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Abstract Pixantrone (Pixuvri®) is an aza-anthracenedione
with a novel mode of action that is conditionally approved
in the EU for use as monotherapy in adult patients with
multiply relapsed or refractory aggressive B-cell non-
Hodgkin’s lymphoma (NHL). In the randomized, open-
label, multinational, phase 3 PIX301 trial in patients with
multiply relapsed or refractory aggressive NHL, the com-
plete response (CR) plus unconfirmed CR (uCR) rate at the
end of treatment (primary endpoint) was significantly
higher with intravenous pixantrone monotherapy than with
a single-agent comparator (vinorelbine, oxaliplatin, ifos-
famide, etoposide, mitoxantrone or gemcitabine). Post hoc
analysis also demonstrated a significantly higher CR/uCR
rate in the subgroup of patients with centrally confirmed
aggressive B-cell NHL who were receiving pixantrone
versus a comparator agent as third- or fourth-line therapy.
Pixantrone was generally well tolerated in PIX301, with a
manageable adverse event profile. In conclusion, pix-
antrone is a useful option in patients with multiply relapsed
or refractory aggressive B-cell NHL. Further results
examining the use of pixantrone in combination with
rituximab in patients previously treated with rituximab-
containing regimens are awaited with interest.
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Pixantrone: clinical considerations in relapsed or

refractory aggressive NHL

Aza-anthracenedione with a novel mode of action

Associated with a higher CR/uCR rate than
comparator agents in patients with relapsed/
refractory aggressive NHL, including in patients
with aggressive B-cell NHL receiving third- or
fourth-line therapy

Generally well tolerated with a manageable adverse
event profile

1 Introduction

Non-Hodgkin’s lymphoma (NHL) comprises a heteroge-
neous group of lymphoproliferative disorders. Diffuse
large B-cell lymphoma (DLBCL) is the most common
NHL subtype and accounts for ~75 % of all aggressive
lymphomas [1, 2]. First-line therapy in patients with
aggressive B-cell NHL usually comprises an anthracycline-
based regimen in combination with rituximab [1]. How-
ever, the risk of cardiotoxicity increases as the cumulative
anthracycline dose increases [3], limiting the repeated use
of these agents in patients with relapsed or refractory dis-
ease [4].

The novel anthracenedione pixantrone (Pixuvri®) was
developed to have a reduced risk of cardiotoxicity whilst
maintaining efficacy [5]. Pixantrone is conditionally
approved in the EU for use as monotherapy in adult
patients with multiply relapsed or refractory aggressive
B-cell NHL [6]. This narrative review discusses the
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therapeutic efficacy and tolerability of pixantrone
monotherapy in multiply relapsed or refractory aggressive
NHL, as well as summarizing its pharmacological prop-
erties. Pixantrone is administered intravenously in its salt
form, pixantrone dimaleate; doses reported in this article
refer to pixantrone in its base form (pixantrone dimaleate
85 mg equates to pixantrone 50 mg).

2 Pharmacodynamic Properties of Pixantrone

Pixantrone is an aza-anthracenedione that has a novel mode
of action compared with other anthracenediones (e.g.
mitoxantrone) and anthracyclines (e.g. doxorubicin) [5, 7].
The structure of pixantrone differs from that of mitox-
antrone in that the hydroquinone moiety has been removed,
a nitrogen heteratom has been inserted in the same ring and
(ethylamino)-diethylamino side chains have been substi-
tuted for (hydroxyethylamino)-ethylamino side chains
[8, 9]. Pixantrone directly alkylates DNA, forming
stable DNA adducts and inducing DNA double-strand
breaks, which prevents DNA replication, transcription and
repair [5-7, 10, 11]. Pixantrone also appears to induce a
latent type of DNA damage that impairs mitosis [12].

Iron-dependent oxygen free radical formation is thought
to be at least partly responsible for the cardiotoxicity
associated with anthracyclines [9, 11]. Unlike anthracy-
clines, pixantrone does not bind iron, meaning it has less
potential to generate reactive oxygen species or form long-
lasting alcohol metabolites [6, 8, 9, 11]. Ex vivo, the N-
dealkylated metabolite of pixantrone inhibited the meta-
bolism of residual doxorubicin to doxorubicinol; the long-
term risk of cardiotoxicity is linked to the cardiac accu-
mulation of doxorubicinol [9].

As well as oxidative damage, topoisomerase II3-medi-
ated responses to DNA damage may contribute to anthra-
cycline-induced cardiotoxicity [11]. Pixantrone is a
relatively weak inhibitor of topoisomerase II compared
with other anthracenediones and anthracyclines [6, 12].
Moreover, compared with mitoxantrone, pixantrone
showed greater selectivity for inhibition of topoisomerase
ITo versus topoisomerase IIB [11].

In vitro, pixantrone demonstrated greater cytotoxicity in
lymphoma and leukaemia cell lines than in solid tumour
cell lines, and also showed antitumour activity in murine
models of lymphoma and leukaemia [13]. Pixantrone had
less cardiotoxic potential than mitoxantrone [13, 14] or
doxorubicin [14, 15] in murine studies. For example, pix-
antrone induced minimal cardiac changes in mice, includ-
ing in doxorubicin-pretreated mice with pre-existing
cardiomyopathy [14].
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3 Pharmacokinetic Properties of Pixantrone

Intravenous pixantrone 3-105 mg/m” had linear pharma-
cokinetics [6, 16, 17]. Population pharmacokinetic analysis
reported a median 28-day cycle exposure of 6320 ng - h/
mL when three doses of pixantrone 50 mg/m”> were
administered over a 4-week cycle [6]. Pixantrone had a
volume of distribution of 25.8 L and was ~50 % plasma
protein bound [6].

Metabolism does not appear to be an important route of
elimination for pixantrone [6]. Rather, biliary excretion of
unchanged pixantrone may be the primary route of elimi-
nation. Data suggest a high hepatic extraction ratio for
pixantrone, with hepatic uptake possibly mediated by the
transporter OCT-1 and biliary excretion possibly mediated
by the transporters P-gp and BCRP [6]. Plasma clearance
of pixantrone was 72.7 L/h with renal excretion accounting
for <10 % of the dose in the 24 h following administration
[6, 16, 17]. Pixantrone had a mean terminal elimination
half-life ranging from 14.5 to 44.8 h, with mean and
median values of 23.3 and 21.2 h [6].

Although no formal drug-drug interaction studies have
been conducted, no interactions between pixantrone and
other agents (e.g. cytarabine, cisplatin, methylpred-
nisolone) were reported in clinical studies [6, 18].

Possible mixed-type inhibition of CYP1A2 and
CYP2C8 was seen with pixantrone in vitro [6]. Theoreti-
cally, coadministration of pixantrone may increase plasma
concentrations of CYP1A2 substrates (e.g. theophylline,
warfarin, amitriptyline, haloperidol, clozapine, ondanse-
tron, propranolol). In particular, the EU summary of pro-
duct characteristics (SmPC) recommends that theophylline
concentrations be carefully monitored in the weeks fol-
lowing the start of pixantrone therapy, and that coagulation
parameters (e.g. international normalized ratio) be moni-
tored in patients receiving warfarin in the days following
the start of pixantrone therapy. The EU SmPC also rec-
ommends caution (e.g. careful monitoring for adverse
events) when coadministering pixantrone and CYP2CS8
substrates (e.g. repaglinide, paclitaxel) [6].

In vitro, pixantrone was a substrate for the transporters
P-gp, BCRP and OCT-1 [6]. Thus, inhibitors of these
transporters (e.g. ciclosporin, tacrolimus, ritonavir, saqui-
navir, nelfinavir) have the potential to decrease the elimi-
nation of pixantrone, and the EU SmPC recommends that
blood counts be closely monitored in patients coadminis-
tered these agents [6]. In addition, caution is recommended
when pixantrone is continuously coadministered with
inducers of efflux transporters (e.g. rifampicin, carba-
mazepine, glucocorticoids), as the systemic exposure of
pixantrone may be decreased [6].
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4 Therapeutic Efficacy of Pixantrone

Phase 1 dose-escalating studies of pixantrone monotherapy
in solid tumours [16, 19] and relapsed or refractory NHL
[17] established that its dose-limiting toxicity was neu-
tropenia, and led to a regimen of intravenous pixantrone
50 mg/m” on days 1, 8 and 15 of a 28-day cycle being
selected for further development. Pixantrone monotherapy
also demonstrated efficacy in a phase 2 study in patients
with relapsed aggressive NHL [20].

The focus of this section is the randomized, open-label,
multinational, phase 3 PIX301 trial, which examined the
efficacy of pixantrone monotherapy in patients with mul-
tiply relapsed or refractory aggressive NHL [21]. Patients
were aged >18 years, had aggressive de novo or trans-
formed NHL and had relapsed after at least two prior
chemotherapy regimens, including at least one standard
anthracycline-containing regimen with a response lasting
>24 weeks. Patients also had to have a life expectancy of
>3 months, an Eastern Cooperative Oncology Group
(ECOG) performance status of <2, measurable disease and
a left ventricular ejection fraction (LVEF) of >50 %. If
patients lived in a country where rituximab was available,
they had to have received prior rituximab in order to be
eligible for the study [21].

Patients received intravenous pixantrone 50 mg/m? on
days 1, 8 and 15 of a 28-day cycle for up to six cycles or
the physician’s choice of a comparator agent (vinorelbine,
oxaliplatin, ifosfamide, etoposide, mitoxantrone, gemc-
itabine or rituximab) administered according to a pre-
specified treatment regimen (see Table 1 for details of
comparator agent regimens) [21]. The median number of
cycles administered was four for pixantrone (median dose
intensity of 55 mg/m?*/week) and three for the comparator
agent. Enrolment in PIX301 was closed early because of
slow accrual (the planned sample size was 320 patients,
whereas 140 patients were randomized between 12 October
2004 and 17 March 2008) [21].

In patients randomized to pixantrone or a comparator
agent, median age at baseline was 60 and 58 years, the
median duration of NHL was 32.0 and 31.6 months, the
median number of previous chemotherapy regimens was
3.0 and 3.0, and the median previous doxorubicin dose
equivalent was 292.9 and 315.5 mg/m” [21]. Overall, 64 %
of patients had an ECOG performance status of 1 or 2 at
baseline; 76 % were Ann Arbor Stage III-IV; 27, 37 and
35 % had an International Prognostic Index (IPI) score of
0-1, 2 and >3, respectively; 57 % had refractory disease
and 41 % had relapsed disease; 55 % had previously
received rituximab; and 15 % had previously undergone
stem cell transplantation. With regard to the NHL subtype
(histologically confirmed on-site), 74 % of patients had

DLBCL, 14 % had transformed indolent lymphoma, 7 %
had peripheral T-cell lymphoma (not otherwise classified),
3 % had primary anaplastic large-cell lymphoma (null cell
type) and 2 % had grade 3 follicular lymphoma [21].

The primary efficacy endpoint was the proportion of
patients with a complete response (CR) or an unconfirmed
CR (uCR) at the end of treatment (based on International
Working Group criteria [22]), as assessed by an indepen-
dent assessment panel who were blinded to treatment
assignment [21]. Efficacy was assessed in the intent-to-
treat population [21].

Overall, the CR/uCR rate at the end of treatment was
significantly higher in patients receiving pixantrone
monotherapy than in patients receiving a comparator agent
(Table 1) [21]. The CR rate and the overall response rate
(ORR) at the end of treatment were also significantly
higher with pixantrone than with a comparator agent, with
no significant between-group difference in the uCR rate at
the end of treatment (Table 1). Response rates at the end of
the study and the median duration of CR/uCR are shown in
Table 1 [21].

The median duration of progression-free survival (PES)
was significantly longer in patients receiving pixantrone
than in those receiving a comparator agent, with no sig-
nificant between-group difference in overall survival (OS)
(Table 1) [21].

Post hoc analyses also examined response rates and PFS
according to prior rituximab treatment and the number of
prior chemotherapy regimens [21]. Among patients
assigned to pixantrone who had previously received
rituximab and two (n = 10), three (n = 15) or at least four
(n = 13) chemotherapy regimens, the CR/uCR rate was
30.0, 20.0 and 7.7 %, respectively, and the ORR was 50.0,
40.0 and 7.7 %, respectively; the median PFS was 5.7 and
3.3 months with two and three prior chemotherapy regi-
mens. Among patients assigned to a comparator agent who
had previously received rituximab and two (n = 9), three
(n = 16) or at least four (n = 14) chemotherapy regimens,
the CR/uCR rate was 0, 6.3 and 21.4 %, respectively, and
the ORR was 0, 18.8 and 28.6 %, respectively; the median
PFS was 2.8 months with both two and three prior
chemotherapy regimens. Among patients assigned to pix-
antrone who had not received prior rituximab and previ-
ously received two (n = 22), three (n = 9) or at least four
(n = 1) chemotherapy regimens, the CR/uCR rate was
36.4, 22.2 and 0 %, respectively, and the ORR was 50.0,
44.4 and 100.0 %, respectively; the median PFS was 5.7
and 6.5 months with two and three prior chemotherapy
regimens. Among patients assigned to a comparator agent
who had not received prior rituximab and previously
received two (n = 15) or three (n = 16) chemotherapy
regimens, the CR/uCR rate was 6.7 and 0 %, the ORR was
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Table 1 Efficacy of pixantrone monotherapy in patients with relapsed or refractory aggressive non-Hodgkin’s lymphoma: results of the PIX301

trial [21]
Pixantrone® Comparatorb Hazard ratio (95 % CI)
Response rates at end of treatment (% of patients)
CR/uCR rate 20.0%¢ 5.7¢
CR rate 11.4%* 0
uCR rate 8.6 5.7
ORR 37.1°%%* 14.3
Response rates at end of study (% of patients)
CR/uCR rate 24 .3%%* 7.1
CR rate 15.7%%* 0
uCR rate 8.6 7.1
ORR 40.0%%%* 14.3
Other endpoints
Median duration of CR/uCR (months) 9.6 4.0 0.32 (0.09-1.23)
Median PFS (months) 5.3%% 2.6 0.60 (0.42-0.86)
Median OS (months) 10.2 7.6 0.79 (0.53-1.18)

CR complete response, /7T intent-to-treat, IV intravenous, ORR overall response rate, OS overall survival, PFS progression-free survival, uCR

unconfirmed CR

*p <0.05, ** p < 0.01, *** p < 0.001 vs. comparator agent

* 68 patients received IV pixantrone 85 mg/m* on days 1, 8 and 15 of a 28-day cycle; the ITT population comprised 70 randomized patients

© 67 patients received a comparator agent [IV vinorelbine 30 mg/m* on days 1, 8, 15 and 22 of a 4-week cycle (n = 11), IV oxaliplatin 100 mg/
m? on day 1 of a 3-week cycle (n = 30), IV ifosfamide 3000 mg/m2 on days 1 and 2 of a 4-week cycle (n = 12), IV etoposide 100 mg/m2 on
days 1, 2, 3, 4 and 5 of a 4-week cycle (n = 4), oral etoposide 50 mg/m? once daily for 21 days of a 4-week cycle (n = 5), IV mitoxantrone
14 mg/m® on day 1 of a 3-week cycle (n = 4), or IV gemcitabine 1250 mg/m> on days 1, 8 and 15 of a 4-week cycle (n = 1)]; the ITT

population comprised 70 randomized patients

¢ Primary endpoint

13.3 and 6.3 %, and the median PFS was 1.9 and
3.4 months. Median PFS was not analysed in patients who
had previously received at least four chemotherapy regi-
mens because of insufficient patient numbers in the group
with no prior rituximab therapy [21].

Pixantrone appeared more effective than the comparator
agent independent of prior rituximab therapy, according to
the results of another post hoc analysis in patients with his-
tological confirmation by blinded centralized review of
aggressive B-cell NHL [i.e. DLBCL (n = 82), transformed
indolent lymphoma (n = 12) or grade 3 follicular lymphoma
(n = 3)][23]. Assignificantly (p < 0.05) higher CR/uCR rate
(23.1 vs. 5.1 %), CR rate (17.9 vs. 0 %) and ORR (43.6 vs.
12.8 %) was seen in patients with centrally confirmed
aggressive B-cell NHL who were receiving pixantrone
(n = 39) versus a comparator agent (n = 39) as third- or
fourth-line therapy, with or without prior rituximab. In
patients with centrally confirmed aggressive B-cell NHL
who had previously received rituximab and were receiving
pixantrone (n = 20) or acomparator agent (n = 18) as third-
or fourth-line therapy, the ORR was significantly higher with
pixantrone than with a comparator agent (45.0 vs. 11.1 %;
p = 0.033), with no significant between-group differences
in the rate of CR/uCR (30.0 vs. 5.6 %) or in the median
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duration of PFS (5.4 vs. 2.8 months) or OS (7.5 vs.
5.4 months). In patients with centrally confirmed aggressive
B-cell NHL who had not previously received rituximab and
were receiving pixantrone (n = 19) or a comparator agent
(n = 21) as third- or fourth-line therapy, no significant dif-
ferences were seen between pixantrone and the comparator
agent in terms of the CR/uCR rate (15.8 vs. 4.8 %), ORR
(42.1 vs. 14.3 %) or the median duration of PFS (6.1 vs.
3.5 months) or OS (14.5 vs. 7.8 months). It should be noted
that this post hoc analysis was not powered to test for treat-
ment effects in these subgroups [23].

S Safety and Tolerability of Pixantrone

Monotherapy with intravenous pixantrone was generally
well tolerated in heavily pretreated patients with relapsed
or refractory aggressive NHL. In PIX301, adverse events
occurred in 97 % of patients receiving pixantrone and in
91 % of patients receiving a comparator agent, with
treatment-related adverse events occurring in 81 and 57 %
of patients in the corresponding treatment groups [21].
Adverse events of any grade occurring in >10 % of
patients in either treatment arm included neutropenia
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(50 % of pixantrone recipients vs. 24 % of comparator
agent recipients), anaemia (31 vs. 33 %), leukopenia (25
vs. 10 %), pyrexia (24 vs. 24 %), asthenia (24 vs. 13 %),
cough (22 vs. 4 %), thrombocytopenia (21 vs. 19 %),
decreased LVEF (19 vs. 10 %), nausea (18 vs. 16 %),
abdominal pain (16 vs. 10 %), peripheral oedema (15 vs.
6 %), fatigue (13 vs. 13 %), dyspnoea (13 vs. 13 %),
alopecia (13 vs. 4 %), constipation (12 vs. 4 %), mucosal
inflammation (12 vs. 3 %), skin discolouration (10 vs.
0 %), vomiting (7 vs. 15 %), diarrhoea (4 vs. 18 %) and
progression of malignant neoplasms (1 vs. 13 %). Serious
adverse events were reported in 51 % of patients receiving
pixantrone and in 45 % of patients receiving a comparator
agent [21].

Grade 3 or 4 adverse events occurred in 76 % of patients
receiving pixantrone and in 52 % of patients receiving a
comparator agent [21]. Neutropenia and leukopenia were
the most commonly occurring grade 3 or 4 adverse events,
occurring in numerically more patients receiving pix-
antrone versus a comparator agent (Fig. 1). The severity of
neutropenia did not increase as the number of pixantrone
cycles increased. Rather, neutropenia was usually transient,
with the nadir reached on days 15-22 and recovery usually
seen by day 28 when pixantrone was administered on days
1, 8 and 15 of a 28-day cycle [6]. It should be noted that
blood counts were monitored more frequently in pix-
antrone recipients than in comparator agent recipients
during this trial [21].

Cardiac adverse events occurred in 35 % of patients
receiving pixantrone and in 21 % of patients receiving a

45 -

I Pixantrone (n = 68)
40 4 [ Comparator agent (n = 67)

Incidence (% of patients)

Fig. 1 Most frequent grade 3 or 4 adverse events in the PIX301 trial
[21]. PIX301 included patients with relapsed or refractory aggressive
non-Hodgkin’s lymphoma who received intravenous pixantrone or a
comparator agent (vinorelbine, oxaliplatin, ifosfamide, etoposide,
mitoxantrone or gemcitabine)

comparator agent [21]. Asymptomatic reduction in LVEF
was the most commonly occurring cardiac adverse event;
the median change from baseline in LVEF was —4 % in
patients receiving pixantrone and 0 % in patients receiving
a comparator agent [21]. Nine cardiac adverse events (all
asymptomatic reductions in LVEF) were considered to be
related to pixantrone [24]. There was no evidence of a
cumulative, dose-related decline in LVEF in pixantrone
recipients [21], and no demonstrable relationship between
the cumulative pixantrone dose and the occurrence of
symptomatic reductions in LVEF or congestive heart fail-
ure (CHF) [24]. It should be noted that five patients
assigned to pixantrone had a history of CHF (n = 3) or
continuing cardiomyopathy (n = 2), whereas no patient in
the comparator agent arm had a history of CHF or con-
tinuing cardiomyopathy [21].

Death occurred within 30 days of the last dose of study
drug in 10 patients (15 %) receiving pixantrone and 12
patients (18 %) receiving comparator agents, with 5 and 11
deaths in the corresponding treatment groups thought to be
related to progressive disease; only one death (septic
shock) was considered related to pixantrone treatment [21].
Three deaths considered related to treatment occurred
>30 days after the last dose of pixantrone (acute CHF,
myelodysplastic syndrome) or comparator agent (renal
failure) [24].

6 Dosage and Administration of Pixantrone

Pixantrone is conditionally approved in the EU for use as
monotherapy in adult patients with multiply relapsed or
refractory aggressive B-cell NHL [6]. The benefit of pix-
antrone has not been established when used as fifth line or
greater chemotherapy in patients refractory to last therapy
[6].

The recommended dosage of intravenous pixantrone is
50 mg/m? on days 1, 8 and 15 of a 28-day cycle for up to
six cycles [6]. Haematological and non-haematological
toxicity should be carefully monitored during the course of
the treatment cycle (i.e. on days 8 and 15), and before
initiation of a new cycle of treatment. Definitive recom-
mendations for dose delay and/or modification, depending
on the characteristics and/or severity of the adverse reac-
tions, are provided in the EU SmPC [6].

The efficacy and safety of pixantrone have not been
established in patients with renal or hepatic impairment [6].
Pixantrone should be used with caution in patients with
renal impairment or mild or moderate hepatic impairment,
and is contraindicated in patients with severe hepatic
impairment. Additional contraindications include the use of
pixantrone in patients with profound bone marrow
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suppression, and immunization with live virus vaccines in
patients receiving pixantrone [6].

Local prescribing information should be consulted for
more information concerning contraindications, special
warnings and precautions and dosage adjustments related
to pixantrone.

7 Place of Pixantrone in the Management
of Relapsed or Refractory Aggressive NHL

An anthracycline-based regimen [usually rituximab plus
cyclophosphamide, doxorubicin, vincristine and prednisolone
(R-CHOP)] is considered standard first-line therapy in
aggressive B-cell NHL [1, 25]. Second-line salvage therapy
usually comprises a platinum-based regimen [such as ritux-
imab plus ifosfamide, cisplatin and etoposide (R-ICE) or
rituximab plus dexamethasone, cytarabine and cisplatin (R-
DHAP)], followed by consolidation of the response with high-
dose therapy and autologous stem cell transplantation in eli-
gible patients [1, 4, 25]. However, there is a lack of consensus
regarding third- and fourth-line treatment in patients with
multiply relapsed or refractory aggressive B-cell NHL
[25, 26]. Indeed, treatment options are limited in this patient
population, with the risk of long-term cardiotoxicity meaning
that retreatment with anthracyclines is usually avoided [4].

Pixantrone was designed to maintain efficacy whilst reduc-
ing the risk of cardiotoxicity [5]. The PIX301 trial included
patients with relapsed or refractory aggressive NHL; approxi-
mately three-quarters of patients had DLBCL, meaning that the
study population is representative of the majority of the target
population [24]. Response rates were significantly higher and
median PFS was significantly longer with pixantrone than with
a comparator agent in this heavily pretreated population
(Sect. 4). Although response rates appeared low with pix-
antrone in patients with relapsed or refractory aggressive NHL
who had received at least four prior chemotherapy regimens,
third- or fourth-line therapy with pixantrone demonstrated
efficacy in patients with centrally confirmed aggressive B-cell
NHL in post hoc analyses (Sect. 4).

Diminished response rates have been reported when
salvage chemotherapy is administered following rituximab
[27]. In post hoc analyses of PIX301, prior rituximab
therapy appeared to have little impact on the ORR in
pixantrone recipients who had received two or three prior
chemotherapy regimens, and a benefit was seen with pix-
antrone versus the comparator agent regardless of prior
rituximab exposure (Sect. 4) [21, 23].

Most patients being treated today in Europe for multiply
relapsed or refractory B-cell NHL will have received prior
rituximab [24]. However, PIX301 was started in 2004,
before rituximab became the standard of care, and only
55 % of patients included in the trial had received prior
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rituximab [21]. Also, although the endpoint of uCR is now
obsolete, it was considered an acceptable endpoint at the
time that PIX301 was initiated [25]. It should also be noted
that PIX301 was underpowered, as it did not recruit the
planned number of patients and was terminated early [21].
Pixantrone was generally well tolerated with a manage-
able adverse event profile. Reversible myelosuppression (i.e.
neutropenia, leukopenia) was the most commonly occurring
adverse event (Sect. 5). Blood counts should be carefully
monitored during pixantrone therapy and recombinant
haematopoietic growth factors may be used if necessary [6].
The structural changes made to pixantrone (Sect. 2) do
not appear to have completely eradicated the risk of car-
diotoxicity [28], although the cardiotoxicity seen with
pixantrone appears less frequent and less severe than that
seen with other anthracenediones and anthracyclines
[24, 26]. Asymptomatic reduction in LVEF was the most
commonly reported cardiac adverse event in the heavily
pretreated population of patients who received pixantrone
in PIX301 (Sect. 5). Factors that may increase the risk of
cardiotoxicity include active or dormant cardiovascular
disease, prior treatment with anthracyclines or
anthracenediones, prior or concurrent radiotherapy to the
mediastinal area and concurrent use of other cardiotoxic
drugs [6]. Before starting pixantrone, the risk versus benefit
should be carefully considered in patients with cardiac
disease or risk factors such as a baseline LVEF of <45 %
by multigated radionuclide scan, clinically significant car-
diovascular abnormalities (equivalent to New York Heart
Association class 3 or 4), myocardial infarction within the
previous 6 months, severe arrhythmia, uncontrolled
hypertension or angina pectoris, or a prior cumulative
doxorubicin dose equivalent of >450 mg/m® Cardiac
function should be monitored before starting treatment
with pixantrone and periodically thereafter. If cardiotoxi-
city occurs during treatment, the risk versus benefit of
continuing pixantrone therapy should be evaluated [6].
Based on the results of PIX301, pixantrone was granted
conditional approval in the EU, with additional data
requested to confirm the benefit of pixantrone in patients
pretreated with rituximab [24]. In order to satisfy this
requirement, a phase 3 study (PIX306; NCT01321541) was
initiated comparing the efficacy of pixantrone plus rituximab
with that of gemcitabine plus rituximab in patients with
relapsed or refractory aggressive NHL who have received
prior rituximab [2]. It is estimated that 260 patients will need
to be enrolled to reach the required 195 PFS events (primary
endpoint) [2]. Results of PIX306 are awaited with interest.
A UK multicentre retrospective analysis examined the use of
pixantrone in a real-world setting [29]. Patients (n = 90) in this
retrospective analysis had de novo DLBCL (63 %) or had
transformed from indolent NHL (33 %) or chronic lympho-
cytic leukaemia (4 %). Differences between this retrospective
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analysis and the PIX301 trial (e.g. patients in the retrospective
analysis generally had poorer prognostic features) mean that
comparisons between the retrospective analysis and PIX301
should be made with caution. In the retrospective analysis,
85 % of patients had refractory disease, 15 % had relapsed
disease, 99 % had previously received rituximab, 90 % were
Ann Arbor stage [II-IV, and 6, 21 and 73 % had an IPI score of
0-1, 2 and 3-5, respectively. In addition, 70 % of patients had
an ECOG performance status of 1 or 2, and patients had
received a median of two prior chemotherapy regimens. Fol-
lowing treatment with pixantrone (median of two cycles), the
ORR was 24 % and the median durations of PFS and OS were
2.0 and 3.4 months, respectively. Besides its retrospective
design, other limitations of this analysis include a lack of cen-
tralized pathology review and a lack of formalized radiological
reporting using established criteria [29].

Pixantrone was predicted to be cost effective versus com-
parator agents (vinorelbine, oxaliplatin, ifosfamide, etopo-
side, mitoxantrone or gemcitabine) for the third- or fourth-line
treatment of multiply relapsed or refractory aggressive NHL,
according to the results of a UK pharmacoeconomic analysis
conducted from a healthcare payer perspective [30].

Guidance from the UK National Institute for Health and
Care Excellence recommends pixantrone as an option in
adults with multiply relapsed or refractory aggressive
B-cell NHL if the patient has previously received rituximab
and is receiving third- or fourth-line treatment [25]. An
Italian expert panel also recently concluded that the ben-
efit : risk profile favours pixantrone in adults with multiply
relapsed or refractory aggressive B-cell NHL [4].

In conclusion, pixantrone is a useful option in patients
with multiply relapsed or refractory aggressive B-cell NHL.
Further results examining the use of pixantrone in combi-
nation with rituximab in patients previously treated with
rituximab-containing regimens are awaited with interest.

Data selection sources: Relevant medical literature (including
published and unpublished data) on pixantrone was identified by
searching databases including MEDLINE (from 1946), PubMed
(from 1946) and EMBASE (from 1996) [searches last updated 10
October 2016], bibliographies from published literature, clinical
trial registries/databases and websites. Additional information
was also requested from the company developing the drug.
Search terms: Pixantrone, Pixuvri, BBR-2778, lymphoma,
lymphatic reticulum-cell sarcoma.

Study selection: Studies in patients with non-Hodgkin’s lym-
phoma who received pixantrone. When available, large, well
designed, comparative trials with appropriate statistical method-
ology were preferred. Relevant pharmacodynamic and pharma-
cokinetic data are also included.
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