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Abstract: Not many treatment options exist for patients with relapsed or refractory (R/R)
B-cell non-Hodgkin lymphoma (NHL) in whom first- and second-line therapies were unsuc
cessful. This is especially true for patients with aggressive lymphomas. The innovative agent
pixantrone has shown some promising results in terms of disease-free and overall survival,
both in monotherapy as well as in combinations. However, recent trials (Phase III and realworld studies) reported unsatisfactory results, thereby raising the question about the role of
pixantrone in the current treatment of R/R aggressive lymphomas. Nonetheless, there might
still be a potential position for this drug in combinations, for use as first-line treatment of
patients with cardiac dysfunction. This article summarizes the definition, structure, mechan
ism of action and reduced cardiotoxicity of pixantrone as well as efficacy and toxicity both in
monotherapy and in combinations, as treatment for aggressive and indolent non-Hodgkin
lymphomas.
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First-line therapy in patients with aggressive lymphomas usually comprises an
anthracycline-based regimen combined with rituximab, such as R-CHOP (rituxi
mab, cyclophosphamide, doxorubicin, vincristine and prednisolone). However, only
approximately 60–65% of patients can be cured with standard front-line therapy,
while the remaining 35–40% of patients will exhibit primary refractory disease or
relapse following an initial response to therapy.1–4 The overall outcome for these
patients is quite poor with a chance of cure no more than 10%.2 The dismal
outcomes for many patients who fail to respond to initial treatment, including
patients refractory to potentially curative front-line treatment (median overall
survival (OS) 7.1 months) or relapsing within 1 year of autologous stem cell
transplantation (ASCT) (median OS 6.2 months), have been outlined in the
SCHOLAR-1 analysis.5
The standard second-line salvage therapy habitually includes a platinum
and/or gemcitabine-based regimen, followed by consolidative high dose ther
apy and autologous stem cell transplantation (ASCT) in younger, fit patients.6,7
A recent real-world analysis discovered that only 33% of patients with R/R
diffuse large B-cell lymphoma (DLBCL) were planned for ASCT and finally,
only 13% of patients actually underwent ASCT.8 The median OS in patients
after ASCT was 21.4 months, compared to 10.5 months in patients unfit for
ASCT.8
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Up until now, there has been no consensus regarding
the third and further line therapies in multiply relapsed or
refractory aggressive B-cell NHL. Typically, they consist
of polychemotherapy combinations excluding the anthra
cyclines or of monotherapy with oxaliplatin, etoposide,
gemcitabine, vinorelbine, etc.7,9 The first, and for quite
some time the only, registered drug for multiply relapsed
aggressive B-cell lymphomas was pixantrone.10,11
However, the phase III study PIX306, comparing the effi
cacy and safety of pixantrone with rituximab (PIX-R)
versus gemcitabine with rituximab (GEM-R) in patients
with relapsed (not refractory) aggressive B-cell NHL,
deemed ineligible for ASCT (NTC01321541), failed to
demonstrate any improvement in outcomes with pixan
trone and rituximab as opposed to gemcitabine with
rituximab.12–14 In line with this were also findings of
some real-world studies15–17 which have shown overall
disappointing outcomes of treatment with pixantrone and
have therefore questioned the actual role of pixantrone in
the current treatment of R/R aggressive lymphomas.
Recently, further options were also offered to adult
patients with relapsed or refractory diffuse large B-cell
lymphomas. The first option is the chimeric antigen recep
tor T-cell (CAR T) therapy indicated after two or more
lines of systemic therapy. This treatment option, though
considerably effective, is associated with significant toxi
cities and represents an extensive financial burden to
health-care systems.18–22
The second option – polatuzumab vedotin in combina
tion with bendamustine and rituximab – has only very
recently been approved for treatment of patients with
relapsed/refractory DLBCL who are not candidates for
hematopoietic stem cell transplant,23 however, it has not
yet been reimbursed in quite a few EU countries.
Yet another treatment option for relapsed (not refrac
tory) DLBCL, the anti-CD19 antibody tafasitamab in com
bination with lenalidomide, followed by tafasitamab
monotherapy, has entered the formal regulatory review
process in the EU in May 2020, on the basis of results of
the Phase II L-MIND study.24
Lastly, in June 2020, selinexor (an oral selective inhi
bitor of nuclear export) received accelerated Food and
Drug Administration (FDA) approval. The approval was
based on the response rate observed in the phase IIb
SADAL study for selinexor’s second indication until
now, which is treatment of adult patients with relapsed or
refractory DLBCL after at least two lines of systemic
therapy. The marketing authorization application for
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selinexor, as treatment for relapsed or refractory DLBCL,
is planned for submission to the European Medicines
Agency (EMA) in 2021.25
This review summarizes the definition, structure,
mechanism of action and reduced cardiotoxicity of pixan
trone, as well as efficacy and toxicity in monotherapy and
in combinations in aggressive and indolent non-Hodgkin
lymphomas and aims to identify the current role of pixan
trone in the treatment of B-cell non-Hodgkin lymphoma.

Pixantrone – Definition and
Structure, Mechanism of Action,
Mechanism of Reduced
Cardiotoxicity
Pixantrone is a novel aza-anthracenedione drug developed
to reduce the likelihood of cardiotoxicity without compro
mising antineoplastic activity.26
The development of anthracyclines started in the 1950s
(doxorubicin and daunorubicin), and was followed by the
development of anthracenedione mitoxantrone in the 1970s.
Anthracyclines block the function of topoisomerase II (iso
forms α and β) – the enzyme that affects topologic features
of DNA, resulting in the disruption of tumor cells.27
Unfortunately, anthracyclines also exhibit significant cardi
otoxicity; presumably by driving reactions resulting in for
mation of free radicals and generation of reactive oxygen
species, which in succession compromises the function of
cells.27 As well as oxidative damage, topoisomerase IIβmediated responses to DNA damage may further contribute
to anthracycline-induced cardiotoxicity.28
The structure of pixantrone differs from that of mitox
antrone in that the hydroquinone moiety was removed,
a nitrogen heteroatom was inserted in the same ring and
ethylamino-diethylamino side chains were substituted for
hydroxyethylamino-ethylamino
side
chains.29,30
Pixantrone directly alkylates DNA, thereby forming stable
DNA adducts and inducing DNA double-strand breaks,
which prevents DNA replication, transcription and
repair.10,26,28,31,32 Pixantrone also induces a latent type of
DNA damage that impairs mitosis.33
In contrast to anthracyclines, pixantrone does not bind
iron, indicating it has less potential to generate reactive
oxygen
species
or
form
long-lasting
alcohol
10,28–30
metabolites.
Pixantrone is also a relatively weak inhi
bitor of topoisomerase II paralleled to other anthracenediones
and anthracyclines10,33 and, in contrast to mitoxantrone,
more selectively inhibits topoisomerase IIα versus
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topoisomerase IIβ.28 Pixantrone exhibited less cardiotoxic
potential than mitoxantrone and doxorubicin in murine
models.34–36

Effectiveness of Pixantrone in
Monotherapy
Aggressive Lymphomas
First-Line Treatment
To the best of our knowledge, there are no data on firstline treatment of aggressive lymphomas with pixantrone
monotherapy.

Treatment of R/R Patients
Overall, there were three Phase I studies which investi
gated the optimal dose and schedule of pixantrone – one in
patients with NHL and chronic lymphocytic leukemia37
and two in patients with various solid tumors.38,39 The
schedule recommended for phase II trials was 50 mg/m2
of active substance of pixantrone on days 1, 8 and 15 of
a 28-day cycle.
Borchmann et al evaluated pixantrone as a single agent
in a phase II study in relapsed NHL patients who have
received a median of two previous treatments. The overall
response rate (ORR) was 27% with 15% of patients exhi
biting complete response (CR) and the median progres
sion-free survival (PFS) was 3.5 months, while the overall
survival (OS) was 7.6 months.40
Pixantrone received conditional marketing approval by
the European Medicines Agency for the treatment of mul
tiply relapsed or refractory aggressive NHL on the basis of
phase III trial PIX301.11 In this study, Pettengell et al
compared the effectiveness of pixantrone in monotherapy
against single-agent physicians’ choice therapy (gemcita
bine, mitoxantrone, etoposide, ifosfamide, oxaliplatin or
vinorelbine) in the population of patients with aggressive
NHL, that were either refractory or relapsed after at least
two prior regimens. Patients received 50 mg/m2 of active
pixantrone on days 1, 8, and 15 of a 28-day cycle. In the
pixantrone group, 20% of patients achieved complete
response or unconfirmed complete response (CRu) versus
5.7% in the comparator group (p=0.021) and overall
response rates of 37.1% versus 14.3% (p=0.003).
Furthermore, the median progression-free survival was
significantly longer in the pixantrone arm (5.3 months
versus 2.6 months, p = 0.005) with a trend towards
a longer OS which was, however, not statistically signifi
cant (10.2 months versus 7.6 months, p =0.251).11 Posthoc analyses of this study demonstrated that neither

Therapeutics and Clinical Risk Management 2021:17

Jezeršek Novaković et al

previous therapy with rituximab nor the clinical response
to last therapy influenced the outcome in the pixantrone
arm. Additionally, a significantly higher CR/CRu rate was
observed in the subgroup of patients with centrally con
firmed aggressive B-cell NHL who were receiving pixan
trone, versus CR/CRu rates observed in patients treated
with a comparator agent as third- or fourth-line
therapy.41,42
Following the pivotal PIX301 study, there were two
real-life studies on pixantrone in monotherapy; one UKwide retrospective study of R/R DLBCL patients15 and the
other – the PIXA study conducted in Spain and Italy
including the same patient population, that is, patients
with aggressive relapsed or refractory B-cell NHL who
had progressed after two or more prior therapies.16
Patients from the Eyre and coworkers’ study had poorer
prognostic features than those from the PIX301 trial; 85%
had refractory disease and 72% had an international prog
nostic index (IPI) value of 3 to 5 at commencement of
pixantrone. The median PFS was 2.0 months and the
median OS 3.4 months. The ORR was 24% (CR 10%
and partial response (PR) 14%) based on which the
authors concluded that pixantrone had only limited activity
in a cohort of high risk, predominantly refractory DLBCL
patients. Multivariate Cox regression revealed that patients
who relapsed more than 12 months after first-line treat
ment, those with fewer prior lines of therapy and relapsed
(non-refractory) patients had better outcomes in terms of
PFS.15 Therefore, Eyre et al assumed, that the major
population of unmet need are those with refractory
DLBCL who are poorly represented within trials.15
Sancho et al reported that their study population had
received a median of three prior therapies and, again,
84.6% were refractory to the last regimen. Median PFS
was 2.8 months and median OS 4.0 months, with an ORR
of 29% (CR 13.2% and PR 15.8%). Patients receiving two
or more cycles of pixantrone exhibited a slightly superior
outcome (mPFS 3.1 and mOS 6.0 months, respectively,
ORR 36.8%). Even though the outcomes were numerically
quite comparable to the outcomes of Eyre et al, Sancho
et al concluded that pixantrone was effective in a realworld population of multiply R/R patients with aggressive
B-cell NHL, many of whom had very poor prognostic
factors.16 This raises the question of definition, when can
a certain drug be considered effective, as a median PFS of
2.8 months and a median OS of 4.0 months can hardly be
considered as substantial evidence of effectiveness.
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Indolent Lymphomas

Treatment of R/R Patients

Up to our knowledge, there are no data on first or subse
quent line treatments of patients with indolent lymphomas
with pixantrone monotherapy.

Pixantrone with Rituximab
As the efficacy of pixantrone from the PIX301 study had
yet to be confirmed in combination with rituximab to meet
post-authorization requirements, the phase III study
PIX306 was initiated. It was designed to compare the
efficacy and safety of pixantrone with rituximab (PIX-R)
versus gemcitabine with rituximab (GEM-R) in patients
with relapsed (not refractory) aggressive B-cell NHL,
deemed ineligible for ASCT (NTC01321541).12,13 The
primary efficacy endpoint of PFS was not reached, as the
median PFS for PIX+R group was 7.3 months versus 6.3
months in the GEM-R group (HR 0.85; p=0.28). The
superior PFS of the control GEM-R arm (6.3 months)
compared to the investigators’ expectations for said con
trol arm (2.8 months), was speculated to be due to the
exclusion of patients with refractory DLBCL.
Furthermore, the median OS for PIX-R of 13.3 months
was worse than the median OS for GEM-R (19.6 months;
HR 1.13). No patient subgroups could be identified for
whom the PIX-R arm was statistically more beneficial in
terms of survival.14

Effectiveness of Pixantrone in
Combinations
Aggressive Lymphomas
First-Line Treatment
The R-CPOP21 regimen (rituximab, pixantrone 150mg/
m2, cyclophosphamide, vincristine, prednisone) was inves
tigated in an effort to minimize anthracycline-related car
diotoxicity in a comparative phase II study in adult
patients with CD20+ DLBCL.43 Efficacy results showed,
that the R-CPOP was an active regimen in this setting and
the safety results showed substantially lower cardiotoxicity
compared to R-CHOP. The CR/CRu response rate was
75% with R-CPOP and 84% with R-CHOP. The study
was underpowered to confirm the non-inferiority of
R-CPOP versus R-CHOP, due to premature termination
of enrolment on account of regulatory constraints.
Nonetheless, other efficacy endpoints were, for example:
mPFS was not reached in the R-CPOP regimen, while it
was 40 months in the R-CHOP arm. The authors con
cluded that, whereas non-inferiority was not demonstrated,
the cardiotoxicity data seemed to support the pre-clinical
characteristics of pixantrone, as compared with doxorubi
cin, and that their results supported further investigation of
pixantrone in first-line therapy in high cardiac risk
patients.43
Another ongoing phase II study is evaluating R-CPOP
in elderly patients with DLBCL, including those with
limited
cardiac
function
(EudraCT
number:
44
2014–005069-60).
The study enrolls patients with
DLBCL or follicular lymphoma grade IIIB in two prespecified populations: elderly patients ≥75 years not eligi
ble for standard R-CHOP21 and patients with impaired
cardiac function (EF ≥ 40% and ≤ 50%). Initial results,
reported from one of the centers, for 10 patients, suggest,
that this regimen is feasible and well tolerated with
expected toxicities.45 All patients had clinical cardiac
heart failure (CHF) at baseline and eight patients com
pleted four to six cycles of R-CPOP, without experiencing
higher-grade acute cardiac toxicity while on treatment.
Complete remissions were observed in five patients
(50%) and current mOS was 10 months.45
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CPOP
Borchmann et al evaluated the potential efficacy of CPOP
in a phase I/II study in adult patients (n=35/30) with
relapsed aggressive NHL who had previously received
CHOP (with or without rituximab) and were deemed
ineligible for ASCT.46 With this regimen, CR/CRu rate
of 47% and a median CR duration of 10.5 months were
observed. The ORR was 73% and mOS was 17.9 months.
The small study size precluded the authors from making
definitive conclusions about cardiac safety and they noted
that their patients already had a mean prior doxorubicinequivalent exposure of about 300 mg/m2 at baseline. They
suggested that the frequency of clinically significant car
diac adverse events could be considered lower than
expected if their patients had instead been treated with
six cycles of CHOP.46
PREBEN/PEBEN
It has been proposed that in R/R aggressive NHL bend
amustine and etoposide may be ideal for use in combina
tion with pixantrone (PEBEN regimen) as they may act
synergistically with pixantrone.29 Preliminary clinical
experience with this combination (with rituximab in
CD20+ lymphomas (PREBEN regimen)) was presented
by d’Amore and coworkers at the ASH conference in
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2014,47 was extended by the same group in 201648 and
a Spanish group in 2017.49 These early results suggested
that PREBEN/PEBEN is a feasible salvage regimen in
patients with R/R DLBCL, transformed indolent lym
phoma and peripheral T-cell lymphoma, showing durable
and substantial responses to treatment in individual
patients. In thirty heavily pretreated patients, the ORR
was 50% (complete metabolic response (CMR) 27% and
partial metabolic response (PMR) 23%) with response
duration of two to more than twenty-three months.48
Additionally, there were differences in response in the
DLBCL subgroup between multiple-relapse patients and
patients with refractory disease, as the response had been
far worse in patients with primary refractory disease.48
PREBEN/PEBEN also acted as a successful bridging ther
apy to allogeneic transplant in some of the patients both in
this preliminary clinical experience,48 as well as in the
study of the Spanish group.49
On the basis of these encouraging results a phase I/II
trial was initiated by the Nordic Lymphoma Group in
collaboration with the HOVON group (EudraCT No.
2015–000758-39),50 investigating PREBEN/PEBEN as
a salvage treatment for heavily pretreated patients with
aggressive B or T-cell lymphomas.51,52 In phase I part of
the study, the maximum tolerated doses of PREBEN were:
pixantrone 50 mg/m2 day 1 and 8, etoposide 100 mg/m2
day 1, bendamustine 90 mg/m2 day 1, and rituximab
375 mg/m2 day 1.51 Preliminary results, reported for 10
patients after two cycles of treatment, showed an ORR of
100% (40% CMR and 60% PMR).52
Polish Lymphoma Research Group’s real-life analysis
of PREBEN/PEBEN confirmed good efficacy of this regi
men with 25 consecutive R/R NHL patients showing an
ORR of 68% (40% CR and 28% PR). At the median
follow-up of 7.5 months, the mPFS and mOS were not
reached; the projected PFS and OS at 12 months were 68%
and 78%, respectively. Quite important, however, was the
observation that response rates were even higher in
patients chemosensitive to their prior regimen (ORR
87.5%; including 50% CR).53
Different in terms of efficacy were, however, the out
comes of another real-world study by Novakovic et al,
reporting treatment results of twelve consecutive patients
treated with pixantrone monotherapy (2 patients) or
PREBEN/PEBEN (8/2 patients, respectively).17 The prog
nostic features of these patients were far worse compared
to the Polish analysis53 and the preliminary study of
d’Amore,48 with 100% of patients having been refractory
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to last treatment and a high proportion of primary refrac
tory disease, as well as insensitivity to primary anthracy
cline treatment by PIX301 criteria. In this analysis, the
ORR was 0% and the median pixantrone specific OS was
3.5 months. The authors emphasized the importance of an
appropriate selection of patients for this treatment, dis
couraging its use in patients with refractory disease.17
PSHAP
The PSHAP regimen (pixantrone 80mg/m2 (base form
dose) day 1, methylprednisolone 500 mg days 1 to 5,
cisplatin 25 mg/m2 days 1 to 4, and cytarabine 2000 mg/
m2 day 5) was assessed for efficacy and toxicity in a phase
I/II study in adult patients with R/R aggressive NHL
(mainly DLBCL), all of whom had received prior
doxorubicin.54 Efficacy results were particularly promising
after a median of four cycles (CR 37%; PR 21%; ORR
58%) and the authors concluded that this regimen is an
active salvage regimen which should be further evaluated
as a pretransplant cytoreductive regimen.54

Indolent Lymphomas
First-Line Treatment
To the best of our knowledge, there are no data on firstline treatments of patients with indolent lymphomas with
pixantrone in combinations.

Treatment of R/R Patients
Pixantrone with Rituximab
Though not approved for use in patients with R/R indolent
lymphomas, pixantrone has been evaluated in this setting
(mostly follicular lymphomas grade I and II), combined
with rituximab, in a phase III study.55 The results sug
gested that pixantrone and rituximab may be more effec
tive than rituximab alone, giving an ORR of 75% versus
33%, CR of 35% versus 11%, PR of 40% versus 22% and
time to progression of 13.2 versus 8.1 months.55
FPD-R
Pixantrone has also been evaluated in patients with
relapsed indolent NHL (mostly follicular lymphoma and
small lymphocytic lymphoma), combined with fludara
bine, dexamethasone and rituximab (FDP-R), in a phase
I study.56 This regimen was shown to be highly active with
the ORR of 89%, the CR of 63%, uCR 7%, and PR 19%,
as well as producing durable responses (median response
twenty-three months).56
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Safety and Tolerability of Pixantrone
Overall, pixantrone treatment seems to be safe and con
trollable. In various trials, there were no unexpected
adverse events reported and no trials were closed prema
turely because of side effects. In an assessment of twelve
clinical trials with pixantrone the most common side effect
of all grades was hematological toxicity, mainly neutrope
nia (50% of patients; grade 3/4 41%), followed by anemia,
leukopenia, and thrombocytopenia. Other side effects
included asthenia, pyrexia and nausea, while some patients
experienced reversible skin discoloration.57
In the pivotal PIX301 study monotherapy with pixan
trone was mainly well tolerated.11 Adverse events were
reported in 97% of patients receiving pixantrone with
treatment-related adverse events occurring in 81% of
patients. Adverse events of any grade ensuing in ≥10%
of patients in the pixantrone arm were as follows: neutro
penia in 50% of recipients, anemia in 31%, leukopenia in
25%, pyrexia in 24%, asthenia in 24%, cough in 22%,
thrombocytopenia in 21%, decreased left ventricular ejec
tion fraction (LVEF) in 19%, nausea in 18%, abdominal
pain in 16%, peripheral edema in 15%, fatigue in 13%,
dyspnea in 13%, alopecia in 13%, constipation in 12%,
mucosal inflammation in 12%, and skin discoloration in
10% of recipients. Serious adverse events were observed
in 51% of patients receiving pixantrone and grade 3 or 4
adverse events occurred in 76% with neutropenia and
leukopenia being the most common.11 Cardiac adverse
events occurred in 35% of patients receiving pixantrone.
An asymptomatic reduction of LVEF, with the median
change of –4% from baseline, was the most frequently
observed cardiac adverse event.11 Only nine cases of car
diac events were considered related to pixantrone (13%)
and all were asymptomatic decreases of LVEF.58 There
was no evidence of a cumulative, dose-related decline in
ejection fraction in pixantrone recipients11 and no demon
strable relationship between the cumulative pixantrone
dose and the manifestation of congestive heart failure.58
Death within 30 days of the last dose of pixantrone
occurred in ten patients (15%), but was related to progres
sive disease in five patients, while only one death of septic
shock was considered related to pixantrone treatment.11
Various authors concluded that like with other cytotoxic
chemotherapies, myelosuppression was quite common with
pixantrone11,59 and this remained the case when pixantrone
was given in combination therapy.43,45,46,48,51,52,54,56 Overall,
there appeared to be no new and unexpected adverse events
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with pixantrone in combination therapy (reviewed by Lekue
et al).60 Evidence from the combination therapy trials
reviewed by Lekue et al,60 as well as those from pixantrone
monotherapy reviewed by Keating9 also tend to confirm an
acceptable safety profile in terms of cardiotoxicity.
Nevertheless, it remains important to continue to evaluate
cardiotoxicity in all future trials.59 In addition to repeat LVEF
assessment, determination of LV global longitudinal strain
and follow-up of cardiac biomarkers (high sensitive-cardiac
troponins (TnI or TnT), BNP or NT pro-BNP) could also be
recommended at regular intervals.61
Studies specifically including patients with pre-existing
cardiac dysfunction (eg, first-line treatment with CPOP)
are of outmost significance.44,45 In a phase II trial, com
paring R-CPOP with R-CHOP in untreated DLBCL, ser
ious cardiac adverse events were more common in the
R-CHOP arm43 and in the ongoing phase II study44 none
of the eight evaluable patients with clinical CHF at base
line receiving R-CPOP experienced higher-grade cardiac
toxicity.45

Place of Pixantrone in the
Treatment of Non-Hodgkin B-Cell
Lymphoma
As already mentioned in the introduction part, only few
treatment options exist for patients with relapsed or refrac
tory (R/R) B-cell non-Hodgkin lymphoma (NHL) who fail
first- and second-line therapies. The dismal outcomes have
been outlined by the SCHOLAR-1 analysis for patients
with refractory DLBCL who fail to respond to initial or
subsequent salvage treatment.5 Even though certain
relapsed patients with more indolent and lower risk disease
might do relatively well with other palliative therapies,
there is an urgent need for effective treatments for patients
with refractory DLBCL whose disease fails to respond to
immunochemotherapy or any subsequent salvage regimen
and for those whose disease relapses early post-ASCT.5
The major population of unmet need are therefore patients
with refractory DLBCL.
Of late, two treatments were approved for R/R
DLBCL: CAR-T-cell therapy and polatuzumab vedotin in
combination with rituximab and bendamustine. Both treat
ments reported impressive results in clinical trials and are
about to change the position of pixantrone in the setting of
DLBCL20,62,63 However, no real-world data are yet avail
able for these two treatments and while at least the former
is associated with significant toxicity, both represent
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a substantial financial burden. Recently, two further treat
ment options have either entered or are about to enter into
the formal regulatory review process in EU, namely tafa
sitamab in combination with lenalidomide24 and
selinexor.25
On the other hand, for quite some time the only drug
licensed for later lines of therapy in the R/R setting was
pixantrone, approved on basis of PIX301 trial results. It has
been proven efficacious while exhibiting acceptable toxicity
in monotherapy,11,40–42 as well as in combinations, for R/R
aggressive lymphomas.46–49,52–54 Certain studies,15,17,48
however, have stated its lesser activity in refractory patients
compared to relapsed ones and most of real-world analyses
have shown inferior results compared to trial results, osten
sibly at least partly on account of inclusion of patients with
poor risk characteristics.15–17 Nevertheless, a good number
of studies evaluated only clinical features of patients, with
very few studies addressing the relation of histological char
acteristics of lymphomas to clinical outcome.17 In the study
of Novakovic et al, it was observed that all patient samples
were BCL-2 positive, predicting a higher probability of
resistance to systemic treatment and a lesser OS.17 In this
study, specifically, the ORR was 0%.17
Finally, the results of the phase III confirmatory study
PIX306, comparing the efficacy of pixantrone with ritux
imab versus gemcitabine with rituximab in patients with
relapsed (not refractory) aggressive B-cell NHL, failed to
demonstrate an improvement in outcomes of treatment
with pixantrone and rituximab against gemcitabine with
rituximab. The primary efficacy endpoint of PFS was
explicitly not reached and the median OS for pixantrone
with rituximab of 13.3 months was worse than the median
OS for gemcitabine with rituximab, which was 19.6
months. For none of the patient subgroups was the PIXR arm statistically more beneficial in terms of survival.14
These findings, together with the data from certain realworld studies,15–17 raised a serious concern about the
actual role of pixantrone in the R/R DLBCL setting,
where it has been primarily approved. Regarding the emer
ging new treatment options mentioned above,20,24,25,62,63
as well as some others cited it the BJH commentary by
Eyre,64 it is very likely that pixantrone will no longer be
a part of the solution to the unmet need of patients with
refractory (and relapsed) DLBCL.
Despite that, potentially, pixantrone could still remain
the treatment option for a very select population of
patients: patients with relapsed (not refractory) aggressive
lymphoma (DLBCL), otherwise ineligible for high dose
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treatment or CAR T-cell therapy, primarily sensitive to
anthracyclines according to PIX301 criteria, whose disease
is not primary refractory, with a tumor that is not BCL-2
positive, who have received fewer lines of therapy (not
more than three), who have not received an excessive dose
of anthracyclines in prior treatments and who do not have
a high IPI score at commencement of pixantrone treat
ment. Unfortunately, there are not many such patients in
the real-world setting.
Furthermore, there seem to exist two putative “niches”
for use of pixantrone – one being the first-line treatment of
aggressive lymphomas in patients with cardiac impairment
and the second being the treatment of patients with R/R
indolent lymphomas.
Lately, the attention has mostly moved to whether pixan
trone combined with cyclophosphamide, vincristine, predni
sone, and rituximab may be a new effective and safe option in
the first-line setting for aggressive NHL, specifically in
patients with cardiac impairment, which is being explored
in the phase II study, conducted at the University of
Freiburg.44 Preliminary results suggest that this regimen is
feasible and well tolerated.45 Herbrecht et al43 in their phase
II study have already indicated that cardiotoxicity was lesser
with R-CPOP than with R-CHOP, even though the noninferiority of R-CPOP was not demonstrated. Further
research is certainly required prior to this indication for
pixantrone becoming widely accepted, particularly since
promising results have already been reported for the
R-GCVP regimen (gemcitabine as a direct substitute for
anthracycline),65 R-COMP regimen (liposomal doxorubicin
as substitute for standard doxorubicin)66 and R-GEMOX
regimen (gemcitabine combined with oxaliplatin and
rituximab)67 in these patients with cardiac impairment.
Although not approved for use in patients with R/R
indolent lymphomas, pixantrone has been shown to be
highly active and well tolerated in the FDP-R regimen56
and in combination with rituximab.55 Nevertheless, the data
of pixantrone in this setting are not mature and further
research will be needed to unequivocally recommend the
FDP-R regimen for patients with R/R follicular lymphoma.

Conclusion
In line with the recent results of the PIX306 trial, where
pixantrone and rituximab did not demonstrate improvement
in outcomes, and with outcomes of several real-world stu
dies there is no unequivocal role of pixantrone in the current
treatment of R/R aggressive lymphomas.
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It may remain a treatment option in a very select
population, that is, in patients with relapsed (not refrac
tory) aggressive lymphoma, who are ineligible for high
dose treatment or CAR T-cell therapy, while being primar
ily sensitive to anthracyclines, have a tumor that is not
BCL-2 positive, have received no more than three lines of
therapy or an excessive dose of anthracyclines in prior
treatments and do not have a high IPI score at commence
ment of pixantrone treatment.
Apart from that, pixantrone may prove useful in the
first-line setting for aggressive NHL in patients with car
diac impairment and in patients with R/R indolent lym
phomas, however, further studies need to be performed
before this becomes a standard of care.
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