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Abstract

T-cell lymphomas are a type of non-Hodgkin lymphoma that arise from specific immune system cells
termed T lymphocytes. This relatively rare lymphoma is generally classified as either cutaneous T-cell
lymphoma (CTCL) or peripheral T-cell lymphoma (PTCL). While CTCL initially manifests as skin lesions
before metastasizing to other organs, PTCL may occur both systemically or cutaneously. The most common
forms of PTCL are the nodal subtypes, including PTCL not otherwise specified, angioimmunoblastic T-cell
lymphoma, and anaplastic large cell lymphoma (ALCL). Unfortunately, most cases of nodal PTCL are
aggressive and respond poorly to available treatments. An increased understanding of the molecular and
immunologic characteristics of PTCL has promoted the investigation of several agents for both the frontline
and relapsed/refractory setting. One of these, pralatrexate, received US Food and Drug Administration
approval in the fall of 2009. This represented a major advancement in the treatment of PTCL, as this is
the first and only drug to receive approval for relapsed/refractory PTCL. Together, the rare and aggressive
nature of this disease, the increasing number of clinical trials under way to test new treatment strategies,
and the many special issues to be considered when managing PTCL patients indicate that patient care
providers should be educated on the most current understanding of this disease.
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This activity has been designed to meet the educational needs
of hematologists and oncologists involved in the management
of patients with T-cell lymphomas.

Statement of Need/Program Overview

Data are emerging on novel agents as well as new combina-
tion regimens for the treatment of lymphoma. This monograph
reviews some of the salient new data recently presented at inter-
national meetings of hematologists/oncologists.
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¢ Describe the importance of new study findings in the form of
selected abstracts/poster summaries in the natural history of
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e Summarize how different roles impact clinical treacment

and management of T-cell lymphoma — including but not

limited to, PTCL.

Explain the latest knowledge and methods for diagnosing

and treating patients with T-cell lymphoma in an effort to

improve current prognosis statistics.

Identify future research directions for all therapies in T-cell

lymphoma.
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CLINICAL ROUNDTABLE MONOGRAPH

T-cell Lymphoma: Where We Are

Barbara Pro, MD

Overview of the Disease

Peripheral T-cell lymphoma (PTCL) describes a lympho-
proliferative disorder of cells that have a postthymic mature
T-cell lineage. PTCL accounts for approximately 12-15%
of all non-Hodgkin lymphomas (NHLs) in Western coun-
tries.! Epidemiologic studies suggest that the incidence
of PTCL varies geographically, and may reflect differing
exposures to certain pathogenic viruses.? For example, an
increased incidence of PTCL in Asian countries may be due
to a high rate of infection with the human T-cell leukemia
virus 1 (HTLV-1) and Epstein Barr virus.?

Clinically and biologically, PTCL is a strikingly hetero-
geneous malignancy (Figure 1). The disease-specific clinical
and pathologic characteristics of the various subtypes have
allowed each to become increasingly recognized as distinct
entities. Correct diagnosis of the particular subtype is essen-
tial to ensure optimal patient outcome, as each is managed
in different ways. Traditionally, PTCL was classified based
on morphologic criteria; however, this system notoriously
overlooked many subtypes. Two classification schemes have
been developed to identify the unique PTCL subtypes based
on clinical and pathological characteristics. The Revised
European-American Lymphoma (REAL) classification, first
proposed in 1994, incorporates morphologic, histologic,
immunologic, and genetic characteristics, as well as the clin-
ical presentation and disease course to define each subtype.?

The REAL classification provided the basis for the develop-
ment of the World Health Organization (WHO) classifica-
tion, which also includes natural killer T-cell lymphomas
(NKTCL) because they arise from a common progenitor
cell.’ According to the WHO classification system, PTCLs
are divided into 3 major groups—predominantly leukemic,
nodal, and extranodal. Of these, the most common are the
nodal subtypes. Nodal PTCL is further subdivided into
PTCL not otherwise specified (PTCL-NOS), angioimmu-
noblastic T-cell lymphoma (AILT), and anaplastic large cell
lymphoma (ALCL).

PTCL-NOS is the most commonly occurring subtype
of PTCL in North America and Europe, accounting for
10-30% of all cases.® A recent International T-Cell Lym-
phoma Project study of 1,153 PTCL and NKTCL cases
reported 25.9% were PTCL-NOS, thus making it the top
subtype identified.” PTCL-NOS includes cases that do not
fit well into one of the other subtype classifications and reflect
the fact that our understanding of PTCL is incomplete.
Although classified in the nodal group, many patients with
PTCL-NOS present with extranodal involvement to the liver,
bone, gastrointestinal tract, or skin.® The typical immuno-
phenotype of PTCL-NOS is CD4-positive, CD2-positive,
and CD3-positive, and most cells are also CD7-negative;
approximately one-third of cells are also CD30-positive.!
Common symptoms of PTCL-NOS at presentation include

Figure 1. Peripheral
T-cell lymphoma subtype
distribution.

Parentheses indicate anatomic
presentation: N=nodal;

12.2%

E=extranodal; L=leukemic or
disseminated; Ec=extranodal-

cutaneous.
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generalized lymphadenopathy and B symptoms (fever,
weight loss, night sweats). Unfortunately, the majority of
PTCL-NOS patients present with advanced and aggressive
disease. Thus, the typical prognosis of this subtype is poor,
with a 5-year overall survival (OS) of 30% using standard
chemotherapy regimens.! Interestingly, a retrospective study
presented evidence suggesting PTCL-NOS patients could
further be subdivided into risk categories.’ Patients with no
risk factors had significantly improved 5-year and 10-year
rates of OS compared with patients having 3 or 4 risk fac-
tors (5-year OS, 62.3% vs 18.3%; 10-year OS, 54.9% vs
12.6%; P<.0001 for both comparisons). Those risk factors
found to independently predict poor OS in multivariate
analysis included age (>60 years), elevated lactic dehydro-
genase (LDH) levels (= normal levels), performance status
(22), and bone marrow involvement.

The next most common subtype of nodal PTCL is
AILT. In the International T-Cell Lymphoma Project study,
18.5% of cases were found to be AILT.” Immunopheno-
typically, AILT cells are typically CD3-positive and CD-4
positive.! Because these immunotypes are also associated
with PTCL-NOS, it is often necessary to use clinical fea-
tures to further distinguish the subtypes. Clinical features
indicative of AILT include prominent vascularization
by arborizing venules and irregular expansion of CD21-
positive follicular dendritic cell networks. The majority
of patients with AILT are elderly, and nearly all exhibit
Epstein Barr virus-infected cells. Typical symptoms of
AILT at presentation are generalized lymphadenopathy,
skin rash, hepatosplenomegaly, hypergammaglobulin-
emia, and B symptoms.® Like PTCL-NOS, the progno-
sis associated with AILT is poor; the 5-year rate of OS
is 32%, and the 5-year rate of progression-free survival
(PES) is only 13%.%7

The least commonly occurring nodal PTCL subtype
is ALCL. Most ALCL cases are immunophenotypically
identified as CD2-positive and CD4-positive, with vari-
able CD3 expression.! Unlike other PTCL subtypes, which
generally are not associated with any significantly recurrent
genetic lesion, some cases of ALCL exhibit a chromosomal
translocation [t(2;5)] involving the anaplastic lymphoma
kinase (ALK) gene. This translocation results in the expres-
sion of an ALK-containing fusion protein, which can be
detected by immunohistochemistry. The WHO classifica-
tion breaks down ALCL into primary cutaneous ALCL
and primary systemic ALCL, which is further subdivided
into ALK-positive and ALK-negative disease. ALK-posi-
tive ALCL is most common in children and young adults,
while ALK-negative ALCL occurs predominantly in older
patients.® As shown in the International T-Cell Lym-
phoma Project study, ALK-positive and -negative ALCL
occur at similar rates (6.6% and 5.5%, respectively).” As
a whole, ALCL has a considerably superior survival com-
pared with other PTCLs. However, ALK-positive ALCL

patients experience an improved prognosis compared with
ALK-negative ALCL patients, achieving a significantly
superior rate of 5-year failure-free survival (FES, 60% vs
36%; P=.015) and 5-year OS (70% vs 49%; P=.016)."° In
contrast, primary cutaneous ALCL has a notably indolent
course. The majority of patients (64% of ALK-positive and
58% of ALK-negative ALCL) present with advanced stage
III or IV disease, experiencing extranodal involvement and
systemic symptoms."!

Standard Therapy

PTCL is notoriously unresponsive to standard chemo-
therapy regimens, and thus patients generally have a poor
prognosis and shorter survival times.® In the Group d’Etudes
des Lymphomas de 'Adulte (GELA) study, which compared
patients with PTCL (all subgroups included) to patients
with similar characteristics who had B-cell lymphoma,
those with PTCL had worse outcomes on all measured
endpoints.'”? This retrospective study (n=1,883) reported
significantly improved rates of complete remission (CR) in
patients with B-cell lymphoma compared with PTCL (63%
vs 54%, P=.004), as well as 5-year OS (53% versus 41%,
P=.0004) and 5-year event-free survival (EFS) rates (42% vs
33%, P<.0001). Interestingly, this same study showed that
patients with ALCL had a superior OS rate (64%) com-
pared with all other PTCLs (35%) and with diffuse large
B-cell lymphoma (DLBCL; 53%). Similar results showing
PTCL has a poorer prognosis than DLBCL, and that both
diseases have a worse prognosis compared with ALCL, were
also demonstrated in the NHL Classification Project.'?

Due to its rare occurrence, patients with PTCL have
historically been included with aggressive B-cell lymphoma
patients in prospective randomized trials. Because these
PTCL patient subgroups have a limited sample size, it has
been difficult to assess the true impact of a new therapeutic
regimen in this malignancy. Conventional chemotherapy
has traditionally been used to treat the disease, with only
very little success. To date, no prospective randomized phase
II clinical trials have directly compared chemotherapy regi-
mens in a PTCL-exclusive patient population. Therefore,
no standard treatment has been established for this disease;
instead, the National Comprehensive Cancer Network
(NCCN) guidelines recommend that clinical trials are the
preferred treatment option for PTCL patients.?

One of the most commonly used chemotherapy
regimens for first-line PTCL treatment is traditional cyclo-
phosphamide, doxorubicin, vincristine, and prednisone
(CHOP). However, only patients with ALK-positive ALCL
respond well to CHOP therapy. The International PTCL
clinical and pathologic review project demonstrated that
anthracycline-based chemotherapy was associated with a
poor outcome across all PTCL patients (n=1,153), except
for those with ALK-positive ALCL.” This retrospective study
also showed that anthracyline administration had no benefit
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on OS in PTCL-NOS or AILT. The presence of risk fac-
tors significantly impact response to CHOP, as shown in a
British Columbia Cancer Agency retrospective analysis of
PTCL patients.® Using the International Prognostic Index
(IPI) prognostic score, patients (n=199) were separated
into low risk (IPI 0 or 1) or poor risk (IPI 22) groups. For
patients with PTCL-NOS, the 5-year OS was significantly
improved among patients with low risk versus poor risk
disease (64% vs 20%; P<.00001). A similar significant trend
in 5-year OS was also noted among ALCL patients (65% vs
15-20%; P=.006). Within the ALCL subtype, the majority
of patients with ALK-positive disease were considered to be
low risk; these patients achieved a markedly improved 5-year
OS compared with the remaining ALCL patients, who were
mainly ALK-negative (75% vs 25%; P=.05).

As an alternative to CHOD, the NCCN guidelines also
include cyclophosphamide, vincristine, doxorubicin, and
dexamethasone (hyperCVAD) alternating with high-dose
methotrexate and cytarabine for first-line PTCL therapy.®
Unfortunately, neither hyperCVAD nor other chemo-
therapeutic regimens more intensive than CHODP have been
found to significantly improve PTCL patient outcome.'

It has been postulated that one of the reasons PTCL
responds so poorly to chemotherapy, especially anthra-
cycline-based regimens, is due to the elevated expression
of P-glycoprotein (P-gp)."> A member of the multi-drug
resistant 1 (MDRI1) family of cell membrane-associated
transporters, P-gp has been shown to preferentially efflux
anthracyclines.'® Because of this, the response to CHOP and
other anthracycline-based chemotherapy regimens may not
ever be improved, regardless of manipulation, and thus may
not be an appropriate treatment for PTCL.

Role of Stem Cell Transplantation

Given the poor response elicited by conventional chemo-
therapy, stem cell transplantation has been explored as a
treatment for PTCL. In particular, high-dose therapy fol-
lowed by autologous stem cell transplant (HDT/ASCT) has
been evaluated as first-line consolidation therapy. Most of
the retrospective studies of HDT/ASCT are heterogeneous
in terms of the use of lymphoma classification system,
combination of distinct PTCL subtypes, treatment in either
the first-line or the relapsed/refractory setting, and patient
characteristics, therefore making comparisons across studies
difficult.'”** Another major reason for inter-study variability
is the differing inclusion of the ALCL subtype, which is well
established to be more responsive to treatment. The rate of
OS varies greatly among these studies, ranging from 35% at
2 years to 70% at 5 years.

ASCT has also been investigated in prospective PTCL
trials as first-line consolidation therapy. Importantly, these
studies have excluded patients with ALK-positive ALCL. In
one prospective phase II study, conducted by the Gel-Tamo
Study Group, ASCT was administered to 19 patients who

had achieved a CR or partial response (PR) to induction
therapy with MegaCHOP (CHOP using high-dose cyclo-
phosphamide).?® At a 2-year post-transplant follow-up, the
OS was 84%, the PFS was 56%, and the disease-free survival
(DES) was 63%, indicating this was an active treatment for
these patients. In a second phase II study, conducted by the
Nordic Lymphoma Group (NLG), induction therapy with
CHOETP followed by ASCT (following a response to induc-
tion therapy) produced a CR at 1 year post-transplant in
30 of 39 patients.> Most recently, Reimer and colleagues
reported the final results of the largest multicenter prospec-
tive study of HDT and total body irradiation (TBI) followed
by ASCT in newly diagnosed PTCL.? Out of the 83 patients
enrolled, 55 patients achieved either a CR or PR in response
to 4-6 cycles of CHOP induction therapy and were able to
go on to ASCT. After a median follow-up of 33 months,
the estimated 3-year rate of OS and DEFS for patients in CR
was 48% and 53%, respectively. The estimated 3-year rate
of PES was 36%. There was no evidence of a clear plateau
in the OS and PFS curves at the median follow-up, sug-
gesting a longer follow-up is necessary. Overall, compared
with patients who did not undergo ASCT, patients that did
undergo the procedure experienced a significantly superior
3-year OS (11% vs 71%; P<.001). Notably, one-third of
the patients (33%) were unable to complete the full study
protocol, and 29% developed progressive disease.

Taken together, the retrospective and prospective stud-
ies of ASCT in the first-line treatment setting of PTCL
show any associated benefit to be inconclusive. According to
the NCCN guidelines, in the absence of randomized trials
directly comparing conventional chemotherapy regimens
with HDT/ASCT, ASCT is only an appropriate treatment
for patients who experience a good response to induction
therapy.® Currently, studies are ongoing to clearly demon-
strate or negate ASCT as a potential alternative or superior
treatment for PTCL. Importantly, many of these trials are
addressing the potential benefit of ASCT in the distinct
PTCL subtypes, in order to determine if one subtype
responds preferentially to ASCT compared with another.

Pralatrexate—Newly Approved for PTCL

Because of the characteristically poor response most PTCL
subtypes have in response to conventional chemotherapy,
several new agents have been evaluated. This is especially
true for patients with relapsed/refractory PTCL, who have
even fewer treatment options to select from.

One of the newest of the approved alternative agents
for PTCL is pralatrexate.? Pralatrexate is a novel antifolate
agent that has been shown to have a high affinity for the
reduced folate carrier type 1 (RFC-1), allowing it to selec-
tively accumulate in tumor cells.* Preclinical studies sug-
gested that pralatrexate was active in lymphoma cell lines,
with activity that was superior to traditional antifolate
agents, leading to the initiation of a clinical trial program.
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Subsequent phase I clinical studies demonstrated that pra-
latrexate was safe as well as active in PTCL patients.? The
major dose-limiting toxicity of pralatrexate was found to be
mucositis, which was mitigated with pretreatment of folic
acid and vitamin B ,.** Another trial reported pralatrexate
was highly active in relapsed/refractory PTCL, and estab-
lished a maximum tolerated dose of 30 mg/m? for 6 weeks
every 7 weeks.”” This same trial found an OR rate of 54%
among PTCL patients.

Based on this promising phase I data, a phase II clini-
cal trial was initiated. Pralatrexate in Patients with Relapsed
or Refractory Peripheral T-Cell Lymphoma (PROPEL)
was a pivotal phase II international, multicenter, open-
label, single-arm study that enrolled patients (n=115) with
relapsed or refractory PTCL (53% PTCL-NOS). This was
a heavily pretreated population, with patients having failed
a median of 3 prior therapies (70% CHOP; 16% ASCT).
Other eligibility criteria included histologically confirmed
PTCL and a good performance status. Each treatment cycle,
patients received intravenous pralatrexate (30 mg/m?) once
weekly for 6 weeks followed by 1 week of treatment rest.
Treatment was supplemented with intramuscular vitamin
B,, (1 mg every 8-10 weeks) and oral folic acid (1.25 mg
daily). By central review, 27% of patients achieved the
primary study endpoint of an objective response (39% by
investigator assessment). A total of 10% of patients achieved
a CR, and 17% had a PR. The disease control rate was 49%,
with many patients achieving stable disease. Some patients
experienced a duration of response of >1 year, although a
median duration of response was not yet met. Over two-
thirds (69%) of responding patients achieved this response
after the first treatment cycle. Mucosal inflammation (21%)
and thrombocytopenia (33%) were the most common grade
3/4 adverse events. The activity single-agent pralatrexate
exhibited in the PROPEL study prompted the US Food
and Drug Administration (FDA) to approve pralatrexate
for the treatment of relapsed/refractory PTCL in September
2009. Pralatrexate is the first agent the FDA has specifically
approved for the treatment of PTCL. Because of its activity
as a single-agent, pralatrexate is now being explored in com-
bination with other agents to increase their response rate in
patients with this difficult to treat disease.
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T-cell Lymphoma: Where We Are Going

Steven M. Horwitz, MD

Traditionally, many of the agents and regimens that have
been used for the treatment of T-cell lymphomas were first
evaluated and established to be effective in aggressive B-cell
lymphomas. However, despite some of the similarities that
exist between the 2 malignancies, morphologic, molecular,
and genetic data all demonstrate that these are 2 truly unique
diseases. This supports data that show some drugs are active
in B-cell lymphoma but are not in T-cell lymphoma, and
vice versa. One example of this is the newly approved agent
pralatrexate, which showed in early studies to have a much
greater degree of activity in T-cell lymphoma compared with
B-cell lymphoma (although studies with pralatrexate in the
B-cell lymphoma setting are still currently being pursued).’
Thus, many of the new agents currently under investigation
for the treatment of T-cell lymphoma were developed spe-
cifically for this disease.

HDAC Inhibitors

Histone deacetylase (HDAC) inhibitors, as a class, are some
of the most promising agents for the treatment of T-cell
lymphomas. By inhibiting the HDAC enzyme, these agents
cause histone hyperacetylation, thereby altering chromatin
structure and affecting gene expression.”

Vorinostat was the first HDAC inhibitor approved
for T-cell lymphoma, and specifically cutaneous T-cell
lymphoma (CTCL). Vorinostat received FDA approval in
2006, and currently is indicated for progressive, persistent,
or recurrent CTCL either during or following 2 systemic
therapies.> Another more recently approved HDAC inhibi-
tor, romidepsin, is also FDA-approved for CTCL patients
who have received at least 1 prior systemic therapy.* Both
vorinostat and romidepsin produce approximately a 30%
response rate in CTCL.>¢

Although vorinostat is very active in CTCL, there are
very little data regarding its activity in PTCL. Conversely,
encouraging results with romidepsin in PTCL were reported
in a phase II study led by Pickarz and colleagues.®” As
single-agent therapy in 46 patients with recurrent or refrac-
tory PTCL, romidepsin produced an overall response rate
of 33%, including 5 CRs and 10 PRs. The overall median
duration of response among these patients was 9 months
(range, 1.8 months—5.8 years). The activity of romidepsin
in these PTCL patients was irrespective of prior therapies,
as some patients had undergone a prior stem cell transplant
while some had not. These positive results have prompted
the initiation of a follow-on phase II prospective trial evalu-
ating romidepsin in approximately 130 PTCL patients.

Although these study results are not known yet, there is
hope that romidepsin will show robust activity in a larger
population of PTCL patients.

Other HDAC inhibitors are currently in clinical
development, including MGCDO0103, panobinostat, belin-
ostat, and entinostat. An initial phase II study of belinostat
in 20 patients with previously treated PTCL reported an
OR rate of 25%, with a median duration of response of
159 days (range, 1-504+ days).® This same study also
included 29 patients with previously treated CTCL, in
whom a 14% OR rate was reported. Interestingly, CTCL
patients had a short time to response, with a median of
16 days (range, 14-35 days). Because of this data in both
PTCL and CTCL, a larger confirmatory phase II trial is
now planned.

Although mainly studied for their benefit as single-
agent therapy, HDAC inhibitors also may be effective in
combination regimens.” For example, several investigations
are under way to evaluate the combination of HDAC
inhibitors with DNA methyltransferase inhibitors and
proteasome inhibitors. Other cytotoxic agents may also be
effective in combination with HDAC inhibitors, including
topoisomerase inhibitors, tubulin-targeting agents, and bio-
logic therapies. Important issues to consider when designing
HDAC-inhibitor-based combination regimens include
the sequence of therapies given and their optimal doses in
combination.

Antibody Therapies

The discovery and introduction of the anti-CD20 mono-
clonal antibody rituximab changed the paradigm for
the treatment of B-cell lymphomas. However, a parallel
advancement in the use of antibody treatments for T-cell
lymphomas has not yet been made. However, the investi-
gation of several novel biological therapies may change this
in the near future (Table 1).

One molecule that has been targeted in the develop-
ment of T-cell antibody therapy is the cell surface antigen
CD30. CD30 is a member of the tumor necrosis recep-
tor superfamily. CD30 is expressed on activated B and T
cells, and thus its expression is especially noted on Reed-
Sternberg cells in Hodgkin lymphoma, both ALK-positive
and -negative ALCL, and occasionally other forms of
CTCL and PTCL subtypes. Several antibodies have been
developed to target the CD30 protein, including the fully
humanized monoclonal antibody MDX-060 and the chi-
meric mouse-human monoclonal antibody SGN-30."°
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Table 1. Novel Agents: Monoclonal Antibodies for the
Treatment of Peripheral T-cell Lymphoma

Monoclonal
Antibodies Target Notes
MDX-060 CD30 Fully human IgG1[]
SGN-30 CD30 Ch{merlc murine/human
antibody
Brentuximab CD30 SGN-30 fused with
vedotin (SGN-35) antitubulin agent
Zanolimumab CD4 IgG1[]; targets T-helper cells
IgG1; CD52 highly
Alemtuzumab CD52 expressed on malignant
T cells
KW-0761 CCR4 gglicosylated humanized

Data adapted from Ansell,' Pro,” Enblad,* and Yamamoto.*

Early results with unmodified anti-CD30 antibodies
have proved them to have very little toxicity, but almost
no activity. For example, a phase I/II clinical trial of
MDX-060 in Hodgkin lymphoma and ALCL revealed
that no maximum tolerated dose (MTD) was reached.!
However, the phase II portion of this trial, which included
several MDX-060 dosages, showed that only 6 of the
72 patients achieved a clinical response. An additional
25 patients experienced stable disease. Recently, another
study reported that the newer anti-CD30 antibody MDX-
1401 displayed greater in vitro and in vivo activity than its
parental antibody MDX-060."

Similarly, SGN-30 was also found to be safe in a phase I
examination in 24 patients with relapsed or refractory Hodg-
kin lymphoma and CD30-positive NHL."? Again, no MTD
was reached with SGN-30. One patient with cutaneous
ALCL achieved a CR, and 6 patients experienced stable dis-
ease. Subsequently, 2 open-label phase II studies of SGN-30
were conducted. The first, which included 79 patients with
relapsed or refractory Hodgkin lymphoma or systemic ALCL,
reported only 2 CRsand 5 PRs among ALCL patients, and no
responses among Hodgkin lymphoma patients.' In the sec-
ond, patients with primary cutaneous ALCL, lymphomatoid
papulosis, and transformed mycosis fungoides were treated
with SGN-30. A more robust 70% OR rate was achieved,
with 10 patients reaching a CR and 6 patients reaching a PR.
SGN-30 also has a second-generation counterpart, termed
SGN-35. This antibody-drug conjugated is comprised of the
SGN-30 anti-CD30 antibody and the potent antimitotic
drug monomethyauristatin  (MMAE)."> Molecular char-
acterization of SGN-35 has revealed that the anti-CD30
antibody portion of the conjugate acts to target the agent to
CD30-positive cells.'® Once bound to cells, MMAE is taken

in by the cell due to its membrane permeability, where it acts
intracellularly as a cytotoxic drug. In a phase I dose escala-
tion study, 17 patients with relapsed or refractory Hodgkin
lymphoma or systemic ALCL were treated with weekly doses
of SGN-35."7 Responses were noted as 7 patients achieved a
CR. Only 1 grade 3 adverse event (diarrhea) was reported,
and no grade 4 events were reported. Based on these promis-
ing results, phase II and 1 phase III study of SGN-35 have
now been initiated in both Hodgkin lymphomas, ALCL,
and other CD30-positive hematologic malignancies.

Antibodies directed against other targets are also in
development for T-cell lymphomas. The human mono-
clonal antibody zanolimumab targets CD4, a coreceptor
residing on T cells. Although some patients with PTCL
do not express CD4, it is expressed in a reasonable subset
of patients. Zanolimumab rapidly inhibits T-cell signaling
while it is simultaneously involved in T-cell antibody-depen-
dent cell-mediated cytotoxicity, suggesting it has multiple
mechanisms of action.'® This antibody has been investigated
in both mycosis fungoides and Sézary syndrome, where,
surprisingly, patients have not experienced an increased
frequency of opportunistic infections despite a depletion of
CD4-positive cells.” Two phase II prospective open-label
trials in 47 patients with refractory CTCL (both mycosis
fungoides and Sézary syndrome) reported an especially high
response rate (34%) among patients with refractory mycosis
fungoides.”® Zanolimumab is now also being investigated
in the setting of PTCL.?! In the preliminary results of an
ongoing phase II trial of 15 heavily pretreated refractory
PTCL patients, 4 patients achieved an OR; zanolimumab
was well-tolerated in this study.”

The anti-CC chemokine receptor 4 (anti-CCR4) hum-
anized antibody KW-0761 was assessed in a phase I study
of 15 patients with either adult T-cell leukemia/lymphoma
or PTCL.%? No MTD was reached, and a 31% OR was
reported (2 CR and 3 PR). KW-0761 is defucosylated,
which may increase its cytotoxicity.

Alemtuzumab, a monoclonal antibody targeting CD52,
is currently approved for B-cell chronic lymphocytic leuke-
mia. Because CD52 expression is high in PTCL and CTCL,
alemtuzumab has been investigated in these malignancies.?*
A very high response rate of 84% was reported in a single-
center study of alemtuzumab in 19 patients with heavily
pretreated erythrodermic CTCL and Sezary syndrome;
10 patients received an escalating dose regimen of alem-
tuzumab intravenously with a final dose of 30 mg 3 times
weekly for 4 weeks, followed by a subcutaneous administra-
tion for 8 weeks. The remaining 9 patients were treated with
only the subcutaneous or intravenous dosing. Most of the
adverse events in this study were grade 2. The combina-
tion of alemtuzumab with CHOP was tested in 24 PTCL
patients.”® Although a high CR rate was reported (71%),
administration of this combination was accompanied by
several adverse events, some severe in nature.
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Other Targeted Agents
Aside from the major drug classes already described here,
several other targeted therapies have also been evaluated
for T-cell lymphomas. Several of these have already proven
beneficial in other hematologic and/or solid malignancies.
One example of these is the immunomodulatory agent
lenalidomide. This derivative of thalidomide has already
received FDA approval for multiple myeloma and myelo-
dysplastic syndromes,”” and is now under investigation for
both PTCL and CTCL.*** In a multicenter, open-label,
single-arm, phase II trial, lenalidomide was administered to
patients with T-cell lymphomas (excluding mycosis fungoi-
des).* Patients either had relapsed or refractory disease, or
had not previously received systemic therapy but were ineli-
gible for standard chemotherapy regimens due to comorbid
illness. In a report of the first 24 cases, a 30% OR rate was
achieved; all of these were PRs.>! The median PES was 96
days (range, 8—696 days). Toxicities reported were consistent
with the already established safety profile for lenalidomide,
and included grade 4 thrombocytopenia (33.3%) and grade
3 neutropenia (20.8%), febrile neutropenia (16.7%), and
pain not otherwise specified (16.7%). The final results of
this study, including a larger patient population, are awaited.
Bortezomib, currently approved for the treatment
of multiple myeloma and previously treated mantle cell
lymphoma, is the first clinically-approved proteasome
inhibitor.** A phase II study of single-agent bortezomib in
10 CTCL patients (all mycosis fungoides) and 2 cutaneous
presentations of PTCL-NOS patients reported an OR of
67%.% Of these, 2 were a CR and 6 were a PR. Bortezomib
was well-tolerated in this patient population, with no grade 4
adverse events reported. Based on this preliminary evidence
of single-agent activity in T-cell lymphoma, a subsequent
reportevaluated bortezomib in combination with the HDAC
inhibitor suberoylanilide hydroxamic acid (SAHA) in a pre-
clinical study using CTCL cell lines.*® This combination
proved to be synergistic, providing a rationale for a similar
combination to be studied in clinical trials. For example,
a phase II clinical trial is currently recruiting patients with
relapsed or refractory T-cell lymphomas, with the goal of
determining the response rate and safety after treatment
with bortezomib combined with vorinostat.®® Separately,
another bortezomib-based combination was also evaluated
by the GELA group.*® This phase II trial was designed to
determine the safety and efficacy of bortezomib in combi-
nation with the standard chemotherapy regimen ACVBP
(doxorubicin, cyclophosphamide, vindesine, bleomycin,
and prednisone) for patients with previously untreated
PTCL. Bortezomib was combined with ACVBP during
4 bi-monthly induction cycles, as well as with sequential
consolidation therapy (high-dose methotrexate, etoposide
and ifosfamide, and cytarabine. In 57 patients, a CR or an
unconfirmed CR was achieved by 45% after induction and

46% after consolidation. It is not clear that this represents
a higher response rate than with ACVBP alone.

The antimetabolite gemcitabine has been evaluated in
several studies for CTCL, and to a lesser extent for PTCL.
A phase II clinical trial of 32 patients with advanced and
untreated CTCL (mycosis fungoides, Sézary syndrome,
and PTCL-NOS with exclusive skin involvement) dem-
onstrated that frontline treatment with single-agent gem-
citabine 1,200 mg/m?, given intravenously over 30 minutes
for a total of 6 cycles on days 1, 8, and 15 of a 28-day
schedule, elicited a CR rate of 22% and a PR rate of 53%.%
This was followed by another phase II single-agent gem-
citabine study, which reported a 68% OR in 25 CTCL and
CD30-positive ALCL patients with advanced and heavily
pretreated disease.?® A retrospective study also showed
that single-agent gemcitabine was efficacious in advanced
stage CTCL, but unlike the 2 previous studies suggested
that severe adverse events were associated with treatment.’
Limited trials have tested gemcitabine in PTCL. One com-
bined gemcitabine with cisplatin and methylprednisolone,
reporting a 19% CR rate and a 50% PR rate.”” Gemcitabine
was also combined with pralatrexate in a phase I study of
34 patients with relapsed or refractory lymphoproliferative
malignancies.”" The rationale behind this study was based
on preclinical data showing the combination was synergis-
tic in NHL cell lines and xenografts.*? Initial dose-limiting
toxicities in the phase I trial caused the dosing regimen to
be adjusted from a weekly 3/4-week schedule to treatment
every 2 weeks. After identifying 2 phase I doses and sched-
ules, the phase II portion of this study is ongoing.*

Denileukin diftitox is a synthetically derived agent
comprised of the interleukin-2 protein fused with diphtheria
toxin. The inclusion of interleukin-2 allows the drug to be tar-
geted to cells that express interleukin-2 receptors, after which
diphtheria toxin can enter the cell to produce specific cyto-
toxic effects. Denileukin diftitox is currently approved for the
treatment of relapsed or refractory CTCL.* A phase II study
of single-agent denileukin diftitox in relapsed or refractory
PTCL reported an OR rate of 48% in 27 patients; of these,
6 patients experienced a CR.** A preliminary study evaluat-
ing denileukin deftitox combined with CHOP revealed the
combination to be active in terms of a high CR rate, but also
associated with a high degree of toxicity that precluded 40%

of patients from completing the planned therapy.*

Incorporating Clinical Trials into

Patient Management

According to the NCCN guidelines, enrollment in a clini-
cal trial is still the preferred management of patients with
PTCL in both the frontline and relapse setting.” Despite
recent advancements, these patients typically have a poor
prognosis and thus are often excellent candidates for clinical
trials. New agents with specific activity in PTCL are being

10 Clinical Advances in Hematology & Oncology Volume 8, Issue 6, Supplement 11 June 2010



investigated in clinical trials as single agents and novel com-
binations primarily in the relapsed setting. Maintenance
treatment is another strategy that can be investigated in
the clinical trial setting, and may provide an option to help
extend the duration of response a patient may experience.
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Optimal Management of Symptoms and
Treatment-related Side Effects

Jill P Atmar, RN, MSN, ANP-BC

PTCLSs are a clinically and biologically heterogeneous group
of disorders accounting for 10-15% of all non-Hodgkin lym-
phomas.! The majority of PTCLs are aggressive and fall into
the classification of peripheral T-cell lymphomas not other-
wise specified, angioimmunoblastic T-cell lymphoma, or ana-
plastic large cell lymphoma. Combined, these categories make
up 60-70% of all T-cell lymphomas.? Traditionally, patients
with PTCL have been treated with anthracycline-containing
regimens.? CR rates of 50~70% have been reported; however,
for the majority of PTCL subtypes, relapse rate is high, and
prognosis is poor with a 5-year overall survival rate of approxi-
mately 30%.% Currently, no standard therapy exists for the
treatment of PTCL. The National Comprehensive Cancer
Network (NCCN) practice guidelines suggest a number of
different treatment options, but none, with the exception of
pralatrexate, are specific to T-cell lymphoma.’ The guidelines
also recommend clinical trials at almost every stage of treat-
ment. However, from 1991 to 2007, fewer than 100 PTCL
patients were accrued to any single agent trial. Additionally,
there are limited educational resources about PTCL that are
available for healthcare providers. As novel therapeutic agents
and new treatment strategies become available, there is a
growing need to improve education about both PTCL and
new agents undergoing investigation.

Treatment-Related Toxicities

The clinical nurse plays a primary role in the treatment,
administration, and evaluation of treatment-related toxici-
ties in patients. Nurses and other members of the healthcare
team at large cancer research centers who participate in
clinical trials gain experience in administering new drugs
and observing many of the associated toxicities before these
drugs become part of routine clinical practice. In contrast,
small oncology practices that do not participate in clinical
trials do not receive education about new therapies until
they are approved by the FDA. There is a need to educate
providers regarding the use of novel agents and toxicities
associated in the immediate and long-term setting.

One of the most significant issues affecting PTCL
patients is the development of treatment-related toxicities.
With emerging evidence that anthracyclines do not affect
overall survival in PTCL, and that CHOP-like chemother-
apy combinations are not optimal choices in this poor-risk
population, a number of agents have been proposed for
the management of PTCL." Several of these have demon-
strated activity whereas data are still emerging on others.”

Pralatrexate is the only approved drug for the treat-
ment of relapsed or refractory PTCL.? Early studies found
the major dose-limiting toxicity to be mucositis, of which
supplementation with vitamin B, and folic acid resulted
in a significant decrease. The PROPEL study reported sev-
eral grade 3/4 treatment toxicities that included thrombo-
cytopenia, mucositis, neutropenia, and anemia (Table 1).
Although thrombocytopenia was noted, no cases required
transfusion. In an effort to minimize mucositis symptoms,
patients were administered folic acid and vitamin B ,.°

HDAC inhibitors are a unique group of drugs that
appear to have a class effect in T-cell lymphomas.® Vorino-
stat, an oral HDAC, is approved for treatment of CTCL
and is now being studied in PTCL. Toxicities associated
with an oral dose of 400 mg daily include dehydration,
diarrhea, and fatigue. Toxicities associated with intravenous
formulations include myelosuppression and thrombocyto-
penia. In both oral and intravenous preparations, toxicities
resolve shortly after therapy is discontinued. Healthcare
providers should educate patients about these toxicities
and provide support care to minimize symptoms. '

Denileukin diftitox is a recombinant DNA fusion
protein that is being studied for the treatment of PTCL.
In a small study of 27 patients, toxicities were generally
mild and transient, with the most significant grade 3
toxicity being pulmonary embolism.! There were no grade
4 hematologic events. A link has been reported between
Denileukin diftitox and loss of visual acuity, but incidence
rate and etiology of this adverse effect remain unclear.

Gemcitabine, a pyrimidine antimetabolite, is also being
studied as both a single agent and in combination. A small
study found neutropenia to be the only grade 3-4 toxicity
reported.'? Because of its low toxicity profile, gemcitabine
is now being studied in combination with other therapies.'

Lenalidomide, an immunomodulatory agent, is being
investigated in both PTCL and CTCL. In 1 small, mul-
ticenter, open-label, single-arm phase II trial in T-cell
patients with relapsed or refractory disease, toxicities
included grade 4 thrombocytopenia (33.3%), grade 3 neu-
tropenia (20.8%), febrile neutropenia (16.7%), and pain
not otherwise specified (16.7%)."

Finally, alemtuzumab, a humanized monoclonal anti-
body that selectively binds to the CD52 antigen, which
is expressed on most normal and malignant T- and B-cell
lymphomas, is being studied. Unfortunately, CD52 is also
expressed on monocytes, macrophages, NK cells, and some
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Table 1. PROPEL: Adverse Events (Grade 3/4)

Adverse Event N (%)
General Events

Mucositis 24 (22)
Fatigue 8(7)
Pyrexia 22
Edema 1(1)
Blood and Lymphatic Disorders

Thrombocytopenia 36 (33)
Anemia 20 (18)
Neutropenia 24 (22)
Leukopenia 8 (8)
Gastrointestinal Events

Nausea 4 (4)
Vomiting 2(2)
Respiratory, Thoracic, and Mediastinal Events

Dyspnea 8(7)
Other Conditions

Hypokalemia 5(5)
Anorexia 33)
Abnormal liver function test 6 (5)

Data from O’Connor® and Pinter-Brown.!
PROPEL= Pralatrexate in Patients With Relapsed or Refractory
Peripheral T-cell Lymphoma

dendritic cells; as a result, profound immunosuppression
and opportunistic infections have occurred, resulting in
early closure of several phase II studies.!

Symptoms and Patient Care Management

in the Clinic

Treatment of PTCL requires aggressive therapy. Patients
enrolled in clinical trials can expect long and intensive treat-
ments that may require relocating to the trial site. Treatment
regimens are often complex and require frequent visits to the
clinic for blood work and evaluation. Patients who relocate
for treatment often experience a loss of emotional support
systems. The healthcare team should identify the patients
support systems; additionally, patients should be evaluated
for signs of situational depression. Referral to psychiatry
early on may be beneficial. Because of the relative rarity
of the disease, there is a growing need for access to PTCL
educational materials for healthcare providers. In particular,
healthcare providers should be educated on the differences
between T-cell and B-cell lymphomas. The aggressive nature
of PTCLs highlights the need to assess patients closely dur-
ing treatment. Disease progression on therapy is not uncom-
mon. Clinicians and other patient care providers, especially

non-oncologist physicians, should regularly follow-up with
their patients. Patients should be asked about the presence
of new or enlarging lymph nodes or new symptoms that
may be indicative of disease progression. Many patients with
PTCL are frail and have numerous systemic symptoms while
receiving treatment. In some cases, this frailty may be due to
the current treatment regimen; in many cases, the symptoms
are the result of cumulative toxicities of multiple treatments
for progressive relapsed/refractory disease. For example,
thrombocytopenia is a common symptom experienced by
PTCL patients. While thrombocytopenia may not be seri-
ous enough to require transfusion, it is concerning enough
that the physician needs to consider whether the patient
should be dose-reduced or removed from a particular trial or
therapy. For cases in which these symptoms are interfering
with the patient’s quality of life, it is often necessary to adjust
or stop the therapy. However, when symptoms are related
to the disease, the physician needs to decide if continuing
treatment despite toxicities is prudent. In order to determine
if symptoms are treatment-related or disease-related, it may
be necessary to temporarily withhold the drug and/or drugs
being administered to see if the symptoms improve. Overall,
patients diagnosed with PTCL must be followed closely, and
patients receiving treatment should be seen and evaluated
frequently for treatment-related toxicities or signs of early
relapse. Understanding the common side effects of new
agents will benefit healthcare providers in the evaluation of
these toxicities and improve patient care.

References

1. O’Leary H, Savage K. Novel therapies in peripheral T-cell lymphomas. Curr Oncol
Rep. 2008;10:404-411.

2. Horwitz S, T-cell lymphomas. Clin Adv Hematol Oncol. 2009;6:380-382.

3. Rueda A, Casanova M, Quero C, Medina-Pérez A. Pralatrexate, a new hope for
aggressive T-cell lymphomas? Clin Trans! Oncol. 2009;11:215-220.

4. Savage K. Aggressive peripheral T-cell lymphomas. Blood Rev. 2007;21:201-216.

5. Foss F. Enhancing existing approaches to peripheral T-cell lymphoma. Semin Hema-
tol. 2010;47(Suppl 1):S8-S10.

6. O’Connor O. Novel agents in development for peripheral T-cell lymphoma. Semin
Hematol. 2010;47(Suppl 1):S11-4.

7. Cheson B. Clinical management of T-cell malignancies: current perspectives, key
issues, and emerging therapies. Semin Oncol. 2007;34(6 Suppl 5):S3-7.

8. Goldenberg M Phamaceutical Approval Update. P 7. 2009;34:636-638.

9. O’Connor O, Pro B, Pinter-Brown L, et al. PROPEL: Results of the pivotal, multi-
center, phase II study of pralatrexate in patients with relapsed or refractory peripheral
T-cell lymphoma (PTCL). / Clin Oncol. 2009;27:Abstract 8561.

10. O’Connor. Clinical experience with the novel histone deacetylase inhibitor vori-
nostat ( suberoylanilide hydroxamic acid) in patients with relapsed lymphoma. Br J
Cancer. 2006; 95(Suppl 1): S7-S12.

11. Ruddle JB, Harper CA, Hénemann D, Seymour JE Prince HM. A denileukin
diftitox (Ontak) associated retinopathy? Br J Ophthalmol. 2006;90:1070-1071.

12. Oh s, Kim WS, Lee DH, et al. Phase II study of Gemcitabine for treatment of
patients with advanced stage marginal zone B-cell lymphoma: Consortum for improv-
ing Survival (CISL) trial. /nvest New drugs. 2010;28:171-177.

13. Reiman T, Finch D, et al. First report of a phase II clinical trial of lenalido-
mide oral therapy for peripheral T-cell lymphoma. Blood. 2007;1:Abstract 2579.
14. Pinter-Brown L, Horwitz SM, Pro B, et al. Safety and management of pralatrexate
treatment in relapsed or refractory peripheral T-cell lymphoma (PTCL). Blood (ASH
Annual Meeting Abstracts). 2009;114:1675.

Clinical Advances in Hematology & Oncology Volume 8, Issue 6, Supplement 11 June 2010 13



CLINICAL ROUNDTABLE MONOGRAPH

Slide Library

1l Meoplaams

ol = CY-ASCT
Mgdign F 3 ot

PROPEL: Phase Il Trial of Pralatrexate for

+ Scorateny” DOBY, PFR, 08

& e, ol
+ Pegnirmngte ¥ gt FResiuy Wil O weed
+ Witmrn 12 ard et e

Romidep Other D for Peripheral T-cell Lymphoma

+ Erirasiaurin
= Amanc triodde

= Anti-CD 2

L L& FTCL e Wl YT
ainndard doss and schacduls 0 clinkcal al
— meninlly v rvadati samiznarat
« Dwvloub: Difstcx
« Boneromk
= Paniostatin

= mesponse data evalable for 214 patents

14 Clinical Advances in Hematology & Oncology Volume 8, Issue 6, Supplement 11 June 2010



CLINICAL ROUNDTABLE MONOGRAPH

s 11 Study: Balinostat in Recurrant/Refractory Phase |l Study: Zanolimumab in Relapsed!
CTCL or Refractory Noncutaneous T-call Lymphoma

CTGL av FTGL I [F———

Fallesd F prind sysiemle ferbiy sorocenema) |

=0 AN wveicabie: 79 CTCL, Habraciony recurment Sasses
B FTEL)

ICRIAPA
FPavrlrmurent = CHOP e for nodal TEL

Thern L5 FRT inine 00

« Debated as a first-line strategy

« Primary refractoriness is still an unsolved
problem in bstantial number of p
on prespective trials

= A subset of pls seem to benefit from ASCT
= Efforts under way lo further identify and characterdza

i mot b Irenspienied due o PO

Romidepsin: Efficacy Results

oan [ b3 am
(i) L otl] PetENrE |

ORPL TR + PRL A W] BIMN) | 3Ny "

R i 1 () T [P}

1

Vi s Bl o T

For a free electronic download of these slides, please direct your browser
to the following web address:

http://www.clinicaladvances.com/index.php/our_publications/hem_onc-issue/ho_june_2010/

Clinical Advances in Hematology & Oncology Volume 8, Issue 6, Supplement 11 June 2010 15






