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Summary Background: The purpose of this study was to analyze the link between PTLD inci-
dence and its occurrence time in patients at a single center in comparable medical environ-
ments after 2000.
Methods: Retrospectively, total 3305 kidney transplantation patients medical data were
analyzed. Patients were divided into two groups based on the period from the day of kidney
transplantation to the day of PTLD diagnosis. Early-onset was defined as PTLD development
within two years after transplantation, whereas all other cases were categorized as late-
onset PTLD.
Results: In the early-onset group, young age (0e19 years) was confirmed as a risk factor for
PTLD incidence (HR 1.49, p Z 0.038). In the late-onset group, history of anti-rejection therapy
was confirmed as a risk factor (HR 1.32, p Z 0.031). Overall survival rates were not signifi-
cantly different between the two groups (p Z 0.556). Graft survival rates were also not
different between the two groups (p Z 0.549).
Conclusion: When patients with PTLD were classified into early-onset group and late-onset
group at two years, overall survival and graft survival were comparable. And patients with
early-onset PTLD are more likely to be associated with EBV, the late-onset patients are more
likely to be immunosuppressed.
ª 2018 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing services
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Post-transplant lymphoproliferative disorders (PTLD) are a
heterogeneous group of diseases occurring after organ
transplantation. Several studies have analyzed the char-
acteristics of PTLD after kidney transplantation,1e10 and
many have reported a bimodal incidence pattern.1,3,11e13

However, there is no consensus yet regarding the differ-
ences between the two groups based on the PTLD onset
time, including the cause of incidence. Some studies have
analyzed the clinical features associated with early vs. late
onset PTLD. These studies were multi-centered, popula-
tion-based, cohort studies including patients who under-
went kidney transplantation before the year 2000.1,3,11e13

However, each center had a different kidney trans-
plantation protocol, and several new medications such as
immunosuppressants have come into use since then.
Therefore, the purpose of this study was to analyze the
association between PTLD incidence and its occurrence
time, in patients at a single center, in comparable medical
environments after the year 2000.

2. Methods

2.1. Patients and diagnosis

This study included all kidney transplant recipients at a
single center between 1st January 2000 and 31st December
2015. A total of 3305 kidney transplantations were per-
formed in 3178 patients over a period of 16 years. After
receiving the Institutional Review Board’s approval (2016-
1782), medical records of the patients were retrospectively
reviewed. Patients were divided into two groups based on
the period from the day of kidney transplantation to the
day of PTLD diagnosis. Early-onset PTLD was defined as
PTLD development within two years after transplantation,
whereas all other cases were categorized as late-onset
PTLD. Medical data of the recipients and donors including
the patient’s demographic data, immunosuppressive med-
ications, EpsteineBarr virus (EBV) serostatus, histologic
findings of PTLD, and patient and graft survival were all
analyzed. EBV seropositivity was diagnosed by the presence
of EBV latent membrane protein (LMP-1), EBV nuclear
antigen-2 (EBNA-2), or EBV-encoded small RNAs (EBERs).
PTLD was diagnosed and classified by experienced pathol-
ogists after a needle biopsy or open biopsy according to the
2008 world health classification criteria.14

2.2. Immunosuppressive medication

All patients were given antithymocyte globulin or basilix-
imab as induction drugs. Specifically, antithymocyte glob-
ulin was used in all case of simultaneous pancreas
transplantation. During the study period, immunosuppres-
sion was maintained by using a combination of a calcineurin
inhibitor (CNI), a steroid, and antimetabolites. Tacrolimus
or cyclosporine was used as the CNI. Azathioprine was used
as an antimetabolite until 2008, while mycophenolate
mofetil was used thereafter. Methylprednisolone was the
steroid used. In case of ABO incompatibility, starting from
2011, rituximab was given for two weeks before plasma-
pheresis, and operation was performed after the isoagglu-
tinin titer fell below 1:16.

2.3. Statistical analysis

The demographic data of the patients were compared be-
tween the two groups using the ManneWhitney test or
Fisher’s exact test. Survivals were analyzed by the
KaplaneMeier method and compared by the Log-rank test.
To identify the risk factors for PTLD, comparison between a
group of patients with PTLD and another without PTLD was
performed. The Cox proportional hazards model was used
for this risk factor analysis. Only factors with a p-value of
greater than 0.1 in the univariate analysis were used for the
multivariate analysis. Statistical significance was estab-
lished at p < 0.05. Statistical analyses were performed
using the SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Among the 3305 kidney transplantation cases, 24 were
diagnosed with PTLD (0.72%). The incidence of PTLD was
checked every two years, and Fig. 1 shows the incidence
pattern. The early and late-onset groups included 9 and 15
patients, respectively. The late onset PTLD group included
one ABO incompatible transplantation and one secondary
transplantation. The EBV seropositivity rate was higher in
the late-onset group (100%) than in the early-onset group
(55.6%). The proportion of patients receiving treatment for
rejection was higher in the late-onset group (73.3%)
compared to the early-onset group (22.2%). Lymphomas
diagnosed in the early-onset group were all of the diffuse
large B cell type, whereas those diagnosed in the late-onset
group were diverse type and included diffuse large B cell,
Burkitt, and extranodal NK/T cell lymphomas (Table 1). In
the early-onset group, young age (0e19 years) was
confirmed as a risk factor for PTLD incidence (HR 1.49,
p Z 0.038) (Table 2). In the late-onset group, history of
anti-rejection therapy was confirmed as a risk factor (HR
1.32, p Z 0.031) (Table 3).

Mean follow-up period was 86.71 � 50.63 months. The
overall survival rates at 5 and 10 years were both 77.8% in
the early-onset group, while they were 86.7% and 78%,
respectively in the late-onset group. Overall survival rates
were not significantly different between the two groups
(p Z 0.556) (Fig. 2). The graft survival rates at 5 and 10
years were both 71.1% in the early-onset group, and 86.7%
and 36.6%, respectively in the late-onset group. Graft sur-
vival rates were also not different between the two groups
(p Z 0.549) (Fig. 3).

4. Discussion

A consensus on the time period for division of PTLD into
early and late-onset groups is yet to be reached. While
some reports use two years after transplantation as the
cutoff for onset time,1,3,12,13,15,16 some other reports use
one year as the cutoff.2,6,17 Results of this study also found
that the duration of post-operative onset was closer to that



Figure 1 The incidence of PTLD based on time after kidney transplantation.

Table 1 Demographics and characteristics of kidney transplantation patients.

Early-onset
PTLD (n Z 9)

Late-onset
PTLD (n Z 15)

Without
PTLD (n Z 3281)

P-value

Donor status
Deceased (%) 4 (44.4) 4 (26.7) 807 (24.5) 0.142
Gender (%, Male) 5 (55.6) 6 (40) 2260 (68.8) 0.365

Recipient status
Gender (%, Male) 4 (44.4) 10 (60) 1972 (60.1) 0.475
Transplantation age 0.291
0e19 4 (44.4) 4 (26.6) 92 (2.8)
20e50 4 (44.4) 9 (60) 1884 (57.4)
>50 1 (11.1) 2 (13.3) 1305 (39.7)

EBV serostatus (%) 0.138
Positive 5 (55.6) 15 (100) 1152 (35.1)
Negative 0 (0) 0 (0) 88 (2.6)
No data 0 (0) 0 (0) 2041 (62.2)

HLA mismatch (%) 0.231
0 0 (0) 2 (13.3) 298 (9.1)
1e3 8 (88.9) 7 (46.7) 1972 (60.1)
4e6 1 (11.1) 6 (40) 1011 (30.8)

Immunosuppressants
Calcineurin inhibitor (%) 0.096
Cyclosporine 3 (33.3) 2 (13.3) 1434 (43.7)
Tacrolimus 6 (66.7) 13 (86.7) 1847 (56.2)

Anti-rejection therapy (%) 2 (22.2) 11 (73.3) 306 (9.3) 0.189
Pathological features

WHO classification (%)
Diffuse large B cell lymphoma 9 (100) 12 (80)
Burkitt lymphoma 0 (0) 2 (13.3)
Extranodal NK/T cell lymphoma 0 (0) 1 (6.7)

EBV status of the PTLD tissue (%, Positive) 8 (88.9) 9 (60)
Graft survival rate 0.164

5 years 0.71 0.86 0.88
10 years 0.71 0.36 0.81

Overall survival rate 0.125
5 years 0.77 0.86 0.95
10 years 0.77 0.78 0.92
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Table 2 Analysis of risk factors for early onset PTLD incidence among kidney transplant recipients.

Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Gender
Female 1.17 (0.35e9.98) 0.365

Transplantation age
0e19 1.86 (1.03e2.93) 0.004 1.49 (1.05e1.89) 0.038
20e50 1.0 (reference) 1.0 (reference)
>50 1.91 (0.65e2.14) 0.684 1.52 (0.33e2.54) 0.873

Donor status
Living 1.15 (0.08e3.59) 0.375

Donor gender
Female 1.53 (0.10e2.83) 0.461

HLA mismatch
0 1.0 (reference)
1e3 1.02 (0.40e1.14) 0.563
4e6 1.15 (0.84e1.57) 0.672

Recipient EBV serostatus
Negative 4.51 (2.31e7.01) 0.015 1.58 (0.44e5.70) 0.212

Calcineurin inhibitor
Tacrolimus 1.0 (reference)
Cyclosporine 1.25 (0.42e3.84) 0.753

Anti-rejection therapy
Yes 1.32 (0.85e1.78) 0.241

Table 3 Analysis of risk factors for late onset PTLD incidence among kidney transplant recipients.

Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Gender
Female 1.35 (0.35e9.98) 0.651

Transplantation age
0e19 1.36 (1.06e1.93) 0.041 1.84 (0.94e5.41) 0.138
20e50 1.0 (reference) 1.0 (reference)
>50 1.18 (0.65e2.14) 0.873 1.71 (0.53e3.57) 0.270

Donor status
Living 0.95 (0.88e2.59) 0.482

Donor gender
Female 1.04 (0.71e3.83) 0.381

HLA mismatch
0 1.0 (reference)
1e3 0.98 (0.60e1.14) 0.823
4e6 1.31 (0.84e1.57) 0.746

Recipient EBV serostatus
Negative 1.51 (0.31e2.01) 0.185

Calcineurin inhibitor
Tacrolimus 1.0 (reference)
Cyclosporine 2.14 (0.75e5.31) 0.824

Anti-rejection therapy
Yes 1.38 (1.85e3.25) 0.003 1.32 (1.05e2.12) 0.031
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of the bimodal incidence pattern when two years was used
as the cutoff onset time. Therefore, patients with PTLD
onset occurring within or after two years of transplantation
were categorized into early and late-onset groups,
respectively. Like other reports, this study also confirmed a
pattern in which the incidence of PTLD demonstrated an
increasing trend in 4e6 years.1,3 However, instead of a
typical bimodal incidence pattern, we found that the



Figure 2 The overall survival rate in patients based on the
time of PTLD onset.

Figure 3 Graft survival rate in patients based on the time of
PTLD onset.
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incidence showed a slight decline in 12e14 years. This
decrease seems to be due to follow up loss over long pe-
riods of time.

Data comparing the clinical features of the two groups
showed that young age transplantation patients (0e19
years) were more commonly diagnosed with early-onset
PTLD, suggesting that young age transplantation is a risk
factor for early-onset of PTLD. EBV seronegativity is a risk
factor for early-onset PTLD according to univariate analysis
performed using the Cox proportional hazard model. Based
on this result, we hypothesized that the early-onset of PTLD
is more related to EBV than to the late-onset. It is known
that EBV infection increases the probability of developing
PTLD after solid organ transplantation.18 A high proportion
of young recipients are EBV seronegative at the time of
transplantation, leaving them susceptible to primary
infection following transplantation. In this study, the early-
onset group which was relatively younger than the late-
onset group showed an EBV seropositivity rate of 55.6%,
which was lower than the 100% EBV seropositivity seen in
the late-onset group. In agreement with this finding was the
observation that the EBV positive rate in the lymphoma
tissue biopsy in the early-onset group was also higher than
that in the late-onset group (88.9%, 60%, respectively). The
cumulative incidence rate of PTLD in our study was lower
than that reported by other groups.1,3 The low cumulative
incidence rate is probably due to the higher EBV seroposi-
tivity in Koreans than in other ethnic groups, which again
supports the association of early-onset PTLD incidence with
EBV serostatus.19e22

The history of anti-rejection treatment was found to be
a risk factor for development of late-onset PTLD, which is
probably due to high dose exposure to immunosuppressants
reducing the patient’s immunity. The rates of anti-
rejection treatment in the early and late-onset groups
were 22.2% and 73.3%, respectively, thereby suggesting
that high dose exposure to immunosuppressants is associ-
ated with late-onset PTLD. High dose exposure to immu-
nosuppressants is distinguished from an extended exposure
to cumulative immunosuppressive agents due to the pro-
longed duration after transplant surgery. Late onset PTLD
group included one ABO incompatible (ABOi) trans-
plantation and one secondary transplantation. The number
of patients is only one each, hence statistical significance
could not be elicited. However, this result indicates that
exposure to high dose immunosuppressants, such as that
which occurs in second transplantation or ABOi trans-
plantation, may increase the incidence of late onset PTLD.

There was no difference in the overall and graft survival
between the two groups. Compared to the survival of pa-
tients who had undergone kidney transplantation since
2000 in the same center, the prognosis was poor.23 How-
ever, the overall survival rate is better when compared to
other studies.1,9,10,16,24 Caillard et al and Bishnoi et al have
reported old age to be one of the poor prognosis factors.6,25

The patients included in this study were by far the youngest
when compared to those in other studies, which could
explain the better survival rate. Moreover, all patients in
this study were kidney transplant recipients after 2000,
while the other studies included recipients from the 1990s.
The recent developments in medications and medical
conditions compared to the past may have influenced the
survival rate. The limitation of this study is mainly the small
number of PTLD patients. Additionally, being a retrospec-
tive study, there is a fundamental limitation in obtaining
evidence. A larger prospective study will be necessary to
assess the different causes for PTLD based on its onset
time.

5. Conclusion

When patients with PTLD are classified into early-onset
group and late-onset group at two years, overall survival
and graft survival are comparable. However, there are
some differences in the clinical features and risk factors for
the incidence of PTLD between the two groups. While pa-
tients with early-onset PTLD are more likely to be associ-
ated with EBV, the late-onset patients are more likely to be
associated with high dose immunosuppression.
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