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Abstract

Peripheral T-cell ymphomas (PTCLs) are a heterogeneous group of
rare and aggressive non-Hodgkin’s lymphomas. Clinical staging,
prognostic scoring, and initial treatment strategies have historically
been based on paradigms developed in B-cell ymphomas. Despite
primary treatment protocols that are typically anthracycline-based
and frequently involve consolidative autologous stem cell
transplantation in first remission, many patients develop disease
progression. There remains a high unmet medical need for improved
treatment strategies in the relapsed or refractory setting. Salvage
chemotherapy and stem cell transplantation in those who are suitable
has traditionally been the accepted approach, but this remains a
minority of the total patient population. As increasing knowledge is
gleaned regarding the biological heterogeneity within the various
PTCL subtypes, newer targeted agents have been developed, studied,
and approved in this small, heterogeneous population of relapsed or
refractory disease. Given its success and tolerability in this pretreated
population, brentuximab vedotin, an anti-CD30 antibody drug
conjugate, was brought earlier in the disease course and is a model
for advances in the targeted treatment of PTCL. As others undergo
further development in the relapsed setting and successes are
brought earlier in the disease course, the outcome for PTCL patients is
likely to improve. However, innovative clinical trial designs are crucial
for the assessment of targeted agents in this highly heterogeneous
population. This review explores the current treatment environment
for patients with relapsed and refractory PTCL, including newer
strategies such as targeted agents and immunotherapy.
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Introduction

T-cell lymphomas are a heterogenous group of uncom-
mon non-Hodgkin’s lymphomas (NHLs) which account for
approximately 10-15% of all NHLs. The prevalence varies
geographically, with the highest incidence in Asia, particularly
of natural killer (NK)/T-cell lymphoma and adult T-cell leuke-
mia lymphoma (ATLL) due to variations in exposure and suscep-
tibility to HTLV-1 and EBV. Subtypes which arose from mature
T-cells were classified as peripheral T-cell lymphomas (PTCLs)
and could be subdivided into clinically indolent or aggressive
lymphomas. Historically, these variations in clinical behavior
rather than a pathologic basis determined the therapeutic
approach. Treatment protocols were chosen to treat aggressive
PTCLs owing to their success in treating aggressive B-cell
lymphomas; however, outcomes were not as successful. It is
amongst the aggressive group of PTCLs that the most recent
WHO classification has incorporated significant advances in the
knowledge of the biological heterogeneity of PTCLs to better
classify and describe new entities which may help to explain
the clinical heterogeneity of these aggressive lymphomas. The
relapsed and refractory (RR) setting remains an important
population with aggressive disease in which to explore novel
targeted approaches prior to moving them into the frontline
setting and addressing an unmet need in NHL treatment.

Primary therapy

Established upfront therapies in the treatment of aggressive
PTCL include anthracycline-based chemotherapies, such as CHOP
(cyclophosphamide, doxorubicin, vincristine, and prednisone)
and stem cell transplantation (SCT), with this approach adapted
mostly from success in treating aggressive B-cell NHLs. The
International T-cell Lymphoma Project examined a cohort of
1,314 cases of PTCL and NKTCL and while cases of ALK-positive
anaplastic large cell lymphoma (ALCL) had a 70% 5-year
overall survival (OS), the remaining subtypes had worse
outcomes, with 5-year OS for PTCL-NOS, angioimmunoblastic
T-cell lymphoma (AITL), and all NKTCLs of 32% and a more
dismal 14% for ATLL. Outcomes for ALK-negative ALCL
patients were intermediate, with a 5-year OS of 49%. Thus,
outcomes remain poor in the majority of subtypes and RR disease
is a frequent problem for patients with PTCL'-.

Both autologous SCT (ASCT) and allogeneic SCT (allo-SCT)
have been offered to patients in both the primary and the RR
setting, with ASCT being offered as consolidation in many
patients undergoing frontline treatment. SCT has been
established as standard of care in PTCL frequently in the absence
of randomized evidence, which is challenging to achieve in rare
diseases. Enteropathy associated T-cell lymphoma (EATL) is a
rare subtype with dismal outcomes. A retrospective series and
a small phase II study in which patients with EATL were treated
with an intensive chemotherapy regimen followed by ASCT
suggested improved outcomes with this approach®’. Targeted
agents have already been approved for use in PTCL, with
brentuximab vedotin now established as a clear standard in the
primary treatment of CD30-positive PTCL based on the
randomized ECHELON-2 clinical trial’. With the majority of
patients in this study with systemic ALCL, it remains unclear
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whether brentuximab vedotin has the same effect in AITL and
PTCL-NOS. A small post-hoc analysis of non-ALK-positive
ALCL patients in this study favored consolidative SCT in first
remission; however, sample sizes were quite small®. Careful
consideration must be taken during further trial designs to
identify which patient or disease subgroups are most likely to
benefit from brentuximab or from other targeted agents, a
challenge in this rare group of diseases.

Outcome and prognosis in RR-PTCL

There are few series that report the outcomes of RR-PTCL at a
population level . Data from the BC Cancer Agency reported the
outcome of 153 patients with a median OS and progression-free
survival (PFS) after relapse or progression of 5.5 and 3.1 months,
respectively. Patients with good performance status appeared
to have more favorable outcomes with standard chemotherapy®.
A smaller series from Modena, Italy, of 53 patients reported
similarly poor outcomes with a median survival after relapse
of 2.5 months’. The International T-cell Project reported the
results of 436 (47%) patients who were refractory and
197 patients (21%) who had relapsed out of 937 patients who
had received first-line treatment'”. The median OS was
5.8 months, with univariable analysis showing that refractory
disease (hazard ratio [HR] 1.43) and salvage therapy with
SCT (HR 0.36) were associated with better survival. The only
histologic subtype with a more favorable outcome was ALK-
positive ALCL, which had an approximately 50% OS. All three
series highlight the minority of patients undergoing SCT
approaches, with only 99 patients (16%) in the population able
to undergo SCT.

These three series highlight the challenges in assessing the
literature in this setting. Retrospective series often require 10
to 20 years to accumulate a reasonable number of patients to
report and are forced to group multiple histologies and eras into
a single report. The prospective T-cell Project has the advantage
of multiple centers accruing data prospectively and thus has
the strength of reasonable patient numbers, even within rare
subtypes of PTCL. Histology was reviewed by an expert
hematopathology panel in 70% of these patients, although
imaging and response assessment were performed locally with
no central review, limiting some interpretation of the data.

While PTCL histology does not appear to be a major driver
in outcome post failure of primary treatment (with the exception
of the more favorable prognosis of ALK-positive ALCL), poor
performance status and the presence of refractory disease appear
to be recurrent independent predictors of inferior survival. The
definition of refractory disease often varies between studies; the
T-cell Project defined this as no response or progression to
treatment within 1 month from the end of initial therapy or
unsatisfactory partial remission (PR) according to physician
judgement that would immediately require second-line treatment.
There are some similarities present in the use of staging and
prognostic scoring tools in PTCL, as they have largely been
adapted from systems developed for use in B-cell NHLs;
however, there are no uniformly accepted approaches.
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The Ann Arbor staging system is commonly used despite
T-cell lymphomas frequently presenting with extranodal sites
of disease. PET/CT is now recommended as part of the pre-
treatment staging evaluation for newly diagnosed PTCLs''".
However, the data driving the significance of PET/CT remain
restricted to smaller series. A few small retrospective studies
have explored the prognostic use of interim PET/CT and end of
treatment PET/CT with conflicting results'*'; therefore, interim
PET/CT are not routinely done. Series incorporating PET/CT as
part of response assessment in RR-PTCL remain limited. Shea
and colleagues reported a cohort that did not associate a negative
FDG-PET scan with favorable outcomes in patients undergoing
ASCT or allo-SCT". The BC Cancer Agency and International
T-cell Project series do not allow interpretation of functional
imaging and relationship to outcome®'’. Interestingly the IPI
and the Prognostic Index for PTCL-U (PIT) do not appear to
influence outcome in RR-PTCL beyond the importance of
performance status. The PIT uses the clinical characteristics of
age, performance status, LDH level, and bone marrow
involvement to classify patients into four prognostic risk
groups'®; only ECOG PS appears to broadly predict outcome in
RR-PTCL.

Salvage therapy approaches

In general, there are two approaches in the setting of primary
treatment failure; the first emphasizes a goal of curative therapy
with a plan to proceed to SCT, while the second is typically
palliative in nature and often driven by patient age, comorbidity,
and/or performance status. There are no randomized trials that
have specifically evaluated chemotherapy in RR-PTCL, but the
CCTG LY.12 trial included PTCL in a population of patients
planned for ASCT. Skamene and colleagues reported a subset
analysis of the study in 59 patients with PTCL who were
randomly assigned to DHAP (dexamethasone, high-dose
cytarabine, and cisplatin) or GDP (gemcitabine, dexamethasone,
and cisplatin) and demonstrated similar overall response rates
(ORRs) (DHAP: 33%; GDP: 38%) with 1-year event-free survival
(EFS) of 16% and 1-year OS of 28%. In patients going on to
receive ASCT, the 2-year EFS and OS were 21% and 42%,
respectively””. A prospective analysis from the CISL group in
Korea using GDP reported a favorable ORR of 62%. Numerically,
this result looks superior to the CCTG trial, but disease and
patient heterogeneity along with sample size likely contribute to
some potential differences in outcome”. Other regimens such as
ESHAP (etoposide, methylprednisolone, cytarabine, and cisplatin)
or ICE (ifosfamide, carboplatin, and etoposide) have been
evaluated with similar results’”’. As such, there is no gold
standard salvage therapy regimen employed for RR-PTCL.

A systematic review published in 2015 identified 14 studies
using 12 different salvage approaches and included 618
RR-PTCL patients*. The ORR ranged from 22-86%, incorporat-
ing a variety of targeted approaches along with single and multi-
agent chemotherapies. Similarly, ORRs varied between disease
subtypes from 14-72% for PTCL-NOS, 8-54% for AITL, and
24-86% for ALCL. PFS and OS ranged from approximately 2 to
15 months. This study appears to be the only systematic
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review in the field highlighting the lack of data guiding clinical
decision-making when choosing specific treatment approaches.

Typically, conventional chemotherapy has been given prior to
SCT, as “chemosensitivity” remains a core concept to demonstrate,
particularly in the ASCT setting. If disease is not responding to
salvage chemotherapy, then there is doubt that SCT may be
beneficial. However, given the favorable single-agent activity of
targeted agents in RR-PTCL and the underwhelming results of
conventional therapies, targeted therapies have been used without
chemotherapy, with sensitivity to the agent prior to SCT remain-
ing an important goal. There are few datasets that have ana-
lyzed patients receiving a variety of therapies in a SCT-eligible
population. A retrospective analysis from the COMPLETE
dataset in RR-PTCL showed that 46% of patients received
combination therapy while 54% of patients received monotherapy
as a salvage approach”. A total of 70% of patients were treated
with “curative intent”, and these patients were more likely to
receive combination therapy versus single-agent therapy (85%
versus 58%). Combination regimens were typically traditional
chemotherapy based (gemcitabine, ifosfamide, or platinum),
while single agents were more typically newer or targeted
agents (brentuximab vedotin, romidepsin, or pralatrexate). A
higher proportion of patients in the single-agent group achieved
complete remission (CR) (41% versus 19%) and subsequently
underwent SCT (26% versus 8%), resulting in improved PFS
(11 versus 7 months) and OS (39 versus 17 months).

Stem cell transplantation

Prospective randomized trials for SCT in the relapsed setting
are also lacking; however, expert consensus strongly recommends
ASCT for relapsed chemosensitive disease (in most subtypes)
when it wasn’t performed frontline and consideration of allo-
SCT in some cases™. The Parma study established the role of
ASCT in the treatment of relapsed NHLs, and multiple
subsequent series have been published reporting the outcomes
of SCT for PTCL from institutional and registry series™.
A systematic review published in 2016 highlights ASCT
outcomes in the RR setting with a PFS of 36%, OS of 47%,
relapse/progression of 51%, and non-relapse mortality (NRM)
of 10%**. Favorable outcomes were seen in patients with ALCL.
The largest series included 241 patients with ALCL,
PTCL-NOS, and AITL who underwent ASCT or allo-SCT
reported to the Center for International Blood and Marrow
Transplant Research (CIBMTR). ASCT patients beyond CR1
had a 3-year PFS of 42% and OS of 53%. Among allo-SCT
patients who received transplant beyond CR1, 31% remained
progression-free at 3 years®'. Rodriguez and colleagues used the
GELTAMO database and identified 123 patients with relapsed
or primary refractory PTCL. With a median follow-up of
61 months, the 5-year OS was 45% and PFS was 34%”. A
small retrospective series that included 32 patients auto-
transplanted in second complete or partial response found a
5-year PFS of only 12% and OS of 40%". While difficult to
undertake in a rare and heterogeneous disease, prospective
studies are certainly needed in order to clarify the role of
transplant in relapsed PTCL.
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Schmitz recently reviewed the results of allo-SCT in RR-PTCL™.
In general, the results of these largely national or registry
studies report similar results, with 50% of patients experiencing
long-term survival with a PES of approximately 40%. The series
all have heterogeneity in patient population, donors (matched
related and unrelated with haploidentical transplants being less
frequently employed), intensity of preparative regimens (myelo-
ablative or reduced intensity conditioning [RIC]), and PTCL
subtypes as well as the use of in vivo T-cell depletion with
agents such as antithymocyte globulin. RIC allograft recipi-
ents appear to have less NRM but higher rates of relapse, as
has been seen in other types of lymphoma.

SCT approaches have been utilized in RR-PTCL as a standard
treatment modality for many years. The safety and feasibility of
these approaches have improved because of better supportive care
and the adoption of RIC strategies and the use of T-cell depletion
(depending on donor type). Given the preference to consider
consolidation of primary treatment response with ASCT in PTCL,
patients may typically flow towards allograft strategies in the
relapse setting. Unfortunately, prospective comparative research
has not been performed in the RR setting, though attempts
have been made to perform prospective comparative trials in the
consolidation of primary treatment response.

Targeted therapies

The majority of recent advances in the management of patients
with PTCL has been in the development and use of targeted
agents in treating RR-PTCL. A number of drug classes including
histone deacetylase (HDAC) inhibitors, monoclonal antibodies,
antifolates, kinase inhibitors, and antibody drug conjugates
(ADCs) have been assessed with promising results, leading to
drug approval for some of these agents based on response rates
in this setting (Table 1).

Pralatrexate, an antifolate, was examined in a phase II study
in which 111 patients with PTCL who had progressed after at
least one line of prior therapy were treated weekly for 6 weeks
in a 7-week cycle. Response rate was 29%, which included 11%
complete responses and 18% partial responses. Median PFS
and OS were 3.5 and 14.5 months, respectively’. While this
study led to its accelerated approval, further studies have
confirmed the promising effects of pralatrexate in RR-PTCL*~.
Romidepsin, an HDAC inhibitor, has also been studied as a
single agent in this setting with ORR of 25-38%, with the
median duration of response ranging from 8.9-28 months across
studies*’*'. Belinostat, a pan-HDAC inhibitor, was also exam-
ined in a phase II trial of 129 patients with a median of two prior
systemic therapies. The ORR was 25.8% with a median duration
of response of 13.6 months™. While the response rate to these
agents is modest, the duration of response can be sustained in
many cases, reflecting a need for predictive markers to identify
those patients most likely to benefit. Chidamide, an oral HDAC
inhibitor, has also been studied in a phase II trial of RR-PTCL.
A total of 83 patients were enrolled with an ORR of 28%, median
PFS of 2.1 months, and median OS of 21.4 months®”. The anti-
CD30 antibody drug conjugate brentuximab vedotin has also
shown promising results as a single agent. Pro and colleagues
reported their phase II study of 58 patients with RR-ALCL (the

F1000Research 2020, 9(Faculty Rev):1091 Last updated: 04 SEP 2020

majority were ALK-negative), with a CR rate of 66% as per
investigator assessment and 57% per central review. Those who
had achieved a CR had an OS of 79% and PEFS of 57% at
5 years", leading to approval by the FDA for this indication.
Bartlett and colleagues explored the use of brentuximab
vedotin retreatment in HL and systemic ALCL patients who had
previously responded. While it was only a small group of eight
systemic ALCL patients, 88% responded to retreatment. With
brentuximab vedotin moving to the frontline for many patients,
these results suggest that retreatment should be explored
further®.

Alisertib, a selective, small-molecule aurora A kinase (AAK)
inhibitor, was studied in an open-label, phase III trial compared
to investigator’s choice in patients with RR-PTCL. Options for
the single-agent comparator included pralatrexate, gemcitabine,
or romidepsin. While the ORR for alisertib was 33%, the study
was stopped early owing to the low probability of alisertib
achieving superior PFS with full enrollment, as the control arm
ORR was 45%. There was some slight suggestion that alisertib
may be better tolerated than its comparators, as 33% required
dose modifications on the comparator arm versus 28% in the
alisertib arm because of adverse effects. Interestingly, the
ORR was 35% for gemcitabine, 43% for pralatrexate, and 61%
for romidepsin, although the trial was not powered to study
individual agents in the comparator arm.

There are also a number of other targeted agents at various
stages of investigation in patients with PTCL. Crizotinib is an
oral, small-molecule tyrosine kinase inhibitor with binding spe-
cificity for ALK and ROS1. This molecule is particularly inter-
esting for ALK-positive ALCL, in which ALK overexpression
is constitutively active because of the oncogenic translocation
in these tumors. When administered to a small group of ALK-
positive ALCL and ALK-positive diffuse large B-cell lymphoma
RR patients, there was an ORR of 90.9% with 100% CR in the
ALCL group. The 2-year PFS and OS were 63.7% and 72.7%,
respectively’”’. Duvelisib is another oral kinase inhibitor that
inhibits PI3K-8 and PI3K-y. It has been studied for safety and
tolerability both as a single agent and in combination with other
novel therapies in patients with PTCL**. Preliminary results
of the dose-expansion phase of the PRIMO study, a phase II
study of duvelisib monotherapy in RR-PTCL, suggest that
duvelisib is clinically active in RR-PTCL with no unexpected
toxicities. Further expansion phase data are still pending™.
Duvelisib has gained an orphan drug designation and fast track
designation for PTCL patients who have received at least one
prior therapy.

Mogamulizumab is a humanized anti-CCR4 antibody with potent
antibody-dependent cellular toxicity. It has been studied in the
phase II setting in CCR4-positive PTCL and cutaneous T-cell
lymphomas. The overall response rate was 34%, with a median
PFS of 2 months for the PTCL group’’. It has also been compared
to investigator-chosen regimens in RR-ATLL with encouraging
results in this disease with very poor outcomes™. A European
study has reported an ORR of only 11% with a disease control
rate (CR, PR, and stable disease) of 46%. Given these
encouraging results, further randomized studies are underway.
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Table 1. Summary of select trials with targeted single agents in relapsed/refractory PTCL.

Agent Class Subtype Trial n
phase
Pralatrexate Antifolate PTCL II 111
Romidepsin HDAC PTCL II 130
inhibitor
Romidepsin HDAC PTCL II 45
inhibitor
Belinostat HDAC PTCL 1I 129
inhibitor
Chidamide HDAC PTCL II 83
inhibitor
Brentuximab Anti-CD30 ALCL I 58
vedotin antibody
drug
conjugate
Crizotinib Tyrosine ALK- I 9
kinase positive
inhibitor ALCL
Duvelisib PI3K-6 PTCL I 16
and PI3K-y
inhibitor
Mogamulizumab Anti-CCR4 CCR4- I 29
antibody positive
PTCL
Nivolumab Anti-PD-1 PTCL [ 5
antibody

Median ORR CR Median Median Reference
follow- PFS (o]
up
18 29% 1% 3.5 14.5 36
months months ~ months
223 25% 15% 4 1.3 40
months months  months
— 38% 18% — — 41
— 258% 10.8% 1.6 7.9 42
months  months
29 28% 14% 2.1 214 43
months months ~ months
71.4 86% 57% 20 Not 44,54
months months  reached
— 90.9% 100% — — 47
— 50% 19% 8.3 8.4 48
months  months
— 34% 17% 2.0 14.2 51
months ~ months
44 40% 0 14 — 55
weeks weeks

Abbreviations: ALCL, anaplastic large cell ymphoma; ALK, anaplastic lymphoma kinase; CCR4, CC chemokine receptor 4; CR, complete response; HDAC,
histone deacetylase inhibitor; ORR, objective response rate; OS, overall survival; PD-1, programmed death-1; PFS, progression-free survival; PI3K,

phosphatidylinositol 3-kinase; PTCL, peripheral T-cell ymphoma.

Immune checkpoint inhibitors have been studied in most
lymphoma subtypes with potential direct anti-tumor effects as well
as effects in the tumor microenvironment. While activity in some
settings has been modest, anti-PD1 antibodies may be of particu-
lar appeal in lymphomas associated with EBV infection (includ-
ing NK/T-cell lymphoma) as well as other settings, leading to
upregulation of the PD1/PDL1 axis, as can be seen in Hodgkin’s
lymphoma (HL). A phase I study examined the use of nivolumab
in various hematologic malignancies, including five patients with
PTCL in which two patients achieved a partial response™. A phase
II study of 18 patients with RR T-cell lymphoma treated with
pembrolizumab was closed early following a preplanned futility
analysis in which 18 enrolled patients had an ORR of 33%™.
Further study of immune checkpoint inhibitors in T-cell
lymphoma is clearly warranted, as there have also been some
findings of hyperprogression in various subtypes. It is hypoth-
esized that this rapid disease progression may be related to
PD-1 acting as a tumor suppressor in some tumor types, fur-
ther highlighting the need for clinical studies in biologically
distinct subgroups”’’*.

Combination strategies also warrant evaluation, whether this
involves novel agents in combination with chemotherapy or novel
doublets. Chemotherapy combination approaches include the
addition of brentuximab vedotin to bendamustine (given the
activity of the antibody drug conjugate in ALCL and the safety
of the combination from the phase I evaluation in HL), which has
shown early signs of activity in CD30-positive PTCL. Studies of
immune checkpoint inhibitors in combination with chemotherapy
are also underway. Given synergy in pre-clinical models,
pralatrexate was combined with romidepsin in a phase I study to
determine safety, tolerability, and maximum tolerated doses in
RR lymphomas. The drug combination was found to be safe and
reasonably tolerated with an ORR in the RR-PTCL subgroup
of 71%™. Given these promising findings, a phase II study was
initiated and is ongoing. Horwitz and colleagues described a
small, parallel phase I study of RR T-cell lymphoma patients,
in which there were 21 evaluable PTCL patients who received
romidepsin and duvelisib (ORR 55% and CR 27%) or bortezomib
with duvelisib (ORR 36% and CR 21%). Transaminitis limited
the tolerability of bortezomib with duvelisib, but, given

Page 6 of 11



the tolerability and activity of romidepsin and duvelisib,
an expansion of that cohort is planned”. Other combina-
tions of novel treatments that are in the early stages of evalua-
tion include pralatrexate with bortezomib® and romidepsin with
pembrolizumab®.

Cellular therapy

Chimeric antigen receptor (CAR)-T cell immunotherapies have
shown strong results in the treatment of B-cell malignancies.
Targeting T-cell lymphomas with CAR-T cell therapies has
some concern given the concept of T-cell fratricide. Anti-CD30
CAR-T cell treatments are in development and have been
trialed in small studies thus far. Wang and colleagues included
one patient with cutaneous ALCL, and Ramos and colleagues
included one patient with cutaneous ALCL and one with
systemic ALCL in their series. Grover and colleagues describe
their phase Ib/IT anti-CD30 CAR-T trial of 24 patients (including
one with EATL and one with Sezary syndrome). When using a
bendamustine and fludarabine lymphodepleting regimen in this
study, they showed significant anti-tumor activity. The majority
of patients in these studies had HL. These trials are preliminary
but show good tolerability and some modest effects*°. Hill and
colleagues presented the preliminary results of a phase I dose
escalation study of a CDS5-directed CAR-T cell therapy in RR
T-cell leukemia and lymphoma patients as a bridge to allo-SCT*.
They treated nine patients (four patients with T-NHL) and
showed that treatment is safe and does not appear to induce
T-cell aplasia. Some clinical responses were seen in this small
and heavily pretreated population. The National Cancer Institute
has an upcoming phase I trial assessing the safety and feasibility
of an anti-CD30 CAR-T cell treatment in advanced CD30-
expressing lymphomas, including ALCL and PTCL-NOS. Other
early phase anti-CD30 CAR-T cell studies are currently recruiting®’.
Also upcoming is a phase I/II study assessing an anti-T cell
receptor B-chain constant domain 1 (TRBC1) CAR-T cell therapy
in RR, TRBCl1-expressing PTCL-NOS, AITL, and ALCL. There
are two genes associated with the -gene constant region of the
T cell receptor, TRBC1 and TRBC2. A group of normal T cells
will therefore have a mixture of cells, as some express TRBCI
and others express TRBC2. Clonality among a group of
malignant T cells will therefore result in exclusive expression
of one constant domain, making it an attractive target®. These
results and others will certainly be helpful to start clarifying
the role that CAR-T cell immunotherapy will have in treating
patients with RR-PTCL.

Evolving approaches to PTCL

Translational insights and developing effective
treatment strategies

PTCL remains a clinically heterogeneous group of diseases,
and therapy can only improve from studies that provide biologic
insights into these tumors and further identify distinct lymphoma
subtypes and targetable alterations. The identification of chro-
mosomal abnormalities has been important in defining specific
disease entities. Constitutively active ALK overexpression
associated with a genetic translocation in some ALCLs has
long been associated with a better prognosis®”. Now a distinct
entity, ALK-negative ALCLs appear to have further cytogenetic
subtypes that manifest varying clinical behavior, although further
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study is needed’’’”. Newer biologic insights have identified a
common T-follicular helper (TFH) cell signature among AITL,
follicular T-cell lymphoma (FTCL), and in some cases of
PTCL-NOS, leading to a new umbrella category of Nodal T-cell
Lymphomas with TFH phenotype in the 2016 WHO
classification’””. A number of the common genetic changes
including TET2, IDH2, DNMT3A, RHOA, and others are also
frequently altered in myeloid neoplasms, most commonly acute
myeloid leukemias (AML) and myelodysplastic syndromes
(MDS)”*°. Azacitidine, a hypomethylating agent, as well as
enasidenib (IDH2 inhibitor) and ivosidenib (IDH1 inhibitor) via
their effects on these altered pathways led to improved outcomes
in MDS” and AML®”. Case reports of patients with concomitant
AITL and a myeloid neoplasm, as well as a retrospective series
of 12 AITL patients, seven of whom did not have concomitant
myeloid disease, were treated with azacitidine. With an ORR
of 75% in the series and four of the seven patients without a
concomitant myeloid neoplasm responding, these data suggest
there may be a lymphoma response that is not restricted to those
patients with an associated myeloid disease®*’. This has led to
further study, including a phase III trial examining the use of
oral azacitidine compared to investigator’s choice in RR-AITL
which is currently accruing. A phase I study of oral azacitidine
with romidepsin in advanced lymphoid malignancies had an
ORR of 73%". A trial of enasidenib in advanced solid tumors
including IDH2-mutated AITL has been completed but is yet to
be reported. While gene expression profiling has led to the
identification of some similarities among subtypes, it has also
confirmed the biologic heterogeneity among others. Overexpression
of GATA3, TBX2I, and cytotoxic genes characterized a cohort
of PTCL -cases into distinct groups with varying -clinical
behavior®, and next-generation sequencing studies have further
characterized the genetic alterations in epigenetic modifiers,
signaling genes, and tumor suppressors.

Targeted approaches which have shown promise in RR-PTCL
have subsequently been brought for evaluation earlier in the
disease course, and to date there have been only a handful of
such agents. The most successful example is the development of
brentuximab vedotin in CD30-positive T-cell lymphomas. Given
results of the drug’s efficacy as a single agent in the RR setting
and tolerability in combination with cyclophosphamide,
doxorubicin, and prednisone (A+CHP) in a phase I study, the
ECHELON-2 study was performed, leading to the registration of
brentuximab vedotin as part of primary therapy in CD30-positive
PTCL. Overall survival and PFS improvement was demonstrated
in the brentuximab combination arm (HR 0.66, P = 0.0244 and
HR 0.71, P = 0.0110, respectively) with an acceptable toxicity
profile’. Further studies are needed with adequate power to
explore its use in all CD30-positive subtypes given the majority
of ALCL patients in this trial. A similar trial comparing CHOP
with romidepsin in combination with CHOP has been accrued
and results are awaited.

Rational drug development supports the development of these
highly targeted agents in patient subsets that are known to
express the drug target, although it is certainly possible that
these agents could have additional mechanisms of action that
could lead to activity through off-target effects, potentially
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directly on the tumor or on the microenvironment. Randomized
approaches are also required to evaluate active regimens in the
RR setting. Multiple questions remain, including the combination
of chemotherapy with novel agents, novel doublets, and
integrating targeted agents into SCT strategies. Relying on
historic approaches that have not been well defined by randomized
data appears less appealing when considering the unfavorable
outcomes for these patients despite dose-intensive strategies.
Given the variety of agents and variety of lymphoma subsets
that may be relevant to each drug, clinical trial designs
incorporating multiple histologies or tumors with a focus on
the drug target, such as basket or umbrella studies, are clearly
needed to feasibly conduct these trials in uncommon disease
indications. These more efficient trial designs would allow trials
to open and maximize accrual and minimize costs in individual
centers. This would make opening trials in RR-PTCL more
appealing for smaller lymphoma programs and facilitate prompt
accrual for investigators and sponsors alike.

Summary and conclusions

PTCL is a heterogeneous group of rare NHLs for which outcomes
remain rather poor. Standard frontline therapy currently remains
traditional chemotherapy-based regimens with or without ASCT
in first remission for those who are candidates. Only recently has
the CD30-targeted agent brentuximab vedotin started to challenge
this paradigm. The WHO 2016 update has improved the
classification of T-cell lymphomas into relevant biological and
clinical subtypes, which will hopefully allow further elucidation
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into the specific biology that drives oncogenesis, tumor
suppression, proliferation, and drug responses. This will lead to
the identification of further biomarkers, relevant drug targets, and
more accurate biological and clinical classifications, which will
allow improved assessment of new protocols.

Significant advances have been made with a number of promising
novel and targeted agents in the RR setting. However, studies
remain challenging when grouping these rare, heterogeneous
diseases together, which results in the possibility of missed
successes (or failures) among certain disease subtypes. Selecting
the patient or disease subgroups most likely to benefit and
eventually moving these drugs earlier in the disease course will
require elegant trial design using novel biomarkers and improved
disease classification.

Further exploration into the biological heterogeneity of disease
subtypes will allow the development of rationally designed ther-
apeutic agents, with directed clinical trials to specific subtypes
or patients who are most likely to respond. Unique trial designs
with multiple arms and baskets will allow the study of these
targeted agents in rare disease subtypes. The rational combination
of novel agents and/or chemotherapy will be possible as more
knowledge is gleaned regarding the biological mechanisms of
action and which patients are most likely to benefit. It is with these
improved techniques and personalized approaches that we can
aim to improve outcomes for patients with aggressive T-cell
lymphomas.
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