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characteristics and outcome of a multicenter series
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Abstract
Burkitt’s monomorphic posttransplant lymphoproliferative disorder (B-PTLD) is an uncommon subtype of PTLD. Owing to the
paucity of this complication, clinical characteristics and outcome has not been fully described. Clinical characteristics and
outcomes of 20 patients diagnosed with B-PTLD from 10 transplant centers belonging to the GEL/TAMO group were reviewed.
Median time from transplant to B-PTLD was 7.2 years. All the cases fulfill the morphologic and genetic criteria of B-PTLD,
whereas Epstein-Barr virus (EBV) was detected in 70% of cases. Patients were treated with different chemotherapy combina-
tions, and three patients received upfront rituximab monotherapy. The great majority of patients receiving CHOP-like regimens
attained a complete response (CR) (73%), similar to that obtained with dose-intensive chemotherapy (83% CR). In contrast,
patients receiving upfront rituximab monotherapy required subsequent chemotherapy. Two patients (10%) died during treatment
due to infection. The median progression-free survival and overall survival (OS) were 16 months and 139 months, respectively.
When analyzing variables predicting for OS, we found that patients with bone marrow involvement had an adverse prognosis,
with a median OS of 6 months (p = 0.008). In conclusion, B-PTLD is an uncommon complication usually associated with EBV
infection and with an aggressive clinical course, particularly in patients with bone marrow involvement. High-dose
chemoimmunotherapy obtained similar responses to R-CHOP, suggesting that R-CHOP could be an adequate alternative for
these patients. In contrast, rituximab monotherapy does not seem to be effective enough to control the disease.
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Introduction

Posttransplant lymphoproliferative disorders (PTLD) are an
unusual complication from the immunosuppressive therapy

(IS) administered after hematopoietic stem cell (HSCT) or
solid organ transplantation (SOT) [1]. The estimated preva-
lence of PTLD is 3–5% among patients who underwent SOT,
and beneath 1% in those receiving an allogeneic HSCT [2].
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From the histological standpoint, PTLDs comprise a wide
spectrum of lymphoid and plasmacytic proliferations rang-
ing from Epstein-Barr virus (EBV)-driven polyclonal non-
destructive PTLDs to monomorphic lymphomas [3]. More
than 70% of PTLD are classified as monomorphic diffuse
large B cell lymphoma (DLBCL-PTLD), whereas other sub-
types, including Burkitt lymphoma, plasmablastic lympho-
ma, or multiple myeloma, represent less than 10% [2, 3].
Notably, up to 60% of the PTLD cases are associated with
EBV infection [4]. Because of the heterogeneity of these
disorders, the paucity of cases, and the variable general con-
dition of the patients, there is no general consensus on the
most adequate treatment for PTLD [5, 6]. Decrement of im-
munosuppression is the usual first approach, which leads to
some responses particularly in early lesions or polymorphic
variants of the PTLD [7]. The use of rituximab, alone or in
combination, significantly improved the outcome of CD20-
positive PTLD patients [8, 9]. Albeit this progress, patients
presenting with monomorphic variants, advanced stage, or
high tumor burden usually require chemotherapy to attain
therapeutic response [10–13].

Burkitt lymphoma (BL) is a germinal center-derived ma-
ture B cell lymphoma characterized by increased MYC ex-
pression, extremely high proliferation rate, and an aggressive
clinical course. Three clinical variants of BL are accepted by
the World Health Organization (WHO) classification: endem-
ic, sporadic, and immunodeficiency-associated HIV type [14].
Patients usually present with an advanced clinical stage, bulky
masses, and extranodal disease, including central nervous sys-
tem (CNS) involvement [15]. BL has a favorable outcome
when treated with high-dose chemoimmunotherapy, including
drugs with ability to cross the blood-brain barrier [15]. The
drawback of these intensive chemotherapy regimens is their
association with high toxicity, particularly in fragile or immu-
nosuppressed patients [16–18]. Lower intensity regimens
such as modified EPOCH-R (SC-EPOCH-RR) have been ef-
fective in patients with HIV-positive BL [19].

Burkitt lymphoma PTLD (B-PTLD) is an uncommon and
aggressive subtype of monomorphic PTLD representing be-
tween 3 and 9% of PTLD reported in adult population [3, 20,
21]. Although B-PTLD is generally associated with MYC
translocation, some cases of B-PTLD with lack ofMYC trans-
location and 11q aberrations have been recently described
[22]. Due to the reduced number of cases diagnosed with B-
PTLD, their clinical characteristics, outcome, and most ade-
quate treatment options are not well established [5, 6, 20–30].
CHOP-like chemotherapy, or Burkitt-like regimens, have ob-
tained adequate response rates [20–30] at the expense of
higher treatment-related toxicity and mortality in comparison
with BL diagnosed in patients that not underwent transplanta-
tion [17, 18, 24].

Owing to the fact that B-PTLD is an infrequent and poorly
studied aggressive lymphoma without an optimal treatment

approach, we performed a multicenter analysis aimed to pro-
vide a better characterization of their clinical characteristics,
response to therapy and outcomes of patients diagnosed with
B-PTLD.

Material and methods

Patients

Adult patients diagnosed with B-PTLD between February
1996 and April 2015 and belonging to 10 transplant centers
from the Grupo Español de Linfomas/Trasplante Autólogo de
Médula Ósea (GEL/TAMO cooperative group) were retro-
spectively identified. Medical records and pathology reports
were reviewed to obtain additional information. This study
was approved by the ethical committee of the University
Hospital Vall d’Hebron.

Histology, Epstein-Barr virus association,
and cytogenetic studies

The diagnosis of Burkitt lymphoma was established follow-
ing the recent criteria established by the World Health
Organization classification of hematopoietic and lymphoid
tumors [14]. Immunohistochemical data for CD20, CD10,
BCL-6, BCL2, MUM-1, and Ki67 were registered.
Additionally, information on EBV status by in situ hybrid-
ization for Epstein-Barr-encoded small RNA (EBER) was
gathered in 13 cases. Compatible fluorescence in situ hy-
bridization (FISH) analysis or conventional karyotype was
mandatory to be included in the study. Patients with PTLD
negative for C-MYC gene breaks and/or positive for BCL2
or BCL6 rearrangements by FISH were excluded.
Information on conventional karyotype was available in
eight patients.

Statistical analysis

Overall survival (OS) was defined as the time from initial
diagnosis of B-PTLD to death from any cause. Progression-
free survival (PFS) was defined from the date of diagnosis to
relapse/progression or death of any cause. Fisher’s exact test
was used to compare categorical variables. Survival curves
were estimated using the Kaplan-Meier method and compared
by means of the log-rank test. P < 0.05 was considered signif-
icant. Cox proportional hazard model was used for multivar-
iable analyses and to obtain hazard ratios (HRs) with 95%
confidence intervals (CI 95%). All statistical analyses were
performed using STATA version 13.1.
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Results

Baseline findings and clinical presentation

Twenty-five adult patients were diagnosed with B-PTLD.
Among them, five patients had no cytogenetic studies and
therefore were excluded from the analysis. Four patients diag-
nosed between 1996 and 2002 treated in the pre-rituximab era
were included. Starting from January 2003, all patients re-
ceived rituximab-containing regimens. The main baseline
characteristics of the 20 patients are summarized in Table 1.
Median age at diagnosis was 45 years (range, 23–71 years),
and 11 patients were female (55%). Eighteen patients (90%)
underwent solid organ transplantation, being the kidney (n =
11) the most frequent organ transplanted. Two additional pa-
tients received an allogeneic stem cell transplant (alloHCT),
one from unrelated donor and another from an identical sib-
ling donor. Underlying diseases for the transplant indication
consisted of end-stage renal disease, cirrhosis, cystic fibrosis,
dilated cardiomyopathy, and chronic myeloid leukemia in the
two patients that underwent alloHCT.Median time from trans-
plant to the diagnosis of B-PTLD was 7.2 years (range,
2 months to 21.7 years), with most of the patients (85%)
developing B-PTLD later than 1 year after the transplantation.
The two patients receiving an alloHCT developed B-PTLD
4 months and 4 years after transplantation, respectively. Of
note, all patients were on immunosuppressant treatment when
the PTLD was diagnosed.

The majority of patients presented with advanced clinical
stage (Ann Arbor stage IV in 16 cases [80%]), and 11 patients
(58%) had B symptoms. Enlarged lymph nodes, together with
extranodal disease, were the most common clinical
presentation (80%). One patient (7%) presented with CNS
involvement at diagnosis. Notably, nine patients (50%) had a
poor performance status at diagnosis (ECOG > 2), and four
patients (20%) were admitted to the intensive care unit (ICU)
before starting treatment. Five patients (25%) presented spon-
taneous tumor lysis syndrome (TLS) at diagnosis, and two out
of five patients required hemodiafiltration to manage renal
failure.

Immunohistochemical analyses revealed that all cases were
CD20+, CD10+, BCL6+, and BCL2 negative and had Ki67
expression > 90%. TheMYC gene rearrangement was present
in all the cases analyzed by FISH (17/17). The three remaining
cases in this series exhibit the t(8;14)(q24;q32) translocation
by conventional cytogenetic. Regarding the EBV status, in
situ hybridization for EBV (EBER) was positive in 9 out of
13 (69%) patients tested.

Treatments and outcome

Immunosuppressive therapy was reduced at the time of the
PTLD diagnosis in all patients. Thirteen patients received

chemoimmunotherapy: R-CHOP (n = 9), rituximab combined
with high-dose chemotherapy including high-dose methotrex-
ate (MTX) and Ara-C (Burkimab regimen [17]) (n = 3), and
R-EPOCH (n = 1). Three patients, two of them with Ann
Arbor stage I, received rituximab monotherapy (four weekly
courses) as frontline treatment. Finally, four patients diag-
nosed in the pre-rituximab era were treated with CHOP (n =
1), LLA/LB97 protocol [31] (n = 2), and CODOX-M/IVAC
(n = 1). Sixteen patients received CNS prophylaxis including
intrathecal methotrexate (n = 9), intravenous MTX (n = 1), or
both (n = 6).

Sixteen patients (80%) completed the initial treatment,
whereas two patients (10%) died because of infectious toxicity
(CHOP [n = 1], R-CHOP [n = 1]), and two required treatment
discontinuation (R-CHOP) because of cytomegalovirus reac-
tivation and worsening of the general status. Overall response
rate (ORR) to frontline treatment was 80%, with 15 of them
achieving a complete response (CR) (75%) and one patient
attaining a partial response. Eight out of 11 patients (73%)
attained CR after CHOP-like regimens, 5 out of 6 (83%) after
dose-intensive chemotherapy and 2 out of 3 after rituximab
monotherapy. Eight patients relapsed at a median time of
6 months (range, 2 months to 10 years), including all patients
treated with rituximab monotherapy. Two patients presented
with an isolated CNS relapse. Salvage therapy consisted of
Burkitt-like regimens (Burkimab) (n = 3), R-CHOP (n = 1),
R-EPOCH (n = 1), and BAM (BCNU, high-dose cytarabine
and MTX) plus intrathecal MTX (n = 1). Two patients re-
ceived palliative treatment because of their poor clinical con-
dition. By these treatments, 4 patients (67%) reached a CR.
One patient (10%) died due to pneumonia when receiving
Burkimab, and another one died in CR 5 months after the
treatment due to pneumonia. After frontline treatment, 3-
year PFS and 3-year OS were 45% [95% CI, 26–64%] and
64% [95% CI, 39–81%], and median PFS and OS were
16 months and 137 months, respectively (Fig. 1).

In the univariate analysis for OS, only bone marrow infil-
tration but not age, performance status, stage of disease, time
from transplantation to PTLD, or transplant type had an im-
pact on the OS. Bone marrow involvement retained the statis-
tical significance in the Cox multivariate analysis (Table 2).
Thus, B-PTLD with bone marrow involvement showed a me-
dian OS of 6 months compared to a median OS not reached in
patients without bone marrow infiltration (p = 0.008) (Fig. 2).

Discussion

Herein, we presented a series of B-PTLD, the largest to our
knowledge reported to date, confirming that this type of lym-
phoma is an exceedingly infrequent complication of trans-
plantation. In accordance with previous reports in adult
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population [3–6, 8, 10, 12, 13, 20, 21], B-PTLD represents
only the 8% of all PTLD in our series.

The histological characteristics of B-PTLD resemble to that
described in BL cases not related to transplant [14]. Notably,
the observed EBV expression (69%) appears higher than the
one reported in sporadic and immunodeficiency-associated
HIV BL subtypes (30–40%), and similar to the endemic

subtype and to the previously reported B-PTLD series (80%)
[20–23]. This is in agreement with the potential role of the
EBV infection in the pathogenesis of B-PTLD [20–30]. It
seems that this subtype of lymphoma is a late complication
of the transplantation, with a median time of 7.2 years. These
figures are similar to previously reported B-PTLD cases and
to DLBCL-PTLD, pointing out that B-PTLD is probably a

Table 1 Baseline characteristics
of B-PTLD patients Characteristics No. (%)

Median age (range), years 45 (23–71)

Male 9 (42)

Transplant type

Kidney 11 (55)

Liver 3 (15)

Lung 2 (10)

Heart 2 (10)

AlloHCT 2 (10)

Median time from transplantation to PTLD (range), years 7.2 (0.2–21.7)

< 1 year 3 (15)

≥ 1 year 17 (85)

EBVassociation (n = 13)

EBVassociated 9 (69)

Non-EBVassociated 4 (31)

Ann Arbor classification

I 3 (15)

II 1 (5)

III –

IV 16 (80)

B symptoms (n = 18) 11 (58)

Serum lactate dehydrogenase

Elevated 19 (95)

Serum β2 microglobulin (n = 15)

Elevated 10 (67)

Extranodal disease 16 (80)

GI 9 (60)

Liver 1 (7)

Lung 4 (27)

Bone marrow 6 (37)

Breast 1 (7)

CNS 1 (7)

≥ 2 extranodal sites 11 (73)

Bulky mass (> 7 cm) 11 (55)

ECOG performance status (n = 18)

0–1 8 (45)

≥ 2 10 (55)

Spontaneous TLS

Yes 5 (25)

AlloHCT, allogeneic stem cell transplantation; B-PTLD, posttransplantation lymphoproliferative Burkitt’s lym-
phoma; EBV, Epstein-Barr virus; GI, gastrointestinal; CNS, central nervous system; ECOG, Eastern Cooperative
Oncology Group; TLS, tumor lysis syndrome
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complication of a very prolonged immunosuppression
[20–30]. However, it should be noted that in our series, one
of two patients receiving alloHCT developed B-PTLD
4 months after transplantation in accordance with previously
described in alloHCT-related PTLD [32].

Clinical presentation features of B-PTLD in our series in-
cluded advanced stage, B symptoms, and frequent extranodal
involvement, alike to what is described in other BL subtypes
[15]. It should be noted that B-PTLD is an extremely aggres-
sive lymphoma at diagnosis; thus, in our series 10 patients
(50%) presented with poor performance status (ECOG 3 or
4), 4 patients (20%) required ICU admission before treatment,
and 5 patients (25%) had tumor lysis syndrome (TLS) at di-
agnosis. Str ikingly, 2 out of 5 patients required
hemodiafiltration to manage renal failure, confirming TLS is
a serious complication among B-PTLD patients probably in-
creased by the presence of basal renal injury due to IS [33].

A high response rate has been reported in B-PTLD with
different approaches, ranging from high-dose chemotherapy
and CHOP-like regimens to rituximab monotherapy [20–30].
In our series, most patients received chemotherapywith (65%)
or without rituximab (20%) as frontline treatment. Even
though R-CHOP is a suboptimal treatment for BL [34], we
observed a CR rate of 73% after CHOP or R-CHOP, similar to
dose-intensive regimens (CR 83%) (p = 0.62). A few cases of
B-PTLD responding to rituximab monotherapy have also
been described among the pediatric population. However, this
approach did not result in long-term remission in adult pa-
tients with aggressive PTLD, with a median PFS of 6 months
and 2-year OS of 51% [10]. In our series, patients treated with
rituximab monotherapy required further chemotherapy, in-
cluding two patients at early stage disease, suggesting that
addition of chemotherapy is needed to control this aggressive
lymphoma, even at early stages.
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Fig. 1 Progression-free survival and overall survival curves of all patients diagnosed with B-PTLD (n = 20). a Progression-free survival of all patients.
The 3-year estimate PFS was 45% [95% CI, 26–64%]. b Overall survival of all patients. The 3-year estimate OS was 64% [95% CI, 39–81%]

Table 2 Predictive factors of
overall survival, multivariate
analysis (Cox proportional hazard
model)

Variable Hazard
ratio

95% confidence
interval

p
value

Age

< 45 vs. ≥ 45 1.621 0.269–9.769 0.598

Performance status

≤ 2 vs. > 2 0.949 0.157–5.742 0.955

Time from transplantation

Early vs. late PTLD 0.45 0.044–4.624 0.502

Stage of disease

Limited (Ann Arbor I/II) vs. advanced (Ann Arbor
III/IV)

0.612 0.05–7.439 0.7

Bone marrow involvement 6.538 1.110–38.510 0.038
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Despite the aggressive clinical course of B-PTLD, we ob-
served a prolonged OS with a median OS of 137 months,
which suggests that both R-CHOP and more intensive chemo-
therapy combinations could be suitable for B-PTLD. After
analyzing different clinical variables, the only factor associat-
ed with poor survival was the bone marrow involvement, with
a median OS of only 6 months, in line with previously ob-
served in BL [35].

The toxicity and mortality related to chemotherapy have
been a concern in the posttransplant setting [12, 13]. High-
intensive regimens have shown a treatment-related mortality
(TRM) of 60% in a series of 5 B-PTLD patients in the pre-
rituximab era [24]. Less intensive therapies, such as R-CHOP,
have been associated with apparently less toxicity than high-
intensive regimens [21]. In our study, we observed two
treatment-related deaths and two patients who needed treat-
ment discontinuation. Recently, the German PTLD Study
Group and the European PTLD Network reported the high
efficacy of sequential treatment with rituximab followed by
CHOP in CD20-positive PTLD with less toxic effects and
lower TRM than conventional R-CHOP [12, 13]. The same
authors retrospectively evaluated the outcome of 5 B-PTLD
patients treated with this sequential approach. They observed
80% of complete responses (4/5) with no TRM and an appar-
ently good safety profile [21], although, due to the reduced
number of B-PTLD included, the potential role of the sequen-
tial treatment remains unclear.

Another issue in B-PTLDmanagement is the need for CNS
prophylaxis. Several cases of B-PTLD with an early CNS
relapse have been reported so far [6, 21]. Notably, most of
them had not received prophylaxis. In our series, 80% of pa-
tients were treated with intravenous or intrathecal MTX, and 2
patients presented CNS relapse (10%). Thus, our data favors
the use of CNS prophylaxis in patients with B-PTLD, either

intrathecal or using systemic drugs which cross the blood-
brain barrier.

In conclusion, in this series, B-PTLD behaves like an ag-
gressive subtype of PTLD, especially in patients with bone
marrow infiltration, and is usually associated with EBV infec-
tion. Chemoimmunotherapy combinations, including Burkitt-
based therapies and less intensive regimens such as R-CHOP
or low intensity R-EPOCH-based treatments, can obtain a
good response in B-PTLD. For patients who are not candidate
to intensive regimens, R-CHOP-like regimens seem to be an
adequate alternative. Furthermore, rituximab alone does not
seem to be effective even in early stages.
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