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ABSTRACT

Peripheral T-cell lymphoma (PTCL) is a heterogeneous group of
clinically aggressive diseases associated with poor outcome.
Despite progress in the last several years, resulting in a deeper
understanding of the natural history and biology of PTCL based
on molecular profiling and next-generation sequencing, there is
a need for improvement in efficacy of chemotherapeutic regi-
mens for newly diagnosed patients. Treatment in the front-line
setting is most often cyclophosphamide, doxorubicin, vincris-
tine, and prednisone (CHOP) or CHOP-like regimens, which are
associated with a high failure rate and frequent relapses. Trials
evaluating intensive chemotherapy have resulted in variable
success in prolonging event-free survival, but overall survival
has remained unchanged. Furthermore, this strategy is lim-
ited to patients who are in complete remission after initial
anthracycline-based chemotherapy. Many patients are ineligible

for hematopoietic stem cell transplantation because of age or
failure to achieve remission. For relapsed disease, advances
have been made in the therapeutic arsenal for PTCL. New
drugs investigated in phase II studies have achieved response
rates between 10% and 30%. However, to date the identi-
fication of new therapies has been largely empiric, and long-
term remissions are the exception to the rule. Current
patient outcomes suggest the need for the identification and
development of active and biologically rational therapies to
improve disease management and to extend the duration
of response with iterative biomarker evaluation. This review
covers the management of PTCL and focuses on new agents
and therapeutic combinations, based on a better understand-
ing of biology and pathogenesis of the disease. The Oncologist
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Implications for Practice: Recent progress in understanding of the biology and pathogenesis of peripheral T-cell lymphoma has led
to the emergence of new drugs. Unfortunately, this has not been met with similar advances in outcome improvement.
Anthracycline-containing regimens, mostly cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP), are considered the
standard of care, although the best first-line approach remains to be defined. In the relapsed and refractory settings, several new
agents achieved response rates between 10% and 30%, although these drugs do not significantly affect survival rates. Therapeutic
options based on better molecular characterization of various histological types and combinations with the CHOP regimen or
synergic combinations of new drugs may lead to better outcomes.

INTRODUCTION

Peripheral T-cell lymphoma (PTCL) is a rare and heterogeneous
group of clinically aggressive diseases associated with poor
prognosis, representing 10%–15% of non-Hodgkin lymphomas
(NHLs) in Western countries (Table 1) [1, 2]. Many advances
have occurred in the classification of mature T-cell and natural
killer-cell (NK-cell) neoplasms with the introduction of new pro-
visional entities in the World Health Organization classification
system of 2016 (Table 2). These modifications are the result of
genomic studies using approaches to analyze Gene expression
profiling and the genetic landscape of T-cell and NK-cell
neoplasms.

Patients with PTCLs demonstrate more aggressive clinical fea-
tures than those with B-cell lymphoma, including B-symptoms,
diffuse disease, extranodal disease, increased serum lactate

dehydrogenase (LDH) levels, increased serum beta-2-
microglobulin levels, bulky disease, elevated Ki-67, and over-
expression of p53 [3–5].

The approach to treat PTCL has traditionally been similar to
that for diffuse large B-cell lymphoma. However, outcomes are
poor when PTCL is treated according to strategies established
for aggressive B-cell lymphomas, with early relapse, progres-
sion-free survival (PFS) of less than 1 year, and overall survival
(OS) of less than 2 years [6–11].

The exact roles of high-dose therapy (HDT) and autologous
stem cell transplantation (ASCT) support remain undefined.
Several retrospective studies suggest that there are populations
of patients with PTCL who will benefit from transplantation
for whom disease status at transplantation is a major predictor
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of success. However, the interpretation of these studies is com-
plicated by the heterogeneous histologic subtype frequen-
cies and the enrollment of patients with anaplastic
lymphoma kinase-positive (ALK1) anaplastic large-cell lym-
phoma (ALCL) in some series, who had a more favorable out-
come. [12–17].

The role of allogeneic stem cell transplantation (allo-SCT)
has been specifically investigated in relapsed and/or refractory
PTCL in retrospective series with limited data. Allo-SCT is a via-
ble option, particularly in refractory patients. The advantage
comes from lower relapse rate in patients developing chronic
graft-versus-host disease, as well as some responses obtained
in patients who received donor lymphocyte infusions, support-
ing the existence of a graft-versus-lymphoma (GVL) effect in
PTCL [18–20]. A better understanding of PTCL biology, based on
molecular profiling and next-generation sequencing, has led to
advances in the treatment of PTCL. Four novel agents have
recently been approved by the U.S. Food and Drug Administra-
tion (FDA) for the treatment of relapsed and refractory PTCL
and are being investigated in the front-line setting: pralatrexate,
brentuximab vedotin, romidepsin, and belinostat. Ongoing
studies are testing these new agents in combination with
chemotherapy in the front-line setting. Other new agents are
also being tested in the relapsed/refractory (R/R) setting.
They are also being tested in combination (chemo-free) in
other less-advanced studies and are likely to be used in the
future.

METHODS

We highlighted all pertinent published and unpublished studies
that analyzed treatment of peripheral T-cell lymphoma through
2017. Selection criteria were established before data collection.
An exhaustive literature search was performed on theMEDLINE
and ScienceDirect databases. The search criteria were periph-
eral T-cell lymphoma and treatment.We manually checked the
references of all identified articles and also searched Google
Scholar and conference proceedings in the fields of hematology
and oncology to find additional articles.

DIAGNOSIS

Clinical presentations of PTCL are heterogeneous with more
disseminated disease (stage III or IV disease) compared with
aggressive B-cell lymphomas, a poorer performance status, an
increased incidence of B-symptoms, and a common extranodal
localization [21, 22]. Patients occasionally present with eosino-
philia, pruritis, hemophagocytic syndromes, or autoimmune
manifestations [23]. Bone marrow involvement is more fre-
quent than that observed in diffuse large B-cell lymphoma [2].

Diagnosis requires examination of peripheral blood or
tissue biopsy for histological characterization, completed by
detailed immunohistochemistry, flow cytometry, cytoge-
netics, and molecular genetics. Clonality should be assessed
by polymerase chain reaction (PCR) for T-cell receptor gene
rearrangements.

Table 1. Incidence and survival by histological type

Diagnosis Incidence, % 5-year OS, %

PTCL-NOS 25.9 32

Angioimmunoblastic 18.5 32

NKTCL 10.4

Nasal 42

Extranasal 9

ATLL 9.6 14

ALK1 ALCL 6.6 70

ALK2 ALCL 5.5 49

Enteropathy type 4.7 20

Primary cutaneous ALCL 1.7 90

Hepatosplenic 1.4 7

Subcutaneous panniculitis-like 0.9 64

Abbreviations: ALCL, anaplastic large-cell lymphoma; ALK, anaplastic
lymphoma kinase; ATLL, adult T-cell leukemia/lymphoma; NKTCL, nat-
ural killer/T-cell lymphoma; NOS, not otherwise specified; OS, overall
survival; PTCL, peripheral T-cell lymphoma.

Table 2. Mature T-cell and NK-cell neoplasms: WHO classi-
fication 2016

Mature T-cell and NK-cell neoplasms

T-cell prolymphocytic leukemia

T-cell large granular lymphocytic leukemia

Chronic lymphoproliferative disorder of NK cells

Aggressive NK-cell leukemia

Systemic EBV1 T-cell lymphoma of childhooda

Hydroa vacciniforme-like lymphoproliferative disordera

Adult T-cell leukemia/lymphoma

Extranodal NK/T-cell lymphoma, nasal type

Enteropathy-associated T-cell lymphoma

Monomorphic epitheliotropic intestinal T-cell lymphomaa

Indolent T-cell lymphoproliferative disorder of the GI tracta

Hepatosplenic T-cell lymphoma

Subcutaneous panniculitis-like T-cell lymphoma

S�ezary syndrome

Mycosis fungoides

Primary cutaneous CD301 T-cell lymphoproliferative disorders

Lymphomatoid papulosis

Primary cutaneous anaplastic large cell lymphoma

Primary cutaneous gd T-cell lymphoma

Primary cutaneous CD81 aggressive epidermotropic cytotoxic
T-cell lymphoma

Primary cutaneous acral CD81 T-cell lymphomaa

Primary cutaneous CD41 small/medium T-cell lymphoprolifera-
tive disordera

Peripheral T-cell lymphoma, NOS

Angioimmunoblastic T-cell lymphoma

Follicular T-cell lymphomaa

Nodal peripheral T-cell lymphoma with TFH phenotypea

Anaplastic large cell lymphoma, ALK1

Anaplastic large cell lymphoma, ALK2a

Breast implant-associated anaplastic large-cell lymphomaa

aChanges from the 2008 classification.
Abbreviations: ALK, anaplastic lymphoma kinase; EBV, Epstein-Barr
virus; GI, gastrointestinal; NK, natural killer; NOS, not otherwise
specified; TFH, T follicular helper.
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The staging system for PTCL is the same for all non-Hodgkin
lymphomas, including tests to perform an extension assess-
ment and to assign a prognostic score. Investigations include
performance status, physical examination, a complete blood
count, and routine blood chemistry, including LDH, uric acid,
serum calcium, and beta-2-microglobulin, and screening tests
for HIV, human T-cell lymphotropic virus type 1 (HTLV-1), and
hepatitis B and C are also required.

At diagnosis, patients should have at least a computed
tomography (CT) scan of chest, abdomen, and pelvis, as well as
a bone marrow aspirate and biopsy. Most PTCLs are FDG-avid;
for this reason, 18-FDG positron emission tomography com-
bined with CT is now recommended by the International Con-
ference on Malignant Lymphoma group for PTCL staging [24].

Some extranodal lymphomas displaying particular biological
behavior need specific endoscopic investigations, barium study,
or CT enterography for gastrointestinal lymphoma. Similarly, lum-
bar puncture and magnetic resonance imaging of the brain
should be performed if neurological symptoms are suspected.

For clinical practice purposes, the International Prognostic
Index (IPI) is the recommended prognostic tool in nodal
PTCL [25].

CONVENTIONAL CHEMOTHERAPY OF UP-FRONT TREATMENT

IN PTCL

Anthracycline-Based Regimens
Standard first-line therapy still consists of cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP) or a CHOP-
like regimen. It is based on treatment paradigms for diffuse
large B-cell lymphoma, despite the lack of high-level evi-
dence, a disease rationale, or a biological basis. Therapeutic
responses to this approach have been neither sufficient nor
durable [2, 9, 10].

The International Peripheral T-Cell Lymphoma Project
reported a 5-year OS of 32% and a 5-year failure-free survival
of only 20% in a cohort of 1,314 cases of previously untreated
PTCL and natural killer/T-cell lymphoma, of which there were
340 cases of PTCL not otherwise specified (PTCL-NOS) treated
with an anthracycline-based regimen. The use of an anthracy-
cline-containing regimen was not associated with an improved
outcome in PTCL-NOS or angioimmunoblastic T-cell lymphoma
(AITL), but was associated with an improved outcome in ALK1

ALCL, with an overall response (OR) rate of 75% and an OS rate
of 60% after 5 years [2]. In contrast, the OR and OS rates of the
anaplastic lymphoma kinase negative (ALK2) ALCL were identi-
cal to those of other PTCL subtypes [2, 10].

The German High-Grade Non-Hodgkin Lymphoma Study
Group evaluated the addition of etoposide to the CHOP regi-
men (CHOEP) administered every 3 weeks or reducing the
interval between courses of CHOEP to 2 weeks in 343 patients
with T-cell lymphoma.The addition of etoposide to CHOP signif-
icantly improved event-free survival (EFS; 75.4% vs. 51%;
p 5 .003), but not OS of patients under 60 years of age with
normal LDH levels. However, the addition of etoposide or
reducing the interval between chemotherapy cycles did not
affect OS or PFS of patients aged over 60 years [9].

A study from the Swedish Lymphoma Registry analyzed
prognostic factors and outcome of 755 patients with PTCL diag-
nosed during a 10-year period. The 5-year OS and 5-year PFS

were 34.1% and 25.7%, respectively. Patients with ALK1 ALCL
had superior survival compared with all other groups (p< .001)
except for subcutaneous panniculitis-like T-cell lymphoma. The
5-year OS and 5-year PFS for the ALK1 ALCL subtype were
79.4% and 63.2%, respectively. International Prognostic Index
factors and male gender were associated with an adverse OS
and PFS. In an intention-to-treat analysis in 252 patients with
nodal PTCL and enteropathy-associated T-cell lymphoma
(excluding ALK1 ALCL), up-front ASCT was associated with a
superior OS and PFS compared with patients treated without
ASCT. The 5-year OS and PFS in the up-front ASCT group were
48% and 41%, respectively, whereas they were 26% and 21%,
respectively, in the group without ASCT. The addition of etopo-
side to CHOP resulted in superior PFS in patients aged �60
years. The median OS after relapse or progression in 211
patients initially responding (partial remission [PR] or complete
remission [CR]) to primary treatment was 6.0 months [26].

More recently, a prospective multicenter cohort study of
patients with a new diagnosis of nodal PTCL in the U.S. (COM-
PLETE registry) analyzed treatment patterns and outcomes of
499 patients. Among them, 256 (51.3%) had nodal PTCL and
completed their planned treatment. The estimated median sur-
vival was 43.0 months, with 12-month and 24-month survival
rates of 71.7% and 58.7%, respectively. Patients who received
doxorubicin had more favorable survival (log-rank p 5 .03).

PTCL subtype and IPI score were found to have a significant
effect on overall survival, and patients with ALCL had better
overall survival compared with those with AITL and PTCL-NOS.

After controlling for disease histology and IPI score, there was
a trend toward statistical significance in mortality reduction
among those patients treatedwith doxorubicin (p 5 .09), whereas
the addition of etoposide as a component of initial therapy was
not observed to be significantly associated with survival [27].

Non-Anthracycline-Based Regimens
The Southwest Oncology Group tested a combination of plati-
num, etoposide, gemcitabine, and methylprednisolone in a
phase II trial in 33 patients with PTCL, among whom 79% were
newly diagnosed. They received 25 mg/m2 cisplatin, 40 mg/m2

etoposide, and 250 mg methylprednisolone on days 1 through
4 and 1000 mg/m2 gemcitabine on day 1 of a 21-day cycle for
six cycles. The overall response rate (ORR) and the PFS rate
after 2 years were 39% and 12%, respectively. The median PFS
and OS were 7 and 17 months, respectively. The OS was not
considered to be promising. Adverse events included one grade
5 infection with grade 3–4 neutropenia and nine grade 4 hema-
tological toxicities [28].

CONVENTIONAL CHEMOTHERAPY IN RELAPSED/REFRACTORY

PTCL
Salvage treatment by conventional chemotherapy without
intensification is still lacking efficacy. The British Columbia
Cancer Agency studied the outcome of 153 patients with PTCL
after relapse or progression in the absence of hematopoietic
stem-cell transplantation and explored factors influencing sur-
vival. The median time from diagnosis to first relapse or pro-
gression after primary therapy was 6.7 months. Median OS and
PFS after second relapse or progression were 5.5 and 3.1
months, respectively, and were only marginally better than in
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patients who received chemotherapy at relapse: 6.5 and 3.7
months, respectively [29].

Gemcitabine Containing Regimens
The gemcitabine (1 g/m2 on days 1, 8, and 15), cisplatin
(100 mg/m2 on day 15), and methylprednisolone (1 g on days
1–5) regimen repeated every 28 days was evaluated in a cohort
of 16 patients with R/R PTCL and showed an ORR and CR rate
of 69% and 19%, respectively. The median time to disease pro-
gression was 4.1 months, and the median OS was not reached
after a median follow-up of 17.4 months. The probability of sur-
vival after 1 year was 68.2%. The main grade 3–4 toxicities
were neutropenia (62%) and anemia (12%) [30].

HEMATOPOIETIC STEM CELLTRANSPLANTATION

Autologous Stem Cell Transplantation
Several retrospective and prospective ASCT studies have shown
an improved outcome in patients with PTCL with an OS rate of
60%–70% [12, 31, 32]. The results between different studies
are relatively discordant and are associated with differences in
the number of patients included and the regimen used before
ASCT, as well as when the autograft was performed (first-line or
salvage therapy), the heterogeneity of PTCLs included, and the
enrollment of patients with ALK1 ALCL in some series. It is
likely that retrospective studies show a better survival outcome
compared with prospective studies because only the patients
who finally underwent ASCTwere enrolled.

Autologous Stem Cell Transplantation in Relapsed PTCL
There have been no prospective trials evaluating high-dose reg-
imens of chemotherapy followed by ASCT in patients with
relapsed PTCL.

The GELTAMO group reviewed 123 patients with relapsed
PTCL treated with high-dose chemotherapy followed by ASCT
(median age, 43.5 years). After a median follow-up of 61
months, the 5-year OS and PFS rates were 45% and 34%,
respectively. The a-Index Pronostic International (a-IPI) and
beta-2-microglobulin level at transplantation were identified as
adverse prognostic factors for both overall and progression-
free survival [13].

The Stanford group reported a retrospective series of 53
patients who underwent ASCT for PTCL. The 5-year PFS for
patients in first CR or PR, in second or greater CR or PR, or with
refractory disease was 51%, 12%, and 0%, respectively, and the
corresponding OS values were 76%, 40%, and 30%, respec-
tively. The pretransplant factors that influenced survival were
the number of prior regimens and disease status [31].

Autologous Stem Cell Transplantation in the Front-Line
Setting
Results from prospective studies suggest a substantial effect of
up-front ASCT on the outcome of patients with PTCL, which
should be further evaluated in randomized trials. The global
conclusion of reported trials is that pretransplantation treat-
ment must be improved to increase the transplantation success
and that one of the major challenges is knowing which patients
with PTCL in first remission to select for consolidative ASCT, as
patients with low IPI, ALK1 ALCL disease in remission do not
need consolidation transplant. For patients with ALK1 ALCL

with high IPI score and poor outcomes, alternate strategies,
including ASCT, should be considered [8, 9].

The first prospective multicenter study on up-front ASCT in
PTCL reported the data of 83 patients (excluding ALK1 ALCL)
treated with four to six cycles of CHOP followed by ASCT. Fifty-
five patients (66%) who achieved PR or CR underwent fractio-
nated total-body irradiation and high-dose cyclophosphamide
followed by ASCT. In an intent-to-treat analysis, the ORR after
myeloablative therapy was 66% (56% CR and 8% PR). With a
median follow-up time of 33 months, the estimated 3-year OS,
disease-free survival for patients in CR (calculated from CR to
the date of relapse), and PFS rates were 48%, 53%, and 36%,
respectively. The main reason for not receiving ASCT was pro-
gressive disease [14].

The Nordic group reported the results of a prospective
phase II trial (NLG-T-01) for untreated systemic PTCL (excluding
ALK1 ALCL) to evaluate the efficacy of a dose-dense approach
consolidated by up-front HDT and ASCT. A total of 160 patients
received an induction regimen of six cycles of biweekly CHOEP.
Etoposide was excluded for patients aged over 60 years.
Patients in CR or PR received consolidated treatment with HDT
and ASCT. A total of 115 patients underwent HDT/ASCT, with 90
in CR 3 months after transplantation. Early failures occurred in
26% of patients. Treatment-related mortality was 4%. With a
median follow-up of 60.5 months, the 5-year OS and PFS for
the entire cohort were 51% and 44%, respectively. The best
results were shown in ALK2 ALCL [32].

High-dose chemotherapy followed by ASCT may improve
the outcome in PTCL, but the available data come from non-
randomized studies, meaning definitive recommendations can-
not be made. The achievement of a first complete remission
before ASCT has proven to be a strong predictor of improved
outcome. However, this conclusion reflects selection bias
because patients who achieve first complete remission have
an intrinsically more chemosensitive disease and a higher
probability of undergoing HDC/ASCT. This is supported by a
large U.S. multicenter cohort of 341 patients with newly
diagnosed PTCL, of whom only 8% underwent first-line high-
dose chemotherapy followed by ASCT. There was no differ-
ence in OS based on the choice of up-front regimen or SCT in
first remission by multivariate analyses after adjusting for the
initial treatment response [17].

Allogenic Stem Cell Transplantation in PTCL
The role of allo-SCT has been especially investigated in relapsed
and/or refractory PTCL in retrospective series with limited data.

In a phase II trial with a limited number of patients, the out-
come of 17 patients with relapsed or refractory PTCL (2 median
previous lines) was evaluated, including 8 patients who had
relapsed after ASCT. Patients received reduced-intensity allo-
SCT combining thiotepa, fludarabine, and cyclophosphamide
after salvage therapy by four to six sequences of dexam�etha-
sone, cytarabine and cisplatine (DHAP). After a median follow-
up time of 28 months, the estimated 3-year OS and PFS were
81% and 64%, respectively. The transplant-related mortality
rate was 12%. Donor lymphocyte infusions induced a response
in two patients with progressive disease, suggesting the exis-
tence of a GVL effect [18].

The British Society of Bone Marrow Transplantation and the
Australian Bone Marrow Transplant Recipient Registry reported a
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series of 82 patients with relapsed and/or refractory PTCL who
received high-dose therapy with ASCT (n 5 64) or allo-SCT
(n 5 18). In the group of patients who received allo-SCT, the
median number of pretransplant treatment lines was two, and
two patients had received a prior ASCT. Thirty-three percent
received total body irradiation, and 67% received chemotherapy-
only conditioning regimens. After a median follow-up time of 57
months, five patients were alive, five died of progressive disease,
and eight died from nonrelapse mortality. The estimated 3-year
OS, PFS, and relapse rates were 39%, 33%, and 28%, respectively.
However, the use of full-intensity allogeneic transplantation
was limited by high transplant-related mortality [33].

The outcomes of 44 allogeneic blood or bone marrow
transplants (BMTs) from related donors for PTCL were re-
viewed, with 24 patients receiving reduced-intensity condition-
ing (RIC) and 20 with myeloablative conditioning (MAC). The
estimated 2-year PFS and OS rates were 40% and 43%, respec-
tively. The 1-year cumulative incidence of relapse was 38% for
MAC or human leukocyte antigen-identical allogeneic BMTs
and 34% for RIC or haploidentical allogeneic BMTs by compet-
ing risk analysis. On unadjusted analysis, patients with acute
grade 2–4 or chronic graft-versus-host disease (GVHD) had a
17% probability of relapse compared with 66% in patients with-
out GVHD by unadjusted analysis (p 5 .04) [19].

The European Group for Blood and Marrow Transplantation
reviewed the outcome of 45 patients with AITL who underwent
allo-SCT in a retrospective study.Thirty-four patients had received
two or more lines of chemotherapy before allo-SCT, and 11 had
experienced treatment failure with a prior ASCT. Twenty-five
patients underwent a myeloablative allo-SCT, and 20 a reduced-
intensity allo-SCT. The estimated 3-year OS, PFS, and relapse rates
were 64%, 53%, and 20% (lower in patients who developed
GVHD), respectively. The lower relapse rate after transplantation
and in patients who develop chronic GVHD (cGVHD) after the
allo-SCT suggests the existence of a clinically relevant GVL effect
[20].

Patients with a related or unrelated matched donor and a
good performance status may be eligible for this procedure.
Utilization of RIC and alternative donors expands treatment
options in PTCL to older patients, who are unable to tolerate

high-dose conditioning, with outcomes comparable to
approaches using myeloablative regimens and HLA-matched
donors. Allo-SCT may be appropriate for selected high-risk
cases in first remission and may offer a benefit for patients
with PTCL who relapse after ASCT.

NOVEL AGENTS ALONE OR IN COMBINATION WITH

CONVENTIONAL CHEMOTHERAPY

To improve the poor outcome of PTCL, novel agents that target
various pathways are required. The most significant progress in
recent years has been made by evaluating a large number of
novel agents alone, or in combination with other therapies,
including histone deacetylase (HDAC) inhibitors, monoclonal
antibodies, immunoconjugates, antifolates, immunomodula-
tory agents, nucleoside analogs, proteasome inhibitors,
kinase inhibitors, and other targeted agents.

LICENSED DRUGS IN RELAPSED AND REFRACTORY PTCL
Four next-generation drugs (pralatrexate, romidepsin, brentuxi-
mab vedotin, and belinostat) have recently been approved by
the FDA for the treatment of relapsed and refractory PTCL
based on response rates (Table 3). However, none of these
agents led to survival improvement. The European Medicines
Agency (EMA) has rejected approval of both pralatrexate and
romidepsin because of a lack of evident clinical benefit; belino-
stat is not licensed in Europe, although it has been granted
orphan designation status by the EMA. Brentuximab vedotin
is the only drug approved by the EMA for the treatment
of relapsed or refractory systemic ALCL based on a better
benefits-risk ratio.

The European Medicines Agency (EMA) has rejected
approval of both pralatrexate and romidepsin because
of a lack of evident clinical benefit; belinostat is not
licensed in Europe, although it has been granted
orphan designation status by the EMA.

Table 3. Clinical trial efficacy data of licensed and available drug monotherapy

Drugs/
reference

Targeting
site

Type of
patients

Evaluable
patients

ORR,
%

CR/CRu,
%

Median DoR,
months

Median PFS,
months

Median OS,
months Ref.

Pralatrexate Antifolate PTCL 109 29 11 10.5 3.5 14.5 [34]

Romidepsin HDAC inhibitor PTCL 130 25 15 28 4 — [41, 42]

Belinostat HDAC inhibitor PTCL 120 25.8 10.8 13.6 1.6 7.9 [44]

Brentuximab
vedotin

MoAb anti-CD30 ALCL 58 86 57 12.6 20 NR [47]

Brentuximab
vedotin

MoAb anti-CD30 PTCL 35 41 — 7.6 2.6 — [48]

Lenalidomide Immunomodulator TCL 29a 24 — 5 4 12 [60]

Bendamustine Alkylating agent TCL 60 50 28 6.6 3.6 6.2 [59]

Bortezomib Proteazome
inhibitor

TCL 12 67 17 [62]

Alemtuzumab Mo Ab anti-CD52 PTCL 14 35.7 21.4 [64]
aOnly the data of patients who had relapsed/refractory PTCL were reported.
Abbreviations: —, not available; ALCL, anaplastic large-cell lymphoma; CR, complete remission; CRu, unconfirmed complete remission; DoR, dura-
tion of response; HDAC, histone deacetylase; MoAb, monoclonal antibodies; NR, not reached; OS, overall survival; PFS, progression-free survival;
PTCL, peripheral T-cell lymphoma; Ref., reference; TCL, T-cell lymphoma.
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Pralatrexate
Pralatrexate is an antifolate (a folate analogue metabolic inhibi-
tor) designed to preferentially accumulate in cancer cells. Prala-
trexate was studied in a large prospective phase II trial (the
pivotal PROPEL trial) in patients with relapsed or refractory
PTCL. Of the 115 patients enrolled in the trial, 109 were evalu-
able. Patients received pralatrexate i.v. at a dose of 30 mg/m2

per week for 6 weeks in 7-week cycles until disease progression
or the development of unacceptable toxicity. The ORR was
29%, including 11% CR or unconfirmed CR (CRu). The median
duration of response was 10.1 months. The median PFS and OS
were 3.5 and 14.5 months, respectively. The most common
grade 3–4 adverse events (AEs) were thrombocytopenia (33%),
mucositis (22%), neutropenia (22%), and anemia (18%). These
results formed the basis for the FDA approval of pralatrexate in
R/R PTCL [34].

Shustov et al. performed a subanalysis in the PROPEL data
set and analyzed the impact of prior therapy on response in 15
patients who had previously received a CHOP-based regimen.
Seven patients achieved CR and 4 achieved PR. The ORR and
CR were 47% and 20%, respectively. Two patients remained on
treatment at the time of data cutoff (12.9 and 18.5 months).
Median duration of response and PFS were not reached and
8.4 months, respectively, based on the independent central
review [35].

Romidepsin
The rationale for using epigenetic therapies is supported by
several studies that have shown mutations in epigenetic genes
in different PTCL subtypes. Mutations affecting DNA methyla-
tion have been reported in AITL and PTCL-NOS. Recent studies
have identified mutations in TET2, IDH2, RHOA, DNMT3A, and
FYN in PTCL [36–40].

The rationale for using epigenetic therapies is sup-
ported by several studies that have shown mutations
in epigenetic genes in different PTCL subtypes. Muta-
tions affecting DNA methylation have been reported
in AITL and PTCL-NOS. Recent studies have identified
mutations in TET2, IDH2, RHOA, DNMT3A, and FYN

in PTCL

A pivotal, open-label, phase II study of a selective HDAC
inhibitor, romidepsin, in patients with relapsed or refractory
PTCLwho were refractory to at least one prior systemic therapy
or for whom at least one prior systemic therapy failed, enrolled
130 patients with a median of two previous lines of treatment.
Patients received 14 mg/m2 romidepsin as a 4-hour i.v. infusion
on days 1, 8, and 15 every 28 days. The ORR was 25%, including
15% CR/CRu. An update of these results showed a median
duration of response for all responders of 28 months and was
not reached for those who achieved CR/CRu. Of the 19 patients
who achieved CR/CRu, 10 had long-term (�12 months)
responses. Patients who achieved a CR/CRu of �12 months
had a median PFS of 29 months and a significantly longer OR
than those with a CR/CRu of <12 months or a PR. The most

common grade 3–4 AEs were thrombocytopenia (24%), neutro-
penia (20%), and infections (19%). This study also demon-
strated that prolonged romidepsin treatment provided clinical
benefits for R/R patients who had achieved at least stable dis-
ease [41, 42]. Based on this, romidepsin was approved by the
FDA for this indication. Romidepsin has been recommended by
the National Comprehensive Cancer Network (NCCN) as a
second-line and subsequent therapy in patients, regardless of
intention to proceed to high-dose therapy or SCT [43].

Belinostat
Belinostat is a hydroxamic acid-derived pan-HDAC inhibitor
that broadly inhibits all zinc-dependent HDAC enzymes. The
BELIEF trial reported the results of 120 patients with PTCL who
experienced progression after one or more prior therapies
(median, 2), who received daily 30-minute infusions of
1,000 mg/m2 belinostat on days 1–5 in 21-day cycles. The ORR
was 25.8%, including 10.8% CR. For the three most common
subtypes, the ORR was 23% in patients with PTCL-NOS, 46% in
patients with AITL, and 15% in patients with ALK2 ALCL. The
median duration of response was 13.6 months. Median PFS
and OR were 1.6 and 7.9 months, respectively. Twelve of the
enrolled patients underwent SCT after belinostat monotherapy.
The most common grade 3–4 AEs were anemia (10.8%), throm-
bocytopenia (7%), dyspnea (6.2%), and neutropenia (6.2%).
These results demonstrated the antitumor activity of belino-
stat, resulting in its FDA approval for patients with R/R
PTCL [44].

Brentuximab Vedotin
Brentuximab vedotin (SGN-35; BV) is a novel anti-CD30 anti-
body linked to monomethyl auristatin E (MMAE), a potent anti-
microtubule agent, via a protease-cleavable linker. MMAE is a
mitotic spindle poison that induces G2-M cell cycle arrest and
apoptosis [45]. BV is FDA and EMA approved for use in patients
with systemic ALCL after failure of one or more multiagent
chemotherapy regimens [46].

Pro et al. reported recently the 5-year results of their piv-
otal, multicenter, phase II study that evaluated the efficacy and
safety of brentuximab vedotin as a single agent in patients with
relapsed or refractory systemic ALCL. Fifty-eight patients with
systemic ALCL and recurrent disease after at least one prior
therapy received BV 1.8 mg/kg intravenously every 3 weeks for
up to 16 cycles. Sixteen patients (28%) had ALK1 disease, and
42 patients (72%) had ALK2 disease. After a median observa-
tion of 71.4 months and a median follow-up time from end of
treatment of 58.4 months, the estimated 5-year OS and PFS
were 60% and 39%, respectively. The 5-year OS and PFS for
patients who achieved a best response of CR (38/58; 66%)
were 79% and 57%, respectively, whereas the 5-year OS for
patients who did not achieve CR was 25% [47].

BV was investigated in another multicenter, open-label,
phase II trial of 35 patients with R/R PTCL, specifically AITL
(n 5 13) and PTCL-NOS (n 5 22). The median number of prior
therapies was two, and 63% of patients were refractory to their
most recent therapy. BV (1.8 mg/kg) was administered every 3
weeks until progression or unacceptable toxicity. The ORR for
all evaluable patients was 41%, and it was 54% in patients with
AITL. The median PFS and median duration of response were
2.6 and 7.6 months, respectively. The most common grade
3–4 AEs were neutropenia (14%), peripheral sensory
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neuropathy, and hyperkalemia (9% each). No correlation
between CD30 expression (per central review) and response
was observed [48].

Relevant Combinations for Licensed Drugs
To improve the response to treatment in PTCL, romidepsin was
combined with either chemotherapy or new agents. Romidepsin
was combined with a standard CHOP regimen in the front-line
setting. The LYSA group reported the data of 37 patients with
previously untreated PTCL treated with eight 3-week cycles of
CHOP combined with various doses of romidepsin (8, 10, or
12 mg/m2 on days 1 and 8) in a single-arm, phase Ib/II study.
The recommended dose of romidepsin for the phase II study
was 12 mg/m2 based on this protocol. Among 35 evaluable
patients, the ORR was 69%, including 51% with a CR. With a
median follow-up of 30 months, the estimated PFS and OS were
41% and 71%, respectively. No deaths were attributable to tox-
icity in the reported data. Three patients had early cardiac
events, and 25 had at least one serious AE; the most common
AEs were febrile neutropenia (14%), deterioration of physical
health (14%), lung infection (11%), and vomiting (8%; Table 4)
[49]. Based on these promising results, a phase III, randomized
trial of romidepsin1 CHOP versus CHOP in patients with un-
treated PTCL is ongoing (NCT01796002).

Synergistic activity has been seen for the combination of
pralatrexate with romidepsin in preclinical models of PTCL. A
phase I–II trial was initiated to evaluate the safety and clinical
activity of this combination in 26 patients with R/R lymphomas,
including 13 with PTCL. Pralatrexate was administered at a
dose of 10 mg/m2 and romidepsin at a dose of 12 mg/m2, with
escalation to 25 mg/m2 for pralatrexate and 14 mg/m2 for
romidepsin. Patients were treated using one of three dosing
schedules (three times weekly every 28 days; twice weekly
every 21 days, and QOW Q28DT). The median number of prior
therapies was three. The grade 3–4 toxicities reported in >5%
of patients were neutropenia (31%), thrombocytopenia (31%),
anemia (23%), oral mucositis (15%), hyponatremia (8%),
pneumonia (8%), and sepsis (8%). Twenty-two patients were
evaluable. The ORR in patients with PTCL was 77%, with CR
for 31% [50].

These data support the therapeutic potential of this combi-
nation in this setting, which is now being expanded to a multi-
center phase II trial for PTCL (NCT01947140).

A phase I–II study was initiated to evaluate the safety and
efficacy of romidepsin combined with lenalidomide in patients
with T-cell lymphoma (10 patients with cutaneous T-cell lym-
phoma [CTCL] and 11 patients with PTCL), B-cell lymphoma,
and multiple myeloma. The maximal tolerated dose (MTD)
defined in cycle 1 was romidepsin 14 mg/m2 i.v. on days 1, 8,
and 15 and lenalidomide 25 mg orally on days 1–21, every 28
days. Nineteen patients with T-cell lymphoma (TCL) were evalu-
able for efficacy, with an ORR of 53%. The ORR in PTCL was 50%
(5/10, 5 PR). Median EFS was 15.5 weeks (CTCL, 30.0 weeks;
PTCL, 13.5 weeks). Median OS was not reached. The grade 3–4
toxicities reported in �10% of patients were neutropenia
(48%), thrombocytopenia (38%), anemia (33%), and electrolyte
abnormalities (43%) [51].

Romidepsin was also evaluated in combination with borte-
zomib in a phase I study in 18 patients with R/R lymphoma.The
MTD was 1.3 mg/m2 bortezomib and 10 mg/m2 romidepsin.
The dose-limiting toxicities were grade 3 fatigue, vomiting, and
chills. Two patients with PTCL were evaluated and neither
responded to treatment [52].

Considering the potential synergy of proteasome inhibitors
with histone deacetylase inhibitors and lenalidomide, a phase
Ib/IIa trial was initiated to evaluate the safety and clinical activ-
ity of romidepsin and lenalidomide in combination with carfil-
zomib in 27 patients with R/R lymphomas, including 16 with
TCL. Romidepsin and carfilzomib were given i.v. on days 1 and
8, and lenalidomide was given orally on days 1–15 every 21
days, in a standard 31 3 dose escalation design. The starting
dose was romidepsin 8 mg/m2, lenalidomide 15 mg, and carfil-
zomib 36 mg/m2. Grade 3–4 toxicities reported in >10% of
patients were neutropenia and thrombocytopenia. Of the 16
evaluable patients with T-cell lymphoma, the OR and CR rates
were 50% and 31%, respectively. Four of 5 patients with AITL
achieved CR. The median duration of response and EFS for
patients with TCL were 38.7 weeks and 13.57 weeks, respec-
tively. The preliminary OR and CR rates of this combination are
promising in PTCL, particularly in the AITL subtype, and warrant
further study [53].

Pralatrexate was investigated in the front-line setting in
combination with a cyclophosphamide, etoposide, vincristine,
and prednisone (CEOP) regimen in a phase II trial in 33 patients
with PTCL. Patients achieving CR or PR underwent consolida-
tion by ASCT after four cycles. The ORR was 70%, with 17

Table 4. Licensed drugs in combination with CHOP or CHOP-like chemotherapies in the front-line setting

Combination Type of patients

No. of
evaluable
patients

ORR
(%)

CR
(%)

PFS
(%)

OS
(%) Ref.

2 brentuximab1 6 CHOPa ALCL and other mature
CD301 T/NK-cell lymphomas

13 85 62 77 (1 yr) — 57

6 (CHP1 brentuximab)a ALCL and other mature
CD301 T/NK-cell lymphomas

26 100 88 52 (4 yr) 80 (4 yr) 58

CEOP1 pralatrexate PTCL 33 70 52 60 (2 yr) 39 (2 yr) 54

CHOP1 pralatrexate PTCL 29 90 66 55

CHOP1 romidepsin PTCL 35 69 51 50 (2 yr) 11.2 (2 yr) 49

CHOP1 belinostat PTCL 23 89 72 — — 56
a82% ALCL.
Abbreviations: —, not available; ALCL, anaplastic large-cell lymphoma; CEOP, cyclophosphamide, etoposide, vincristine, and prednisone; CHOP, cyclophos-
phamide, doxorubicin, vincristine, and prednisone; CHP, cyclophosphamide, doxorubicin, and prednisone; CR, complete remission; ORR, overall response
rate; OS, overall survival; PFS, progression-free survival; PTCL, peripheral T-cell lymphoma; Ref., reference; T/NK cell, T-cell/natural killer cell.
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patients (52%) achieving a CR. The 2-year PFS and OS were 39%
and 60%, respectively. The most common grade 3–4 AEs were
anemia (27%), thrombocytopenia (12%), febrile neutropenia
(18%), mucositis (18%), sepsis (15%), increased creatinine
(12%), and liver transaminases (12%). This combination did not
improve outcomes relative to those historically achieved using
CHOP [54].

More recently, pralatrexate was evaluated in combination
with the CHOP regimen in previously untreated patients with
PTCL in a 31 3 phase I dose-escalation study. TheMTD was not
reached at protocol-defined highest administration dose. In the
second part, a pralatrexate dose of 30 mg/m2 was adminis-
tered, on days 1 and 8 of a standard 21-day CHOP regimen for
six cycles or until toxicity or disease progression, as the
protocol-defined maximum dose. The treatment association
was generally well tolerated, with median relative dose inten-
sity of 98%. The only grade >3 treatment-related AE (�10%)
was neutropenia (n 5 4). In the 29 patients evaluable for
response, the investigator found that objective response and
complete response rates were 90% and 66%, respectively [55].

Belinostat (1,000 mg/m2) on various schedules repeated
every 21 days for up to six cycles in combination with the CHOP
regimen was tested in 23 patients with PTCL. The maximum tol-
erated dose was determined to be 1,000 mg/m2 on days 1–5.
The most frequent grade 3–4 AEs were hematological in
nature: decreased neutrophil counts (26%), anemia (22%), neu-
tropenia (17%), and decreased white blood cell counts (17%).
The ORR for the first 18 evaluable patients was 89% (16/18),
with 72% CR. These data demonstrate that the combination of
belinostat with CHOP was well tolerated, with strong clinical
efficacy. This combination is a promising new regimen for the
treatment of PTCL that will be further tested in a phase III
randomized clinical trial [56].

Beyond the relapse setting, BV has been combined in a
phase I open-label trial at full dose with standard CHOP or CHP
(CHOP without vincristine) chemotherapy for the front-line
treatment of systemic ALCL and other mature CD301 T/NK-cell
lymphomas. Patients received sequential treatment (once
every 3 weeks) with 1.8 mg/kg BV (two cycles) followed by
CHOP (six cycles) or 1.8 mg/kg BV plus CHP (BV1 CHP) for six
cycles (once every 3 weeks). Responders received single-agent
BV for 8–10 additional cycles (for a total of 16 cycles). Thirty-
nine patients were enrolled in the study (13 and 26 patients in
the sequential- and combination-treatment groups, respec-
tively). After sequential treatment, 11 (85%) of 13 patients
achieved an OR, including 62% CR; the estimated 1-year PFS rate
was 77%. At the end of the combination treatment, all patients
(n 5 26) achieved an OR, including 88% CR; the estimated 1-year
PFS rate was 71%. All seven patients without ALCL achieved CR.
The most frequent grade 3–4 AEs in the combination-treatment
group were febrile neutropenia (31%), neutropenia (23%), ane-
mia (15%), and pulmonary embolism (12%) [57].

Recently, 4-year updated data from the BV1 CHP combina-
tion treatment arm were reported. Twenty-one of the 26
patients who achieved remission with the BV1 CHP combina-
tion continued to receive single-agent BV. The median number
of cycles of BV was 13.

After a median follow-up of 52 months, 18 patients
remained on study. The estimated 4-year PFS and OS rates
were 52% and 80%, respectively. The median PFS had not been

reached. Of 26 patients treated with the BV1 CHP combina-
tion, 19 (73%) developed peripheral neuropathy. Eighteen
patients (95%) experienced complete resolution (42%) or par-
tial resolution, defined as a decrease by at least one grade from
worst grade (58%). The median time to resolution of peripheral
neuropathy symptoms was 5.7 months [58]. The results from
the current phase II trial in PTCL, coupled with the ability to
combine BV with standard-induction chemotherapy, updated
above, resulted in the initiation of a phase III, double-blind,
randomized study of BV plus CHP versus CHOP for untreated
patients with CD30-expressing PTCL (NCT01777152).

In relapsed or refractory settings, it would be interesting to
incorporate these new drugs in earlier lines of therapy with
responses that could be sustained in patients treated at first
relapse by pralatrexate and romidepsin.

The high response rates shown in patients with AITL treated
with belinostat should be confirmed by specific dedicated stud-
ies to explore the effectiveness of belinostat in this specific sub-
population of patients. The results of the 5-year follow-up of
brentuximab vedotin therapy in patients with relapsed or
refractory systemic ALCL are very promising.

In the first-line setting, results of the romidepsin1 CHOP
versus CHOP phase III trial and the BV1 CHP versus CHOP ech-
elon 2, phase III trial are pending. However, initial trials incorpo-
rating new agents into conventional treatment backbones
(alemtuzumab-CHOP, denileukin diftitox-CHOP, pralatrexa-
te1 CEOP, etc.) have not yielded improvement. Based on a
better understanding of biology and pathogenesis of the dis-
ease, several early-phase trials tested chemo-free combinations
with encouraging results and are expected to improve disease
management and to extend the duration of response with iter-
ative biomarker evaluation.

ADDITIONAL DRUGS LISTED IN NCCN GUIDELINES FOR

RELAPSED PTCL

Bendamustine
Bendamustine is an alkylating agent with properties of the
nitrogen mustard, mechlorethamine, and the purine analogue,
fludarabine. In the Bently trial for the LYSA group, the benda-
mustine regimen was administered to 60 patients with CTCL
and PTCL (median number of previous treatments, 1) at a dose
of 120 mg/m2 on days 1 and 2, every 3 weeks, for six cycles.
The ORR and CR rate were 50% and 28%, respectively. The
median duration of response was 6.6 months. The median PFS
and OS were 3.6 and 6.2 months, respectively [59]. Because of
its encouraging response rate and acceptable toxicity, the
National Comprehensive Cancer Network (NCCN) has recom-
mended bendamustine as a second-line and subsequent ther-
apy, regardless of high-dose therapy and SCT [43].

Lenalidomide
Lenalidomide is an immunomodulatory drug initially intended
as a treatment for multiple myeloma with three main mecha-
nisms of action: direct antitumor effect, inhibition of angiogen-
esis, and immunomodulation activity.

The outcome of 40 patients with R/R PTCL or untreated
PTCL who were not candidates for combination chemotherapy
was studied in a phase II clinical trial. Patients received oral
lenalidomide at a dose of 25 mg, daily, on days 1–21 of each
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28-day cycle. The ORR was 26%; 8% of patients had a CR. The
median PFS and OS were 4 months and 12 months, respec-
tively. The median duration of response was 13 months. Among
the patients who had R/R PTCL (29 patients), the ORR was
24%, and the median OS, PFS, and duration of response were
12 months, 4 months, and 5 months, respectively. The most
common grade 4 AEs were pain, not otherwise specified (21%);
neutropenia (13%); muscle weakness (10%); and dyspnea
(10%) [60].

A multicenter, open-label phase II trial (EXPECT) tested the
efficacy and safety of 25 mg lenalidomide, taken orally once
daily on days 1–21 of each 28-day cycle, for a maximum of 24
months, until disease progression or development of unaccept-
able toxicity, in 54 patients with R/R PTCL, mostly with AITL
(n 5 26; 48%) and PTCL-NOS (n 5 20; 37%). The ORR was 22%,
including CR or unconfirmed CR/CRu in 11% of patients. The
median PFS and duration of response were 2.5 and 3.6 months,
respectively. The most common grade 3–4 AEs included throm-
bocytopenia (20%), gastrointestinal disorders (17%), neutrope-
nia (15%), and infections (15%) [61].

Bortezomib
Bortezomib is a proteasome inhibitor with clinical activity in multi-
plemyeloma andmantle cell lymphoma. A phase II trial evaluated
the efficacy and tolerability of bortezomib (1.3 mg/m2 i.v. on days
1, 4, 8, and 11, every 21 days, for a total of six cycles) in a series of
15 patients with relapsed or refractory CTCL or PTCLwith isolated
skin involvement. Twelve patients were evaluable. The ORR was
67%, with 17% CR. The most common grade 3 AEs were neutro-
penia (n 5 2), thrombocytopenia (n 5 2), and sensory neuropa-
thy (n 5 2).There was no reported grade 4 toxicity [62].

Bortezomib was evaluated in combination with a standard
CHOP regimen in a phase II study as first-line treatment for
patients with PTCL (n 5 41) and CTCL (n 5 5). Bortezomib was
administered on days 1 and 8 at a dose of 1.6 mg/m2 in addition
to CHOP every 3 weeks for a total of six cycles. The ORRwas 76%,
with 65% of patients achieving CR. The 3-year OS and PFS were
47% and 35%, respectively, because of frequent relapse after
remission. Grade 3–4 leucopenia was the most frequent toxicity,
whereas neurotoxicity was tolerable—grade 1 or 2 of peripheral
neuropathy.The outcomewas similar to CHOP alone [63].

Alemtuzumab
Alemtuzumab is a monoclonal antibody that binds to CD52, a
protein that is present on the surface of mature lymphocytes
but not on the stem cells from which they are derived. CD52-
bearing lymphocytes are targeted for destruction after treat-
ment with alemtuzumab. Alemtuzumab was evaluated in 14
patients with R/R PTCL. Patients received a rapidly escalating
dosage of alemtuzumab during the first week and then 30 mg
i.v. three times per week for a maximum of 12 weeks. The ORR
rate was 35.7%, with three patients achieving CR (21.4%) and
two achieving PR (14.3%). However, significant hematologic tox-
icity and infectious complications were reported (cytomegalovi-
rus reactivation in six patients, pulmonary aspergillosis in two
patients, pancytopenia in four patients, and Epstein-Barr virus-
related hemophagocytosis in two patients). Five patients died of
causes related to the treatment in combination with advanced
disease. The toxicity revealed by this study suggests that lower
doses and/or different schedules should be explored [64].

A subcutaneous form of alemtuzumab was tested in combi-
nation with the CHOP regimen to reduce treatment-related tox-
icity in a prospective multicenter trial in untreated patients with
PTCL. Twenty-four patients were successively included and
received eight cycles of CHOP plus 30 mg alemtuzumab subcuta-
neously on day 21 initially for the first four courses (four
patients), and then for all eight courses (20 patients). CR was
achieved in 17 patients (71%), and one had a PR. After a median
follow-up of 16 months, 58% of patients were alive, 38% died
from disease progression, and one died from pneumonia after a
CR. The most frequent side effects were grade 4 neutropenia
and cytomegalovirus (CMV) reactivation. Major infections were
Jakob-Creutzfeldt virus reactivation, pulmonary invasive aspergil-
losis, Staphylococcus sepsis, and pneumonia [65].

EMERGING DRUGS IN LATE-PHASE TRIALS

Mogamulizumab
Mogamulizumab (KW-0761) is a defucosylated humanized anti-
CCR4 antibody engineered to exert potent antibody-dependent
cellular cytotoxicity.

The efficacy and safety of mogamulizumab were studied in
a multicenter phase II trial in patients with relapsed CCR4-
positive PTCL or CTCL. Mogamulizumab (1.0 mg/kg) was
administered i.v. once per week for 8 weeks to 37 patients. The
ORR was 35%, including 14% CR; the median PFS was 3
months. The most common grade 3–4 AEs were lymphocytope-
nia (73%) and neutropenia (19%) [66].

More recently, a prospective, multicenter, randomized trial
of mogamulizumab (1.0 mg/kg), administered weekly for the
first 4-week cycle and then biweekly versus one of three
investigator-chosen regimens (gemcitabine and oxaliplatin,
DHAP, or pralatrexate) to patients with R/R adult T-cell leuke-
mia/lymphoma (ATLL), was performed. Seventy-one patients
were randomized (47 to mogamulizumab, 24 to investigator’s
choice). In the mogamulizumab-treated group, the ORR was
23.4% (11/47); in the investigator’s choice group, the ORR
was 8.3% (2/24). Among the investigator’s choice patients,
18 crossed over to mogamulizumab, and 3 of these were
responders. The median duration of response for mogamulizu-
mab was 5.0 months, and one patient had a CR lasting >9
months. The most common drug-related AEs in the mogamu-
lizumab group were infusion reactions (46.8%), rash/drug
eruption (25.5%), and infections (14.9%).These data are promis-
ing for the treatment of aggressive R/R ATLL, which usually
responds poorly to cytotoxic regimens [67].

Alisertib
Aurora A kinase (AAK) is overexpressed in aggressive lympho-
mas and can correlate with more histologically aggressive forms
of the disease. AAK has been found to be upregulated in PTCL,
most strongly in ALK1 ALCL, followed by ALK2 ALCL and PTCL-
NOS [68].

Alisertib is a novel oral AAK inhibitor without adverse safety
signals in early-phase studies that demonstrated preliminary
activity in TCL. The SWOG group reported the data of 37
patients with R/R PTCL or transformed mycosis fungoides
(tMF) treated with 50 mg alisertib, twice a day, for 7 days on
21-day cycles in a phase II trial. The ORR was 30% among the
PTCL subtypes, whereas no responses were observed in patients
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with tMF. The median duration of response was 3 months. The
median PFS and OS were 3 and 8 months, respectively. The most
common grade 3–4 AEs were neutropenia (32%), anemia (30%),
thrombocytopenia (24%), febrile neutropenia (14%), mucositis
(11%), and rash (5%). Treatment was most frequently discontin-
ued because of disease progression [69].

Preclinical studies support the combination of alisertib with
an HDAC inhibitor. Alisertib and romidepsin showed synergy in
vivo on a TCL cell line inoculated into severe combined immu-
nodeficiency mice [70].

Based on these data, a phase I clinical trial was performed
to evaluate the combination of alisertib and romidepsin in R/R
PTCL and B-cell lymphoma. Patients were treated with alisertib
orally on days 1–7 and romidepsin i.v. on days 1 and 8, with five
planned dose escalations. The median number of cycles was
1.5 (range, 1–8) with a median time for retreatment of 28.5
days (range, 22–40).

Eight of nine enrolled patients were evaluable for response,
including three with PTCL, with a median number of four prior
therapies. Grade 3–4 toxicities were neutropenia, thrombocy-
topenia, and anemia in 45%, 45%, and 20% of the cycles,
respectively. One patient with PTCL achieved a CR, one had sta-
ble disease, and one had disease progression. Further enroll-
ment in this trial is ongoing [71].

Crizotinib
Patients with ALK1 lymphomas have a relatively favorable out-
come to anthracycline-based chemotherapy, but those who
relapse have a poor prognosis [72]. Crizotinib is an oral, small-
molecule tyrosine kinase inhibitor, with specificity for ALK and
ROS1 (c-ros oncogene 1), which has been approved in the U.S.
and several other countries for the treatment of some non-
small cell lung carcinomas harboring a translocation of the ALK

gene. It was tested in a small series of 11 patients with refrac-
tory ALK1 lymphoma, 9 with ALCL histology. It was adminis-
tered at a dose of 250 mg twice daily until disease progression.
All nine patients with ALK1 ALCL achieved a CR. OS and PFS
rates after 2 years were 72.7% and 63.7%, respectively. Three
patients had a CR lasting>30 months under continuous crizoti-
nib administration. All toxicities were grade 1–2, including ocu-
lar flashes, peripheral edema, and neutropenia [73].

A pilot phase II study of crizotinib in patients with ALK1

lymphomas resistant or refractory to standard cytotoxic treat-
ment is ongoing (NCT02419287).

Duvelisib
Duvelisib, previously known as IPI-145, is an oral inhibitor of
phosphoinositide-3 kinase (PI3K) -d and -g being tested as a
treatment for hematological malignancies, as well as a broad
range of inflammatory conditions. The safety and efficacy of
duvelisib has been evaluated in a phase I trial, in 210 patients
with advanced hematologic malignancies; 63% had received
�3 prior systemic anticancer regimens. Thirty-one patients
received duvelisib 8–100 mg twice daily in the dose escalation
phase, and 179 in the expansion phase were treated with 25 or
75 mg duvelisib twice daily continuously. The ORR rate of
patients with PTCL (n 5 16) was 50%, including three CRs. Neu-
tropenia was the most frequent hematologic AE, occurring in
39% of patients of the entire cohort, with 32% of patients expe-
riencing grade�3 events.Themost common nonhematological
AEs overall and the most common nonhematologic events of
grade �3 were transaminase (ALT/AST) elevations (38%) and
diarrhea (42%). The grade 3–4 toxicity, reported in >5% of
patients, was pneumonia in 28 patients (13%). Pneumocystis
jirovecii pneumonia was reported in three cases, and CMV
infection was reported in two cases. Among the 11 fatal AEs
other than disease progression in the entire cohort, two
patients with TCL and R/R disease experienced fatal AEs [74].
These data support further investigation of duvelisib in a multi-
center, phase II, open-label, parallel cohort study in patients
with R/R PTCL (NCT03372057).

Parallel phase I studies of duvelisib plus romidepsin or bor-
tezomib were recently reported in a 31 3 design study with
dose expansion at maximum tolerated dose in patients with R/
R TCL. Patients received romidepsin at 10 mg/m2 i.v. at days 1,
8, and 15 and duvelisib at 75 mg, PO, twice daily, days 1–28, in
the MTD arm A, dose level 3. Eleven patients with PTCL were
evaluable for responses. The ORR and CR rate were 64% and
36%, respectively. In Arm B, patients received duvelisib
at 25 mg, PO, twice daily, days 1–28, and bortezomib at
1 mg/m2 subcutaneously on days 1,4, 8, and 11, at the MTD
dose level 1. Ten patients with PTCL were evaluable for
responses. The ORR and CR rate were 50% and 30%,

Table 5. Clinical trial efficacy data of licensed or emergent combinations

Combination
Type of
patients

No. of evaluable
PTCL patients ORR, % CR, %

Median
DoR, wks Ref.

Romidepsin1 pralatrexate BCL/TCL 13 77 33 50

Romidepsin1 lenalidomide BCL/TCL/myeloma 10 50 31a 51

Romidepsin1 bortezomib CLL/BCL/TCL 2 0 52

Romidepsin1 lenalidomide1
carfilzomib

TCL 16a 50 31 38.7a 53

Romidepsin1 lenalidomide1
carfilzomib

TCL 5b 100 80 38.7a 53

Romidepsin1 alisertib BCL/PTCL 3 33 71

Duvelisib1 romidepsin PTCL 11 64 36 75

Duvelisib1 bortezomib PTCL 10 50 30 75
aTCL.
bAngioimmunoblastic T-cell lymphoma.
Abbreviations: BCL, B-cell lymphoma; CLL, chronic lymphocytic leukemia; CR, complete remission; DoR, duration of response; ORR, overall
response rate; PTCL, peripheral T-cell lymphoma; Ref., reference; TCL, T-cell lymphoma.
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respectively. The duvelisib plus romidepsin combination was
well tolerated, unlike the duvelisib plus bortezomib combina-
tion, in which AST/ALT elevation limited tolerability upon
dose escalation. Further expansion of the duveli-
sib1 romidepsin cohort is planned to further evaluate the
efficacy of this combination (Table 5) [75].

OTHER AGENTS IN EARLY-PHASE TRIALS

Frequent mutations affecting the IDH2 and TET2 genes have
been identified in AITL [36, 38–40]. TET2 mutations have been
reported in 47%–81% of all AITL analyzed [76, 77].

The LYSA group reported the results of 5-azacytidine (5-
AZA) treatment in 19 patients with R/R PTCL (12 with AITL).
TET2 was sequenced in 14 patients. It was mutated in 8/10
(80%) with AITL and 1/4 (25%) with other PTCL. 5-AZA was
administered by subcutaneous injection of 75 mg/m2 during 7
consecutive days every 28 days, until progression or unac-
ceptable tolerability. Ten patients had a previous or concomi-
tant diagnosis of myelodysplastic syndrome (MDS). The ORR
was 53% (10/19) and was significantly higher in patients with
AITL than in patients with other PTCL subtypes (9/12, 75% vs.
1/7, 15%). Five patients with AITL achieved CR, and all of
them were TET2 mutated. Among the nine patients with AITL
who responded, only two patients experienced progression,
after 86 and 499 days, respectively [78].

Furthermore, a phase I–II, multicenter study is ongoing to
evaluate the safety and clinical activity of AG-221, a first-in-
class, oral, selective, potent inhibitor of mutant IDH2 in patients
with advanced solid tumors and AITL with an IDH2 mutation
(NCT02273739).

Tenalisib, also known as RP6530, is a highly specific inhibi-
tor of PI3K d/g isoforms and an anticellular proliferation agent
for treatment of hematologic malignancies. Tenalisib was inves-
tigated to evaluate safety and efficacy in a phase I/Ib study
using a standard 31 3 dose escalation schema in 11 patients
with R/R mature T-cell neoplasms (median number of previous
treatments, 3). To date, 6 patients with PTCL and 5 patients
with CTCL have been enrolled at three dose levels: 200 mg
twice daily, 400 mg twice daily, and 800 mg twice daily. No
grade 3–4 drug-related AEs have been observed, except for
ALT/AST elevation in one patient. Five patients have been eval-
uated for responses at cycle 3, day,1. Two patients (one with

PTCL and one with CTCL) experienced PRs (40%) that have
been ongoing for>5 months [79].

Nivolumab is a humanized IgG4 anti-programmed death 1
(PD-1) monoclonal antibody that potentiates T-cell activity. It
has demonstrated clinical efficacy in various solid tumors and
has been tested in an open-label trial enrolling patients with R/
R lymphoid malignancies, including B-cell NHL, T-cell NHL, mul-
tiple myeloma, and classical Hodgkin lymphoma.

Eighty-two heavily pretreated patients (�3 prior treatment
regimens, 78%), including 23 with T-NHL (13 with mycosis fun-
goides, 5 with PTCL, and 5 with other T-cell lymphomas),
received nivolumab in a dose-escalation study (1 mg/kg and
3 mg/kg) every 2 weeks for up to 2 years. Drug-related AEs
occurred in 65% of patients with T-NHL. Serious AEs were pneu-
monitis, rash, and sepsis, each occurring in 4% of patients. The
ORR was 17% (no CR), including an ORR of 40% in the five
patients with PTCL. With median follow-up times of 44 weeks,
response durations for the two patients with PTCL were 10.6
and 78.61weeks, respectively. The median duration of stable
disease (SD) was 11.0 weeks (range, 7�1–42�91 weeks) for 10
patients with T-cell lymphomas (Table 6) [80].

Several cancers, including lymphoma, have been associated
with activation of the JAK/STAT pathway by multiple mecha-
nisms, including inappropriate autocrine and paracrine cytokine
stimulation [81] as well as activating mutations [82].

Ruxolitinib, a selective JAK1/2 inhibitor approved by the
FDA for myeloproliferative neoplasms, is being studied in
relapsed B-cell NHL and PTCL (NCT01431209).

NK-/T-CELL LYMPHOMA (NASAL AND EXTRANASAL)
Although rare in Europe and the U.S., extranodal NK/T-cell lym-
phoma (ENKTL) is diagnosed comparatively frequently in Asia
and Latin America and represents 5%–10% of all malignant
lymphomas in China [83, 84].

ENKTL has a predilection for the nasal cavity and upper
aerodigestive tract, and skin and soft tissue infiltration have
also been reported [85]. ENKTL is characterized by the expres-
sion of P-glycoprotein, which is related to multidrug resistance
(MDR), for which reason ENKTL is resistant to anthracycline-
based chemotherapies, and it is associated with Epstein-Barr
virus (EBV). In the first setting, guidelines recommend treat-
ments, including local radiotherapy for patients with nasal type

Table 6. Clinical trial efficacy data of new drug monotherapy

Drug
Targeting
site

Type of
patients

No. of
evaluable
patients

ORR,
%

CR/Cru,
%

Median DoR,
months

Median PFS,
months

Median OS,
months Ref.

Mogamulizumab MoAb anti-CCR4 PTCL/CTCL 37 35 14 — 3 — 66

Alisertib Aurora A inhibitor PTCL 37 30 — 3 3 4 69

Crizotinib ALK inhibitor ALK1 9 100 100 — — — 73

Duvelisib PI3K-d inhibitor PTCL 16 50 19 74

Pembrolizumab Immune checkpoint NK/T-cell
lymphoma

7 100 71 92

Azacytidine Demethylating agent PTCL 19 53 26 — — — 78

Tenalisib PI3K inhibitor g, d PTCL/CTCL 5 40 — — — 79

Nivolumab Immune checkpoint PTCL 5 40 — 11.5 — — 80

Abbreviations: —, not available; ALK, anaplastic lymphoma kinase; CTCL, cutaneous T-cell lymphoma; CR, complete remission; Cru, unconfirmed
complete remission; DoR, duration of response; ORR, overall response rate; OS, overall survival; MoAb, monoclonal antibodies; NK, natural killer;
PFS, progression-free survival; PI3K, phosphoinositide-3 kinase; PTCL, peripheral T-cell lymphoma; Ref., reference.
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ENKTL, stage I, and contiguous stage II disease with cervical
lymph node involvement and chemotherapy with L-asparaginase
and/or nonrelated MDR compounds for patients with advanced
extranodal NK/T-cell lymphoma (ENKTL) [25, 43].

Conventional Chemotherapy and Radiotherapy
Recently, a cooperative study in Japan retrospectively analyzed
the management and outcomes of 358 patients diagnosed
between 2000 and 2003 with nasal type ENKTL; 82% of them
received a regimen of concurrent radiotherapy 1 dexametha-
sone, etoposide, ifosfamide, and carboplatin (RT-DeVIC). Of 257
patients with localized disease, 66% received RT-DeVIC as first-
line therapy. The 5-year OS for localized and advanced ENKTL
were 68% and 24%, respectively. The 5-year OS and PFS in 150
patients treated with RT-DeVIC in clinical practice were 72%
and 61%, respectively [86].

Zhang et al. reported the 5-year analysis of a phase II trial
of “sandwich” chemo-radiotherapy, comprising L-asparaginase,
vincristine, and prednisone chemotherapy1 radiotherapy,
in patients with newly diagnosed, stage IE–IIE, nasal type
ENKTL. The 5-year OS and PFS rates were both 64%. The initial
therapeutic response (odds ratio, 5.83; p 5 .001) and B symp-
toms (odds ratio, 6.13; p 5 .043) were significant prognostic
factors for OS, whereas the IPI score was not significant for PFS
or OS [87].

Suzuki et al. reported the 5-year follow-up of the phase II
study of steroid (dexamethasone), methotrexate, ifosfamide, L-
asparaginase, and etoposide (SMILE) in 38 patients with newly
diagnosed, stage IV, relapsed or refractory nasal-type ENKTL.
Twenty patients had newly diagnosed lymphoma, 14 had first
relapse, and 4 had refractory disease. The ORR and complete
response rate after two cycles of the SMILE regimen were 79%
and 45%, respectively, and the 5-year OS rate was 47%. Grade
4 neutropenia occurred in 92% of the patients. The most com-
mon grade 3 or 4 nonhematologic complication was infection
(61%) [88].

Li et al. reported the results of the randomized, controlled,
open-label, multicenter study that compared the efficacy and
safety of six cycles of a regimen with pegaspargase, gemcita-
bine, and cisplatin-dexamethasone (DDGP) with 6 cycles of the
SMILE regimen in 42 patients (21 vs. 21) with newly diagnosed
ENKTL in stages III–IV. The 1-year PFS (86% vs. 38%, p 5 .006)
and 2-year OS rates (74% vs. 45%, p 5 .027), as well as the ORR
rates (95% vs. 67%, p 5 .018) and CR rates (71% vs. 29%,
p 5 .005), were better in the DDGP group than in the SMILE
group. Furthermore, patients in the SMILE group developed
more serious leucopenia (p 5 .030) and severe allergic reaction
(p 5 .015) than in the DDGP group [89].

Wang et al. retrospectively studied a cohort of 117 patients
with newly diagnosed or relapsed/refractory ENKTL treated
with a regimen of gemcitabine, oxaliplatin, and pegaspargase.
The OR rate on completion of treatment was 88.8%, and
responses were similar for newly diagnosed and relapsed/
refractory patients. The 3-year OS and PFS rates were 72.7%
and 57.8%, respectively [90].

The Korean Consortium for Improving Survival of Lym-
phoma analyzed 62 patients with newly diagnosed ENKTL who
underwent up-front ASCT after primary therapy. Thirty-one had
advanced stage (50%), 16 (25.8%), had high-intermediate- to
high-risk IPI, and 42 (67.7%) were in group 3–4 of the NK/T

Cell Lymphoma Prognostic Index. The pretransplant CR rate
and PR were 61.3% and 38.7%, respectively, whereas the post-
transplantation final CR rate was 78.3%. The 3-year PFS and OS
were 52.4% and 60.0%, respectively. Patients with limited dis-
ease had significantly better 3-year PFS (64.5% vs. 40.1%,
p 5 .017) and OS (67.6% vs. 52.3%, p 5 .048) than those with
advanced disease [91].

New Agents
EBV-infected ENKTL upregulates programmed death ligand 1
(PD-L1), the ligand of the inhibitory receptor PD-1 on T-cells.
Thus, the PD-L1/PD-1 axis is a potential mechanism for NK/T-
cell lymphomas to avoid effector T-cell targeting. Kwong et al.
treated seven patients with relapsed/refractory NK/T-cell lym-
phoma with the anti-PD-1 antibody pembrolizumab; the
patients had failed a median of two previous regimens, includ-
ing L-asparaginase regimens and allogeneic hematopoietic
stem-cell transplantation (HSCT) in two cases. The patients
received a median of 7 (range, 2–13) cycles of pembrolizumab.
All patients were responders, two achieved CR in all tested
parameters (clinical, radiologic [positron emission tomography],
morphologic, and molecular [circulating EBV DNA]), three
patients achieved clinical and radiologic CRs, and two achieved
PR. After a median of 6 months, all five CR patients were still in
remission. One patient with previous allogeneic HSCT devel-
oped grade 2 skin GVH-disease. Strong PD-L1 expression was
correlated with excellent responses: Four patients had strong
expression of the PD-L1 ligand; among them, three achieved
CR. One patient with a weak expression of the PD-L1 ligand
achieved a PR. Data were not available for two patients [92].

Wang et al. measured pre- and post-treatment serum solu-
ble PD-L1 (sPD-L1) levels in 97 patients with newly diagnosed,
early-stage ENKTL treated with asparaginase-based chemother-
apy followed by radiotherapy. Patients with high pretreatment
(>3.23 ng/mL) serum sPD-L1 levels had shorter PFS and OS. In
a multivariate survival analysis, post-treatment sPD-L1 >1.12
ng/mL, treatment response (CR vs. incomplete response), and
stage II disease were independent prognostic factors for shorter
PFS and OS. Furthermore, post-treatment sPD-L1>1.12 ng/mL
was associated with shorter PFS and OS in patients who
achieved CR, suggesting the use of sPD-L1 as a marker of mini-
mal residual disease [93].

Hari et al. reported a case of relapsed ENKTL-nasal type
with circulating aberrant CD381 NK cells, previously treated
with pegylated asparaginase-based combination chemother-
apy followed by allogeneic hematopoietic-cell transplan-
tation. The patient then received off-label therapy with
daratumumab, an IgG1k monoclonal antibody directed
against CD38, inducing potent antibody-dependent cellular
cytotoxicity and complement-dependent cytotoxicity. Dara-
tumumab was given at a dose of 16 mg/kg per week. The
patient achieved complete remission with undetectable EBV
by PCR after 6 weeks and was still in CR at 21 weeks of
follow-up [94].

Kim et al. reported a case of refractory CD30-positive
ENKTL, heavily pretreated. The patient received four cycles of
the single-agent BV and achieved CR, but the treatment was
stopped for 3 months because of dyspnea, and relapse was
observed [95].
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CONCLUSION
Recent advances in our understanding of the biology of PTCLs
and their improved molecular characterization have allowed
the emergence of promising new drugs, some of which have
been recently approved by the FDA for the treatment of R/R
PTCL. However, a large proportion of new drugs being tested
display only moderate efficacy when used alone. A better
understanding of their modes of action, targeted pathways,
and synergistic actions when combined with other agents will
allow the development of more effective drug combinations.
These novel drugs are being evaluated in combination with
CHOP, CHOP-like, or non-anthracycline-based chemotherapy in
the front-line setting and are also being tested together in com-
bination in the R/R setting.

The development of novel therapies requires the develop-
ment of new treatment paradigms that combine these agents
to improve response rates and durability of responses. There
are still many questions that can only be addressed by prospec-
tive, randomized, phase III trials with the least possible bias.
They must take into account the various elements of therapeu-
tic management, including response rates; EFS; OS; toxicity and
its short, medium, and long-term consequences, as well as the
costs of these new drugs, often used continuously. The thera-
peutic management must be well adapted to the patient and

take into account the different epidemiological, clinical, histo-
logical, and molecular aspects of the tumor.

The recent progress made with the four recently FDA-
approved drugs, pralatrexate, brentuximab vedotin, romidepsin
and belinostat, must be confirmed in the front-line setting
either by substituting older, less effective drugs (brentuximab
vedotin plus CHP vs. CHOP), or in combination with chemother-
apy (CHOP1 romidepsine vs. CHOP). They should then be
tested in combinations without chemotherapy with the goal to
eventually replace chemotherapy.
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