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A B S T R A C T

Background: Despite a significant improvement in treatment outcomes, 30–40% of aggressive non-
Hodgkin lymphomas (NHL) patients are refractory or relapse after the first line therapy. Half of them are
not eligible to autologous stem cell transplantation (ASCT) due to failure of platinum-based salvage
regimens. Pixantrone is conditionally approved in Europe in patients with R/R aggressive NHL failing at
least 2 previous lines of therapy. Polish Lymphoma Research Group (PLRG) evaluated the efficacy and
tolerability of P[R]EBEN combining pixantrone, etoposide, bendamustine with or without rituximab), a
new regimen developed recently by Francesco d’Amore, in real-life experience.
Methods: In this retrospective audit, we analyzed the data of consecutive 25 R/R NHL cases, treated with
P[R]EBEN regimen in 9 PLRG centers. Safety and efficacy data, including adverse reactions (AE), response
rates, progression-free and overall survival (PFS and OS) were collected.
Results: Overall response rate (ORR) to P[R]EBEN regimen was 68% (40% CR and 28% PR). Most patients
responded, relatively early, by second cycle of therapy. P[R]EBEN was effective in 8 out of 15 patients
(53%) refractory to previous platinum-based salvage regimens. In 4 patients (16%) stabilization of disease
(SD) during therapy was observed and further 4 patients (16%) progressed during the treatment (PD).
Response rates were higher in patients, chemosensitive to their prior regimen (ORR – 87.5%, including
50% CR). At the median follow-up of 7.5 months (range 1–16) the median PFS and OS were not reached.
Projected PFS and OS at 12 months are 68% and 78% respectively. The P[R]EBEN regimen was well
tolerated and most of patients received it as out-patients. AEs grade �3 occurred in 17 patients (68%).
Most common grade 3–4 AEs were due to hematological toxicity with febrile neutropenia observed in 5
patients (20%). There were no episodes of septic deaths. Six patients (24%) died during treatment and
follow-up period, all of them due to lymphoma progression.
Conclusion: Our data suggest good efficiency and tolerability of P[R]EBEN regimen as a rescue therapy in
patients with R/R aggressive NHL.
© 2019 Published by Elsevier B.V. on behalf of Institute of Pharmacology, Polish Academy of Sciences.

Abbreviations: AE, adverse event; Allo-SCT, allogeneic stem-cell transplantation; ASCT, autologous stem-cell transplantation; ASH, American Society of Hematology;
CHOP, doxorubicin, cyclophosphamide, vincristine and prednisone; CR, complete response; CTCAE, common terminology criteria for adverse events; DLBCL, diffuse large B-
cell lymphoma; G-CSF, granulocyte colony-stimulating factor; GvL, graft versus lymphoma; HDC, high dose chemotherapy; HGBL, high grade B-cell lymphoma; MCL, mantle
cell lymphoma; NHL, non-Hodgkin lymphoma; ORR, overall response rate; OS, overall survival; PD, progressive disease; PET-CT, positron emission tomography combined
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Introduction

Introducing rituximab combined with anthracycline-based
regimens as a standard first-line therapy in all eligible patients
with aggressive non-Hodgkin lymphomas (NHL) resulted in
significant improvement of their outcome. However, 30–40% of
patients are still refractory to therapy or subsequently relapse [1–
3]. In fit patients, salvage platinum-based regimens are recom-
mended as a second-line therapy. Despite many attempts, none of
the particular regimens is clearly superior [4–8]. Subsequent
consolidation with high-dose chemotherapy (HDC) and autologous
stem-cell transplantation (ASCT) has curative potential only in
patients with chemo-sensitive disease. Half of relapse and
refractory (R/R) patients are not eligible to HDC/ASCT due to the
failure of salvage therapy, therefore alternative, more effective
salvage regimens are needed [9,10].

Anthracyclines play the key role in the first line management of
aggressive NHL, however, dose-related cumulative cardiotoxicity,
have restricted their potential usage in rescue setting [11–14].
Pixantrone dimaleate (pixantrone), a new aza-anthracenadione
was synthetized to reduce anthracycline-related cardiotoxicity,
while maintaining their high therapeutic activity [11,15]. Although
pixantrone chemical structure is similar to anthracyclines it
neither generates reactive oxygen species nor forms alcohol
metabolites responsible for drug-related cardiotoxicity and may be
used in R/R settings [11]. It is conditionally approved as
monotherapy in European Union countries in adult patients with
R/R aggressive NHL failing at least 2 previous lines of therapy [16].
In the pivotal phase 3 study Pettengell et al. reported an overall
response rate (ORR)/complete response (CR) of 37%/20% in
relapsed aggressive NHL patients treated with pixantrone as at
least third-line therapy. To increase the efficacy of pixantrone
monotherapy it’s combinations with monoclonal antibodies and
other cytostatics have been studied [17–20].

The P[R]EBEN protocol (Pixantrone, [Rituximab], Etoposide,
Bendamustine) developed by Francesco d’Amore, was the first
regimen combining aza-anthracenadione and bendamustine. In
the first promising clinical experience with P[R]EBEN in 30
patients with multiply R/R aggressive NHL Clausen et al. showed
an ORR of 50% including 27% of complete metabolic responses
[17,18]. Phase 1–2 study (NCT02678299) in R/R aggressive NHL is
ongoing with estimated completion date in June 2019. As the
Polish Lymphoma Research Group (PLRG) we present the results of
the retrospective audit evaluating the efficacy and tolerability of
this regimen in 25 patients with R/R NHL.

Patients and methods

In this retrospective analysis, we collected data of 25 R/R NHL
patients treated with P[R]EBEN in 9 PLRG centers, in 2017–2018.
The diagnosis according to the World Health Organization 2008
classification, was based on histopathological assessment of tissue
samples excised before the 1st line therapy or – in transformed
indolent lymphoma patients – after transformation [21].

The P[R]EBEN schedule consisted of pixantrone (50 mg/m2iv
infused on days 1 and 8), etoposide (100 mg iv on day 1),
bendamustine (90 mg iv on day 1) with the addition of rituximab
(375 mg/m2iv on day 1) in patients with CD20 positive NHL. If
feasible, each cycle was given in 21-days intervals for a maximum
of 6 cycles [17,18].

Efficacydata includingORR,CRrate,progression-freesurvival (PFS)
and overall survival (OS) as well as the safety data were collected. All
patients were assessed for response with 18F-fluorocholine positron
emission tomography combined with computed tomography (PET-
CT), before therapy, after 2 cycles and 3 weeks after treatment
completion. CR and PR were defined according to 2014 Lugano
classification [22,23]. Eligible patients with objective response to the
treatment were considered for consolidation with either HDT/ASCTor
allogeneic hematopoietic stem-cell transplantation (allo-SCT) accord-
ing to the local policy. Supportive treatment was administered as
required according to the local standards, including adequate fluid
intake and allopurinol for tumor lysis syndrome prevention, and
granulocyte colony-stimulating factor (G-CSF) support as neutropenic
fever (FN) prophylaxis. Adverse events (AEs) were classified according
to the National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE), version 4.03. This work has been carried out
in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involving
humans. Informed consent was obtained for experimentation with
human subjects.

Statistical analyses

To characterize the study group and response to therapy we
used descriptive statistical methods. Survival analysis was
performed by Kaplan-Meier method; both PFS and OS were
calculated from the time P(R)EBEN therapy was initiated to time of
progression, death from any cause or the date of the last follow-up.
Statistical analyses were performed using the software Statistica,
version 10 (StatSoft, Krakow, Poland).

Results

Between January 2017 and July 2018, 25 consecutive heavily-
pretreated patients with R/R NHL were treated according to the P
[R]EBEN schedule in 9 Polish centers. Their median age was 51
years (range 26–74) with a male/female ratio of 2.57. The most
common histologic subtype was diffuse large B-cell lymphoma
(DLBCL, n = 15), followed by transformed B-cell indolent lympho-
ma subtypes (TIN, n = 7) and peripheral T-cell lymphoma (PTCL,
n = 3). All patients had intermediate or high risk international
prognostic index (IPI) prior to the start of salvage therapy. All
patients received (R)-CHOP as initial induction therapy or after
transformation to an aggressive lymphoma subtype. The majority
of the patients (17/25; 68%) had primary refractory disease, most of
primary refractory patients had failed also platinum-based salvage
regimens (15/17; 88%). A further 8 (32%) were treated in relapse,
including 4 after previous ASCT. Patients characteristics and
demographics are summarized in Table 1.

All consecutive patients with DLBCL, TIN and PTCL who received
at least 1 cycle of treatment with P[R]EBEN were included in the
analysis. The median number of P[R]EBEN cycles received was 4
(range 3–6) with no dose reductions or dose delays. The overall
response rate (ORR) at the end of treatment was 68% with a CR rate
of 40% and PR rate of 28% (Table 2). The P[R]EBEN regimen was
effective in 8 of 15 (53%) patients refractory to both first-line as
well as platinum-based salvage regimens. Most responses were
observed early, after second cycle, median 2 (range 1–3). In 4
patients stabilization of disease was observed (16% SD), 4 patients
progressed during treatment (16% PD). Of the patients who
achieved a CR, two were refractory to first line R-CHOP. In the 8
patients who achieved a CR or PR to their last regimen, the ORR was
87.5% with a 50% CRR.

At the median follow-up of 7.5 months (range 1–16), the
median PFS and OS were not reached. Projected PFS and OS at 12
months are 68% and 78% respectively (Figs. 1 and 2). There were no
significant differences in PFS and OS depending on the lymphoma
subtype. After completion of P[R]EBEN salvage treatment, 6
patients (24%) proceeded to ASCT (3 DLBCL cases, 2 PTCL and 1
TIN). Post ASCT 5 patients were in metabolic CR and 1 in PR. Further
3 patients (12%) with TIN received a reduced intensity conditioning
(RIC) allo-SCT. Post allo-SCT 2 patients were in metabolic CR and 1



Table 1
Baseline patient and disease characteristics.

Patient Demographics
Male, n (%) 18 (72)
Female, n (%) 7 (28)
Median age, years (range) 51 (26–74)
� 60 years, n (%) 8 (32)
Median number of prior treatments, n (range) 3 (1–5)

Histologic type
DLBCL 15 (60)
Transformed B-cell indolent lymphoma (TIN) 7 (28)
PTCL 3 (12)

ECOG Performance status n (%)
0-1 19 (76)
� 2 6 (24)

Stage, n (%)
I 0 (0)
II 6 (24)
III 1 (4)
IV 18 (72)
Bulky disease, n (%) 14 (56)

Median IPI, number (range) 4 (3–5)

Duration of last remission
� 12 months, n (%) 6 (24)
<12 months, n (%) 19 (76)

Disease status
Primary refractory, n (%) 17 (68)
Relapsed, n (%) 8 (32)
Refractory to salvage platinum-based regimens, n (%) 15 (60)
ASCT before PREBEN, n (%) 4 (16)
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in PR. All of the patients after SCT were alive and their remission
status did not change at the time of analysis. Six patients (24%)
have died during the treatment or follow-up period due to
lymphoma progression (2 with SD, 4 with PD after P[R]EBEN
completion).

The treatment schedule was well tolerated and most patients
received the second and further cycles as out-patients. In the
analyzed group, AEs of all grade assessed according to Common
Terminology Criteria for Adverse Events (CTCAE) occurred in 23
patients (92%), grade 3–4 AEs were observed in 17 patients (68%)
with hematological toxicities being the most common. Grade 3
neutropenia was recorded in 10 patients (40%) while a single
patient experienced grade 4 neutropenia (4%). Grade 3–4
neutropenias completely resolved after G-CSF administration,
febrile neutropenia was noted in 5 patients (20%) but there were no
episodes of septic death. Grade 3 anemia occurred in 6 patients
(24%) and grade 3 thrombocytopenia in 5 patients (20%). Patients
with grade 3 anemia or thrombocytopenia were supported with
red blood cells or platelets transfusion. Infections were the most
common non-hematological AEs, followed by polyneuropathy in 2
patients (8%). Grade 3 infections occurred in 8 patients (32%),
including 5 patients (20%) with febrile neutropenia. Only 5 patients
(20%) required additional hospitalization due to AEs, all with
febrile neutropenia. There were no clinically significant cardiovas-
cular events during treatment or follow-up. In 12 patients (48%),
who underwent echocardiographic analysis at the end of
treatment (all presented with more than one cardiological risk
factor), we did not observe any left ventricle diastolic nor systolic
dysfunction. The details of AEs are summarized in Table 3.

Discussion

Achieving a successful outcome to the treatment of refractory/
relapsed aggressive NHL patients is still a challenge. Therefore,
after the feasibility study results of P[R]EBEN were presented at the
ASH and ICML conferences by d’Amore and Clausen we have
offered this regimen as an alternative salvage regimen in PLRG
hematology/oncology centers [17,18]. In the d'Amore study, the P
[R]EBEN regimen was found not to be suitable for the treatment of
other aggressive subtypes such as high-grade B-cell lymphoma
(HGBCL) and mantle cell lymphoma (MCL), therefore patients with
the above diagnoses were not included in the analysis [17,18]. Our
retrospective audit confirmed the high overall response rate of 68%
and metabolic CR rate in heavily pretreated relapsing/ refractory
aggressive NHL patients observed in the published D’Amore data
[17,18]. A complete metabolic response rate of 40% compares
favorably to traditional second line platinum-based salvage
regimens [4–8,24], and is almost double the CR rate of pixantrone
monotherapy (PIX301 trial) and similar to previously described in
P[R]EBEN studies designed by d’Amore and Clausen [16,25].
Comparable results were also reported by Hayman et al. in a phase I
study in R/R B-cell NHL, where pixantrone was combined with
bendamustine and rituximab [20]. What is more, in our group the
response to P[R]EBEN was achieved in 64.6% of patients with the
disease primary refractory to the therapy, 68.4% of patients with
the response to the previous therapy lasting �12 months and 53.4%
of the patients refractory to previous classical cisplatin based
salvage therapies. All the situations mentioned above, are an
unmet medical need, so whenever possible, such patients should
be offered therapy with novel agents in clinical trials.

The results achieved with P[R]EBEN in this study are
exceptionally good considering the extremely poor prognosis of
R/R aggressive NHL patients. In multicohort, international,
retrospective NHL study SCHOLAR-1, the objective response rate
to the next therapy in the primary refractory patients was only 26%
with median OS of 6.3 months [26]. In the CORAL study, the
primary refractory patients, or those with early relapse (�12
months) were reported to have a median overall survival of only
3.3 and 6.4 months respectively and the response to the third-line
therapy in the patients failing second-line salvage regimens was
39% [10]. According to the other reports, less than 1 in 10 relapsing
patients not responding to the first salvage regimen, survived 3
years [27,28]. In our patients treated with P[R]EBEN, the projected
one-year PFS and OS were 68% and 78% respectively that warrants
further investigation of this regimen.

An important aspect of our study is successful consolidation
with ASCT or allo-SCT in 6/25 (24%) and 3/25 (12%) of the patients
respectively. In the SCHOLAR-1 study, transplant procedures
significantly prolonged median OS of refractory DLBCL [26]. Appio
et al. described R/R patients treated with pixantrone monotherapy
who received ASCT [29] and our data suggest further improvement
of its efficacy by the combination strategy. Allo-SCT, due to the
graft-versus lymphoma (GvL) effect, further reduces the probabil-
ity of disease relapse and it is considered potentially curative in the
patients with chemosensitive disease after ASCT failure. In our
cohort, 3 patients with transformed indolent lymphomas under-
went RIC allo-SCT without any transplant-related deaths observed.
Malaspina et al. have recently reported a response to pixantrone in
multiple relapsed DLBCL patient after failing allo-SCT [30].

In the context of durable responses and good tolerance
observed in our analysis, P[R]EBEN should also be considered as
a valuable therapeutic option for patients who do not qualify for
ASCT due to their poor performance status, comorbidities or older
age. In our group response was achieved in 4 out of 8 patients (50%)
aged �60 years, with a safety profile comparable to the whole
group. Recently published post-hoc analysis of PIX301 trial
demonstrated durable responses and long-term remission after
pixantrone monotherapy in some patients regardless the clinical
response to the last regimen [16,25].

P[R]EBEN regimen was not only effective, but also safe and well
tolerated in this heavily pretreated patient population, failing 1–5



Table 2
Response to PREBEN according to pretreatment parameters.

Parameter Number of patients Complete response
n (%)

Partial response
n (%)

Stable or progressive disease n (%)

All group 25 10 (40) 7 (28) 8 (32)
Age � 60 years 8 2 (25) 2 (25) 4 (50)

Lymphoma subtype
DLBCL 15 5 (33.3) 4 (26.7) 6 (40)
TIN 7 3 (42.9) 3 (42.9) 1 (14.2)
PTCL 3 2 (66.7) 0 (0) 1 (33.3)

DOR of the last treatment
� 12 months 6 2 (33.3) 2 (33.3) 2 (33.3)
<12 months 19 8 (42.1) 5 (26.3) 6 (31.6)

Disease status
Primary refractory 17 6 (35.2) 4 (23.5) 7 (41.1)
Refractory to salvage platinum-based regimens 15 4 (26.7) 4 (26.7) 7 (46.6)
Relapsed 8 4 (50) 3 (37.5) 1 (12.5)
Relapsed after ASCT 4 1 (25) 2 (50) 1 (25)

Fig. 1. PFS analysis of all patients. Fig. 2. OS analysis of all patients.
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previous lines of treatment, including HDC/ASCT. In our audit and
the study by d’Amore, Clausen et al. [17,18] the P[R]EBEN regimen
toxicity was limited, predictable and manageable enabling the
treatment to be delivered in an outpatient setting. In our series,
patients were admitted to the hospital only for the first couple of
days of the first cycle. There were no septic deaths during
treatment and follow-up period. This rate was comparable to the
one reported in the pivotal PIX301 study [25], suggesting no
significant additional toxicity associated with P[R]EBEN as multi-
drug regimen. Serious infections were reported in 32% of the
patients, but they were manageable with empiric antibiotics in all
cases. We did not observe any cardiotoxicity associated with P[R]
EBEN regimen that confirms previous observations on the cardiac
safety of pixantrone in NHL patients treated previously with
anthracycline-containing protocols [16,25].
Table 3
Adverse events, according to CTCAE ver 4.03.

Adverse events All grade n (%) Grade 1, n (%) 

Neutropenia 23 (92) 6 (24) 

Anemia 21 (84) 8 (60) 

Thrombocytopenia 20 (80) 7 (28) 

Polyneuropathy 2 (8) 0 

Infection 8 (32) 0 

Febrile neutropenia 5 (20) 0 
The limitations of this study are: retrospective character of
the analysis, the small number of patients with different types of
aggressive lymphoma and the short follow-up period. Our
results confirmed that P[R]EBEN is feasible, effective and safe
salvage regimen in R/R NHL in a real–life setting. It may not only
be used as potential bridging to HDT/ASCT or allo-SCT in
younger, fit patients, but also is an effective, well tolerated
salvage regimen in elderly patients with comorbidities, where
traditional, platinum-based chemotherapy protocols are too
toxic. It’s promising efficacy and manageable toxicity profile
warrant further studies in larger patient group with longer
follow-up. We all wait for the results of a proper prospective
clinical trial, designed by Francesco d’Amore, currently on-going
in aggressive R/R NHL.
Grade 2, n (%) Grade 3, n (%) Grade 4, n (%)

6 (24) 10 (40) 1(4)
7(28) 6 (24) 0
8 (60) 5 (20) 0
0 2 (8) 0
0 8 (32) 0
0 5 (20) 0
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