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he Role of Immunosuppression in Malignancies Among 351 Pediatric
enal Transplant Patients

. Berardinelli, M. Raiteri, L. Ghio, P.G. Messa, and G. Montagnino

ABSTRACT

The incidence of de novo malignancies over a 38 year experience in 351 children ranging
in age from 2 to 18 years was investigated among subjects prescribed various immunosup-
pressive protocols. There were 14 children (3.98%) who showed de novo malignancies,
namely, 4.86 cancers for every 1000 graft-function years (GFYs). Among patients who had
grafts functioning for �10 years, 7.4% suffered from cancer. Nine patients survive without
a recurrence at a mean of 12.5 � 6.6 years including 6 with graft function. Among group
I who were treated with pre–calcineurin inhibitor (CNI) therapy 3 (3.8%) children (1 male
and 2 females) developed a malignancy at a mean of 15.2 � 11.9 years posttransplant
(range, 7–35), for 4.65 cancers every 1000 GFYs. Two of them survive with functioning
grafts. Among group II, who were treated by CNIs there were 273 children including 24
retransplants. Group II showed 11 malignancies (4.0%), for 5.04 malignancies for every
1000 GFYs. The incidence of cancer was similar in the 2 groups, undergoing different
immunosuppressive regimens; however, the malignancies in the CNI- group were more

precocious, compared with those of the conventionally-treated cohort.
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ENAL transplantation is considered to be the best
therapy for end-stage renal disease (ESRD), particu-

arly for the pediatric population, for it is associated with
etter chances of growth and school attendance. The use of
alcineurin inhibitors (CNIs) has offered considerable im-
rovement in 1-year graft survival, but these powerful

mmunosuppressive drugs predispose the adult population
o an increased risk of cancer.1 There are few reports of
alignancies among transplanted children2,3 other than

osttransplant lymphoproliferative diseases (PTLD), which
epresent the most common malignancies in the pediatric
opulation, including more than 52% of all tumors.4 The
im of this retrospective study was to analyze the incidence
nd characteristics of invasive malignancies among 351
hildren, who were transplanted between ages 2 and 18
ears under different immunosuppressive treatments. The
mpact of a cancer on graft and patient survivals was also
valuated during the last 37 years.

ATIENTS AND METHODS

ver 2809 kidney transplantation operations performed between
ay 22, 1969, and December 31, 2008 include 351 performed in

atients aged under 18 years. The greatest portion (86.0%) were
rom decreased donors (DDs). Only 36 had been transplanted with
living donor (LD) kidney. The first 78 children were treated with
onventional therapy (prednisone and azathioprine), the latter 273 l

041-1345/10/$–see front matter
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166
ith calcineurin inhibitors (CNIs). Our pediatric population was
rouped on the basis of the immunosuppressive therapy: before
group I) versus after (group II) the introduction of CNIs. We
ought differences in risk factors for the onset of a malignancy
ther than a noninvasive skin cancer.
Group I, including 78 children, belonging to our early experience

nd treated with corticosteroids and azathioprine; had 65 (83.3%)
D kidneys with 2 en bloc, versus 13 (16.7%) from an LD. Group

I was formed by 273 children treated with CNIs and, since 2000, by
nduction of anti–T-cell antibodies. We included 237 (86.8%)
hildren received the kidney from a DD, 36 (13.2%) were from a
elated LD. There were 24 re-transplants (22 second and 2 third),
en bloc and 2 simultaneous kidney plus liver transplants.
This study considered only malignancies different from noninva-

ive skin cancers. Some risk factors, such as recipient age and
ender, period of pretransplant dialysis, source of transplant
deceased donor or living donor), donor age, the incidence of
alignancy and average time of onset of malignancy, follow-up
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IMMUNOSUPPRESSION IN POST TRANSPLANT MALIGNANCY 1167
eriod, and impact of the malignancy on graft and patient survivals
ere investigated for both groups.
Reduction or withdrawal of immunosuppression was the thera-

eutic management after a diagnosis of cancer, with addition of
hemotherapy as tailored to the individual patient’s response,
tipulated according to the prescription of the specialist.

Patients were followed from the time of transplantation until the
ast available visit, return to dialysis, graft nephrectomy, retrans-
lantation, or death. Kaplan-Meier survival curves assessed patient
nd graft survivals, with differences calculated by the log-rank test.
oreover, the estimated incidence rates of cancer were calculated

s the quotient of malignant disease incidence every 1000 years of
raft function (GFY) separately for the 2 different protocols. P �
05 was accepted as significant.

ESULTS

malignancy was detected among 14/351 (3.98%) children
n our series, including 4 males and 10 females. It occurred
t a mean of 9.1 � 8.8 years (range, 0.6–35); the incidence
ate was 4.86 malignancies for 1000 GFYs. Overall 7.4% of
atients who had graft function for �10 years suffered a de
ovo malignancy. The data base, stratified into the 2 groups,
videnced some differences.

The incidence rate for children under conventional ther-
py (group I) was 4.65 malignancies for 1000 GFY versus
.04 for children in group II, under CNI (P � NS). There
ere some differences in the onset time of cancer and the
ourse of the disease. In the group I, 3 patients (3.8%; 1
ale and 2 females), whose mean age at the procedure was

5.2 � 2.6 years (range, 13–18), developed malignancies at
mean of 15.2 � 11.9 years posttransplantation (range,

–35). All children had received grafts from a DD. The first
atient who received a graft at 18 years from a 28-year-old
ale DD developed an asymptomatic cancer in his right

ative kidney at 35 years there after, as detected by annual
ontrol sonography. Due to cardiac compromise, we per-
ormed a renal artery embolization into the kidney affected
y cancer, to reduce the operative risks. He is still living
ith normal renal function (1.3 mg/dL) at 1.5 years after
ephrectomy. The second child, a 13-year-old female recip-

ent at transplantation is still living with normal graft
unction (1.1 mg./dL) at 22 years after the excision of
ultiple melanomas. The third patient, a 14-year-old child,

ied from lymphoma at 22 years and 4 months after her
econd transplant, which was well functioning at the time of
er demise.
Among group II recipients 11 malignancies (4.0%) were

reated in 3 males and 8 females of overall mean age at
ransplantation of 11.2 � 5.5 years (range, 3–18). They
eveloped de novo cancers at a mean of 7.4 � 5.3 years
ostoperatively (range, 0.6–13). Among 36 transplantations
sing a LD, 2 children (5.5%) developed cancer; the other
alignancies occurred among 9/237 (3.8%) patients trans-

lanted with a DD kidney.
Between 1 and 10 years posttransplantation 4 cancers had

n onset; the other 7 appeared between 11 and 13 years.
he types of malignancies were malignant lymphoprolifera-
ive disease (n � 8; 2 cerebral lymphomas, 1 femoral f
ymphoma, 3 systemic lymphomas, 1 lymphatic leukemia, 1
yeloma), ovarian dysgerminoma (n � 1), Kaposi’s sar-

oma (n � 1), and renal cell carcinoma in the transplanted
idney (n � 1), which was evidence fortuitously by histo-
ogic findings of a graft, from a related LD requiring
emoval for chronic allograft nephropathy (CAN) at 8 years
osttransplantation. All patients suffering from PTLD had
een Epstein-Barr virus (EBV)-negative at the time of
ransplantation, but developed EBV primary infections
here after. All PTLD patients’ donors were EBV positive.
urthermore, before and/or after transplantation, all pa-

ients received a range of immunosuppressive drugs in
ddition to the baseline prophylactic regimen.5

As far as the outcomes are concerned, 2 children affected
y cerebral lymphoma and 1 by acute lymphoblastic leuke-
ia at diagnosed mean of 9.6 � 4.5 years died with

unctioning grafts within a few months after the onset of the
alignancy. The 3 children affected by ovarian dysgermi-

oma, Kaposi’s disease, or myeloma lost their grafts after
eduction or withdrawal of immunosuppressive treatment.

renal carcinoma was discovered at histologic examination
f a graft, which was removed due to CAN. The child who

ost graft function after the onset of myeloma died 3 months
ater due to that disease while on dialysis. The other 3
atients presently alive without a recurrence at a mean of
5.6 � 3.8 from cancer onset years (range, 13–20). Four
atients are alive with functioning grafts at 24, 17, 17, and (2
ears after) transplantation and 13, 12, 3, and 1 year after
he onset of the cancer without evidence of a recurrence.

ISCUSSION

he incidence of PTLD among patients under CNI treat-
ent (2.93%) was similar to that reported in pediatric

eries, namely of 0.7–2.6%.6–8 Cadaveric donor source,
oung age (�5 years), and male gender were not significant
isk factors in our analysis, different from previously re-
orted results.9,10 Moreover, different from the results
btained in our center among patients of �50 years at
ransplantation, there was no significant increase in inci-
ence among our pediatric kidney recipients despite the use
f more potent immunosuppressive drugs.11 In fact, the

ncidence of cancer was similar for recipients within our
arlier experience of treatment with steroids and azathio-
rine, compared with recipients treated with CNIs. How-
ver, malignancies were more precocious in the CNI group,
hen compared with that of conventionally treated sub-

ects, despite the fact that the CNI mean follow-up period
as significantly shorter (P � .0001).
Caucasian race, recipient age �18 years, EBV seroneg-

tive recipients, cytomegalovirus infection, use of OKT3,
acrolimus, and administration of human pituitary growth
ormone have all been implicated as risk factors for malig-
ancy.12 Better knowledge of risk factors for cancer, adop-
ion of new drugs, and tailored modulation of immunosup-
ressive therapy may reduce the incidence of cancer in the

uture.
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