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Abstract

Purpose of Review Peripheral T cell lymphoma is a rare heterogeneous group of diseases which are characterized by poor
outcomes to treatment and short overall survival. In the past decade, several new therapies targeting T cell biology have been
approved in the relapsed setting. These new therapies, such as pralatrexate, romidepsin, belinostat, and brentuximab vedotin,
have begun to make their way into practice. Despite these advances, outcomes have not changed dramatically. In recent years,
efforts have been made to incorporate these new therapies into combination strategies to treat this challenging disease entity.
Herein we will review some of the latest developments.

Recent Findings With the new WHO classification, discrete entities of PTCL are now being identified by molecular and
phenotypic markers. This new classification is critical to our ability to define disease entities which may respond to certain
classes of targeted therapy. Some such mutations include genes controlling epigenetics (TET2, IDH2, DNMT3A, RHOA, CD28).
As such, epigenetic therapies such as histone deacetylase (HDAC) inhibitors have become the platform to which other novel
therapies or chemotherapy has been added. Early phase clinical studies have demonstrated that combination therapy with
romidepsin plus other agents known to have activity in T cell lymphoma have enhanced clinical benefit for this group of diseases.
In addition, the antibody drug conjugate, brentuximab vedotin has been shown to have potent activity in T cell lymphomas
expressing CD30. This drug is being studied as well with other targeted therapies and chemotherapy in an effort to improve
response rates and progression-free survival.

Summary Although T cell lymphomas remain a highly challenging group of diseases to treat, new efforts to leverage drugs that
discretely target the biology that drives T cell lymphomagenesis in combination provide hope that improved outcomes may be
realized in the near future.

Keywords Peripheral T cell lymphoma - HDAC inhibitors - Antibody drug conjugates - Clinical trials - Pralatrexate - Epigenetic
targeting

Introduction

In 2016, the World Health Organization (WHO) classified 28
subtypes of peripheral T cell lymphomas (PTCL), highlight-
ing the extreme cytological and phenotypic heterogeneity of
this rare group of diseases affecting post-thymic T cells [1e°].
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PTCL make up only 5-10% of all lymphoid neoplasms, mak-
ing them a challenging group of diseases to study [2, 3].
Although the biology of PTCL is varied, there have been
advancements in revealing the mechanisms of their malignant
transformation. Anaplastic large cell lymphoma (ALCL) typ-
ically expresses CD30, a transmembrane glycoprotein mem-
ber of the tumor necrosis factor receptor family [4]. There are
three distinct variants of ALCL: systemic, cutaneous and
breast implant associated subtypes. Systemic ALCL is further
distinguished by ALK rearrangements which occur following
the translocation of chromosomes 2 and 5 forming a fusion
oncogene of NPM nucleolar phosphoprotein gene on chromo-
some 5q35 to tyrosine kinase gene ALK on chromosome
2p23 [5]. Patients with systemic ALK+ ALCL are often youn-
ger and have a better prognosis than patients with systemic
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ALK— ALCL. The origin of angioimmunoblastic T cell lym-
phoma is the follicular helper T cell and commonly expresses
characteristic follicular antigens CXCL13, BCL6, CDI10,
PD1, ICOS, SAP, and CCRS5. In addition, there are recurrent
mutations leading to epigenetic dysregulation, such as abnor-
malities of TET2, IDH2, DNMT3A, RHOA, CD28 and gene
fusions of ITL-SYK or CTLA4-CD28 [6-8]. The most com-
mon type of PTCL in the USA is PTCL-NOS and is a diag-
nosis of exclusion of other TCL types. The origin of PTCL-
NOS is thought to be effector T helper cells, including helper
T cells type 1, helper T cells type 2, follicular helper T cells
(TFH), and central memory T cells (TCM) which can be
established by immunohistochemical analysis. The pathology
of PTCL-NOS however does not specifically fit into any other
subtype [9]. Adult T cell leukemia/lymphoma is associated
with infection with HTLV-1 virus which drives malignant
transformation of post-thymic helper T cells that exhibit ex-
pression of CD4+CD25+ and upregulation of the regulatory
protein FOXp3 [10-13]. Given the lack of efficacy with tra-
ditional chemotherapy for the treatment of PTCL, targeted
therapies have been developed with varying success, likely
due to the heterogeneous pathophysiology. In this review,
we highlight recent developments of novel agents utilized in
combination as potential strategies to treat patients with pe-
ripheral T cell lymphomas [14].

Current Treatment Paradigms for PTCL

Recently, the prospective COMPLETE study was published
revealing common treatment patterns for 273 patients with
newly diagnosed PTCL in the USA [15]. Over 45% of pa-
tients were 65 years or older and 46% were found to have
stage IV disease. Most had PTCL-NOS (51.3%), AITL
(26.0%), ALCL (22.7%) with more ALK— (79%) than
ALK+ (21%). Of all the patients, 41.8% were started with
doxorubicin without etoposide containing regimens and
20.9% with doxorubicin- and etoposide-containing treat-
ments. Response rates were better with doxorubicin-
containing regiments with complete response rate of 62.9%
compared to 46.4% in non-doxorubicin-based regimens, es-
pecially in patients with ALCL. Median follow-up was
26 months (14.4-37.7 months) with median survival of
43 months (95% CI 34.5 months to not reached). The 12-
and 24-month survival rates were 71.7 and 58.7%, respective-
ly. Inevitably, disease recurs in most patients and second line
treatment options yield limited results. A recent retrospective
study conducted at the BCCA showed that median time to
relapse or progression after primary therapy was 6.7 months
with median survival and progression-free survival after re-
lapse to be 5.5 and 3.1 months, respectively [16¢]. The fre-
quencies of histologic subtypes studied were consistent with
historic data: the majority was PTCL-NOS (52%), followed
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by AITL (25%), and then ALCL (23.5%) with more ALK—
(66.7%) than ALK+ (30.6%). Those who received chemother-
apy after relapse had modest improvement compared to the
whole cohort with median OS of 6.5 months and PFS of
3.7 months. While these findings highlight the deficiencies
of conventional chemotherapy for the treatment of PTCL,
there has been a shift toward targeting identified drivers of
disease pathogenesis to reverse or halt T cell lymphomagene-
sis. Given the broad biological landscape of PTCL, where
subtypes often harbor more than one dysregulated pathway,
it is likely that simultaneous targeting of multiple pathways
will be more efficacious than targeting a singular lesion
(Fig. 1).

Combination Therapy with Histone
Deacetylase Inhibitors

Given in part to the recent understanding that T cell lympho-
magenesis is at least partially due to epigenetic dysfunction,
especially with mutations identified in TET2, DNMT3A, and
IDH?, histone deacetylase (HDAC) inhibitors have demon-
strated efficacy in this disease [17-20]. Most of the novel
combination therapies described below include HDAC inhib-
itors as the backbone of therapy. Four HDAC inhibitors are
approved for use around the world for the treatment of T cell
lymphomas. They share a common side effect profile of re-
versible thrombocytopenia, leucopenia, fatigue, and gastroin-
testinal disturbances. Romidepsin, as monotherapy in relapsed
and refractory PTCL, has been shown to have an overall re-
sponse rate of 25-38% and median duration of response of
8.9—17 months in responders as demonstrated across two
phase II trials leading to FDA approval in 2011 [21, 22].
Belinostat was approved following the phase I BELIEF study
that treated 31 relapsed/refractory PTCL patients leading to an
ORR o0f 25.8% and median DOR 13.6 months (95% CI 4.5—
29.4) [23]. Chidamide (CS055), approved in China, is in the
benzamine class of histone deacetylase inhibitor designed to
block the catalytic pocket of class I HDACs to inhibit the
activity of HDACI, 2, 3, and 10 leading to growth arrest
and apoptosis [24]. In a phase II study of relapsed/refractory
PTCL, 79 patients underwent monotherapy with chidamide
[25]. Results were notable for ORR of 29%, median DOR
9.9 months, median PFS 2.1 months, and median OS
21.4 months (range 0.3-50.1 months). Vorinostat is a pan-
HDAC inhibitor that has been shown to cause growth arrest
and caspase-dependent apoptotic and caspase-independent
autophagic cell death, with ORR of 29.7% in a phase 1IB
study of 74 patients with refractory CTCL [26]. This led to
FDA approval of vorinostat in treatment of CTCL in 2006.
Vorinostat is not approved for PTCL.

Panobinostat is a deacetylase inhibitor that is approved in
combination for the treatment of multiple myeloma. It has



Curr Hematol Malig Rep (2018) 13:13-24

RTK
0000000000000000006¢

l Everolimus
TAK228

N

Spindle formation

Romidepsin
Belinostat
Chidamide
Vorinostat
Panobinostat

R
g

Cell growth and Prolifera;k IRF4

E3 Ubiquitin
Ligase

N\,
=D

Proteasomal
Degradation

Azacitidine
SAH Decitabine

1 | Pralatrexate |
DNMT DHF R\/
SAM «—=—

Expression of
Tumor Suppressor
Genes

Fig. 1 Landscape of therapeutic targets in T cell lymphoma. Aurora A
kinase promotes progression to metaphase by activating CENP-E, a
kinesin which transports attached kinetochores to the spindle equator.
Alisertib and romidepsin interrupt this process respectively by
inhibiting Aurora A kinase and disrupting histone phosphorylation and
the attachment of centrosome-associated proteins to the kinetochore. The
PI3K/AKT/mTOR pathway is a canonical proliferation pathway that can
be inhibited by PI3K inhibitors such as duvelisib, or mTOR inhibitors
such as everolimus, and TAK228. CD30 is a member of the TNF receptor
family that increases the presence of free NF-kB. NF-kB and IKZF3
(aiolos) are transcription factors that increase the expression of IRF4
(MUML1) and can increase cell proliferation through the effects of Myc.
These pathways are targeted by brentuximab, an anti-cd30 agent, as well
as lenalidomide, an agent which is able to enhance the proteasomal
degradation of IKZF3. Proteasome inhibitors, such as bortezomib and

been shown to mediate genes regulating apoptosis, immune
regulation, and angiogenesis in cutaneous T cell lymphoma
[27]. Preclinical data in myeloma suggest antineoplastic syn-
ergy when bortezomib and panobinostat are combined [28]. A
phase III study testing the combination in multiple myeloma
shows improved median PFS of 11.99 months (95% CI
10.33-12.94) compared to 8.08 months (CI 95% 7.56-9.23)
with bortezomib and placebo leading to benefit in overall
survival [29]. This led to FDA approval of panobinostat in
multiple myeloma in 2015. Given the applicability of
targeting HDACs and the proteasome, this approach has also
been evaluated in studies of PTCL (Table 1).

carfilzomib, can inhibit the degradation of many proteins, several which
are involved in proapotic mitochondrial pathways. HDAC inhibitors
increase the acetylated state of histones, thereby increasing the
expression of many tumor suppressors. Inhibitors of DHFR, i.e.,
pralatrexate, and DNMT, i.e., azacitidine, prevent the silencing of many
genes, some of which are active tumor suppressors. (RTK, receptor
tyrosine kinase; AAK, Aurora A kinase; CENP-E, centromere-
associated protein E; IKK, IkB kinase; IkB, nuclear factor of kappa
light polypeptide gene enhancer in B cells inhibitor; NF-kB, nuclear
factor kappa-light-chain-enhancer of activated B cells; IRF4, Interferon
regulatory factor 4 also known as MUM1; IKZF3, zinc finger protein
aiolos also known as ikaros family zinc finger protein 3; DHFR,
dihydrofolate reductase; SAM, S-adenosylmethionine; DNMT, DNA
methyltransferase; SAH, S-adenosylhomocysteine)

Romidepsin and Pralatrexate

The novel anti-folate drug pralatrexate as a single agent has
demonstrated an overall response rate of 29% with median
PFS of 3.5 months (95% CI 1.7-4.8) and OS of 14.5 months
(95% CI 10.6-22.5) in the phase II PROPEL study [39].
Duration of response was 10.1 months (95% CI
3.4 months—not estimable). Given that pralatrexate and
romidepsin were the first two drugs approved for relapsed,
refractory PTCL, and have T cell lineage specificity, there is
strong rationale for studying the combination. Jain, et al. stud-
ied the two drugs in the preclinical setting and demonstrated
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strong synergy in mouse models of T cell lymphoma [40].
These findings were translated into a phase I study, for patients
with relapsed/refractory lymphoma of all subtypes [30¢]. Most
patients enrolled had T cell lymphoma (N = 14). The overall
response rate in the entire population was 47%. Among the T
cell lymphoma patients, the overall response rate was 71%
(10/14), and 4 of 14 (29%) achieved a complete response. In
the T cell lymphoma population, the median PFS was
4.4 months (95% CI 1.2-NA) and median overall survival
was 12.4 months (95% CI 8.1-NA). Adverse events were
mostly grade 1-2, such as nausea, fatigue, anorexia, diarrhea,
and fever. Grade 3-4 toxicities included neutropenia, anemia,
thrombocytopenia, mucositis, and sepsis. These toxicities
were not seen at the recommended phase 2 dose of
pralatrexate 25 mg/m?® and romidepsin 12 mg/m* given on
an every-other-week basis. The results of this study suggest
that dual therapy with pralatrexate and romidepsin is an effec-
tive and safe platform for patients with PTCL, and is now
currently being investigated in a multicenter phase II trial fo-
cusing on PTCL (NCT01947140).

Romidepsin and DNA Methyltransferase Inhibitors
(DNMT) (Azacitadine, Decitabine)

An epigenetic drug combination that has shown promise in
PTCL incorporates romidepsin and DNA methyltransferase
(DNMT) inhibitors. This combination could in theory reverse
the epigenetic derangements observed in PTCL by simulta-
neously targeting two epigenetic operations. In a study of
patients with relapsed/refractory PTCL, azacitadine mono-
therapy was shown to have ORR 53% in 19 patients. Five of
five patients (100%) of those who achieved a CR were pa-
tients with AITL harboring TET2 mutations [41]. Side effects
include polyneuropathy and diarrhea. Marchi et al. evaluated
the combination of dual epigenetic targeting in preclinical
models of PTCL. The authors demonstrated that there was
marked synergy when combining HDAC and DNMT inhibi-
tors, such as romidepsin and decitabine. This combination led
to increased number of modulated genes from 138 when treat-
ed with romidepsin alone, to 390 genes with many of the
genes involved in apoptosis and cell cycle arrest [42]. Given
these findings, a phase I/Ila clinical trial evaluating oral
azacitidine in combination with romidepsin for relapsed re-
fractory lymphoma (NCT01998035) was developed at
Columbia University. A total of 27 patients have been enrolled
in the phase 1 portion of the study, five of which have TCL
[33]. Of the five patients with TCL, four responded to treat-
ment; two of which had a complete response. Among all pa-
tients and dose cohorts, there were two grade IV episodes of
neutropenia or thrombocytopenia and three grade III toxic-
ities, three of which occurred at the highest doses of
azacitidine with romidepsin. Based on these results, a phase

II trial is actively enrolling patients with relapsed/refractory
PTCL.

Romidepsin and Alisertib

Aurora kinases are a family of serine-threonine kinases that
are expressed during mitosis, affecting cell signaling and mi-
totic division. When expressed in high levels, it is associated
with centrosome amplification, mitotic abnormalities, and
chromosomal instability, leading to malignancy. One study
showed overexpression of aurora kinase was seen in 68% of
T cell lymphoma cases [43]. Alisertib (MLN8237), an Aurora
A kinase inhibitor, has been shown to have concentration and
time-dependent cytotoxic effects on BCL and TCL cell lines
[44]. In a phase II study of alisertib monotherapy for patients
with relapse/refractory TCL, patients showed an ORR of 30%,
median PFS of 3 months (95% CI 2.2—4.3 months), and me-
dian DOR of 3 months (range 1-18 months) [45]. The most
common side effect was myelosuppression. In a phase III
study, alisertib was compared to physician’s choice in
relapsed/refractory PTCL, but there was no improved efficacy
compared to physician’s choice with ORR of 33% in patients
treated with alisertib as monotherapy compared to 40% with
pralatrexate, 59% with romidepsin, and 35% with gemcitabine
[46]. Due to these data, enrollment was stopped though pa-
tients benefiting on the drug were able to continue [47]. In an
effort to improve upon these effects, the combination of
alisertib plus romidepsin was studied by Zullo et al. and in-
duced more polyploidy and apoptosis, thought to be due to the
HDAC inhibitor inducing degradation of AAK as shown in
preclinical models of PTCL [48]. The combination of
romidepsin and alisertib is currently being studied in patients
with relapsed/refractory B or T cell lymphoma
(NCTO01897012). Preliminary data on 19 patients with
relapsed/refractory PTCL (16%), Hodgkin lymphoma
(16%), or aggressive BCL (68%) were treated and found to
have an ORR of 26% and median PFS 1 month [32]. Of the
three patients with PTCL, one patient had a CR, one had stable
disease, and one progressed. Eighteen (95%) have
discontinued treatment due to progression (78%), completion
of treatment (12%), indication for SCT (95%), and patient’s
choice (5%). The most common grade 3-4 side effects include
myelosuppression, infection, and fatigue.

HDAC Inhibitors Plus Proteasome Inhibitors

Panobinostat is a deacetylase inhibitor that has been shown to
mediate genes regulating apoptosis, immune regulation, and
angiogenesis in cutaneous T cell lymphoma [27]. A phase la/Il
study on MTD of panobinostat showed that of patients with
NHL, one person out of two with T cell lymphoma had a
partial response [49]. Proteasome inhibitors such as
bortezomib inhibits nuclear factor kappa B, which can be
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upregulated in some peripheral T cell lymphomas. In a study
evaluating T cell lymphoma, monotherapy bortezomib result-
ed in a response rate of 67% in 12 patients [50]. Fifty percent
of those who responded had relapse or progression within
12 months. When tested in T cell lymphoma in an open la-
beled phase II study with 25 patients, 43% had objective re-
sponses (95% CI 23-63) with median duration of response
5.6 months (range 2-33, IQR 1.25-27.5) [38]. Median PFS
and OS were 2.59 months (95% CI 0.01-5.42) and
9.90 months (95% CI 3.52—-16.26), respectively. Adverse
events included diarrhea, peripheral neuropathy, fatigue,
vomiting, and cytopenias.

Holkova et al. performed a phase I study of carfilzomib
plus vorinostat in patients with relapsed/refractory B cell lym-
phomas in which most people had progressive disease with
only a 5% response rate [51], but given the different underly-
ing biology of B and T cell lymphomas, it is difficult to ex-
trapolate to PTCL patients. To determine effects in relapsed/
refractory PTCL, romidepsin plus carfilzomib are being stud-
ied in a phase I/II trial (NCT03141203). Interim results have
not yet been reported for this study.

Romidepsin and PI3K Inhibitors

Duvelisib (IPI-145) is a phosphoinositide-3-kinase-delta/gam-
ma (PI3K-6/y) inhibitor that was used to treat patients with
advanced hematologic malignancies in a phase I trial, which
included relapsed/refractory indolent NHL, CLL, and TCL
patients. Sixteen patients had PTCL and 15 were evaluable.
The ORR was 47% in PTCL patients with median overall
survival of 36.4 weeks [52]. Grade 3 or higher side effects
were seen in 79% of patients with the most common being
increased transaminases (36%), rash (21%), and neutropenia
(15%). Preclinical data show that duvelisib killed three of four
TCL lines that show phosphorylation of AKT compared to
zero of seven TCL lines lacking phosphorylation of AKT
[31]. Using phosphoproteomic analysis, resistance through
PI3K o activation was overcome by pan-PI3K inhibition or
epigenetic reprogramming with the addition of romidepsin.
There is a phase I study treating relapsed/refractory T cell
lymphomas with duvelisib in combination with romidepsin
or bortezomib to determine maximum tolerated dose
(NCT02783625). Twelve patients were treated with
romidepsin and duvelisib, and eight were evaluable for effica-
cy. Overall response rate was 50% and median time to re-
sponse was 51 days (rage 49—54 days). The maximum toler-
ated dose was defined as duvelisib 75 mg BID and romidepsin
10 mg/m? on days 1, 8, 15 on a 28-day cycle. The combination
was well tolerated with unexpectedly low liver toxicity and
manageable cytopenias. The phase II study is now enrolling.
For the bortezomib plus duvelisib arm however, there were
many toxicities observed such as infections, colitis, and liver
toxicity in addition to cytopenias. Of the 17 patients treated,
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15 were evaluable for response in which the ORR was 53%
and the complete response rate with 20% [53].

HDAC Inhibitors and Lenalidomide

Lenalidomide is an immunomodulatory drug known to target
cereblon, an E3 ubiquitin ligase, resulting in antiproliferative
and antineoplastic activity across multiple hematologic malig-
nancies, that provided a basis for studying this drug in patients
with T cell lymphoma [54]. Phase II studies of lenalidomide in
heavily pretreated patients with PTCL led to an ORR of 22—
26%, median PFS of 2.5-4 months, median OS of 12 months,
and median duration of response of 3.6—13 months [55, 56].
Subgroup analysis revealed AITL patients and those on earlier
lines of therapy were the ones who benefitted the most. In
AITL patients, lenalidomide monotherapy resulted in ORR
42% (95% CI 23-63%), median PFS was 3.8 months (95%
CI 1.9 months-NE), median OS 20.3 months (95% CI
9.1 months-NE), and median duration of response was NE
(95% CI 0.5 months-NE) with mean DOR of 5.2 months
(range 0—16.6 months) [57]. Side effects included thrombocy-
topenia, neutropenia, and gastrointestinal symptoms. A phase
I/ trial of lenalidomide with vorinostat and dexamethasone in
relapsed/refractory PTCL revealed ORR 25%, median PFS
2.2 months and median 6.7 months [35]. Preclinical data com-
bining lenalidomide and romidepsin have shown to induce
reactive oxygen species (ROS) in 53-61.8% of cells in TCL
cell-line models compared to 17-23% with romidepsin alone
or 11% with lenalidomide alone, suggesting this combination
induces cytotoxicity through mitochondria-mediated apopto-
sis [58]. A phase I study of combination romidepsin and
lenalidomide in patients with relapsed/refractory lymphoma
and myeloma revealed activity in T cell lymphoma [36]. Ten
patients had relapsed/refractory PTCL and achieved an ORR
of 50% (5/10 PR) with median time to response of 7.3 weeks
(range 2.8-16.9 weeks). Grade 3 or higher adverse events
were seen in 71%, mostly due to neutropenia (48%), throm-
bocytopenia (38%), anemia (33%), and electrolyte derange-
ments (43%). Given the longer median PFS, OS, and DOR in
monotherapy lenalidomide studies of previously untreated pa-
tients, improvement on the combination of targeting this biol-
ogy was sought. A phase II study in untreated PTCL with
lenalidomide and romidepsin is ongoing (NCT02232516).
Romidepsin was also studied in combination with
lenalidomide and carfilzomib in a three drug regimen.
Romidepsin and carfilzomib were given on days 1 and 8 and
lenalidomide was given on days 1-14 of a 21-day cycle.
Twenty-four patients were evaluable for MTD determination
which was defined as romidepsin 8 mg/m?, lenalidomide
15 mg, and carfilzomib 36 mg/m?. The dose-limiting toxicity
was thrombocytopenia. Of the 16 patients evaluable for effi-
cacy with PTCL, the ORR was 50% with a CR rate of 31%.
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The median event-free survival was 13.6 weeks. A phase 11
study is now accruing patients [37].

Chidamide is also being studied in combination with pred-
nisone, cyclophosphamide, and thalidomide in relapsed or
refractory peripheral T cell lymphoma [34]. Twelve Chinese
patients were studied with ORR 83.3%, MTR 3 months, and
OR along with PFS not reached. Adverse effects were neutro-
penia, thrombocytopenia, anemia, and EBV reactivation.

Combination Therapy with Brentuximab
Vedotin

Brentuximab vedotin is an anti-CD30 monoclonal antibody
conjugated by a protease-cleavable linker to antimicrotubule
agent monomethylauristatin E that has demonstrated activity
against systemic ALCL (sALCL), leading to its approval for
this indication in the relapsed setting. Fifty-eight patients with
relapsed/refractory CD30+ sALCL were treated with mono-
therapy brentuximab in a phase II study and were found to
have an ORR of 86% (95% CI 74.6-93.9%) with 57% CR,
median DOR 12.6 months (95% CI 5.7 months-NE), and
median PFS 13.3 months (95% CI 6.9 months-NE) [59].
Five-year follow-up revealed 79% OS and 57% PFS among
those with CR [60]. Adverse effects included neuropathy, nau-
sea, fatigue, pyrexia, diarrhea, rash, constipation, and neutro-
penia with one patient with TLS. When applied to relapsed/
refractory CD30+ AITL (n =13) and PTCL-NOS (n =22),
brentuximab led to an ORR of 54% in AITL and 33% in
PTCL-NOS [61]. Median DOR was 5.5 and 7.6 months with
median PFS 6.7 and 1.6 months in AITL and PTCL-NOS,
respectively.

Brentuximab Combination Studies

Several studies have recently been activated for the study of
brentuximab in combination with other agents known to have
activity in PTCL. These studies are very early on and to date
do not have any reported interim results. A study is assessing
the feasibility of romidepsin and brentuximab in cutaneous T
cell lymphoma (NCT02616965).

The combination of brentuximab vedotin and lenalidomide
has been studied in 18 patients with relapsed/refractory
DLBCL with treatment-related adverse events including ane-
mia (50%), thrombocytopenia (33%), neutropenia (28%), el-
evated ALT (28%), hypokalemia (28%), hypocalcemia
(22%), and peripheral neuropathy (22%) [62]. This combina-
tion will also be used to treat patients with CD30+ relapsed/
refractory PTCL, CTCL, or Hodgkin lymphoma starting
December 15, 2017 (NCT03302728).

The mammalian target of rapamycin (mTOR) operates in
two multiprotein complexes, complex 1 and complex 2
(TORC1, TORC2), as it regulates cell growth in the

PI3K/AKT/mTOR pathway. TAK228 (formerly MLNO0128)
is an oral dual TORCI1/2 inhibitor that has been studied in
patients with relapsed/refractory multiple myeloma (n = 26),
non-Hodgkin lymphoma (n =3), or Waldenstrom’s
macroglobinemia (n =4). The NHL subtypes were DLBCL
and mantle cell lymphoma. One patient with NHL
discontinued prior to first assessment and the remaining two
had stable disease [63]. Adverse effects included nausea, fa-
tigue, hyperglycemia, and myelosuppression. To study the
merits of targeting CD30 and MTOR, a phase I study of
brentuximab vedotin and TAK228 is ongoing to study MTD
in patients with relapsed/refractory classical Hodgkin lympho-
ma, ALCL, and other CD30+ PTCL (NCT03205891).

Combinations of Novel Agents
with Chemotherapy

Chemotherapy is a standard first choice in therapy and gener-
ally leads to responses that may successfully bridge patients to
stem cell transplant for consolidation. However, as previously
mentioned, relapse often occurs and overall survival dramati-
cally decreases after first line therapy fails. Many of the stud-
ies combining chemotherapy with novel agents that have been
published thus far demonstrate greater toxicity with only lim-
ited added benefit (Table 2).

Chemotherapy with Romidepsin

Romidepsin was combined with CHOP in a phase IB/II study
in previously untreated PTCL patients. Of 35 evaluable pa-
tients, the ORR was 68% with an OS and PFS at 18 months of
76.5 and 57%, respectively, though the author warned that
longer follow-up time was needed [68]. Common serious ad-
verse events included febrile neutropenia (13.5%), general
health deterioration (13.5%), lung infection (10.8%), and
vomiting (8%). The phase III study is ongoing
(NCT01796002).

Chemotherapy with Lenalidomide

Combination CHOEP with lenalidomide was studied as a
phase I trial in patients with newly diagnosed PTCL.
CHOEP was administered at standard doses with escalating
levels of lenalidomide with doses higher than 10 mg displayed
significant hematologic toxicities. Non-hematologic side ef-
fects include diarrhea, hypotension, and mucositis [64]. At last
update of trial results, three patients have proceeded to ASCT
and three have proceeded to lenalidomide maintenance. The
phase II cohort is currently accruing to evaluate response rates
(NCT02561273). There is also an ongoing study evaluating
the efficacy of treatment in older patients with CHOP chemo-
therapy plus lenalidomide specifically in newly diagnosed
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Adverse effects

Endpoints

Phase Population

Table 2 Chemotherapy-based combination regimens

Regimen
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Lunning et al. 2017 [64]

Neutropenia, anemia, thrombocytopenia,

Phase 11 accruing for

12 patients with untreated

I

Lenalidomide and CHOEP

neutropenic fever, diarrhea, hypotension,

mucositis
Neutropenia, thrombocytopenia, thrombosis,

ORR as primary endpoint

stage II-IV PTCL

Safar et al. 2015 [65]

Prelim: ORR 54%

37 elderly patients with

I

Lenalidomide and CHOP

no secondary cancer
Anemia, thrombocytopenia, febrile neutropenia,

pretreated AITL
33 untreated stage II-IV PTCL patients ORR 70%, CR 52%, 2-year

Advani et al. 2016 [66]

COERP alternating with pralatrexate 11

mucositis, sepsis, elevated creatinine

and liver transaminases
Neutropenia, thrombocytopenia, mucositis,

PFS 39% (95% CI 21-57),

2-year OS 60% (95% CI 39-76)

ORR 90%, 2-year OS 70%,

Kim et al. 2016 [67]

I 30 patients with untreated PTCL

Everolimus and CHOP

GI symptoms, peripheral neuropathy, BK

2-year PFS 33%, median PFS not

reached

virus hematuria, herpes infection, serum ALT

elevation, death from pneumonia, PE
Neutropenia, thrombocytopenia, anemia,

Dupuis et al. 2014 [68]

ORR 68%, 18-month PFS 57%,

I 19 patients with recurrent/refractory

Romidepsin and CHOP

febrile neutropenia, health deterioration,

lung infection, vomiting
Peripheral neuropathy, febrile neutropenia,

18-month OS 76.5%

CTCL and PTCL

Horwitz et al. 2015 [69]

Prelim: ORR 100%,

26 patients with untreated PTCL

11

Brentuximab vedotin and CHP

neutropenia, anemia, PE

CR 88%, 3-year OS 80%,
median PFS not reached

angioimmunoblastic T cell lymphoma (NCT01553786).
Interim analysis showed ORR of 54% of 37 patients who were
evaluable out of the 38 patients enrolled [65]. Grade 4 neutro-
penia and thrombocytopenia were seen in 70 and 30% of
patients, respectively. Four episodes of thrombosis occurred
during treatment without any secondary malignancies
reported.

Chemotherapy with Pralatrexate

In a phase II study using COEP and pralatrexate, 34 patients
with newly diagnosed PTLC were enrolled [66]. The ORR
was 70% with 2-year OS and PFS of 60% (95% CI 39-76)
and 39%, respectively, with improvement in rates if patients
received HDT/SCT. Adverse effects included
myelosuppression, elevated creatinine, and liver transami-
nases. There was not sufficient added benefit to warrant fur-
ther study, but given improvement in outcomes with
anthracycline-based chemotherapy, there currently is a dose
optimizing trial for pralatrexate and CHOP in PTCL
(NCT02594267). Interim results from this study indicate that
the MTD was not reached therefore the recommended phase 2
dose was pralatrexate 30 mg/m? on days 1 and 8 along with
CHOP chemotherapy on a 21-day cycle. Of the 31 patients
enrolled on the phase 1 and expansion cohort, 14 patients
experienced mucositis and 5 patients had grade > 3 neutrope-
nia. Of the 27 patients evaluated for response, the ORR and
CR rates were 89 and 67%, respectively [70].

Chemotherapy and Chidamide

Chidamide is now being studied with chemotherapy regimens
CHOEP, CHOP, and ICE in China in newly diagnosed and
relapsed/refractory patients with PTCL (NCT02987244,
NCT02809573, NCT03268889, NCT02856997).

Chemotherapy and Everolimus

Everolimus acts on the mTOR pathway. In vitro data suggests
that everolimus inhibits the phosphorylation of mTOR at auto-
phosphorylation sites and reduces levels of c-Myc in TCL
[71]. However, everolimus-treated cells developed increased
phosphorylation at certain sites suggesting feedback mecha-
nisms protecting cells from apoptosis. A phase II study dem-
onstrated that everolimus with CHOP led to an ORR of 90%
though limited by relapse with the 2-year PFS of 33% and
median PFS of 11.2 months [67]. The authors postulated that
the high relapse rate may be secondary to the feedback mech-
anisms seen in vitro. The 2-year OS was 70%. Side effects
included hematologic toxicity, mucositis, GI symptoms, pe-
ripheral neuropathy, and infections. Given the response rate,
this regimen could be used as a bridge to ASCT if adminis-
tered quickly. The regimen theoretically could be improved
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upon if feedback mechanisms leading to resistance can be
prevented.

Chemotherapy and Brentuximab

In the phase I trial of ECHELON-2 with 39 patients, combi-
nation brentuximab and CHP were compared to sequential
brentuximab followed by CHOP in the upfront treatment of
CD30+ mature T cell lymphomas [72]. Thirteen were random-
ized to the sequential group, and 26 patients were in the com-
bination group. Brentuximab in combination with CHP led to
100% ORR with 88% CR, 1-year OS of 88% (95% CI 68—
96%), and PFS of 71% (95% CI 11.7-NE) compared to the
sequential arm which resulted in a 100% ORR with 1-year OS
85% (95% CI 51-96%) and 1-year PFS 77% (95% CI, 44—
92%). Two patients experienced POD while receiving sequen-
tial CHOP. Adverse effects were similar as prior studies with
the addition of more GI side effects when chemotherapy was
added. Three-year follow-up of combination treatment led to
OS 80% (95% CI 59, 91 months), median PFS not reached
(95% CI1 12.3, not reached) [69]. Phase 11l of ECHELON-2 is
ongoing (NCTO01777152). Other similar studies include
NCT03217643, NCT01309789, and NCT03113500.

There are also studies focusing on specific subtypes of
PTCL. Brentuximab vedotin with methotrexate, L-
asparaginase, and dexamethasone (MAD) is being studied in
an effort to treat newly diagnosed extranodal NK/T cell lym-
phoma in a phase I/II study. (NCT03246750). ATLL patients
who were previously untreated or failed a maximum of one
therapy are being studied in a phase II trial of BV-CHEP
(NCT03264131).

Immunotherapy

Data on immunotherapy and its efficacy in PTCL is in
its infancy, but promising data is emerging. Several
PTCL subtypes are associated with the Epstein Bar vi-
rus (EBV) which has been demonstrated to modulate
PD-1 and PD-L1 on the tumor and microenvironment.
EBV is a DNA virus that infects B cells and expresses
latency genes that drive transformation and proliferation.
There are four patterns of gene expression, termed
Latency 0, 1, 2, and 3. Latency 3 is most immunogenic,
but as EBV gets recognized and cleared, infected B
cells downregulate expression of immunogenic proteins
leading to persistence. This same biology leads to tumor
evasion from immune surveillance and potential drug
resistance [73]. These principles of viral latency may
also be applicable to viruses such as HTLV-1 and
others.

In a phase I study of Nivolumab, an anti-programmed-
death-1 antibody, five patients were enrolled with PTCL of

whom two had a response with a PFS of 14 weeks [74].
Pembrolizumab, another anti-programmed-death-1 antibody,
was used for treating seven patients with relapsed/refractory
NK/T cell lymphoma failing L-asparaginase with 100% ORR
after 6-month follow-up, leading to second line approval [75].
This was used off-label but considering EBV as a known on-
cogene of NK/T cell lymphoma, it is a viral antigen that is an
ideal target for immunotherapy. An international phase Ib
study of pembrolizumab with decitabine and pralatrexate is
pending recruitment (NCT03240211).

Durvalumab, a human monoclonal antibody that blocks the
interaction of PD-L1 with PD-1 and CD80, is also being stud-
ied in different combinations with pralarexate, romidepsin,
and 5-azacitadine in an open label phase 1/2a study for pa-
tients with relapsed or refractory PTCL (NCT03161223). In
addition, a phase II study using durvalumab and lenalidomide
in relapsed/refractory NK/T cell lymphoma is ongoing
(NCT03054532).

Conclusion

Peripheral T cell lymphomas are rare diseases but can be
devastating to patients and their families given the high
relapse rate and limited options in the relapsed/refractory
setting. There has been great progress in understanding the
mechanisms leading to lymphomagenesis, albeit these are
heterogeneous diseases with a multitude of oncogenic
drivers making a unified management approach difficult.
While developing tailored therapies for patients, we must
keep the underlying biology in mind as we consider which
combinations will be most successful. PTCL often initially
responds to treatment but these diseases are adaptive, inev-
itably becoming resistant to therapy. Combination therapies
targeting biology driving PTCL are promising for the man-
agement of these patients because of their potential synergy
which could lead to deeper responses, but more work needs
to be done to learn about tumor feedback and resistance
mechanisms. Many combination studies now allow treat-
ment for patients in the upfront setting due to poor overall
results. Hopefully with the growing interest in this disease
subtype, robust improvements in outcomes will be realized
in the near future.
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