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Introduction

Summary

Post-transplant lymphoproliferative disorder (PTLD) is a major complication
caused by immune-suppression after transplantation. Survival outcome is known
to be poor and the characteristics are not fully understood because of its rare inci-
dence. This single center retrospective study enrolled 41 adult PTLD patients after
kidney-transplantation (KT, n = 28) and hematopoietic stem cell transplantation
(HSCT, n = 13) from 1992 to 2012. We compared the characteristics and esti-
mated the survival outcomes according to several factors [age-adjusted-IPI
(aalPI), pathologic subtype, viral status, extranodal manifestation] and added
some significant parameters to aalPI scoring system. Post-HSCT-PTLD patients
were younger and showed earlier onset, and viral status was more frequently iden-
tified. Ten-year OS of the entire group was 44% but the 10-year OS was not sig-
nificantly different between post-KT-PTLD and post-HSCT-PTLD (39% vs. 56%,
P = 0.860). The time onset of PTLD and viral statuses were not meaningful, how-
ever, aalPl, age > 50, extranodal manifestation and monomorphic subtype were
predictive for OS. We used those factors for PTLD-specific scoring which showed
intermediate-risk (HR = 7.1, P = 0.019) and high-risk (HR = 16.5, P = 0.001)
presented worse OS compared to low-risk subgroup. Although the treatment
strategies were heterogenous, this study showed comprehensive PTLD data
between KT versus HSCT, and our PTLD-specific scoring might be validated by
another larger studies.

infectious mononucleosis and monomorphic proliferations
indistinguishable from diffuse large B-cell lymphoma

Post-transplantation lymphoproliferative disorder (PTLD)
is a major complication with heterogenous presentation
caused by immune suppression after solid organ transplan-
tation or hematopoietic stem cell transplantation (HSCT).
The heterogeneous presentation encompasses plasmacytic
proliferations [1], polyclonal proliferations resembling
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(DLBCL) or other aggressive lymphomas [2]. The charac-
teristic features are not fully understood due to its rare inci-
dence and the survival outcome is known to be poor
despite advances in treatment strategies including ritux-
imab with overall survival rates ranging from 25% to 60%
[2-7]. In general, the incidence of PTLD is higher in organ
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transplantation than hematopoietic stem cell transplanta-
tion (HSCT), and the incidence is identified especially
higher in heart, lung, and small bowel transplantation than
in kidney transplantation (KT) [8-10]. The differentiation
is mainly associated with the intensity of immunosuppres-
sive protocols and post-transplant immune reconstitution
according to the individual transplantations [8]. Besides,
pre-transplantation serological status of Epstein-Barr Virus
(EBV) and post-transplantation viral load of EBV are also
related with the occurrence of PTLD [8,11].

Although several studies have attempted to determine
the clinicopathological characteristics and long-term sur-
vival outcomes, retrospective data is not reliable because of
the small number of patients from single-institutions and
they included variable organ transplantations with hetero-
geneity which might disturb accurate analysis and valida-
tion of prognostic factors. Furthermore, the low incidence
of PTLD also prevents further well-validated prospective
studies. For analysis of prognostic factors of PTLD, many
studies included transplanted organ, early- or late-onset,
monomorphic or polymorphic histology, B-cell or T-cell
immunohistochemistry, rituximab therapy, performance
status, and extranodal involvements, some of which con-
sists of International Prognostic Index (IPI) score [12—-15].

Here we report a comparative analysis of 41 patients with
PTLD after kidney transplantation (KT) and HSCT in
regard of baseline characteristics and survival outcomes,
and we identified somewhat distinct features according to
the transplantation type. Then we tried to validate age-
adjusted IPI (aalPI) score for survival prediction of PTLD
and added some PTLD-specific parameters for more defi-
nite prognostic prediction.

Patients and methods

Patients and diagnosis of PTLD

We performed 1489 kidney transplantation (KT, 694 cases
between 1992 and 2002 and 795 cases between 2003 and
2012) and 2684 allogeneic-HSCT (1004 cases between 1992
and 2002 and 1680 cases between 2003 and 2012) in adult
patients, and we found 41 PTLD patients. There were 28
(1.9%) post-KT PTLD patients — 8 (1.1%) cases between
1992 and 2002 and 20 (2.5%) cases between 2003 and 2012
— and 13 (0.5%) post-HSCT PTLD patients — 5 (0.5%)
cases between 1992 and 2002 and 8 (0.5%) cases between
2003 and 2012 — in Catholic Medical Center in South
Korea. All analyses were performed retrospectively accord-
ing to the Institutional Review Board guidelines of the
Catholic Medical Center (XC13RIMI0099K) with respect of
Declaration of Helsinki. The diagnosis of PTLD was firstly
based on the history of applying immunosuppressive agents
after KT or HSCT. Then excisional biopsy for affected
lesion was performed followed by pathologic review includ-

722

Yoon et al.

ing morphological and immunohistochemical studies, with
Epstein-Barr virus (EBV)-encoded-RNA (EBER) in situ
hybridization. We recently used ISH iVIEW Blue Detection
Kit and INFORM EBER Probe (Ventana Medical System,
Tucson, AZ, USA; Roche, Basel, Switzerland). The final
diagnosis was made according to the WHO classification
[10]. The underlying renal disease treated with KT con-
sisted of chronic glomerular nephropathy (n = 8), hyper-
tensive nephropathy (n =7), diabetic nephropathy
(n = 6), IgA nephropathy (n = 3), and one for each of the
following — amyloid kidney, renal tuberculosis, polycystic
kidney, uric acid nephropathy. In the case of HSCT, there
were five patients with severe aplastic anemia (SAA) and
eight hematological malignancies; chronic myeloid leuke-
mia (CML, n = 3), acute myeloid leukemia (AML, n = 3),
and myelodysplastic syndrome (MDS, n = 2). They all
underwent HSCT after pre-conditioning based on the pro-
tocol set by the Catholic Blood and Marrow Transplanta-
tion Center in Korea [16].

Immunosuppressive protocols for each transplant setting

The KT patients received initial immunosuppressive agent
with a calcineurin inhibitor in combination with corticos-
teroids after transplantation. Both cyclosporine A (CsA) and
tacrolimus (FK506) were used, and mycophenolate mofetil
(MMF) was added as a primary immunosuppressant from
2001. The target trough levels of CsA were 200-400 ng/ml
in the first 4 weeks and 100-200 ng/ml thereafter, and the
target level of FK506 were 8-15 ng/ml in the first 3 months
and 3-8 ng/ml thereafter. Methylprednisolone (1 g/day)
was administered by intravenous infusion on the day of
transplantation, and was then tapered to prednisone at
30 mg/day on the fourth day of transplantation. The use of
FK506 was restricted to patients with more than three
human leukocyte antigen (HLA) mismatches. The initial
dose of MMF was 1.5 g/day, and the dose was modified to
minimize adverse effects such as diarrhea and neutropenia.
Acute rejection was also treated with 3—4 daily boluses of
intravenous methylprednisolone (500 mg/day), followed by
a 5-to7-day oral steroid tapering, and anti-thymocyte globu-
lin (ATG) was used as a rescue regimen when methylpred-
nisolone was not effective against acute rejection.

For HSCT patients, we used CsA when the infused stem
cell was from matched sibling donor (MSD), and the target
level was 200-300 ng/ml in the first 4 weeks after stem cell
infusion and 100-200 ng/ml thereafter. When the infused
stem cell was from unrelated donor or HLA-mismatched
donor, we used FK506 with a trough level of 10-15 ng/ml
in the first 4 weeks after stem cell infusion and 3-8 ng/ml
thereafter. Short course of methotrexate (MTX, 5 mg/m®
for FK506 and 10 mg/m2 for CsA, D+ 1, D+ 3, D + 6,
D + 11) was applied in all patients except one patient who
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received T-cell depleted stem cell, and ATG was adminis-
tered for patients with unrelated or HLA-mismatched
transplantation at a dose of 5 mg to 10 mg/kg. Acute graft-
versus-host disease (GVHD) was initially treated with ste-
roid pulse therapy with 1 mg/kg of methylprednisolone
concomitant with maintaining calcineurin inhibitors, fol-
lowed by oral steroid tapering-off when the symptoms and
signs resolved.

Treatment of PTLD

After diagnosis of PTLD, we actively applied immuno-
chemotherapy for post-KT PTLD patients except one
patient treated with surgery alone and two patients who
were managed with reduction of immunosuppressive agent
alone. Two patients received rituximab (375 mg/m” weekly
for 4 weeks) alone [17] and eight patients received
R-CHOP chemotherapy [18] and the rest 15 patients were
treated with variable chemotherapies. Among 15 patients,
most were treated by CHOP chemotherapy [19], and
EPOCH (n = 2) [20] and ABVD (n = 2) regimens were
also used. For post-HSCT PTLD, we reduced the dose of
immunosuppressive agents first, unless the patients pre-
sented active sign or symptom of GVHD. Three patients
were treated by reduction of immunosuppressive agents
alone, and five patients additionally received donor lym-
phocyte infusion (DLI). In post-HSCT PTLD, four patients
were treated with rituximab alone, and there were only one
patient who received R-CHOP chemotherapy.

Known prognostic factors and statistical analysis

There have been several prognostic factors [i.e. IPI score,
age-adjusted IPI (aalPI) score, PTLD subtypes, extranodal
manifestation, hypoalbuminemia etc.] reported for long-
term survival outcome of PTLD [5,12,21]. As most of the
patients were under 60 years, aalPI score could be used for
initial risk-stratification and the other factors specified for
PTLD could be also evaluated. We added several significant
factors and tried to modify the aalPI scoring system to pre-
dict the long-term outcome for PTLD more precisely.
Among the four parameters which consists of aalPI, three
factors were used without modification — elevated LDH
level, higher stage III-1V, and Eastern Cooperation Oncol-
ogy Group (ECOG) performance scale (PS) >2 [22]. We
modified the number of extranodal involvement to >1,
because there were many single extranodal involvement
PTLDs. Other PTLD-specific parameters were evaluated for
prediction of survival outcomes additionally.

The characteristics of transplantation details and the pat-
terns of PTLD were analyzed and compared in this study,
and we also tried to estimate the survival outcomes accord-
ing to the transplantation type (KT vs. allo-HSCT). All cat-
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egorical variables were compared using Chi-squared
analysis and Fisher’s exact test. Continuous variables were
assessed with the Student’s #-test or the Wilcoxon rank-
sum test. Overall survival (OS) was calculated using
Kaplan-Meier analysis, and log-rank analysis was used to
evaluate differences between subgroups. Overall survival
represented the proportion of people who were alive at a
specified time from the date of diagnosis of PTLD. Cumu-
lative incidence of relapse (CIR) were calculated by treating
non-relapse deaths as competing risks among the patients
who achieved CR, and compared using the Gray test [23].
Hazard ratio associated with survival, was calculated using
Cox’s proportional hazard model. All statistical analyses
were performed using sas 9.2 software (SAS Institute, Inc.,
Cary, NC) and R software (version 2.15.1, R foundation for
statistical Computing, 2012). A P-value <0.05 was deemed
statistically significant.

Results

Baseline characteristics according to the transplantation
type

We firstly identified the characteristics of transplantation
details in both KT and HSCT. In both transplantation
groups of PTLD patients, male gender was predominant
(78%) but the age at transplantation was younger in HSCT
group (32.1 vs. 40.1 years old, P = 0.071). Among 28 post-
KT PTLD patients, 25 (89.3%) grafts were living-donor
kidney and 3 (10.7%) grafts were from deceased donor.
Human leukocyte antigen (HLA) status was haploidentical
in 13 (46.4%) grafts and the other (n = 15, 53.6%) was
non-identical. Most of the patients were treated with cyclo-
sporine (n = 25, 89.3%), and ATG was applied in seven
patients for treatment of graft rejection. In post-HSCT
PTLD, six patients received stem cell from matched sibling
donor (MSD), four patients from unrelated donor (URD)
and three patients from haploidentical donor (HID). HSCT
source was bone marrow (BM) in six patients and periph-
eral blood (PB) in seven patients. For GVHD prophylaxis,
cyclosporine was used in 8 (61.5%) patients and tacrolimus
was used in 4 (30.8%) patients and one patient received
T-cell depleted HSCT. ATG was applied in 7 (53.8%) HLA
mismatched transplantation. Among 13 post-HSCT PTLD
patients, 8 (61.5%) patients suffered from acute GVHD,
who were all treated with steroid pulse therapy, and there
were 6 (46.2%) patients with chronic GVHD (Table 1).

Comparison of the characteristics of PTLD after
KT versus HSCT

As we expected there might be some differences between
post-KT versus post-HSCT PTLD, the characteristic feature
of PTLD was compared between the two groups (Table 2).
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Table 1. Baseline transplantation characteristics of KT and HSCT.

KT (n = 28) HSCT (n = 13)  P-value

Gender (Male%)

Age at transplantation

Transplantation donor for KT
Vivo 25(89.3%) - -
Deceased donor 3(10.7%) - —
Haploidentical donor 13 (46.4%) - -
Non-identical donor 15(53.6%) - -

Transplantation donor for HSCT

22 (78.6%)
40.1(22-61)

10 (76.9%) 0.906
32.1(17-62) 0.071

Matched sibling - 6(46.2%) -
donor (MSD)

Unrelated donor (URD) - 4(30.8%) —

Haploidentical donor (HID) - 3(23.0%) -

Bone marrow (BM) - 6 (46.2%) -

Peripheral blood (PB) - 7 (53.8%) -

Immunosuppressive agents

Cyclosporine (CsA) 25 (89.3%) 8(61.5%) 0.037*
Tacrolimus (FK) 2(7.1%) 4(30.8%) 0.046*
Azathioprine (AZP) 1(3.6%) 0(0.0%) 0.490
T-cell depletion (TCD) 0(0.0%) 1(7.7%) 0.137
Additional use of ATG 7 (25.0%) 7 (53.8%) 0.059
Acute GVHD - 8(61.5%) -
Steroid pulse treatment - 8(100%) —
Chronic GVHD - 6 (46.2%) -
Overall grade > moderate - 2 (33.3%) -

9(32.1%) - -
5(17.8%) - -

Acute graft rejection
Chronic graft rejection

KT, kidney transplantation; HSCT, Hematopoietic stem cell transplanta-
tion; ATG, Anti-thymocyte globulin; GVHD, Graft versus Host disease.
*P < 0.05.

Most of all, age at the time of diagnosis of PTLD was signif-
icantly younger in the post-HSCT group (32.4 vs.
50.5 years old, P < 0.001) which resulted from significantly
shorter duration from transplantation to the diagnosis of
PTLD (4.5 vs. 124.3 months, P < 0.001). We evaluated the
stages of PTLD patients using Ann-Arbor system, and all of
the stage I PTLD patients showed extranodal manifesta-
tions in both groups. The proportion of higher stage III-IV
was 42.8% (n =12) in post-KT and 61.5% (n = 8) in
post-HSCT group (P = 0.843). In addition, calculated aal-
PI and ECOG PS showed similar distributions and the pro-
portion of elevated LDH level at diagnosis was also similar
between the two groups. Extranodal manifestation involved
BM, liver, stomach, intestine, lung, skin, muscle, gingival
and brain. BM or skin involvement was only identified in
post-KT PTLD patients. EBV in situ hybridization was per-
formed in all tissue biopsies and post-HSCT PTLD showed
more positive results (84.6% vs. 42.9%, P = 0.012). EBV
antigenemia was performed for 12 patients in post-HSCT
group and 22 patients in post-KT group. We detected EBV
seropositivity in 91.6% of post-HSCT group and 36.4%
of post-KT group (P = 0.006). CMV antigenemia or
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DNAemia was performed for 13 patients in post-HSCT
group and 26 patients in post-KT group, and also, there
were more proportion of positive CMV status in post-
HSCT group (69.2% vs. 15.4%, P = 0.001).

Pathologic subtype of PTLD was identified in two
groups. Most PTLD presented B-cell subtype in both
groups (85.7% and 92.3%) and most of the post-KT PTLD
presented monomorphic subtype (n = 25, 89.2%). In con-
trast, 7 (53.8%) patients of post-HSCT PTLD presented
monomorphic subtype and almost half of the patients pre-
sented plasmacytic hyperplasia (n = 3, 23.1%) and poly-
morphic subtype (n = 3, 23.1%). Monomorphic subtype
mostly consists of DLBCL (n =27, 84.3%) and PTCL
(n =3,9.3%), and two patients in post-KT group was ex-
tranodal NK-T cell lymphoma and mycosis fungoides.

Comparison of the clinical outcomes of PTLD
after KT versus HSCT

With a median follow-up duration of 76.0 months (range
8.4-200.6 months), overall survival (OS) was calculated in the
entire patients and in each group. Median OS was
87.6 months and 5-year and 10-year OS was 59% and 44% in
the entire 41 patients. In post-KT PTLD, 5-year and 10-year
OS was 55% and 39% with 85.8 months of median OS, and
in post-HSCT PTLD, both 5-year and 10-year OS were 55%
without reaching the median (Fig. 1a). Between the two
groups, OS was not significantly different (P = 0.860).

Complete response (CR) rate after treatment was 65.9%
in the entire PTLD patients (19 patients (67.9%) in post-KT
PTLD and eight patients (61.5%) in post-HSCT PTLD,
P =0.691). Reduction of immunosuppressive agents with
donor lymphocyte infusion (DLI) (n = 5) or without DLI
(n = 5) showed CR rate of 60% in each group, and the CR
rate of rituximab alone (n = 6) and R-CHOP (n = 9) was
66.7% and 77.8% respectively. CR rate of chemotherapy
alone (n =15) was 66.7%. Among the 27 patients who
achieved CR, there were 6 (22.2%) relapsed patients in the
post-KT PTLD group but no relapsed cases were identified
in the post-HSCT PTLD group (Fig. 1b). Although all PTLD
patients in this study received heterogeneous treatments and
the proportion of patients treated with chemotherapy was
significantly different between the two transplantation set-
tings, response rates and survival outcomes according to the
several regimens were not significantly different. Whether
treatment with chemotherapy or not was concomitantly
adjusted in the multivariate analysis.

Additional prognostic factors in addition to aalPI
scoring system

Early (<1 year) or late (>1 year) diagnosis of PTLD
(P = 0.556), B- or T-cell subtype PTLD (P = 0.674), EBV
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Table 2. Comparison of the characteristics of PTLD between KT and HSCT.

KT (n = 28) HSCT (n = 13) P-value
Age at diagnosis of PTLD 50.5 (36-68) 32.4 (17-62) <0.001*
Time from transplantation to diagnosis of PTLD (Months) 124.3(5.3-274.0) 45(1.7-13.4) <0.001*
Number of PTLD diagnosed < 1 year after transplantation 5(17.9%) 12 (92.3%) <0.001*
Stage (Extranodal)
I/1g 0(0.0%)/5 (17.9%) 0(0.0%)/3 (23.1%) 0.695
17173 6(21.4%))/5 (17.9%) 2 (15.4%)/0 (0.0%) 0.126
/11 3(10.7%)/0 (0.0%) 2 (15.4%)/0 (0.0%) 0.671
IV/IVE 5(17.9%)/4 (14.2%) 2 (15.4%)/4 (30.7%) 0.386
Age-adjusted IPI score (aalPl)
0 9(32.1%) 4(30.8%) 0.930
1 6(21.4%) 4(30.8%) 0.517
2 7 (25.0%) 2 (15.4%) 0.489
3 6(21.4%) 3(23.1%) 0.906
ECOG PS
0-1 6 (57.1%) 10 (76.9%) 0.221
2 2 (42.9%) 3(23.1%)
Elevated LDH 6(57.1%) 8(61.5%) 0.790
Extranodal sites involved 4(50.0%) 7 (53.8%) 0.819
Bone marrow 3 (10.7%) 0(0.0%) -
Liver 0(0.0%) 1(7.7%) -
Stomach 2(7.1%) 1(7.7%) -
Intestine 4(14.3%) 3(23.1%) -
Lung 1(3.6%) 2 (15.4%) -
Skin 3(10.7%) 0(0.0%) -
Etc. (Gingiva, Brain, Muscle) 3(10.7%) 0(0.0%) -
Viral status
EBV in situ (Tumor) 12 (42.9%) 11 (84.6%) 0.012*
EBV detected in blood 8/22 (36.4%) 11/12 (91.6%) 0.006*
CMV detected in blood 4/26 (15.4%) 9/13 (69.2%) 0.001*
Lymphoma subtype
B-cell type 24 (85.7%) 12 (92.3%) 0.548
T-cell type 4(14.3%) 1(7.7%)
Hodgkin’s lymphoma 1(3.6%) 0(0.0%) 0.032*
Plasmacytic hyperplasia 1(3.6%) 3(23.1%)
Polymorphic 1(3.6%) 3(23.1%)
Monomorphic 25 (89.2%) 7 (53.8%)
DLBCL 21 (84.0%) 6 (85.7%) 0.912
PTCL 2 (8.0%) 1(14.3%) 0.614
ENKTL 1(4.0%) 0(0.0%) 0.591
Mycosis fungoides 1(4.0%) 0(0.0%) 0.591
Treatments
Rituximab + CHOP 8(28.5%) 1(7.7%) 0.133
Rituximab alone 2(7.2%) 4(30.8%) 0.046*
Chemotherapy alone 15 (53.5%) 0(0.0%) 0.001*
Surgery alone 1(3.6%) 0(0.0%) 0.490
IST reduction + DLI 0(0.0%) 5(38.5%) 0.001*
IST reduction alone 2(7.2%) 3(23.0%) 0.147

PTLD, Post-transplantation lympho-proliferative disease; IPI, International prognostic index; ECOG, Eastern Cooperation Oncology Group; PS, Perfor-
mance scale; LDH, Lactate dehydrogenase; EBV, Ebstein-Barr virus; CMV, Cytomegalovirus; DLBCL, Diffuse large B-cell ymphoma; PTCL, Peripheral
T-cell lymphoma; ENKTL, Extranodal NK/T-cell lymphoma; IST, Immunosuppressive agents; DLI, Donor Lymphocyte Infusion.

*P < 0.05.

in situ in tumor tissue (P = 0.912), and CMV antigenemia PTLD (92.3%) patients were early-onset (<1 year),
or DNAemia statuses (P = 0.340) were not significant for compared to the 17.9% of the post-KT PTLD, we calculated
prediction of survival outcome. As most of the post-HSCT OS according to the onset time only in post-KT group. In
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Figure 1 Clinical outcomes of Post-transplant lymphoproliferative disorder (PTLD) patients. (a) 10-year Overall survival (OS) of the entire patients was
44% with median OS of 87.6 months. There was no significant difference in OS between post-KT PTLD and post-HSCT PTLD. (b) Complete response
(CR) rate was similar between the two groups [post-KT (67.9%) vs. post-HSCT 65.9%)]. After achievement of CR (n = 27), six patients were relapsed
in the post-KT PTLD group but there were no relapsed patients in the post-HSCT group.

the subgroup analysis, we also identified that OS was not
significantly different according to the onset time of PTLD
(P =0.846). On the contrary, higher aalPI score >2
[HR=2.406 (95% CI 1.34-4.30), P = 0.003], age over
50 years [HR = 3.377 (95% CI 1.29-8.80), P = 0.013],
PTLD with extranodal manifestation [HR = 2.972 (95% CI
1.05-8.43), P = 0.041], and monomorphic subtype [HR =

726

2.798 (95% CI 1.01-12.2), P = 0.045] showed significantly
inferior OS (Fig. 2). Multivariate analysis revealed that
higher-risk aalPI and Extranodal manifestation were still
significant and the other two factors — monomorphic PTLD
and age >50 — showed marginal significance (Table 3).
Finally, we added those factors and tried to modify aalPI
scoring system to a PTLD-specific scoring system. The
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Figure 2 Factors which showed significant values for prediction of worse survival outcomes. (a) Higher age-adjusted IPI score. [aalPI score O vs. score
1(P=0.095),vs.2(P=0.012)and vs. 3 (P = 0.002), and aalPI score 1 vs. score 2 (P = 0.281), vs. 3 (P = 0.089)] (b) Age over 50 years old. (c) Extran-
odal manifestation. (d) Monomorphic Post-transplant lymphoproliferative disorder (PTLD).

three parameters — elevated LDH level, higher stage III-1V,
and higher ECOG PS >2 — consisting of aalPI were used
without modification (one point each). Additionally, as
presented above, older age > 50 years, extranodal manifes-
tation (at least one site), and monomorphic subtype also
got one point each. With this modified PTLD-specific scor-
ing (total score 6), we calculated OS and CIR rate according

© 2014 Steunstichting ESOT 27 (2014) 721-732

to the risk group; Low-risk (Score 0-1), Intermediate-risk
(Score 2-3), High-risk (Score 4-6) group. High-risk PTLD
(n = 17) showed worst OS [HR = 21.594 (95% CI 2.699—
172.77), P = 0.004] and higher CIR rate compared to low-
risk PTLD (Fig. 3a). We also identified that high-risk PTLD
showed adverse outcome in post-KT PTLD subgroup
analysis (Fig. 3b).
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Table 3. Univariate and multivariate analysis of the affecting factors for Overall survival (OS) in Post-transplant lymphoproliferative disorder (PTLD).

0sS

Univariate Multivariate

HR (95% Cl) P HR (95% Cl) P
Kidney-transplantation (KT) versus Hematopoietic 0.988 (0.35-2.79) 0.982

stem cell transplantation (HSCT)

Chemotherapy 0.838(0.32-2.17) 0.716
aalPl (>High-intermediate) 2.406 (1.34-4.30) 0.003* 2.351(1.11-4.97) 0.025*
Monomorphic PTLD 2.798(1.01-12.2) 0.045* 5.490 (0.99-30.4) 0.051
Extranodal manifestation 2.972(1.05-8.43) 0.041* 3.372(1.04-10.8) 0.042*
Age > 50 years 3.377 (1.29-8.80) 0.013* 2.543(0.92-31.2) 0.058

HR indicates hazard ratio.
*P < 0.05.

Loss of the grafted renal function and the outcomes
of the hematological malignancies

We serially checked the blood urea nitrogen and creatinine
level to identify the loss of the grafted renal function after
diagnosis of the post-KT PTLD (Fig. 4). We checked the
time of the functional loss when the glomerular filtration
rate (GFR) fell down below 50 ml/min/1.73 m? or when
both the wurea nitrogen (>50 mg/dl) and creatinine
(>2.0 mg/dl) level increased for over 6 months. Cumula-
tive incidence of the renal function loss at 1 year was 28%
and the overall functional loss was estimated at 49%. Low
PTLD-score group showed relatively lower rate of grafted
renal function loss (14.3% vs. 38.1%, P = 0.243).

There were eight patients with hematological malignan-
cies in this cohort. Among them, two AML and one MDS
patients died with progression of PTLD, and one MDS
patient died due to relapse even after reduction of immu-
nosuppressive agents and DLI. The rest four patients are
alive with controlled chronic GVHD.

Discussion

Current study tried to show the characteristics of PTLD
after comparative analysis between KT and HSCT, but the
two groups were not actually comparable due to their
different characteristics. Perhaps, our data only showed the
differences between the two groups. Patients who under-
went HSCT were younger than KT and most of the
post-HSCT PTLD (92.3%) were early-onset (<l year).
Therefore, age at diagnosis of post-HSCT PTLD was signif-
icantly younger than post-KT PTLD patients. This phe-
nomenon might be caused by the host immunity and the
trend of using immunosuppressive agents in each trans-
plantation setting. In the case of HSCT, impaired host
immunity in the early post-HSCT period and intensified
immune suppression due to acute GVHD may cause early-
onset of PTLD. Besides, host immune reconstitution and
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tapering-off of immunosuppressive agents may suppress
late onset PTLD. On the contrary, preserved early host
immunity and inevitable long-term use of immunosuppres-
sive agents with aging process may cause late-onset PTLD in
post-KT patients. Although significant cut-off for OS was
50 years, and there was only 1 (7.7%) patient older than
50 years in post-HSCT group and 13 (46.4%) patients in
post-KT group (P = 0.031), OS between post-KT PTLD and
post-HSCT PTLD was not significantly different both in the
entire patients group (28 vs. 13, P = 0.860) and also in the
subgroup of younger than 50 years (15 vs. 12, P = 0.559).
In this study, we did not try to identify the affecting fac-
tors which may increase the occurrence of PTLD specifi-
cally. According to the previous reports, the type or
combination of immunosuppressive agents [8,24], and
intuitively, the duration length or mean trough level might
be important for inducing PTLD. But it is difficult to use
pharmacokinetics practically, and the occurrence of PTLD
is also affected by several factors including EBV load.
Although determining the affecting factors may be useful
for prevention of PTLD, we may not use them in clinical
practice because of its low incidence. It is rather considered
that early diagnosis followed by active treatment with iden-
tification of poor prognostic factors is more important for
PTLD management at present. Despite the limitations of
using one single-center based data and retrospective study
with heterogeneous treatments, and long-term follow-up
period during which time diagnostic techniques and treat-
ment options changed, we precisely compared the results
between different transplantation types focusing on KT versus
HSCT and this data is one of a few reports of PTLD in Korea.
One recent Korean PTLD data showed male predomi-
nance and late-onset PTLD in 67.5%, extranodal manifesta-
tion in 51%, monomorphic PTLD in 51% (DLBCL in
82%), EBV in situ in 72.5%, which were almost similar to
our current study. In the previous study, OS was 68.3%
and poorer survival outcome was observed in early-onset
PTLD and monomorphic PTLD. Post-KT PTLD showed
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Figure 3 Post-transplant lymphoproliferative disorder (PTLD) score: Low (0-1), Intermediate (2-3), High (4-6) (a) Overall survival (OS) [Low-score vs.
intermediate-score (P = 0.058) and vs. high-score (P = 0.004)] and CIR rate [Low-score vs. intermediate-score (P = 0.054) and vs. high-score
(P =0.001)] in the entire group according to the PTLD-score. (b) OS [Low-score vs. intermediate-score (P = 0.406) and vs. high-score (P = 0.003)] and
CIR rate [Low-score vs. intermediate-score (P = 0.077) and vs. high-score (P = 0.010)] in the post-KT PTLD group according to the PTLD-score in post-

KT PTLD.

the most favorable OS compared to other organ transplan-
tation or hematopoietic cell transplantation [21]. In con-
trast, our data showed somewhat different results
compared to the previous data. We identified that 10-year
OS of the entire 41 patients was 44% and there were no sig-
nificant differences between early-onset and late-onset

© 2014 Steunstichting ESOT 27 (2014) 721-732

PTLD, which was represented by post-HSCT PTLD (early
onset) and post-KT PTLD (late onset). Only monomorphic
PTLD was a consistently adverse factor for OS.
Interestingly, our data showed that post-HSCT PTLD
patients were less likely to relapse after CR achievement,
although the statistical significance was not definite. We
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rate compared to low PTLD-score group.

supposed that the result might come from the distinctive
post-transplant immunosuppressive management between
the two groups. In the case of HSCT, we reduce the dose of
immunosuppressive agents after 3-6 months from HSCT,
unless moderate to severe GVHD occurs, and it is generally
possible to taper off within 1 year. In this study, all of the
post-HSCT PTLD patients who achieved CR rapidly
tapered off and stopped immunosuppressive agent. How-
ever, relatively long-term maintenance of immunosuppres-
sive agent was inevitable for post-KT PTLD group.

In regard of viral status, our study identified that post-
HSCT PTLD which was consisted of mostly early-onset
PTLD showed higher proportion of EBV in situ hybridiza-
tion in tumor (84.6%) and EBV reactivation in blood
stream (91.6%). Although large proportion of PTLD cases
are associated with EBV, 20-40% are reported to be nega-
tive for EBV [10,12,25,26] and it is still unclear which
threshold values of EBV in blood stream are predictive for
the development of PTLD [27]. As was discussed before,
prevention of PTLD according to the degree of the immune
suppression is very difficult for practice. However,
increased EBV viral load probably defines the patients with
higher-risk of PTLD and we may prevent PTLD guided by
reduction of immunosuppressive agents according to the
consecutive follow-up of EBV viral load [28,29]. As post-
HSCT PTLD is characterized by early-onset and large pro-
portion of patients are associated with increased EBV viral
load, we may be guided by serial follow-up of EBV DNA
RQ-PCR leading to control of immunosuppressive agents
for prevention of PTLD until 1-year after HSCT. In the case
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of post-KT PTLD, as the occurrence of PTLD requires
longer duration after transplantation, routine screening or
follow-up of EBV viral load may be excessive. Furthermore,
based on the successful results of DLI in allogeneic HSCT
setting [30] and the infusion of EBV-specific cytotoxic
T-lymphocytes in solid organ transplantation setting [31],
we may try immune cell-therapy in addition to the stan-
dard treatment of rituximab plus chemotherapy [6,32,33].
Although our results originated from the retrospective
analysis of small number of patients treated with heteroge-
neous treatment modalities and only post-KT patients were
analyzed on behalf of organ transplantation, this is the first
paper which compared post-organ transplantation and
post-HSCT PTLD. In summary, we found a discrepancy of
the characteristics and future management plan for PTLD
according to the transplantation type, although OS was not
significantly different between them. We cautiously suggest
aalPI may be useful for prediction for prognosis of PTLD
and we expected that addition of several PTLD-specific
parameters — age > 50 years, monomorphic histology,
extranodal manifestation — may be useful for more precise
prediction of outcome, which needs validation of another
study. And we recommend to check EBV viral load serially
in patients with HSCT who are heavily treated with immu-
nosuppressive agents in early period after transplantation.
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