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Novel treatment approaches and future
perspectives in follicular lymphoma
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Abstract: Follicular lymphoma (FL) is a common B-cell malignancy characterized by relatively
indolent growth and incurability with an expected lifetime course of serial intermittent
treatment courses. Many patients with FL have lives shortened by the disease and despite

a relatively favorable prognosis relative to other incurable systemic malignancies, optimal
management of FL has not been achieved. This review focuses on identifying both patients

for whom novel therapies might be most beneficial as well as systematically reviewing

novel strategies at various levels of investigation. Prognostic markers incorporating clinical
measurements and tumor genetics are discussed, yet at the time of diagnosis do not yet
powerfully discriminate patients for whom specific strategies are beneficial. Reassessment

of prognosis after evaluating the response to initial therapy is the most powerful identifier

of those in need of novel management strategies. For initial therapy of high burden systemic
disease, anti-CD20 antibody along with chemotherapy or immunomodulators all offer
relatively similar effects on overall survival with subtly different effects on progression-free
survival and quality of life. Several new agents currently under investigation in the upfront
setting are discussed. Perhaps the best testing ground for novel therapies is in patients with
early relapse following initial immunochemotherapy. Ongoing research in multiple therapy
classes including, novel monoclonal antibodies, antibody drug conjugates, immunomodulatory
agents, intracellular pathway inhibitors, immune checkpoint inhibitors, and epigenetic

regulators are discussed herein.
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Introduction

Follicular lymphoma (FL) is the third most com-
mon lymphoid malignancy, after diffuse large
B-cell lymphoma (DLBCL) and chronic lym-
phocytic leukemia/small lymphocytic lymphoma,
with 13,960 estimated new cases in the United
States (US) in 2016. The incidence rate of FL
has been stable in the past decade.! The eco-
nomic impact of FL is substantial, reflected in
the healthcare cost approximate of DLBCL
(US$10,460 per patient, per month).? Despite
generally being considered as an incurable dis-
ease, the outlook in most patients is good with a
5-year overall survival (OS) around 75%,> and
median OS of more than 18years in the most

recently available data.* However, FL is a hetero-
geneous disease, clinically and biologically, with
a prognosis varied among individuals and varying
within an individual over time. The strongest
predictor of a poor outcome is the progression of
the disease within 2years after diagnosis follow-
ing treatment with chemoimmunotherapy which
predicts a 5-year OS of approximately only
50%.5-¢ Conversely, patients whose disease does
not progress within 2years have a subsequent
expected 10-year survival indistinguishable from
age and sex-matched peers.® Histologic transfor-
mation to a high-grade lymphoma is uncommon
and not very predictable but has substantial
impact on a few patients affected. The high
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incidence, relapsing natural history, and clinical
heterogeneity of FLL make it a fertile environment
for testing novel anti-lymphoma therapies occa-
sionally leading to challenges in retaining focus
on truly unmet patient needs and identifying
genuinely impactful advances in patient care.

This review focuses primarily on the management
of advanced-stage, high-tumor burden FL.
Following a brief discussion of standard treat-
ment in the treatment-naive and relapsed and
refractory settings, we identify areas of unmet
need and review clinical experience of novel ther-
apeutic agents and ongoing clinical studies.

Novel treatment approach in treatment-
naive follicular lymphoma

Prognosis evaluation: moving toward a risk-
adapted and response-adapted approach

Even though the prognosis of FL has been
improving in the past decades, this improve-
ment does not apply to all patients. There are
many measurable outcomes of interests in FL
including OS, progression-free survival (PFS),
progression of disease at 24 months after diag-
nosis (POD24), and histologic transformation.
Harder to measure, but no less important are
measures of quality of life among surviving FLL
patients. Several prognostic indices have been
developed to predict the measurable clinical
course of patients (Table 1). The best known
and most widely used prognostic index is the
Follicular Lymphoma International Prognostic
Index (FLIPI)7 which was built from the analy-
sis of 4167 patients, mostly in the pre-rituximab
era. FLIPI performs well in identifying three
balanced risk groups with a different 10-year
OS. FLIPI-2 was developed to counter the
problem of counting nodal sites in FLIPI, deter-
mine PFS, and identify prognosis in the rituxi-
mab era. However, FLIPI-2 has not gained
popularity, likely due to the lack of clear superi-
ority in prognostication or guidance in thera-
peutic strategy.8-10

Since tumor burden is a major component of
these prognostic models, yet relatively hard to
precisely quantify, radiographic data were also
exploited to better determine FL risk. Baseline
total metabolic tumor volume (TMTYV) from
positron-emission tomography (PET) greater
than 510cm?3 predicts inferior OS and PFS
independent of the FLIPI score.!* Moreover,

combination of TMTYV and FLIPI-2 also iden-
tifies patients at high risk of early progression.
Integrating positive end-of-treatment PET
imaging with baseline TMTYV seems to enhance
its prognostic value.15 Besides clinical, genetic,
and radiographic data, many measures of tumor
burden were tested in determining prognosis
including circulating tumor cells, cell-free
DNA, mutational burden, and minimal resid-
ual disease.!-18 If these findings are externally
validated, it will add other aspects in building a
more comprehensive prognostic model.

Just as the above early measures of response to
treatment are prognostically important, other
opportunities to reassess prognosis beyond initial
diagnosis add value for the patient with FL. One
of the most important events that determine
prognosis in patients with FL treating with chem-
oimmunotherapy is POD24. Despite being most
predictive of poor OS, we are still not able to
identify this very high-risk group at the time of
diagnosis or before initiation of the first therapy.
Novel prognosis scoring systems have addressed
this issue and tried to predict POD24 at the time
of diagnosis. This includes a simple clinical scor-
ing system, PRIMA-PI,!3 and a clinicogenetic
scoring system, m7-FLIPI,!2 both of which seem
to correlate better with POD24 than the FLIPI
score but neither of which identifies with ade-
quate sensitivity or specificity those patients des-
tined for early relapse.

Despite the prognostic capability for populations
of patients with FL, today’s models still have a
minimal role in clinical decision making for indi-
vidual patients such as when to initiate treatment
or how frequent the follow up should be. GELF
(Groupe d’Etude des Lymphomes Folliculaires)
criteria were developed to standardize patients
enrolled in clinical trials of initial treatment with
immunochemotherapy,!® and are often adapted
as guidelines for the initiation of treatment.
Focusing on absolute OS may misguide the care
of patients of different age groups who do not
have the same life expectancy or who have rela-
tively high competing mortality risks; and so,
looking at relative survival is an appropriate alter-
native. The ideal prognostic model should be
able to predict which patients will soon be symp-
tomatic and may need treatment sooner.
Ultimately, the ideal model needs to identify
those who are at risk of dying from FL, or its sur-
rogates such as POD24, with good discrimina-
tory power and subsequent randomized clinical
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Table 1. Summary of selected prognostic indices in follicular lymphoma.

Prognostic  Patient population Components Risk groups Survival
index
FLIPI? Multinational Number of nodal sites >4 Low risk (0-1 factor) 10-y 0S
retrospective cohort, Elevated LDH Intermediate risk (2 Low risk 71%
pre-rituximab era Age > 60years factors) Intermediate risk 51%
Stage Ill or IV disease High risk (=3 factors) High risk 36%
Hemoglobin < 12g/dl
FLIPI-21 Prospective multicenter  Age > 60years Low risk (0 factor) 5-y PFS
study Elevated B2-microglobulin Intermediate risk (1-2 Low risk 80%
Hemoglobin < 12g/dl factors) Intermediate risk 51%
Bone marrow involvement ngh risk (3-5 factors) ngh risk 19%
Lymph node dimension >6cm
m7-FLIPI'2  Prospective study High-risk FLIPI Weighed summation 5-y FFS
and population- ECOG performance status >2 Low risk (<0.8) Low risk 77%
based registry of Mutation status of 7 genes (EZH2, High risk (>0.8) High risk 38%
patients receiving ARID1A, MEF2B, EP300, FOXO1, 5-y 0S
chemoimmunotherapy CREBBP, CARD11) Low risk 90%
High risk 65%
Predictive of POD24
PRIMA-PI'®  Prospective study B2-microglobulin > 3mg/L Low risk (0 factors) 5-y PFS

and population-
based registry of
patients receiving

Bone marrow involvement

Intermediate risk
High risk (32-m >
3mg/l)

Low risk 69%
Intermediate risk 55%
High risk 37%

chemoimmunotherapy

Predictive of EFS24

ECOG, Eastern Cooperative Oncology Group; EFS, event-free survival; FFS, failure-free survival;
FLIPI, Follicular Lymphoma International Prognostic Index; LDH, lactate dehydrogenase; OS, overall survival; PFS, progression-free survival;

POD24, progression of disease at 24 months.

trials should be developed, assigning different
strategies for this particularly high-risk group.

There is currently no established risk-adapted
approach to assign different treatments to patients
of different risk groups. Examples of risk-adapted
approach studies based on the FLIPI score include
a study of consolidation with 90-yttrium-ibritu-
momab tiuxetan after fludarabine, mitoxantrone,
and rituximab for intermediate-high risk FL.2° and a
study of bendamustine-rituximab with or without
bortezomib followed by rituximab with or without
lenalidomide in patient with high-risk FLIPI
(ClinicalTrials.gov identifier: NCT01216683).2!

Histologic transformation (HT) occurs in patients
with FL at the rate of approximately 2% per year.
There is currently no prognostic model to predict
HT; however, several risk factors have been iden-
tified such as advanced age, high FLIPI score,
elevated lactate dehydrogenase (LDH) and cer-
tain genetic markers.22:23 Risk factors and preven-
tive strategies were previously reviewed and
discussed.?*

Standard frontline treatments of follicular
lymphoma: what have we learned from them?
Treatment of FL is mainly motivated by stage,
and disease burden. Patients with advanced-
stage, asymptomatic disease with low tumor bur-
den can be observed?> or treated with single-agent
rituximab.2® In patients with advanced-stage,
high-tumor burden disease, treatment with chem-
oimmunotherapy plus consideration of mainte-
nance rituximab is the standard of care.
Bendamustine-rituximab (BR) has demonstrated
superior efficacy to other available regimens in
two phase III trials. The StiLL study compared BR
with rituximab plus cyclophosphamide, doxoru-
bicin, vincristine, and prednisone (R-CHOP) in
indolent non-Hodgkin’s lymphoma (NHL) and
mantle cell lymphoma. BR was shown to result in
longer PFS (69.5 versus 31.2 months overall, and
not reached versus 40.9 months in the FL sub-
group) and a higher complete response rate
(CRR; 40% wersus 30%) with no difference in
overall response rate (ORR) or OS.2” BR also
caused less hematologic toxicity, alopecia, periph-
eral neuropathy, infection and mucositis. A 9-year
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updated result confirms a PFS benefit without an
apparent difference in OS and the rate of second-
ary malignancy.?® The BRIGHT study, which is
similar in patient population to the StilL study,
showed noninferiority of BR to R-CHOP or
rituximab plus cyclophosphamide, vincristine
and prednisone (R-CVP) with similar CRRs,
which was the primary endpoint.?° Side-effect
profiles were different, with more vomiting and
drug hypersensitivity in the BR group and more
neuropathy and alopecia in the R-CHOP/R-CVP
group. A 5-year update of the BRIGHT study
confirmed the findings of StiL. study, with a better
5-year PFS (65.5% versus 55.8%) and a similar
5-year OS (81.7 wversus 85.0%) in BR wversus
R-CHOP/R-CVP groups, respectively.3® There
are several limitations of Stil. and BRIGHT stud-
ies. Both have included mantle cell lymphoma
which seems to benefit the most from bendamus-
tine. However, in the StiLL study, a PFS benefit in
the FL subgroup was demonstrated and the inter-
action test for histology subtypes was not statisti-
cally significant, but the subgroup analysis and
interaction test were not prespecified. Using CRR
as its primary endpoint and the noninferiority
design of the BRIGHT study limit the claim for
superiority of a PFS benefit for bendamustine.
Exploratory analysis of the GALLIUM study
raises the concern for safety of a full course of
bendamustine-anti-CD20 antibody followed by
antibody maintenance.3:32 The nonrelapsed
death rate was higher in bendamustine-treated
patients than in patients who received CHOP or
the CVP chemotherapy backbone (5.2% wversus
1.8%). Of note, the assignment of chemotherapy
was not randomized, and this finding is subjected
to several confounders.

There are several situations where R-CHODP may
be selected preferentially to BR in the frontline
treatment of FL despite the lack of strong evi-
dence. This includes FL with high SUVmax on a
PET scan,?? grade 3 FL,3* aggressive behavior
such as solid organ invasion, destructive bony
lesion, or other markers of aggressive biology.

The role of maintenance rituximab after treat-
ment with chemoimmunotherapy was clarified in
the PRIMA trial.3> Chemoimmunotherapy regi-
mens in this study include R-CVP, R-CHOP,
and R-fludarabine, cyclophosphamide, and
mitoxantrone. PFS was improved with mainte-
nance rituximab (MR; 74.9% wversus 57.6% at 3
years). OS did not differ significantly. Patients in
the MR group developed more grade 2-4

infections (39% wversus 24%). This was confirmed
in the 10-year update of the PRIMA study with
median PFS of 10.49years in the MR arm versus
4.06years in the control arm. Again, there was no
OS difference between the arms with 10-year OS
of 80% in both groups.?® The benefit of MR after
BR is less well defined. A retrospective analysis of
the BRIGHT study, in which the use of MR was
at investigator discretion, showed a PFS benefit
in the BR subgroup [hazard ratio (HR) 0.50, p =
0.0295].37 BR-treated patients who achieved
complete response (CR) after induction treat-
ment were less likely to receive MR (40% wversus
22%). A retrospective analysis of real-world data
showed that MR improved PFS in patients who
achieved PR (HR 0.36, p = 0.003) but not in
patients who already achieved CR.38

StiL,, BRIGHT, and PRIMA studies did not only
establish efficacy of chemoimmunotherapy and
MR in frontline setting but also gave us insight to
the current upfront FLL management. Regimens
with better PFS do not dependably translate to
difference in OS, at least within the time frame of
the studies. Moreover, most patients in this set-
ting will do well; and so, clinical trials for this set-
ting should test for regimens that have less short
and long-term toxicity, are easy to administer,
and give acceptable, noninferior PFS compared
with the current standard. Potentially curable
therapies may be achieved using agents with novel
mechanisms of action but the anti-lymphoma
activity of candidate agents is best identified in
the relapsed setting.3®

Because the addition of rituximab to chemother-
apy significantly improved the response, PFS,
and 0O8S,%41 new generations of anti-CD20
monoclonal antibodies (mAbs) were developed.
Obinutuzumab is a glycoengineered type II mAb
with greater antibody-dependent cellular cyto-
toxicity (ADCC) and phagocytosis and direct
caspase-dependent programmed cell death, but
less complement-dependent cytotoxicity (CDC)
than rituximab. In the GALLIUM study utiliz-
ing a large prospective randomized phase III
study design, obinutuzumab was combined with
CHOP, CVPorbendamustine (O-chemotherapy)
and followed by a 2-year obinutuzumab mainte-
nance, compared with rituximab-chemotherapy
followed by MR as a control group.3! PFS at
3 years was statistically longer with
O-chemotherapy than rituximab-chemotherapy
(80.0% wersus 73.3%). There was no OS differ-
ence during 34.5months median follow up.
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ORR and CRR were also similar. Patients in the
O-chemotherapy group developed more neutro-
penia especially during the maintenance phase
(16.4% versus 10.7%) and more infusion-related
reaction (59.3% wersus 48.9%). Whether the
improved PFS was due to the inherent proper-
ties of obinutuzumab or just because it was used
at higher dose (approximately two-fold higher
cumulative dose) remains unknown. This 7%
PFES difference at 3years at the expense of an
increase in toxicity makes it marginally appeal-
ing to change practice from using rituximab to
obinutuzumab in the frontline setting for all
patients. Based on the result of the GALLIUM
trial, the United States Food and Drug
Administration (US FDA) has approved obinu-
tuzumab in combination of chemotherapy for
previously untreated FL.

Novel therapeutics in treatment-naive follicular
lymphoma

New-generation anti-CD20 monoclonal antibod-
ies. Currently there are no other anti-CD20
mAbs that have been or are being tested in the
first-line treatment of FL.. Many are being tested
in the relapsed and refractory setting and will
likely move toward treatment in the upfront set-
ting if they show good activity.

Immunomodulatory agents. Attempts to treat
malignant disease without conventional cytotoxic/
DNA-damaging chemotherapy have been made
in FL as well as in other cancers with the hope to
reduce adverse reaction and second malignancy.
The combination of rituximab and lenalidomide
(R?) has given promising results. In the SAKK
35/10 study, rituximab with or without lenalido-
mide is tested in previously untreated symptom-
atic FL, demonstrating higher CRR in the
combination arm (36% wversus 25%) along with
longer PFS (not reached versus 2.3 years).*? In the
RELEVANCE study (ClinicalTrials.gov identi-
fier: NCTO01650701), rituximab weekly for
4weeks followed by every 4 weeks was combined
with lenalidomide 20 mg daily for 3 weeks in each
4-week cycle for 6-12 cycles. This was compared
with R-CHOP, R-CVP or BR as the control arm.
Both arms had similar CRR, 2-year and 3-year
PFS, and also OS. However, because of its supe-
riority trial design, the RELEVANCE study did
not meet their primary endpoints. In term of
adverse reactions, the R? regimen caused less
neutropenia, febrile neutropenia (2% versus 6%),
and nonhematologic toxicity but resulted in more

dermatologic toxicity (7% versus 1%). This simi-
lar efficacy and favorable tolerability to R-chemo-
therapy in the interim analysis makes this R2
regimen a potential new approach to treat FL in
the first-line setting for some patients, especially
those wishing to avoid hematologic toxicity.
Moreover, different approaches to conventional
chemoimmunotherapy may pave the way to cross
the barrier of PFS-OS correlation. Long-term
follow-up data are eagerly awaited.*3

A study of obinutuzumab and lenalidomide for
the frontline treatment of FL is ongoing
(ClinicalTrials.gov identifier: NCT02871219).

Intracellular pathway inhibitors

Bruton tyrosine kinase inhibitors. Bruton tyros-
ine kinase (BTK) is one of the upstream com-
ponents in the B-cell receptor pathway, among
others, which is essential in B-cell homeostasis and
survival.* With activity across various B-cell lym-
phomas, it is also tested in FL. In a phase II study,
frontline treatment with ibrutinib plus rituximab
resulted in ORR of 75-85% and CRR of 35-40%.
The 1-year PFS rates were 77-87% in this pre-
liminary report.¥> Randomized phase III stud-
ies of ibrutinib plus rituximab in elderly patients
(ClinicalTrials.gov identifier: NCT02947347)
and in all-comers (ClinicalTrials.gov identifier:
NCTO02451111) are ongoing. Also, a study of
ibrutinib and obinutuzumab is underway (Clini-
calTrials.gov identifier: NCT02689869).

A phase I trial of ibrutinib, lenalidomide and
rituximab combination was reported to have
ORR of 95% and 1-year PFS of 80%; however, it
led to significant toxicity including rash (all grades
82% with 36% grade 3). Half of the patients
required dose reduction due to toxicity. With tox-
icity and lack of significant additional benefit to
R2 regimen, further investigation of this combina-
tion in the upfront setting is unlikely.4°

Phosphatidylinositol 3-kinase inhibitor. Signal-
ing of the B-cell receptor pathway is also medi-
ated by phosphatidylinositol 3-kinase (PI3K),
AKT, the mechanistic target of the rapamycin
(mTOR) pathway. There are four catalytic iso-
forms of PI3K that differ in their tissue expres-
sion; and the y and 8 isoforms are quite specific
to hematopoietic cells. The first-in-class PI3K3
inhibitor, idelalisib, has shown good activity in
chronic lymphocytic leukemia (CLL).47 Although
it is approved for use in relapsed FL, it has not
paved the way to the frontline setting at this point,
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likely due to concerns of toxicity. A study of idela-
lisib in combination with rituximab in untreated
FL patients was terminated early due to high rate
of severe hepatotoxicity (ClinicalTrials.gov iden-
tifier: NCT02258529).

Duvelisib, a dual PI3K3/y inhibitor, is combined
with rituximab (DR) or obinutuzumab (DO) in
the first-line treatment of FL (ClinicalTrials.gov
identifier: NCT02391545). Preliminary analysis
showed ORR of 87% and 91% in DR and DO,
respectively, with CRR of approximately 20% in
both arms. Elevated liver enzymes and rash are
common side effects. Of note, many patients need
dose modification (63—-64%) or discontinuation
(7-14%) due to adverse events.*® Hepatotoxicity
seems to be the major barrier for the development
of this class of medication.

BCLZ inhibitor. Translocation of chromosomes
14 and 18 is found in 90% of FL patients.%® This
translocation results in deregulated expression of
the antiapoptotic protooncogene BCL2. BH3-
mimetic drugs, which mimic the activity of physi-
ologic antagonist of BCL2 and other antiapoptotic
proteins, have demonstrated good activity in
relapsed/refractory CLL.5° The response rate of
BCL.2 inhibitor alone in relapsed or refractory FL.
is not as high as expected given the overexpres-
sion of BCL2 as the hallmark of the disease. This
could be due to the ability to use other anti-apop-
totic signaling molecules or just simply an inad-
equate dosing.>! Ongoing studies in the first-line
setting include venetoclax and obinutuzumab,
(ClinicalTrials.gov identifier: NCT02877550)
and venetoclax, obinutuzumab and bendamus-
tine in high-tumor burden FL (ClinicalTrials.gov
identifier: NCT03113422).

Immune checkpoint inhibitors. FL. cells also
exploit their immunosuppressive microenviron-
ment to evade antitumoral immunity.>? While
gene expression profile enriched in monocytes
and dendritic cells seem to confer to poor prog-
nosis, indicating the importance of FL. microenvi-
ronment,>3 impact of PD-1 expression in FL
remains controversial.’*>% Inhibition of immune
checkpoints PD1 and CTLA4 was shown to res-
cue inactivated anergic T-cell in several malignan-
cies and was tested in relapsed and refractory FL.
Nivolumab produced an ORR of 40% in FL
patients enrolled among other hematologic malig-
nancies.>” Example of ongoing clinical studies in
untreated FL include nivolumab plus rituximab
(ClinicalTrials.gov identifier: NCT03245021),

single-agent pembrolizumab (ClinicalTrials.gov
identifier: NCT03498612), and atezolizumab in
combination with chemoimmunotherapy (Clini-
calTrials.gov identifier: NCT02596971).

Consolidation and maintenance therapy

The fundamental principle of maintenance ther-
apy is to provide ongoing treatment beyond
remission induction with minimal toxicity over an
extended period of time with a goal of prolonged
disease control. As previously discussed, the
PRIMA study has established the PFS benefit
fromusing rituximab maintenance. RELEVANCE
study continues R? as their maintenance therapy
in the R2? arm. Similar studies in relapsed FL ran-
domize patients to rituximab alone or R2 after
induction treatment with R?2 (MAGNIFY trial,
ClinicalTrials.gov identifier: NCT0196865) or
after chemoimmunotherapy (ClinicalTrials.gov
identifier: NCT02390869). Comparison between
these maintenance arms has not yet been reported.

Consolidation therapy is a relatively intensive
short-course treatment given after completion of
standard treatment. Consolidation studies are
usually limited to high-risk population such as
patients with high FLIPI score or patients who
have residual disease after completion of treat-
ment. Radioimmunotherapy with isotope-labeled
anti-CD20 mAbs represent a short-course treat-
ment, more potent than unlabeled antibodies,
and therefore is a good candidate for testing as a
consolidation therapy. °°Yttrium ibritumomab
tiuxetan is a beta-emitting radioisotope-mAb
conjugate targeting CD20. A phase III study of
90Y-ibritumomab tiuxetan consolidation after
having a response to initial therapy (FIT study)
showed an improvement of median PFS (4.1 ver-
sus 1.1years).5®8 However, less than a third of the
patients received rituximab as their induction and
post hoc analysis of this small subgroup did not
show statistically significant difference in median
PFS. Moreover, most of the patients enrolled
have a low-risk FLIPI score; and for these rea-
sons, the applicability of this study is unknown in
the present practice of treating FL.. The GOTEL
study reported ORR 0f93.3% and CRR of 76.6%
using °°Y-ibritumomab tiuxetan after four cycles
of R-CHOP and two cycles of CHOP in FL
patients with untreated intermediate-to-high risk
FLIPI.>° PFS at 5years was recently reported to
be 70%.°° Despite its efficacy, radioimmunother-
apy consolidation remains underutilized, likely
due to perceived concern for toxicity especially in
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patients with bone marrow involvement, cost and
logistics, and the availability of other options such
as MR.®! Manufacture and sale of another radio-
immunotherapy, !3liodine-tositumomab, were
discontinued in 2014.

Relapsed and refractory follicular
lymphoma

Identification of high-risk relapsed follicular
lymphoma: toward response-adapted approach

In 2015, the National LymphoCare Study (NLCS)
published an insightful finding of the different
biology of FL that progressed early. Approximately
20% of FL patients progressed within 2 years after
treatment with immunochemotherapy across dif-
ferent regimens and despite adding a MR. NLCS
data was validated with prospectively collected
patient data from University of Iowa and Mayo
Clinic Molecular Epidemiology Resource. Patients
who developed early disease progression within
24 months (POD24) after diagnosis have a 2-year
OS of only 68% and a 5-year OS of 50%, com-
pared with 97% and 90%, respectively, in patients
without POD24.5> This finding is also confirmed
by several later prospective dataset such as the
recent GALLIUM study.®? Moreover, it also
shows that patients with earlier disease progression
(before 6 months, 12months or 18 months) seem
to have even higher risk of death. Substituting obi-
nutuzumab for rituximab in frontline setting does
not seem to reduce the risk of POD24. With these
data, different treatment at the time of relapse
seems to be necessary.

Management of patients with POD24 after treat-
ment with chemoimmunotherapy remains elusive.
Treatment with salvage chemotherapy followed
by autologous hematopoietic cell transplant
(HCT) in second or third remission and alloge-
neic HCT in later relapse have been suggested.®3
Clinical trial participation is highly encouraged.
The ongoing US Intergroup study, S1608
(ClinicalTrials.gov identifier: NCT03269669)64
was designed to answer this question. Patients
who are refractory to a first-line bendamus-
tine-anti-CD20-based regimen or have relapsed
within 2years after completion of treatment are
eligible and randomized to a PI3K inhibitor,
umbralisib plus obinutuzumab, lenalidomide plus
obinutuzumab, or CHOP plus obinutuzumab.
This study is also trying to identify set of biomark-
ers in prediction of POD24. Another study in this
setting is a randomized phase II FRESCO trial.

Patients who progressed within 24months after
alkylator-based chemotherapy are randomized to
duvelisib  plus  rituximab or R-CHOP
(ClinicalTrials.gov identifier: NCT02605694).65
Results of these studies are eagerly awaited.

Besides POD24, there are other groups of FL
patients that may have an increased risk of dying
from FL, for example, patients who have positive
PET scan after chemoimmunotherapy,°% %7 patients
who relapse multiple times,% and patients who are
diagnosed at the very young age.®® It is reasonable
to suspect that patients who quickly progress after
or refractory to single-agent anti-CD20 mAb treat-
ment may also have shorter survival as well. There
are studies that addressed the heterogeneity of FLL
and try to improve outcomes in these high-risk
patients. For example, Fondazione Italiana Linfomi
designed a response-adapted treatment based on
an end-of-treatment PET scan by adding consoli-
dation therapy with °°Y-ibritumomab tiuxetan in
the PET-positive group and, at the same time,
study the effect of minimal residual disease in the
PET-negative group (ClinicalTrials.gov identifier:
NCT02063685). A clinical trial from the Memorial
Sloan Kettering Cancer Center was designed to
study the effect of 2years of ibrutinib in patients
with a positive end-of-treatment PET scan after
completion of chemoimmunotherapy and follow
the rate of conversion to PET-negative status
(ClinicalTrials.gov identifier: NCT02966730).

Novel therapeutics for relapsed and refractory
follicular lymphoma

Several new drugs of various targets have been
tested in patients relapsed and refractory FL.
These are summarized in Table 2.

Anti-CD20 and other cell surface targets monoclo-
nal antibody-based agents. The second genera-
tion of anti-CD20 mAb was engineered to become
humanized or fully human to reduce immunoge-
nicity. Ofatumumab is a fully human type I anti-
CD20 IgGl mAb that recognizes a distinct
epitope of CD20 from rituximab and has been
shown to have a stronger CDC and seemed to
work in both rituximab-sensitive and resistant cell
lines. A phase I/II trial in FL with various doses
showed an ORR from 20 to 63% and a median
duration of response of 29.9 months.8” However,
only 38% of these patients were previously treated
with rituximab and a subsequent studies in ritux-
imab-refractory patients failed to show meaning-
ful benefit using ofatumumab alone (ORR 22%,

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

Therapeutic Advances in Hematology 10

+SYIUOW 4°€G SNstan IN

$81242 9 0} dn z pue | p ;w/bw gz | sunsnwepuaq

SOW %G9 SNSJIaA %89 Y0 1o Sl
«Syiuow sjuaiyed 74 uolssaiboud 9 ulyym passaiboud
0%l SNSJ9A €'GZ  %ZL SNSIaA % | 44D 113Un @2UeUSIUIEW SYjuoWzb Buigggl gqewnzninuigo [geg 1o uawibau buiuieyuod
uoi3da4ul ‘anbiyey SddW %EY SNSI9A %69 HY0 Aq pamonioj z pue | p p/;w/Buigs dunsnuiepuaq 741 -gewixni 03 Aoyeleu 8102 '910¢
‘easneu ‘ejuadoJdinaN sjuaijed 14 sjuaijed 11y 9-7 912K jo |p ‘| 92K jo G| ‘g ‘Lp Bw ool gewnzninuigo ey TTHN juaj0pul +02a?d |1l 8seyd \0,9BWNZNINUIgQ
sjyuabe paseq-Apoqiue jeuojdouow syabie) 92epns 1199
74 A103doeayau pue pasdejay
%81 Y490
uondsjul drd %16 Y40 S}oamg
(wJe gewnzninuiqo) 17 Wy Ki1ana uayy % x A)jeem Bw gyl gewnzninuiqo g wdy JoW elI9}1Id 47139
eluadoainaN % Y49 Jo ¢-05d
ysey %L8 HHO  S®9aMg A1and uayy v x Ayaam ;w/Buige qeuixnii 1| Wiy | 9beys 9102
171V paieAd3 payodau JoN 1 Wy Jaypa snid piq B Gz qisnaang 8¢ Aing pue ‘Al ‘1| abers 11 ®seyd gzq!slieAng
(%€€ T-1 %001 ¢ Wiy %07 4490
ape.b Auo) buipasig %86 | WY %GL Y40 Adesayy
eayJJelq S0 A-1 HABI JUSJINDU0D UBY} SY99M g J0§ UI-ped) qIulinJq| :g Wiy
BEACE %LL ¢ WAy %GE YYD >Qm|_mr: JU944NdU02 & | Wy PW elsidd 4739
anbiey %L8 *1 WY %G8 Y40 sasop ¥ x A]aam ;w/buig/e qewixniy ¢-05d 9102
yses Jeyndedojnaejy S4d A-1 L wly p/Bui9g qiunniq 08 Al pue ‘||| ‘|| s6eis Il 9seyd grqlunnaq)|
sjuabe pajabiey-Aemyjed sejn)a)
%%76 SNSI9A %6 Y 9oueusjuew Ag pamono) ¥g 10 ‘dAd-Y ‘'dOHI-Y
S0 A-¢ :J043u0)
%8/ SNSI3A 9y /[, $8104A0 7| 40} sy@amgb uay}
S4d A-¢ 9-7 591940 | Aep ‘| 81942 ur Ajyeem ;wi/Buig/g qewixniny 12W BN 4739
%L8 SNSJI9A %y8 %EG SNSI9A %8y $319A 7| -9 ‘812hd Aep-gz ul zz-zp Aep/Bui gz apiwopieus ¢-05d 8L0¢
ysey S4d -z lSK[e) uawiadxy 0€0l Al PUE ‘||| ‘|| 9bE3S 111 8seyd aplwopiheus’
uolssalboud yueoijiubis
Jo Ay1nq ‘anewoydwis
%26 SNSI8A 9YC4 saeak g'z snsien YN 2-0Sd
ysed Jeyndedojnoew S0-A¢ uoljednp ¥9 qeuwixn}id }se) ay} Jaye skepy|, Adedayjoiped
‘eluadoyhooquiodyy «Sdeak gz snsuan YN %61 SNSI9A %z 13UN ISU1y By} 91ojaq sAep | wody Ajlep Bu G| apiwopljeuaT] 03} @)qeyins jou || abeyg 9102
‘anbiey ‘eluadonaN S4dw Scle] INOYIM 1O UM GL=Z| "7=| SH23M 1B ;W /B G/E qeulixniny 7Sl 11 9seyd zy9plUloplieusT
juabe Aioje)npowounwiu|
sieakg Joj yyuowgb aoueusjuiew Aq pamoyjoy yjog
aunsnuiepuaq 4o 4AJ ‘'doHJ snid qewixniy
%1726 SNSI9A %076 %8'E€C SNSI9A %5761 ‘]0Jju0) 19W BlIBIID 47139
S0-A¢ ¥40 aunsnwepuag 1o gAQ ‘doHO snd 2-05d
eluadoanan *%E €L SNSI9A %0°08 %6°98 SNSJ9A %688 Jayeasayy | p ‘| 8194 uo G| ‘g ‘| p bwigQol qewnzninuigg | obeys £102
uo13oeaL UoISNyU| Sd4d-A¢ 440 uaswiadxy  Zozl Aing pue ‘| ‘|| abels 1l 9seyd 1edewnzninuiqQ
Apognue jeuoipouow gzgo-nuy
74 @AleU-JUBWIBAI |
(sw.e 1043u0d (Sw.e 1043u0d pajuasaud
sNsJaA Juawliadxa) snsJaA Juawiiadxa) ‘paysnqnd
SUOI}OB3A 3SIIAPY 1BAIAINS asuodsay uawibal yuawyeal] u uoneindod Apn}s  Jeak/aseyqd bnag

"4 Jo Juawieady Joj solynadeday) 19A0U pa}d9)as Jo Alewwng g ajqel

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

G Sutamtewagul and BK Link

syaamgh

qewixnyil pue gg-g| $8194d |z-|p p/bu gl apiwopieus)
19DUBUSIUIBW qRWIXN}LI IO ZY dAI9J3U 19)19q 10 0S
591240 Jaquinu

Adeday)

anbnej %0¢ Y49 -ppo ul | p uayy | 81942 ur Apjeam ;w/bwi GLe qewixnyL [L6 Joud = yum I o
‘ejuadoifooquioayy %Y9 Y40 91942 Aep-gz ul | z-Lp p/Bui gz apiwopieus) 4] “1ZW 14 pawJojsuely 9102
‘eluadodinaN pajiodad joN syuaned 74 1uo1dNpUl ZY J0 S81940 7|, Gl ‘14 qg-| apedg q||] @seyd g,2plwopiieuaT]
sjyuabe Auojeinpowounwiwl|
(¢W/BW g’ QLIN) QIW0Z3310g UOIEPIOSUOD
(%22) 6/T 4YD Aq pamono} zz ‘G| ‘g “LP (W/Buig | 10 ‘g7 ‘07| qIwozaliog 74 pauldojsuedy €102
Aydixoy o160j01eWRH Syjuow g9 S4dw (%68) 6/8 4O 31942 uonaNpul o GLp 63/19 Wy'p gqewowniLgI-Ag, 6 Jo pasdejay | 9SByd  ,qBWOWN}lIq|-Ags
(30yod
Ayjedojeydaoua a.nua) skep 707 yoQ
‘elwadA)baadAy (%0%) G1/9 ¥4O [82
‘ayoepeay ‘anbiey (%08) §1/Z1 440 (P/zw/6r 09 QLIN) P/W/Br 06 4] THN 9102
‘Jan9y ‘eluadoydwiAi payodaljoN QLN ¥e syuened 14 G| 0} ' WO} UOJ}B)BISS 9SOP UOISNJUl A| qEUWOWN)BUNg 9/ K1oyoeljau/pasde)ay | @seyd s,qewownieung
YN SnsJan YN Sow 591242 Aep-gz Jo sawli} 9 4o
syjuowl 6x/6w g’ qewnzniejod [08 70470 pue
uonosyul €'L1 SNSddA | SAdW  %EY SNSI9A %69 YYD F W/Buig/g qewixnyi 741 14 21q16naui-jueidsuen 810¢ g, UOpaA
‘eluadoJinau a11ga4 syuaned 14 syuaned 74 2'Lp ;w/bwgg sunsnwepuag 091 Kioyoeljal/pasde)ay || @seyd gewnznjejod
s91242 9 Jo
SaWAzua JaAl) pajerd)d (%L¥%) £Z/LL 440  wnuwixew ‘8124 Aep-|z Jo zp ;w/Bwg’| 10 8’0 gewnzniou|
‘anbiey ‘uonednsuod (%001) £2/LT ¥¥0 G-Lp W [9¢
‘easneu ‘eluado.inau %68 S0 A-Z (115 L 14 92)  /Bwigy auosiupaud {1 p ;w/Buiy’| aunsiIdUIA pue ‘w /6w gG/, 4] THN 193-9 +22ad 910¢ yLuIwebozo
‘eluadojhooquiody | %06 S4d A-¢ TTHN juajopu| 01 G/¢ apiweydsoydo)aAd ‘;w/buwiGe qewixnmid :gAD-Y 8y A1oyoeljal/pasde)ay | 8seyd geuwnznjou|
Adedayjounwwioiped
sawAzua 10 gewixnyid 0} A1o}oeuyad
1o parens)e ‘anbiie) %GE YO Zs “ECREEUDIEES JiE
‘easneu ‘eluadodinau 4N sow %LL HH0 4] 7= Jaye passaibold 9102 ¢ udiwebozo
‘eluadoyhooquiody | SYUOW /7] S4qW syuaned 74 591242 g JO WinWixew syaamyb Al ;w/Bw g | gewnznjou| 6LL TTHN jusj0pul + 2¢ad 1| @sBYd gewnznjou|
(syuaned (sjuaned
AJoyoelja.-gqeuwixnii) 118) syjuow z'4 yod
SYIUOW /' G4qW (%Z41) ZL/Z2 480 sdeahg jo wnwixew Joj syyuowgh uayy sesop ¢ x Ajyjuow [zL
eluadoinau ‘eay.ieip (suaned (%Z7) Z1/S ¥¥0 uayy sasop ¥ x A|aam Al (paynuap! gL ou) buipozl 4] L102
‘Janay ‘anbie 1B) syjuow /°/, S4dw sjuaned 74 pue ‘006 ‘009 ‘0GY Wodj uolie|edss asop qewixningn Ge 770 pue THN /1 9seyd g qeuwIxXningn
(swe 1043u0d (sw.e 1043u0d pajuasaud
sNsJaA Juawliadxa) snsJaA Juawiiadxa) ‘paysnqnd
SUOI}OBa 3SIIAPY 1BAIAINS asuodsay uawibal yuawjyeal) u uoneindod Apn}s  Jeak/aseyqd b6nag

(PanunU0Y) “Z 31qel

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

Therapeutic Advances in Hematology 10

YN S4dw YN :¥oa
uoloeald syjuow /, %09 ¥ $91240 9| 03 dn syeamgb bw 9oz gewnziolquiad 714 pasdejau 1102
uoisnjul ‘easneN dn mon)oj uelpay %08 440 | 9194240 27 ‘Gl '8 L P (W/BwiGLE qewixniy LZ dAIISUSS-gewIXniy |l seyd ygqeunzijodquiad
syjuow g Joj syaamgb A| Bw ggz| gewnziozale
:9oUBUdUIR N
syaamgb bwigggl gewnzninuigo
pue bw ggz| gewnzijozaje
:8-7 591249 (92
ejuadoinau %LS 440 (bwoool) GL ‘8P ‘(Bupos) zp ‘(Burgol) Lp gewnzninuiqo 4] L10C
‘elwaue ‘uled pajodau JoN sjuaned 14 11 91240 Y4 12470 pue 14 ¥/d gl eseyd cgdEWNZI023}Y
ueak |
syjuow z°0¢ ¥odg 40} panuiuod sem gewnzil Q .Lwﬁwn Jo (s st asuodsal 4
anbiey ‘elwaue %2S 449 S99Mm Y 10J Aaam Al ;ul/BUIGLe qeuixniL 74 pasdejal 7102
‘uoioajul Auojedidsay syjuow g'g| S4dw %99 Y40 snyd sysamyb A BY/6w ¢ qewnziipld € BAI}ISUIS-qRWIXN}IY || 9seyd zsdewnziipld
(YN s®eam/, 0L/L 440 [oL ewojahw admniy
anbiey ‘eayulelp 10 %G6) YN S4dw 0l/7 440 4] ewoydwA) 1as-| 910C
‘sijiuownaud ‘ysey }Joyod 14 }oyod 14 syeamgb by/6wi g Jo | qewn)oalN |8 sapueubnew 1193-g ¥/y q| aseyd ,6GBUWN|OAIN
SJ0}IqIyul Julody2ayd aunwu|
%Y1 J Wiy
eayJielp %08 g Wy
‘6unjiwoa/easneu %Y1V WY
‘eluadoyfooquiolyy ¥yo
‘ejuadoJinau %%79 J Wiy dg 40 591242 9 19 wuy
‘(919eabeuew) %89 g Wiy 4d J0 591242 9 + Ajiep B gog xe1d03auBA 1g Wy Jeaf | <
syuaned g ui %EE Y Wy zL'oL'g'9y L asuodsa. Jo anleu 9102
aWoJpuAs sisA) Jown | payiodad JoN UYO  S@19Ad qewixnyil + ueak | x Ajlep B gpg Xe1203aUaA 1y ULy 791 -aunsnwepuaq 4 ¥/y || @seyd |gXB]20}2UIA
Adedayjounwwiolped
syjuow 4°/ yoQ Jo Adeusyjowayd
ysed %1 449 [e8 0} pue qewixniil 0}
‘anbiyey ‘ybnod ‘easneu Ssyjuow gLz SoWw %EY YH0 JSTRIFE 4] Aa0yoed491 31gN0Q 1102
‘eayielp ‘ejuadouinan syjuow g'g S4dw syuaned 14 a1geydasoeun Jo uoissalboud jiaun pig bw gz gisnaang 621 TZW 40 7715 14 || 8seyd 0gg1SN@ANQ
eay..elp %064 S0 A-Z syjuow 4’gl yogqw
‘ejuadoifroquioyy %702 S4d A-2 %GZL YYD Aa1x0} AdeJayy Jopd 8102
‘anbiye} ‘uoi}oayu| Syuow 47|, S4dw %G°LE YO a)qeidadoeun Jo uoissalboud Jiun p/Buig9g qiuinug| 0y L= Yim 4 eg-| apeldg || @seyd +,qIunnuq|
syuabe pajabiey-Aemyied Jejn)a)
(sw.e j043u0d (sw.ie j043u0d pajuasaud
snsJaA Juawliadxa) sns.JaA yuswiaadxa) ‘paysnqnd
SUOI}OBA 9SISAPY 1BAIAINS asuodsay uawibal yuawieal] u uoneindod Apnys  Jeak/aseyqd bnuag

(PenuUBUOY) “Z @1qeL

journals.sagepub.com/home/tah

10


https://journals.sagepub.com/home/tah

G Sutamtewagul and BK Link

‘ewoydwA) anhdoydwA) jews ‘7S taseasip 9)qels ‘s

‘gewixnyil 'y tAoyoedjal/pasdelal 'y Y snyeys souewloyiad ‘sq teluownaud 12a4041f s13sA20wNaUH ‘drd Y1BAIAINS 11BIBA0 ‘SO !8)ed 95U0dSal 11BIaA0 ‘YYQ ‘Paydeal Jou ‘YN ‘ewoydwA) s uiybpoH-uou “THN ‘parewnss
jou ‘IN ‘ewoydwA) auoz jeuibiew 7|y 9Sop paleua)o} WNWIXew ‘gl {|BAIAINS 98)-uolssalbold uelpawl ‘S{4W BAIAINS 1)BI9A0 UBIPAW ‘SOW ‘asuodsal jo uoljednp uelpawl ‘yoqu ‘ewoydwA) 1192 aj3uew “1on
!snouaAeJjul ‘Al ‘SaJlendlo4 sawoydwA] sap apny3,p adnolg ‘4739 rewoydwA) Je)nanjo) ‘74 tasuodsad jo uonelnp ‘Yoq ‘ewoydwA) 1193-g abuey asnyip “79g7Q auosiupald ‘sunsiidoul ‘spiweydsoydo)dakd ‘gaD
ta)ed asuodsal a391dwod Yy ‘elwsyna) d1hdoydwiA) 21uoayd 179 HleAIS)UI 8dUBPIU0D ‘| tauosiupald ‘BUIISIIOUIA ‘UIdIgnIoXOp ‘Bpiuieydsoydoldhd ‘dOHD {qRWIXN)L ‘BUIISNUWIEPUS] ‘Yg ‘9SEUIWESUEL) SUlUB)e ‘ |y

uesyiubis Ajjesnsness

easneu
‘eayJJelp ‘eluadouinau
‘eluadojhooquiody |

eayJJelp ‘anbyey
‘elwaue ‘easneN

syauow gz s4dw
sjuaijed 14

syeam Qg < Sdw
adAy-p1m zHz3
syeamgy < Sdw
einw gHz9

%8l 440
%67 440
sjuaijed 14

SHIaM QG < Yo

(%9) 75/€ 440

(%G€) 7G/61 YO

(%8 =

u) adAy-p1m zHz3
SHIOMZE < Yo
(%S) 72/1 440

(%28) 22/8L ¥H0

(¢z = u)einw zHz3

JJO ¥99Mm | ‘U0 syaamg piq Buiggz 1eISOULIOA

Ajiep a21m) bw g 1eISojewaze |

SUOI}OB3I 3SIIAPY

(Sw.e j043u0d
sns.JaA Juswiiadxa)
1BAIAINS

(sw.e j043u0d
sns.JaA yuswiaadxa)
asuodsay

uawibal yuawieal]

[6€
4] 710C
96 THN-8 1udj0pul §/y |l 9seyd 9g1€ISOULIOA
(ag-1 810¢
7494 @pesb) 141070970 ¥/ |l 9seyd gi€}so}oUlaze |
sjyuabe pajabue}-daljipow d13auabidy
pajuasaud
‘paysnqnd
u uonejndod Apnys  Jeak/aseyqd bnuag

(penuBuU0Y) “Z 21qeL

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

Therapeutic Advances in Hematology 10

mPFS 5.8 months)?®® or ofatumumab in combina-
tion with bendamustine (ClinicalTrials.gov iden-
tifier: NCT01077518, press release).89
Ocrelizumab and veltuzumab, both second-gen-
eration anti-CD20 mAbs, were not pursued fur-
ther in clinical study for lymphoma.

The third generation of anti-CD20 mAbs is
humanized or fully human and has a protein- or
glyco-engineered Fc region to enhance its bind-
ing affinity to FcyRIIla. Obinutuzumab has
demonstrated its efficacy in an open-label phase
III GADOLIN study.’® A total of 413 patients
with  rituximab-refractory indolent NHL,
including 335 FL patients, were randomized to
receive bendamustine with or without obinutu-
zumab followed by obinutuzumab maintenance.
Median PFS (mPFS) is significantly longer in
obinutuzumab arm (not reached wersus
14.9 months) in its initial published report and
was also confirmed in their subsequent presen-
tation to confer mPFS benefit (25.3 wersus
14.0 months) along with median OS (mOS)
benefit (not estimated versus 53.9 months) in
the FL subgroup.”?

Ocaratuzumab (AME-133) is another third-genera-
tion type I anti-CD20 IgG1 with enhanced ADCC.
It has shown some activity in previously treated FL
patients who are known to have low-affinity
FcyRIIIa with ORR of 30% and CRR of 8% in a
phase I/II study.?® There is currently no ongoing
trial of this agent. Ublituximab (TG-1101), a type I
glycoengineered anti-CD20 IgG1l with enhanced
ADCC, was tested in NHL. In 12 patients with FL,
2 patients had CR and 3 had a partial response.
Clinical trials to further assess the clinical efficacy of
ublituximab, alone and in combination, are ongoing
(ClinicalTrials.gov  identifiers: NCT02793583,
NCT01647971, NCT02006485).

Several mAbs were developed to target other
B-cells surface targets including CD22 (epratu-
zumab, galiximab), CD37 (otlertuzumab),
HLA-DR (IMMU-114). The latter two are being
tested in early-phase clinical trials.

Antibody-drug conjugates. Antibody—drug con-
jugates have a potential of providing specific delivery
of potent microtubule inhibitors or DNA-damaging
agents to FL cells while minimizing the systemic
toxicities. Inotuzumab ozogamicin is an anti-CD22
IgG4 linked to calicheamicin, a DNA-damaging
agent. A study in indolent lymphoma refractory to
rituximab or radioimmunotherapy revealed ORR of

71% and CRR of 35% in FL subgroup with better
response in nonbulky disease.”? Median PFS was
14.7months and mOS was not reached. Another
study investigated inotuzumab ozogamicin in com-
bination with R-CVP in this setting, including 26
FL patients. ORR was 100% with 41% CR.Within
a median follow up of 24.1 months, the 2-year PFS
was 50% and the 2-year OS was 89%.74 This agent
is also actively investigated in B-lymphoblastic leu-
kemia.

Polatuzumab vedotin is an anti-CD79b IgG con-
jugated to monomethyl auristatin E, a microtubule
inhibitor. Its phase I study enrolled 95 patients
including 30 patients with indolent NHL (unre-
ported number of patients with FL). Within indo-
lent NHL subgroup, polatuzumab vedotin resulted
in three CRs and four PRs in the 2.4mg/kg group
(n = 16) but no response in the lower dose (1.8 mg/
kg) group.®! Preliminary reports from a rand-
omized phase II trial, comparing bendamustine
and rituximab with or without polatuzumab vedo-
tin in relapsed/refractory FL. and DLBCL, showed
that the addition of polatuzumab vedotin did not
improve CRR or PFS in the FL subgroup but
increased the rate of febrile neutropenia.”> The
study is still ongoing (ClinicalTrials.gov identifier:
NCT02257567). Varieties of combinations are
also being tested in relapsed and refractory FL,
including with lenalidomide (ClinicalTrials.gov
identifier: NCT02600897), obinutuzumab and
venetoclax (ClinicalTrials.gov identifier: NCT02
611323), and obinutuzumab and atezolizumab
(ClinicalTrials.gov identifier: NCT02729896).

Various antibody—drug conjugates are in develop-
ment, targeting several B-cell surface molecules
such as CD19, CD22, CD25, CD37, CD74,
CD79b, CD205, and CD269 (BCMA).

Radioimmunotherapy. As a single agent,
90Y-ibritumomab showed 74% ORR and 15%
CRR in rituximab-refractory FL patients with
the median time to progression of 6.8 months and
only 8.7months in responders.?? A phase II study
of 20Y-ibritumomab plus bortezomib is underway
(ClinicalTrials.gov identifier: NCT00372905). In
its phase I trial, eight out of nine patients had a
response, two with CR,and amPFS of 6.5 months.””

Bispecific  T-cell engager. Blinatumomab
is the only bispecific T-cell engaging antibody
currently available. It transiently joins CD19-
positive B-cells to CD3e-positive T-cells, result-
ing in T-cell-mediated B-cell lysis along with
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T-cell activation. In a phase I dose-escalation
study in 76 relapsed NHL patients, including
28 patients with FL, the ORR was 80% in the
FL subgroup who received blinatumomab at the
target dose of 60ug/m?/day, and 40% achieved
CR.7¢ Dose-limiting toxicity was encephalopa-
thy. The major limitation of blinatumomab is
its short half-life which necessitates an initial
4weeks of continuous infusion. Another phase
I study combining blinatumomab and lenalido-
mide is underway (ClinicalTrials.gov identifier:
NCTO02568553). A regular-half-life anti-CD20/
CD3 T-cell-dependent bispecific antibody which
will allow weekly or monthly dosing is currently
in its early clinical trials (ClinicalTrials.gov iden-
tifiers: NCT02651662, NCT02290951).

Immunomodulatory agents. Lenalidomide is an
oral immune modulator that exerts its antineo-
plastic effects through inhibition of tumor cell
proliferation, inhibition of angiogenesis, and
T-cell and natural killer (NK)-cell-mediated cyto-
toxicity. Recently, the intracellular target of
lenalidomide was identified as cereblon, an E3
ubiquitin ligase. Upon binding to lenalidomide,
cerebron activity was increased and resulted in
degradation of Aiolos and Ikaros which may be
central to the mechanisms of action of lenalido-
mide. Preclinical studies have identified mecha-
nistically synergistic effects of several lenalidomide
combinations, for example, with rituximab, bort-
ezomib, ibrutinib, and anti-programmed cell
death protein (PD1) or anti-programmed death
ligand (PD-L1).93 A phase IIIb study of rituximab
and lenalidomide (R?) induction followed by
rituximab versus R? maintenance in relapsed
indolent NHL and mantle cell ymphoma (MAG-
NIFY study) was presented, revealing an ORR of
64% and a 20% CR (ClinicalTrials.gov identifier:
NCTO01996865).78 Phase III AUGMENT trial
compares rituximab plus lenalidomide or placebo
in similar setting. As of this writing, the full result
has not yet released except a press announcement
stating that its PFS endpoint was met (Clinical-
Trials.gov identifier: NCT01938001).94 A pre-
liminary result of the phase I/Il trial for
lenalidomide and obinutuzumab combination in
relapsed FL was presented, showing an ORR of
100% with a 78% CR. The estimated 2-year PFS
was 61%. All rituximab-refractory patients had a
response. This trial is still ongoing (ClinicalTrials.
gov identifier: NCT01995669).95

CC-122 is another cereblon-targeted agent which
has shown good activity in relapsed/refractory

indolent NHL in a phase I study in combination
with obinutuzumab.%®

Cellular pathway-targeted agents

Phosphatidylinositol 3-kinase inhibitors. Cur-
rently, two PI3K inhibitors are approved for
relapsed FL, the oral PI3K® inhibitor idelalisib
and the intravenous PI3K«/8 inhibitor copan-
lisib. Duvelisib is a dual PI3K3/y inhibitor that is
being studied in the DYNAMUO trial for relapsed/
refractory FL. The preliminary results showed
an ORR of 43%, with 1% achieving a CR. The
duration of response was 7.9 months and mPFS
was 8.3 months. Diarrhea is common (47%; 16%
= grade 3).80 The US FDA has accepted duve-
lisib for filing with a priority review in order to
get accelerated approval for the treatment of
relapsed/refractory FL.

Bruton tyrosine kinase inhibitors. Response
to single-agent ibrutinib in recurrent FL was
not encouraging. In a phase II study, ibrutinib
resulted in an ORR of 37.5% with a CRR of
12.5%, mPFS of 14months and a 2-year PFS of
20.4%. Less response was observed in patients
who were rituximab resistant and no response
was observed in CARDI1-mutated patients.” In
another phase II DAWN study, ibrutinib showed
ORR of 20.9% with a CRR of 11% and mPFS
of 4.6 months. The median duration of response
(DoR) was 19.4 months which seems to indicate a
durable response in a small subset of patients who
achieve an initial response. Unfortunately, no bio-
markers predictive of response were identified.®”
A more-selective BTK inhibitor, acalabrutinib,
showed an ORR of 33-39% in relapsed/refractory
FL with 2 CRs out of 25 patients.®® This study
is still underway (ClinicalTrials.gov identifier:
NCT02180711).

BCL?Z2 inhibitors. The first-in-human study of
venetoclax in relapsed/refractory NHL, which
included 29 patients with FL, showed an ORR
of 38% and a mPFS of 11 months in the FL sub-
group.’! Since BCLZ2 overexpression is the hall-
mark of FL, this response to a BCL2 inhibitor
is unimpressive and a combination with other
agents may be required. In a phase I study, vene-
toclax in combination with BR for relapsed/refrac-
tory NHL, including 32 patients with FL, showed
very good signal of response and was quite well
tolerated.? The target dose of 800 mg is used in
the ongoing randomized phase I CONTRALTO
study which only enrolled patients with relapsed/
refractory FL. Its preliminary results showed an
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ORR of 68% in the venetoclax plus BR arm and
64% in BR alone.Venetoclax plus BR also resulted
in more toxicity and more treatment discontinua-
tion but may improve PFS.81 We will need to wait
for the data to mature to see if adding venetoclax
to chemoimmunotherapy has any benefit at all.

Spleen tyrosine kinase inhibitors. Spleen tyros-
ine kinase (SYK) is a key regulator of B-cell
receptor signaling, upstream of BTK and PI3K,
and is also involved in signal transduction in other
classical immunoreceptors.'% Fostamatinib, an
early SYK inhibitor currently approved for treat-
ment of relapsed immune thrombocytopenia, was
studied in NHL but showed only a 2/21 ORR in
the FL subgroup.!®! Cerdulatinib, a dual SYK/
JAK inhibitor, is being tested in a wide-range of
lymphoma subtypes (ClinicalTrials.gov identifier:
NCTO01994382) and early results showed good
response in FLL (ORR 50%).102

Immune checkpoint inhibitors

Anti-PD1 and anti-PD-L1. A preliminary result
of nivolumab, an anti-PD1, for the treatment of
various lymphomas, has shown an ORR of 4/10
in the FL subgroup with 1 CR. Overall, three
out of four patients continued to respond over
the median observation time of 91.4weeks.”” A
study of nivolumab in relapsed or refractory FL
(Checkmate 140) has completed the accrual total
of 92 patients. Only three patients had a PR and
one had a CR, with a DoR of 10.9months and a
mPFS of 2.2months in a preliminary report.103
Formal presentation or publication is expected to
follow. Pidilizumab, also an anti-PD1, has shown
an ORR 0of 66% and a 52% CR with a median DoR
of 20.2months and a mPFS of 18.8months.%?
Pembrolizumab and atezolizumab in combina-
tion with anti-CD20 mAbs also showed very good
response rates in their preliminary results.83-84

Other immune checkpoint inhibitors. CD47
is exploited by different types of tumor cells to
evade phagocytosis by macrophage. Hu5F9-G4
is a humanized mAb targeting CD47. In a phase
Ib/II in combination with rituximab, Hu5F9-G4
resulted in an ORR of 71% and a CRR of 43%
in follicular lymphoma subgroup. Most of the
patients continued to respond during a median
8.1 months of follow up. The phase II study of
this agent is in progress (ClinicalTrials.gov iden-
tifier: NCT02953509).10¢ Agents targeting a
costimulatory molecule, CD137 (4-1BB), and an
NK-cell receptor, killer Ig-like receptor, are also
being studied.

Epigenetic regulator-targeted agents. The relaps-
ing clinical course and HT of FL are in part
driven by the presence of a population of com-
mon precursor cells. These cells carry several
mutations involved in immune surveillance, B-cell
development, B-cell receptor signaling pathway
and a plethora of mutations in epigenetic modifi-
ers such as KMT2D (previously MLL2), CREBBE
EZH?2, EP300, MEF2B, and ARID1A. Almost all
FL patients have at least one mutation in epigen-
etic modifier genes,!9%19 and many of these
mutations are associated with high-risk F1..107

EZH?2 mutation is found in around 25% of FL
and several agents were developed to target EZH?2.
For example, tazemetostat as a single agent
resulted in an ORR of 82% in EZH2-mutated and
35% in wild-type EZH?2 relapsed or refractory FL
and seemed to be well tolerated. All patients with
EZH?2 mutation had evidence of tumor reduction
but only 1 in 22 patients achieved a CR.85 CPI-
1205 is being studied in various B-cell lymphomas
in its phase I trial (ClinicalTrials.gov identifier:
NCT02395601). The study of GSK2816126 was
terminated due to a lack of clinical efficacy.

Vorinostat, a histone deacetylase (HDAC) inhibi-
tor, was demonstrated to have some activity in
relapsed and refractory FL with an ORR of 49%
and a PFS of 20 months as a single agent.8¢ Other
HDAC inhibitors, including panobinostat and
mocetinostat, are being tested in their phase II
clinical trials (ClinicalTrials.gov identifiers: NCT
01261247 and NCT02282358, respectively).

Chimeric antigen receptor T-cell therapy. Chimeric
antigen receptor (CAR) T-cells are autologous
T-lymphocytes, with receptors that are engineered
to include both antigen-recognition moieties and
T-cell signaling domains.!® Anti-CD19 CAR
T-cells have demonstrated clinical efficacy in
relapsed and refractory B-lymphoblastic leukemia
and DLBCL.19%110 This concept of treatment is
also appealing in the treatment of FL that is refrac-
tory to several lines of treatment. The ELARA
study is a phase II trial in its development to study
the efficacy and safety of tisagenlecleucel in this set-
ting (ClinicalTrials.gov identifier: NCT03568461).

Conclusion

In a disease such as FL with a relatively high preva-
lence and no established cure, the environment is
ripe for developing novel approaches. Patient advo-
cacy groups, physicians, and the pharmaceutical
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industry will all embrace the search for novel man-
agement options to replace current options with
toxicity and transient benefits. The information
reviewed above confirms that many new classes of
therapies are being actively investigated. At the
moment there is no clear choice for a new mecha-
nism of action that will have transformative impacts
on the morbidity and mortality of FL, but the next
big discovery may be just around the corner. Those
in the clinical research field will need to stay focused
on testing the most logically exciting new agents
while addressing questions of truly unmet need for
patients. Patients and their advocacy groups will be
invaluable in helping prioritize the importance of
endpoints such as OS or relative survival, PFS, and
quality of life.
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