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T-cell lymphomas are a relatively rare group of malignancies with a diverse range of pathologic features and clinical
behaviors. Recent molecular studies have revealed a wide array of different mechanisms that drive the development of
these malignancies and may be associated with resistance to therapies.
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| 1. Introduction

Peripheral T-cell ymphomas (PTCLs) are a diverse set of aggressive T-cell lymphomas that arise from mature T cells [,
Most PTCLs are associated with a poor prognosis 2. PTCLs constitute 15-20% of aggressive non-Hodgkin’s lymphomas
(NHLs) and 5-10% of all NHLs Bl. PTCL has a diverse morphology, and definitive markers of PTCL subtypes are scarce,
making the diagnosis and classification of PTCL complex 4. The 2016 World Health Organization classification system
describes 27 different types of PTCL &,

Most PTCLs are treated similarly due to the lack of specific targeted therapies for different PTCL subtypes. This, in turn, is
due to an inadequate understanding of the pathobiology of these tumors. However, recent advances in whole-genome
sequencing and gene expression profiling (GEP) have enabled us to better elucidate the pathogenesis of PTCL and
differentiate among its various subtypes €. Recent studies have uncovered individual molecular signatures that may not
only provide prognostic information about the disease but may also provide potential therapeutic targets. Multiple
promising therapies are being tested and based on evidence from clinical trials; these therapies are being incorporated
into the currently recommended treatment regimens.

| 2. Novel Targeted Therapies

This section highlights the novel targeted agents being studied alone or in combination with other drugs for the treatment
of PTCL. Some of these drugs, along with their molecular targets, are included in Figure 1. The results from the clinical
trials evaluating these agents are summarized in Table 1.
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Figure 1. Mechanisms of peripheral T-cell lymphoma development and agents used for targeted therapies. Multiple
mechanisms are responsible for the development and proliferation of different subtypes of PTCL, including signaling
pathway deregulation, epigenetic dysregulation, tumor microenvironment signals, and virus-mediated oncogenesis. Not all
of these mechanisms are involved in the pathogenesis of each PTCL subtype. Some potential therapeutic targets and
agents targeting them are also shown.

Table 1. Results of clinical trials of targeted agents for the treatment of peripheral T-cell ymphoma.
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2.1. T-Cell and Costimulatory Receptor Signaling Inhibitors

The TCR and costimulatory receptor pathways, which are often altered in PTCL, are potential therapeutic targets. In one
study, eight out of 12 AITL patients had a response to cyclosporine A, a calcineurin inhibitor that blocks TCR signaling,
and three of these patients had a complete remission 23, VAV1 activation accelerates TCR signaling, and dasatinib, a
multikinase inhibitor, has been shown to block VAV1 activation in vitro and improves OS in mouse models. Dasatinib
targets the Src kinase and, thus, could be therapeutically targeted in PTCLs bearing FYN mutations. Mutations in CD28, a
costimulatory receptor, are correlated with a poor prognosis, and CD28-CTLA4 fusion has been identified in PTCL. Thus,
ipilimumab, an anti-CTLA4 monoclonal antibody, could be studied as targeted therapy 24,

2.2. PI3K Inhibitors

The PI3Ky and PI3K? isoforms are often required for the TCR-mediated activation of T cells. Duvelisib, an inhibitor of both
PI3K isoforms, elicited an ORR of 50% and CRR of 18.8% in a phase | trial enrolling 16 patients with R/R PTCL. The most
common grade 3 or 4 adverse events (AEs) were transaminase increases, neutropenia, and maculopapular rash 23,
Duvelisib, in combination with either romidepsin or bortezomib for the treatment of R/R PTCL, is currently being studied in
a phase Ib/ll trial. A preliminary analysis revealed that, in 27 patients, duvelisib plus romidepsin elicited an ORR of 59%
and CRR of 33%, with tolerable side effects. Interestingly, a subset of eight AITL patients had an ORR of 75% and CRR of
63%. Frequent grade 3 or 4 AEs were neutropenia, elevated transaminase levels, and hyponatremia 8. Another dual
PI3Ky/5 inhibitor, tenalisib, was found to be tolerable and had encouraging efficacy in a phase I/Ib study enrolling patients
with R/R PTCL or CTCL. For 35 evaluable patients, the ORR was 45.7%. Among the PTCL patients, the ORR was 46.7%,
and the CRR was 20%. Common AEs were fatigue, elevated transaminase levels, and diarrhea El}

2.3. Proteasome Inhibitors



The proteasome inhibitor bortezomib, which inhibits NF-kB, has shown promise in the treatment of ATLL. In a phase Il trial
of bortezomib in 15 patients with R/R ATLL, one patient had a partial remission, and five patients had a stable disease 19,
All patients experienced one or more AEs, the most common of which were fever and thrombocytopenia. Grade 3 or
higher AEs included thrombocytopenia, lymphopenia, leukopenia, and peripheral neuropathy 29 Other trials are
investigating the use of bortezomib combined with CHEP (cyclophosphamide, doxorubicin, etoposide, and prednisone) for
untreated PTCL and the use of a similar agent, ixazomib, combined with romidepsin for R/R PTCL (4]

2.4. JAK-STAT Pathway and SYK Inhibitors

The JAK-STAT pathway is a potential therapeutic target in PTCL. The JAK inhibitor ruxolitinib in the treatment of PTCL
and CTCL is under investigation. In one study that enrolled 33 patients with PTCL or CTCL, of whom 27 were evaluable,
ruxolitinib elicited a 30% ORR and 4% CRR. Grade 3 or more drug-related AEs included neutropenia, lymphopenia,
anemia, and thrombocytopenia 1. SYK, a receptor tyrosine kinase, is another promising target, as it is expressed in 94%
of PTCLs 2. In preclinical studies, the SYK inhibitor R406 efficiently initiated apoptosis and repressed proliferation in T-
cell lymphomas 281, Cerdulatinib, a dual SYK/JAK inhibitor, has also exhibited substantial efficacy and tolerability in a
phase lla clinical trial in patients with R/R PTCL, eliciting an ORR of 35% and CRR of 31%. Frequently observed AEs
were diarrhea, nausea, neutropenia, and elevated lipase and amylase levels ESIR

2.5. mTOR Inhibitor

An inhibitor of the mTOR pathway, everolimus, has significant activity against the proliferation of malignant T cells in vitro.
In a phase Il study of everolimus in 16 patients with R/R PTCL or CTCL of different subtypes, the ORR was 44%, and the
median PFS and OS durations were 8.5 months and 10.2 months, respectively. Among the patients whose disease
responded to everolimus, the median response duration was 8.5 months. Grade 3 or 4 hematologic toxicities that were
possibly related to everolimus included anemia, leukopenia, neutropenia, and thrombocytopenia. Nonhematologic grade 3
or more toxicities reported with this agent included hyperglycemia, hypertriglyceridemia, and hypercholesterolemia 12!,

2.6. Epigenetic Modulators

DNA methylation genes are mutated in multiple PTCL subtypes and are frequently mutated in AITL. Therefore,
hypomethylating drugs and HDAC inhibitors could prove to be effective against these diseases. In one study, a group of
patients with R/R AITL had sustained responses to the hypomethylating agent azacytidine, with an ORR of 75% and CRR
of 50%. The drug was well-tolerated, and only one patient developed grade 3 diarrhea X4, Moreover, investigators have
reported that combinations of hypomethylating drugs and HDAC inhibitors have a marked activity against PTCL. In a
phase | multicenter study in PTCL patients, the combination of azacytidine and romidepsin was well-tolerated, eliciting an
ORR of 73% and CRR of 55%. The dose-limiting toxicities seen were grade 3 or more thrombocytopenia and neutropenia
(151 Azacytidine is currently being investigated in combination with CHOP, pralatrexate, durvalumab, and bortezomib in
clinical trials 22,

Chidamide, another HDAC inhibitor, for the treatment of R/R PTCL was investigated in a phase Il study in China. The
study enrolled 83 patients with AITL, ALCL, PTCL-NOS, or NKTCL. The ORR was 28%, and the CRR was 14%. Although
the median PFS duration was only 2.1 months, the median OS duration was 21.4 months. AITL patients had the highest
ORR (50%) and CRR (40%). Most AEs were grade 1 or 2 events. Grade 3 or more AEs were thrombocytopenia,
leucopenia, and neutropenia (28],

2.7. Aurora A Kinase Inhibitor

Aurora A kinase, which is overexpressed in aggressive lymphomas, plays a vital role in mitosis during cell cycle
progression. In the phase lll LUMIERE trial, the Aurora A kinase inhibitor alisertib was compared with a choice of
romidepsin, pralatrexate, or gemcitabine. Patients receiving alisertib had an ORR of 33%, a CRR of 18%, and median
PFS and OS durations of 3.8 months and 13.7 months, respectively. An improved response with alisertib was, however,
not demonstrated. Frequent grade 3 or more AEs related to alisertib included neutropenia, anemia, thrombocytopenia,
stomatitis, and diarrhea LZ. However, the combination of romidepsin and alisertib was investigated in a phase | study that
included four patients with R/R PTCL but elicited no response 18],

2.8. ALK Inhibitor

The ALK1 inhibitor crizotinib was investigated in 26 pediatric patients with R/R ALK-positive ALCL. In the two dosage
groups evaluated, the ORRs were 83% and 90%, respectively, and the CRRs were 80% and 83%, respectively.
Neutropenia was the most frequently reported grade 3 or more AE [28], ALK-positive ALCL, which is resistant to crizotinib,
could be treated with a blockade of platelet-derived growth factor receptor-3 (PDGFRB), which has been shown to



encourage lymphoma development and tumor propagation in mouse models of ALCL with NPM-ALK fusions. Imatinib,
which inhibits both PDGFRB and PDGFRA, was reported to induce a complete remission in a patient with refractory ALK-
positive ALCL [22, Recently, the FDA approved crizotinib in children and young adults with relapsed/refractory ALCL after
the results from a trial with 26 patients B9,

2.9. Anti-CCR4 Monoclonal Antibody

An anti-CCR4 monoclonal antibody, mogamulizumab, has elicited effective antitumor responses in PTCL cell lines and
mouse models of ATLL BY. In Japan, the agent is approved for the treatment of ATLL based on the results of a multicenter
phase Il study, which revealed the agent's encouraging efficacy and tolerable side effects in patients with relapsed
aggressive CCR4-positive ATLL. For the 28 patients enrolled in the study, the ORR was 50%, the CRR was 31%, and the
PFS and OS durations were 5.2 months and 13.7 months, respectively. The most frequent AEs were skin rashes and
infusion reactions, which were manageable. Most grade 3 or 4 AEs were hematologic and included lymphopenia,
leukopenia, neutropenia, and thrombocytopenia 22, The FDA has approved mogamulizumab for the treatment of R/R
mycosis fungoides and Sezary syndrome but not for the treatment of PTCL-NOS 22,

2.10. Anti-CD25 Antibody

Camidanlumab tesirine (ADCT-301) is a conjugate of an anti-CD25 (also called IL-2 receptor subunit a) antibody and a
pyrrolobenzodiazepine dimer toxin (tesirine) whose internalization through the IL-2 receptor results in cell death B3l A
multicenter phase | trial of camidanlumab tesirine enrolled 44 patients with R/R NHL, including 22 with T-cell lymphoma.
For the 19 evaluable T-cell ymphoma patients, the ORR was 42.1%, and the CRR was 5.3% 341,

2.11. Anti-CD52 Antibody

Multiple PTCL subtypes express CD52, a glycoprotein present on the surfaces of T- and B-lymphocytes and NK cells.
Although such expression warrants the investigation of alemtuzumab, an anti-CD52 antibody, for the treatment of PTCL,
the expression of CD52 on normal T cells and B cells has limited the potential therapeutic use of alemtuzumab and raises
concerns of a possible immunosuppression. Nevertheless, researchers conducted a pooled analysis of two phase Il trials
of CHOP plus alemtuzumab versus CHOP alone in 252 untreated PTCL patients. The CRR of the CHOP-plus
alemtuzumab group (56%) was higher than that of the CHOP-alone group (43%), but the combination was not found to
confer a benefit in the PFS and OS. Grade 3 or 4 hematologic toxicities were more common in the alemtuzumab group
and included leukopenia, anemia, and thrombocytopenia 181331,

2.12. Immunomodulator

An immunomodulatory drug, lenalidomide, has activity in the therapy of B-cell NHL. In the phase l/ll EXPECT trial of
lenalidomide of 54 patients with R/R PTCL, the. patients were treated with a median of three prior therapies. For all
patients, the ORR was 22%, and the CRR was 11%. AITL patients had a higher ORR (31%) and CRR (15%). The PFS
duration was 2.5 months overall but 4.6 months specifically among AITL patients. The common grade 3 or 4 hematologic
toxicities were neutropenia and thrombocytopenia. Thirty-five percent of the patients experienced at least one AE that led
to a dose reduction or interruption. Life-threatening AEs were reported in 54% of the patients; 12 patients died during the
study (381,

2.13. Bispecific Antibodies

Molecularly engineered antibodies fall into two broad categories: immunotoxins and bispecific antibodies. The former has
two arms; one that recognizes a tumor cell marker, and the other is bound to a toxin or drug. The latter are designed to
recognize two molecular targets BZ. An anti-CD30/CD16 bispecific antibody, AFM13, directs NK cells against CD30-
positive tumors. However, its efficacy against T-cell lymphomas has not been established 24, Bispecific antibodies have
also been designed to link a component of the TCR complex to a tumor surface marker, thereby directing T-cell cytotoxic
activity towards the tumor 8. A CD19/CD3 bispecific antibody, blinatumomab, yielded durable responses in patients with
B-cell NHL, spurring interest in this emerging modality 32,

2.14. Checkpoint Inhibitors

PD-L1 and PD-1 are constitutively expressed in multiple PTCL subtypes and on host cells in the tumor microenvironment.
The inhibition of these immune checkpoint molecules has shown a therapeutic efficacy against NHL 2%, In one
retrospective study of seven patients with R/R NKTCL, pembrolizumab, an anti-PD-1 antibody, displayed high efficacy
against the disease, with an ORR of 100% (7/7) and CRR of 71% (5/7). After a median of seven therapy cycles and a
median follow-up of 6 months, all five patients who had complete remission still had no evidence of the disease 1. In a
phase Il study in patients with R/R PTCL, pembrolizumab elicited modest activity, with an ORR of 33%, a CRR of 27%,



and PFS and OS durations of 3.2 months and 10.6 months, respectively. The most common AE was a rash, and the most
common grade 3 or higher AEs were a rash and pneumonitis [22. A phase I/Il study of a combination of pembrolizumab
and romidepsin in 15 patients with R/R PTCL yielded early encouraging results, including an ORR of 44% and complete
remission in three patients. Nausea, vomiting, and fatigue were the common grade 3 or more treatment-related AEs. Of
note, two patients experienced hyper-progression of their disease within 10 days of treatment [21. However, because PD-
1 inhibits TCR signaling, there is some concern that its use in PTCL patients could result in lymphoma progression 42, A
report of rapid disease progression in ATLL patients receiving nivolumab supports this idea 3. In one study, a patient
developed PTCL secondary to treatment with a checkpoint inhibitor, possibly because PD-1 could also act as a tumor
suppressor in T-cell lymphomas 241,

2.15. Inhibitors of Apoptosis

The inhibitor of apoptosis proteins (IAPs), which include cellular IAP (clAP) and X-linked IAP (xIAP), have antiapoptotic
functions and regulate cellular survival signaling pathways. XIAP inhibits caspases, which are involved in programmed cell
death, and clAP prevents the formation of proapoptotic sighaling complexes 451, The deregulation of IAP expression due
to genetic alterations is seen in solid tumors and hematologic malignancies 81471 ASTX660, a novel non-peptidomimetic
dual antagonist of clAP1/2 and xIAP, has demonstrated clinical activity in a phase 1 clinical trial “&. In a phase 2 trial, 16
peripheral T-cell lymphomas (PTCL) and 13 CTCL patients received ASTX at 180 mg/day on days 1-7 and 15-22 in a 28-
day cycle. An ORR of 28% (by Lugano criteria) was seen in the 14 evaluable patients in the PTCL cohort, and three
responding patients remained in the study. The most common AEs of any grade were subclinical lipase and amylase
elevation. These results demonstrate the clinical activity of ASTX660 in T-cell lymphomas, and expansion of the phase 2
cohort is ongoing 421,

2.16. Chimeric Antigen Receptor T-Cell Therapy

Some researchers have encouraged the use of chimeric antigen receptor-T (CAR-T) cells as therapy for PTCL patients.
Potential targets of such therapy include CD30, CD7, CD5, and CD4 4. Given the BV successful targeting of CD30,
CD30 CAR-T cells seem particularly promising, and their effectiveness has been demonstrated in mouse models B4, |n a
phase | trial in 18 patients with R/R Hodgkin's lymphoma, CD30 CAR-T cells were shown to be safe, eliciting partial
remission in seven patients and a stable disease in six patients B, In another phase | study of CD30 CAR-T cells in
patients with CD30-positive disease, one of two patients with ALCL had a complete remission that lasted 9 months 52,
CAR-T cells targeting the TCR also seem promising. The effectiveness of CAR-T cells targeting the TCR chain has been
documented 58!, CAR-NK cells have been investigated in preclinical studies, but clinical trials are required to validate their
efficacy 4. Developing CAR-T cells to target T-cell antigens seems promising; however, fratricide within a CAR-T-cell
product might impede such a development. This issue might be addressed by using CRISPR technology to eliminate
CAR-T cell targets in effector cells themselves [42],
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