant to development of first

symptomatic EBV disease with 95% confidence intervals.
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B
Kaplan-Meier Analysis of Time to First Symptomatic PTLD Disease
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Figure 1B.
displays a Kaplan-Meier analysis for time to first incidence of PTLD with 95% confidence

intervals.
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A

Kaplan-Meier Analysis of Time to First Symptomatic EBV
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shows the Kaplan-Meier estimates of time from transplant to development of first
symptomatic EBV disease by era of transplant (1995-2001 solid red line and 2002-2008

dashed blue line)
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B
Kaplan-Meier Analysis of Time to First Symptomatic PTLD
By Year of Transplant
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Figure 2B.
displays a Kaplan-Meier analysis of time from transplant to development of first PTLD by

era of transplant (1995-2001 solid red line and 2002-2008 dashed blue line)
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Baseline Characteristics for Patients with Symptomatic EBV and PTLD Disease

Table 1

All Patients Symptomatic EBV PTLD
o) 0, 0,
N % N % P Value# N % P Value#
Total 2283 100.0 | 199 100.0 75 100.0
Gender
Missing 1 0.0 0 0.0 0 0.0
Male 1057 46.3 84 422 31 413
Female 1225 53.7 | 115 57.8 0.23 44 58.7 0.41
EBV Status of Recipient and Donor
*
R and D EBV unknown 54 24 2 1.0 1 13
REBV +/ D EBV + 209 9.2 8 4.0 5 6.7
R EBV +/ D EBV - 106 4.6 1 0.5 0 0.0
*
R EBV +/ D EBV unknown 290 127 10 50 3 40
R EBV -/D EBV + 484 21.2 42 21.1 13 17.3
R EBV -/ D EBV - 583 25.5 58 29.1 18 24.0
*
R EBV -/ D EBV unknown 521 22.8 74 37.2 33 44.0
R EBV unknown/ D EBV +* 13 06 0 00 0 00
*
R EBV unknown/ D EBV - 2 10 4 20 <.0001 2 2.1 0.0003
Immunosuppression at Transplant
Missing 94 4.1 6 3.0 2 2.7
CsA Base 432 18.9 39 19.6 17 22.7
Tac Base 1596 69.9 | 138 69.3 52 69.3
Other 161 7.1 16 8.0 0.85 4 5.3 0.65
Age at Transplant (mean + SD) (year) | 2282 | 49+53 | 199 27+36 <.0001 75 2432 0.0002
Mo from transplant to SEBV/PTLD -- 199 | 11.2+10.6 -- 75 | 12.7+12.9 --

*
EBYV unknown: Recipient / donor did not have EBV testing or data was missing.

#Comparisons between SEBV and non SEBV or PTLD and non PTLD subjects
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