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Incidence and imaging findings of lymphoma after liver
transplantation in children*

Incidência e aspectos de imagem do linfoma pós-transplante hepático em crianças
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Objective: To evaluate the incidence and imaging findings of lymphoma after liver transplantation in children. Materials

and Methods: The authors reviewed records and imaging studies of children submitted to liver transplantation in the

period between 2000 and 2008 in a single institution. Results: Among 241 children submitted to liver transplantation,

with a mean follow-up period of 41.4 ± 26.4 months, 16 (6.6%) had lymphoma. The mean age of the patients who

developed lymphoma at the moment of transplantation was lower than in children who did not develop malignancy

(23.9 ± 18.9 versus 38.0 ± 48.9 months; p = 0.02). The time interval between liver transplantation and the diagnosis

of lymphoma ranged from 6 to 103 months. Clinical and radiological presentation was variable and the abdomen was

the most common location of the tumor (n = 13; 81.3%), followed by chest and head and neck (n = 4; 25.0% each).

Imaging findings included adenopathy, mediastinal, pulmonary and mesenteric masses, bowel wall thickening and

hepatic and renal nodules. Four children (25.0%) died because of complications of lymphoma. Conclusion: Lymphomas

are relatively uncommon and potentially fatal complications that may occur any time after pediatric liver transplantation,

presenting different clinical and imaging findings.
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Objetivo: Avaliar a incidência e os aspectos de imagem do linfoma pós-transplante hepático em crianças. Materiais

e Métodos: Foram revisados os prontuários e exames de imagem de crianças submetidas a transplante hepático entre

2000 e 2008 em uma única instituição. Resultados: De 241 crianças submetidas a transplante hepático, com se-

guimento médio de 41,4 ± 26,4 meses, 16 (6,6%) tiveram linfoma. A média de idade no transplante hepático das

crianças que desenvolveram linfoma foi inferior à das crianças que não desenvolveram (23,9 ± 18,9 vs. 38,0 ± 48,9

meses; p = 0,02). O tempo entre o transplante e o desenvolvimento do linfoma variou de 6 a 103 meses. A apresen-

tação clínica e radiológica foi variável e a localização mais comum do tumor foi no abdome (n = 13; 81,3%), seguida

de tórax e cabeça e pescoço (n = 4; 25,0% cada). Os achados de imagem incluíram: linfonodomegalias, massas

mediastinais, pulmonares e mesentéricas, espessamento parietal de alças intestinais e nódulos hepáticos e renais.

Quatro crianças (25,0%) faleceram devido a complicações do linfoma. Conclusão: Linfomas são complicações rela-

tivamente incomuns e potencialmente fatais que podem acontecer a qualquer momento após o transplante hepático

em crianças, e que têm diversas apresentações clínicas e de imagem.

Unitermos: Linfoma; Transplante hepático; Pediatria; Diagnóstico por imagem; Complicações pós-operatórias.
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Most frequently, clinical manifestations
of PTLD occur within the first year after
transplantation and may affect any organ in
the body, either focally or diffusely(2–4). The
spectrum of such disorder includes hyper-
plastic lesions, polymorphic or monomor-
phic disease, the latter including lympho-
mas which represent the most severe form
of involvement(5).

Imaging findings also vary, typically
reflecting the possibility of involvement of
multiple organs and systems. Besides sus-
pecting the diagnosis on the basis of imag-

patients submitted to solid organs trans-
plant. The incidence of PTLD varies accord-
ing to the transplanted organ and is signifi-
cantly higher in children(1–3), representing a
wide spectrum of alterations characterized
by different degrees of abnormal prolifera-
tion of lymphoid tissue which differ from
each other in terms of pathogenesis, histo-
logical appearance and clinical behavior(1–4).

INTRODUCTION

Post-transplantation lymphoprolifera-
tive disorder (PTLD) is considered as a po-
tentially fatal complication secondary to
pharmacological immunosuppression in

nio Prudente, 211, Liberdade. São Paulo, SP, Brazil, 01509-010.

E-mail: almirgvb@yahoo.com.br

Received December 4, 2011. Accepted after revision Febru-

ary 6, 2012.



8

Bitencourt AGV et al. Lymphoma after liver transplantation in children

Radiol Bras. 2012 Jan/Fev;45(1):7–11

ing findings, the radiologist plays a relevant
role in the collection of material for histo-
pathological analysis by means of image-
guided percutaneous biopsy and in the
evaluation of the treatment response(4,6,7).

Despite the fact that some studies have
already evaluated the incidence and clini-
cal presentation of PTLD(8–11), few authors
have approached the imaging findings as-
sociated with this disease. The present
study was aimed at evaluating the inci-
dence and imaging findings of lymphomas
after liver transplantation in children.

MATERIALS AND METHODS

After approval by the Committee for
Ethics in Research of the institution, clini-
cal records of all the children submitted to
liver transplantation between 2000 and
2008 at Hospital A. C. Camargo, São Paulo,
SP, Brazil, were retrospectively reviewed.

A standard questionnaire was fulfilled
for all the children participating in the
study, including the following variables:
sex, age, transplant date, type of donor (de-
ceased or living) liver disease that has led
to transplant, type of immunosuppressant
treatment, and post-transplant follow-up
time. Another form was also fulfilled for
patients who developed lymphoma along
the postoperative follow-up, with the fol-
lowing data: time elapsed between trans-
plantation and the diagnosis of lymphoma,
clinical presentation, histological type of
the tumor, sites of involvement, imaging
findings and clinical outcome.

Imaging studies reports in the form of
hard copies and digital files were retrieved
from the archives of the Department of
Imaging Diagnosis and included ultra-
sonography (US), computed tomography
(CT), magnetic resonance imaging (MRI)
and positron emission computed tomogra-
phy (PET-CT). Some images were selected
to illustrate cases of post-transplant lym-
phoma.

The statistical analysis was performed
by the software SPSS for Windows, version
17.0 (SPSS Inc.; Chicago, IL, USA). Cat-
egorical data were presented in terms of
percentages. Continuous variables were
expressed as means and standard deviation
in cases of normal distribution. The follow-
ing statistical tests were utilized to compare

the variables: chi-squared test for categori-
cal variables; Student’s t test, or Mann-
Whitney test in cases of continuous vari-
ables, either with normal distribution or not,
respectively. The adopted p value was 0.05.

RESULTS

In the already mentioned period, 241
children underwent liver transplant. Mean
age of the children at the moment of trans-
plantation was 36.9 ± 47.5 months, ranging
from 4.5 to 215.2 months. Most transplant
patients were female (n = 133; 55.2%) and
had a living donor (n = 215; 89.2%). Biliary
atresia was the disease that most frequently
led to liver transplant (n = 162; 67.2%), and
tacrolimus was the most utilized immuno-
suppressive agent (n = 203; 84.2%).

In a mean follow-up period of 41.4 ±
26.4 months, ranging from 0 to 125 months,
16 children (6.6%) developed lymphoma.
The mean age of such children at the mo-
ment of diagnosis was 61.1 ± 32.0 months,
ranging from 12.1 to 147.0 months, and
most of them were male (n = 9; 56.3%). The
mean age at the moment of the transplant
for children who developed lymphoma was
lower than for children who did not (23.9
± 18.9 versus 38.0 ± 48.9 months; p =
0.02). No statistically significant difference
was observed in the incidence of lympho-
mas in terms of sex, donor type, liver’s dis-
ease leading to transplant or type of immu-
nosuppressant treatment.

The time elapsed between liver trans-
plant and diagnosis of lymphoma ranged

from 6.8 to 103.5 months, corresponding
to a mean of 37.2 ± 26.9 months. Only
three children (18.8%) had the diagnosis
in the first year after the transplantation
(Figure 1).

The most frequent symptoms were the
following: abdominal pain, abdominal vol-
ume increase and cervical lymph node en-
largement, present in four cases each, fol-
lowed by prolonged fever in three cases.
Two patients were asymptomatic and were
diagnosed during routine follow-up.

The abdomen was most frequent tumor
site (n = 13; 81.3%), followed by chest and
head and neck (n = 4; 25.0% each). Ab-
dominal imaging findings included masses
and mesenteric and/or retroperitoneal lym-
phadenopathy in seven cases (Figure 2),
intestinal wall thickening in three (Figure
3), focal hepatic lesions in two, and renal
mass in one case (Figure 4). Chest involve-
ment was characterized by the presence of
mass or mediastinal lymphadenopathy in
three cases and pulmonary mass in one
case. All four cases of head and neck in-
volvement were characterized by the pres-
ence of cervical lymphadenopathy.

Non-Hodgkin lymphoma was the most
common histological tumor type (n = 14;
86.7%), with seven cases of Burkitt or
Burkitt-like lymphoma, five cases of dif-
fuse large B-cell lymphoma and one non-
specific lymphoma. Hodgkin’s lymphoma
was the histological type in the other two
cases (13.3%).

Until the end of data collection, three
children (18.8%) remained under treat-

Figure 1. Distribution of cases of lymphoma in children submitted to liver transplantation according to

time elapsed between transplant and diagnosis of lymphoma.
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Figure 2. A six-year-old girl presenting heterogeneous abdominal mass involving mesenteric vessels, with histological diagnosis of non-Hodgkin’s lymphoma.

A: Pre-treatment contrast-enhanced CT image. B: Post-treatment contrast-enhanced CT image demonstrating decrease in the lesion dimensions.

Figure 3. A 12-year-old boy presenting left colon wall thickening, with increased FDG uptake at PET-CT, whose histological diagnosis was non-Hodgkin’s lym-

phoma. A: Coronal, contrast-enhanced CT section. B: Axial, contrast-enhanced CT section. C: Axial PET-CT section. D: Coronal PET-CT section.

ment, nine (56.3%) had been cured with
treatment, and four (25.0%) died because
of complications of lymphoma.

DISCUSSION

Studies in patients submitted to hepatic
transplantation have demonstrated that

lymphoma is the most common malignant
neoplasm in this population, and that there
is an inverse relationship between the in-
cidence of PTLD and age at the moment of
the liver transplantation(9,10). In the litera-
ture, the incidence of PTLD in pediatric
patients submitted to liver transplant ranges
from 4% to 15%(11,12).

PTLD may develop at any moment after
the transplant but, according to reports in
the literature, its incidence is highest within
the first 12 months following transplant(13).
In the present study, the mean was 37
months, with a maximum time of eight years
and seven months. In the study developed
by Fernandez et al., who have also evaluated
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children submitted to liver transplant, the
mean time elapsed between the transplant
and development of the disease was 25
months, ranging from seven to 47 months(11).

Age at the moment of the transplanta-
tion was the sole risk factor for develop-
ment of lymphoma observed in the present
study, which may be associated with pre-
vious contact of the patients with the
Epstein-Barr virus (EBV). It is thought that
the PTLD etiology is related to EBV-in-
duced B-cell proliferation facilitated by the
pharmacological immunosuppression of
the host. Younger children present a lower
rate of EBV positivity and for this reason
they are more susceptible to the develop-
ment of new infections after transplanta-
tion, which is associated with a high risk
for development of PTLD(14). Because of
the retrospective nature of the present
study, the authors could not evaluate the
serological status for EBV in all the pa-
tients before and after transplantation.

The clinical and radiological presenta-
tions of the disease are variable(15). In the

early phases, most patients are asymptom-
atic, and later in the course of the disease,
the symptoms are non-specific, so based
only on clinical data it is difficult to estab-
lish the differential diagnoses with oppor-
tunistic infections and allograft rejection(4).

The anatomic distribution of PTLD is
influenced by the allograph itself. Some
authors have emphasized the post-trans-
plant lymphoma propensity to occur in the
same anatomic region of the transplanted
organ, including involvement of the al-
lograft itself(13,16). In the literature, abdomi-
nal involvement occurs in 50% to 75% of
PTLD patients after kidney, liver or heart
transplants(4). In the present study, the ab-
domen was also the most common site of
involvement, followed by the chest and
cervical region. The involvement of the
central nervous system has already been
described in the literature, but no case of
such involvement was observed in the
present study.

Imaging findings of lymphoprolifera-
tive disorders include lymphadenopathy,

focal masses and diffuse organ infiltra-
tion(16,17). The most significant difference
in terms of radiological manifestations of
lymphoma occurring in the general popu-
lation and in transplant patients is the rela-
tively higher frequency of extranodal dis-
ease in the latter group. Extranodal sites of
lymphomas in the abdomen include liver,
small bowel, kidneys, mesenterium, adre-
nal glands, abdominal walls, colon and
bladder(18). In the chest, pulmonary nodules
or masses and mediastinal lymphadenopa-
thy constitute the most common manifes-
tations. In head and neck, the involvement
is most frequently characterized by the
presence of a focal mass in the Waldeyer’s
tonsillar ring and cervical lymphadenopa-
thy(4).

Considering that PTLD frequently oc-
curs in extranodal sites, PET-CT may be
extremely useful in such cases(4). PET-CT
performance is comparable to axial meth-
ods in the early staging of PTLD and dem-
onstrates a higher potential to an earlier
evaluation of treatment response than con-
ventional methods(19). In the last years,
whole body diffusion-weighted MRI has
emerged as a relevant tool, providing func-
tional information which may be utilized in
the detection and characterization of malig-
nant tumors. Such method presents the
advantage of being a technique free of ion-
izing radiation that, even at low doses may
increase the risk for secondary neoplasias
in children, and has already demonstrated
good results in the evaluation of lympho-
mas in pediatric patients(20).

Despite the appropriate treatment effec-
tiveness and good response in most of
cases, the disease can lead to death unless
it is precociously diagnosed and treated. In
the present study, the mortality rate reached
25%. Fernandez et al. have found a mor-
tality rate of 18% in a similar population(11).

Finally, lymphomas are relatively un-
common and potentially fatal complica-
tions that may occur at any moment after
liver transplant in children and that present
variable clinical and imaging findings.
Radiologists must know the manifestation
of this disease to allow an early diagnosis,
which might change the management and
clinical outcome of the disease. The main
objectives of imaging methods include the
detection of the disease, evaluation of its

Figure 4. A three-year-old boy presenting a well-defined mass in the upper pole of his right kidney with

histological diagnosis of non-Hodgkin’s lymphoma. A: Ultrasonography. B: Contrast-enhanced CT image.

C: CT-guided biopsy. D: Follow-up contrast-enhanced CT three months after treatment, demonstrating

decrease in the lesion dimensions.
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extent, guidance in percutaneous biopsy
and evaluation of the treatment response.
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