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Abstract
The purpose of this report is to provide long-term follow-up of 38 patients diagnosed of post-transplant lymphoproliferative
disease (PTLD) included in a phase 2 clinical trial of first line therapy with rituximab and to evaluate the same therapy in a real
world cohort of 21 consecutive patients treated once the trial was closed. Eligible patients were ≥ 18 years of age with a biopsyproven CD20 positive B cell PTLD and treatment naive except for reduction of immunosuppression. Treatment consisted in four
weekly infusions of rituximab at the standard dose of 375 mg/m2. Patients in complete remission (CR) were followed without
further treatment, and those in partial remission (PR) were treated with another four cycles of weekly rituximab. Median followup in the clinical trial was 13.0 years. Disease-specific survival (DSS) at 10 years was 64.7% [95% confidence interval (CI) 48.2–
81.2%]. For those patients who achieved CR (61%), DSS at 5 and 10 years was 94.4% (95% CI 83.8–100%) and 88.1% (95% CI
72.6–100%), respectively, and only 1 patient progressed beyond 5 years. The median follow-up of the real world patients was
6.5 years. DSS at 5 years was 75.2% (95% CI 56.4–94.0%). DSS at 5 years of patients who achieved CR (38%) was 87.5% (95%
CI 64.6–100%). In conclusion, PTLD patients in CR after rituximab have an excellent long-term outcome. These results not only
apply in the clinical trial setting but are also reproducible in the real world. However, those patients who do not respond represent
an unmet clinical need and should be included in prospective clinical trials.
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Introduction
Post-transplant lymphoproliferative disease (PTLD) has become a serious complication of both solid organ (SOT) and

hematopoietic stem cell transplantation. The most common
pathological finding is Epstein-Barr virus (EBV)-driven B cell
proliferation, ranging from early and polymorphic lesions to
monomorphic lymphomas [1]. The higher incidence of newly
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diagnosed PTLD in the last years is related to growing numbers of transplants, the older age of donors and recipients, and
the use of new immunosuppressive agents and regimens [2,
3]. Among adults, kidney transplants have the lowest incidence, followed by liver, heart, and lung transplants. PTLD
is associated with significant morbidity and mortality, and
therefore, it is mandatory to choose the optimal first line therapy for the patients [4].
Reduction of immunosuppression remains the standard
frontline therapy, and response rates have been reported, especially in early lesions and polymorphic PTLD [5, 6]. PTLD
patients who did not respond were historically treated with
standard chemotherapy regimens used in other lymphomas,
with a good disease control but with a high treatment-related
mortality of around 30% [7, 8]. The introduction of rituximab
monotherapy, four weekly infusions at standard dose, improved the overall remission rates (ORR, range from 44 to
60%) and especially reduced toxicity-related mortality [9,
10]. Nowadays, rituximab has become the standard therapy
in patients who do not respond to reduction of the immunosuppression, but there are scarce data about the long-term
outcome of these patients as well as how this therapy works
in the real world.
We conducted a prospective phase 2 clinical trial of extended treatment with rituximab, which included 38 patients with
PTLD who received treatment with four weekly infusions of
rituximab at standard doses as first line therapy after failure to
the reduction of immunosuppression. Those patients who did
not achieve complete remission (CR) received a second
course of four rituximab infusions. The CR rate was 34% after
the first four doses of rituximab and 61% at the end of the
therapeutic plan, without any relevant acute toxicity or
treatment-related mortality. The purpose of this report is to
provide a longer follow-up of the phase 2 trial, in which extended doses of rituximab were used in patients with PTLD
after SOT [11], and to validate these results in a cohort of
consecutive patients diagnosed of PTLD after the closure of
the trial and treated in the real world with the same therapeutic
regimen.

Patients and methods
Patients
The phase 2 trial was approved by all relevant institutional
review boards or ethics committees, and all patients were provided written informed consent prior to enrolling. The study
was conducted in accordance with the Declaration of Helsinki.
Previously published results of the trial of extended doses
of rituximab in patients with PTLD after SOT, treated between
November 2000 and August 2005, provide detailed patient
eligibility criteria [11]. In brief, eligible patients were ≥
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Table 1

Clinical characteristics of PTLD patients at diagnosis
Clinical trial
n = 38
n (%)

Real world
n = 21
n (%)

Median age at PTLD (range), years
Age ≤ 60 years
Male gender
Transplanted organ
Kidney
Liver
Heart
Lung
Others

55 (19–69)
25 (66)
26 (68)

63 (36–72)
9 (43)
17 (85)

22 (58)
13 (34)
2 (5)
1

5 (24)
11 (53)
3 (14)
1
1

Monomorphic lymphoma
DLBCL
MZL
Burkitt’s
Time from transplant to PTLD<1 year
Ann Arbor stage III–IV
Graft involvement
Bulky disease
Extranodal involvement
B symptoms
ECOG PS 2-4
Elevated LDH
IPI ≥ 3
EBV in tissue

31 (82)
28 (74)
2
1
8 (21)
22/36 (61)
6/32 (19)
8/34 (24)
23 (61)
17/30 (57)
15/36 (42)
16/31 (52)
17/35 (49)
14/20 (68)

16 (76)
14 (67)
2
0
1 (5)
13 (62)
3/16 (19)
5 (24)
14/20 (70.0)
4/20 (20)
6 (29)
11/19 (58)
12/20 (60)
3/14 (21)

PTLD, post-transplant lymphoproliferative disease; DLBCL, diffuse
large B cell lymphoma; MZL, marginal zone B cell lymphoma; ECOG
PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; IPI, international prognostic index; EBV, EpsteinBarr virus
Comparison between patients included in the clinical trial and patients
treated in the real world

18 years of age with a biopsy-proven CD20 positive B cell
PTLD and treatment naive except for reduction of immunosuppression. Of note, poor performance status was not an
exclusion criterion.
A cohort of all consecutive patients diagnosed of PTLD
between December 2006 and August 2016 (once the clinical
trial closed), from 2 academic Spanish centers, and treated
with the same regimen, was used to validate the results in
the real world.

Study design
The phase 2 trial included 38 patients diagnosed of PTLD who
were treated with reduction of immunosuppression and four
weekly infusions of rituximab at standard doses (375 mg/m2).
Patients in CR were followed without further treatment.
Patients in partial remission (PR) were treated with another 4
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Fig. 1 Treatment and outcome of
the two cohorts: clinical trial
patients (a) and real world
patients (b). CR, complete
remission; PR, partial remission;
R-chemotherapy, rituximab
combined with chemotherapy
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a

Clinical trial paents
Registered
n=41

Included for
Rituximab course
n=38
Response aer
Rituximab

Failure
n=8 (21%)

PR
n=7 (18%)

R-chemotherapy
n=3

R-chemotherapy
n=5

CR
n=3 (8%)

CR
n=3 (8%)

b

CR
n=23 (61%)

Real world paents
Registered
n=22

Included for
Rituximab course
n=21
Response aer
Rituximab

Failure
n=2 (21%)

PR
n=11 (52%)

R-chemotherapy
n=2

R-chemotherapy
n=11

Exitus in progression
n=2

CR
n=10 (48%)

cycles of weekly rituximab infusions at the same doses.
Patients without CR after 4–8 cycles of rituximab or with
progressive disease were allowed to receive a short course of
3–4 cycles of R-CHOP (rituximab 375 mg/m2 [day 1], cyclophosphamide 750 mg/m2 [day 1], doxorubicin 50 mg/m2 [day
1], vincristine 1.4 mg/m2 [day 1, capped at a maximum of
2 mg,] and prednisone 60 mg/m2 [days 1–5]) or R-CHOPlike chemotherapy. Twenty-one consecutive patients were
treated with the same regimen in the clinic off-trial.
Diagnosis was based on local pathological review. Patients
were staged according to the Ann Arbor system. Response
after therapy was classified as complete remission (CR), defined as no evidence of disease in terms of clinical symptoms,
biopsy, or imaging findings; partial remission (PR), defined as

CR
n=8 (38%)

a reduction of more than 50% of the tumor mass, with disappearance of the initial symptoms; and failure, defined as a less
than 50% reduction of the tumor mass or disease progression.
Disease status was assessed by each investigator with computerized tomography (CT) in patients included in the clinical
trial and with 18F-fluorodeoxyglucose positron emission
tomography/computerized tomography (FDG-PET/CT) in
18 (86%) real world patients.

Statistical methods
Survival curves were plotted by the Kaplan-Meier method.
Due to the long follow-up period, some patients died from
causes not related to PTLD; therefore, disease-specific
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Table 2
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Causes of death

Progression
Infection without lymphoma
Septic shock
Respiratory
Hepatic abscesses
Colonic perforation
(diverticula)
Others
Secondary malignancy
(Hodgkin Lymphoma)
Cardiac arrest after cardiac
surgery
Intracranial hemorrhage
Traffic accident
Unknown
Suicide

Clinical trial
n = 38
Median follow-up
13 years
Deaths 21 (55%)
n (%)

Real life patients
n = 21
Median follow-up
6.5 years
Deaths 7 (33%)
n (%)

13 (62)
3 (14)
1
1
1

4 (57)
2 (29)
1

1
5 (24)
1

1 (14)

1
1
1
1
1

survival (DSS) was used to evaluate the real impact of the
therapy with rituximab in survival. DSS was calculated from
the time of diagnosis of PTLD to the time of progression/
relapse or death due to PTLD, and deaths from other causes
were censored. Overall survival (OS) was calculated from the
time of diagnosis of PTLD to the time of death, regardless of
the cause.
Predictive factors for CR to rituximab were analyzed with a
binary logistic regression model. Univariate analysis for survival was performed with the log-rank test and multivariate
analysis with a Cox regression model. Factors included in the
analyses were age, gender, Ann Arbor stage, graft involvement, bulky disease, extra nodal involvement, B symptoms,
Eastern Cooperative Oncology Group (ECOG) performance
status (PS), serum lactate dehydrogenase (LDH) levels, and
time from transplant to PTLD.
All analyses were performed at a 95% confidence interval,
and differences were considered statistically significant when
the p value was less than 0.05.

Results
Clinical characteristics of the patients are shown in Table 1.
There were some differences at diagnosis between patients
treated in the real world and those treated in the clinical trial:
real world patients were older (median age 63 vs 55 years),

fewer had B symptoms (20% vs 57%), and the transplanted
organ was more frequently the liver or heart instead of kidney.
The flowchart of the patients treated in the clinical trial is
shown in Fig. 1a. Twenty-six (68%) patients received 1 to 4
rituximab infusions and 12 (32%) between 5 and 8 infusions.
Twenty-three (61%) patients achieved CR after monotherapy
with rituximab. Eight (21%) patients were treated with RCHOP/R-CHOP-like after failure of rituximab. With a median
follow-up for the alive patients of 13.0 years, 21 (55%) died,
13 (34%) due to progression. Causes of death are shown in
Table 2. DSS at 5 and 10 years was 68.6% [95% confidence
interval (CI) 52.9–84.3%] and 64.7% (95% CI 48.2–81.2%),
respectively (Fig. 2a). OS at 10 years was 49.5% (95% CI
32.8–66.2%) (Fig. 2b). For those patients who achieved CR
after rituximab monotherapy, DSS at 5 and 10 years was
94.4% (95% CI 83.8–100%) and 88.1% (95% CI 72.6–
100%), respectively. Only 1 patient progressed beyond 5 years
of follow-up.
Among the 21 real world patients, 10 (48%) were treated
with 1 to 4 rituximab infusions, and 11 (52%) received between 5 and 8 infusions. Eight (38%) patients achieved CR
with rituximab (Fig. 1b). Thirteen (62%) patients were treated
with R-CHOP/R-CHOP-like after failure to rituximab. With a
median follow-up for the alive patients of 6.5 years, 7 (33%)
patients died, 4 (19%) due to progression (Table 2). DSS and
OS at 5 years were 75.2% (95% CI 56.4–94.0%) and 62.7%
(95% CI 40.4–85.0%), respectively (Fig. 2c and d). DSS at
5 years in patients who achieved CR with rituximab monotherapy was 87.5% (95% CI 64.6–100%).
Taking into account all the patients (those treated in the
clinical trial and those treated in real world), predictive factors
for response to rituximab were not found. On the other hand,
the only significant independent prognostic factor for DSS
was poor ECOG PS 2-4 [hazard ratio (HR) 3.2; 95% CI
1.05–9.3].

Discussion
The aim of this study is to analyze long-term survival, after a
median follow-up of 13 years, of patients diagnosed of PTLD
after SOT and treated with rituximab monotherapy in first line
in a clinical trial, and to evaluate this therapy in a cohort of
consecutive patients treated in the real world, once the clinical
trial was closed. As the incidence of PTLD is low, the main
limitation of our study is the relatively low number of patients
analyzed.
Patients who achieve CR after rituximab monotherapy (4 to
8 cycles) have an excellent long-term outcome, both in the
clinical trial and in the real world, with a 5-year DSS of
94.4% and 87.5%, respectively. Moreover, patients in CR
have a very low risk of progression after 5 years and can be
considered cured. These results are in concordance with

Ann Hematol (2021) 100:1023–1029

c

DSS of 21 paents treated in the real world

Proporon

DSS of 38 paents treated in the clinical trial

Proporon

a

1027

5

10
Time (years)

15

20

2

4

6
Time (years)

8

10

12

10

12

d OS of 21 paents treated in the real world

Proporon

Proporon

b OS of 38 paents treated in the clinical trial

5

10
Time (years)

15

20

2

4

6
Time (years)

8

Fig. 2 DSS (a) and OS (b) of 38 patients treated in the clinical trial, with a median follow-up of 13 years. DSS (c) and OS (d) of 21 patients treated in the
real world, with a median follow-up of 6.5 years

Trappe et al [12]. They reported the results of 152 patients
treated with 4 doses of rituximab, those in CR received a
consolidation with another 4 courses of rituximab, and all
the others, even those in PR, received treatment with RCHOP. Twenty-five percent of the patients achieved CR with
rituximab monotherapy, which was a highly significant predictor of survival. The design of our trial was different, since
patients in PR after the first 4 doses of rituximab could receive
another 4 doses, and those who achieved CR after this second
course did not require chemotherapy. With this strategy, more
patients could benefit of rituximab monotherapy, as their survival has also been excellent without need of chemotherapy.
Unfortunately, factors at diagnosis that predict response to
rituximab were not found, and therefore, patients who respond
to rituximab monotherapy could not be identified at the time
of diagnosis. In the French trial, 43 patients were treated with

just 4 courses of rituximab, and they found that an elevated
serum LDH was the only predictive factor for survival after
rituximab therapy [10]. In the first trial published by Trappe
et al [13], all patients received chemotherapy after the 4 rituximab doses. They observed that late onset of PTLD and EBV
positivity predicted a good outcome, although factors related
to response to rituximab were neither found.
There were some differences between patients treated in the
real world and those treated in the clinical trial. Real world patients were older, and the transplanted organs were more frequently the liver and heart instead of kidney. These differences
probably represent the different time in which patients were treated. Patients were included in the clinical trial between 2000 and
2005, and patients from the real world were treated between
2006 and 2016. Nowadays, patients are transplanted at older
age, and, with the improvement of the surgical procedures, other
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organs are transplanted more frequently. Moreover, among
adults, kidney transplants have the lowest incidence of PTLD,
followed by liver, heart, and lung transplants [3]. The CR rate of
38% after rituximab monotherapy is lower than the 61%
achieved in the patients treated in the clinical trial, and more
patients received chemotherapy in the real world cohort. These
differences could be explained by multiple factors. On one side,
the evaluation of response was done with CT in the clinical trial,
while FDG-PET/CT was the standard procedure used in the majority of the patients treated in the real world, which is more
sensitive to detect active disease, but can also result in the identification of more false positive lesions [14]. On the other hand,
the time point to evaluate response was not standardized in the
real world setting, and there could have been a trend to treat more
intensively these patients, due to clinical doubts on the quality of
the response. Nevertheless, in spite of these differences, patients
from the real world in CR after rituximab monotherapy had also
an excellent long-term outcome, demonstrating that these results
not only apply in the clinical trial setting.
However, in our series, around 30% of patients still die due
to progressive disease. These results are similar in other trials
[12, 13]. Therefore, patients who do not achieve CR with
rituximab monotherapy do poorly, and ideally, should be included in prospective clinical trials with new drugs.
Other immunotherapies are being tested in these patients.
Tabelecleucel is a cell product with EBV-cytotoxic T lymphocytes (CTLs) derived from volunteer donors. Several trials are
now ongoing using tabelecleucel in PTLD patients with promising results [15]. Immune checkpoints regulate T cell responses to maintain self-tolerance. PD-L1 (programed deathligand 1), mainly expressed by antigen presenting cells, engages its receptor PD1 on T cells, to provide a growth inhibitory signal. A high proportion of monomorphic PTLD in
children expresses PD-L1 to evade immune recognition
[16]. A good response has been reported using a checkpoint
inhibitor in a case of PTLD after an allogeneic stem cell transplant [17]. Nevertheless, they have to be used carefully, because they could increase the risk of graft rejection due to the
non-specific T cell immunity enhancement. The anti-CD30
monoclonal antibody brentuximab vedotin (BV) has been
used in PTLD patients, due to the expression of CD30 in a
high proportion of cases [18]. In a phase 1/2 trial, BV combined with rituximab is used as frontline therapy in CD30+
lymphomas arising in patients with immunodeficiency [19].
In another trial, BV is used in relapsed/refractory NHL, and
some of the cases included are PTLD (NCT 01421667), but
no results have been reported yet.
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but unfortunately, factors at diagnosis that could predict response to rituximab were not found. Nevertheless, a high proportion of patients still die due to progressive disease. Those
patients who do not respond to rituximab should be included
in prospective clinical trials with new drugs.
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