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Peripheral T cell lymphomas (PTCLs) are heterogeneous neoplasms and represent about 12% of all lymphoid malig-
nancies. They are often regarded as “orphan diseases,” a designation that does not reflect their real incidence but
rather signifies the difficulties encountered in their classification, diagnosis, and treatment. Here we revise the
current understanding of the pathobiological characteristics of the most common nodal PTCLs by focusing on the
contribution given by high-throughput technologies and the identification of potential therapeutic targets pro-

posed by translational studies.

Introduction

Tumors from peripheral T and NK cells (PTCLs) constitute about
12% of all lymphoid neoplasms (see WHO classification 2008 and
ref. 1). They are often regarded as “orphan diseases,” reflecting
the difficulties encountered in their classification, diagnosis, and
treatment. On histogenetic grounds, PTCLs derive from distinct
subpopulations of cells with different functions and molecular
profiles. These include NK cells and yd T lymphocytes, elements
of the innate immune system, and aff T cells that correspond to
naive, central memory, effector, and specialized subsets, which
contribute to the adaptive immune response (2). PTCLs can be
detected worldwide, although some varieties display an endemic
distribution; for example, adult T cell lymphoma/leukemia (ATLL)
is most prevalent in Japan and the Caribbean basin, EBV-related
extranodal NK/T cell lymphoma of the nasal type (ENKTCL/NT)
most prevalent in Hong Kong and Central America, and enter-
opathy-associated T cell lymphoma (EATCL) most prevalent in
the United Kingdom and Scandinavian countries (1). PTCLs are
morphologically heterogeneous and include several distinct and
provisional entities. Of these, angioimmunoblastic T cell lym-
phoma (AITL), PTCL not otherwise specified (PTCL-NOS), and
anaplastic large cell lymphoma (ALCL) ALK" or ALK" (anaplastic
lymphoma kinase-positive or -negative, respectively) (Table 1 and
ref. 1). Phenotypically, PTCLs typically lack one or more of the T
cell-associated antigens (3, 4), and some of these antigens are the
target of humanized mAbs administered in clinics (e.g., CDS2) (5),
emphasizing the utility of determining the targeted antigen before
therapy initiation in order to maximize efficacy and avoid unwant-
ed toxicities. Furthermore, PTCLs can express distinctive, diagnos-
tically relevant markers, for example, markers of follicular T helper
lymphocytes (FTHs) in AITL; CD30, EMA, and perforin in ALCL;
and CD25 and FOXP3 in ATLL (1). PCR reveals clonal rearrange-
ment of TCR genes in 98% of cases when the BIOMED2 f3 and vy
probes are applied on fresh and/or frozen tissues (6). This protocol
has been developed in order to provide an efficient and standard-
ized tool for the investigation of clonality in lymphoproliferative
processes and is currently applied in routine diagnostics (6). Con-
ventional cytogenetics, comparative genomic hybridization, and
SNP array studies have revealed complex karyotypes (Figure 1 and
ref. 7) but only a few recurrent genetic aberrations, including t(2;5)
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(p23;q935) and variants in ALK* ALCL and iso7q in hepatosplenic
(HS) T cell lymphoma (TCL) (1). Other abnormalities, such as the
t(6;7)(p25;q932.3) recently shown in ALK~ ALCLs by massive paral-
lel sequencing, need confirmation (8).

On clinical grounds, according to the results of the Interna-
tional Peripheral T Cell Lymphoma Project (ITCLP), which ana-
lyzed more than 1,300 cases worldwide, with a few exceptions,
PTCLs run a very aggressive clinical course (9). In most instances,
the S-year overall survival rate ranges from 20% to 30%. This is at
least in part due to the lack of sensitivity to alkylating agents and
anthracyclines, as shown retrospectively by the ITCLP and experi-
mentally by our group (9, 10). Thus, there is a cogent need to bet-
ter understand the pathobiology of PTCLs and to develop novel
and more effective therapeutic strategies. Here we review the most
recent developments in this field, with special attention to the
most common subtypes, the contribution given by high-through-
put technologies, and the identification of potential targets pro-
posed by translational studies.

Histogenesis
The origin of the different PTCLs was initially investigated by
immunohistochemical analysis and has thus far been the object
of a limited number of studies. In 2004 Tsuchiya and coworkers
tried to subdivide PTCLs into Th1- and Th2-derived neoplasms,
based on the expression of markers CXCR3, CCR6, and ST2(L)
(11). Additionally, these authors assessed OX40 (also known
as CD134) expression as an indicator of TCR activation. AITL
and ALCL samples were both positive for OX40 but differed in
the expression of CXCR3 (detected in the former) and ST2(L)
(recorded in the latter), findings that suggested these cancers
derived from activated Th1 and Th2 cells, respectively. PTCL-
NOSs appeared much more heterogeneous, with variable stain-
ing patterns for ST2(L), CCR6, and CXCR3. Notably, about 50%
of these tumors could not be assigned to either cell type because
they lacked expression of all markers tested (11). In 2006, Geiss-
inger et al. reported that AITL and ALCL share a common effec-
tor cell phenotype (CD45RA-CD45R0*CD27") but differ in the
expression of activation and cytotoxic markers (characteristically
observed in the ALCL setting) (12). On the other hand, five of
eight PTCL-NOSs tested by these authors expressed CD4 and
carried a central memory profile (CD45RA-CD45R0°CD27*),
while the remaining three could not be assigned to any normal
counterpart because of the lack of both CD4 and CD8 expression
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WHO classification 2008
Mature T cell and NK cell neoplasms
T cell prolymphocytic leukemia
T-LGL
Chronic lymphoproliferative disorder of NK cells*
Aggressive NK cell leukemia
Systemic EBV-positive T cell lymphoproliferative disease of childhood
Hydroa vacciniforme-like lymphoma
ATLL
ENKTCL/NT
Enteropathy-type TCL
Hepatosplenic TCL
Subcutanous panniculitis-like TCL
Mycosis fungoides
Sézary syndrome
Primary cutaneous CD30" T cell lymphoproliferative disorders
Primary cutaneous anaplastic TCL
Lymphomatoid papulosis
Primary cutaneous y/d TCL
Primary cutaneous CD8* aggressive epidermotropic cytotoxic TCLA
Primary cutaneous CD4* small-medium TCLA
PTCL-NOS
Angioimmunoblastic TCL
ALK* ALCL
ALK ALCIA

PTCL classification according to the WHO. It is conceivable that a future update to this

classification scheme will incorporate some major modifications according to the emerg-

ing knowledge. First, PTCL-NOSs will probably be distinguished based on their genetic
profile and/or cellular counterpart (e.g., central or effector memory, cytotoxic, FTH,

etc.). In this regard, the evidence that some PTCL-NOSs correspond to FTH elements
highlights that tumors derived from these cells are not limited to AITL but include a wide
morphological spectrum whose clinical impact remains to be determined (28). Second,
ALK-ALCL will likely be regarded as a distinct entity (it is currently a provisional entity);
in fact, there are clinical and genetic hints that it differs from both ALK+ ALCL and PTCL-
NOSs (10, 32). Finally, the list of yd PTCLs will probably be expanded. In this respect,
there is increasing evidence that most, if not all, type Il EATCLs of the present WHO
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although they focused on several categories, from
mycosis fungoides (MF) to cutaneous TCLs, AITL,
PTCL-NOSs, and ALK* and ALK~ ALCL. This was
related to limitations in the study design and/or
technologies employed. Specifically, the normal
match usually consisted of a pool of T lymphocytes,
with no distinction between different subsets (the
aim of the analyses being to identify the differenc-
es of the gene signature among PTCL histotypes),
and/or the expression chip used contained a lim-
ited number of genes. In 2007 our group profiled
a series of PTCL-NOSs, AITLs, and ALCLs mostly
consisting of neoplastic cells and various samples
of purified normal T lymphocytes (10). We found
that on the whole, the PTCL-NOSs expression pro-
file was closer to that of activated T lymphocytes
and most PTCL-NOSs were related to CD4/helper
T cells, with only a minority being more similar
to the CD8/cytotoxic compartment. Interestingly,
the comparison between the gene expression pat-
terns (CD4/helper and CD8/cytotoxic) and the
immunohistochemical search for CD4 and CD8
antigens showed a partial dissociation of these
two parameters. Such results have been recently
expanded by our group on a larger series of FFPE
cases by adopting the Illumina DASL technology.
In addition to confirming previous observations,
this approach has shed light on the relationships
between neoplastic cells and different functional
stages of T lymphocytes, such as Th1, Th2, follicu-
lar T helper (FTH), central memory T, and effector
T cell memory (2). Distinct groups of cases were
clearly identified, related to the different counter-
parts. These findings are in keeping with the obser-
vations of other groups. De Leval et al. found a small

classification correspond to yd neoplasms (13). AProvisional entity.

(12). More recently, antibodies have been developed that allow
the distinction of o/f from /8 T lymphocytes in formalin-fixed,
paraffin-embedded (FFPE) tissue samples. These may assist in
the lineage definition of the neoplastic cells, along with markers
of activation (e.g., CD25 and CD30), Treg elements (FOXP3), or
specialized categories of T lymphocytes such as FTH (see below).
In addition, antibodies against the y chain or y/8 dimer of TCR
identify a morphologically heterogeneous group of neoplasms
with putative common derivation that span from most HS TCLs
to mucocutaneous TCLs, T-LGLs (T cell large granular lympho-
cyte leukemias), some ENKTCLs/NTs, type II EATCL (13), and
a small minority of PTCL-NOSs, all marked by an aggressive
clinical course (14). However, immunohistochemistry remains an
imprecise tool for the histogenetic definition of PTCLs, in part
because these tumors are characterized by the loss of one or more
of the T cell-associated markers as well as by the aberrancy of the
global phenotypic profile (3, 10).

Much more relevant is the contribution expected from gene
expression profiling. Unfortunately, most of these studies (15-19)
provided very little information on the histogenesis of PTCLs,
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subset of PTCL-NOSs with an expression signature
related to FTH, suggesting similarity to AITL (see
below) (20), while Igbal et al. reported PTCL-NOSs
cases showing an expression profile that suggested
an origin either in FTH or in helper or cytotoxic T
lymphocytes (21). The latter possessed more aggressive clinical
behavior and in a separate study (22) were shown to correspond
at least in part to the so-called Lennert’s lymphoma.

More recently, Wang et al. developed a mouse model in which
SNFS5, a chromatin-remodeling complex subunit with suppressor
activity, could be conditionally inactivated in immature T cells
(23). This led to onset of PTCLs via the activation of a MYC-driven
signaling network, a stem cell transcriptional program, and TCR
signaling engagement. The tumors had a CD44hCD122°CD8*
phenotype, resembling a subset of memory T cells (23).

In 2007, our group (24) and others (20) reported that AITL is
related to FTH cells, a finding that is in keeping with the hyper-
plasia of follicular dendritic cells (FDC) and the presence of
EBV-infected B-lymphocytes characteristic of the tumor. These
results—also confirmed by Igbal et al. (21)—are supported by
immunohistochemical analysis of a series of markers (CD10,
BCL6, PD1, ICOS, SAP, CXCL13, c-MAF, and CCRS) that are
expressed by the FTH compartment (25). Importantly, under
neoplastic conditions at least three of these markers should be
simultaneously expressed to designate a given population as
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Table 1

Clinico-pathological features of the most common nodal PTCL subtypes

Prevalence?
26%

Lymphoma type
PTCL-NOSs

Major histologic markers

Heterogeneous, pleomorphic morphology;
defective phenotype; possible expression of
functional markers (e.g., FTH, cytotoxic and/or
activation-related molecules); morphological

Clinical features
Aggressive

Possible innovative therapy
TKI; HDAGi; NF-xB inhibitors;
frontline SCT; novel chemotherapy
(gemcitabine, pralatrexate,
bendamustine)

variants include T-zone, follicular, and Lennert’s type

AITL 18.5%

ALK+ ALCL 6.6%

ALK~ ALCL 5.5%

Clear cell cytology; FDC network;
abundant arborized vessels; defective
phenotype; expression of FTH molecules
(CXCL13, PD1, ICOS, SAP, BCL6, and CD10)
Large cell cytology with hallmark cells; possible
morphological spectrum including small cells;

strong and diffuse CD30 and ALK expression

Large cell cytology with hallmark cells;
possible morphological spectrum;
strong and diffuse CD30 expression

Aggressive; typical
clinical syndrome

Antiangiogenic drugs; lenalidomide;
TKI; HDAC; frontline SCT; novel
chemotherapy (gemcitabine;
pralatrexate; bendamustine)
Anti-CD30; anti-ALK; HDACi;
TKI; novel chemotherapy
Anti-CD30; frontline SCT
(e.g., HDACi, TKI novel
chemotherapy)
Anti-CD30, frontline SCT
(e.g., HDACI, TKI, novel
chemotherapy)

Aggressive but curable;
more common in

young people

Aggressive

APrevalence among all PTCLs according to the WHO classification, based on the ITCLP (9). SCT, stem cell transplantation.

FTH. Indeed, one can aberrantly be observed in a different setting
because of cell plasticity (25). In addition, BCL6 and SAP are car-
ried by FOXP3* follicular Tregs (26), which are usually depleted
in AITL (27). The availability of these gene expression profiling
surrogates has allowed for the analysis of large series of FFPE
PTCLs by confirming that the FTH phenotype is always carried by
AITL and by showing that tumors assigned to other categories can
share the same profile (28). This holds true for a certain number
of PTCL-NOSs, at times corresponding to the so-called follicular
variant, which are characterized by small- to medium-sized neo-
plastic cells with slightly irregular nuclear contours and a wide
rim of clear cytoplasm in the absence of FDC and high-endothelial
venules (28). An FTH origin has also been postulated for the pri-
mary cutaneous CD4* small-medium TCL (29).

Additional histogenetic observations provided by gene expres-
sion profiling pertain to ALCL and ENKTCL/NT. According to
Huang et al. (30), the latter are more similar to activated than
to resting NK cells. Notably, in the same analysis, both tumors
of NK and T derivation as well as a y/d TCL clustered together,
showing high levels of granzyme H transcripts. In ALCL, both
ALK" and ALK" forms cluster together, their distinction being
based on the different ALK/STAT3 signatures as well as on
the expression of a series of genes (BCL6, PTPN12, C/EBPP and
serpinAl for ALK* ALCL, and CCR7, CNTFR, IL22, and IL21 for
ALK~ ALCL) (31). The close histogenetic relationship between
the two forms of ALCL is underlined by the fact that the 16
genes that distinguish ALK~ ALCL from PTCL-NOSs and AITL
are similarly expressed in ALK* ALCL (32). These findings pro-
vide a rationale for the decision taken in the 2008 WHO classi-
fication to maintain ALK~ ALCL as a provisional entity distinct
from PTCL-NOSs (1).

Molecular pathogenesis
In addition to histogenetic information, gene expression profiling
studies provided relevant insights into the functional alterations
of different PTCL subtypes.
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First, a careful comparison of PTCL-NOSs with the closest nor-
mal cellular counterparts revealed the extensive deregulation of
genes that control functions typically damaged in malignant cells,
such as matrix remodeling, cell adhesion, transcription regulation,
proliferation, and apoptosis. In particular, an analysis of ours (10)
might explain the dissemination pattern of PTCL-NOSs, which
involves frequent extranodal sites and bone marrow and spreads to
peripheral blood, because it demonstrates the upregulation of the
FN1, LAMBI1, COL1A2, COL3A1, COL4A1, COL4A2, and COL12A1
genes, which promote local invasion and metastasis in different
types of human cancers (33-35). In addition, our analysis revealed
the deregulation of genes involved in apoptosis (e.g., MOAPI,
ING3, GADD45A and GADD45B) (36-42) and chemo-resistance
(e.g., CYR61 and NNMT) (33-35, 43-53), which may be responsible
for the poor response to conventional chemotherapy.

Second, some studies based on gene expression profiling
and/or immunohistochemistry suggested frequent deregulation
of the NF-kB pathway in PTCL-NOSs (15, 16, 54, 55). Such find-
ings, however, have not been confirmed by ourselves or others
(10, 56) (see below).

Third, multiple groups have characterized aberrant tyrosine
kinase (TK) signaling in PTCLs (10, 30, 32, 57). In particular, we
showed that PTCLs/NOS constantly over-express PDGFRA and
present with constitutive phosphorylation (i.e., activation) of the
encoded protein (10, 57). Our group also found that the activation
of PDGFRA is sustained by an autocrine stimulation, a mechanism
subsequently found also in T-LGL (ref. 58 and Pileri, personal com-
munication). Notably, PDGFR overexpression was later demonstrat-
ed in other T/NK-derived tumors, further strengthening its poten-
tial therapeutic relevance (see below) (30). In addition, it might play
an important role in promoting and/or sustaining the neoplastic
growth by counterbalancing the frequent alterations of the NF-kB
pathway (see below) (ref. 59 and Figure 2). Along the same lines, in
ALK* ALCL the oncogenic TK nucleophosmin (NPM)-ALK activates
STAT3, a major contributor to the tumor molecular signature (32),
and sustains the expression of the growth promoter ICOS (60).
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Figure 1

Prevalence of genomic imbalances in terms of copy number vari-
ants in PTCL-NOS, based on SNP array karyotyping. Created with
data from ref. 7.

In a subset of PTCL-NOSs, Streubel et al. detected the t(5;9)(q33;
q22) translocation, which leads to the fusion transcript ITK-SYK
with constitutive kinase activity (61) and possible pathogenic sig-
nificance. Indeed, inhibition of SYK, a TCR downstream molecule,
was found to be effective ex vivo by inhibiting cell proliferation and
inducing cell death (62). More recently, somatic mutations of iso-
citrate dehydrogenase 2 (IDH2) have been specifically detected in
AITL (63), but their role has not yet been established.

Fourth, the role of micro-RNAs (miRNAs) has so far been inves-
tigated mainly in ALCL. In particular, Merkel et al. (64) reported
that five members of the miR17-92 cluster were expressed more
highly in ALK* ALCL, whereas expression levels of miR155 were
more than 10-fold higher in ALK~ ALCL. Moreover, miR101 is
downregulated in all types of ALCL, a fact of potential therapeutic
interest because mTOR is the target of this miRNA. Additional
data have recently been reported regarding the potential pathoge-
netic effect of miR19a and miR135b in ALK* ALCL (65, 66). It was
shown that ALK" ALCLs express a low level of miR29a, and that
this downmodulation requires an active NPM-ALK kinase. Impor-
tantly, it was also reported that low expression of miR29a, prob-
ably achieved through methylation-mediated repression, appeared
to play an important regulatory role in MCL-1 overexpression,
promoting tumor cell survival by inhibiting apoptosis. Consis-
tently, forced miR29a expression was found to modulate apoptosis
through inhibition of MCL-1 expression with concomitant tumor
growth reduction in vivo (64).

Finally, novel insights into PTCL pathogenesis will be likely be
provided by massive parallel sequencing in the near future. In this
vein, a novel recurrent t(6;7)(p25.3;932.3) translocation has been
just discovered in ALK~ ALCL (8). This lesion, which disrupts the
DUSP22 phosphatase gene on 6p25.3 and adjoins the FRA7H frag-
ile site on 7q32.3, was found to be associated with downregulation
of DUSP22 and upregulation of miR29, mapped on 7q32.3 (8).

Prognosis

As previously mentioned, with a few exceptions, PTCLs usually are
characterized by an aggressive clinical course and dismal prognosis
(1,9). Among the latter, ALK* ALCL has been a matter of contro-
versy. In fact, although it is obvious that it is less aggressive than
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the ALK form, its course is nevertheless quite variable, being influ-
enced by several factors: the age of the patient, the International
Prognostic Index (IPI; a clinical tool developed to aid in predicting
the prognosis of patients with aggressive non-Hodgkin lympho-
ma, and based on age, disease stage, serum lactic dehydrogenase
(LDH), performance status, and presence of extranodal disease)
and the state of the bone marrow. In addition, the prognosis of
ALK" ALCL may soon be improved by the recent introduction of
ALK inhibitors and SGN-35 in the clinical practice (67, 68).

Several attempts have been made to define the optimal prognostic
approach for PTCL-NOSs, but none of the proposed systems has
completely achieved such a goal. In 2004, Gallamini et al. (69) pro-
posed the Prognostic Index for PTCL-Unspecified (PIT), including
age >60, Eastern Cooperative Oncology Group (ECOG) 21, elevated
LDH levels, and bone marrow involvement. Two years later, our
group refined this scoring system by substituting Ki67 expression
for bone marrow involvement (3), which allowed for the identifica-
tion of three distinct subgroups of patients with clearly different
clinical behavior. Remarkably, the proposed score considered for the
first time a biological parameter (the proliferative index), consistent
with the observation made later by Cuadros et al. that a gene signa-
ture related to proliferation heralds a poor prognosis (70). Interest-
ingly, we also found in a univariate analysis that EBV positivity and
cytotoxic marker expression were adverse prognostic indicators (3).
These findings are in line with the results of two studies carried out
by the Groupe d’Etude des Lymphomes de ’Adulte (GELA) (71) and
by Igbal etal. (21), highlighting the negative impact of neoplastic cell
EBV infection and of a cytotoxic gene signature, respectively. Finally,
Martinez-Delgado et al. (15) and Briones et al. (55) reported that
the activation of the NF-kB pathway, assessed by expression profil-
ing or BCL10/p65 immunohistochemistry, identifies PTCL-NOSs
cases with a more favorable outcome.

These results were not reproduced by our group, which observed
downregulation or deregulation of the genes involved in the
NF-kB cascade in about two-thirds of our PTCL-NOS patients
with no impact on the prognosis, as shown by expression profiling
and immunohistochemical evaluation of both the canonical and
alternative NF-kB pathway components (10, 56, 59). Interestingly,
our results were confirmed in an independent SNP array-based
study by Hartmann et al., who found genomic gains of the REL
locus and nuclear localization of the REL protein in about 25% of
their cases (7). These discrepancies may be due to the different cel-
lular composition of the analyzed cases in each study; in particu-
lar, it is conceivable that many of the cases analyzed by Martinez-
Delgado et al. and Briones et al. contained significant numbers
of reactive cells, which in turn might have influenced the NF-xB
genes and related protein expression (15, 54, 55).

The development of other prognostic indices has mainly focused
on ENKTCL/NT. Once it had been demonstrated that the extrana-
sal forms of the tumor run a more aggressive clinical course, Lee
et al. proposed a prognostic model based on B-symptoms, stage,
LDH values, and regional lymph node involvement, which showed
a superior predictive value as compared with the IPI by allowing
the identification of four risk categories (72). These findings have
been confirmed by the ITCLP, which however found that IPI also
identifies three groups of patients with significantly different
clinical courses (63, 72).

It has also recently been shown that the derivation from y/8 T
lymphocytes might represent a further prognostic indicator, the
tumors stemming from this compartment being highly aggressive
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Figure 2

Schematic representation of the PDGF/PDGFR signaling pathway (Generated using MetaCore software; GeneGo Inc.). Notably, different key
points of PDGFR signaling can be the object of pharmacological inhibition. First, PDGFRs can be directly blocked by TKIls. Second, the immedi-
ate downstream JAK/STAT pathway, SRC kinase and PI3K can be selectively disrupted. Finally, in cases retaining NF-kB activity (around 30% of
PTCL-NOSs), different molecules might be targeted. Adapted with permission from Expert Review of Hematology (59).

irrespective of the histological subtype (14). Thus, the IPI is cur-
rently the only tool that can be applied to different PTCL catego-
ries, though it is far from perfect and lacks relevance in the setting
of ATLL, ENKTCL/NT, and EATCL (9).

Targeted therapy

TK inhibitors. Based on the evidence of TK deregulation in differ-
ent subtypes of PTCLs, the application of TK inhibitors (TKIs) has
been tested ex vivo (10, 30). In particular, our group designed exper-
iments aiming to test the sensitivity of PTCL-NOS cells to different
TKIs (10). We found a remarkable reduction of cell proliferation
and viability. Conversely, TKIs exerted a limited effect on normal
lymphocytes. Huang et al. treated T/NK tumor-derived cell lines
with imatinib and obtained analogous results (30). Following these
observations, clinical trials were initiated and the effectiveness of
TK inhibition was demonstrated in vivo in PTCL-NOS patients.
In this regard, a phase I/II trial designed to evaluate the safety and
clinical activity of dasatinib in relapsed/refractory non-Hodgkin
lymphomas indicated a remarkable activity of the compound in
PTCL, inducing complete remission in both enrolled cases (73). In
ALK*ALCL, Chiarle et al. clearly showed that targeting ALK and its
downstream target STAT3 represents an effective strategy (74, 75).
In addition, PDGFR inhibition was shown to be effective in the
same setting, inducing clinical responses in vivo (76).
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Histone deacetylase inhibitors. Interestingly, expression profiling
demonstrated widespread silencing of genes, possibly regulated
by epigenetic mechanisms such as histone deacetylation (10). Our
group found that histone deacetylase inhibitor (HDACI) com-
pounds induced a dramatic reduction in cell viability in PTCL-
NOS primary cells and cell lines, with GO-G1 cell cycle arrest and
apoptosis at therapeutic concentrations (10), suggesting a possible
role for this class of drugs in PTCL-NOS therapy, and indeed, this
idea was supported by clinical observations (77). Notably, the
combination of TK inhibition and HDAC inhibition produced a
remarkable effect on cell viability and might represent a promising
option for future therapeutic applications (10). More recently, the
effectiveness of associations of HDACis and demethylating agents
was suggested by ex vivo studies (78).

Anti-angiogenetic therapy. Increased angiogenesis is a major charac-
teristic of AITL. However, the molecular mechanisms that underlie
this have remained elusive. Recently, two studies documented the
upregulation of the VEGF gene in this tumor (20, 24). Our group
immunohistochemically analyzed a large number of cases on tis-
sue microarrays and demonstrated that VEGF is mainly expressed
by the neoplastic elements (24), and not only by the abundant
vascular component, as was initially proposed (20). We further
showed that AITL cells do also express a VEGF receptor, VEGFR2/
KDR (24), suggesting the intriguing hypothesis that autocrine/
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paracrine stimulation also occurs in this setting. These findings
also suggest that AITL might be sensitive to anti-angiogenetic
drugs such as thalidomide and bevacizumab. Indeed, several
reports documented their positive activity in AITL cases (79-84).
More recently, a possible pathogenetic role of VEGF has been pro-
posed for MF as well (85, 86). Indeed, VEGF deregulation may be
an early event in this disease.

mAbs directed against surface antigens

Although PTCLs typically present with defectiveness in T cell-asso-
ciated surface molecules, mAbs are promising agents in this set-
ting. In this regard, alemtuzumab, a humanized anti-CD52 mAD,
was successfully administered to PTCL patients in combination
with other chemotherapeutics (CHOP therapy) (87, 88). The com-
plete response rates ranged from 71% to 90%, with more than 50%
of patients alive at two years (87, 88). However, in general, toxicity
remains a persistent problem with this agent, although there may
be strategies available to overcome this obstacle, allowing a more
rational usage of the compound, including effective antimicrobial
prophylaxis and alemtuzumab dose reduction (59). On the other
hand, the overall effectiveness may be improved by patient selection
based on CDS52 positivity, as around half of patients present a con-
sistent downregulation of this antigen (5, 89-92). Conversely, CD30
is theoretically an optimal target for therapy owing to its minimal
expression on nonmalignant cells, although the unconjugated anti-
CD30 agents SGN-30 and MDX-060 demonstrated minimal effects
in Hodgkin lymphoma and ALCL (93, 94). However, more recently,
in order to enhance the antitumor activity, the antitubulin agent
monomethyl auristatin E (MMAE) was attached to a CD30-specific
mADb by an enzyme-cleavable linker, producing the antibody-drug
conjugate brentuximab vedotin (SGN-35) (95). Notably, this drug
induced remarkable clinical responses in all relapsed/refractory
CD30" lymphomas with acceptable toxicity, leading to its rapid
approval by FDA in this setting (95).

PTCLs are relatively rare tumors; however, they account for a
substantial number of deaths worldwide. The most common sub-
type, PTCL-NOS, probably represents a “wastebasket” category
that cannot be further classified, at present, based on morphol-
ogy and phenotype. In addition, the distinction of AITL and
ALK~ ALCL from PTCL-NOSs is often challenging. Thus, novel
molecular tools are warranted to better understand these tumors.
Indeed, only a deeper biological knowledge of PTCLs, hopefully by
both the characterization of primary samples and the creation of
adequate preclinical experimental models, will lead to significant
improvements in their clinical management. In this regard, the
recent evidence of deregulation of specific pathways, including TK
signaling, HDAC activity, and aurora kinase A (96), as well as the
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availability of remarkably active conjugated mAbs (e.g., brentux-
imab vedotin [SGN-35]) herald the advent of a new era for targeted
therapy in this setting.

Note added in proof. While the present paper was in press, three con-
tributions appeared in the literature that should be mentioned.
First, next generations sequencing showed a second mutation
recurrent in AITL and affecting the TET2 coding sequence (97).
Its incidence turned out to be slightly lower than the one of IDH2.
Interestingly, it occurred also in 38% of PTCLs-NOS — almost all
these cases were related to FTH lymphocytes.

Second, Agnelli et al. have undertaken a transcriptional pro-
filing meta-analysis of 309 cases, including ALCL and other pri-
mary T-NHL samples. Pathway discovery and prediction analyses
defined a minimum set of genes capable to recognize ALK~ ALCL.
Application of RT-qPCR in independent data sets from cryo-pre-
served and FFPE samples validated a three-gene model (TNFRSFS,
BATF3, TMODI) able to successfully separate ALK~ ALCL from
PTCL-NOS, with overall accuracy near 97% (98).

Finally, Rossi et al. profiled 40 PTCLs (28 NOS, 6 ALCLs, and
6 AITLs), four reactive lymph nodes, and 20 samples of normal
T-lymphocytes, by showing significantly lower BCL10 expression
in all tumors in comparison to normal samples, the lowest values
being detected in ALCL. Immunohistochemistry on TMA revealed
BCL10 positivity in only 10/52 PTCLs, NOS (19%) with no sig-
nificant correlation with either expression of Ki-67 and the T-cell
markers or NFxB activation, as well as with progression free sur-
vival and overall survival, although a favorable trend was recorded
in BCL10" cases (99).
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