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CHOP-21 for the treatment of post-transplant
lymphoproliferative disorders following solid organ
transplantation 

There is no definitive treatment for post-trans-
plant lymphoproliferative disorder (PTLD) that
does not respond to reduction of immunosuppres-
sion. With a median follow-up of 8.8 years, the cur-
rent retrospective analysis of standard CHOP
(cyclophosphamide, doxorubicin, vincristine and
prednisone) in 26 adults with PTLD demonstrated
an overall response rate of 65% and median over-
all and progression-free survivals of 13.9 and 42
months, respectively. 
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Chemotherapy is effective in PTLD, but is associated
with significant toxicity, including substantial treatment-
related mortality (TRM). Reports of chemotherapy in
PTLD are generally based on small cohorts, including
patients with a broad spectrum of different subtypes of
PTLD, and heterogeneous chemotherapy regimens,1-7

(Table 1, online version only). A large retrospective analysis,
however, has demonstrated improved overall survival (OS)
with multidrug regimens compared with single-agent
chemotherapy in PTLD.4 Although some small trials of
CHOP suggest a favorable efficacy in adults, response
rates, toxicity and risk factors are not well defined in this
setting.
The current study was undertaken to evaluate treatment

with CHOP-21 in a well characterized population of adult
recipients of solid organ transplants. Patients unresponsive

to a reduction of immunosuppression and subsequently
treated with CHOP chemotherapy were identified in the
databases of the Charité University Hospital Campus
Virchow Clinic in Berlin and the Hôpital Pitié-Salpétrière
in Paris. Patients treated with antiviral drugs, surgical
resection, irradiation, CD20 antibody or other cytostatic
substances prior to CHOP were excluded from the study.
The median age of the patients was 46.5 years (range
22–68 years) and there was a predominance of males
(69%). The patient cohort comprised predominantly heart
and kidney transplant recipients (38% and 35%, respec-
tively), with liver and lung transplant recipients represent-
ing 15% and 12% of patients, respectively. The median
time from transplantation to diagnosis of PTLD was 32
months (range 5-329 months) and an association with
Epstein Barr virus (EBV) infection was demonstrated in
38% of cases. The predominant morphology was mono -
morphic (85%) and the majority of patients (85%) had a B-
cell neoplasm. More than half of the patients had stage IV
disease (58%) and a substantial proportion had significant-
ly impaired performance (ECOG ≥2). Lactate dehydroge-
nase (LDH) concentration was documented in 58% of the
patients. The median follow-up was 8.8 years. All patients
received prophylactic granulocyte colony-stimulating fac-
tor (G-CSF) after CHOP chemotherapy.
Following CHOP chemotherapy, 13 of 26 (50%)

patients achieved a complete remission (CR), and four
patients (15%) achieved a partial remission. Five patients
are in continuous CR, with seven patients still alive. The
median progression-free survival (PFS) was 42 months,
with 5- and 10-year PFS rates of 43% and 32%, respective-
ly (Figure 1A). The median overall survival (OS) was 13.9
months (Figure 1B). Twelve patients died within 12
months of the start of therapy, with death attributed to

Figure 1. A. Progression-free survival (PFS) after sec-
ond-line CHOP treatment of PTLD unresponsive to a
reduction in immunosuppression. B. Overall survival
(OS) after second-line CHOP treatment of PTLD unre-
sponsive to a reduction in immunosuppression. 0.0 20.0 40.0 60.0 80.0 100.0120.0
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PTLD progression (n=4), infectious complications (n=7)
and treatment-related acute liver failure (n=1). Nine late
deaths (>1 year post-therapy) were documented and
attributed to progressive disease (n=5), complications of
salvage therapy (n=2), acute myeloid leukemia (M6; n=1)
and subdural hematoma of unknown origin (n=1). The
TRM rate was 31%, and PTLD-associated mortality rates
were 15%, 31% and 38% at 1, 5 and 10 years, respective-
ly (Figure 1B).
Prognostic factors predictive for OS were analyzed using

the multivariate Cox proportional-hazards model. No sig-
nificant effects were demonstrated for age, sex, early ver-
sus late PTLD, EBV-association, histology-subtype, serum
LDH or performance status. A significant effect was also
demonstrated for the International Prognostic Index score
(median OS in patients with IPI <2 vs ≥2: 72 vs 19 months;
p=0.0395). After CHOP, the next most predictive factor for
OS was attainment of CR (median OS of patients achiev-
ing CR versus no CR: 100.4 vs 7.5 months; p=0.0008).
Notably, 40% of patients with CR after CHOP had no evi-
dence of disease at a 10-year follow-up.
These data indicate that CHOP chemotherapy offers a

potential for cure of PTLD in a significant proportion of
patients achieving CR. However, CHOP is associated with
substantial toxicity in PTLD, with a TRM rate of 31%
observed in this study. Rituximab monotherapy is not
associated with TRM,8,9 thus supporting its use in
sequence and/or combination with CHOP. In patients
with PTLD, sequential CHOP-21 chemotherapy after rit-
uximab markedly improved CR rates and was associated
with lower TRM compared with that associated with
chemotherapy alone.10 The improved tolerability of
CHOP-21 after rituximab is presumed to be attributable to
improved performance status after treatment with ritux-
imab, an empiric use of G-CSF and the prophylactic use of
antibiotics.
It is likely that further improvement in the clinical man-

agement of PTLD will require new approaches and
improved identification of patients who would benefit
from less aggressive therapies. 
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