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ABSTRACT: T-cell lymphomas represent 10-12% of all patients with non-Hodgkin lymphoma (NHL) in the Western world. When cutaneous T-cell
lymphoma (CTCL) is excluded, peripheral T-cell lymphoma—not otherwise specified (PTCL-NOS), anaplastic large-cell lymphoma (ALCL), and angio-
immunoblastic T-cell lymphoma (AITL) represent the overwhelming majority of patients in this population. These diseases remain a great challenge to
treat. They are characterized by an aggressive presentation, extranodal disease, paraneoplastic phenomena, and resistance to standard chemotherapeutics.
With the rapid development of new molecular gene profiling techniques, it is highly likely that these diseases will be subclassified by molecular abnormali-
ties in the future. An evolving understanding of the tumor molecular pathogenesis will undoubtedly lead to further novel targeted therapies. Immunoconju-
gates, such as brentuximab vedotin (BV), have provided outstanding responses in relapsed, refractory CD30-positive ALCL. Histone deacetylase (HDAC)
inhibitors have shown activity in PTCL and are potentially synergistic with proteasome inhibitors. Denileukin diftitox is an interesting recombinant DNA
fusion protein linking fragments of the diphtheria toxin to interleukin-2 (IL-2) that is tested in clinical trials. Crizotinib, a highly specific anaplastic lym-
phoma kinase (ALK) inhibitor, has shown great promise in small number of patients with ALK-positive ALCL; the future of patients with this disorder
looks very promising. Biomarker-driven chemotherapeutics is becoming a critical part of the state-of-the-art treatment in early- and late-phase clinical
trials. It is crucial that future trials include sensible biomarker-based designs when future treatments are used in these challenging disorders.
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Introduction

Peripheral T-cell lymphomas (PTCLs) are a rare group of
clonal, mature post-thymic T-cell lymphoproliferative disor-
ders that arise predominantly in lymphoid tissue. They rep-
resent a particular treatment challenge as they are frequently
poorly responsive to treatment and prone to relapse with a
five year overall survival (OS) of only 30%. Novel therapies
for PT'CL are being investigated in an effort to improve their
frequently dismal prognosis. PTCL represents 10-12% of
all non-Hodgkin lymphomas (NHLs) in Europe, America,
and Australasia. Generally, T-cell lymphomas are more
common in the Far East where they account for up to 20%
of NHLs.! In Europe, the three most common subtypes

of PTCL are peripheral T-cell lymphoma—not otherwise
specified (PTCL-NOS), angioimmunoblastic T-cell lym-
phoma (AITL), and anaplastic large-cell lymphoma (ALCL).
Together, these make up approximately 80% of all T-cell lym-
phoma diagnoses.?

T-cell lymphoma subtypes have distinct clinical and
pathological characteristics. These divisions have been helped
by advances in molecular diagnostics, and refinement of the
WHO classification has further improved diagnostic accuracy.
Diagnosis remains a challenging field, and the International
T-cell Lymphoma Project (ITLP) review of more than 1300
cases published in 2008 using centralized expert review found

misclassification occurring in more than 10% of the cases.?
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PTCLs frequently present with extranodal disease,
advanced stage compared to B-cell lymphoid malignancies,
paraneoplastic phenomena, and are more resistant to standard
chemotherapy.? A large retrospective series has highlighted the
poor prognoses of patients with PTCL. Typically, PTCL and
AITL have a five-year failure free survival of 20% and OS of
30%.? This International T-cell Lymphoma (ITCL) project
also displayed the relatively limited efficacy of anthracycline-
based treatment. Given the historical disappointing results,
novel treatments are desperately needed. Improved under-
standing of the different subtypes of T-cell lymphoma is help-
ing to lay the foundations for novel therapies and improve
survival.

Prognostic Scoring Systems
A variety of prognostic scoring systems have been developed
for T-cell lymphomas. The International Prognostic Index
(IPI) has been used for B-cell and T-cell lymphoid malig-
nancies, but it is deemed less useful in non-anaplastic T-cell
malignancies as cases tend to cluster in intermediate or high-
risk groups.?> Moreover, it is unhelpful in extranodal NK/T-
cell lymphoma and enteropathic-associated T-cell lymphoma
(EATL) as a low IPI in these conditions does not reflect their
poor prognosis. New scoring systems have been developed in
an effort to try to improve prognostication. An Italian review
generated a scoring system based on age (>60 years), perfor-
mance status, serum lactate dehydrogenase level, and bone
marrow involvement.* This has been refined by the same group
by the replacement of bone marrow involvement with prolif-
eration index using Ki67 immunostaining.” Another scoring
system created by the ITLP uses age, performance status, and
platelet count as its main variables.

Comparative studies have showed that all the three
specific T-cell prognostic scoring systems are useful in the
prognostication of PTCL with no system having a definite

advantage.®’

Diagnosis and Classification of PTCL
The common subtypes of PTCL are explored in more detail
below.

Angioimmunoblastic lymphoma. AITL was first rec-
ognized as a distinct clinicopathological entity in the 1970s.2
'The malignant clone is a follicular T-helper cell which secretes
cytokines that drive vascular growth and CD21-positive den-
dritic cell proliferation, which form a meshwork. The cyto-
kines are also responsible for germinal B-cell proliferation that
subsequently secretes excess immunoglobulin. These activated
B-cells may become immunoblastic and, in the presence of
Epstein—Barr virus (EBV) reactivation, can result in a sec-
ondary high-grade B-cell lymphoma. AITL has a distinct set
of features and is the T-cell lymphoma most associated with
autoimmune phenomena such as hemolytic anemia, rheu-
matoid factor antibodies, and circulating immune complexes.
Skin rashes, hypergammaglobulinemia, arthralgia, advanced

stage at diagnosis, and prominent B-symptoms are all features
of AITL.?

PTCL-NOS. PTCL-NOS is a pathological diagnosis
of exclusion. It almost certainly represents a collection of dis-
eases. It seems likely that molecular advances such as gene
expression profiling will further help characterize these dis-
eases.!®!! PTCL-NOS tumors frequently show expression of
platelet-derived growth factor-alpha receptor and have char-
acteristics of activated peripheral T-cell lymphocytes.}? The
malignant clone expresses pan T-cell markers, and the T-cell
receptor is clonally rearranged in most cases. PTCL-NOS
has a male predisposition and the average age of a patient is
60 years. B-symptoms are prominent, stage 3 or 4 disease is
common and presentation can be with rash, nodal, or extra-
nodal disease.

Anaplastic large-cell lymphoma. ALCL, which was
first described in 1985, can be classified into two prognos-
tic groups on the basis of anaplastic lymphoma kinase (ALK)
status. ALK-positive ALCL tends to present in children and
young adults, with a median presentation of 30 years and a
male predisposition. It accounts for 30% of all childhood lym-
phomas. ALK-negative ALCL, by contrast, is seen in patients
who are older with a median age of approximately 60 years.™*
ALK positivity can be demonstrated in 50-85% of all ALCL,
depending on inclusion or exclusion of the pediatric popula-
tion in studies. Morphologically, the cells are large with horse-
shoe or kidney bean nuclei. Characteristically, the cells express
CD30 and epithelial membrane antigen (EMA), whereas the
T-cell markers are normally underexpressed. ALK-positive
ALCL is associated with a characteristic cytogenetic abnor-
mality, #(2:5) in 85% of patients. This translocation leads to
an expression of a novel nucleophosmin (NPM)-ALK fusion
protein. There are a series of different ALK translocations
that make up the remaining 15%. The ALK status of ALCL
is a critical prognostic factor with a five-year OS of 70% for
ALK-positive ALCL compared to 49% for ALK-negative
ALCL 1510

New Therapies

For historical reasons, CHOP-based chemotherapy has largely
been the standard of care with disappointing results. Because
of these poor outcomes, a plethora of new agents have been

developed for use in PTCL.

Histone Deacetylase Inhibitors

Acetylation of histone proteins is one of the processes by which
transcription of DNA is regulated.l” Acetylated histones are
associated with areas of open chromatin, which are relatively
accessible for transcription factor binding and resulting gene
expression. Deacetylated histones are associated with a repres-
sive environment for gene expression. Deregulation of the so-
called epigenetic code has long been recognized in cancer cells
and so is a target for therapeutic intervention.!® HDACs are
a group of enzymes responsible for the acetylation of histone
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and non-histone proteins. There are four families of HDACs
and HDAC inhibitors have varying inhibitory activity against
each family which may be important in their relative efficacy
against a variety of tumor types."”

Vorinostat, panobinostat, and romidepsin have all been
demonstrated to have activity in cutaneous T-cell lymphoma
(CTCL) and both vorinostat and romidepsin are now licensed
for this disease in a relapsed/refractory setting.?°2 For PT'CL,
romidepsin has the most mature clinical data. A phase II trial
including patients with both CTCL and PTCL showed an
overall response rate among 47 PTCL patients of 38% and a
median duration of response of 8.9 months.?* Common toxici-
ties were nausea, fatigue, and transient thrombocytopenia and
neutropenia. Initial concern focused on possible cardiac toxic-
ity seen in animal models. Intensive cardiac monitoring in the
early clinical studies, however, demonstrated only transient
ECG abnormalities and no treatment related arrhythmias.
It is, however, recommended to keep potassium and magne-
sium levels well within the normal range during treatment.*
A subsequent larger phase II study enrolled 130 patients with
PTCL treated with single agent romidepsin until progression

or toxicity necessitated withdrawal.?®

The drug was given on
days 1, 8, and 15 of a 28 day cycle and the associated overall
response rate was 25% with a complete remission rate of 15%.
Interestingly, the duration of remission was a very impressive
17 months suggesting that a subset of patients have particu-
lar susceptible disease to HDAC inhibitor therapy. Based on
these data, the drug has been licensed by the Food and Drugs
Agency (FDA) but not by the European Medicines Agency
(EMA). An important aim of further work will be to identify
biomarkers, which can inform treating clinicians of who are
most likely to respond to these agents.

Proteasome Inhibitors

Bortezomib is the first in class proteasome inhibitor which
is used widely in the treatment of myeloma and mantle cell
lymphoma.?® A small phase II study with 15 patients in
CTCL showed a promising 67% response rate.?” Interest-
ingly, two patients in this study had PTCL with one show-
ing a response. New proteasome inhibitors are currently being
developed and carfilzomib has been licensed by the FDA for
multiply relapsed myeloma. In contrast to bortezomib, it is an
irreversible proteasome inhibitor and does not appear to cause
clinically significant peripheral neuropathy.?® Other agents
include oral formulation such as MLN9708 which is under-
going trials currently in various hematological malignancies.
One way in which proteasome inhibitors are thought to work
is via accumulation of ubiquitinylated protein aggregates
which leads to proteotoxic stress and cell apoptosis.?’ This can
be abrogated by HDAC6 mediated targeting of these proteins
to aggresomes with resulting degradation through activation
of autophagy. There is therefore a considerable rationale in
combining an HDAC inhibitor with a proteasome inhibitor?®3!
and trials in PTCL are ongoing.

Pralatrexate

Pralatrexate is an anti-metabolite related to methotrexate but
with increased aflinity for the reduced folate carrier and an
increased rate of polyglutamation.’? Initial studies used an
unusual schedule of a weekly infusion for six weeks of a seven-
week cycle. The maximum tolerated dose was 30 mg/m? and
the dose limiting toxicity was mucositis which was ameliorated

with the administration of folate and B12 supplementation.33

A subsequent phase II study (the PROPEL study) recruited
111 patients and treated patients with relapsed/refractory
T-cell lymphoma until progression or excess toxicity. There
was a 29% overall response rate and an 11% complete response
rate with a 10 month median duration of response.>* Further
studies are investigating pralatrexate use as a maintenance
treatment and also in combination with other drugs as first
line treatment.

Immunomodulatory Agents

Lenalidomide is an oral immunomodulatory agent with a
number of pharmacological effects including cytotoxicity,
anti-angiogenic effects, and enhanced T- and NK-cell func-
tion through promotion of immunological synapse forma-
3537 Earlier experience of using this agent in PTCL
suggested that it may be particularly useful in AITL with case

tion.

reports highlighting some impressive responses.®®3? A larger
phase II trial of 54 patients assessed lenalidomide in relapsed/
refractory PTCL (the EXPECT trial). The overall response
rate was 22% but this rose to 31% in the 26 AITL patients,
with 15% achieving CR or CRu. It is unclear how toler-
able lenalidomide will be in combination with other agents.
Indeed, a recent study using lenalidomide in combination
with vorinostat and dexamethasone reported an unacceptable
rate of toxicity with little evidence of enhanced efficacy.*’

Small Molecules

Crizotinib. As described, ALK-positive ALCL is charac-
terized by the expression of the abnormal fusion gene NPM1-
ALK in the majority of cases and other ALK-translocations
in a minority. By a variety of mechanisms, ALK can there-
fore be typically overexpressed within malignant ALCL cell
nuclei. Crizotinib is an exciting orally bioavailable, ATP
competitive, selective inhibitor of the tyrosine kinase domain
within the ALK protein. Its activity has predominantly been
described in non-small cell lung cancer with ALK expression
(due to EML4-ALK fusion gene), for which it has received
FDA approval.#!

A recent letter in the New England Journal of Medicine*?
described excellent and relatively durable responses in two
cases of ALK positive relapsed, refractory ALCL. Both
patients entered complete remission (at 28 days and 12 days,
respectively) and remained in remission (at six and five months
follow up, respectively). Early-phase trial data have dem-
onstrated safety and efficacy of crizotinib in nine pediatric
patients*® and a recent abstract** at the American Society of
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Hematology in December 2013 described its use in a phase 1
study of 14 ALK-positive ALCL and 1 ALK positive dif-
fuse large B-cell lymphoma (DLBCL). The overall response
rate was an impressive 60% in these patients, all of whom had
relapsed disease. There were toxicities described with its use.
Perhaps most notably, 4 of the 15 patients developed grade
4 adverse events (abdominal pain, increased creatinine phos-
phokinase, lymphopenia, and multi-organ failure). Grades 1
and 2 diarrhea and visual disturbance (flashing lights, blurred
vision, and floaters) were also relatively common. This oral
agent has clear efficacy in ALK-positive ALCL and further
trials will be needed to establish its role in the first line setting.

There is some evidence that point mutations within the
ALK domain** can lead to resistance to crizotinib. Although
these data are derived from ALK-positive Non-small cell lung
cancer (NSCLC), they are highly likely to be relevant to ALK-
positive ALCL. Second-generation ALK inhibitors, such as
aminopyridine-8e, are in pre-clinical studies, and have greater
potency and ability to overcome crizotinib-resistance across a
panel of ALK mutant cell lines.*

Denileukin diftitox. Denileukin diftitox is a recombi-
nant DNA fusion protein linking fragments of the diphtheria
toxin to interleukin-2 (IL-2). The IL-2 receptor (also known
as CD25) is commonly expressed on T-cells, and its binding to
the IL2-R results in endocytosis of the toxin and subsequent
cell apoptosis. The ‘CONCEPT’ phase II study* investigated

denileukin diftitox combined with CHOP-21 by treating
49 patients with PTCL first line with six to eight cycles. The
overall response rate was 47% in PTCL-NOS (» = 19), 80%
in AITL (n = 10), and 87% in ALCL (z = 8). The median OS
was not reached by the end of the trial follow up, with the OS
63.3% at that time. The treatment was generally well tolerated.
Interestingly, responses were seen irrespective of CD25 status.
A larger, phase I1I randomized multicenter study comparing
CHOP with Denileukin diftitox plus CHOP is required to
confirm its value in the first line setting. Unfortunately, deni-
leukin diftitox has not been available since 2011 and there is
no estimated date for its availability, which limits its clinical
utility at present.

Monoclonal Antibodies

Brentuximab vedotin. Brentuximab vedotin (BV) is an
exciting new antibody-drug conjugate that has been through
phase I and II trials in CD30-positive lymphoma. BV deliv-
ers a potent anti-microtubule agent monomethylauristatin
E (MMAE) to CD30-positive malignant cells via alinker mol-
ecule attached to the CD30 monoclonal antibody (see Fig. 1).
BV is administered as a three-weekly short intravenous infu-
sion. It has a relatively non-toxic profile with its main side
effects being neutropenia and peripheral neuropathy.

Phase III trials are currently underway in first line treat-

ment for Hodgkin lymphoma (ECHELON-1 trial) following
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impressive early phase response rates in the relapsed, refractory
setting post-autologous stem cell transplant.*® ALCL is char-
acterized by its uniform CD30 expression and the early phase
data in this specific T-cell subtype are also impressive. Follow-
ing two phase 1 studies,**** Pro et al*! published the results of a
phase I multicenter trial of 58 patients with relapsed or refrac-
tory systemic ALCL. The overall response rate was an impres-
sive 86% with complete responses seen in 57% of patients. The
median durations of overall response and complete response
were 12.6 and 13.2 months, respectively. No clear plateau was
seen on the disease-free survival curves in this cohort. BV
may enable further consolidation therapy such as allogeneic or
autologous transplantation when used in this setting. Random-
ized studies require careful design to establish the role of BV
and crizotinib in the first line setting alongside CHOP-like
regimens, which is the current standard in ALCL.

Moreover, greater than 40% of all PTCLs express CD30
on the cell surface, which increases the possible utility of BV.
Interestingly, CD30 expression levels do not seem to directly
correlate with response rates and therefore weakly expressing
tumor can also respond to BV.%?

Zanolimumab. Zanolimumab is a fully humanized CD4
specific monoclonal IgG1 antibody which has been previ-
ously used as an immunosuppressive treatment for rheumatoid
arthritis and psoriasis with minimal success. More recently, it
has been used in PTCL with some modest activity. Zanolim-
umab induces antibody-dependent cell cytotoxicity (ADCC),
direct apoptosis of CD3/CD4-positive cells, and disrupts
CD4-major histocompatability complex (MHC) class 1I
interaction. A phase II, single-arm multicenter study®® was
performed in 21 patients with relapsed or refractory CD4-
positive PTCL (AITL n=9, PTCL-NOS n=7, ALCL n=4,
and EATL 7 =1). Treatment was given as weekly intravenous
infusions of 980 mg for 12 weeks. Overall response rate was
only 24%, with two in complete response unconfirmed (CRu).
The monoclonal antibody was safe as a single agent in this
setting, but there is no data on efficacy and safety in first line
in combination with standard chemotherapy. The potential
for profound immunosuppression when added to combination
chemotherapy is a concern.

Mogamulizumab. CCR4 is a chemokine receptor which
is highly expressed in most cases of adult T cell leukaemia/
lymphoma (ATLL) and certain other PTCL histologies.”* A
defucosylated anti-CCR4 antibody has been generated which
has shown enhanced activity in cell lines and animal models,
compared with the fucosylated form.>>>¢ A phase 1 study’” in
patients with relapsed PTCL (largely ATLL) showed encour-
aging results in terms of both activity and tolerability and a
subsequent phase II study reported a 50% overall response
rate in relapsed ATLL with resulting median progression free
survival (PFS) of 5.2 months and OS of 13.7 months.® The
main toxicities were infusion reactions seen in 89% of patients
although these were mostly grade 2 and manageable. Studies
looking at activity in non-ATLL subtypes are on going.

Alemtuzumab. CD52 is not only expressed on PTCL
cells, but also expressed widely on other cell types, such as
monocytes and B-cells. The GITIL study®® was a small
phase II study combining alemtuzumab and CHOP-28 in
18 patients. The complete response rate was an impressive 71%
across patients with EATL, PTCL-NOS, AITL, and ALCL
(ALK negative). This study reported moderate toxicity, but
enthusiasm was tempered by the results of an Asian phase II
study of CHOP-21 in combination with alemtuzumab. The
trial was stopped early because of toxicity.®® The HOVON
group also performed a phase II study of CHOP-14 and alem-
tuzumab. The impressive overall response rate of 90% was
tempered by the finding of three cases of late EBV-driven
B-cell lymphomas out of the 20 patient cohorts. Serious infec-
tions were also seen.! A current European study (ACT I/1I)
is comparing CHOP-14 with and without alemtuzumab and
will hopefully answer an open question about the use of alem-
tuzumab in PTCL in the first line setting. The initial dose
in these studies resulted in excess toxicity but a subsequent
dose reduction was well tolerated. Alemtuzumab has been
withdrawn from the market by the EMA, and subsequently
approved for a multiple sclerosis indication in Europe. It is
currently unclear how this will affect drug availability now
and in the future for PTCL patients.

Other New Therapeutics of Interest

Asparaginase use in extranodal NK/T-cell lymphoma.
Extranodal NK/T-cell lymphoma characteristically pres-
ents with a necrotic, paranasal, and destructive mass. It has
a clear association with EBV and is typically seen in patients
of South-East Asian origin. The tumor is particularly radio-
sensitive, with reasonable cure rates seen in localized disease.?
Historically, patients with disseminated disease had a dread-
ful prognosis. Extranasal disease is associated with dissemi-
nated intravascular coagulation, multi-organ failure, and a
five-year OS of only 9%.% A high level of p53 deletion and
overexpression of P-glycoprotein within the malignant cells
are thought to contribute to resistance to standard chemother-
apy. P-glycoprotein acts as an eflux pump within the malig-
nant cells and an overexpression leads to an excessive efflux of
chemotherapy and subsequent resistance.>%3

Asparaginase depletes extracellular asparagine and glu-
tamine, and therefore starves malignant cells of these nec-
essary amino acids, inducing apoptosis. Traditionally used
during induction in acute lymphoblastic leukemia, its use in
extranodal NK/T-cell lymphoma has evolved. Recent French
and Japanese phase II trials have shown that asparaginase-
based regimens can improve the previous dismal prognosis of
disseminated extranodal NK/T-cell lymphoma. A Japanese
group performed the largest phase II study®* to date using the
“SMILE?” (steroids, methotrexate, ifosfamide, L-asparaginase,
and etoposide) regimen in 38 newly diagnosed stage IV,
relapsed, or refractory patients. The two planned cycles were
completed by 74%, which resulted in an overall response rate
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of 79% and a complete response rate of 45%. The one year
OS was 55%, with the suggestion of a plateau on the survival
curve after three years follow up. The regimen is particularly
myelotoxic (92% grade IV neutropenia and 61% grade III
and IV infection) and granulocyte colony stimulating factor
(G-CSF) support is a necessity. Given the prognosis in this
subset of patients, most treating physicians would still con-
sider this regimen as a bridge to allogeneic or autologous stem

cell transplantation.®

The GELA/GOELAMS group® has published good
results in a smaller trial with a less toxic regimen. The aspara-
ginase, methotrexate, and dexamethasone (AspaMetDex)
regimen was used in 19 relapsed or refractory patients with a
complete response rate of 61% and a one year OS of 45%.

Standard treatment of early stage disease until recently
has been combined modality therapy with 50 Gy localized
radiotherapy and anthracycline-based chemotherapy. Recent
phase II data have challenged this approach. The L-aspara-
ginase, vincristine, and prednisolone (LVP) regimen for six
cycles with radiotherapy dovetailed between cycle two and
three displayed an overall response rate of 89%, complete
response rate of 81%, and an impressive two-year OS of 88.5%
and progressive free survival of 80.6%.%” Similar impressive
phase II data was displayed using gemcitabine, L-asparagi-
nase, and oxaliplatin (GELOX) followed by involved-field
radiotherapy (56 Gy) for patients with stage IE/IIE Extra-
nodal NK/T-cell lymphoma.®® The overall response rate was
96% and complete response rate was 74%, and two-year OS
and progressive free survival were both 86% in the 27 patients
treated. None of these data are randomized but still seem
likely to represent a step forward in the management of both
localized and disseminated NK/T-cell lymphoma. Ideally,
randomized studies are required to understand how L-aspara-
ginase can be best incorporated into treatment regimens.

Biomarker-directed Therapy

A biomarker can be defined as a substance which indicates
the presence of a disease state and/or the prognosis of a condi-
tion. Importantly, the presence or absence of some biomark-
ers may also help define groups of patients more or less likely
to respond to treatment. In a heterogeneous disease process,
such as PTCL, which generally has a poor outcome, defin-
ing groups of patients more or less likely to respond to dif-
ferent treatments can serve to target such treatments more
effectively, thereby maximizing outcomes. In PTCL, the
obvious biomarker with relevance to therapy is CD30. CD30
is a transmembrane glycoprotein of the tumor necrosis factor
receptor family. It is involved in cell signaling via activation
of the NF-kB and mitogen-activated protein kinase (MAPK)
pathways leading to modulation of cell growth, prolifera-
tion, and differentiation.®’ The expression of CD30 in nor-
mal tissue is restricted to activated T- and B-immunoblasts
whereas strong and homogenous expression is characteristic

of ALCL (ALK positive or negative).”” CD30 may also be

expressed by almost every other subtype of PTCL although at
more variable and lower levels.”! As discussed above, the anti-
CD30 immunoconjugate BV has shown impressive activity in
relapsed/refractory ALCL. Its role is being evaluated in other
CD30-expressing PTCL subtypes and correlation of activity
with CD30 expression will be interesting.

Another interesting approach for predictive biomarker
discovery is illustrated by a study performed by Fotheringham
et al.”? They took U20S cells and transfected them with
a small hairpin RNA library in order to perform a genome
wide loss of function screen. Untransfected cells exposed to
an HDAC inhibitor died by apoptosis. However, when trans-
fected cells were exposed, some colonies survived drug treat-
ment, were isolated, and analyzed to determine which genes
had been knocked down. HR23B was discovered as a gene
conferring sensitivity to HDAC inhibitors. Functional assays
revealed that the HR23B protein to be involved in the shut-
tling of ubiquitinated proteins to the proteasome for destruc-
tion. In those cells expressing HR23B, HDAC inhibitor
treatment led to further upregulation of expression and a satu-
ration phenomenon. A subsequent study assessed the expres-
sion of HR23B in CTCL samples from patients subsequently
treated with HDAC inhibitors. Eleven of the 16 patients with
high expression achieved stable disease or a partial remis-
sion. In those weakly expressing the protein, 2/5 responded.”
Numbers are clearly small in this analysis, but further work
to evaluate the role of HR23B as a sensitivity determinant for
HDAC inhibitor therapy are warranted.

Conclusions

Many challenges remain in the field of PTCL. Current
treatment strategies are inadequate and survival at relapse is
extremely poor, especially in the transplant ineligible group.”
Although a plethora of new drugs have been trialed in the
relapse setting, progressive free survival and OS remain disap-
pointing. The use of intelligent combinations combined with a
biomarker-driven approach is likely to be a fruitful avenue of
further research. BV, targeting CD30 expression, has proven
already to be a valuable therapy in selected patients. Crizotinib
is also highly active, albeit in a small subset of ALK-expressing
lymphomas. Crizotinib indeed illustrates the down-side of
targeted therapy in PTCL. PTCL is rare, and there are 22
described entities, some being extremely rare. Some targeted
treatments will be available for restricted subtypes in which
the agent is active. This can make clinical trials harder to per-
form, and reduces the market available thus limiting phar-
maceutical company engagement. Progress in this field will
therefore rely on extensive international collaborative efforts.
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