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Abstract: Peripheral T-cell lymphomas (PTCLs) represent a heterogeneous group of rare
hematologic malignancies accounting for less than 10% of non-Hodgkin lymphomas. The
2016 classification of World Health Organization recognized 29 different entities of PTCLs.
These subgroups are characterized by different molecular and genetic patterns. For nearly 30
years, little improvement in the treatment of PTCLs has been noticed due to the paucity of
randomized trials and anthracycline-based chemotherapy remains the mainstay of first-line
treatment. In front-line setting, ECHELON-2, the first randomized controlled Phase III
clinical trial, recently met its primary endpoint of PFS demonstrating the superiority of BV
containing regimen when compared to standard CHOP in patients with CD30 positive
PTCLs. The role of therapeutic intensifications such as autologous or allogenic stem cell
transplantations remains controversial in first-line setting and in relapsed/refractory disease
due to the lack of studies clearly addressing this question and the recently published negative
studies. PTCLs are often refractory to first-line chemotherapy and tend to relapse after an
initial response. New agents have been approved for relapsed/refractory disease such as
Histone deacetylase inhibitors, folate analogue metabolic inhibitor or CD30 antibody drug
conjugated. Despite an acceptable response to these agents, progression-free survival remains
very poor. New strategies such as combinations of different agents have been evaluated in
order to improve outcomes. Innovative drugs in the fields of epigenetics, immunomodulation
within the tumor microenvironment, and direct targeting of tumor cells to CD30 and T-cell
receptor abnormalities open new perspectives to improve the treatment of PTCLs.
Keywords: peripheral T-cell lymphomas, brentuximab vedotin, HDAC inhibitors, immune
checkpoint inhibitors, CHOP, stem cell transplantation

Introduction

Peripheral T-cell Lymphomas (PTCLs) represent a relatively rare disease account-
ing for 6-10% of all cases of non-Hodgkin lymphomas (NHLs) in western
countries. The incidence of PTCLs exhibits a geographical dependence, reaching
20-25% of NHLs in some parts in Asia and South America.” PTCLs constitute
a heterogeneous group of hematologic malignancies that differ in clinical behavior
and anatomical location. The World Health Organization (WHO) recognizes at least
29 distinct entities of mature post thymic T-cell NHLs in the updated classification
of hematological and lymphoid neoplasms.® The last classification proposed several
provisional subtypes and introduced the T-follicular helper (TFH) phenotype. TFH
lymphoma and nodal T-cell lymphoma with TFH phenotype are thus separate
subtypes different from PTCLs not otherwise specified (PTCL-NOS). PTCLs

could be anatomically classified as nodal, extranodal, cutaneous and leukemic
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forms (Table 1). The most frequent subtypes are PTCL-not
otherwise specified (NOS) (30% of PTCLs), angioimmu-
noblastic T-cell lymphoma (AILT; 15-30% of PTCLs),
anaplastic large T-cell lymphoma (ALCL; 15% of
PTCLs), extranodal natural killer (NK) cell/T cell lym-
phoma (ENKTCL; 10% of PTCLs), and intestinal T cell
lymphomas (~5-6% of PTCLs, including enteropathy-

Table | Mature T-Cell and NK-Cell Neoplasm Based on the
WHO 2016 Classification

Mature T-Cell and NK-Cell Neoplasms

Nodal
Peripheral T-cell lymphoma, NOS
Angioimmunoblastic T-cell lymphoma
Anaplastic large-cell lymphoma, ALK+
Anaplastic large-cell lymphoma, ALK—
Follicular T-cell lymphoma
Nodal peripheral T-cell lymphoma with TFH phenotype
Systemic EBV+ T-cell lymphoma of childhood

Hydroa vacciniforme-like lymphoproliferative disorder

Extranodal
Monomorphic epitheliotropic intestinal T-cell lymphoma
Indolent T-cell lymphoproliferative disorder of the GI tract
Breast implant-associated anaplastic large-cell lymphoma
Enteropathy-associated T-cell lymphoma
Extranodal NK-/T-cell lymphoma, nasal type
Chronic lymphoproliferative disorder of NK cells

Hepatosplenic T-cell lymphoma

Cutaneous
Sézary syndrome
Mycosis fungoides
Primary cutaneous CD4" small/medium T-cell lymphoproliferative
disorder
Primary cutaneous CD8" aggressive epidermotropic cytotoxic
T-cell lymphoma
Primary cutaneous acral CD8" T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Primary cutaneous CD30+ T-cell lymphoproliferative disorders
® Primary cutaneous anaplastic large cell lymphoma
® Primary cutaneous yd T-cell lymphoma
Lymphomatoid papulosis

Primary cutaneous anaplastic large cell lymphoma

Leukemic form
Aggressive NK-cell leukemia
T-cell large granular lymphocytic leukemia
T-cell prolymphocytic leukemia

Adult T-cell leukemia/lymphoma

Note: Data based on the WHO 2016 classification data from Swerdlow et al.?
Abbreviations: Gl, gastro-intestinal; NK, natural killer; NOS, not otherwise
specified; ALK, anaplastic lymphoma kinase; TFH, T follicular helper; EBV, Epstein
Barr virus.

associated T cell lymphoma (EATL) and monomorphic
epitheliotropic intestinal T cell lymphoma (MEITL).*
Adult T-cell leukemia/lymphoma (ATLL) is most com-
monly diagnosed in countries with a high prevalence of
human T-cell lymphotropic virus type 1 (HTLV-1) infec-
tion, especially in Japan and the Caribbean.” The intrinsic
variability of PTCLs and their scarcity had stymied pro-
gress in the treatment outcome. Despite the recent major
advances in the understanding of PTCLs, including new
laboratory methods for diagnosis and new therapeutic
approaches, the prognosis of the majority of PTCLs
remains poorer than with aggressive B-cell lymphoma,
except for anaplastic lymphoma kinase (ALK)-positive
ALCL. The S5-year overall survival (OS) for ALK+
ALCL, ALK- ALCL, AITL, and PTCL-NOS is 80.2%,
44.7%, 35.4%, and 25.4%, respectivcly.6 This review aims
to discuss the molecular and genetic patterns of PTCLs,
first-line treatment including bone marrow transplantation,
as well as treatment of relapsed/refractory PTCLs and
future therapeutic directions.

Molecular and Genetic Patterns of
PTCLs

As previously mentioned, there are 29 different subtypes
of PTCLs according to the 2016 WHO classification.
PTCL-NOS harbors no specific characteristic immunophe-
notype. However, two subgroups have been identified
using the Gene Expression Profiles (GEPs) with different
gene expression driven by the transcription factors TBX-
21 or GATA-3. The GATA-3 PTCL-NOS subgroup has
significantly poor survival outcomes.”*

Patients with ALK+ ALCL most frequently present t(2;5)
that fuses nucleophosmin gene (NPM) with the ALK gene
leading to an oncogenic tyrosine kinase (NPM-ALK) that
promotes signaling of the JAK/STAT pathway. GEPs showed
hyperactivation of STAT3 in ALCL caused mainly by ALK
rearrangements or activating mutations in the JAK/STAT path-
way. Based on rearrangements revealed by cytogenetics, ALK
negative patients could be classified into three groups:
DUSP22 +, TP63 +, and triple negative group (ALK-,
DUSP22- and TP63-). ALK-negative ALCLs have chromoso-
mal rearrangements of DUSP22 or TP63 in 30% and 8% of the
cases respectively. DUSP22-rearranged cases have favorable
outcomes similarly to ALK+ ALCLs, whereas other genetic
variants have inferior outcomes.’

The molecular profiling of other PTCLs revealed several
mutations of genes involved in DNA methylation such as
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TET2, IDH2 and DNMT3." TET2 mutations have been
described in 47% of patients with AITL, and in 38% of patients
with PTCL-NOS. This high incidence in PTCL-NOS is prob-
ably related to the TFH phenotype being included in this
subgroup in the previous 2008 WHO classification.''
Furthermore, 76% of patients with AITL have TET2
mutations.'” DNMT3A mutations occurred in 33% of patients
with AITL, and are frequently associated with TET2 mutations
(100% of the patients with reference to Odejide et al). IDH2
mutations, initially reported in patients with acute myeloid
leukemia (AML) and Glioblastoma Multiforme, had also
been found in 20 to 45% of patients with AITL, and were
detected in different loci.'”> Moreover, IDH2 mutations co-
occur frequently with TET2 mutations.'® These mutations are
highly reported in patients with AITL (67%), and less fre-
quently in patients with PTCL-NOS (18%). RHOA mutations
do not seem to have an epigenetic influence, despite being
associated with T-cell proliferation and invasiveness.'>'
GEPs revealed multiple mutations in patients with ATLL
such as RHOA, TET2, loss-of-function mutations in TP53,
and overexpression of PD-L1."?

Other interesting mutations in PTCLs are those affecting
T-cell receptor (TCR)-related genes such as PLCG1 (14%),
CD28 (9%, exclusively in AITL), PI3K elements (7%),
CTNNBI (6%), and GTF2I (6%). More importantly, most
variants in TCR-related genes represent gain-of-function muta-
tions that could be addressed by new potential drugs.'®

Activating mutations in TCR pathway genes had also
been reported especially in patients with AITL and PTCL-
NOS leading to lymphomagenesis by activating NF-kB
pathway. The most common mutation leads to PLCGI
and was also described in CTCL."”

First-Line Treatment of PTCLs

Due to the paucity of randomized clinical trials in this setting,
no clear gold standard exists for the treatment of patients with
newly diagnosed PTCLs. Treatment regimens are extrapolated
from those initially developed in aggressive B-cell lymphoma.
CHOP (cyclophosphamide, Adriamycin, vincristine and pre-
dnisolone) or CHOP-like regimens have been widely consid-
ered as the standard of care in patients with newly diagnosed
PTCLs. Controlled studies are rare and the largest studies in
PTCLs are retrospective. Up to one-third of patients with
PTCLs may progress during first-line treatment.'® The adop-
tion of CHOP regimen was initially based on the results of
a large randomized phase IlI clinical trial of patients with high-
grade and/or advanced stage B-cell or T-cell NHLs. This study
compared CHOP with more dose-dense regimens (MACOP-

B, ProMACE-CytaBOM and m-BACOD), and failed to
demonstrate a significant benefit when compared to CHOP."”
Reyes et al found that ACVBP was superior to CHOP in
patients with low-risk localized aggressive lymphoma.*’
More intense chemotherapy regimens such as hyperCVAD
(hyperfractionated cyclophosphamide, vincristine, doxorubi-
cin, and dexamethasone followed by methotrexate and cytar-
abine) and DA-EPOCH (dose-adjusted etoposide, prednisone,
vincristine, cyclophosphamide, doxorubicin, and rituximab)
showed good results in terms of response rate and progression-
free survival (PFS), but at the cost of higher myelosuppression
rates leading to poor treatment adherence and early deaths.*'
Retrospective and non-randomized studies suggested that the
addition of etoposide to CHOP (CHOEP) in young and fit
patients could be associated with a better outcome.****

More recently, the results of the first multicenter, double
blind, randomized, placebo-controlled phase III trial in
PTCLs were reported. The ECHELON-2 compared brentux-
imab vedotin (BV), cyclophosphamide, doxorubicin and pre-
dnisone (BV + CHP) with the standard CHOP regimen in
previously untreated CD30+ PTCLs. The study met its pri-
mary endpoint of PFS, demonstrating the superiority of BV
containing regimen. At a median follow-up of 36 months,
BV + CHP was associated with significantly longer PFS than
CHOP: 48.2 months (95% CI, 35.2-not reached) vs 20.4
months (95% CI, 12.7-47.6), with a hazard ratio 0.71 (95%
CI, 0.54-0.93, p=0.0110). The 3-year PFS rate was 57.1%
(95% CI, 49.9-63.7%) for the BV + CHP arm versus 44.4%
(95% CI, 37.6-50.9%) for the CHOP arm. The two groups
had similar adverse events, including incidence and severity
of febrile neutropenia (41 [18%] patients in the BV + CHP
group and 33 [15%] in the CHOP group) and peripheral
neuropathy (117 [52%] in the BV + CHP group and 124
[55%] in the CHOP group).? In addition, more than 70% of
patients included in the trial had ALCL including ALK+ or
ALK- disease, an entity characterized by high expression of
CD30. Importantly, the inclusion criteria of the ECHELON-2
trial required an expression of at least 10% of CD30 on tumor
cells. Based on the results of this trial, The Food and Drug
Administration (FDA) approved the BV + CHP regimen in
patients with CD30+ PTCLs in November 20182
Nowadays, most experts recognize BV + CHP treatment as
standard of care for patients with any level CD30+ ALCL.
However, the debate concerning the extrapolation of the
results to other histologic subtypes continues since the
ECHELON-2 trial was not powered enough to answer this
question by performing histology-based subgroup analysis.
In fact, the European Medicines Agency (EMA) restricted
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the approval of BV + CHP to the patients with CD30+
systemic ALCL only.

Histone deacetylase inhibitor (HDACi) romidepsin can
be combined with CHOP in the first-line setting.?’ It has
been investigated in a phase III randomized double-blind
trial in comparison with standard CHOP. The addition of
romidepsin to CHOP did not improve PFS, the primary
endpoint of the study. In addition, response rates and OS
were similar with the combination.”® Other combinations
are ongoing in for previously untreated PCTLs patients,
and are summarized in Table 2.

Autologous Stem Cell
Transplantation in Upfront Setting

The role of autologous stem cell transplantation (ASCT) in
patients with PTCLs is controversial due to limited data, het-
erogeneous populations in the current studies, and the lack of
randomized trials clearly evaluating ASCT procedure. ASCT
has been investigated to prevent the high relapse rate in

chemosensitive patients.”” The largest prospective studies
based on cohort or registry were conducted by the Nordic
Lymphoma Group, the German Group, Lysa French group,
and United States of America group. The Nordic Lymphoma
Group trial enrolled 160 patients with a confirmed diagnosis of
PTCLs excluding those with ALK+ ALCL. Patients received 6
cycles of biweekly CHOEP-14 except for those aged 60 years
and older who received CHOP-14. One hundred fifteen
patients underwent ASCT. At a median follow-up of 60.5
months, OS rate was 51% and PFS rate was 44%. Patients
with ALK~ ALCL had the highest OS and PFS (70% and 61%,
respectively) compared with other histological subtypes
(PTCL-NOS, AITL and EATL). The differences between the
four groups were not statistically significant.>* In the German
study, the second largest prospective trial reported by Reimer
et al, 83 patients with newly diagnosed PTCLs were enrolled.
Patients received 4 to 6 cycles of CHOP followed by mobiliza-
tion, and those who were in CR or PR underwent myeloabla-
tive chemo-radiotherapy (fractionated total-body irradiation

Table 2 Novel Combinations Under Investigation in Previously Untreated PTCLs

Agent(s) ClinicalTrials. | Phase | N Treatment Primary
gov Endpoint(s)
Decitabine + NCT03553537 | 1l 100 | Experimental arm: decitabine |0mg/m? on day | to 5 + CHOP PFS
CHORP vs on day 6 every 4 weeks for 6 cycles
CHOP Control arm: CHOP Q3 weeks for 6 cycles
CDORP vs NCT03952572 | Il 244 | Experimental arm: pegylated liposomal doxorubicin + CR and PR rates
CHOP cyclophosphamide + vincristine + prednisone Q3 weeks for 6 cycles
Control arm: CHOP Q3 weeks for 6 cycles
Romidepsin + NCT02223208 | I/l 110 | Phase I: romidepsin dose escalation on days | and 8 + CHOEP 21 DLT
CHOEP + Phase Il: Romidepsin on days | and 8 + CHOEP 21 PFS
HSCT In phase | and Il 3 cycles and if CR or PR 3 additional cycles followed
by HSCT
CR followed by ASCT
PR followed by allogenic SCT
CC-486 (oral NCT03542266 | Il 20 CC-486 300mg PO daily day —6 to 0 of cycle | and day 8 to 21 CR rate
5-Azacitidine) + during cycles | to 5
CHOP CHOP Q3 weeks for 6 cycles
Romidepsin + NCT02232516 | Il 35 Romidepsin on days |, 8 and 15 and lenalidomide daily on days | to | Efficacy of the
lenalidomide 21 on a 28-day cycle for up to | year in the absence of PD or combination
unacceptable toxicity
Nivolumab + NCT03586999 | II 18 Nivolumab IV + DA-EPOCH Q3 weeks for 6 cycles Incidence of TEAE
standard DA- Efficacy (ORR, CR
EPOCH rate, PR rate, SD
rate, PD rate)

Abbreviations: PFS, progression-free survival; CR, complete response; PR, partial response; DLT, dose-limiting toxicity; TEAE, treatment-emergent adverse events; ORR,
objective response rate; SD, stable disease; PD, progressive disease; HSCT, hematological stem cell transplantation; ASCT, autologous stem cell transplantation; SCT, stem

cell transplantation; PO, per os; IV, intravenously.
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and high-dose cyclophosphamide) and ASCT. Fifty-five
(66%) of the 83 patients received transplantation. The main
reason for not receiving ASCT was progressive disease. At
amedian follow-up of 33 months, the estimated 3-year OS was
48% for the intention-to treat population. Failure to achieve CR
was associated with markedly inferior results.®' More recently,
the role of up-front ASCT in PTCLs for responders after
induction was reported by the French LYSA study. Two hun-
dred sixty-nine patients were analyzed; they had mostly PTCL-
NOS, AITL, or ALK+ ALCL with partial (N = 52, 19%) or
complete response (N = 217, 81%) after induction. One hun-
dred and thirty-four patients were allocated to ASCT in ITT,
and 135 were not. The median PFS was 3.7 years, and the
median OS was 8.4 years for the entire cohort. No OS differ-
ence was observed according to histological subtype. The
authors failed to depict a survival advantage in favor of
ASCT as a consolidation procedure for patients who responded
after induction. Subgroup analyses did not reveal any further
difference for patients with respect to response status, stage
disease, or risk category.”’ Moreover, a large multi-center
prospective study was reported from the COMPLETE registry
(Comprehensive Oncology Measures for Peripheral T-cell
Lymphoma Treatment). This cohort compared the survival out-
comes in patients with nodal PTCLs who received or not
consolidative ASCT in the upfront setting. The authors did
not find any statistical difference in terms of survival between
the ASCT and non-ASCT groups. They also suggested that
subgroups of patients with nodal PTCLs, especially those with
AITL and/or high-risk features (advanced-stage disease or
intermediate-to-high IPI scores), might benefit from consoli-
dative ASCT in terms of initial complete response.>”
Collectively, these results did not sufficiently support
the use of ASCT for up-front consolidation in patients
with PTCLs in complete or partial response after induction
therapy. The role of consolidative ASCT after first remis-
sion needs to be defined in prospective randomized trials.

Autologous Stem Caell
Transplantation in Relapsed PTCL

Setting

Evidence for ASCT in the relapsed/refractory (R/R) setting
is scarce and comes from registry data and retrospective
studies. The results suggest that the outcomes could be
improved with the use of consolidation HSCT, with the
most benefiting group being the ALCL subtype, reaching
a 3-years OS of 50% and a PFS of 65%.% Data from the
CIBMTR registry revealed no significant difference in

survival between ASCT and allogenic stem cell transplan-
tation (SCT), although a 34% TRM was reported with
allogenic SCT by contrast to only 6% with ASCT.** All
these results show that SCT could be considered for eligi-
ble patients in the salvage setting and in chemotherapy-
sensitive patients who have never had it before.

Allogenic Stem Cell Transplantation
The role of allogenic SCT has been investigated recently
by a randomized Phase 3 trial comparing ASCT and allo-
genic SCT as part of first-line therapy in poor-risk PTCL
patients.>> Patients received conventional chemotherapy
with 4 cycles of CHOEP and 1 cycle of DHAP followed
by intensification. Patients were randomized to receive
BEAM followed by ASCT or myeloablative conditioning
(fludarabine, busulfan, cyclophosphamide) followed by
allogenic SCT from a matched related or unrelated
donor. One hundred and three patients were enrolled
(ASCT: 54, allogenic SCT: 49), of whom 36 35%) could
not proceed to transplantation mostly due to early disease
progression. The 3-year event-free survival (EFS) and OS
did not significantly differ between allogenic SCT and
ASCT (EFS: 43% vs 38%, p=0.58, and 57% vs 70%,
p=0.41 respectively). However, the treatment-related mor-
tality (TRM) after allogenic SCT was 31%, with no
reported deaths after ASCT. In younger patients with
T-cell lymphoma, standard chemotherapy consolidated by
either autologous or allogeneic transplantation result in
comparable survival, thus eliminating a role for allogenic
stem cell transplantation in the first-line setting.>® These
results are in line with the retrospective analysis of the MD
Anderson Cancer Center for patients with PTCLs that
failed to show any difference in outcomes between
ASCT and allogenic SCT. In addition, a CR prior to SCT
initiation was associated with improved outcomes.*®

In a prospective Phase II trial, Corradini et al evaluated
the graft-versus-lymphoma effect of reduced-intensity con-
ditioning (RIC) (thiotepa, cyclophosphamide and fludara-
bine) followed by allogenic SCT in relapsed PTCLs.
Seventeen patients were enrolled, of whom two had
chemo-refractory disease and 15 had relapsed disease.
Eight patients (47%) had disease relapse after ASCT.
Salvage therapy consisted of 4 to 6 cycles of DHAP
followed by RIC and allogenic SCT. At a median follow-
up of 28 months, the estimated 3-year OS and PFS rates
were 81% and 64% respectively, and the transplantation-
related mortality rate was 12%. Donor lymphocyte infu-
sions induced a response in two patients progressing after
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Table 3 Approved Agents for the Treatment of PTCLs

Agent Target Phase N ORR (%) | Median Median Median AEs Grade >3
CR (%) DOR PFS os
(Months) | (Months) | (Months)
Pralatrexate®” Antifolate Il (PROPEL) | 111 | 29 10.1 35 14.5 Thrombocytopenia (32%),
I mucositis (22%), neutropenia
(22%), anemia (18%)
Romidepsin*? HDAC-1 Il 130 | 25 4 1.3 Thrombocytopenia (24%),
inhibitor 15 neutropenia (20%), infections
(19%)
Belinostat** Pan-HDAC | Il (BELIEF) 129 | 25.8 13.6 1.6 79 Anemia (10.8%),
inhibitor 10.8 thrombocytopenia (7%),
neutropenia (6.2%), dyspnea
(6.2%)
Brentuximab CD30 Il 58 | 86 12.6 133 Not Neutropenia (21%),
vedotin*® ALCL antibody 57 reached thrombocytopenia (14%),
peripheral sensory neuropathy
(12%)
Chidamide* HDACI/ Il (Chinese) | 79 28 2.1 21.4 Thrombocytopenia (22%),
2 inhibitor 14 leucopenia (13%), neutropenia
(11%)
Mogamulizumab*” | Anti-CCR4 | Il (Japanese) | 37 35 Not 3.0 Not Lymphocytopenia (73%),
Antibody 14 reported reached neutropenia (19%),
leukocytopenia (14%)

Abbreviations: ORR, objective response rate; CR, complete response; DOR, duration of response; PFS, progression-free survival; OS, overall survival; AE, adverse events;

HDAC, histone deacetylase; CCR4, chemokine receptor 4.

transplantation, suggesting the existence of a graft-versus-
lymphoma effect.’”

Zain et al retrospectively reported the results of a case
series of patients with R/R PTCLs, undergoing related or
unrelated donors’ allogenic SCT between 2000 and 2007.
Thirty-seven pretreated patients were enrolled, 68% (25
patients) of whom had either relapsed or progressive dis-
ease. All patients were ineligible for ASCT. Thirteen
patients received fully ablative conditioning regimens,
while 24 patients underwent reduced-intensity condition-
ing. The 5-year OS and PFS were 52.2% and 46.5%,
respectively. At the time of analysis, nine (24.3%) patients
had either relapsed (n = 6) or progressed (n = 3) post
allogenic SCT. At 5 years, the cumulative incidences of
non-relapse and relapse/progression mortality were 28.9%
and 24.3%, respectively. There were no statistically sig-
nificant predictors for survival or relapse by univariate
Cox regression analysis of disease and patient character-
istics; differences between CTCL and other histologies
were not significant. The relapse/progression curves

reached and maintained a plateau after 1 year post-

transplant, demonstrating that long-term disease control
is possible after allogenic SCT in patients with PTCLs
with advanced disease.”® Collectively, these results indi-
cate that allogenic SCT remains an option in patients with
R/R PTCLs.

Treatment of Relapsed/Refractory
PTCLs
Approved Treatment for PTCLs

In relapsing patients, the subsequent treatment is not clearly
defined. Conventional chemotherapy and/or autologous or
allogenic SCT may result in disease control in a small number
of patients. New drug development is the most promising way
to improve survival for patients with R/R disease. Over the past
decade, the FDA approved 4 new agents for the treatment of R/
R PTCLs: pralatrexate, romidepsin, belinostat, and brentuxi-
mab vedotin. Two other drugs are approved in China and
Japan. These molecules showed a single-agent activity based
on the results of published phase II trials summarized in Table
3. However, the EMA did not recognize pralatrexate, romidep-
sin, and belinostat for the treatment of patients with PTCLs. In
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fact, these agents were associated with a good response rate,
yet the PFS remains largely unchanged in this high risk group
of patients.

Folate Analogue Metabolic Inhibitor

Pralatrexate, a novel folate analogue metabolic inhibitor
with high affinity for reduced folate carrier type 1 (RFC-
1), was the first drug approved for the treatment of
relapsed and/or refractory PTCLs in September 2009
based on the results of the PROPEL study (Pralatrexate
in Patients with Relapsed or Refractory Peripheral T-Cell
Lymphoma). Pralatrexate was given intravenously weekly
at a dosage of 30mg/m> for 6 weeks in a 7-week cycle.
The ORR was 29%.%° Maruyama et al reported the results
of a Japanese phase I/II trial evaluating pralatrexate in 20
patients with R/R PTCLs. The ORR was 45%, including
two CR; median PFS was 150 days. The median duration
of response (DOR) and OS were not reached, and the
safety profile was comparable to the PROPEL study.*
More recently, Hong et al published the outcomes of
a single-arm multicenter study of 71 patients with R/R
PTCLs after a median of two previous treatment lines.
The ORR was 52% with a median DOR of 8.7 months,
median PFS of 4.8 months, and median OS of 18.0
months.*! This suggests that earlier treatment with prala-
trexate may be associated with better clinical outcome.

HDAC Inhibitors
Romidepsin is a bicyclic class 1 selective HDAC inhibitor.
It has been isolated form Chromobacterium violaceum. In
June 2011, the FDA approved romidepsin for the treatment
of patients with R/R PTCLs who have progressed after at
least one systemic therapy regimen. In a phase II trial
conducted by the National Cancer Institute, the ORR
with romidepsin in patients with R/R PTCLs was 38%,
and the median DOR was 8.9 months.** The pivotal regis-
tration-directed phase II trial enrolled 130 patients who
were treated with romidepsin 14mg/m? intravenously on
days 1, 8 and 15 every 28-day cycle. Coiffier et al reported
an ORR of 25% including 15% CR/CRu (unconfirmed
CR) with a median PFS of 4 months and median DOR
of 28 months among responders, leading to an accelerated
FDA approval. ¥

Belinostat, a hydroxamic acid-derived pan-class I and
II HDAC inhibitor, has also been approved by the FDA in
July 2014 for the treatment of patients with R/R PTCLs
who failed at least one previous treatment line. This was
based on the results of the pivotal phase II BELIEF trial,

a multicenter open label trial of belinostat in patients with
relapsed or refractory T-cell lymphoma. A total of 129
patients were enrolled and received 1000mg/m? of belino-
stat on days 1-5 in 21-day cycles. The median number of
previous treatment lines was 2, and the authors reported an
ORR of 25.8% including 10.8% CRs. Patients with PTCL-
NOS achieved an ORR of 23%, those with AITL had an
ORR of 46%, and patients with ALK- ALCL had an ORR
of 15%. The median DOR, PFS and OS were 13.6 months,
1.6 months, and 7.9 months, respectively.**

Chidamide is an oral class I/Il HDAC inhibitor that has
been studied in a pivotal Chinese phase II trial in patients
with R/R PTCLs (mainly PTCL-NOS, ALCL, ENKTL,
and AITL). Eighty-three patients had been enrolled and
received chidamide 30 mg orally twice per week. The
ORR was 28% including 14% of CR/CRu. The median
PFS was 2.1 months and the median OS was 21.4
months.** Based on these results, chidamide was approved
only in China for the treatment of patients with R/R
PTCLs.

CD30 Antibody Drug Conjugated

Brentuximab vedotin is the fourth drug approved by the
FDA for the treatment of patients with R/R ALCL in
August 2011, and extended for primary CTCL and CD30-
expressing Mycosis Fungoides in November 2017. In
a pivotal phase II trial, BV was evaluated for patients
with R/R systemic ALCL. It was administered intrave-
nously as single-agent at a dose of 1.8mg/kg every 3
weeks for up to 16 cycles. Fifty-eight patients were
enrolled; the ORR was 86% with 57% of CR, and the
median PFS was 13.6 months. Among patients who
achieved CR, 5-year OS was 79% and 5-year PFS was
57%.* These data led to approval of BV in the USA,
European Union, and Japan for patients with SALCL.
Many ongoing trials are evaluating the combination of
BV with other drugs in both relapsed and upfront settings.

Chemokine Receptor 4 (CCR4) Monoclonal
Antibody

Mogamulizumab is a defucosylated humanized IgGl
monoclonal antibody that targets CC chemokine receptor
4 (CCR4) which is mainly expressed in ALK- ALCL,
PTCL-NOS, AITL, and transformed mycosis fungoides.
It was approved in Japan for patients with R/R CCR4+
ATLL and cutaneous T-cell lymphoma based on the results
of a multicenter phase II trial evaluating mogamulizumab
for the treatment of patients with relapsed ATLL. The
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study enrolled 28 patients who received intravenous infu-
sions of mogamulizumab once per week for 8§ weeks at
a dose of 1.0 mg/kg. The ORR was 50% including 30% of
CR. Median PFS and OS were 5.2 months and 13.7
months, respectively.*” Furthermore, mogamulizumab
was approved in the USA for the treatment of R/R mycosis
fungoides and Sezary syndrome.

Agents Investigated in R/R PTCLs

ALK Inhibitors

Crizotinib, an oral ALK-ROSI1-MET inhibitor, was asso-
ciated with an ORR of 90% in a pediatric study of 26
patients having R/R ALK+ ALCL with a good safety
profile. Among the 23 patients who achieved a response,
39% maintained their response for at least 6 months, and
22% maintained their response for at least 12 months.*®
Crizotinib was approved by the FDA for the treatment of
patients with R/R ALK+ ALCL in children and young
adults in January 2021.

PI3 Kinase and mTOR/AKT Inhibitors

Duvelisib, an oral PI3K-delta-gamma inhibitor was asso-
ciated with an ORR of 50% in PTCL, and 31.6% in CTCL
with 3 complete responses in a phase II trial when used as
monotherapy for patients with R/R PTCLs.*’ Everolimus,
an oral mammalian target of rapamycin (mTOR) pathway
inhibitor, given at 10 mg daily continuously resulted in an
ORR of 44% in a phase II trial of 16 patients with R/R
PTCL. The median PFS was 4.1 months and the median
OS was 10.2 months. Six patients (38%) required a dose
reduction to 5Smg daily.>

Hypomethylating Agents

Hypomethylating agents (HMAs), initially approved
for the treatment of AML and myelodysplastic syn-
drome, have been studied in R/R PTCLs. HMAs are
the pharmacologic counterbalance of epigenetics mod-
ified tumor by IDH2, TET2 and DNMT3A mutations.'?
5-Azacitidine used as monotherapy at a dose of 75 mg/
m? subcutaneously for 7 consecutive days every 28-
days cycle in patients with AITL was associated with
an ORR of 75% (9/12) and CR rate of 50% (6/12).
Patients presented durable responses with a median
PFS and OS of 15 and 21 months, respectively.”' An
ongoing phase III trial is comparing oral 5-Azacitidine
with investigator’s choice therapy (romidepsin, bend-
amustine or gemcitabine) in patients with R/R AITL
(NCTO03593018).

Immunomodulatory Agent

Lenalidomide, an immunomodulatory agent targeting cer-
eblon and aiolos/ikaros transcription factors and approved
in B-cell NHL and multiple myeloma, has shown modest
activity when used as monotherapy in the EXPECT phase
I trial with an ORR of 22%.%? In patients with R/R ATLL,
lenalidomide demonstrated clinically meaningful antitu-
mor activity with an ORR of 42% including 4 CR and 1

unconfirmed CR in a multicenter phase II trial.>

Immune Checkpoint Inhibitors
Programmed death-ligand 1 (PD-L1) was mainly detected in
AITL (>90%) and PTCL-NOS (30-60%), and rarely in other
subtypes.>* In NKTCL, PD-L1 expression ranged between 56
and 93% in different studies, while PD-1 level was consis-
tently low.> In addition, Kataoka et al demonstrated that PD-
L1 amplifications represent a strong genetic predictor of worse
outcomes in patients with both aggressive and indolent
ATLL.® The efficacy of nivolumab, a PD-1 inhibitor, was
evaluated in a Phase I, open-label, dose-escalation, cohort
expansion trial for the treatment of patients with R/R TCL.
Twenty-three patients were enrolled. The ORR among these
patients was 17%.%” In a retrospective case series, pembroli-
zumab, another PD-1 inhibitor, showed high efficacy (100%)
in 7 patients with R/R NK/T cell lymphoma that relapsed after
treatment with L-asparaginase. Complete response was
observed in 5 patients (71%), and this was sustained after
a median follow-up of 6 months.”® In a multicenter single-
arm phase II trial, pembrolizumab given at a dosage of 200mg
intravenously every three weeks, was evaluated for patients
with R/R PTCLs. Of 18 enrolled patients, 13 were evaluable
for the primary endpoint. The ORR was 33%, with 4 patients
showing a CR. The median PFS was 3.2 months and the
median OS was 10.6 months. The median duration of response
was 2.9 months. Two of the 4 patients who presented CR
remained in remission for at least 15 months. The trial was
halted early after a preplanned interim futility analysis.”® PD-1
inhibitors had modest activity when used as monotherapy and
these drugs could be more active when combined with another
agent such as HDAC inhibitors, HMAs, or antifolates. Table 4
summarizes the major clinical trials evaluating novel combi-
nations of immunotherapy in R/R PTCLs.

Selected Interesting Combinations in R/R
PTCLs

A new strategy was adopted for the treatment of patients
with R/R PTCLs based on the combination of approved
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Table 4 Novel Combinations of Immunotherapy Under Investigation in R/R PTCLs

pralatrexate

Agent(s) ClinicalTrials. | Phase | N Treatment Primary

gov Endpoint(s)

Pembrolizumab + romidepsin NCTO03278782 | I/ll 39 Romidepsin IV on days | and 8 and pembrolizumab IV | DLT (phase I)
on day |. Cycles repeat every 21 days for up to 36 ORR (phase II)
cycles in the absence of disease progression or
unacceptable toxicity.

Pembrolizumab + pralatrexate | NCT03598998 | /Il 40 Pralatrexate IV on days | and 8, pembrolizumab IV MTD (phase I)
on day |. Courses repeat every 2| days for up to 24 | ORR (phase II)
months in the absence of disease progression or
unacceptable toxicity.

Durvalumab * lenalidomide NCTO03011814 | I/l 62 | Arm I: durvalumab IV on day | repeated every 28 CTCL specific
(£ 3) days for up to 13 courses in the absence of response assessed
disease progression or unacceptable toxicity. by Lugano
Arm II: durvalumab IV on day | and lenalidomide PO | Classification
QD on days [-21. Treatment repeated every 28 (+ 3) | Dose limiting
days for up to |3 courses in the absence of disease toxicity assessed by
progression or unacceptable toxicity. CTCAE version

4.03

Duration of
complete response
EFS

Incidence of AEs
ORR

oS

PFS

DOR

Time to response

Durvalumab + pralatrexate, NCTO03161223 | I/ll 148 | Arm A: 7-day lead-in phase of 5-azacitidine. MTD

romidepsin and oral 5-azacitidine PO from day | to day 14, durvalumab IV

5-Azacitidine on day 8 and romidepsin IV on days 8 and |15 of a 28-
day treatment cycle
Arm B: Durvalumab IV on day |, pralatrexate IV on
days | and |5, and romidepsin IV on days | and 15 on
a 28-day cycle
Arm C: Durvalumab IV on day | and romidepsin IV on
days |, 8, and |5 of a 28-day cycle
Arm D: 7-day lead-in phase of 5-azacitidine.
5-azacitidine PO from day | to day 14 and durvalumab
IV on day 8 of a 28-day cycle

Pembrolizumab + decitabine + | NCT03240211 | Ib 42 | Arm A: pembrolizumab 200 mg IV day | with Estimated MTD

pralatrexate 30 mg/m2 IV day I, 8, and 15

Arm B: pembrolizumab 200 mg IV day 8 with
pralatrexate 20 mg/m2 IV day I, 8, and |5 and
decitabine 10 mg/m2 from day | to 5

Arm C: pembrolizumab 200 mg IV and decitabine
20 mg/m2 from day | to 5

Recommended

phase Il dose

Abbreviations: DLT, dose limiting toxicity; ORR, objective response rate; MTD, maximum tolerated dose; EFS, event-free survival; CR, complete response; DOR, duration
of response; PFS, progression-free survival; OS, overall survival; AE, adverse events; IV, intravenously; PO, per os.
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Table 5 Experimental Combinations of Approved Agents in R/R PTCLs

Agent Trial | N of ORR (%) | Median PFS os Grade >3 AEs
PTCLs | CR (%) DOR (Months) (Months)
(Months) | 95% CI 95% CI
Romidepsin + pralatrexate®' I 14 71 4.29 4.4 (1.2-NR) | 12.4 (8.1-NR) | Anemia (29%), Thrombocytopenia
40 (28%), Febrile neutropenia (14%),
Mucositis oral (14%), Sepsis (7%)
Romidepsin + oral | 11 73 Not Not Not reported | Neutropenia (42%), lymphopenia
Azacitidine®® 55 reached reached (42%), thrombocytopenia (27%),
hypotension (12%), hyponatremia
(8%)
Romidepsin + duvelisib®* I 35 51 9.1 8.8 (NA) Not reported | Neutropenia (18%), increased ALT/
17 AST (15%), hyponatremia (12%)
Duvelisib + bortezomib®* I 28 32 9.3 3.5 (NA) Not reported | Neutropenia (18%), | pt with
I grade 5 Stevens-Johnson
syndrome
Romidepsin + lenalidomide” | I/l 21 53 Not 15.3 weeks Not reached | Neutropenia (48%),
(NCT02232516) 10.5 reported thrombocytopenia (38%), anemia
(33%)
Romidepsin + carfilzomib + I 17 50 9.6 weeks | 9.7 weeks Not reported | Neutropenia and
lenalidomide”® 31 thrombocytopenia in more than
10% of pts
Bortezomib + panobinostat®® | Il 25 43 5.6 2.6 9.9 Thrombocytopenia (68%),
22 neutropenia (40%), diarrhea (20%),
asthenia (8%)

Abbreviations: ORR, objective response rate; CR, complete response; DOR, duration of response; PFS, progression-free survival; OS, overall survival; AE, adverse events.

and non-approved medications in the field. Available data
concerning these combinations are summarized in Table 5.
However, most of these data are reported from small
single-center studies without central pathology review.

Romidepsin Plus Pralatrexate

Romidepsin is an HDAC inhibitor approved for R/R
PTCLs. In preclinical models of PTCLs, romidepsin and
pralatrexate showed a potent synergy in in-vitro and in-
vivo models at dose levels of 50% of the maximal toler-
ated dose (MTD).®® Amengual et al reported the results of
the first Phase I trial evaluating the combination of these
two drugs to determine the MTD, pharmacokinetic profile,
and response rate. Pralatrexate 25mg/m2 and romidepsin
12 mg/m2 administered concurrently every other week
were recommended for the Phase 2 trial. In this phase
I study, the ORR for all patients was 57% (13/23), whereas
the response rate in patients with PTCLs was 71% (10/14),
and 33% (3/9) in patients with B-cell lymphoma.®' The
phase II trial is still ongoing (NCT01947140).

Romidepsin Plus 5-Azacitidine

The combination of HDACi and HMAs could be a novel
approach for the treatment of PTCLs, targeting the epige-
netic dysregulation of the disease. Marchi et al demon-
strated a marked synergy between HDACi and HMAs in
preclinical models of PTCLs.®* The encouraging results of
a multicenter phase I trial evaluating the combination of
romidepsin and oral 5-Azacitidine in R/R PTCLs were
recently reported. The ORR for all patients was 32%, for
non-TCL was 10%, and 73% for patients with T-cell
lymphoma. The CR rates were 23%, 5% and 55%, respec-
tively. The MTD retained for phase 2
5-Azacitidine 300mg on days 1 to 14 and romidepsin
14mg/m2 on days 8, 15 and 22 of a 35-day cycle.®® The
phase II trial is still ongoing (NCT01998035).

trial was

Romidepsin and Duvelisib

A novel interesting combination in the treatment of R/R
PTCLs is the association of HDACi and duvelisib. The
results of the phase I/II trial evaluating the association of
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duvelisib and romidepsin were reported in an abstract form
by Horwitz et al The MTD of duvelisib was 75mg BID on
days 1 to 28, given with romidepsin 10mg/m? on days 1, 8
and 15 of a 28-day cycle. The ORR was 55%, and CR
occurred in 27% of the patients. Grade 3 or higher adverse
events were seen in 65% of patients.** These results sug-
gest that romidepsin + duvelisib could be a potential ther-
apeutic strategy to be evaluated in larger studies.

Panobinostat and Bortezomib

Another experimental combination was the association of
HDAC: and proteasome inhibitors based on the activity and
the efficacy of these two classes in PTCLs. Tan et al reported
the results of a phase II trial evaluating the combination of
panobinostat and bortezomib. Patients received 20 mg oral
panobinostat three times a week and 1-3 mg/m(2) intrave-
nous bortezomib two times a week, both for 2 of 3 weeks for
up to eight cycles. The ORR was 43% (10 of 23 patients), and
the CR rate was 22% (5 of 23 patients). However, the PFS
was very limited, which can be attributed to the short
response time in highly aggressive disease.®®

Future Directions with Selected
Innovative Chemo-Free Drugs for

PCTLs

(a) New epigenetic drugs. As described above, PTCLs are
characterized by the frequency of alterations in histone
methylation and acetylation genes. New drugs that
target the epigenome, proliferative signaling pathways,
and the tumor microenvironment are in clinical devel-

EZH2,

N-methyltransferase enzyme, is a therapeutic target.

DS-3201b, an EZH1/2 inhibitor, has shown in vitro

activity against lymphoma cell lines.*® An ongoing

opment. encoding for histone-lysine

international multicenter phase I trial is evaluating
DS-3201b in patients with lymphomas including
PTCLs (NCT02732275). Preliminary results pub-
lished as abstract and presented at ASH 2017 showed
an encouraging ORR of 80% in patients with R/R
TCLs. However, this study suffered from an extremely
low patient number (1CR and 3 PR of 5 patients).®’
AG-221, an IDH2 inhibitor approved in patients with
AML, has been studied in patients with advanced solid
tumors harboring IDH2 mutation including R/R AITL.
The results of this phase I/II trial have not been pub-
lished yet, more than 3 years after study completion
(NCT02273739).

(b)

(c)

(d)

(e)

JAK inhibitors. A phase II trial is evaluating the effi-
cacy of ruxolitinib, a JAK1/2 inhibitor in R/R lympho-
mas including PTCLs (NCT01431209). Preliminary
results showed that ruxolitinib can produce response
in patients with R/R PTCL.®® Cerdulatinib, an oral
inhibitor of the spleen-associated tyrosine kinase
(SYK), JAK1, and JAK3, has also shown interesting
activity in PTCL. In a phase II study involving 45
patients with PTCL and 25 with cutaneous T cell lym-
phoma, the ORR was 35%.% These early studies
demonstrate that targeting the JAK/STAT pathway
can be clinically beneficial for those patients.
Apoptotic inhibitors. Apoptosis or programmed cell
death is often altered in cancer cells, and can be pre-
vented by overexpression of anti-apoptotic proteins,
such as BCL2, MCL1, XIAP, and cIAP.” These anti-
apoptotic proteins are key regulators of pro-survival
signaling pathways, and their deregulation through
overexpression or loss of endogenous antagonists
occurs in various cancer types such as T-cell
lymphoma.” Venetoclax, a BCL-2 inhibitor that has
been approved for the treatment of chronic lymphocy-
tic leukemia and AML, is now being investigated in
FIL VERT study. It is an open-label, multicenter phase
II clinical trial enrolling patients with BCL-2-positive
TCL including PTCL-NOS and  AITL
(NCTO03552692). ASTX660 is an oral novel non-
peptidomimetic small-molecule antagonist of cellular/
X-linked inhibitors of apoptosis proteins (cIAP1/2 and
XIAP). It is currently being evaluated in a first-in-
human Phase 1-2 study in patients with lymphoma
(NCT02503423).

Anti-CD38 monoclonal antibodies. ENKTL is
characterized by the high expression of CD38."!
Daratumumab, a monoclonal anti-CD38 antibody
approved for the treatment of multiple myeloma,
showed an ORR of 25% when used as monother-
apy in patients with R/R ENKTL in a phase II
trial.”?> A multicenter phase II trial will evaluate
the association of daratumumab with gemcitabine,
dexamethasone, and cisplatin in patients with R/R
CD38+ PTCL-NOS, AITL, and other nodal lym-
phomas of Tth cell origin (NCT04251065).
Bi-specific CD30 based immunotherapy. T cells and
NK cells are immunologic effector cells with the poten-
tial to fight cancer via tumor cell lysis. Bispecific anti-
bodies targeting CD30 positive tumor cells were
investigated in phase 1 clinical studies in the context
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of Hodgkin lymphoma: an anti-CD30xCD16 and an
anti-CD30xCD64 antibody.”>”* AFMI13 is a first-in-
class tetravalent bispecific antibody that specifically
binds to CD30 on tumor cells and to CD16a on NK
cells. It is now entering a registration directed phase II
(REDIRECT) trial in patients R/R CD30+ T-cell lym-
phoma or transformed fungoides
(NCT04101331).

(f) Immune checkpoint inhibitors (other than anti-

mycosis

PD1). Another approach to treat patients with
PTCLs is targeting tumor microenvironment using
ICI. Among the checkpoints other than PD-1, ICOS
is widely expressed in some T-cell lymphoma, and
its targeting promotes potent tumor cell killing.”
MEDI-570 is a monoclonal antibody that targets
ICOS, a member of the CD28/CTLA-4 family. An
ongoing phase I trial is evaluating MEDI-570 for
the treatment of patients R/R PTCL follicular var-
iant and AITL (NCT02520791).

(g) Cell therapy for T-cell lymphoma. Chimeric antigen
receptor T (CAR-T) cell based therapy is another inno-
vative technique which is being investigated in patients
with R/R PTCLs. In an open-label phase I trial, CD30-
targeting CAR-T cell was associated with an ORR of
39% (7/18 patients with partial response) in patients
with R/R Hodgkin Lymphoma (HL).”® Ramos et al
reported the results of another phase I trial evaluating
CD30-specific CAR-T cell in 9 patients with R/R HL (7
patients) or ALCL (2 patients). One patient with ALK+
ALCL presented CR lasting for 9 months; the other
patient with cutaneous ALK- ALCL showed no

response to CAR-T cell.”’

A single-center, open-label
phase I trial is now evaluating CD30-specific CAR-T
cell therapy in patients with R/R PTCLs and HL
(NCT04008394). Furthermore, a phase II trial is now
studying another CD30-specific CAR-T cell in patients
with R/R CD30+ PTCLs (NCT04083495). Several
other CAR-T cells are being evaluated in clinical trials
targeting CD7, CD5 or CD4. The most encouraging
approach is targeting TCR in order to eradicate malig-
nant T cell clones. The efficacy and specificity of CAR-
T cells that target TCR PB-chain constant domain
(TRBC1) in vivo and in vitro have been reported by
Maciocia et al.”*

Conclusion
The management of patients with PTCLs remains challen-
ging, with slow progress being made in the field, and only

few drugs are currently approved. This is mainly due to the
rarity of the disease and its aggressiveness, much compli-
cating trial recruitment. Furthermore, given the various
biological and molecular patterns, and the increasingly pre-
cise dissection of the molecular and immunological
abnormalities of the disease, international collaboration
seems crucial, and pan T-cell lymphomas trials are more
and more regarded as a failed strategy. Innovative drugs
targeting epigenetic mechanisms, immune checkpoint mod-
ulations, CD30 and TCR abnormalities with cellular thera-
pies portend much hope to improve the outcomes of these
patients in the upcoming years.
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