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Post-transplant lymphoproliferative disease is associated with
early sternotomy and left ventricular hypoplasia during infancy:
a population-based retrospective review
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Abstract Background: Heart transplantation has been an option for children in Sweden since 1989. As our unit
faced an increased rate of post-transplant lymphoproliferative disorder, the objective of the study was to identify
possible risk factors. Methods: This is a retrospective study of all children aged 0–18 years who underwent heart
transplantation in Gothenburg from 1989 to 2014. Results: A total of 71 children underwent heart transplantation.
The overall incidence of post-transplant lymphoproliferative disorder was 14% (10/71); however, 17%
(6/36) of those undergoing transplantation after 2007 developed lymphoma, compared with only 10% (4/35) of
transplantation cases before 2007 (p= 0.85). The mean age at transplantation was 9 years (0–17). The mean post-
transplant follow-up time was 5.5 years (0.5–21.9) in the group that developed post-transplant lymphoproliferative
disorder, compared with 10.2 years (0.02–25.2) in those who did not. In our study group, risk factors for post-
transplant lymphoproliferative disorder were surgically palliated CHD (p= 0.0005), sternotomy during infancy
(p⩽ 0.0001), hypoplastic left ventricle (p= 0.0001), number of surgical events (p= 0.0022), mismatch concerning
Epstein–Barr virus infection – that is, a positive donor–negative recipient (p⩽ 0.0001) – and immunosuppressive
treatment with tacrolimus compared with ciclosporine (p= 0.028). Discussion: This study has three major findings.
First, post-transplant lymphoproliferative disorder only developed in subjects born with CHD. Second, the vast
majority (9/10) of the subjects developing the disorder had undergone sternotomy as infants. Third, the number of
surgical events correlated with a higher risk for developing post-transplant lymphoproliferative disorder.
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HEART TRANSPLANTATION HAS BEEN AN OPTION

for end-stage heart disease in children since
the 1980s, and has become possible thanks to

the development of immunosuppressive treatment;
however, the treatment itself increases the risk
for developing malignancies, predominantly post-
transplant lymphoproliferative disorders.1–5 This is
frequently of B-cell origin, in which viruses such as
Epstein–Barr virus typically drive malignant trans-
formation. Approximately 95% of adults in the

community are infected with Epstein–Barr virus.
Upon infection, the virus incorporates itself in
the B-cells, where it establishes by transforming the
lymphocytes to perpetual lymphoblasts. If the
natural protection of T-cell origin is hampered,
Epstein–Barr virus infection induces a change in the
growth pattern in the B-cells and neoplasms such as
B-cell lymphoma, Burkitt’s lymphoma, nasopharyn-
geal carcinoma, or Hodgkin’s disease can develop.
The thymus is of crucial importance for the
development and maintenance of T-cell function.
Most children who undergo heart surgery including
sternotomy during infancy have their thymus partly
or totally removed. There has been a tremendous
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development in surgical methods, anaesthesia, med-
ication, and immunosuppressive treatment, and the
overall morbidity and mortality for children under-
going transplantation has decreased.6 In spite of this
development, our unit witnessed an increase in post-
transplant lymphoproliferative disorder cases during
recent years. The objective of this study was to
analyse the prevalence of post-transplant lympho-
proliferative disorder among children undergoing
heart transplantation in Gothenburg, in order to
identify possible risk factors in this population.

Material and methods

Paediatric heart transplantation has been available in
Sweden since 1989 and the coordination of listing,
transplantation, and organ procurement is carried
out within the framework of the Scandiatransplant
organisation (Aarhus, Denmark). It is centralised to
two centres, Gothenburg and Lund.7 The protocol for
immunosuppression has undergone development
over time; in 2007, our unit switched antithymocyte
globulin preparation from Thymoglobulin (Sanofi
Genzyme, Cambridge, United Kingdom) to ATG-
Fresenius (Fresenius Kabi, Uppsala, Sweden). There has
been a gradual shift in triple immunosuppression
therapy, from ciclosporine, azathioprine, and pre-
dnisone towards a tacrolimus-based regimen, including
mycophenolate mofetil. Steroids were regularly weaned
after 6 months. In children undergoing transplantation
as toddlers with a benign rejection history, mycophe-
nolate was usually weaned after 2 years. In older chil-
dren, mycophenolate dosage was not increased with
growth, leading to an effective reduction in dosage.
The target level for tacrolimus was reduced over time to
reach 6 µg/L by 2 years or earlier in younger children.
Prophylactic treatment with antivirals such as valgan-
ciclovir is used when there is a mismatch concerning
cytomegalovirus.
The protocol for follow-up has undergone minor

changes during this 25-year period, including fewer
endomyocardial biopsies and the possibility to obtain
real-time viral load with polymerase chain reaction,
which is especially useful for obtaining viraemia of
Epstein–Barr virus infection and cytomegalovirus.
Serostatus and degree of viraemia of Epstein–Barr

virus and cytomegalovirus is obtained at every biopsy,
which is carried out eight times during the 1st year after
transplantation, and once yearly thereafter. Surveillance
includes physical examination at check-up every
3 months. When viraemia levels are rising or above log
4–5 copies/ml, the immunosuppression is lowered and
a CT scan of the chest and stomach is performed.
Treatment with Rituximab is considered.
As the exact radiation exposure was impossible to

obtain, the number of X-ray scans, angiographies

and CT scans were counted, comparing patients
developing lymphoma with those not developing
lymphoma, exposed during the same time period.

Data collection procedures and variables
This report is based on a retrospective analysis of all
subjects below 18 years of age who underwent heart
transplantation in Gothenburg between January,
1989 and December, 2014.
Medical reports were reviewed, focussing on

gender, age at transplantation, listing diagnosis,
recipient’s Epstein–Barr virus serostatus at the time
of transplantation, induction treatment, immuno-
suppressive treatment, development of malignancy,
and mortality. Heart defects were classified according
to the systemic ventricle in biventricular defects and
according to the hypoplastic ventricle in defects
palliated with univentricular palliation. Type of
surgery was classified as sternotomy or no sternotomy,
focussing on the subject’s 1st year of life. Sternotomy
includes total or partial thymectomy. Lymphoma was
defined as post-transplant lymphoproliferative dis-
order, verified by histologic examination in a biopsy.

Statistical methods
Continuous data are presented as mean, SD, median,
minimum, and maximum, and categorical data are
presented as counts and percentage of total. To describe
time-to-event rates the Kaplan–Meier plot was used.
For comparison of time-to-event among groups the
log-rank test was used for dichotomous variables and
log-rank test for ordered categorical variables. As the
numbers of events described as post-transplant lym-
phoproliferative disease were only 11, only univariable
Cox proportional hazards regression analyses was per-
formed. Hazard ratios with 95% confidence intervals
were calculated using Cox models. The proportional
hazard assumption was verified by review of log (− log
survival) versus log (time). All statistical analyses were
two-sided and conducted at the 5% significance level.
All statistical analyses were performed with SAS
Software Version 9.3; SAS Institute Inc., Cary, North
Carolina, United States of America.

Results

A total of 71 children between 3 weeks and 18 years of
age underwent heart transplantation in Gothenburg
between 1 January, 1989 and 31 December, 2014.
The overall incidence of post-transplant lymphoproli-
ferative disorder was 14% (10/71). See Figure 1;
however, this varied over time: 11% (4/35) of those
who had undergone heart transplantation before 2007
developed malignancy, compared with 17% (6/36) of
those who had undergone heart transplantation in the
later period (p = 0.85).
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Descriptive data of children with and without
lymphoma are summarised in Table 1. Univariable
Cox proportional hazards regression analyses of time
to lymphoma are presented in Table 2. Age at
transplantation did not turn out to be a risk factor for
lymphoma. There was a difference in listing diag-
nosis, as not a single case with post-transplant lym-
phoproliferative disorder was found among those
with cardiomyopathy (p= 0.0003).
Among the patients developing lymphoma, nine

had left ventricular hypoplasia (p⩽ 0.0001), Table 1.
One child with biventricular defect and aortic stenosis,
developed post-transplant lymphoproliferative dis-
order. For a detailed report on the type of CHD as an
indication for transplantation, see Table 3. There was a
trend for CHD to become more common during the
observed time period, 42% in 1989–2006 compared
with 56% in 2007–2014 (p= 0.55), and there was a
shift in heart defects as listing diagnosis; biventricular
circulation constituted 22% of listing diagnoses before
2007 compared with 8% after this date, whereas uni-
ventricular palliation tripled from 14% (5/35) in the
earlier period to 47% (17/36) in the later period.
The majority of the children who developed

post-transplant lymphoproliferative disorder had
undergone at least one sternotomy during the 1st year
of life, before heart transplantation, most commonly
during the first 2 weeks after birth. About one-third
– that is, 9 of 30 – who underwent sternotomy as
infants developed lymphoma (p⩽ 0.0001; Fig 2).
Number of surgical events turned out to be a risk

factor for development of post-transplant lymphopro-
liferative disorder (p= 0.0001), Figure 3. Overall, 35
of 71 children with heart transplants had undergone
surgery before transplantation, 91% (32/35) for CHD
and 8% (3/36) for cardiomyopathies. Among the three
children with cardiomyopathies and surgery, two had
undergone surgery in infancy, one for aortic coarctation

and one for an atrial septal defect, and the third
one had undergone surgery in childhood for aortic
coarctation. Of the children, three with CHD had not
undergone surgery before transplantation: one had
Ebstein anomaly, one had hypoplastic left heart syn-
drome and received the allograft in the United States of
America, and one was born with a hypoplastic right
ventricle, pulmonary stenosis, and a ventricular septal
defect; she received a heart transplant at 3 years of age.
Extracorporeal membrane oxygenation was used in

14 subjects, seven with cardiomyopathies and seven
with CHD, at a median time of 6.5 days (1–58)
before transplantation. At the time of transplanta-
tion, 12 children were on ventricular assist device
support as bridge therapy.
A mismatch concerning Epsten–Barr virus, with

a seropositive donor and a seronegative recipient,
turned out to be a significant risk factor for develop-
ment of post-transplant lymphoproliferative disorder
(p= 0.0001).
Thymoglobulin was consistently used as induction

treatment during the first 18 years, and then gradu-
ally changed to ATG-Fresenius, without statistical
connection to lymphoma (p= 0.061).
Immunosuppressive treatment with tacrolimus

was a risk factor for lymphoma compared with
ciclosporine (p= 0.028); however, the shift in treat-
ment from ciclosporine in the first time period to
tacrolimus in the later period coincides with other
changes: for example, the shift to univentricular cir-
culation as listing diagnosis.
Overall, 20 subjects succumbed and the causes of

death were lymphoma in four, rejection in five, graft
dysfunction in three patients, and Kaposi’s sarcoma,
renal failure, aplastic anaemia, pulmonary hypertension,
myocarditis, hypertrophic cardiomyopathy in the
donor, immune deficiency, and an accident in one
patient each. Standardised mortality ratio was 97.8 for
the whole group of children with heart transplants.

Post-transplant lymphoproliferative disorder
Patient characteristics for children diagnosed with
post-transplant lymphoproliferative disorder are
summarised in Table 4. The mean duration between
transplantation and diagnosis was 2.6 years (range
5 months to 15 years). The majority developed lym-
phoma within 2 years of transplantation. The
majority had diffuse large B-cell lymphoma with
a survival rate of 5/8; one survivor had Burkitt’s
lymphoma, whereas the child with polymorphic
lymphoma has succumbed. All subjects with post-
transplant lymphoproliferative disorder had CHD, all
receiving sternotomy as the surgical intervention up
to seven times before heart transplantation; all but
one had left ventricular hypoplasia and none was

Figure 1.
Kaplan-Meier graph for time to lymphoma.
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known to be positive for Epstein–Barr virus infection
at the time of transplantation.

Radiation exposure

In nine of 10 children diagnosed with post-transplant
lymphoproliferative disorder the number of X-ray
scans, CT scans, and angiographies could be compared
with 13 patients without development of malignancy:
the number of X-rays were 117/person compared with

109/person (p= 0.083), CT scans were 3.8/person
compared with 5/person (p= 0.97), and angiographies
were 17/person compared with 23 (p= 0.76).

Syndromes and genetic abnormalities
Among the children with CHD, three were diagnosed
with genetic syndromes: one girl had Turner syndrome
and unbalanced atrioventricular septal defect with aortic
atresia, one girl had left ventricular hypoplasia, and one
boy had Noonan syndrome and aortic atresia with a

Table 1. Descriptive data for all patients, including a comparison between patients with and without lymphoma.

Variables Total (n= 71) No (n= 61) Yes (n= 10)

Sex
Male 42 (59.2%) 35 (57.4%) 7 (70.0%)
Female 29 (40.8%) 26 (42.6%) 3 (30.0%)

Age at transplantation (years) 9.67 (6.16)
10.59 (0.07; 26.11)

n= 71

9.64 (6.18)
10.59 (0.07; 26.11)

n= 61

9.83 (6.37)
12.20 (0.23; 16.69)

n= 10
Age at transplantation (cat.)
0 to <7 years of age 24 (33.8%) 21 (34.4%) 3 (30.0%)
7 to <14 years of age 24 (33.8%) 22 (36.1%) 2 (20.0%)
⩾14 years of age 23 (32.4%) 18 (29.5%) 5 (50.0%)

CHD
No 36 (50.7%) 36 (59.0%) 0 (0.0%)
Yes 35 (49.3%) 25 (41.0%) 10 (100.0%)

Left ventricular hypoplasia
No 47 (66.2%) 46 (75.4%) 1 (10.0%)
Yes 24 (33.8%) 15 (24.6%) 9 (90.0%)

Sternotomy before 1 year of age
No 47 (66.2%) 46 (75.4%) 1 (10.0%)
Yes 24 (33.8%) 15 (24.6%) 9 (90.0%)

Number of heart surgeries before transplantation (cat.)
0 surgeries 36 (50.7%) 36 (59.0%) 0 (0.0%)
1–2 surgeries 17 (23.9%) 13 (21.3%) 4 (40.0%)
>2 surgeries 18 (25.4%) 12 (19.7%) 6 (60.0%)

Extracorporeal membrane oxygenation before
transplantation
No 56 (78.9%) 49 (80.3%) 7 (70.0%)
Yes 15 (21.1%) 12 (19.7%) 3 (30.0%)

Left ventricular assist device before transplantation
No 62 (87.3%) 52 (85.2%) 10 (100.0%)
Yes 9 (12.7%) 9 (14.8%) 0 (0.0%)

EBV d/r pos/neg
No 39 (70.9%) 38 (80.9%) 1 (12.5%)
Yes 16 (29.1%) 9 (19.1%) 7 (87.5%)
Missing 16 14 2

EBV d/r neg/pos
EBV= 0 d/r neg/pos 47 (87.0%) 38 (84.4%) 9 (100.0%)
EBV= 1 d/r neg/pos 7 (13.0%) 7 (15.6%) 0 (0.0%)
Missing 17 16 1

Treatment and immunosuppression
Ciclosporine 16 (25.0%) 16 (29.1%) 0 (0.0%)
Tacrolimus 48 (75.0%) 39 (70.9%) 9 (100.0%)
Missing 7 6 1

Treatment thymoglobulin or ATG-Fresenius
Thymoglobulin 39 (54.9%) 35 (57.4%) 4 (40.0%)
ATG-Fresenius 32 (45.1%) 26 (42.6%) 6 (60.0%)

EBV d/r neg/pos= Epstein–Barr virus donor/recipient positive/negative.
For categorical variables n (%) is presented.
For continuous variables mean (SD)/median (min; max)/n is presented.
4 June, 2017 analysis (SAS).
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ventricular septal defect. One boy with dilated cardio-
myopathy had Becker’s disease and two girls with
hypertrophic cardiomyopathy had Danon’s disease.

Comorbidity

In all, four children with CHD had protein-losing
enteropathy before transplantation; two of them
developed lymphoma. One girl had undergone liver

transplantation 2 years before heart transplantation.
Among children with cardiomyopathy, three had
undergone previous treatment for malignancies,
including anthracyclines for all three and radiation to
the thoracic region including the heart for one.
Another child was born with a severe congenital
immune deficiency, treated twice with bone marrow
transplantation as an infant. A single boy developed a
rare form of cancer, Kaposi’s sarcoma, leading to
death at 14 months post-transplantation.

Table 2. Univariable Cox proportional hazards regression analyses of time to lymphoma

Value
Lymphoma events (n)
% of total number Event rate (95% CI)

HR (95% CI)
p-value

Sex
Male 7/42 (16.7%) 2.05 (0.83–4.23)
Female 3/29 (10.3%) 1.24 (0.26–3.61) 0.64 (0.17–2.48)

p= 0.52
Age at transplantation (cat.)
0 to <7 years of age 3/24 (12.5%) 1.40 (0.29–4.10)
7 to <14 years of age 2/24 (8.3%) 0.94 (0.11–3.38)
⩾14 years of age 5/33 (21.7%) 3.21 (1.04–7.49) 1.66 (0.74–3.71)

p= 0.22
CHD
No 0 (0.0%) 0.00 (0.00–1.07)
Yes 10/35 (28.6%) 4.20 (2.02–7.73) Non-est

p= 0.0005
Left ventricle hypoplasia
No 1/47 (2.1%) 0.24 (0.01–1.34)
Yes 9/24 (37.5%) 5.35 (2.45–10.16) 18.55 (2.34–146.75)

p= 0.0001
Sternotomy before one years of age
No 1/47 (2.1%) 0.22 (0.01–1.25)
Yes 9/24 (37.5%) 6.57 (3.00–12.47) 26.82 (3.10–231.90)

p⩽ 0.0001
Number of heart surgeries before transplantation (cat.)
0 surgeries 0 (0.0%) 0.00 (0.00–0.97)
1–2 surgeries 4/17 (23.5%) 3.13 (0.85–8.02)
>2 surgeries 6/18 (33.3%) 7.87 (2.89–17.13) 5.75 (1.87–17.64)

p= 0.0022
Extracorporeal membrane oxygenation before transplantation
No 7/56 (12.5%) 1.38 (0.55–2.84)
Yes 3/15 (20.0%) 3.97 (0.82–11.59) 1.90 (0.47–7.63)

p= 0.36
Left ventricular assist device before transplantation
No 10/62 (16.1%) 1.82 (0.87–3.36)
Yes 0 (0.0%) 0.00 (0.00–10.46) Non-est

p= 0.27
EBV mismatch (positive donor, negative recipient)
No 1/39 (2.6%) 0.29 (0.01–1.61)
Yes 716 (43.8%) 8.95 (3.60–18.44) 25.62 (3.03–216.58)

p⩽ 0.0001
Immunosuppressive treatment
Ciclosporine 0 (0.0%) 0.00 (0.00–1.47)
Tacrolimus 9/48 (18.8%) 2.81 (1.29–5.34) Non-est

p= 0.028
Induction treatment
Thymoglobulin 4/39(10.3%) 0.84 (0.23–2.15)
ATG-Fresenius 6/32 (18.8%) 5.65 (2.07–12.30) 3.53 (0.87–14.33)

p= 0.061

CI= confidence intervals; HR= hazard ratios; Non-est= non-estimable.
For dichotomous variables p-values are obtained from the log-rank test. For the continuous and ordered categorical variables p-values are obtained from
the Cox regression analysis.
4 June, 2017 analysis (SAS).
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Discussion

This study has three major findings. First, post-
transplant lymphoproliferative disorder only devel-
oped in subjects born with CHD. Second, all subjects
developing lymphoma had undergone sternotomy as
infants. Third, the number of surgical events carried a
higher risk for development of lymphoma.

CHD
In the present study, CHD was a risk factor for
development of post-transplant lymphoproliferative

disorder, as no subject with cardiomyopathy developed
the malignancy. To our knowledge, this has not been
reported before; however, the data concerning malig-
nancy in the largest international registry are limited.1

Large international studies indicate that palliated
CHD is a significant risk factor for death.1,8 In con-
trast, in several studies, including those based on large
multicentre registries, the long-term outcome is
reported to be similar for subjects with transplants
for CHD and for those with cardiomyopathy.5,8,9 In
our cohort, children with different forms of left
ventricular hypoplasia constituted an especially

Table 3. Type of heart defects among children who had undergone transplantation because of structural heart defects:
comparison of development or absence of post-transplant lymphoproliferative disorder.

No post-transplant
lymphoproliferative
disease (n= 25)

Post-transplant
lymphoproliferative
disease (n= 10)

Left ventricular hypoplasia
Hypoplastic left heart syndrome 7 4
Mitral atresia and double-outlet right ventricle 1 2
Unbalanced atrioventricular septal defect 2 1
Congenitally corrected transposition, ventricular septal
defect and pulmonary stenosis

1 1

Double-outlet right ventricle and pulmonary stenosis 1
Congenitally corrected transposition, mitral hypoplasia,
coarctation

1

Right ventricular hypoplasia
Tricuspid atresia 2
Pulmonary atresia with intact ventricular septum 1
Unbalanced atrioventricular septal defect 1
Hypoplastic right heart syndrome 1

Biventricular system
Systemic left ventricle
Ebstein’s anomaly 1
Aortic stenosis with or without coarctation of the aorta 3 1
Pulmonary atresia with ventricular septal defect 1

Systemic right ventricle
Transposition of the great arteries (Mustard surgery) 3

Figure 2.
Kaplan-Meier graph for time to lymphoma by Sternotomy before one
year of age.

Figure 3.
Kaplan-Meier graph for time to lymphoma by Number of heart
surgeries before 1 year of age.
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vulnerable group, as 9/10 children with post-transplant
lymphoproliferative disorder belonged to this group.
Nearly half of the children transplanted for left ventri-
cular hypoplasia developed lymphoma (9/21). Newborns
with hypoplastic left heart syndrome have been reported
to have a high mortality during surgery, with the
exception of heart transplantation as an alternative
to palliative surgery.1,8,10,11 An associated congenital
immune defect could be an explanation for this increased
risk for post-transplant lymphoproliferative disorder.
Children born with CHD sometimes have an impaired
immune system, as in Down syndrome and DiGeorge
syndrome; however, there were no children with these
syndromes in our cohort. Hypoplastic left heart syn-
drome is associated with Turner syndrome and Noonan
syndrome, without associated immune deficiency.

Surgery
All subjects developing post-transplant lymphoproli-
ferative disorder had undergone heart surgery, includ-
ing sternotomy and cardiopulmonary bypass one to
seven times before transplantation (median 3 times).
Extracorporeal circulation activates the acute inflam-
matory response with raised serum levels of cytokines
such as interleukin 6, 8, and 10.12–14 An activated
inflammatory response might theoretically increase
the risk for lymphoma and in the present study the
risk was significantly increased with the number of
surgical events. In our cohort, three of 14 treated
with extracorporeal membrane oxygenation developed
post-transplant lymphoproliferative disorder; in spite of
the fact that seven of the subjects had cardiomyopathies,
none of them developed lymphoma. In contrast,
all those who developed lymphoma had undergone
extracorporeal circulation interventions during infancy.
As the large size of the thymus hampers surgical

access to the heart, some form of thymectomy is
necessary in most surgeries performed for CHD

during infancy. The consequences of thymectomy in
infants are controversial, but the procedure does
result in some degree of immunodeficiency.15–17

Long-term studies report persistent lymphopaenia
and low signal joint T-cell receptor circle levels dur-
ing the first 5 to 10 years after surgery, but 20–30
years later there is a trend toward a normalised
immune system.18 This cohort of subjects, subjected
to thymectomy as infants, immunosuppresion at
heart transplantation, and an iatrogenic lifelong
suppression of the T-cell system might be vulnerable,
especially during the first 10 years after transplanta-
tion. The incidence of post-transplant lymphoproli-
ferative disorder was 32% (10/31) among those who
had undergone sternotomy before transplantation in
our cohort of patients.
The overall incidence of lymphoma during the

observed period, 10% during the first time period and
17% during the later period, was within the reported
rate of 1–28%.2,5,10,19–21 We found an increased
incidence of early-onset post-transplant lymphoproli-
ferative disorder, in contrast to other reports.22 The
fact that the listing diagnosis shifted from a dominance
of cardiomyopathy during the early years in favour of
CHD with univentricular palliation could at least
partly explain this increased incidence of lymphoma.

Epstein–Barr virus infection
The strongest risk factor for the development of post-
transplant lymphoproliferative disorder is considered
to be primary infection with Epstein–Barr virus
after transplantation, especially when the donor is
seropositive.2,4,21,23–26 Not unexpectedly, the vast
majority of subjects in the present study who devel-
oped post-transplant lymphoproliferative disorder
were seronegative before transplantation, and seven of
them received a seropositive heart. There is an
increasing interest in trying to prevent Epstein–Barr

Table 4. Patient characteristics of the children who developed post-transplant lymphoproliferative disorder after heart transplantation

Patient
no. Sex

Age at
HTX

Induction
treatment

Time HTX
lymphoma
(year)

Type of
lymphoma

Listing
diagnosis

Dominating
ventricle

Sternotomy
before HTX (n)

EBV
negative at
HTX Alive

1 M 14 Thg 2.2 DLBL CTGA/VSD/PS Right 1 Unknown Yes
2 M 10.13 Thg 3.2 PL CTGA/CoA/

DILV
Right 5 Unknown No

3 F 14 ATG-F 0.5 DLBL AVSD/DORV Right 7 Yes Yes
4 M 15 ATG-F 0.5 DLBL HLHS Right 3 Yes Yes
5 M 16 ATG-F 0.4 DLBL HLHS Right 4 Yes Yes
6 F 0.25 Thg 15 DLBL HLHS Right 2 Yes No
7 M 15 ATG-F 0.5 DLBL AS Left 2 Yes Yes
8 M 8 ATG-F 5.6 BL MA/DORV Right 4 Yes Yes
9 F 0.7 Thg 2.3 DLBL HLHS Right 3 Yes No
10 M 3 ATG-F 0.6 DLBL MA/DORV Right 2 Yes No

EBV= Epstein–Barr virus; F= female; HTX= heart transplantation; M=male.
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virus disease, by developing a vaccine and conducting
trials with the infusion of intravenous immuno-
globulin, but, so far, there are no such options for
effective treatment of the disease.24 The group of
infants with hypoplastic left heart syndrome, a severe
CHD, might not be exposed to community infections
to the same extent as healthy children, further
increasing the risk for being seronegative at the time
of transplantation.

Induction therapy and immunosuppressive treatment
The protocol for immunosuppression changed during
this study, as described above; nonetheless, it is unli-
kely that the protocol was a risk factor for developing
lymphoma, as no individual with cardiomyopathy
developed lymphoma. Even if there was an increased
incidence of lymphoma after the change from
Thymoglobulin to ATG-Fresenius, we did not find a
statistical connection to lymphoma. This is consistent
with the report from the Pediatric Heart Transplant
Study, in which the incidence of post-transplant
lymphoproliferative disorder was comparable for
children treated with ATG-Fresenius and those treated
with Thymoglobulin.2 Although there might have
been some small individual deviations, all subjects
were treated according to the same protocol; moreover,
large studies have not reported an increased incidence
of lymphoma related to choice of induction
therapy.2,20,21,26,27 Mortality rate and causes of death
are similar to those reported in other studies.1,8,10

Radiation exposure
In the present study, there was no evidence support-
ing increased radiation exposure in the cohort that
developed post-transplant lymphoproliferative dis-
order, as reported in a study from Canada.28 It is
generally accepted that there is a dose-response rela-
tion between radiation and lymphoma; however,
large studies show a protracted induction and a
latency period for decades.29

In the cohort of children undergoing heart trans-
plantation in Gothenburg during a period of 25
years, all 10 of the 71 subjects developing post-
transplant lymphoproliferative disorder had CHD,
the majority had a hypoplastic left ventricle, all had
undergone sternotomy, and the majority had under-
gone repeated surgery before transplantation. Thus,
these can be seen as potential risk factors for post-
transplant lymphoproliferative disease.

Limitations of the study
Our cohort remains small, nonetheless, we have the
advantage of Sweden’s a comprehensive health care

system, allowing access to reliable data and with few
patients lost to follow-up.
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