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ABSTRACT

Diffuse large B-cell lymphoma (DLBCL) is a biologically and clinically heterogeneous disease. Despite good responses to
standard of care frontline chemoimmunotherapy, the prognosis of relapsed/refractory (R/R) patients remains obscured by the
possible inadequate responses to salvage therapy, eligibility for autologous transplantation, age and comorbidities. Polatuzumab
vedotin is an antibody-drug conjugate formed by a CD79b antibody conjugated to the highly cytotoxic agent monomethyl

Keywords auristatin E by means of a cleavable linker. Following significant clinical efficacy in R/R DLBCL, polatuzumab vedotin was
DLBCL granted accelerated Food and Drug Administration (FDA) approval in combination with bendamustine plus rituximab for
relapsed/refractory patients who have failed at least two prior therapies. Other clinical studies involving polatuzumab vedotin in combination
transplantation with other therapy regimens are also under evaluation for previously untreated DLBCL patients. In this article, we review the
ADC different phases from the preclinical development of polatuzumab vedotin to studies leading to its first approval, and highlight

polatuzumab vedotin

1. INTRODUCTION

Diffuse large B-cell lymphomas (DLBCL) constitute around 30%
of all non-Hodgkin lymphomas (NHL) and account for the largest
group of aggressive lymphomas [1]. DLBCL are further subdivided
into three molecular subtypes by cell-of-origin (COO) portending
prognostic and therapeutic implications: the germinal center B-cell
phenotype (GCB), the activated peripheral B-cell subtype (ABC)
and unclassifiable category [2]. The current standard of care front-
line chemotherapy regimen includes the use of cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP), along with rit-
uximab, a monoclonal antibody (MoAb) against the surface anti-
gen CD20. Indeed, the advent of rituximab in the late 1990s, and its
addition to CHOP (R-CHOP) [3] resulted in improved outcomes
in all disease stages and settings with current 4-year overall survival
(OS) ranging from 55% to 95% and a cure rate of around 60% [4].
Nevertheless, the clinical course can be life-threatening, with up to
40% of patients who can still relapse or have refractory disease, a
scenario resulting in 5-year survival rates as low as approximately
25% for high-risk patients [5]. Subsequent outcomes differ greatly
between patients depending on their transplant eligibility and
response to second-line treatment. Multiple salvage regimens have
been used, including dexamethasone, cytarabine and platinum,

“Corresponding authors. Email: rita.assi@laumcrh.com; bazarbac@aub.edu.lb
Peer review under responsibility of the International Academy for Clinical Hematology

the potential future roles of this molecule in the treatment landscape of DLBCL.
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ifosfamide, carboplatin and etoposide or gemcitabine, dexametha-
sone and platinum (GDP), followed by autologous peripheral stem
cell transplantation (APSCT), resulting in cure rates approaching
30-40% [6].

These aggressive approaches are unfortunately limited to relatively
younger candidates, leaving older patients and those who relapse
post-APSCT with fewer treatment options and succumbing to their
disease. In the absence of a current role for maintenance therapy in
DLBCL, second-line therapies and beyond for non-APSCT eligible
patients include the use of gemcitabine-oxaliplatin combination,
bendamustine with or without rituximab, as well as lenalidomide
and ibrutinib for non-GCB molecular subtypes [7].

2. THE EMERGENCE OF NOVEL AGENTS

To cater for this unmet clinical need in the relapsed/refractory (R/R)
DLBCL setting, novel agents are being studied. More recently,
CD19-directed chimeric antigen receptor T-cell (CAR-T) ther-
apy has been approved for the R/R cases and those who relapse
or achieve partial remission after second line treatment [8,9].
However, its use remains restricted due to toxicity, availability, and
prohibitive cost.

One promising strategy involves the use of antibody-drug conju-
gates (ADCs). These smart compounds combine the highly specific
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targeting potential of a MoAb toward a tumor-associated antigen
with the cytotoxic function of a small active potent toxin, all joined
by a bio-cleavable chemical linker, and exhibit a favorable pharma-
cokinetic profile [10]. The complex is internalized and the linker is
degraded once the MoAb binds the antigen, therefore releasing the
cytotoxic payload within the tumoral cell and resulting in its death
[11]. Polatuzumab vedotin (polatuzumab vedotin-piiq; Polivy™,
Roche, Basel, Switzerland) represents a prototypic and novel ADC
consisting of a MoAb against CD79b [a specific B-cell receptor
(BCR)] covalently linked to the anti-mitotic cytotoxic agent
monomethyl auristatin (MMAE) through a citrulline-valine cleav-
able peptide linker that is stable in plasma. Once released, MMAE
causes microtubule disruption, thereby inhibiting cellular division
and inducing apoptosis of proliferating B-cell. Interestingly, polatu-
zumab vedotin carries an average of 3.5 molecules of MMAE for
each CD79b MoAD [12].

The number of available therapy options for patients with R/R
DLBCL may be enthusiastically expanding with the recent FDA
approval of polatuzumab vedotin for use in combination with ben-
damustine and rituximab for the treatment of patients with R/R
DLBCL who have received at least two prior therapies. In this
review, we outline the different milestones from the rationale and
development of polatuzumab vedotin, its approval as well as ongo-
ing studies and future perspective.

3. RATIONALE AND DEVELOPMENT
OF POLATUZUMAB VEDOTIN

3.1. CD79b: The Promising Target

CD?79 is a heterodimer molecule involved in signal transduction
and composed of CD79a and CD79b (Iger and Igf3 respectively)
expressed almost exclusively on B-cells and B-cell neoplasms.
CD?79 is non-covalently linked to the membrane immunoglobu-
lin (IgM) and the group constitutes the BCR [13]. During B-cell
ontogeny and differentiation, CD79a and CD79b are expressed
in early stages, preceding the immunoglobulin heavy-chain gene
rearrangement and CD20 expression but disappear later than
CD20 in the late (plasma cell) stage [14]. Therefore, antibodies
to CD79a and CD79b can be useful in the differential diagnosis
of B-cell from T-cell neoplasms or myeloid neoplasms, or L- and
H-lymphocyte predominant Hodgkins lymphoma from classical
Hodgkin’s lymphoma. More specifically, CD79b was found to play
an essential role in the BCR expression, transportand functionality
by providing signaling capacity to regulate processes such as allelic
exclusion, proliferation, differentiation, anergy, and apoptosis
[15,16]. These observations further established CD79b as an opti-
mal target for selective immunotherapy in the treatment of B-cell
malignancies.

3.2. Preclinical Data

A study by Dornan et al. [17] initially established that a minimal
expression of CD79b by flow cytometry was sufficient for the
in vitro activity of anti-CD79b ADC in NHL cell lines, and that
this expression persisted in the majority of relapsed DLBCL cases,
irrespective of the COO subtype. Preclinical data later suggested
that polatuzumab vedotin is active against various DLBCL cell

lines, including ABC, GCL, and even those harboring mutations in
CD79b shown to confer poor survival in DLBCL [18]. Furthermore,
these DLBCL cell lines displayed global sensitivity to polatuzumab
vedotin despite the expression of several proteins which have
adverse impact on survival and/or responses to chemotherapy,
including BCL-XL and MYC, as well as BCL2 and MCLL1 to a lesser
extent [18]. Of note, somatic mutations of CD79b enhance the sur-
face BCR expression and attenuate Lyn kinase (165120), a known
feedback inhibitor of BCR signaling [15]. These landmark findings
establish chronic active BCR signaling as a new pathogenic mech-
anism in ABC subtype DLBCL, thereby reinforcing the potentially
promising benefits of polatuzumab vedotin in this specific setting.

Polatuzumab vedotin also decreased cell proliferation and enhanced
cell death of CD79b+ aggressive B-cell NHL cell lines [19], translat-
ing into improved OS in their murine xenograft models [20]. The
anti-neoplastic effects of polatuzumab vedotin could be further
improved when combined with other active agents such as vene-
toclax [21] and obinutuzumab [22], further broadening its future
potential therapeutic indications.

4. EARLY CLINICAL TRIALS
4.1. Monotherapy

A phase I open-label trial (NCT01290549) evaluated the use of
polatuzumab vedotin as single-agent in patients with R/R B-cell
NHL administered intravenously in 21-day cycles [23]. In the
dose-escalation cohort of 34 NHL patients, PV was used at doses
of 0.1-2.4 mg/kg, where 2.4 mg/kg was established as the recom-
mended phase II dose (RP2D) based on meticulous pharmacoki-
netics, safety tolerability, and recorded dose-limiting toxicities. Of
the 42 evaluable patients with NHL who received polatuzumab
vedotin at 2.4 mg/kg in the escalation or expansion phases, 23
had an objective response (OR) with seven complete responses
(CR) and 16 partial responses (PR). Importantly, these responders
included 14 of 25 patients with DLBCL (4 CRs; 10 PRs). Overall,
patients receiving polatuzumab vedotin at 2.4 mg/kg recorded a
median duration of response (DoR) of 6.2 months and a median
progression-free survival (PFS) of 5.7 months. A similarly designed
Japanese phase I trial (JO29138) of patients with R/R B-cell NHL
using polatuzumab vedotin at 1.0 or 1.8 mg/kg every 21 days con-
firmed the same findings [24].

4.2. Combination with Immunotherapy

In the phase II part of the randomized, open-label ROMULUS
phase Ib/II trial (NCT01691898), polatuzumab vedotin 2.4 mg/kg
was subsequently evaluated in combination with rituximab
in patients with R/R DLBCL (n = 39) or follicular lymphoma
(FL; n = 20) [25]. In that study, polatuzumab vedotin or pinatu-
zumab vedotin were administered with rituximab every 21 days
until progressive disease or unacceptable toxicity, for up to 1 year.
Interestingly, enrolled patients had failed up to four prior systemic
therapies, with 78% of DLBCL patients being refractory to their last
treatment [25]. DLBCL patients exhibited a CR rate of 21%, PR of
33%, leading to an OR of 54% and a median DoR of 13.4 months.
Additionally, these patients had a median PFS of 5.6 months while
the median OS reached 20.1 months. In the 31 patients who were
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refractory to their last treatment, the OR was 45%, the median
DoR was 13.4 months, while the median PFS and OS were 4.7 and
11.7 montbhs, respectively.

It is important to note that the efficacy results of polatuzumab
vedotin plus rituximab were overall similar to those of the
anti-CD22 ADC pinatuzumab vedotin used with rituximab, except
for a numerical difference between the regimens in terms of the
median DoR in DLBCL patients (13.4 versus 6.2 months, respec-
tively) favoring polatuzumab. The combination of polatuzumab
vedotin plus rituximab demonstrated clinical activity regardless of
DLBCL COO subtypes, as well as in those expressing high levels of
BCL-2. Nevertheless, the levels of BCL-2 or CD79b expression did
not predict the degree of tumor shrinkage in these patients [25].

The ROMULUS trial also evaluated the addition of polatuzumab
vedotin 1.8 mg/kg to obinutuzumab in 21 patients with R/R
DLBCL for up to eight 21-day cycles [26]. In this cohort, patients
had failed 1-8 prior therapies, with the majority (61%) being
refractory to the last. At the most recent follow-up, the combination
showed a preliminary OR of 53% (29% CR, 24% PR) as assessed by
modified Lugano 2014 criteria.

4.3. Combination with Chemotherapy

The aforementioned trials demonstrated encouraging results of
polatuzumab vedotin as monotherapy [23] and in combination
with an anti-CD20 MoAb [25], in terms of efficacy, safety profile
and survival outcomes in transplant ineligible patients with heavily
pretreated R/R DLBCL.

In an effort to improve the modest depth as well as duration of
responses, polatuzumab vedotin was subsequently evaluated with
bendamustine and either rituximab (P-BR) or obinutuzumab for
the treatment of R/R DLBCL or FL in an open-label multicenter
ongoing phase Ib/II trial (NCT02257567; GO29365) [27] that led
to its accelerated FDA approval on June 10, 2019 for use in this
setting. While patients with double- and triple-hit lymphomas were
allowed, none were actually enrolled in the trial. The primary end-
point of the phase Ib portion was safety and tolerability, and that
of the phase II was CR rate. In the phase II section, 80 patients
with R/R DLBCL deemed transplant-ineligible or with relapsed
post APSCT were randomized in a 1:1 ratio to receive either the
triplet P-BR or BR alone, every 21 days, for a total of six cycles.
Polatuzumab vedotin was initially given intravenously at a dose of
2.4 mg/kg, subsequently reduced to 1.8 mg/kg because of safety
concerns mostly related to peripheral neuropathy, administered on
day 2 of the first cycle, and on the first day of the remaining cycles.
Rituximab was given at 375 mg/m* on day 1 of each cycle and
bendamustine at 90 mg/m? IV on days 1 and 2 of each cycle. The
randomized patients had a median age of 67 years (range, 33-86)
for the P-BR cohort and 71 years (range, 30-84) for the BR arm.
Enrolled patients had failed a median of two prior therapies, with
the majority being refractory to the latest therapy (75% in P-BR and
85% in BR) including APSCT (25% in P-BR and 15% in BR).

In the most recently published analysis of the randomized data,
the triplet combination (n = 40 patients) was more favorable than
BR (n = 40 patients) with regards to CR rate (40% versus 18%;
p = 0.026) and OR (45% versus 18%; p-value not reported) at
treatment completion and a median follow-up of 22 months.

The polatuzumab-containing arm also resulted in numerically
longer DoR than the comparator regimen (13 versus 8 months),
mostly among patients who achieved CR or PR. Notably, seven
patients treated with P-BR still record ongoing responses beyond
20 months, including one patient bridged to allogeneic stem cell
transplantation (ASCT). Although not powered to detect a survival
difference, the triplet regimen was also associated with a longer
median PES (7.6 versus 2.0 months; p < 0.0001) as well as OS (12.4
versus 4.7 months; p = 0.0023) compared to BR, irrespective of
age (<65 versus =65 years), prior therapy, the COO or MYC/BCL2
double-expressor status.

Based on this analysis, polatuzumab vedotin is currently approved
for the use in patients with R/R DLBCL who have received at least
two prior therapies, including APSCT, or those who are transplant
ineligible.

4.4. Ongoing Trials

Several ongoing trials are currently evaluating the safety and effi-
cacy of polatuzumab vedotin in combination with chemotherapy
or MoAbs, as frontline treatment or in the R/R setting (Table 1).

One important study is the POLARIX phase III, randomized,
double-blind trial comparing the efficacy and safety of standard
R-CHOP to polatuzumab vedotin (1.8 mg/kg) plus R-CHP for
the frontline treatment of DLBCL [28]. Patients received six or
eight 21-day cycles of treatment and available data of 66 patients
at a median study duration of 21.5 months suggest that 95% of
responses were still ongoing at 12 months. Published results also
indicate that the 12- and 24-month PFS rates were 91% and 83%,
while the 12-month OS rate was 94%. On pre-specified analyses,
PFS and responses did not correlate with CD79b expression or with
the DLBCL COO, as well as with MYC/BCL2 double-expression
status (for PFS). Exploratory analyses also showed that the number
of planned treatment cycles, the type of immunotherapy agent, or
the International Prognostic Index score did not affect PES [29].

4.5. Adverse Events: Management
and Practice Pearls

Studies involving polatuzumab vedotin displayed an acceptable
safety profile. When used as monotherapy, treatment-emergent
AEs (TEAEs) were generally of grade 1-2 [23]. However, those
who received polatuzumab vedotin at 2.4 mg/kg had more grade
3/4 TEAEs including neutropenia (40%; leading to delay in treat-
ment), anemia (11%) and peripheral sensory neuropathy (9%),
the latter leading to discontinuation in 24% of patients. Serious
TEAEs included diarrhea and lung infection. In the setting of
combinatorial strategies, AEs were similar, whether polatuzumab
vedotin-immunotherapy was used with or without concomi-
tant chemotherapy. For instance, in the GO29365 study, AEs of
all grades occurred most frequently (>20% incidence) with P-BR
triplet therapy at >5% greater incidence than with BR, including
neutropenia (49% versus 44%), thrombocytopenia (49% versus
33%), anemia (47% versus 28%), peripheral neuropathy (40%
versus 8%) which resolved in the majority of patients, diarrhea
(38% versus 28%), and pneumonia (22% versus 15%), while 7%
died from toxicities within 90 days of receiving their last treatment.
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Table 1 Ongoing trials involving polatuzumab vedotin-piiq in DLBCL

Drug(s) Clinical Indications/endpoints Status Identifiers
phase
Polatuzumab vedotin + DA-EPCH-R I Previously untreated aggressive large B-cell Not yet recruiting NCT04231877
lymphoma; safety and toxicity
Polatuzumab vedotin + R-CHP 111 Previously untreated diffuse large B-cell Recruiting NCT03274492
lymphoma; PFS
Polatuzumab vedotin + Mosunetuzumab Ib/IT R/R FL or DLBCL; Safety and efficacy DLT MTD  Recruiting NCT03671018
Polatuzumab vedotin + BR I Transplant ineligible R/R DLBCL; Complete Not yet recruiting NCT04236141
remission rate
Polatuzumab vedotin with R-GemOx III R/R DLBCL; Safety and OS Recruiting NCT04182204
Polatuzumab vedotin + Venetoclax with Ib/11 R/R FL or R/R DLBCL; Complete remission Active, not recruiting NCT02611323
Rituximab or Obinituzumab rate and safety
Polatuzumab vedotin + Lenalidomide with Ib/11 R/R FL or R/R DLBCL; Complete remission Active, not recruiting  NCT02600897
Rituximab or Obinituzumab rate and safety
Polatuzumab vedotin + Glofitamab Ib R/R non-Hodgkin B-cell lymphoma; DLTs Recruiting NCT03533283
Polatuzumab vedotin + R mini-CHP 111 Previously untreated DLBCL; PFS Not yet recruiting NCT04332822
Polatuzumab vedotin + Bendamustine with Ib/11 R/R FL or DLBCL; safety and tolerability, Active, not recruiting NCT02257567

Rituximab or Obinituxumab CR rate

Polatizumab vedotin + CHP and Mosunetuzumab Ib/II

R/R non-Hodgkin B-cell lymphoma; Safety

Recruiting NCT03677141

and complete response rate

BR, bendamustine rituximab; DA-EPCH-R, dose-adjusted-etoposide, prednisone, vincristine (Oncovin), cyclophosphamide, doxorubicin-rituximab; DLBCL, diffuse large B-cell

lymphoma; DLT, dose-limiting toxicities; FL, follicular lymphoma; MTD, maximum tolerated dose; OS, overall survival; PES, progression free survival; R-CHP, rituximab-

cyclophosphamide, doxorubicin, prednisone; R-GemOx, rituximab, gemcitabine, oxaliplatin.

Importantly, the rate of febrile neutropenia was similar in the two
cohorts (10% P-BR, 13% BR).

The peripheral neuropathy seen with polatuzumab-based therapy
is commonly dose- and duration-dependent, as seen with other
ADC-containing MMAE. These DLBCL patients have generally
received prior platinum and/or vinca alkaloids therapy, and those
who present with grade >2 neuropathy were therefore not eligible
to receive polatuzumab. Nevertheless, for patients who develop
polatuzumab-induced grade >2 neuropathy at the dose of 1.8 mg/kg,
it is recommended to hold therapy until resolution to grade <1,
and then resume polatuzumab with the upcoming cycles at a dose
of 1.4 mg/kg. Treatment discontinuation is advised if neuropathy is
of grade 4, if it does not resolve to grade <1 by 2 weeks of holding
polatuzumab or if it recurs to grade >2 despite dose reduction.

Premedication with an antihistamine and antipyretics is advised
with P-BR and prophylaxis for Pneumocystis jirovecii and herpesvi-
ruses is also recommended. The first dose of polatuzumab vedotin
is usually administered over 90 min, while subsequent doses could
be given over 30 min if tolerated. Despite premedications, infusion
reactions still occur in 7% of the P-BR cohort, mostly of low-grade.

It is important to note that polatuzumab vedotin is potentially
immunogenic. In the phase Ib/II study GO29365, eight of 134
(6%) recipients across all polatuzumab-containing arms recorded
anti-polatuzumab vedotin antibodies, and a total of 14 of 536
(2.6%) evaluable recipients across all clinical trials. However, the
relatively small percentage of these auto-antibodies preclude fur-
ther conclusions on their potential impact on the safety and effi-
cacy of polatuzumab-based regimens.

4.6. Real-World Data

Data from real-life experience are of great need to confirm the
favorable outcomes reported in clinical trials. In this regard, very

recent data by Dimou et al. [30] on 61 R/R DLBCL patients who
received polatuzumab with BR showed median PFS, OS and DoR
of 4, 8.5, and 8.5 months, respectively. The ORR was 43%, includ-
ing 25% CR and 18% PR. Notably, one patient was able to proceed
with CAR T-cell therapy and two were bridged to ASCT. With the
aforementioned findings and a rate of 55% of patients experiencing
a grade >3 AE, this report confirms the combination of P-BR as a
viable and promising option for R/R DLBCL through a real-world
experience.

4.7. Perspective

Several trials have strongly placed polatuzumab vedotin in the
treatment armamentarium of DLBCL. More specifically, the afore-
mentioned results of trial have established the triplet P-BR as a
novel and effective treatment strategy for heavily pretreated and
transplantation-ineligible DLBCL patients. Nevertheless, GO29365
did not include patients with transformed FL or double- and triple-
hit lymphoma, therefore questioning the efficacy of polatuzumab
in this specific population. It is, however, noteworthy to mention
that GO29365 is a small trial underpowered to confirm any sur-
vival benefit with the triplet and that BR, the comparator arm, has
marginal clinical activity. POLARGO (NCT04182204) is a crucial
ongoing phase III trial randomizing DLBCL patients to rituximab,
gemcitabine, and oxaliplatin alone or in combination with polatu-
zumab vedotin (Table 1), whereby the comparator arm is consid-
ered as more effective than BR; this study should clarify the role of
polatuzumab vedotin in APSCT-eligible patients. Furthermore, as
only 25% of patients in the P-BR cohort of the GO29365 trial had
received prior APSCT and none had prior CAR-T, the actual role
of the combination in this subgroup remains undefined. Finally,
one must consider the potential negative impact on stem cell mobi-
lization and CAR-T preparation of a prolonged therapy with ben-
damustine in heavily pretreated patients, thereby questioning the
role of P-BR as bridging therapy in this situation. These concerns
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might not remain legit if bendamustine is used following apheresis
for cell collection, especially in the case of CAR-T cell therapy. In
parallel, bendamustine could possess deep lymphodepleting effects
that might be beneficial for CAR-T cell expansion.

Given the molecular and biological significance of CD79b in
DLBCL, the suboptimal outcomes in patients with high-risk
disease, as well as the lack of any role for maintenance therapy
in LBCL, it could be potentially beneficial to evaluate this ADC
as maintenance therapy following first CR or APSCT for R/R
patients with aggressive disease. The results of ongoing clinical

trials are eagerly awaited and will help confirm the efficacy of

polatuzumab vedotin at various stages of the disease and with
different combinations.
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