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ABSTRACT

Diffuse large B-cell ymphoma (DLBCL) is an aggressive form of non-Hodgkin lymphoma (NHL). It is
one of the most common form of the disease. A combination of chemotherapy with anthracycline
and a monoclonal antibody targeting CD20 is used as a | line therapy. About two out of three people
with DLBCL achieve and maintain complete remission after this treatment. In case of relapse or re-
fractory disease a salvage high-dose chemotherapy followed by autologous stem cell transplantation
(HD-ASCT) is the standard of care. Patientrs who relapse after HD-ASCT have a very poor prognosis.
Pixantrone is a new anthracycline derivative registered to treat relapsed/refractory DLBCL in adult pa-
tients. Itis a cytostatic agent with a reduced cardiotoxicity comparing to classic anthracyclines. Herein,
we report two cases of relapsed/refractory DLBCL treated with pixantrone as a salvage therapy. The
first case concernes a 58-year-old female patient with a diagnose of DLBCL, who relapsed after four
prior lines of therapy (R-CHOP, ICE, HD-Mtx, CSN radiation) and achieved complete remission after
pixantrone therapy, but died of acute myeloid leukemia 3 months after the end of treatment. Second
case is a story of a 75-year-old female patient treated with two prior lines of treatment (R-CHOP, R-IVE),
who achieved complete remission after a lll line of therapy with pixantrone. Pixantrone monotherapy
proves to be effective in relapsed/refractory DLBCL. This treatment is well tolerated in a group of elder-
ly patients and can be also used in a group of patients with a limited cardiac function.
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INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is an aggressive form of
non-Hodgkin lymphoma (NHL). It is one of the most common
form of the disease, accounting for about 80% of all aggressive
types of lymphomas [1, 2]. The incidence of DLBCL in Europe is
estimated at a dozen per 100 000 people/year and increases with
age [1]. DLBCL lymphoma is highly sensitive to chemiotherapy
and radiotherapy [1]. A combination of chemotherapy with an-
thracycline and a monoclonal antibody targeting CD20 is used as
a | line treatment called R-CHOP (rituximab, cyclophosphamide,
vincristine, doxorubicine, prednisone). About 70% of patients
achieve complete remission after this frontline therapy, 10% have

primary refractory disease, and another 20-35% relapse [3].

Diffuse large B-cell ymphomas are phenotypically and genetical-
ly heterogeneous. Development of a molecular diagnostics and
gene-expression profiling helped to define subgroups of DLBCL
according to cell of origin: the activated B-cell-like (ABC) and ger-
minal-center B-cell-like (GCB), leaving approximately 10 to 20%
of cases “unclassified”. In 2018 Schmitz et al presented a gene-
-expression classification of DLBCL subtypes based on genetic
aberrations. This classification in operation with an international
prognostic index (IPI) can help to identify patients, whose type of
disease will not be curable with a standard | line therapy. In case of
relapse or refractory disease a salvage high-dose chemotherapy
followed by autologous stem cell transplantation (HD-ASCT) is
the standard of care in patients under 65 years old with no serious
comorbidities. As a salvage regiment in this group of patients can
be given a platinum-based combination chemoterapy, including
R-DHAP (rituximab, cisplatin, cytarabine, and dexamethasone),
R-ICE (rituximab, ifosfamide, carboplatin, and etoposide). In case
of another relapse an allogeneic stem cell transplantation can be
considered. However, there is no currently recognized standard
of care for patients who have failed | and Il line treatment and for

whom stem-cell transplantation is not an option.

In 1970’s for the first time the anthracycline derivative (doxoru-
bicin) was added to standard chemotherapy (COP, cyclophos-
phamide, prednisone, vincristine), which led to the breakthrough
in the treatment of aggressive lymphomas. For the first time
it was possible to achieve long-term disease remission or cure
[1, 4]. Unfortunately, using anthracyclines was strongly connect-
ed with cardiotoxicity. The mechanism of action of this group of
agents is due in large part to the generation of free radicals, in-
creased reactive nitrogen species formation in cardiomyocytes,
nitration of myofibrils, and in effect myocardial contractility
disorders, chemotherapy-induced oxidative stress and cellular
injury. We observe also dysfunction of sodium-potassium and
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sodium-calcium pumps, which lead to overload cardiomyocytes
with calcium ions and decrease of ATP (adenosine triphosphate)
concentration. A consequence of these processes are either ap-
optosis or necrosis of cardiomyocytes, leading to left ventricle
disfunction, cardiomyopathy, heart failure, myocardial infarction
or thrombosis [5, 6]. Furthermore, the symptoms which can ap-
pear are heart arrhythmias and arterial hypertension. This type
of toxicity, called type | cardiotoxicity, is irreversible and lead to
reduce of left ventricle ejection fraction (LVEF) [5]. After therapy
including anthracyclines the risk of congestive heart failure rises
up to 16%, and asymptomatic cardiomyopathy even up to 57%
[6]. The greatest risk factor for anthracycline-induced cardiotoxic-
ity is the cumulative dose. Another identified risk factors, such as
age, female gender, coexistence of cardiovascular diseases, prior
mediastinal radiation etc,, further increase the risk of toxicity.

A novel anthracenedione approved as monotherapy for treat-
ment of relapsed orrefractory aggressive diffuse B-cell non-Hodg-
kin's lymphoma is pixantrone. It is a first-in-class aza-anthracen-
edione, which differs from doxorubicin and mitoxantrone in
its" unique chemical structure, and this results in differences in
its mechanism of action. Pixantrone, comparing to doxorubicin
and mitoxantrone, is only a weak inhibitor of topoisomerase L.
Furthermore, it takes action in direct DNA alkylation, creating the
pixantrone-DNA adducts and causing double-strand break. The
removal of the hydroquinone groups from pixantrone’s chemi-
cal structure makes pixantrone unable to bind iron and in turn
promote iron-catalyzed oxidative damage. That explains why
less cardiotoxicity is observed [8]. Its conditional approval in
Europe was based on results from the open-label, randomized,
PIX301study, where more patients who received pixantrone than
comparator achieved a complete response (CR). This study ran-
domised 140 patients (1 : 1) to treatment with either pixantrone
or to an investigator chosen single-agent chemotherapy on the
comparator arm (vinorelbine, oxaliplatine, iphosphamide, etopo-
side, mitoxantrone, gemcytabine, rituximab). Among patients
treated with pixantrone complete remission rate was at 20%,
whereas in a group receiving comparator only 5,7%. In addi-
tion, duration of CR (complete response), OS (overal survival) and
PFS (progression-free survival) were significantly prolonged in
the pixantrone treatment group [10]. The most common adverse
events in third or fourth grade of CTC (common toxicity criteria)
reported during the pixantrone treatment were neutropenia,
thrombocytopenia, weakness, skin and urine decoloration [12].
The recommended dose is 50 mg/m? on days 1%, 8", and 15" of
each 28-day cycle for up to six cycles [8, 12]. In Poland pixantrone
therapy has been conditionally approved for use and refunded
since 2018. It is indicated as monotherapy for adult patients in
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[l or IV line therapy, who previously achieved a durable response
(at least 6 months of complete or partial response) to anthracy-
cline or anthracenediones [11].

Herein, we report two cases of relapsed/refractory DLBCL treated
with pixantrone as a salvage therapy.

CASE REPORTS

First case

A 54-year-old female patient presented with enlarged supracla-
vicular lymph nodes in August 2015. She was admitted to the
department of surgery, where a computer tomography (CT) as-
sessment revealed lymphadenopathy on both sides of the dia-
phragm and many small nodules in the pulmonary parenchyma.
A supraclavicular lymph node biopsy was performed. Histological
and immunohistochemical findings showed diffuse large B-cell
lymphoma, NOS (non-other specified), subtype non-GCB CD20+,
CD5-, CD10-, BCL2+, BCL6-/+, MUM1+, FOX, P14+, Ki-67 100%,
stage IVB IPI 3 with a lung and bone marrow involvement (fig. 1).

As a frontline therapy the patient received six cycles of R-CHOP
with a central nervous system (CNS) prophylaxis with liposomal
cytarabine. By February 2016 she had achieved a complete re-
sponse.

In October 2016 control CT-scan revealed a new lymph node en-
largementin abdominal cavity located next to right kidney vessels.
A PET/CT scan confirmed a disease relapse. In case of relapse, the
patient was qualified to a salvage high-dose chemotherapy (ICE)

followed by autologous stem cell transplantation (HD-ASCT). In
April 2017, after two cycles, the patient achieved partial response
(PR). In June 2017, after completed three cycles of chemotherapy,
the patient was admitted to the department of transplantology to
stem cell mobilisation, which turned out to be unsuccessful. Be-
cause of grade third neutropenia subsequent cycles were delayed
and the patient finally finished therapy after four cycles in Sep-
tember 2017. Control PET/CT-scan revealed a complete response
(CR). The patient was reffered to a consolidating allogeneic stem
cell transplantation from the matched sibling.

In December 2017 the patient admitted to the hospital due to
vomiting and unconsciousness. CT assessment of central nerv-
ous system showed multiple lesions in brain, with the big gest

one in right frontal lobe.

As a lll line treatment a high-dose methotrexate monotherapy
(HD-Mtx 2500 mg/m?) was administered. After two cycles partial
response was attained, but after four cycles in April 2018 a control
CT-scan revealed a disease progression (PD) (fig. 2). Adding radia-
tion therapy of the brain (ten fractions, 3 Gy each) to chemother-
apy allowed the patient to achieve a complete remission in May
2018. Already after four months form the end of treatment a PET/
CT scan showed a suspected lesion in stomach. Recurrent disease

was histologically confirmed by tumor biopsy during gastroscopy.

After analysing clinical data, the patient met all the eligibility cri-
teria and was qualified to pixantrone monotherapy treatment in
a chemotherapy drug programme. Before first administration of
the drug, all necessary laboratory and imaging tests were per-

FIGURE 1. Lung and bone marrow involvement (CT scan, October 2015).
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FIGURE 2. Disease progression after four cycles of chemotherapy (CT scan, April 2018).

formed. An echocardiography showed minimal mitral and tri-
cuspid valve regurgitation, correct heart cavity dimensions, left
ventricle ejection fraction at 65%, no left ventricular disfunction.
During treatment, every two cycles echocardiography was re-
peated and did not show any decrease in LVEF from the baseline
value or other abnormalities.

After four cycles of pixantrone monotherapy a control gastroscopy
was performed. Histological and immunohistochemical findings
showed only a chronic inflammation, without lymphoma infiltra-
tion. Treatment was completed in June 2019 without any missed

doses. Dose of pixantrone was reduced at the beginning of fourth

cycle to 80% of a starting dose because of recurrent neutropenia
grade third and fourth, requiring the use of G-CSF (filgrastim) and
dose delay. Despite neutropenia, infections or febrile neutropenia
were not observed. Furthermore, the patient did not require any
blood or platelets transfusions. No cardiac adverse events were
observed. After the treatment was finished, in July 2019 a control
PET/CT scan did not show any lesion in stomach, but a new lesion
in right kidney was noticed. CT scan with iod contrast revealed
a tumor 36 x 31 mm in posterior parenchymal part of right kidney
(fig. 3). The disease recurrence of DLBCL was the most probable

diagnosis.

FIGURE 3. Tumor in posterior parenchymal part of right kidney (CT scan, August 2019).
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On September 9, 2019 the patient admitted to a control visit in
hematology department. A blood cell count revealed leucocyto-
sis 26 G/l with elevated monocytosis (18.5 G/I), trombocytopenia
16 000/pl and moderate macrocytic anemia (Hgb 9.6 g/I, MCV
100.7 fl). Bone marrow biopsy and flow cytometry confirmed the
diagnosis of acute monocytic leukemia. Because of appearance
of secondary malignancy, systematic deterioration of the pa-
tient’s general condition, she was qualified only to a best sup-
portive care therapy with blood transfusions and hydroxyurea.
The patient died on September 15%,2019.

Second case

A 75-year-old female patient with arterial hypertension, had been
diagnosed since April 2016 because of stomach ache for a few
weeks. Abdominal ultrasonography did not show any patholo-
gy. Gastroscopy had been performed and revealed many small
erosions of the mucosa and positive urease test. Histological test
showed a chronic gastritis. She was treated with antibioticothera-

py for eradication of H. pylori with good clinical effect.

October 27, 2016 the patient was admitted to Emergency Unit
because of suspection of upper gastrointestinal tract bleeding.
The urgent gastroscopy revealed an active bleeding from gastric
ulcer. A CT-scan was assessed and showed enlarged tumor-nodal
mass located next to stomach wall and enlarged left supraclav-
icular lymph nodes. Histological and immunohistochemical find-
ings in tumor biopsy showed diffuse large B-cell lymphoma, NOS

FIGURE 4. Disease progression (CT scan, December 2017).

(non-other specified), subtype non-GCB CD20+, CD5-, CD10-,
BCL2+, BCL6+, MUM1+, FOX, P1+, Ki-67 90%, stage IV XB IPI 4
with stomach involvement. As a frontline therapy the patient was
qualified to R-COP (rituximab, vincristine, cyclophosphamide,
prednisone) with doxorubicin (instead of doxorubicine because
of mild diastolic left ventricle disfunction and gastrointestinal
tract involvement). First cycle of immunochemotherapy was
complicated by a second episode of gastric ulcer bleeding. After
three cycles of treatment a control CT-scan and gastroscopy con-
firmed a partial response. By May 2017 she received eight cycles
of immunochemiotherapy (one cycle of R-COP + doxorubicin
and seven cycles of R-COP). According to PET/CT scan enlarged
para-aortic lymph nodes were still metabolically active, what
meant partial response. A CT scan assessed in December 2017
confirmed a disease progression in the location of previously de-

scribed lesions (fig. 4).

In case of disease progression, the patient was qualified to a sal-
vage high-dose chemotherapy R-IVE (rituximab, iphosphamide,
etoposide, doxorubicine). After two and four cycles of this treat-
ment, the partial response was persistent. The patient received
two additional rituximab infusions. In August 2018, after com-
pleted the Il line chemotherapy, the patient finally achieved com-
plete remission (CR). The patient remained under observation in
hematology outpatient clinic until February 2019, when she ex-

perienced a relapse. PET/CT scan revealed enlarged inguinal and

iliac lymph nodes.
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After analysing clinical data, the patient met all the eligibili-
ty criteria and was qualified to Il line therapy for pixantrone in
a chemotherapy drug programme. Before first administration of
the drug, all necessary laboratory and imaging tests were per-
formed. An echocardiography showed mild diastolic disfunction
of left ventricle, minimal mitral and tricuspid valve regurgitation,
correct heart cavity dimensions, left ventricle ejection fraction at
60%. The patient started pixantrone monotherapy in February
2019 and received all six cycles of treatment. Every two cycles
echocardiography was repeated and did not show any decrease
in LVEF from the baseline value or any other abnormalities. Con-
trol CT-scan performed after four cycles showed a complete
remission. Dose of pixantrone was reduced at the beginning of
fourth cycle to 80% of a starting dose because of recurrent neu-
tropenia grade second, requiring the use of G-CSF (filgrastim).
Treatment was completed in July 2019 without any missed or de-
layed doses. Despite neutropenia, infections or febrile neutrope-
nia were not observed. Furthermore, the patient did not require
any blood or platelets transfusions. No cardiac adverse events
were observed. The side effects were mouth dryness, skin and
nails discoloration. After the treatment was finished, in July 2019
a control PET/CT scan confirmed complete remission (CR). After
the end of treatment PET/CT scan is performed every 6 months.
No disease progression is observed. The patient’s last visit was in
January 2020, she was asymptomatic, with no evidence of recur-
rent disease.

DISCUSSION

Pixantron in first patient’s case was used as a V line therapy,
which aimed to achieve a complete remission of the disease be-
fore a consolidating allogeneic stem cell transplantation from
the matched sibling. It is indicated as monotherapy for adult pa-
tients in lll or IV line therapy. The efficacy of pixantrone in V line
treatment or more has not been proved in patients refractory to
previous treatment line [8, 12]. Nevertheless, the patient was able
to get a therapeutic effect regarding the gastric tumor. Moreover,
the patient completed all six cycles without any missed doses,
the only adverse event observed was neutropenia CTC3, which
was eliminated after dose reduction and adding G-CSF prophy-
laxis. This adverse event, besides trombocytopenia, is the most

common side effect described in literature [18]. Because of sec-
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ondary malignancy and fast systematic deterioration of the pa-
tient’s general condition, further diagnostics of renal tumor was
impossible to perform.

Secondary malignancy in a form of acute myeloid leukemia most
likely has been induced by cytostatic treatment, but it is impos-
sible to define whether it was pixantrone’s toxicity or prior high-
-dose multi-drug chemo- and radiotherapy. No secondary acute
myeloid leukemia after the pixantrone monotherapy has been
reported in available literature.

In case of a second patient pixantrone was administered as
alll line therapy, which aimed to achieve a complete remission of
the disease. Despite of an advanced age the patient completed
the treatment without any missed or delayed doses. As in a pre-
vious case, the only adverse event was neutropenia CTC2, which
was eliminated after dose reduction and adding G-CSF prophy-
laxis. Reported by the patient skin decoloration is described in
literature as a characteristic and appears in 10% of patients [18].
It usually disappears after few weeks of drug elimination [8, 12].

In both cases pixantrone monotherapy turned out to be effec-
tive, due to good tolerability and without impairing patients’
quality of life. Any of patients experienced a drug-induced car-
diotoxicity. The cardiotoxicity of pixantrone therapy appears to
be significantly lower than with other anthracyclines [17]. If it
appears, it is most often associated with an asymptomatic de-
crease in ejection fraction [18].

SUMMARY

In summary, pixantrone is a valuable treatment in patients with
multiply relapsed/refractory DLBCL lymphoma. This treatment is
efficient and well tolerated in a group of heavily pretreated pa-
tients [15]. Pixantrone with its’ significant antineoplastic efficacy
and lower cardiotoxicity compared with other anthracyclines
gives a chance to treat elderly patiens or patients with cardiac
disfunction [1, 10]. The use of this drug in combination therapy,
often to replace doxorubicin or mitoxantrone, is currently being
investigated in numerous studies [19]. Pixantrone is very prom-
ising in the aspect of minimalizing cardiotoxicity and improving
the quality of life.
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