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Abstract

Polatuzumab vedotin (Pola) with bendamustine and rituximab (BR) is a promising option for patients with relapsed/refrac-
tory (R/R) diffuse large B-cell lymphoma (DLBCL). We analyzed the data of 71 R/R DLBCL patients who had been treated
with Pola-BR in the named patient program from March 2018 to April 2021 from 32 centers in Turkey. All patients received
up to six cycles of Pola 1.8 mg/kg, rituximab 375 mg/m? on day 1, and bendamustine 90 mg/m? on days 1-2 of each cycle.
Median age at Pola-BR initiation was 55 (19-84). The overall response rate was 47.9%, including 32.4% CR rate when a
median of 3 cycles was applied. With a median follow-up of 5 months, the median OS was 5 months. Grade 3—4 neutropenia
and thrombocytopenia were the most common hematological toxicities. The real-world data from our cohort showed the
Pola-BR is an effective option with a manageable toxicity profile.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon non-Hodgkin lymphoma and accounts for approxi-
mately 25-30% of all newly diagnosed patients with non-
Hodgkin lymphoma [1, 2]. Survival rates have improved
in recent decades, 5-year survival rates in the first-line
setting range from 60 to 70% [3]. In the chemoimmuno-
therapy era, rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP) chemoimmunother-
apy is the standard care for first-line treatment; however,
30-40% of patients are relapsed or refractory to R-CHOP
[4]. The combination of bendamustine and rituximab
(BR) is administered for salvage, especially as first sal-
vage therapy in patients with relapsed or refractory (R/R)
DLBCL,; therefore, the overall response (ORR) rates were
46-63% in three studies with acceptable toxicities [5—8].
For eligible patients, if they have an inadequate response
to salvage chemotherapies and relapse after autologous
stem cell transplantation, the prognosis is very poor [9].
The overall survival is expressed at nearly 4—6 months.
There is a significant unmet treatment need for relapsed
or refractory and heavily treated patients [10].

Polatuzumab vedotin (Pola) is a novel antibody—drug
conjugate and consists of a monoclonal antibody against
CD79b which is a B-cell receptor component located
on normal B cells which is covalently conjugated to the
microtubule-disrupting anti-mitotic agent monomethyl
auristatin [11, 12]. A phase 1 study showed the safety of
the single-agent polatuzumab vedotin in patients within
heavily pretreated B-cell malignancies such as non-Hodg-
kin lymphoma and chronic lymphocytic leukemia [13].
Polatuzumab vedotin plus an anti-CD20 monoclonal anti-
body rituximab showed encouraging results in a phase 2
study with objective response and complete response rates
of 54% and 21%, respectively [14]. Polatuzumab vedotin in
combination with BR provided higher ORR (45% vs. 18%)
and prolonged OS (12.4 vs. 4.7 months) in R/R DLBCL
patients compared to patients who received BR in a phase 2
study [15]. The polatuzumab vedotin and BR combination
was considered rational and decreased the risk of neurotox-
icity that could occur with platinum-based regimens. The
Pola-BR combination was granted accelerated approval
by the Food and Drug Administration for the treatment of
patients with R/R DLBCL who failed two prior therapies
in June 2019. In Europe, the European Medicines Agency
approved Pola-BR for the treatment of adult patients with
R/R DLBCL who are ineligible for hematopoietic stem cell
transplant in January 2020 [16, 17].

Although early phase studies of Pola-BR were promis-
ing, there is still an unmet need in heavily treated R/R
DLBCL and, in particular, a lack of real-world data for
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Pola-BR. Therefore, we present a retrospective, multi-
center, real-world data study consisting of 71 R/R DLBCL
patients treated with Pola-BR in the named patient pro-
gram in Turkey.

Material and methods
Patients and study design

We analyzed the data of 71 R/R DLBCL patients who had
been treated with Pola-BR through their participation in the
named patient program from March 2018 to April 2021 from
32 hematology centers in Turkey. The eligible patients were
aged > 18 years, had received at least two prior treatments
including R-CHOP, had progression or intolerance with the
last treatment protocols, and were ineligible for hematopoi-
etic stem cell transplantation. In patients with prior BR expo-
sure, if the BR duration of response had exceeded at least
12 months, they were allowed to be included in the study.
Patients with grade >?2 peripheral neuropathy were excluded.

This observational, retrospective, and multicenter study
was designed to evaluate the ORR and complete response
rates for the primary endpoint, and overall survival and tox-
icities for the secondary endpoint of Pola-BR in patients with
R/R DLBCL. After obtaining approval from local authori-
ties and the ethics committee for the study, patients’ data
was collected from hospital records and patient files. We
recorded patients’ demographic features such as age, gen-
der, B symptoms, stage, extranodal involvement, histological
subtype, cell of origin determined by immunohistochemical
staining and Hans algorithm, international prognostic index
(IPI) score, performance status (PS) assessed according to
the Eastern Cooperative Oncology Group (ECOG) scale, the
disease status before Pola-BR treatment, number of therapies
before Pola-BR, number of Pola-BR cycles, toxicities, the
responses to the treatment, date of progression, and death
or last follow-up. Bulky disease was evaluated as a mass
of >7.5 cm on any imaging. The response evaluation was
evaluated by [18F] fluorodeoxyglucose positron emission
tomography—computed tomography using Lugano Response
Criteria at the end of treatment (6—8 weeks after day 1 of the
cycle) [18]. Adverse events (AEs) were graded according to
the National Cancer Institute Common Terminology Criteria
for Adverse Events, version 5.0.

Treatment: polatuzumab vedotin, bendamustine,
rituximab

All patients received polatuzumab vedotin 1.8 mg/kg intrave-
nously (IV) on day 1 of each cycle, rituximab 375 mg/m2 v
on day 1 of each cycle, and bendamustine 90 mg/m? IV on days
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1 and 2 of each cycle in any order. Patients were treated for up
to six cycles. Each cycle was applied every 21 days. Patients
received at least one cycle of Pola-BR. Polatuzumab vedotin
was diluted by adding 7.2 ml of sterile water with a disposable
syringe. The dose solutions were prepared in 100-ml IV infusion
bags containing normal saline. The saline equivalent to the drug
volume was removed before the reconstituted drug was added
to the IV infusion bag. The prepared drug was infused with an
infusion pump within 30-90 min.

On the first day of the treatment, 30-60 min before
the start of rituximab infusion, corticosteroids, an anti-
histamine, and an antipyretic were administered as pre-
medications for the patients. All patients had received
an antihistamine and antipyretic before polatuzumab
vedotin infusion. The patients were monitored for infu-
sion-related reactions during the infusion and a minimum
of 90 min following completion of the initial dose. If
an infusion-related reaction occurred, the infusion was
interrupted, and appropriate medical management was
instituted. No pre-medication was administered before
bendamustine on the second day of treatment. Antiemetic
treatment was administered in case of nausea symptoms.
Neutropenic patients received growth factor support dur-
ing treatment.

Ethical statement

The trial was conducted following all procedures performed
in studies involving human participants in accordance with
the ethical standards of the institutional and/or national
research committee and with the 1964 Declaration of Hel-
sinki and its later amendments or ethical standards com-
parable to the guidelines of the Declaration of Helsinki.
The ethical committee approved the study protocol of the
coordinating center of Dr. Abdurrahman Yurtaslan, Ankara
Oncology Training and Research Hospital (2020-05/626).

Statistical analysis

IBM SPSS Statistics (version 25) was used for statistical
analysis. Descriptive statistics were used to present the data.
Categorical data were presented as numbers and ratios, and
numerical data were presented as median, minimum, and
maximum. Overall survival (OS) was defined as the dura-
tion from the date of the first day of the Pola-BR to the
date of death or time to the survivors’ last follow-up date.
Kaplan—Meier survival analysis was applied for PFS and OS,
and log-rank tests were used to examine the factors affect-
ing survival. Cox regression analysis was applied to evalu-
ate factors affecting survival; variables with p <0.05 were
included in the multivariate model. p values of <0.05 were
considered statistically significant.

Results
Patient characteristics

Over a 3-year period, seventy-one R/R DLBCL patients that
participated in the NPP in Turkey, from 32 hematology centers,
were included in the study. The data were analyzed in Decem-
ber 2021. The characteristics of the patients are summarized in
Table 1. Forty-four (62%) males and 27 (38%) females were
included in the study. Thirty-five (49.3%) of the patients had
primary refractory disease. Evaluating cell of origin determined
by immunohistochemical staining, 27 (38%) of the patients had
germinal center B-cell and 23 (32.4%) had activated B-cell. The
patients were heavily pretreated with a median of three lines
prior to Pola-BR treatment in our cohort. Most of the patients
(n=56, 73%) had advanced stage disease, B symptoms (n=47,
66.2%) and a high IPI score (IPI 3-5) (n=42, 61%) at diag-
nosis. Twenty-three (32.4%) patients had bulky disease and 45
(63.4%) had extranodal disease. Early-relapsed patients (defined
as relapse < 12 months following most recent treatment) con-
stituted 64.8% (n=46) of our study population, whereas late-
relapsed patients (defined as relapse > 12 months following most
recent treatment) were 35.2% (n=25). Twelve (16.9%) patients
had exposure to bendamustine for relapsed disease before Pola-
BR. At the time of relapse/refractory setting, 53.5% (n=38) of
patients had a high IPI (IPI 3-5). Thirty-five (49.3%) patients
had received radiotherapy. Nearly half of the patients (n=35)
had undergone hematopoietic stem cell transplantation (HSCT)
and 36 patients could not receive any HSCT. Twenty-two

Table 1 Patient’s characteristics

Number (%)

Age at Pola-BR initiation, years (median) 55 (19-84)
Male sex, n (%) 44 (62%)
ECOG performance status

0-1,n (%) 45 (63.4%)

>2,n (%) 26 (36.6%)
Histological subtype (cell of origin)

GCB 27 (38%)

ABC 23 (32.4%)

Unknown 21 (29.6%)
Advanced stage (stages 3—4) 56 (73%)
IPI score 3-5 at diagnosis 42 (61%)
Bulky disease (>7.5 cm), n (%) 23 (32.4%)
B symptoms, n (%) 47 (66.2%)
Extranodal disease, n (%) 45 (63.4%)
Bone marrow involvement, n (%) 18 (25.4%)

Pola-BR, Polatuzumab vedotin, bendamustine, and rituximab; ECOG,
Eastern Cooperative Oncology Group; GCB, germinal center B-cell-
like subtype; ABC, activated B-cell-like subtype; IPI, international
prognostic index
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patients (31%) had only undergone autologous stem cell trans-
plantation, three of whom underwent it after Pola-BR treatment.
Seven patients (9.8%) had both autologous and allogeneic stem
cell transplantation. Six patients (8.4%) received Pola-BR as a
bridge to allogeneic stem cell transplantation.

Polatuzumab vedotin, bendamustine, rituximab
treatment points

All patients received Pola-BR. The median age at the time
of Pola-BR initiation was 55 years (range, 19-84 years). The
patients had undergone a median of 3 treatment lines (range, 2—5
lines) before Pola-BR treatment. Median lactate dehydrogenase
was 331 U/L (128-2185), median hemoglobin was 10.4 g/dl
(5.9-13.7), white blood cells were 4.5 X 103/pl (0.5-19.5), and
median thrombocytes were 134 x 10%/ul (12-700) before Pola-
BR, while hemoglobin was 11 g/dl (8-13.6), white blood cells
were 3.48 x 10°/pl (6.1-12.4), and median thrombocytes were
116x10*/ul (30-510) following Pola-BR treatment. The median
number of Pola-BR cycles was 3 (range, 1-6).

The median follow-time after Pola-BR treatment was
5 months (range, 1-31 months). ORR of the entire cohort
was 47.9%, including 32.4% with a complete response
(n=23) and 15.5% with a partial response (n=11). Nearly
10% of patients (n="7) achieved stable disease and 36.5%
(n=26) had progressive disease at the end of treatment. Four
patients died before response assessment.

Survival analysis

The median OS of entire cohort was 5 months (95% CI: 3.3-6.6).
The median OS in the ECOG 0-1 group was 8 months (95% CI:
8.9-16.4 months), while the median OS in the ECOG >2 group
was 2 months (95% CI: 2.1-4.6 months). The median OS in the
overall response group was 8 months (95% CI: 8.8—-17.9 months)
while the median OS in the stable disease and progressive dis-
ease group was 4 months (95% CI. 3.1-5.7 months). The sur-
vival curves are shown in Figs. 1, 2, and 3. Fifty-five (77.5%)
patients died from their disease in the follow-up period.

Univariate analysis did not show a significant association
between survival and age, number of treatment lines before Pola-
BR, gender, bulky disease, IPI score at diagnosis and relapse
time, advanced stage, extranodal involvement, transplantation
situation, and primary refractoriness (all p values>0.05). Fac-
tors that yielded a p value <0.05 after univariate analysis were
then included in the multivariate analysis. Response of Pola-
BR, LDH before Pola-BR, and ECOG score were analyzed in
the multivariate analysis. Patients who were chemorefractory
to Pola-BR and patients who had ECOG score >2 had a worse
survival which was almost double in the multivariate analysis
(p=0.042 and p=0.029, respectively). Univariate and multivari-
ate analyses are shown in Table 2.
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Fig.2 Overall survival curves according to Eastern Cooperative
Oncology Group (ECOG) performance status

Adverse events

Forty-nine (69%) patients experienced hematological adverse
events (AE) and the same number of patients had non-hema-
tological AEs in all grades. The adverse events are presented
in Table 3. The most common AEs of grades 3—4 were infec-
tions and cytopenia. When cytopenia was evaluated, the most
frequent grades 1-2 hematological AE was anemia observed
with the rate of 45%. Neutropenia was the most common in
both grades 3—4 and all grades of hematological AEs with a
rate of 33.8% and 64.7%, respectively. Bacteremia and sep-
sis were commonly reported. One of the patients died due
to mucormycosis; another one died of severe COVID-19.
Grades 1-2 peripheral neuropathy occurred in 19% (n=14)
of patients, whereas grades 3—4 neuropathy were not seen.
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Fig.3 Overall survival curves according to response situation of
polatuzumab vedotin, bendamustine, rituximab treatment

Fatigue, the most common non-hematological AE, was
reported in 53.5% of patients in all grades.

Discussion
In our series, the Pola-BR combination in relapsed or refrac-

tory DLBCL revealed the following: (i) the overall response
rate (ORR) was 47.9%; (ii) with a median follow-up of

Table 2 Univariate and multivariate analysis of overall survival

5 months, the median OS of our cohort was 5 months; (iii)
chemorefractory response of Pola-BR and ECOG score > 2
showed poor survival rates. As far as we know, our study
presents the largest cohort in a real-world setting.

The approach of R/R DLBCL has an urgent clinical need
despite novel therapies. Patients with R/R DLBCL have very
poor outcomes if they experienced treatment failure with
immunochemotherapy or any subsequent salvage regimens
and early disease relapses after ASCT [9]. In this area, devel-
oping therapeutic options should focus on features such as
fewer toxicities, better efficacy, and broad accessibility. The
Pola-BR treatment modality is a promising and approved
chemoimmunotherapy in patients with R/R DLBCL with a
manageable safety profile [15-17].

Currently, there are few studies that evaluate the efficacy
of Pola-BR treatment in patients with R/R DLBCL. In the
randomized, phase 2, GO29365 trial, 40 patients with R/R
DLBCL achieved ORR and CR rates of 45% and 40% with
1-year PFS and OS of approximately 40% and 55%, respec-
tively [15]. Following the initial phase 2 trial, an updated
result of the extension cohort of a total of 192 R/R DLBCL
patients who were transplant ineligible was published
[20]. Significant survival benefit with Pola-BR vs. BR was
observed with the median OS, 12.4 vs 4.7 months, respec-
tively, and the ORR was 41.5%.

Recently, retrospective real-world studies on DLBCL
patients receiving the Pola-BR regimen have been pub-
lished [8, 10, 19]. Segman et al. reported the tolerability

Parameters

Univariate risk ratio (95% CI), p value

Multivariate risk ratio (95% CI), p value

Age 0.982 (0.963-1) p=0.54
Response of Pola-BR (CR +PR)

Number of lines before Pola-BR(based
on < 2lines)

LDH (before Pola-BR)

Gender (male-based)

Bulky disease (< 7.5 cm)

ECOG score 0-1 vs >2

IPI score at diagnosis (0—1 vs> 1)
IPI score at relapse (0-1 vs > 1)
Advanced stage

Extranodal involvement
Hematopoietic transplantation

Primary refractoriness

2.658 (1.42-4.960) p=0.002*
1.26 (0.69-2.30) p=0.44

1.001 (1-1.002) p=0.01*
0.601 (0.326-1.11) p=0.105

0.747 (0.401-1.392) p=0.358
3.361 (1.789-6.314) p=0.00*
1.412 (0.762-2.615) p=0.273
1.718 (0.959-3.077) p=0.69

0.929 (0.448-2.082) p=0.929
1.149 (0.619-2.134) p=0.660
1.653 (0.919-2.973) p=0.093
0.647 (0.361-1.161) p=0.145

1.987 (0.047-1.987) p=0.042%%*

1.001 (1-1.0001) p=0.186

2.213 (1.087-4.507) p=0.029%*

Estimation was performed by Cox regression analysis

“Variables with p <0.05 were included in the multivariate model. Enter method was applied to assess independent variables regarded as signifi-

cant

**Statistically significant

Pola-BR, polatuzumab vedotin, bendamustine, rituximab; CR, complete response; PR, partial response; ECOG, Eastern Cooperative Oncology

Group; [P, international prognostic index
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Table 3 Adverse events

Adverse events Grades 1-2 n (%) Grades 3—4 n (%) All grades n (%)
Neutropenia 22 (30.9%) 24 (33.8%) 46 (64.7%)
Thrombocytopenia 21 (29.5%) 21 (29.5%) 42 (59%)
Anemia 32 (45%) 12 (16.9%) 44 (61.9%)
Proven infection 11 (15.4%) 15 (21.1%) 26 (36.5%)
Febrile neutropenia 12 (16.9%) 17 (23.9%) 29 (40.8%)
Nausea 21 (29.6%) 4 (5.6%) 25 (35.2%)
Fatigue 23 (32.4%) 15 (21.1%) 38 (53.5%)
Diarrhea 12 (16.9%) 3(4.2%) 15 (21.1%)
Decreased appetite 16 (22.5%) 9 (12.7%) 25 (35.2%)
Peripheral neuropathy 14 (19.7%) 0 14 (19.7%)

and efficacy of Polatuzumab vedotin, with or without BR,
in a real-world setting of 47 heavily pretreated R/R DLBCL
patients from Israel [10]. The overall response rate was
61%, including 40% CR and the median PFS and OS were
5.6 months and 8.3 months, respectively. Dimaou et al.
reported the outcomes of 61 Greek patients, who received
Pola-BR mainly; bendamustine was omitted in three patients
due to previous short-lived responses. The ORR was 43%
with a CR rate of 25%. The median PFS and OS were 4
and 8.5 months, respectively. Wang et al. evaluated Pola-
based salvage chemotherapy, including regimens other than
BR, as third-line treatment or beyond for 40 patients with
R/R DLBCL from Taiwan. The ORR was 52.5% and 25%
of patients had CR with a median follow-up of 18.8 months.
The median OS of the cohort was 8.5 months, and that of
those receiving subsequent HSCT was 24 months [19]. They
speculated that further consolidation therapy after transplan-
tation could provide survival benefit in those patient groups.

Given the lower response rates of real-world studies com-
pared to the phase 2 GO29365 trial, the overall response rate
of our study was similar to the results of other retrospec-
tive real-world experiences. In the GO29365 trial, 13% of
the patients were ECOG PS >2, and PS 3-4 were excluded
whereas 36.6% patients were ECOG PS 2—4 in our cohort.
Compared to the results reported in recent studies, the
numerically inferior OS in our study might be due to the
inclusion of patients with more adverse prognostic factors:
advanced stage, high IPI score, bulky disease, and extran-
odal disease. Univariate analysis revealed no significant
association between advanced and refractory disease with
poor prognostic features and survival. However, chemore-
fractory response of Pola-BR and ECOG score >2 showed
poorer survival which was almost double in the multivariate
analysis.

In a recent multicenter post-marketing analysis of polatu-
zumab vedotin for R/R aggressive B-cell lymphoma in the
USA, 66 patients with DLBCL and high-grade B-cell lym-
phoma were included [21]. ORR occurred in 50%, including
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24% CR with a median duration of response of 5.1 months,
PES was 2.0 months, and survival was 5.3 months [21]. The
results of the study were similar to our current study. We
attributed this similarity to the fact that response rates and
survival times were low in patients with highly resistant and
refractory disease. As in this study (12%), a similar propor-
tion of patients in our study (16.9%) had previously been
exposed to bendamustine.

The adverse event profile of Pola-BR in our cohort
is comparable to the published data. The most frequent
grades 1-2 hematological AE was anemia. Neutropenia
and thrombocytopenia were the most common grades 3—4
hematological toxicities. We did not evaluate lymphope-
nia in the foreground for adverse effects related to the
studies conducted on R/R DLBCL lymphoma patients
treated with Pola-BR [8, 10, 19, 22]. Among hemato-
logical adverse events, anemia and neutropenia were the
most seen adverse effects in these studies. In most stud-
ies, lymphopenia was not examined. Only in the phase 2
G029365 trial, while neutropenia was reported at 53.8%,
and lymphopenia was reported at 12.8% in all grades in
the Pola-BR cohort, lymphopenia was not observed in
the BR cohort [15]. Additionally, the extended study of
27-month follow-up of the GO29365 trial in the rand-
omized Pola-BR arm, as well as results of the single-arm
extension cohort, was published. In the long-term follow-
up trial, the authors did not evaluate lymphopenia [22].
More data are needed to explain the effect of polatuzumab
on lymphopenia. Febrile neutropenia and proven infection
were the common non-hematological toxicities of Pola-
BR treatment. Unlike the literature, fatigue was the one
of the common adverse events in our cohort. Grades 1-2
peripheral neuropathy was observed; however, grades 3—4
neuropathy was uncommon. The Pola-BR regimen seems
to have a manageable toxicity profile.

Several trials have been conducted with polatuzumab
vedotin as the treatment backbone of DLBCL. Polatu-
zumab vedotin has been used in combination with
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chemoimmunotherapies in multiple trials [12]. The effi-
cacy and state of polatuzumab vedotin in the treatment of
DLBCL will become clear as prospective trials continue.
However, it has been proven that the Pola-BR treatment
achieves effective and sustainable responses in heavily
treated DLBCL patients especially transplant ineligible
patients [15, 20]. Polatuzumab vedotin may also be an
effective treatment for the intention of bridging to a cel-
lular immunotherapy such as chimeric antigen receptor
T-cell therapy. However, this is an evolving area and
the use of bendamustine has been shown to compromise
T-cell function and the negative effect of apheresis suc-
cess prior to CAR-T-cell therapy [22]. In our study, no
patient had received CAR-T cell since this treatment
option is not available in Turkey. Nevertheless, nine
patients had the chance to receive HSCT; six of them
received allogeneic stem cell transplantation after Pola-
BR treatment in our study.

Our study has some limitations including the absence
of a comparison group and the retrospective design, where
we depended mainly on medical records for data collec-
tion. Side effects were also collected retrospectively from
medical records. The follow-up period was limited since
our sample consisted of a group of high-risk patients who
have exhausted all available treatment options. Most of the
recruited patients had adverse prognostic factors including
the presence of advanced stage, high IPI score, bulky dis-
ease, and the requirement of multiple prior lines of treat-
ment. Another important point which may explain the short
follow-up duration is the fact that a third of included patients
had ECOG PS scores of 2—4. In the follow-up period, fifty-
five (77.5%) patients died from their disease who received
only median 3 cycles of Pola-BR.

In conclusion, the Pola-BR combination was deemed an
effective agent that might provide a therapeutic option for
patients with R/R DLBCL given significant response and
survival rates compared with BR alone. The real-world data
from our cohort of hard-to-treat and aggressive R/R DLBCL
showed that the Pola-BR combination is a promising entrant
to the R/R DLBCL treatment landscape with a manageable
toxicity profile. Further studies are required to improve the
identification of patients who will likely benefit from polatu-
zumab vedotin treatment.
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