
ORIGINAL ARTICLE

Post-transplantation lymphoproliferative disorder in living-donor
liver transplantation: a single-center experience

Chikashi Nakanishi • Naoki Kawagishi • Satoshi Sekiguchi • Yorihiro Akamatsu • Kazushige Sato •

Shigehito Miyagi • Ikuo Takeda • Daizo Fukushima • Yoshinobu Kobayashi • Kazuyuki Ishida •

Hidetaka Niizuma • Shigeru Tsuchiya • Motoshi Wada • Masaki Nio • Susumu Satomi

Received: 27 April 2011 / Accepted: 27 June 2011 / Published online: 26 January 2012

� Springer 2012

Abstract

Background Post-transplantation lymphoproliferative

disorder (PTLD) is a group of life-threatening complica-

tions of organ transplantation, which occurs most fre-

quently in pediatric patients. This retrospective study

evaluates a single-institution experience of five cases of

PTLD after living-donor liver transplantation (LDLT).

Patients and method We reviewed the records of 78

pediatric patients (\18 years old) and 54 adult patients,

who underwent LDLT between July 1991 and December

2009.

Result PTLD was diagnosed in five pediatric patients,

yielding an overall incidence of 3.8%. There were no sig-

nificant differences between the pediatric patients with and

those without PTLD in terms of their age, sex, reason for

transplantation, calcineurin inhibitor, Epstein–Barr virus

(EBV) serostatus, ABO compatibility, lymphocyte cross-

matching, or episodes of biopsy proven rejection. Two

patients with abdominal lymphadenopathy and one with

gastrointestinal PTLD responded to a reduction in immu-

nosuppression. Treatment with rituximab was necessary for

another gastrointestinal PTLD patient. Diffuse large-B-cell

lymphoma was diagnosed in one patient with mediastinal

and lung masses. This patient was treated with chemo-

therapy and rituximab, followed by surgical resection. All

patients survived and no evidence of recurrence has been

found since.

Conclusion Although PTLD is potentially life-threatening,

it can be managed by appropriate and prompt treatment,

with a good outcome.

Keywords PTLD � EBV � Liver transplantation �
Living donor � Rituximab

Introduction

Post-transplantation lymphoproliferative disorder (PTLD)

is a life-threatening complication of solid organ trans-

plantation. The development of lymphoma after trans-

plantation was first described in 1968, by Doak et al. [1], in

a renal transplant recipient, but the term ‘‘PTLD’’ was

introduced in 1984, by Starzl et al. [2]. The severe

impairment of T-cell function as a result of the immuno-

suppression required to prevent allograft rejection also

places transplant patients at risk of the development of

PTLD. Epstein–Barr virus (EBV) plays an essential role in

the development of these lymphomas, and impaired T-cell

function allows the uncontrolled proliferation of B lym-

phocytes that are infected and transformed by the virus [3].
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However, PTLD is not exclusively associated with EBV

infection, because EBV-negative PTLD is also being

increasingly recognized, usually developing late after

transplantation, [4, 5, 6]. This entity appears to be pre-

dominantly restricted to adult recipients [7]. The risk fac-

tors for PTLD include the degree of immunosuppression

and the development of a primary infection after trans-

plantation, so a higher incidence is seen in EBV-seroneg-

ative pediatric patients receiving a transplant from an

EBV-seropositive donor [8]. The incidence of PTLD ran-

ges from 1 to 20% among solid organ transplant recipients

[9, 10]. Among liver transplant recipients, the prevalence

of PTLD ranges from 2 to 4% in adults, but is reported to

be as high as 20% in pediatric recipients [7, 11, 12].

However, these studies predominantly analyzed deceased-

donor liver transplantation recipients. Interestingly, a

recent Japanese study found that the incidence of PTLD

after adult-to-adult living-donor liver transplantation was

relatively low (0.9%) [13]. Another study reported no

PLTD patients among 81 children who underwent living-

donor liver transplantation (LDLT) [14].

Histologically, PTLD comprises a heterogeneous group

of lymphoproliferative disorders, ranging from reactive,

polyclonal hyperplasia to aggressive non-Hodgkin’s lym-

phoma [3]. PTLD characteristically involves extranodal

sites, with frequent involvement of the allograft and the

gastrointestinal tract [15, 16], but it may occur at virtually

any site, including the skin [17] and central nervous system

[18]. Although they are not equal to PTLD, primary ex-

tranodal non-Hodgkin’s lymphomas arising from the

common bile duct have been reported [19].

A reduction in immunosuppression is considered as the

first-line therapy for PTLD [20, 21]. Monoclonal antibody

therapy (rituximab) is also frequently used and now widely

regarded as the first-line therapy [22, 23]. Chemotherapy

with the regimens used for lymphoma, such as cyclo-

phosphamide, doxorubicin, vincristine, and prednisone

(CHOP), is reserved for patients with more extensive high-

grade disease or those in whom initial treatments have

failed [3]. When PTLD is confined to one site, radiation

and/or surgery can effectively control the local disease [5].

Surgery and radiation also play a role in the management of

local complications in vital organ structures.

We report our institutional experience of PTLD in

LDLT recipients, focusing on the diversity of PTLD

manifestations and the different approaches to treatment.

Patients and methods

The records of 78 pediatric patients (\18 years old) and 54

adult patients who underwent LDLT between July 1991

and December 2009 were reviewed retrospectively. This

study was approved by the Ethics Committee of Tohoku

University Hospital. All patients had given their informed

consent for all procedures and treatments. The primary

immunosuppression regimen consisted of a calcineurin

inhibitor (tacrolimus or cyclosporine) and steroids. In the

early 1990s, we had no protocol for discontinuing steroid

therapy, but in the late 1990s, steroid therapy was ceased

12 months after transplantation by design, and from 2000

onwards steroid therapy was discontinued around 6 months

after transplantation. The majority of patients transplanted

before 1998 and a few patients transplanted after 1999

received azathioprine, calcineurin inhibitor, and steroids.

Mycophenolate mofetil was given to some patients. Forty-

five adult patients and three pediatric patients transplanted

after December 2002 received induction therapy with anti-

interleukin 2 (IL2) receptor antibody. Rejection episodes

were treated with methylprednisolone pulse therapy. De-

oxyspergualin [24] or murine monoclonal anti-CD3 anti-

body (OKT3) was given when steroid treatment failed.

In patients with suspected EBV infection, we performed

quantitative real-time PCR to detect EBV DNA in their

peripheral-blood mononuclear cells and/or serum (cut-off

value[102.5 copies/lg DNA) [25]. When an elevated EBV

DNA load was detected, we performed a lymph-node

biopsy. If there was no safely accessible lymph node, we

made all decisions based on a comprehensive assessment

of clinical symptoms, EBV DNA load, and images.

Statistical analysis

Comparative statistical analyses were performed using the

Mann–Whitney U test. The v2 and Fisher’s exact tests were

used for categorical variables. p \ 0.05 was considered

significant.

Results

Incidence and presentation of PTLD

The overall incidence of PTLD in our institutional expe-

rience was 3.8% (5/132). All five patients in whom PTLD

was diagnosed were children under 6 years old at the time

of transplantation. Thus, the incidence of PTLD in the adult

and pediatric patients was 0 and 6.4%, respectively. The

overall median time to the development of PTLD was

14 months (4–31 months; Table 1).

The initial symptom of PTLD in all five patients was

fever. Two patients suffered gastrointestinal symptoms,

including diarrhea, and one patient with large pulmonary

and mediastinal masses suffered respiratory symptoms,

including cough, wheezing, and tachypnea (Fig. 1a). The

lymph nodes were involved in four patients. The patient

characteristics are summarized in Table 1.
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Patient characteristics

The pediatric PTLD patients were compared with pediatric

non-PTLD patients in terms of their age, sex, primary dis-

ease, primary immunosuppression, EBV serostatus before

transplantation, ABO compatibility, lymphocyte cross-

matching, and rejection (Table 2). All five PTLD patients

underwent liver transplantation for biliary atresia and four

were seronegative for EBV before transplantation. Lym-

phocyte cross-matching was negative in all the PTLD

patients. However, there were no significant differences

between the pediatric patients with and those without PTLD

in terms of age, sex, reason for transplantation, calcineurin

inhibitor, EBV serostatus, ABO compatibility, lymphocyte

cross-matching, or episodes of biopsy-proven rejection.

Immunosuppression before PTLD onset

All five patients received tacrolimus, and three were still

receiving steroids at the onset of PTLD (Table 1). Patient 2

had suffered from biopsy proven repeated rejection. PTLD

developed only 4 months after transplantation in patient 4

and immediately before the scheduled discontinuation of

steroid therapy in patient 5. Hence, these patients were still

receiving steroids. Although patients 1 and 3 were not

receiving steroids at the onset of PTLD, we could not

discontinue their steroid therapy within 12 months because

they were still suffering episodes suggesting rejection.

The primary immunosuppressive agents given to four

patients were tacrolimus and steroids. Only patient 1

received tacrolimus, steroids, and azathioprine as the pri-

mary immunosuppression. Patient 2 was started on azathi-

oprine 1 year after transplantation, but it was discontinued

after drug-induced liver dysfunction before the onset of

PTLD. Tacrolimus was changed to cyclosporine only for

patient 2, followed by reconversion to tacrolimus before the

onset of PTLD. None of the PTLD patients received OKT3,

but one (patient 2) received deoxyspergualin for steroid-

resistant rejection. No PTLD patient received induction

therapy with anti-IL2 receptor antibody.

Fig. 1 Computed tomography (CT) scans of patient 4, showing

a large pulmonary and mediastinal masses in a patient with

respiratory symptoms, including cough, wheezing, and tachypnea.

A CT-guided needle biopsy was performed, confirming the diagnosis

of diffuse, large-B-cell lymphoma. b CT after six cycles of rituximab

and three cycles of cyclophosphamide and prednisolone chemother-

apy showed reduction in the sizes of the pulmonary and mediastinal

masses. c CT after another two cycles of rituximab, cyclophospha-

mide, adriamycin, vincristine, and prednisolone (R-CHOP) chemo-

therapy revealed residual mediastinal and pulmonary tumors. d After

another two cycles of CHOP chemotherapy following surgical

resection of the residual mediastinal tumor, CT revealed a residual

a lung mass, in which FDG-PET CT showed no abnormal uptake

744 Surg Today (2012) 42:741–751

123



Histopathological presentation

The disease of three of the five PTLD patients was not

easily accessible for biopsy, but they had persistently high

EBV loads and abdominal lymphadenopathy. One of the

patients with gastrointestinal symptoms had no lymphad-

enopathy, but the diagnosis of gastrointestinal PTLD was

based on a persistently high EBV load and gastrointestinal

edema. A computed tomography (CT)-guided needle

biopsy was performed only in one patient with large pul-

monary and mediastinal masses. Histology showed EBV-

related, CD20-positive, diffuse large-B-cell lymphoma, the

recipient origin of which was confirmed by fluorescence in

situ hybridization (FISH; Fig. 2).

Treatments and outcomes

Our initial three patients (patients 1–3) responded well to

reduced immunosuppression and have shown no evidence

of recurrence to this point. In patient 1, tacrolimus was

discontinued altogether and steroid therapy was resumed;

then, after the PTLD improved, cyclosporine was started.

In patient 2, cellular rejection occurred after tacrolimus and

steroid therapies were discontinued altogether, so low-dose

tacrolimus was restarted, maintaining a trough at around

4.0 ng/mL, followed by steroids again. A study undertaken

at our institution subsequently demonstrated that EBV

infection can be kept asymptomatic with a tacrolimus

trough level below 3.0 ng/mL [21]. Therefore, in patient 3,

the tacrolimus dose was reduced, maintaining the trough

below 3.0 ng/mL. A reduction in the dose of tacrolimus to

maintain the trough below 3.0 ng/mL, together with the

withdrawal of steroids, is now the initial therapeutic

approach for patients with an increased EBV load or

PTLD, at our institution, as was done for patients 4 and 5.

When the trough is high, tacrolimus should be discontinued

until it drops to about 3.0 ng/mL. However, reduced

immunosuppression was insufficient to stabilize the PTLD

in our two most recent patients (patients 4 and 5).

One patient (patient 4) with gastrointestinal symptoms,

high fever, and abdominal lymphadenopathy, did not

respond to a reduction in immunosuppression. Thus, he

was commenced on rituximab at a dose of 375 mg/m2 once

a week, following which, his gastrointestinal symptoms

and high fever improved quickly and his blood EBV load

decreased to normal control levels. Although cellular

Table 2 Characteristics of

post-transplantation

lymphoproliferative disorder

(PTLD) and non-PTLD

pediatric patients

PTLD posttransplantation

lymphoproliferative disorder,

LTx liver transplantation, EBV
Epstein–Barr virus, OKT3 anti-

CD3 antibody
a Mann–Whitney U test
b Fisher’s exact probability test
c Chi-square for independent

test

PTLD (n = 5) non-PTLD (n = 73) p value

Age at LTx (months) 11 (6–63) 22 (5–213) 0.27a

Gender

Male 2 (40%) 30 (41.1%)

Female 3 (60%) 43 (58.9%) 0.67b

Primary disease

Biliary atresia 5 (100%) 60 (82.2%)

Others 0 (0%) 13 (17.8%) 0.39b

Primary immunosuppression

Tacrolimus 5 (100%) 61 (83.5%)

Cyclosporine 0 (0%) 12 (16.4%) 0.42b

EBV Serostatus at LTx (donor/recipient)

Positive/positive 1 (20%) 30 (41.1%)

Positive/negative 4 (80%) 36 (49.3%)

Negative/positive 0 (0%) 2 (2.7%)

Negative/negative 0 (0%) 2 (2.7%) 0.66c

Loss of data 0 (0%) 3 (4.1%)

ABO compatibility

Identical/compatible 4 (80%) 65 (89.0%)

Incompatible 1 (20%) 8 (11.0%) 0.90b

Lymphocyte cross-matching

Negative 5 (100%) 69 (94.5%)

Positive 0 (0%) 4 (5.5%) 0.76b

Rejection \1 year 2/5 (40%) 29/73 (39.7%) 0.67b

OKT3 therapy 0/5 (0%) 3/73 (0.4%) 0.82b
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rejection developed after the treatment, he was still in

complete remission at his 15-month follow-up.

The patient with large mediastinal and pulmonary

masses was intubated and on a mechanical ventilator when

he was transferred to our institution. Six cycles of ritux-

imab and three cycles of cyclophosphamide and prednis-

olone chemotherapy every 3 weeks reduced the size of the

tumors (Fig. 1b), and he was successfully extubated. His

blood EBV load decreased quickly, but for the remaining

mediastinal and pulmonary tumors, he received another

two cycles of rituximab, cyclophosphamide, adriamycin,

vincristine, and prednisolone (R-CHOP) chemotherapy.

A CT scan after these treatments revealed residual medi-

astinal and pulmonary tumors (Fig. 1c). Fluoro-2-deoxy-D-

glucose-positron emission tomography (FDG-PET) CT

revealed abnormal uptake only in the mediastinal tumor

(Fig. 3). We recognized viable tumor cells only in the

mediastinal tumor, which was then removed surgically.

Histological examination of the removed tumor revealed

residual viable tumor cells (Fig. 4). After another two

cycles of CHOP chemotherapy, the patient was in complete

remission when last seen at the 12-month follow-up

(Fig. 1d). None of the patients had immunosuppression

completely withdrawn at their last follow-up.

Fig. 2 Histology of a biopsy from patient 4 showed an EBV-related,

CD20-positive, diffuse, large-B-cell lymphoma, which was of

recipient origin, as confirmed by FISH. a Histology showed large-

cell lymphoid proliferation [hematoxylin–eosin (HE) staining; 9400)

b In situ hybridization of EBV-encoded small RNA (EBER) was

performed. EBER was positive in several lymphoid cells (9400).

c Immunostaining for CD20 revealed that these lymphoma cells were

CD20 positive (9400). d Lymphoid cell showing an X–Y pattern on

fluorescence in situ hybridization (FISH), indicating that post-

transplantation lymphoproliferative disorder (PTLD) was of recipient

origin because the donor was his mother. The red signal indicates

chromosome Xp11.1–q11.1 and the green signal indicates chromo-

some Yq12

Fig. 3 FDG-PET CT revealed abnormal uptake (SUV-max 2.0) only in

the mediastinal tumor (arrow) after two cycles of R-CHOP (patient 4).

The residual lung mass showed no abnormal uptake, so the mediastinal

tumor was resected
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Discussion

The overall incidence of PTLD in this series at our insti-

tution was 3.8% overall, and 6.4% of the pediatric patients.

PTLD did not develop in any of the adult patients. These

incidences are similar to those reported in other studies that

predominantly analyzed deceased-donor liver transplanta-

tion recipients [7, 11, [12]. The incidence in this series was

slightly higher than that in other recent Japanese studies, in

which LDLT patients were predominantly analyzed [13,

14]. This is probably because our series included early

cases, treated in the 1990s. Two of our PTLD patients

received liver grafts in the mid 1990s and one received

their graft in 2001. The other two patients, who received

liver grafts after 2005, were only 6 months old when they

underwent liver transplantation, which suggests that

younger age at transplantation is a risk factor for PTLD

among pediatric patients, although we could not show that

the age at transplantation was associated with the incidence

of PTLD in this study. One Japanese report suggested

younger age at transplantation as a risk factor for post-

transplantation EBV infection among pediatric recipients

[14].

An important risk factor for the development of PTLD is

the intensity and amount of immunosuppression adminis-

tered to the patient [26]. Although we found no significant

difference, two patients suffered from biopsy-proven cel-

lular rejection and one suffered from repeated episodes

suggesting rejection. Consequently, their steroid therapy

could not be discontinued within 12 months. Induction and

rejection treatments with anti-T-cell antibody, especially

OKT3, and anti-thymocyte globulin increase the risk of

PTLD [9, 27, 28, 29]. Although three pediatric patients

received OKT3 for allograft rejection in our series, PTLD

did not develop in any of them. Interestingly, induction

therapy with anti-IL2 receptor antibody does not seem to

be associated with an increased risk of PTLD [9, 30, 31].

At our institution, 48 adult and 3 pediatric recipients who

underwent transplantation after December 2002 received

induction therapy with anti-IL2 receptor antibody, and

none of them suffered PTLD, which supports the safety of

induction therapy with this antibody. Although some

studies have compared the effects of tacrolimus with those

of cyclosporine A as risk factors for PTLD [9, 27, 32, 33],

there were no differences between the pediatric patients

with and those without PTLD in terms of the calcineurin

inhibitor in our series.

In general, PTLD is characterized by the transformation

of lymphocytes by EBV; therefore, patients who are EBV-

seronegative patients receiving allografts from EBV-sero-

positive donors, resulting in primary EBV infection, are at

10 to 50-fold risk of PTLD development [26, 34, 35, 36],.

This also accounts for the high incidence of PTLD in the

early post-transplantation period in pediatric patients, who

are more often still EBV seronegative at the time of

transplantation. In the present study, four of five cases of

PTLD occurred during the first 2 years after transplanta-

tion. Furthermore, two patients who received liver grafts at

6 months of age suffered PTLD in the first year after

transplantation. Four PTLD patients were EBV seronega-

tive and received liver grafts from EBV-seropositive

donors, although one gastrointestinal PTLD patient was

Fig. 4 Histology of the

resected mediastinal tumor from

patient 4 showed viable

lymphoma cells surrounded by

ghost cells and capsule (HE
staining)
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EBV-seropositive before transplantation. The measurement

of peripheral-blood EBV levels is helpful for the diagnosis

and monitoring of PTLD, and some studies have also

shown promising results of measuring peripheral-blood

PCR [37, 38, 39, 40, 41]. In our series, all five patients had

high EBV loads when PTLD was diagnosed and their EBV

loads decreased to undetectable or normal control levels

after treatment.

Because PTLD often presents in a nonspecific way if it

is not suspected clinically, it is a major challenge to

diagnose at an early stage. PTLD often presents at ex-

tranodal sites, including in the allograft and gastrointesti-

nal tract [15, 16]. Because the gastrointestinal tract is

frequently involved, gastrointestinal signs and symptoms,

such as diarrhea and bleeding, may lead to a diagnosis of

gastrointestinal PTLD. In the present study, two patients

suffered gastrointestinal PTLD with severe diarrhea, high

fever, and high blood EBV loads. In patients with respi-

ratory symptoms, CT of the thoracic cavity may be

helpful. Pulmonary masses in patients with high blood

EBV loads indicate lung involvement in PTLD, as in our

patient with pulmonary and mediastinal masses. FDG-PET

scanning is becoming an important tool in the visualiza-

tion of malignant lymphomas, especially for detection in

extranodal locations and in post-treatment evaluations [42,

43]. Some studies have found FDG-PET scanning to be

superior to conventional imaging for the staging of PTLD

and evaluation of treatments [44, 45, 46]. In our patient

treated with R-CHOP therapy, FDG-PET clearly differ-

entiated between the residual masses of the vital tumor

and scar tissue. As FDG-PET is also thought to be useful

for the early detection of recurrent PTLD, it was per-

formed as part of the post-treatment surveillance of this

patient.

Two different sources of the lymphocytes involved in

PTLD have been suggested: the recipient and the donor.

Lymphocytes of donor origin are those EBV-positive cells

that have escaped the immune system of the recipient.

Lymphoid cells of donor origin transplanted within the

allograft may undergo proliferation in the tolerant envi-

ronment produced by immunosuppression. PTLD of donor

origin is reportedly localized to the transplanted organ,

whereas PTLD of recipient origin has an extra-allograft

location [47]. It has been suggested that PTLD is usually of

recipient origin in solid organ transplantation recipients [3].

Because it is difficult to biopsy abdominal lymphadenop-

athies and perform digestive endoscopies in young chil-

dren, we could only perform pathological examination in

one patient. This patient was male and received an allograft

from his mother. Histology showed an EBV-related, CD20-

positive, diffuse, large-B-cell lymphoma and FISH analysis

showed an XY pattern; thus confirming that his PTLD of

recipient origin.

Because of its inherent association with immunosup-

pression, a key feature of PTLD treatment includes the

restoration of a functional immune system in the recipient.

Therefore, initial therapy is aimed at reducing immuno-

suppression in most of the patients. The response rates vary

with some patients achieving complete remission with a

reduction in immunosuppression alone or in combination

with localized therapy, such as radiation or surgery,

whereas others experience progressive disease [20, 48].

Factors that predict failure of reduced immunosuppression

as a single treatment modality include elevated lactate

dehydrogenase levels, organ dysfunction, and multi-organ

involvement [20]. A previous study undertaken at our

institution demonstrated that a reduction in the blood level

of tacrolimus was associated with a reduction in the EBV

load after liver transplantation, and that EBV infection

could be kept asymptomatic when the tacrolimus trough

level was under 3.0 ng/mL [21]. Rituximab is a chimeric

anti-CD20 antibody that has recently been used to treat

lymphoma. Rituximab also displays activity against PTLD

after solid organ transplantation, and response rates of

44–100% have been reported in several studies [49, 50, 51,

52]. A recent phase 2 clinical trial of rituximab for the

treatment of PTLD revealed a response rate of 44% on day

80. This trial included patients whose only previous ther-

apy was the reduction of immunosuppression, but excluded

patients with central nervous system PTLD [23]. Chemo-

therapy with regimens used in lymphoma therapies, such as

CHOP, remains a therapeutic option for patients who do

not respond to immune manipulation or rituximab. PTLD

generally remains chemotherapy-sensitive after progres-

sion or failure to respond to rituximab, when used as the

first-line therapy, and CHOP salvage therapy can achieve

an overall response rate of up to 70% in these patients [53].

To reduce the toxicity of chemotherapy, lower-dose che-

motherapy with cyclophosphamide and prednisone was

evaluated in 36 pediatric patients who had failed to respond

to the first-line therapy, with an excellent overall response

rate of 83% [54]. When PTLD is confined to one site,

radiation and/or surgery can effectively control the local

disease [5]. Surgery and radiation also play roles in man-

aging the local complications of PTLD. Our current treat-

ment algorithm is outlined in Fig. 5. In our series, the

reduction of immunosuppression alone sufficiently con-

trolled PTLD in three patients. This might mean that the

patients received over immunosuppression at the onset of

the disease. Indeed, two of these three patients had suffered

from repeated biopsy-proven rejection, and another patient

was still undergoing steroid therapy at the onset of PTLD

because of repeated episodes suggesting rejection. The

method of reducing immunosuppression improved with

time. We had no criteria upon which to base the appro-

priate immunosuppression doses for our initial two

748 Surg Today (2012) 42:741–751
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patients. Now, reducing the dose of tacrolimus to a level

that maintains the trough below 3.0 ng/mL and with-

drawing steroids is our treatment approach for PTLD,

although rituximab was necessary for one patient with

gastrointestinal PTLD. Because there was no safely

accessible lymph node for biopsy in this patient, it was

possible that his PTLD was a T-cell lymphoma; however,

his symptoms improved and his EBV DNA load decreased

rapidly after the initiation of rituximab. This outcome

suggests that his PTLD was a B-cell lymphoma. Because

rituximab is not very dangerous, its use has been suggested

when there is no safely accessible site for a pathological

diagnosis, especially in pediatric patients. We used che-

motherapy with rituximab followed by surgical resection to

treat our patient with aggressive lung and mediastinal

masses. Complete remission was achieved in all five

patients, with no recurrence to this point.

In summary, we treated five pediatric cases of PTLD

after LDLT. Each case manifested differently and required

different therapeutic approaches, including cytotoxic che-

motherapy. Although PTLD is a life-threatening compli-

cation after liver transplantation, prompt and appropriate

treatment with rituximab and chemotherapy, as deemed

appropriate, can contribute to a good outcome.
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