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Rituximab in association with rapamycin 
for post-transplant lymphoproliferative 
disease treatment 

Abstract Post-transplant lympho- 
proliferative disease (PTLD) is an 
uncommon but life-threatening 
complication of solid-organ and 
blood stem-cell transplants. It 
responds poorly to therapy, includ- 
ing reduction of immunosuppres- 
sion, interferon, antivirals or 
chemotherapy. Small series of PTLD 
successfully treated with rituximab 
have been reported, and experimen- 
tal studies suggest that rapamycin 
inhibits growth of human 
Epstein-Barr virus-transformed B 

lymphocytes. We report two cases of 
PTLD after renal transplantation 
that were successfully treated with 
rituximab in association with rapa- 
mycin. This report suggests that 
rituximab associated with rapamycin 
could be an effective and safe 
treatment for PTLD. 
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Introduction 

Post transplantation lymphoproliferative disorder 
(PTLD) is caused by an uncontrolled expansion of B 
lymphocytes infected with the Epstein-Barr virus (EBV). 
It is one of the most serious complications occurring 
after organ transplantation [28, 291. PTLDs comprise a 
spectrum of lymphoproliferative disorders ranging from 
a polyclonal atypical lymphoid hyperplasia to a mon- 
oclonal, overtly malignant, B-cell lymphoma [2]. 
Although relatively uncommon, the risk of developing 
lymphoma after transplantation has been reported to be 
2849 times higher than in the general population, and it 
is believed to be responsible for 16% of tumours in 
transplant patients [lo, 111. 

The prevalence ranges from 1%-10%. It depends on 
many factors, including allograft type, Epstein-Barr 
virus serological status before transplantation, adult vs 
paediatric population, underlying disease, and degree 
and duration of immunosuppression. Additional risk 
factors include lymphoid cell phenotype at transplanta- 
tion, cytomegalovirus (CMV) infection, and cytokine 
promoter gene polymorphism [2, 25, 301. 

A defect in T-cell regulation allows uncontrolled 
proliferation of B (90% of cases) or other T lymphocytes 
in response to a viral infection, particularly EBV (goo/,- 
95% of PTLDs are positive for EBV). This occurs as a 
consequence of prolonged administration of immuno- 
suppressive drugs [2]. 

PTLD prognosis is generally poor under traditional 
treatment, including reduction of immunosuppression, 
administration of antiviral agents or chemotherapy. 
There are some recent reports of PTLD remission with 
administration of rituximab, a monoclonal chimeric an- 
tibody directed against the B-cell-specific antigen CD20 
[l ,  51. However, relapses are frequent, and the withdrawal 
of immunosuppressive drugs usually leads to graft loss. 

Two experimental studies have suggested that rapa- 
mycin, a potent immunosuppressive drug, inhibits B-cell 
lymphoma in vitro [14, 161. These observations have 
prompted us to test the drug in this setting, allowing 
continued immunosuppression with a lower risk of 
PTLD relapse. To our knowledge, this is the first clinical 
study exploring this approach. We present here our first 
two cases of PTLD successfully treated with rituximab 
followed by rapamycin. 
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Case reports 

Case 1 

In November 1998, a 15-year-old youth presented with rapidly 
progressive glomerulonephritis that was refractory to high-dose 
corticosteroid treatment. He was started on haemodialysis in 
December 1998 and underwent cadaveric renal transplantation on 
30 September 1999. CMV serology was negative for the recipient 
and positive for the donor. The prophylactic immunosuppressive 
regimen was a triple therapy comprising cyclosporine, 8 mg/kg/day, 
aiming at a blood concentration around 1,200 ng/ml at peak 
level - 2 h; azathioprine (2 mg/kg/day); and prednisone (20 mg/day 
up to the 3rd month, tapering 2.5 mg/kg monthly up to the 6th 
month). Neither monoclonal nor polyclonal antibodies were 
induced. 

The patient presented with delayed graft function requiring 
haemodialysis for 3 weeks. His first renal biopsy on day 7 showed 
acute rejection grade I and acute tubular necrosis (ATN) (Banff 
classification). He received 500 mg/day of methylprednisolone 
(MP) for 3 days, and azathioprine was switched to mycophenolate 
mofetil (1.5 g/day). His second renal biopsy on day 15 showed 
acute rejection grade I1 and ATN. He received 500 mg/day of MP 
for 2 days, and cyclosporine was switched to tacrolimus (an initial 
dose of 0.2 mg/kg/day, aiming at blood levels of 10-15 ngiml). On 
day 18 he started diuresis, quitting haemodialysis on day 21. The 
third renal biopsy on day 24 was considered as borderline. He was 
discharged on day 28 as asymptomatic, normotensive, and with a 
serum creatinine level of 4.0 mg/dl. His serum creatinine declined to 
2.0 mg/dl. The immunosuppressive regimen was tacrolimus (10 mg/ 
day, (blood levels 7-10 ngiml), mycophenolate mofetil (1 g/day) 
and prednisone (10 mg/day). 

At the 4th month, a submandibular lymph node was observed, 
which spontaneously remitted after a week. At the 6th month, new 
lymph nodes were noted in the same region. Abdominal computed 
tomography (CT) scan showed mediastinal and celiac lympha- 
denopathies, multiple hepatic nodes, and intestinal infiltration. The 
lymph node biopsy showed a diffuse polymorphic CD20+ B-cell 
lymphoma. Tumour cells did not express surface immunoglobulin, 
and clonality could not be defined. Bone marrow biopsy and ce- 
rebral CT were normal. He had Ann Arbor stage IV disease. The 
age-adjusted international prognostic index (IPI) was 2 (high-in- 
termediate risk). 

Immunosuppressive therapy was reduced; mycophenolate was 
stopped, the tacrolimus dose decreased from 10 to 6 mg/day, and 
acyclovir was started at 1,200 mg/d. There was no remission of 
PTLD in 2 weeks. A renal biopsy was done 1 week after reduction 
of immunosuppression, showing acute rejection grade 11. MP (250 
mg/day) was given for 3 days. 

He was administered rituximab at 4 weekly doses of 375 mg/ 
m2. No adverse effects were observed, and complete remission of 
submandibular lymphadenopathy was achieved in the 1 st week. 
In 3 months, the hepatic and intestinal lesions disappeared. 
Tacrolimus was stopped, and rapamycin was started at 2 mg/ 
day, aiming to avoid relapse of PTLD and to maintain graft 
function. At present, 24 months after PTLD treatment, he is 
asymptomatic without any sign of PTLD, with a serum creati- 
nine level ranging from 1.5-1.7 mg/dl. His immunosuppressive 
regimen comprises prednisone (10 mg/day) and rapamycin (3 
mg/day, blood level: 10-15 ngiml). 

Case 2 

A 17-year-old Caucasian youth with end-stage renal disease sec- 
ondary to obstructive uropathy (posterior urethral valve), received 
a renal transplant from a cadaveric donor in January 2001. His 
immunosuppressive protocol included basiliximab (20 mg on 0 and 

4th day), tacrolimus (0.2 mg/kg/day), prednisone (20 mg/day) and 
azathioprine (2 mg/kg/day). He had no acute rejection episodes. 

The patient was discharged 15 days after the procedure without 
any complications and with a serum creatinine level of 1.5 mg/dl. 
He showed an increase in serum creatinine 1 month later and was 
submitted to graft biopsy, which showed nephrotoxicity. The ta- 
crolimus dose was decreased (the highest level was 18 ng/dl) and 
serum creatinine went down to 1.5 mg/dl. 

In June 2001, the patient was admitted with fever, abdominal 
pain, leukopenia, and a serum creatinine level of 2.5 mg/dl. He was 
pale, without palpable lymph nodes and with a normal chest film. 
His CMV antigenaemia was positive, and renal biopsy was normal. 
A gastro-duodenal endoscopy showed a tumour in the duodenum. 
Pathological and immunohistochemical studies were consistent 
with a diffuse polymorphic CD20 + B-cell non-Hodgkin lympho- 
ma, heavily infiltrated with T cells. Surface immunoglobulin light- 
chain expression was negative. Abdominal CT scan showed an 
extensive tumour mass in the coeliac region. Thoracic CT scan was 
normal. Bone marrow biopsies were negative. Clinical staging was 
IIe (Ann Arbor). Age-adjusted IPI was 2 (high-intermediate risk 
category). 

The CMV infection was treated with ganciclovir. Immunosup- 
pressive therapy was initially reduced (azathioprine stopped, and 
the tacrolimus dose reduced to 3 mg/day), then replaced by treat- 
ment with rapamycin at 2 mg/day (level 10 ngiml). CMV anti- 
genaemia became negative within 10 days of administration of 
ganciclovir. After 2 weeks, the abdominal pain disappeared, but he 
still suffered from diarrhoea and weight loss. A new endoscopy 
showed tumour growth. 

The patient was treated with 4 weekly doses of 375 mg/m2 of 
rituximab. He had no severe adverse effects, except for a hyper- 
sensitivity reaction during the first infusion, including rash, cough, 
and wheezing. One month after completion of anti-CD20 therapy, 
only a minimal residual tumour was detected endoscopically. It was 
negative for malignant cells when biopsied. Abdominal ultrasonic 
examination (US) showed complete regression of the mass previ- 
ously noted. After 12 months of follow-up, the patient is asymp- 
tomatic, with a serum creatinine level of 1.5 mg/dl, and a normal 
abdominal CT scan. 

Discussion 

In this paper, we describe two patients with PTLD 
successfully treated with rituximab and rapamycin. 
Rituximab was used to induce clinical remission, and 
rapamycin was used in an attempt to prevent graft re- 
jection and also PTLD relapse. 

Treatment of PTLD is a difficult issue. Various 
approaches have been attempted, but most of the pub- 
lished series are small, and histological categorisation is 
inconsistent. Withdrawal or reduction of iatrogenic im- 
munosuppression can produce clinical remissions in up 
to 50% of patients [20, 291, but this approach is rarely 
successful in patients with widespread PTLD, whether 
polyclonal or monoclonal. Moreover, there is consider- 
able risk of rejection, and eventually, graft loss. Anec- 
dotal reports suggest that tumours regress with anti- 
EBV therapy with high-dose acyclovir [9]. However, 
treatment is generally ineffective, because EBV is not 
replicative in infected B cells. Recently, pharmacological 
induction of latent viral thymidine kinase (TK) gene and 
enzyme in tumour cells using arginine butyrate, followed 
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by treatment with ganciclovir, has produced clinical re- 
sponses in previously refractory patients [4]. Interferon-a 
has been effective in some cases, but might increase the 
risk of rejection [20, 241. 

Results of antiblastic chemotherapy in PTLD have, 
in general, been disappointing. Although some centres 
have reported high response rates, most have shown 
poor results with high morbidity and mortality [2]. 
Among marrow transplant recipients, two anti-B-cell 
antibodies (anti-CD2 1 and anti-CD24) induced a near 
50% complete response rate with long-term survival in 
some patients with oligoclonal disease [6]. 

More recently, anti-CD20 monoclonal antibody 
therapy (rituximab) became available and showed 
promising clinical activity in different types of malignant 
lymphoproliferation. A high response rate of rituximab 
in PTLD has been reported by different groups 
(Table l), generally without significant toxicity. 

Rituximab is a unique monoclonal antibody for the 
treatment of non-Hodgkin’s lymphoma. This chimeric 
mouse/human antibody was discovered in 1991. It is a 
human IgGl kappa antibody with mouse variable re- 
gions isolated from a murine anti-CD20 antibody, 
IDEC-2B8, that binds with high affinity to cells ex- 
pressing the CD20 antigen found on the surface of ma- 
lignant and normal B cells, but not on other normal 
tissues. It mediates complement-dependent cell lyses in 
the presence of human complement, and antibody-de- 
pendent cellular cytotoxicity with human effector cells 
[21]. The Food and Drug Administration (FDA) ap- 
proved rituximab in 1997 and the European Union (EU) 
in 1998 for the treatment of relapsed or refractory, 
CD20-positive, B-cell, low-grade or follicular non- 
Hodgkin’s lymphoma. It is the first therapeutic mon- 
oclonal antibody approved for the treatment of cancer 
and the first single agent approved specifically for lym- 
phoma therapy [7]. 

Our case reports further confirm the activity of rit- 
uximab in PTLD. Insignificant toxicity makes rituximab 

a very attractive alternative in managing the condition 
of these particular patients. Most adverse effects asso- 
ciated with rituximab are mild to moderate. Infusion- 
related reactions occur more commonly during initial 
infusion. Haematological effects are generally mild and 
transient, and adverse immune responses are rare [7, 121. 

Maintenance of immunosuppressive therapy in 
PTLD patients is a difficult issue. Some degree of 
immunosuppression is necessary to preserve graft func- 
tion, but on the other hand, relapses of PTLD might be 
associated with the absence of efficient cytotoxic T cells. 

Rapamycin, a macrolide antifungal antibiotic isolated 
from Streptomyces hygroscopicus, has potent immuno- 
suppressive properties. It blocks the cellular cycle pro- 
gression from phase G I  to s, by inhibition of some signal 
transduction pathways [22]. Besides its inhibitory effects 
on normal cells of the immune system, rapamycin also 
inhibits proliferation of transformed cell lines. Various 
cell lines can be affected, including those of the central 
nervous system and liver, melanocytes and osteoblasts, 
and miogenic, renal, and connective-tissue cells, as well 
as T and B cells transformed by human T-lymphotropic 
virus 1 (HTLV-I) and EBV, respectively [3] .  

Experimental data suggest that the anti-proliferative 
effect of rapamycin could be cell-type specific: inhibitory 
concentration (ICso) was low in lymphoma B-cell lines 
(BKS-2, L1.2, NFS 1.1, and WEHI-279), thymoma and 
rabdomyosarcoma [ 161. In contrast, the inhibitory effect 
was much less marked in human melanoma and carci- 
noma cell lines [16]. Everolimus (RAD) has a high 
inhibitory effect on in-vitro growth of six different 
PTLD-like EBV + lymphoblastoid B-cell lines. Similarly 
to normal T cells, RAD blocked cell-cycle progression in 
PTLD-like B cells in the early (Go/Gl) phase. The drug 
also had a profound inhibitory effect on the growth of 
PTLD-like EBV + B cells xenotransplanted into severe 
combined immunodeficiency (SCID) mice. In this in-vivo 
xenotransplant model, RAD markedly delayed growth 
or induced regression of the established tumours [16]. 

Table 1 Treatment of PTLD with rituximab (CR complete remission) 

Author n Allograft type PTLD localisation Result 

Faye et al., 1998 [5]  1 Bone marrow Right tonsil mass CR 
Cook et a1.,1999 [l] 3 Lung CR: 2 

Grillo-Lopez et al., 1999 [8] 6 Liver (2), kidney (l) ,  lung (l), Remission: 5 
Non-response: 1 

heart (1) 
Milpied et al., 1999 [15] 3 CR: 14/26 (54%) 

2 Partial remission: 4/26 (15%) 
Kuehnle et al., 2000 [I21 3 Bone marrow Adenopathy CR: 3 

Hepatomegaly 
Pulmonary infiltrates 

Oertel et a]., 2000 [I91 1 Liver Gastric and parasplenic CR 

O’Dwyer et al., 2000 [I81 1 Kidney-pancreas Brain and liver CR (?) 
Skoda-Smith et al., 2001 [27] 1 Blood stem cells CR 

Niedermeier et al., 2000 1171 1 Lung Lung mass CR 
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Cell death induced by rapamycin in BKS-2 lympho- 
ma was found to be via apoptosis induction [23, 261. 
Tacrolimus, but not cyclosporine, antagonised the effect 
of rapamycin [16]. 

In conclusion, these studies suggest that macrolides 
such as rapamycin or RAD might be useful in the clin- 
ical management of PTLD, which prompted us to test 
them in combination with anti-CD20 therapy. To our 
knowledge, this is the first report of this clinical ap- 
proach to PTLD. 

Because only two patients with limited follow-up are 
described, the success of this approach needs further 

confirmation; moreover, the individual roles of rapa- 
mycin and rituximab in PTLD need to be established. 
Also, molecular studies to detect EBV genoma, analysis 
of tumour clonality, and quantification of B-cell viral 
load could be useful to determine prognostic factors for 
response and long-term outcome. Although monoclo- 
nality is a factor predictive of lower survival [ 131, there is 
still no information about differences in response rate to 
rituximab. 

Our data indicate that a larger prospective trial to test 
the association of rituximab and rapamycin in PTLD is 
warranted. 
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