
ABSTRACT

On May 10, 2012, the European Commission issued a con-
ditional marketing authorization valid throughout the Eu-
ropean Union for pixantrone for the treatment of adult
patients with multiply relapsed or refractory aggressive
non-Hodgkin’s B-cell lymphoma (NHL). Pixantrone is a cyto-
toxic aza-anthracenedione that directly alkylates DNA-
forming stable DNA adducts and cross-strand breaks. The
recommended dose of pixantrone is 50 mg/m2 adminis-
tered on days 1, 8, and 15 of each 28-day cycle for up to 6
cycles. In the main study submitted for this application, a
significant difference in response rate (proportion of com-
plete responses andunconfirmed complete responses)was
observed in favor of pixantrone (20.0% vs. 5.7% for pixan-

trone and physician’s best choice, respectively), supported
by the results of secondary endpoints of median progres-
sion-free and overall survival times (increase of 2.7 and 2.6
months, respectively). The most common side effects with
pixantrone were bone marrow suppression (particularly of
the neutrophil lineage) nausea, vomiting, and asthenia.
This article summarizes the scientific review of the applica-
tion leading to approval in the European Union. The
detailed scientific assessment report and product informa-
tion, including the summary of product characteristics, are
available on the European Medicines Agency website
(http://www.ema.europa.eu). The Oncologist 2013;18:
625–633

Implications for Practice: On February 16 2012, the EuropeanMedicines Agency (EMA) recommended the granting of a condi-
tional marketing authorization for pixantrone, 29 mg, powder for concentrate for solution for infusion for the treatment of pa-
tients with multiply relapsed aggressive non-Hodgkin’s Lymphoma (NHL) as monotherapy. In the main study submitted for this
application, a significant difference in response rate (proportion of complete responses and unconfirmed complete responses)
was observed in favor of pixantrone (20.0% vs. 5.7% for pixantrone and physician’s best choice, respectively), supported by the
results of secondary endpoints of median progression-free and overall survival times (increase of 2.7 and 2.6 months, respec-
tively). Themost common side effects are neutropenia, leucopoenia, anaemia, thrombocytopenia, asthenia, pyrexia, cough, de-
creased ejection fraction, and nausea. Haematological side effects are also the most common associated with grade 3 or 4
toxicity. Detailed recommendations for the use of this product are available on the EMAwebsite.

INTRODUCTION

Anthracyclines are one of themost active drug classes in non-
Hodgkin’s lymphoma (NHL), but the likelihood of cardiotoxic-
ity rises as the cumulative dose increases. The established

first-line chemotherapy regimens typically include cyclophos-
phamide, anthracycline (doxorubicin), vincristine, and corti-
costeroids (the CHOP regimen). The addition of rituximab has
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further improved response rates and survival in certain lym-
phoma entities [1, 2]. However, about 20%–50% of patients
either fail to respond to front-line treatment (primary refrac-
tory disease) or have relapsing disease. There is no consensus
regarding thebest regimen foraggressiveNHLbeyond first re-
lapse in patients not eligible for stem cell transplant or in dis-
ease refractory to second-line therapy.

Pixantrone (CTI Life Sciences Limited, Hertfordshire,
United Kingdom) is a cytotoxic aza-anthracenedione (Fig. 1).
DNA intercalation, nucleic acid compaction, and interference
with DNA-topoisomerase II activity resulting in protein-asso-
ciated DNA strand breaks have been proposed as critical
events that lead to drug-induced cell death for mitoxantrone
and anthracyclines. Unlike anthracyclines and mitoxantrone,
pixantrone is only aweak inhibitor of topoisomerase II.More-
over, unlike anthracyclines and anthracenediones, pixan-
trone directly alkylates DNA-forming stable DNA adducts and
cross-strand breaks. Furthermore, because pixantrone incor-
porates a nitrogen heteroatom into the ring structure and
doesnothaveketonegroups,pixantronehas lesspotential for
generating reactive oxygen species, binding iron, and forming
alcoholmetabolites that arebelieved tocause thecardiac tox-
icity of anthracyclines.

The reviewof this newdrug applicationwas conducted by
the EuropeanMedicines Agency (EMA) Committee of Human
Medicinal Products (CHMP). Following the scientific review, a
conditional marketing authorization was issued in the Euro-
peanUnion (EU) for pixantrone asmonotherapy for the treat-
ment of adult patients with multiply relapsed or refractory
aggressive non-Hodgkin’s B-cell lymphomas. The benefit of
pixantrone treatment has not been established in patients
when used as fifth-line or greater chemotherapy in patients
who are refractory to last therapy.

This article summarizes the scientific review of the appli-
cation leading to approval of pixantrone in the EU. The de-
tailed scientific assessment report and product information
(including the summaryof product characteristics [SmPC]) for
this product are available on the EMA website (http://www.
ema.europa.eu).

NONCLINICAL ASPECTS
The mechanistic studies submitted showed that pixantrone
binds to DNA in vitro, similarly to mitoxantrone. The interac-
tionofpixantronewithDNAandtopoisomerase IIwasqualita-
tively similar to that of mitoxantrone, but quantitatively
different as shown by the lower amount of DNA single-strand
breaks, double-strand breaks, and DNA-protein crosslinks in
L1210 leukemia cells in vitro [3]. The in vitro cell-killing effects
of pixantrone did not seem to be solely related to stimula-
tion of topoisomerase II-mediated DNA cleavage or to forma-
tion of DNA breaks, suggesting that pixantrone may operate
by currently undefinedmechanisms.

Pixantrone had a broad spectrum of antitumor activity
against hematological and solid tumormodels. The activity in
the hematological tumors was superior to that of standard
agents and was present at a wide range of well-tolerated
doses. The combination studies demonstrated the potential
of pixantrone as a therapeutic agent against a broad range of
malignancies.

Some toxicological findings were of relevance to the clini-
cal use of pixantrone. Sudden deaths of rodents during or im-
mediately after i.v. bolus administration of pixantrone were
primarily attributable to the injection rate and dose volumes,
indicating that pixantrone should be administered as slow in-
fusion. Hematotoxicity and myelotoxicity were shown to be
similar to mitoxantrone. The cardiotoxic potential of pixan-
trone appeared to be lower than that of the reference com-
pounds doxorubicin andmitoxantrone [4].

PHARMACOKINETICS
Following intravenousadministration, plasmaconcentrations
of pixantrone reached the maximal concentration at the end
of infusion and then declined polyexponentially. The pharma-
cokinetics of pixantroneweredose-independent in the 3–105
mg/m2 dose range. No substantial differenceswere observed
when the medicinal product was given as a single agent or in
combination studies. Pixantrone exhibited a large volume of
distributionof 25.8 L andaweakbinding to serumprotein (ap-
proximately 50%).

Metabolismdidnotappear tobean importantelimination
pathway for pixantrone. Acetylated metabolites were phar-
macologically inactive and metabolically stable. Pixantrone
hadamoderate tohightotalplasmaclearanceof72.7L/hrand
a low renal excretion accounting for less than 10% of the ad-
ministered dose in 0–24 hours. The terminal half-life ranged
from 14.5 to 44.8 hr with amean of 23.3� 8.0 hours (n� 14,
coefficient of variation � 34%) and a median of 21.2 hours.
Plasmaclearancewasmainlynonrenal.Biliaryexcretionofun-
changed pixantrone appeared to be the major elimination
pathway. As a consequence, pixantrone should not be admin-
istered to patients with severe liver impairment. Hepatic up-
take of pixantrone is possibly mediated by OCT1 active
transporters. Biliary excretion by P-glycoprotein and BCRP
and agents that inhibit these transporters has the potential to
decrease hepatic uptake and excretion efficiency of pixan-
trone. In addition, pixantrone excretion might be increased
with a consequent decrease in systemic exposure in case of
coadministrationwith efflux transport inducers.

Pixantronehadonlyaweakornocapability to inhibitP-gly-
coprotein, BCRP, and BSEP transport mechanism in vitro. Pix-
antrone did inhibit OCT1-mediated metformin transport in
vitro, but it is not expected to inhibit OTC1 in vivo at clinically
relevant concentrations. Pixantrone was a poor inhibitor of
OATP1B1 and OATP1B3 uptake transporters in vitro. A rela-
tionship betweenplasmaexposure to pixantrone andneutro-
phil count has been observed.

Age, sex, and race did not seem to have a significant effect
on pharmacokinetics of pixantrone. However, clearance ap-
peared to be dependent on body size measures and dosing
based on body surface area has been introduced.

Figure 1. Structural formula of pixantrone.
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DOSE FINDING
Three phase I dose-escalation single-agent studies (two in
solid tumors and one in NHL/chronic lymphocytic leukemia)
explored twodifferent treatment regimens: pixantrone every
3weeksandpixantroneweekly for3consecutiveweekswith1
week rest [5–7]. The dose-limiting toxicity was reversible
grade 4 neutropenia of more than 4 days duration. The final
schedule selected for phase II development was 85mg/m2 of
pixantrone on days 1, 8, and 15 of a 28-day cycle. A phase II
study was conducted in adult patients with relapsed aggres-
siveNHL.Theprimaryefficacyvariablewasobjectiveresponse
rate (ORR) according to local evaluation based on World
Health Organization/Union for International Cancer Control
criteria. Thirty-three patients were enrolled and treated with
at least one dose of pixantrone. There were nine (27.3%) ob-
jective responses. All but one of the confirmed responses
were inpatientswithdiffuse largeB-cell lymphoma(DLBCL)or
other high-grade B-cell lymphoma. There was only one re-
sponse among the seven patients withmantle cell lymphoma
(14.3%) [8].

CLINICAL EFFICACY
The pivotal efficacy study for this application was study PIX
301 (NCT00088530; EudraCT 2004–000480-10) [9]. This

study was an international, multicenter, randomized, active
controlled, open-label phase III study designed to compare
the efficacy and safety of pixantrone against physician’s
choiceofprotocol-specified single-agent therapies inpatients
with relapsed or refractory aggressive NHL who had received
at least two prior NHL regimens. Patients in the experimental
groupreceivedpixantrone85mg/m2by i.v. infusionondays1,
8, and 15 of each 4-week cycle for up to 6 cycles. In the com-
parator group, physicians chose one out of six specified single
agents—vinorelbine, oxaliplatin, ifosfamide, etoposide, mi-
toxantrone, gemcitabine—for up to 6 cycles or rituximab us-
ing protocol-defined doses and schedules.

Patients inPIX301were required tohavebeensensitive to
prior anthracycline therapy (confirmed or unconfirmed com-
plete response [CR] or partial response [PR]). Types of NHL
permitted were (Revised European American Lymphoma
Classification/World Health Organization classification): DL-
BCL, includingmediastinal largeB-cell lymphomaandprimary
effusion lymphoma/immunoblastic lymphoma; transformed
indolent lymphoma; grade 3 follicular lymphoma; peripheral
T-cell lymphoma, including not otherwise specified and dif-
fuse mixed cell lymphoma; and anaplastic large cell lym-

phoma, includingT/null cell orprimarysystemic type.Patients
withmantle cell lymphomawere excluded.

The primary efficacy endpoint was the proportion of CR
and unconfirmed complete responses (CRu), as assessed by a
blinded independent assessment panel based on the Report
of the InternationalWorkshop to StandardizeResponseCrite-
ria. The primary analysis used a database cutoff after the last
patient completed theend-of-treatment visit.Overall survival
(OS) and progression-free survival (PFS) were secondary end-
points.

A total of 320 patients were originally planned for this
study. However, the study closed after randomization of 140
patients due to extremely slow accrual. The applicant com-
pany has provided further details of when the decision was
madetostoprecruitmentandconfirmedthat thesponsorwas
blinded at this stage. No adjustment for the type I error was
considered necessary.

Seventy patients were randomized to each study group.
Patient demographics and baseline disease characteristics
(Table 1) were generally well balanced between the treat-
ment groups. However, limited data were available for pa-
tients previously treated with rituximab (38 patients in the
pixantrone arm and 39 patients in the comparator group).
Only 20 patients in the pixantrone arm and 16 in the compar-
atorarmcompletedsix cyclesof therapy, themajor reasonbe-
ing progressive/relapsed disease (28 vs. 39 patients in the
pixantrone and comparator group, respectively) and to a
lower extent adverse events (15 vs. 9 patients in the pixan-
trone and comparator arm, respectively).

Treatment with pixantrone was associated with a statisti-
cally significantlyhigher rateofCR/CRuandahigherORRcom-
pared with the comparator group (Table 2). Concerning
secondary endpoints, pixantrone was associated with a 40%
improvement in PFS time (hazard ratio [HR] � 0.60; log-rank
p � .005) compared with the control group, with an increase
of 2.7 months in median PFS (Fig. 2). The median overall sur-
vival for patients treatedwith pixantronewas 2.6months lon-
ger compared to patients treated with comparator (HR �
0.79; log-rank p� .25; Fig. 3). Duration of complete response
(CR/Cru) was 9.6 months in patients treated with pixantrone
compared to 4.0months in patients treatedwith comparator.

In exploratory subgroup analyses, factors favoring re-
sponse to pixantrone included age �65 years and women.
However, the significance of these differenceswas difficult to
interpret. Other factors associated with more favorable re-
sponse topixantronewere “rest ofworld region” (patients re-
cruitedoutsideNorthAmerica andWestern Europe), absence
of prior anti-CD20 treatment or stem cell transplant, and less
than three prior chemotherapy regimens (Fig. 4). Concerning
the latter, therewas a decrease in the response rate to pixan-
trone with increasing numbers of prior regimens. This was
mostapparent inpatientswhohadreceivedfourormoreprior
regimens (i.e., use of pixantrone as fifth-line therapy). Nearly
all patients (27of28)whohad received fourormoreprior reg-
imens had also received prior rituximab. PFS wasmore favor-
able in the pixantrone arm versus the comparator arm
regardlessofprior rituximabuse.Thesedatasupportedtheef-
ficacy of pixantrone in patients that have received prior ritux-
imab and up to three prior treatment regimens, although

Inexploratory subgroupanalyses, factors favoring re-
sponse to pixantrone included age �65 years and
women. However, the significance of these differ-
ences was difficult to interpret. Other factors associ-
ated with more favorable response to pixantrone
were “rest of world region” (patients recruited out-
sideNorthAmerica andWestern Europe), absence of
prior anti-CD20 treatment or stem cell transplant,
and less than three prior chemotherapy regimens.
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further confirmation is awaited (see Benefit-Risk Assess-
ment).

There were a total of 38 Western European patients en-
rolled in PIX 301, 19 per study group. In the pixantrone group,
there were three responses (16%; 2 PR and 1 CRu). Most pa-
tients from Europe were heavily pretreated with multiple
combinations regimens including rituximab and had a short
interval fromtheir last regimen;nearlyhalf of thepatientshad
rapidly progressing disease. Compared with other patients
enrolled in the study, patients entered in Europe were later-
stage patients with highly aggressive disease.

CLINICAL SAFETY
Safety data from 12 clinical studies were available and a total
of 348 patients received pixantrone, including 68 patients
having receivedanyamountofprotocol therapy inPIX301and
129 patients in uncontrolled single-agent trials. The majority
of patients in the pivotal trial received at least four cycles of
treatmentwith the recommended dose.

The most common adverse events associated with pixan-
trone in thepivotal studywereneutropenia (50%), leucopenia
(25%), anemia (31%), thrombocytopenia (21%), asthenia

Table 1. Baseline patient and disease characteristics

Characteristics Pixantrone Comparator

No. of patients 70 70

Age

�65 years 23 (32.9) 18 (25.7)

�65 years 47 (67.1) 52 (74.3)

Gender

Male 46 (65.7) 40 (57.1)

Female 24 (34.3) 30 (42.9)

Geographic region

North America 4 (5.7) 4 (5.7)

Western Europe 19 (27.1) 19 (27.1)

Rest of world 47 (67.1) 47 (67.1)

Number of chemotherapy regimens

2 32 (45.7) 24 (34.3)

3–5 35 (50) 42 (60)

�5 3 (4.3) 4 (5.7)

Prior anti-CD20monoclonal antibody therapy 38 (54.3) 39 (55.7)

Received stem cell transplantation 11 (15.7) 10 (14.3)

Disease response category

Refractory 40 (57.1) 40 (57.1)

Relapsed 28 (40.0) 30 (42.9)

Missing 2 (2.9) 0

Duration of NHL (months)

Mean (SD) 44.0 (37.2) 38.9 (34.6)

Median (range) 30.5 (11–160) 31.3 (11–223)

NHL Ann Arbor stage

I/II 19 (27.1) 14 (20.0)

III/IV 51 (72.9) 56 (80.0)

International prognostic index

0 or 1 21 (30.0) 17 (24.3)

�2 49 (70.0) 52 (74.3)

Missing 0 1 (1.4)

Number of extranodal sites

0 35 (50.0) 35 (50.0)

�1 34 (48.6) 33 (47.1)

Missing 1 (1.4) 2 (2.9)

Time from last chemotherapy to randomization (months)

Mean (SD) 13.6 (15.7) 13.2 (23.5)

Median (range) 9.0 (1–86) 8.0 (1–190)

Data are n (%) unless noted.
Abbreviations: NHL, non-Hodgkin’s lymphoma; SD, standard deviation.
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(23%), pyrexia (23%), cough (22%), decreased ejection frac-
tion (19%), and nausea (18%). One of pixantrone’s character-
istic is a reversible skin discoloration (Table 3). Neutropenia
and leukopenia were the most common grade 3–4 adverse
events reported (41%and23%, respectively, in thepixantrone

arm).Most grade 4 neutropenia occurred after cycles 1 and 2
and frequency decreasedwith subsequent cycles.

Neutropeniawasthemostcommonadverseevent leading
to withdrawal in the pixantrone arm (10%). At the recom-
mended dose and schedule, neutropenia was usually tran-

Table 2. Summary of response per independent assessment panel (intent-to-treat population)

Endpoints

End-of-treatment End-of-study

Pixantrone
(n� 70)

Comparator
(n� 70) p value

Pixantrone
(n� 70)

Comparator
(n� 70) p value

CR/CRua 14 (20.0%) 4 (5.7%) .021 17 (24.3%) 5 (7.1%) .009

CR 8 (11.4%) 0 (0.0%) 11 (15.7%) 0 (0.0%)

CRu 6 (8.6%) 4 (5.7%) 6 (8.6%) 5 (7.1%)

ORR (CR, CRu, and PR) 26 (37.1%) 10 (14.3%) .003 28 (40.0%) 10 (14.3%) .001

p valueswere calculated by Fisher’s exact test.
aPrimary efficacy analysis.
Abbreviations: CR, complete response; CRu, unconfirmed complete response; ORR, objective response rate; PR, partial response.

Figure 2. Progression-free survival: end of study.
Abbreviations: CI, confidence interval; HR, hazard ratio.

Figure 3. Overall survival: end of study.
Abbreviations: CI, confidence interval; HR, hazard ratio.
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sient, reaching its nadir on days 15–22 following admin-
istration on days 1, 8, and 15, with recovery usually occurring
by day 28. Thrombocytopenia and anemia were of lower fre-
quency and severity than neutropenia; no difference was ob-
served in blood or platelet transfusions between treatment
groups. A careful monitoring of blood counts is required, in-
cluding leukocyte, red blood cells, platelet, and absolute neu-
trophil counts. Recombinant hematopoietic growth factors
maybeusedaccording to institutionalorEuropeanSociety for
Medical Oncology guidelines and dose modifications should
be considered. The use of pixantrone is contraindicated in the
case of profound bonemarrow suppression.

Cardiac toxicitywascloselymonitored in thepivotal study,
andahigher incidenceof cardiaceventswas seen in thepixan-
trone group (35% vs. 21%). Only nine cases of cardiac events
were considered related to pixantrone (13%), and all were

asymptomatic decreases of ejection fraction. Overall events
observedwere relativelymild andasymptomatic. Therewere
no clear cases of pixantrone-associated congestive heart
failure (CHF) as typically described in the literature for
other anthracyclines. However, changes in cardiac func-
tion, including decreased left ventricular ejection fraction
or fatal CHF, may occur during or after treatment with pix-
antrone. Cardiac toxicity in general may occur whether or
not cardiac risk factors are present. For patients with car-
diac disease or risk factors, a careful risk-versus-benefit eval-
uation should be conducted before considering treatment
withpixantrone.Cardiac functionshouldbemonitoredbefore
initiationof treatmentwithpixantroneandperiodically there-
after. If cardiac toxicity isdemonstratedduring treatment, the
risk versus benefit of continued therapywithpixantronemust
be evaluated.

Figure 4. Subgroup analysis of complete responses to unconfirmed complete responses by Independent Assessment Panel.
Abbreviations: CI, confidence interval; DLBCL, diffuse large B-cell lymphoma; HR, hazard ratio; IPI, International Prognostic Index;

NHL, non-Hodgkin’s lymphoma.
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Because infections have been associatedwith hospitaliza-
tion, septic shock,anddeath,pixantroneshouldnotbeadmin-
istered to patients with an active, severe infection or in
patients with a history of recurring or chronic infections or
with underlying conditions thatmay further predispose them
to serious infection.

Febrile neutropenia, psychiatric disorders, vascular dis-
orders, and asthenia were more common in pixantrone-
treated patients who were �65 years of age, as was the
incidence of cardiac treatment-emergent adverse events
(but not of grade 3–4 or ejection fraction decline). Elderly
patients suffered less from nausea compared to younger
patients. No specific dose adjustment is required in elderly
patients (aged �65 years).

The majority of deaths within 30 days of last study treat-
ment were stated to be related to the patient’s underlying
NHL. One death in the pixantrone groupwas considered to be
related to treatment (a 29-year-oldwomanwhodiedof septic
shockonstudyday8).Noneof thedeathswithin30daysof last
study treatment in the comparator group were considered
to be related to treatment. Three deaths that occurred
more than 30 days after the last study treatment were con-
sidered to be related to treatment; one from acute CHF in
the pixantrone arm, one from myelodysplastic syndrome
(MDS) in the pixantrone arm, and one from renal failure in
the comparator arm.

RISKMANAGEMENTPLAN
A risk management plan identifying relevant important
identified/potential risks and important missing informa-
tion has been agreed upon. Identified risks were cardiac
failure, myelotoxicity, serious infections, and tumor lysis
syndrome. Potential risks included therapy-related acute
myeloid leukemia/MDS, reproductive toxicity, photosensi-
tivity, and potential interactions specifically through
CYP1A2 and CYP2C8. Missing information included use in
children and safety in people with significant hepatic and
renal impairment, severely abnormal cardiac function, el-
derly patients �75 years of age, nonwhite patients, pa-
tients with poor bone marrow reserve, patients with poor
performance status, and patientswith priormediastinal ra-
diotherapy. Risk minimization activities (e.g., monitoring,
special precautions, contraindications, warnings) to ad-
dress these risks are detailed in the SmPC [10]. An in vivo

Pixantrone showed to be more active than the con-
trol arm in thegroupofpatientspretreatedwithup to
three regimens, including rituximab. However, addi-
tional efficacy data were considered necessary to
confirmthebenefit ofpixantrone inpatientswhohad
received prior treatment with rituximab. The appli-
cant company was therefore requested, as a specific
obligation for approval, to provide the comprehen-
sive clinical data from the phase III study PIX 306
where pixantrone in combination with rituximab is
compared with gemcitabine in combination with
rituximab.

Table 3. Common adverse events in PIX301 (NCT00088530;
EudraCT 2004 - 000480-10)

Adverse event
Pixantrone
(n� 68)

Comparator
(n� 67)

Any adverse event 66 (97.1) 61 (91.0)

Blood and lymphatic disorders 52 (76.5) 34 (50.7)

Anemia 21 (30.9) 22 (32.8)

Neutropenia 34 (50.0) 16 (23.9)

Leukopenia 17 (25.0) 7 (10.4)

Thrombocytopenia 14 (20.6) 13 (19.4)

Febrile neutropenia 6 (8.8) 2 (3.0)

Lymphadenopathy 2 (2.9) 5 (7.5)

Cardiac disorders 14 (20.6) 9 (13.4)

Eye disorders 2 (2.9) 4 (6.0)

Gastrointestinal disorders 34 (50.0) 27 (40.3)

Nausea 12 (17.6) 11 (16.4)

Abdominal pain 11 (16.2) 7 (10.4)

Constipation 8 (11.8) 3 (4.5)

Vomiting 5 (7.4) 10 (14.9)

Diarrhea 3 (4.4) 12 (17.9)

General disorders and administrative site conditions 42 (61.8) 31 (46.3)

Asthenia 16 (23.5) 9 (13.4)

Pyrexia 16 (23.5) 17 (25.4)

Edema peripheral 10 (14.7) 4 (6.0)

Fatigue 9 (13.2) 9 (13.4)

Mucosal inflammation 8 (11.8) 2 (3.0)

Hepatobiliary disorders 5 (7.4) 1 (1.5)

Infections and infestations 29 (42.6) 19 (28.4)

Pneumonia 5 (7.4) 4 (6.0)

Bronchitis 4 (5.9) 0

Cellulitis 4 (5.9) 2 (3.0)

Investigations 22 (32.4) 19 (28.4)

Ejection fraction decreased 13 (19.1) 7 (10.4)

Weight decreased 5 (7.4) 5 (7.5)

Platelet count decreased 4 (5.9) 2 (3.0)

Metabolism and nutrition disorders 21 (30.9) 14 (20.9)

Anorexia 8 (11.8) 4 (6.0)

Dehydration 5 (7.4) 2 (3.0)

Musculoskeletal and connective tissue disorders 13 (19.1) 9 (13.4)

Pain in extremity 5 (7.4) 2 (3.0)

Back pain 6 (8.8) 2 (3.0)

Neoplasms: benign,malignant, and unspecified 7 (10.3) 13 (19.4)

Malignant neoplasmprogression 1 (1.5) 9 (13.4)

Nervous systemdisorders 10 (14.7) 14 (20.9)

Psychiatric disorders 9 (13.2) 5 (7.5)

Renal and urinary disorders 10 (14.7) 5 (7.5)

Chromaturia 4 (5.9) 0

Renal failure 0 5 (7.5)

Respiratory, thoracic, andmediastinal disorders 29 (42.6) 15 (22.4)

Cough 15 (22.1) 3 (4.5)

Dyspnea 9 (13.2) 9 (13.4)

Rhinorrhea 4 (5.9) 0

Pleural effusion 3 (4.4) 4 (6.0)

Skin and subcutaneous tissue disorders 20 (29.4) 14 (20.9)

Alopecia 9 (13.2) 3 (4.5)

Skin discoloration 7 (10.3) 0

Vascular disorders 7 (10.3) 8 (11.9)

Hypotension 5 (7.4) 3 (4.5)

Data are n (%).
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phototoxicity study in rodents will be performed using pix-
antrone dimaleate at relevant clinical doses.

BENEFIT-RISKASSESSMENT
The CHMP concluded by majority that given the lack of stan-
dard of care and the poor prognosis for patientswithmultiple
relapses/refractory aggressiveNHL, the improvement seen in
CR/CRu supported by the results of secondary endpoints of
PFS and OS in the pivotal study were considered clinically rel-
evant. The treatment effect associated with pixantrone was
smaller in the subgroup of patients pretreatedwith rituximab
and diminished further with increasing number of prior regi-
mens. Pixantrone showed to be more active than the control
arm in the group of patients pretreated with up to three regi-
mens, including rituximab. However, additional efficacy data
were considered necessary to confirm the benefit of pixan-
trone inpatientswhohad receivedprior treatmentwith ritux-
imab. The applicant company was therefore requested, as a
specificobligation forapproval, toprovidethecomprehensive
clinical data fromthephase III studyPIX306wherepixantrone
in combination with rituximab is compared with gemcitabine
in combinationwith rituximab.

Overall the safety data were considered sufficient to as-
sess the safety profile of pixantrone in the proposed indica-
tion. Bone marrow suppression was the most frequent and
severe toxicityassociatedwithpixantronetreatment.Neutro-
peniawasthepredominantmanifestation,whereas thrombo-
cytopenia and anemia occurred at lower frequency and
severity.Morepatients in thepixantronearmreceivedgrowth
factor support compared to the control group, but blood or
platelet transfusionswere similar between groups. Infections
werecommonbut the incidenceof systemic sepsis andoppor-
tunistic systemic infectionswas low.

Cardiac toxicitywas closelymonitored in the pivotal study
andahigher incidenceof cardiaceventswas seen in thepixan-
trone group, with apparently less severity than that reported
with other anthracyclines. There was no demonstrable rela-
tionship between cumulative pixantrone dose to symptom-
atic declines in LVEF or CHF, nor was a relationship seen with
prior doxorubicin equivalent cumulative exposure.

The CHMP concluded by majority vote that the benefit-
risk balance was considered positive and a conditional ap-
proval valid throughout the European Union was granted for
pixantrone as monotherapy for the treatment of adult pa-
tientswithmultiply relapsedorrefractoryaggressiveNHL.The
benefit of pixantrone treatment has not been established
when used as fifth-line or greater chemotherapy in patients
who are refractory to last therapy. Aminority of CHMPmem-
bers disagreed and considered that a positive benefit-risk bal-
ance had not been established, noting that the safety profile
wasunfavorablecomparedwith thecontrol groupandthatno
benefit for pixantrone over the control armwas observed for

patients �65 years; men; patients who had previous treat-
ment with anti-CD20, stem cell transplantation, or three or
more chemotherapy regimens; and most importantly, pa-
tients in North America orWestern Europe.

Aconditional approval is reserved formedicinal drugs that
treat, prevent, or diagnose seriously debilitating diseases or
life-threatening diseases or rare diseases (orphan medicinal
products) or drugs to be used in emergency situations in re-
sponse to threats. With this approval, the applicant company
is obliged to submit additional data, with a view to confirming
that the benefit-risk balance is positive. A conditional ap-
proval is only valid for 1 yearbut canbe renewed. The renewal
is givenon thebasisof theconfirmationof thebenefit-riskbal-
ance, taking intoaccount thespecificobligationsandthetime-
frame for their fulfillment. Once it is judged that remaining
data have been provided or are no longer required, the ap-
proval can be converted to a standard approval. If at any time
the benefit-risk is considered to be negative, the marketing
authorization can be suspended or revoked. The EMAwill re-
view new information about pixantrone on an annual basis.
Up-to-date information on this medicinal product is available
on thewebsite of the EMA (http://www.ema.europa.eu).
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