LETTER TO THE EDITOR

Inhibition of mTOR by sirolimus induces remission
of post-transplant lymphoproliferative disorders

doi: 10.1111/j.1432-2277.2008.00655.x

A recent study showed ubiquitous activation of the mam-
malian Target of Rapamycin (mTOR) signaling pathway
in cells in post-transplant lymphoproliferative disorders
(PTLD), regardless of their Epstein-Barr virus (EBV) gen-
ome expression status [1]. The inhibition of mTOR
kinase activity by sirolimus and its analogs impairs cell
growth and proliferation and may be effective in PTLD
treatment. Sirolimus and its water-soluble ester, temsiroli-
mus, are currently undergoing phase I and phase II clini-
cal trials in several hematological malignancies and solid
tumors [2].

We present the results of sirolimus implementation in
the management of three PTLD cases which occurred
among 712 kidney graft recipients transplanted at our
center between 2000 and 2007. The patients — Caucasian,
aged 26 (A), 53 (B), and 34 (C) years, had received
cadaveric kidney grafts. For patient B, the transplant was
a second one — the first graft had survived 108 months
and been treated with cyclosporine/azathioprine/predni-
sone. The causes of end-stage renal disease were diabetic
nephropathy in patient A and glomerulonephritis in
patients B and C. Patient A developed PTLD at 6 months
post-transplant, patient B at 38 months (from last trans-
plantation), and patient C at 50 months post-transplant.
None of the patients had any evidence of malignancy
before transplantation. All were HIV negative and cyto-
megalovirus (CMV) seropositive. Patients B and C were
HBV positive. Patient A developed CMV disease 6 weeks
post-transplant and was treated with gancyclovir.

The PTLD diagnosis was based on biopsies of either
enlarged lymph nodes or nodular mass. Biopsies were his-
tologically evaluated in accordance with WHO criteria
[3]. Immunohistochemistry was performed to establish
lymphoma cell phenotypes. Radiologic evaluation
included chest radiographs, ultrasound, contrast enhanced
computerized tomography scans of the chest and abdo-
men. Ultrasound and CT scans were repeated during
treatment and remission. A bone marrow trephine biopsy
was performed in all patients.

The patients showed systemic PTLD symptoms: fever,
night sweats, abdominal pain, and weight loss. Addition-
ally, patient A presented throat-ache with tonsillar
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enlargement as well as lymphadenopathy and splenomeg-
aly. In patient B, CT scans showed a nodular tumor
between liver and stomach (Fig. 1) and para-aortic lymph
nodes enlargement. In patient C, enlargement of spleen,
liver as well as peripheral, mediastinal and abdominal
lymph nodes were found. Patient A and C had impaired
performance status (3 score). All patients had positive
EBV serology, both pretransplant and during PTLD diag-
nosis. Bone marrow examination proved normal in all
patients. Histological examination and immunophenotyp-
ing showed large B-cell lymphomas with positive prolifer-
ation markers (Ki- 67) in patients A and B, and T-cell
lymphoma in patient C. International Prognostic Index
(IPI) was high in patient A and C. Clinical data are pre-
sented in Table 1 and Figs 1 and 2.

Primary treatment was the immediate discontinuation
of calcineurin inhibitors and mycophenolate mofetil or
azathioprine and administration of sirolimus at a dose of
2-3 mg/day, to maintain trough blood level between
5-8 ng/ml. Two patients with large B-cell lymphomas
completely regressed during sirolimus therapy. Within
2 weeks, clinical PTLD symptoms (i.e., fever, abdominal
pain) disappeared. Repeated ultrasound and CT scans
showed gradual regression of splenomegaly and resolution
of lymphadenopathy in patient A. Graft function since
conversion to sirolimus has been stable and GFR is
50.5 ml/min after 44 months of treatment. In patient B,
the nodular epigastric tumor diminished by half after
1 month of treatment and disappeared within 5 months
(Fig. 1). In this patient proteinuria increased from 0.8—
1.0 g/24 h to 4-6 g/24 h after conversion, GFR however
did not change during 14 months of follow-up, and is
now at 48 ml/min. In patient C, with a T-cell lymphoma,
fever and abdominal pain vanished and the general condi-
tion improved. Serum creatinine levels were 2.6-2.8 mg/dl
at the onset of sirolimus treatment. He developed end-
stage renal disease 3 months later. Sirolimus was discon-
tinued at his return to hemodialysis treatment. His PTLD
progressed and he began chemotherapy with courses of
CHOP (cyclophosphamide, doxorubicin, vincristine and
prednisone), to which he did not respond. The patient
died 15 months from PTLD diagnosis.
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Figure 1 Computerized tomography scan of abdomen in patient B: nodular tumor between hilus of liver and stomach, before sirolimus treat-

ment (left) and regression of tumor five months later (right).

Figure 2 Diffuse large B-cell lymphoma in patient A: CD20 positivity of lymphoma cells (a) and nuclear staining for Ki-67 (b)

200x).

The PTLD results from a defective cytotoxic T-cell
response to EBV infection, which leads to an uncon-
trolled proliferation of lymphocytes. Immunosuppression
reduction or withdrawal is an effective treatment of the
mild polyclonal subtype of PTLD; however, this may
cause renal allograft loss. Our study revealed that con-
version of immunosuppressive treatment to low dose si-
rolimus enabled regression of PTLD of B-lymphocyte
origin and also preserved kidney allograft function. In
the patient with a T-cell lymphoma, sirolimus induced
partial remission of clinical symptoms. The patient
underwent a fatal lymphoma progression after discontin-
uation of sirolimus, when he returned to haemodialysis
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therapy. He was not responsive to courses of CHOP
chemotherapy.

There are scant published data on the significance of
conversion to sirolimus in PTLD patients. Cullis et al. pre-
sented a case of disseminated PTLD with graft involvement
in a renal transplant patient, which completely resolved
after tacrolimus and mycophenolate mofetil (MMF) dis-
continuation and sirolimus administration [4]. Zaltzman
et al. also showed PTLD remission very early after trans-
plantation [5]. In another report, pediatric patients con-
verted to sirolimus after PTLD diagnosis, achieved
remission for up to 23 months [6]. In a recent report
by Pascual from eight European transplant centers, three
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Table 1. Clinical data of patients with PTLD and outcome of treatment with sirolimus.
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Patient A Patient B Patient C
Age at PTLD (years)/gender 26/male 53/male 34/male
Date of kidney transplantation 23/10/2003 1st 27/2/1987-12/2/1996; 21/1/2000

Immunosuppressive
treatment before PTLD

Date of diagnosis of PTLD
EBV status donor/recipient
Lymph nodes involvement

Organs involvement
Material for histologic diagnosis
Histology of tumor
Phenotyping of lymphoma
cells; proliferation
and apoptotic markers
Lactate dehydrogenase
Performance status*/stage
of diseaset/IPI
Treatment of PTLD

Sirolimus trough blood level (mean)
Outcome of treatment

GFR at time of PTLD diagnosis
Last GFR (Dec 07)

Interval between diagnosis
of PTLD and last follow-up

Tacrolimus 10 mg/day
(CO 8.4 ng/ml),
CellCept 1000 mg/day,
Prednisone 5 mg

20/4/2004

Seropositive/seropositive

Cervical, mediastinal

Spleen, tonsils
Excision of cervical node
Diffuse large B-cell lymphoma
CD 20 (+), CD 30 (-); Ki-67
(+) —in the
nuclei of almost all CD20 cells
430 U/l
3/l B/4

Tacrolimus and CellCept
withdrawal; sirolimus
2 mg/day + prednisone
10 mg/day

5.8 ng/ml

Complete remission of PTLD

51.0 ml/min

50.5 ml/min
44 months

2nd 7/8/2003
Neoral 150 mg/day
(C0-140 ng/ml),
azathioprine 75 mg/day, prednisone
10 mg/day
2/10/2006
Seropositive/seropositive
Nodular mass from liver to stomach,
(dimension: 9.6 x 5.5 cm) and
para-aortic nodules
No
Needle biopsy of nodular mass
Diffuse large B-cell lymphoma
CD 20 (+), LCA (+), CD3 (-);
Ki-67 (+) — in
most of the CD20 cells; Bcl-2 (=)
340 U/
1/ B/2

Neoral, azathioprine withdrawal;
sirolimus 2-1.5 mg/day +

prednisone 10 mg/day

6.6 ng/ml
Complete remission of PTLD

49 ml/min

48 ml/min
14 months

Neoral 200 mg/day
(CO-156 ng/ml), azathioprine
75 mg/day, prednisone
10 mg/day
08. 04. 2004
Seropositive/seropositive
Cervical, supraclavicular,
mediastinal, abdominal

Spleen, liver

Excision of supraclavicular node

T-cell lymphoma

CD 3 (+), CD 43 (+); Ki-67 (+) —
in 2% of cells; Bcl-2 (+/-)

860 U/I
3/l B/4

Neoral, azathioprine withdrawal;
sirolimus 3 mg/day + prednisone
10 mg/day for 3 months;

CHOP chemotherapy

7.8 ng/ml

Died from PTLD progression
(29/6/2005)

29 ml/min, 3 months later
graft failure and hemodialysis

IPI, International Prognostic Index; PTLD, post-transplant lymphoproliferative disorders.
*Performance status — according Eastern Cooperative Oncology Group; tStage of disease — according Ann Arbor system.

out of 16 PTLD patients were converted to sirolimus as the
only therapeutic agent (without rituximab, chemotherapy,
radiation, nor introduction of sirolimus after long-term
PTLD remission). Resolution of PTLD occurred in three
patients; however, in one patient sirolimus was withdrawn
because of interstitial pneumonitis [7].

Our patients were treated with low dose sirolimus, to
maintain target trough blood level between 5-8 ng/ml.
These doses were sufficient to cause PTLD regression
while also maintaining renal allograft function and pre-
venting acute allograft rejection. According to recent tri-
als, conversion of calcineurin inhibitors to mTOR
inhibitors is safe and also reduces the risk of chronic allo-
graft nephropathy [8].

It is very difficult to determine whether PTLD regres-
sion is because of the antineoplastic effect of sirolimus or
diminished overall immunosuppression or both mech-
anisms. A study from Mayo Clinic found that only
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20-25% of patients with PTLD achieved a long-term
remission after reduction or withdrawal of immunosup-
pressive treatment [9]. The outcome of PTLD remains
poor and sirolimus treatment should be considered,
regardless of whether the regression of PTLD is caused by
immune system reconstitution or direct anticancer effect.
We believe multicenter studies are required to establish
the role and dosage of sirolimus in PTLD treatment.

Maria Boratynska and Danuta Smolska
Department of Nephrology and Transplant Medicine,
Wroctaw Medical University, Wroctaw, Poland
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