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ChiP assays detected higher levels of trimethylated H3K27 and
EZH2 occupancy in cells showing lower expression levels of
miR-31 (Figure S4H). Furthermore, knockdown of EZH2 or
SUZ12 restored miR-31 transcription in MDA-MB-453 and
MCF7 cells (Figures 5F and 5G; Figure S4K, respectively), which
are consistent with the results obtained with ATL cells. These
results indicate a fink between Polycomb-mediated epigenetic
regulation and miR-31 transcription in ATL and breast cancer
cell lines.

Polycorab Group Regulates NF-«B Pathway
by Controlling miR-31 Expression
Based on our findings, we considered an aspect of the biological
communication between epigenetic silencing and the NF-xB
pathway through miR-31 regulation. The microarray data sets
showed positive correlations between PRC2 components and
miR-31 target gene, NIK expression (Figure 6A). The results
also suggested that these factors tend to show higher levels in
the aggressive subtype (acute type) than in the indolent subtypes
(chronic and smoldering types), implying that these genes may
play important roles in the clinical phenotype and prognosis of
ATL. To examine this notion, we performed PRC2 knockdown
in ATL cell lines. Western blots of these cells demonstrated
decreased levels of NIK, p52, and phospho-lxBa. (Figure 6B; Fig-
ure S5A), suggesting suppression of both canonical and nonca-
nonical NF-xB cascade and activity (Figure 8C; Figures S5B and
55C). These results are consistent with those of miR-31 overex-
pression (Figures 3C~3F). Then, we tested whether exogenous
manipulation of miR-31 could restore the effect of PRC2 loss.
Anti-miR-31 treatment rescued impaired NF-xB activity in
PRGC2-disrupted cells (Figure 8D). On the other hand, overex-
pression of EZH2 induced NF-xB activation, which was partially
canceled by the introduction of miR-31 precursor (Figure 6E; Fig-
ure S5D). These results suggest that Polycomb-mediated miR-
31 suppression leads to NF-kB activation. Indeed, knockdown
of the PRC2 complex led to reduced levels of cell proliferation
and greater sensitivity to serum deprivation in ATL cells (Fig-
ure 6F; Figure SS5E). In addition, PRC2 disruption showed
a reduction in cell migration (Figure S5F),

To gain further insight into this general network, we studied
the functions of miR-31 and the PRC2 complex in breast cancer
cell lines. NF-xB activity was downregulated by knockdown of

PRG2 components in MDA-MB-453 cells (Figure 6G; Figures
85G and S8&H), although no significant differences were
observed in cell proliferation (data not shown). Repression of
NF-xB activity induced by knockdown of PRC2 components
was partially restored by treatment with a miR-31 inhibitor, sug-
gesting that PRC2 knockdown-mediated relief of NF-kB repres-
sion is at least a part of the result of the miR-31 induction. In
addition, knockdown of PRC2 components resulted in a reduced
level of receptor-initiated accumulation of NIK in B cells (Fig-
ure 6H). Our findings indicate a common molecular mechanism
comprising Polycomb-mediated epigenetic regulation, miR-31
expression and the NF-kB signaling pathway.

Regulation of NF-xB by Polycomb family may in turn control
the cellular apoptosis responses. We found that lentivirus-medi-
ated EZH2 knockdown led to increased apoptotic sensitivity in
TL-Om1 cells {Figure 8l). Additional expression of NiK inhibited
the cell death induced by EZH2 knockdown, suggesting the
reciprocal relationship between Polycomb and NF-kB cascades.
By using primary tumor cells from patient, we tested the killing
effect induced by miR-31, NIK knockdown, and EZH2 knock-
down (Figure 6J; Figures S5 and S85J). All tested samples
showed strong death response, demonstrating that survival of
ATL cells was closely associated with miR-31, NIK, and EZH2,
all of which show deregulated expression in ATL celis.

By gRT-PCR we finally examined the expression levals of
some genes involved in the noncanonical NF-kB pathway. As
shown in Figure 6K, the results clearly demonstrated higher
expression levels of positive regulators such as NIK, CD40,
and LTBR, and lower expression levels of the negative regulators
such as BIRC2/3 (clAP1/2), which are involved in proteasomal
degradation of NIK (Zarnegar et al., 2008a). These observations
are in line with a previous report on Multiple Myeloma cells (An-
nunziata et al., 2007). In addition to these data, we obtained
convincing evidence for a molecular aspect of NIK accumulation
in ATL cells. Polycomb-dependent epigenetic gene silencing
may be associated with miR-31 loss, followed by NF-kB activa-
tion and other signaling pathways (Figure 7).

DISCUSSION

Constitutive activation of NF-xB contributes to abnormal prolif-
eration and inhibition of apoptotic cell death in cancer cells,

Figure 4, Genetic and Epigenetic Abnormalities Cause mil-31 Loss in ATL Cells

(A) Genomic loss of chromosome 9p21.3 in primary ATL cells. Copy number analyses revealed tumor-associated deletion of miR-31 region (21/168) and COKNZ
region (46/168). Recurrent genetic changes are depicted by horizontal lines based on CNAG output of the SNP array analysis.

(B) miR-31 expression in various sample sets. Expression levels were evaluated by real-time PCR.

Loss, samples with genomic loss of the miR-31 region; {-) samples without genomic loss of the miR-31 region.

(C) PCR-based miR-31 quantifications in primary ATL samples. ATL samples without genetic loss in miR-31 region {n = 8, Figure S3B), and narmal CD4+ T celis
{n = 7) were tested. p values (ATL versus normal) are shown.

(D) YY1 binding motif cluster around transcriptional start site (TSS) of miR-31 region. Arrows represent positions of the motifs. Regions of PCR amplification for
ChIP assay are shown.

(E} Repression-associated histone methylation in miR-31 region determined by ChiP assay (n = 3, mean x SD). The results of relative enrichment against input
controf are presented and distance from miR-31 TSS is described. MYT7 and GAPDH promoters are as positive or negative controls, respectively.

(F-h YY1-dependent EZH2 occupancy in miR-31 locus. (F) YY1 knockdown in TL-Om1 cells. qRT-PCR {left, n = 3, mean = SDj and western blotting (rightj showed
decreased YY1 level. {G) YY1 knockdown led to both primary and mature miR-31 restoration in TL-Om1 cells (=3, mean = SDJ. (H) YY1 occupancy in miR-31
region analyzed by ChiP {n = 3, mean = SD). YY1 occupancy in miR-31 locus was reduced by YY1 knockdown. ()} EZH2 occupancy in miR-31 region analyzed by
ChiIP {n = 3, mean = SD). YY1 knockdown inhibited EZH2 recruitment in miR-31 region.

() Abevant accumulation of repression-associated histone methylations widely in miR-31 region of primary ATL cells. PBMCs freshly isolated from ATL patients
{n = 6) were analyzed by ChIP assay. PBMC from healthy adults were used for normal controls. See also Figure 83.
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including ATL, diffuse large B cell lymphoma (DLBGL), Hodgkin
lymphoma, breast cancer, prostate cancer and others (Prasad
et al,, 2010). NF-xB is also essential for various cell functions,
including inflammation, innate immunity, and lymphocytic devel-
opment (Hayden and Ghosh, 2008). Identification of NF-xB
determinants will lead to marked progress in understanding
molecular pathology.

Our global analyses demonstrated an interesting miRNA
expression signature as well as an aberrant mRNA expression
profile, which may be associated with leukemogenesis in the
primary ATL cells (Figures 1 and 6A). We revealed downregula-
tion of tumor-suppressive miRNA including Let-7 family, miR-
1256b, and miR-146b, which can contribute to aberrant tumor
celi signaling. Recent studies have suggested unique expression
profiles of mMiRNAs in ATL (Yeung et al., 2008; Bellon et al., 2009),
but loss of miR-31 has not been focused. Celiular amount of miR-
NAs may be susceptible to various environments such as tran-
scriptional activity, maturation processing, and also epigenetic
regulation. The end results appear to be affected by method-
ology employed and conditions and types of samples used.
Our integrated expression profiling of primary ATL cells are
based on a significantly larger number of samples and fruitfully
provides intriguing information that may be useful in improving
the understanding of T cell biology as well as in the identification
of biomarkers for diagnosis.

Pleiotropy of miRB-31 was first reported by Valastyan et al.
(2009). The authors elegantly demonstrated the function of
miR-31 in vivo and also identified several target genes that con-
tribute to cell migration and invasiveness. In the present study,
we focused on the functional significance of miR-31 in the regula-
tion of NF-kB signaling that contributes to tumor cell survival.

Overexpression of NIK acts as an oncogenic driver in various
cancers. In the present study, NIK was identified as a miR-31
target based on several lines of evidence. First, luciferase-3’
UTR reporter assay showed that NIK 3’ UTR sequence has
a role for negative regulation (Figure S1B). By combining
a specific inhibitor and mutations in miR-31-binding site, we
demonstrated that miR-31 recognizes and negatively regulates
the NIK 3" UTR (Figures 2A and 2D). Second, by introducing
a miR-31 precursor or inhibitor, we showed that amount of
miR-31 inversely correlates with levels of NIK expression and
downstream signaling (Figures 2E~2K). Third, genetic evidence
indicated strong base pairing and biological conservation
(Bartel, 2009) (Figures S1L-S10). Our experimental approach
ilustrated that mmu-miR-31 regulates mouse Map3k74 gene.
Fourth, individual assessments using gene expression data

clearly revealed an inverse correlation between the expression
levels of miR-31 and NIK (Figure 3A). Collectively, we provide
definitive evidence for the notion that miR-31 negatively regu-
lates NIK expression and activity.

It is well known that the NIK level directly regulates NF-xB
activity in various cell types (Thu and Richmond, 2010). We
experimentally showed that miR-31 regulates noncanonical
NF-xB activation stimulated by BAFF and CD40L, both of which
are major B cell activating cytokines. Since signals from recep-
tors are essential for the development and activity of B cells,
the negative role of miR-31 in cytokines-induced NIK acocumula-
tion appears to be widely important in the norcanonical regula-
tion of NF-xB in B cells and other cell types (Figures 2H-2K).
Again, our findings revealed the role of NIK in the regulation of
canonical NF-kB pathway. Strict regulation of NIK appears to
be closely associated with the fate of lymphocytes.

The level of miR-31 was drastically suppressed in all tested
primary ATL cells, and its magnitude is greater than that which
has been reported in other cancers. Our results demonstrated
a profound downregulation of miR-31 (fold change, 0.00403; Fig-
ure 1B) in all ATL cases, suggesting that miR-31 loss is a prereg-
uisite for ATL development. Restoration of miR-31-repressed
NF-kB activity in ATL cells, resulting in impairment of the prolif-
erative index and apoptosis resistance (Figure 3). Furthermore,
ourresults demonstrate that inhibition of NF-xB promotes tumor
cell death in cell lines and also primary tumor cells from ATL
patients (Figures 3 and 6), which are consistent with our previous
observation (Watanabe et al., 2005). Since it is highly possible
that miR-31 and relevant factors are pivotal in cancers, their
expressions would have a great importance in view of
biomarkers for the aberrant signaling and clinical outcomes.

By studying clinical samples and in vitro and ex vivo models,
we obtained several biologically interesting results. First, we
identified the Polycomb protein complex as a strong suppressor
of miR-31. Generally, the Polycomb group constitutes a multi-
meric complex that negatively controls a large number of genes
involved in cellular development, reproduction, and stemness
(Sparmann and van Lohuizen et al., 2006). However, the key
molecules involved in cancer development, progression, and
prognosis are not yet fully understood. In breast and prostate
cancers, oncogenic functions of EZH2 and NF-kB activation
were reported independently (Kleer et al., 2003; Varambally
et al, 2002; Suh and Rabson, 2004). Interestingly, these tumors
show low miR-31 levels (Valastyan et al., 2009; Schaefer et al.,
2010). Recently, Min et al. (2010) reported that EZH2 activates
NF-xB by silencing the DAB2IP gene in prostate cancer cells.

Figure 5. Amount of PROZ Components Epigenetically Links (o miR-31 Expresgion in T Celts and Epithelial Cells
(A) Overexpression of PRC2 components in primary ATL cells measured by gRT-PCR (ATL, n = 28; normal, i = 7; mean + SD). These results were supported by

the data of gene expression microarray (Table 83).

(B) Escalation of EZH2 protein and trimethylated H3K27 levels in primary ATL cells fllusirated by immunocytostaining (n = 4, a representative result is shown).

Resting T cells were as normal control, Scale bars = 20 pm.

(C) Statistical correlation among the levels of miR-31, EZH2, and SUZ12 in individual ATL samples. Correlation coefficients within ATL samples are shown in the

graphs.

(D and E) Loss of PCR2 function causes chromatin rearrangement and miR-31 upregulation. (D) TL-Om1 cells expressing shSUZ12, shEZH2, and scrambled RNA
were established by retroviral vector. The levels of EZH2, SUZ12, Pri-miR-31, and mature miR-31 were measured by western blotting and gRT-PCR {n = 3,
mean + SD). (E) Results of ChiP assays with indicated antibodies {1 = 3, mean = SD}. Amouints ofimmunoprecipitated DNA were analyzed by region-specific PCR,

GAPDH promoter served as a region control.

{F and G} Knockdown of Polycomb family proteins in MDA-MB-453 cells. (F) EZH2 and SUZ12 are shown by western blot. miR-31 level was examined by gRT-
PCR {n = 3, mean = SD}. (G) Histone methylation and EZH2 ocoupancy evaluated by ChiP assay (n = 3, mean = SD}. Ses also Table $S3 and Figure 84,
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Figure 8. Epigenetic Change Driven by Polyoomb Group Medistes NF-»B Signaling through miR-31 Regulation

{A) Reciprocal relationship of mRNA expression between MK and Polycomb group in primary samples. Psarson's correlation coefficients among ATL samples
are shown,

{B) PRC2 knockdown negatively affects NF-xB signaling in TL-Om1 cells. After establishment of PRC2 knockdown, the levels of MK RNA {n = 4, mean = 8D) and
proteins of MK, p82/p100, and phospho-ikBx were examined.

{C) Downregulation of NF-kB activity in PRC2-disrupled cells detected by EMSA.
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Figure 7. Proposed Model for ATL and Other Tumeor Cells
Paolycomb repressive factors are linked to NiK-dependent NF-xB activation via
miR-31 regulation.

In the present study, we found that the Polycomb group regu-
lates miR-31 expression and that elevated expression of EZH2
leads to NF-xB activation via NIK-miR-31 regulation in ATL and
breast cancer cells (Figure 6). We also showed that restoration
of miR-31 partially impaired Polycomb-mediated NF-xB opera-
tion (Figures 6D, BE, and 6G), suggesting that miR-31 is involved
in this relationship. Furthermore, a connection between NIK and
PRGCZ was observed in B cells (Figure 6H). Polycomb group
proteins are essential in lymphocyte development and activation
(Su et al,, 2003, 2005). Further, given the NF-xB is a pivotal tran-
scription regulator in normal and oncogenic functions, practical
participations of epigenetic regulators and miR-31 in NF-xB
signaling will increase our understanding of the molecular mech-
anisms of T cell functions. For generalization of the molecular
axis in other cancers and normal cells, further study will be
needed.

Second, YY1 is arecruiter of PRC2 to the miR-31 region. In hu-
mans, the Polycomb response element (PRE) has not been
precisely identified. A good candidate for a mammalian recruiter
of PRC2 is YY1, the homolog of D. melanogaster PHO (Simon
and Kingston, 2008). We found an assembly of the YY1 binding
motif in the miR-31 locus and demonstrated that YY1 knock-
down dislodged EZH2 in this region (Figure 41), which supports
previous findings (Caretti et al., 2004). The detailed mechanism
by which YY1 mediates recruitment of the Polycomb family
may be important in the context of epigenetic regulation of
orchestrated gene expression and T cell functions.

Third, Polycomb family proteins can control miRNA expres-
sion in an epigenetic fashion. The amount of PRC2 factors
strongly influenced the degree of suppression of miR-31 expres-

sion (Figure 5). We speculate that, in addition to controlling the
transcription, the Polycomb group can modulate translation via
miRNA regulation. Furthermore, miR-101 and miR-26a are
known to regulate EZH2 expression (Sander et al., 2008; Varam-
bally et al., 2008), which is supported by our observation
(Figure S4C). This signaling circuit will permit multiple gene
regulation. Whereas genetic loss at the miR-31 locus is observed
in some cases of ATL (Figure 4A), no genetic deletion in the
miR-101-1 or miR-101-2 region was detected in ATL, which is
not consistent with a previous finding in prostate cancer. Qur
results also suggested putative association between Let-7 family
and EZH2 (Figure S4). Aberrant downregulations of these miR-
NAs in the primary ATL cells will be the next important questions
to be addressed in efforts ta improve understanding of the onco-
genic signaling network.

By collaborative profiling of miRNA and mRNA expression, we
identified a notable relationship between ATL subtypes and
a gene cluster that contains miR-31, NIK, EZH2, and SUZ12.
This finding suggests that an aberrant gene expression pattern
correlates with the malignant phenotype, and this provides
important clues about clinical manifestations and may help
identify therapeutic targets against ATL cells (Figure B6A).
Although HDAC inhibitors did not show effective responses
(Figures S41 and 84J), emerging epigenetic drug such an EZH2
inhibitor (Fiskus et al., 2009) may pave a pathway leading to
cures for various malignancies that involve constitutive activa-
tion of NF-kB.

In summary, we show that genetic and epigenetic loss of
miR-31 is responsible for oncogenic NF-«B activation and malig-
nant phenotypes in ATL. This provides evidence for the idea that
miR-31 is an important tumor suppressor. An emerging pathway
involving an epigenetic process, miR-31, and NF-xB will provide
a conceptual advance in epigenetic reprogramming, inflamma-
tory signaling, and oncogenic addiction.

EXPERIMENTAL PROCEDURES

Cell Lines and Primary ATL Cells

The primary peripheral blood mononuclear cells (PBMCs) from ATL patients
and healthy volunteers used in the present work were a part of those collected
with an informed consent as a collabarative project of the Joint Study on
Prognostic Factors of ATL Development (JSPFAD). The project was approved
by the Institute of Medical Sciences, the University of Tokyo (IMSUT) Human
Genome Research Ethics Committee. Additional ATL clinical samples for
copy number analysis were provided by Drs. Y. Yamada, Nagasaki University,

(D) NF-xB activity evaluated by reporter assays in the presence or absence of miR-31 inhibitor {n =5, mean + SD}. Anti-miR-31 treatment partially rescued the

NF-kB activity in PRGC2 knockdowned TL-Om1 cells.

(E) Overexpressed EZH2 activates NF-xB via miR-31. Jurkat cells were transfected with an EZH2 plasmid together with miR-31 precursor ot control RNA (=5

mean = SD}.

i

(F) PRC2 dysfunction changes TL-Om1 cell proliferation and response to serum starvation. Under conditions of 10% or 0.1% of FCS, cell growth curves were
examined (n = 3, mean + SD). PRC2 downregulation decreased cell growth with stalistical significance.

{G) NF-xB activity in PRC2-knockdowned MDA-MB-453 cells in the presence or absence of miR-31 inhibitor were examined {n =8, mean = 3D},

{H) PRC2 disruption inhibits BAFF-dependent NIK accumulation and kB, phosphorylation in BJAB cells.

() Apoptotic cell death induced by lentivirus-mediated EZH2 knockdown in TL-Om/1. Venus-positive populations were analyzed by Annexin V/7-AAD stainings

(n = 3) and representative of FACS data are shown.

() Summary of primary tumor cell death. Lentivirus-based miR-31 expression, NIK knockdown, and EZH2 knackdown showed killing effects in six primary ATL
samples. Statistical significances are shown in the graph. Results of FACS and gRT-PCR are shown in Figures 851 and 85J.
(K) Expression levels of genes involved in noncanonical NF-xB pathway in primary ATL calis (ATL, n=8; normal, n= 7; mean x 8D}, Relative expression levels were

tested by qRT-PCR ('p < 0.05). See also Figure S5.

Cancer Cell 27, 121-135, January 17, 2012 ©2012 Elsevier Inc. 133
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and K. Ghshima, Kurume University, where the projects were approved by the
Research Ethics Committees of Nagasaki University and Kurume University,
respectively. PBMC were isolated by Ficoll separation. ATL cells, primary
lymphocytes, and all T cell ines were maintained in RPMI1840 supplemented
with 10% of FCS and antibiotics. Clinical information of ATL samples is
provided in Table 81,

Expression Analyses

Clinical samples for microarrays were collected by a collaborative study
group, JSPFAD {lwanaga et al., 2010). Gene expression microarray was
used 4x44K Whole Human Genome Oligo Microaray {Agilent Technologies)
and miRNA microaray was used Human miRNA microarray kit v2 (Agilent
Technologies), respectively. Quantitative RT-PCR was performed with
SYBRGreen (TAKARA). Mature miRNA assays were purchased from Applied
Biosystems.

Copy Humber dnalyses

Genomic DNA from ATL patients was provided from the material bank of
JBPFAD, Nagasaki University, and Kurume University, and was analyzed by
Affymetrix GeneChip Human Mapping 250K Nsp Array (Affymetrix). Obtained
data were analyzed by CNAG/ASCNAR program {Chen et al., 2008).

Gligonucieotides, Plasmids, and Retrovirus Vootors

All RT-PCR primers and olignnuclectides are described in Supplemental
Experimental Procedures. miRNA precursor and inhibitor were from Applied
Biosystems. Transfection of small RNA and other plasmid DNA were per-
farmed by Lipofectamine2000 (Invitrogen). For miRNA or shRNA expression,
retroviral vectors (pSINsi-UG, TAKARA) were used.

& UTR-Conjugated mil-31 Reporter Assay

Hela cells were cotransfected with 3 UTR-inserted pMIR-REPORT firefly
plasmid (Ambion), RSV-Renilla luciferase plasmid, and miBNA inhibitor. The
cells were collected at 24 hr postiransfection, and Dual-luciferase reporter
assay was performed (Promega).

Analysis of NF-8 Pathway

NF-kB activity was evaluated by EMSA and reporter assays as previously
described {Horle et al., 2004}, Antibodiss for western blois are described in
supplemental information. Cell proliferative assay was performed by Cell
Gounting Kit-8 (Dojindo).

Lentivirus Yectors and Apopltosis Analysis

A lentivirus vector (CS-H1-EVBsd) was provided from RIKEN, BRC, Japan.
Lentivirus solution was produced by cotransfection with packaging plasmid
{PCAG-HIVgp} and VSV-G- and Rev-expressing plasmid (pCMV-VSV-G-
BSV-Rev) inta 283FT cells. After infection of lentivirus, the apoptatic cell was
evaluated by PE Annexin V / 7-AAD staining (BD PharMingen) and analyzed
by FACS Calibur {(Becton, Dickinson), Collected data were analyzed by Flowdo
software (Tree Star),

ChiP Assay

ChiP assay was previously described (Yamagishi et al., 2008}, Briefly, cells
were crosslinked with 1% of formaldehyde, sonicated, and subjected to chro-
matin-conjugated IP using specific antibodies. Precipitated DNA was purified
and analyzed by real-time PCR with specific primers (see Supplemental Exper-
imental Procedurss).

Computational Prediciion

To identify miR-31 target genes, we integrated the output results of multiple
prediction programs; TargetScan, PicTar, miRanda, and PITA. RNAhybrid
was for secondary structure of miRNA-3' UTR hybrid. TSSG program was
for TATA box and TSS predictions. DNA methylation site was predicted by
CpG island Searcher.

Statistical Analyses

Data were analyzed as follows: (1) Welch’s t test for Gene Expression Micro-
array (p value cutoff at 107% and miRNA Microarray (p value cutoff at 1075);
{2) Pearson’s caorrelation for two-dimensional hisrarehical clustering analysis
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and individual assessment of microarray data sets; (3) two-talled pared
Stuclent’s t test with p < 0,05 considered statistically significant for in vitro
cell fines and primary cells experiments, including luciferase assay, RT-PCR,
ChiP assay, cell growth assay, and migration assay. Data are presented as
mean = 8D,

ACCESSION NUMBERS

Coordinates have been deposited in Gene Expression Omnibus database
with accession numbers, GSE31629 (miRNA microarray), GSE33615 {gene
expression microarray), and GSE33602 (copy number analyses).

SUPPLEMENTAL INFORMATION

Supplemental Information includes three tables, five figures, and Supple-
mental Experimental Procedures and can be found with this article online at
dof:10.1016/.cor.2011.12.015.
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Third Annual T-cell Lymphoma Forum
San Francisco, CA, USA, 27-29 January 2011

The Third Annual T-cell Lymphoma Forum, held on 27-29 January 2011 in San Francisco (CA,
USA), continued in the spirit of the two earlier conferences and provided a collegial venue for
clinicians and scientists to discuss advances in the science and treatment of T-cell lymphomas.
More than 40 experts from around the world presented updates on classification, epidemiology
and prognosis; rare and T-cell lymphomas of unspecified origin, CD30* T-cell lymphomas; new
treatment strategies; new agents and rational combinations; and transplantation. Of particular
interest this year was a discussion on the link between breast implants and anaplastic large-cell
lymphoma, which coincided with the US FDA announcement of this rare but noteworthy
relationship. Submitted abstracts and poster presentations rounded off each of the sessions.

Conference history

The T-cell Lymphoma Forum was first held in
Washington (DC, USA) in 2008 to share the
latest research, exchange ideas and increase
exposure for these rare types of lymphomas. The
second forum, held in Hawaii (USA) in 2010,
continued the momentum begun by the first
conference and focused on epidemiologic and
clinicopathologic characteristics of and treatment
strategies for T-cell and natural killer (NK)-cell
lymphomas. The third forum, held on 27-29
January 2011 in San Francisco (CA, USA) under
the chairmanship of Francine Foss of the Yale
Cancer Center in New Haven (CT, USA) and
Kensei Tobinai, once again provided a platform
for discussion about the classification, epidemiol-
ogy, prognosis and pathogenesis of several T-cell
lymphoma subtypes, and novel agents and treat-
ment approaches. The conferences are designed
for hematologists, oncologists, and other clini-
cians and scientists interested in T-cell lymphoma
research and treatment. All three conferences
have encouraged participation in T-cell registries
and collaborations, The fourth T-cell lymphoma
forum is scheduled for January 2012.

élaséification, éﬁf&enﬁoldgy & prognosis

James O Armitage (University of Nebraska, NE,

USA) delivered the keynote address on classifying
T-cell lymphomas. The difficulty in character-
izing peripheral T-cell lymphomas (PTCLs) is
that clonality is difficult to establish, variable

immunological patterns exist, cytogenetics
are only occasionally characteristic, and there
are few characteristic oncogenes. In addition,
as new treatments emerge, the optimal system
established today for classification will most
likely become obsolete. Lymphoma classification
remains a moving target.

Dan Jones (Quest Diagnostics Nichols Institute,
VA, USA) stressed the importance of T-cell func-
tion in the dlassification of T-cell lymphomas. Both
clinicopathologic elements and molecular genetic
entities must be considered in classifying post-
thymic T-cell malignancies. For example, tumor
types that overexpress the T-cell oncogenes ALK,
TCLI and SYK bypass the upstream regulatory
function of the Tcell pathway, and will most likely
require different kinds of immunomodulation and
different therapy targets.

Gene-expression profiling studies with large
datasets and linkage to clinical outcome data are
beginning to emerge that will help determine
gene signatures that impact survival. Randy D
Gascoyne (British Columbia Cancer Agency,
BC, Canada) discussed recent work from the
International Peripheral T-cell Lymphoma
Project and gene signatures that impact survival
in the angioimmunoblastic T-cell lymphoma
(ATTL) subtype [1]. He also discussed novel trans-
locations in PTCL, such as those that target the
IRF4/MUM]1 locus on chromosome 6p25 [2],
the identification of which may be important to
T-cell biology and survival predictions.
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Rare & T-cell lymphomas of unspecified origin

T-cell lymphomas represent approximately 40% of all non-Hodg-
kin’s lymphoma in children and adolescents, and more than 90%
occur in the three subtypes of T-lymphoblastic lymphoma, sys-
temic T-anaplastic large-cell lymphoma (ALCL) and PTCLs not
otherwise specified [3]. Mitchell S Cairo (Columbia University,
NY, USA) discussed the characteristics of each of these subtypes,
recent investigations, and the novel therapies for each, such as
nelarabine, vinblastine and brentuximab vedotin.

Christian Gisselbrecht (Institut d’Hématologie, Hépital Saint
Louis, Paris, France) presented data on rare T-cell lymphomas col-
lected through a comprehensive translational program launched
in 2008 by pathologists with data from the Groupe d’Etude des

Lymphomes de ’Adulte (GELA), Groupe Ouest-Est des Leucémies

et Autres Maladies du Sang (GOELAMS) and Société Frangaise
des Cancers de LEnfant (SFCE) centers. The program collected
over 605 frozen PTCL samples with corresponding clinical data.
Preliminary results describe some major pathways important for
rational use and design of new drugs. Prospective collection of
de nowvo, clinical and histological material is ongoing.
Gene-expression profiling revealed a distinct molecular sig-
nature for one of the rare types of T-cell lymphoma, namely,
hepatosplenic T-cell lymphomas, as described by Marion Travert
(Hbpital Henri Meondor, Créteil, France) in a poster presenta-
tion. A comparison of hepatosplenic T-cell lymphoma cells with
normal Y3 T cells found overexpression of genes encoding NK
cell-associated molecules (NCAMI), oncogenes (MAFB, FOS and
JUN), multidrug-resistance molecules (4BCBJ), tyrosine kinases
(SYK) and others. Among the dowregulated genes were those
associated with activated cytotoxic molecules, tumor-suppressor

genes (AIMI) and CDS5.

CD30* T-cell lymphomas
Lauren C Pinter-Brown (Geffen School of Medicine at UCLA,
CA, USA) discussed CD30* diseases of the skin, includi ng the
newly recognized entity of ALCL surrounding breast implants.
Primary breast lymphomas are extremely rare, representing
0.04-0.05% of all breast malignancies. Of these, less than 5% are
T-cell lymphomas. Of the 36 reported cases of NHLs associated
with breast implants, 81% were ALCLs, and 100% of the cases
with anaplastic lymphoma receptor tyrosine kinase (ALK) data
were ALK negative. The implants had been in place for an average
of 6.9 years. One reason for the association may be the textured
surface of the implants, both saline and gel. Study of implants
removed for various reasons shows that most cases are localized
to the capsule and/or a seroma within the fibrous capsular space.
Max Robinowitz (Division of Immunology and Hematology
Devices, US FDA) expanded on the FDA announcement that
coincided with the Forum. He said that the FDA is working with
the American Society of Plastic Surgeons and many of the clini-
cal experts at the forum to establish a patient registry of ALCL
associated with breast implants. ALCL should be suspected if a
patient develops a late seroma, swelling, asymmetry or contrac-
ture adjacent to her breast implant years after the breast implant
incision is fully healed.

Barbara Pro (Fox Chase Cancer Center, PA, USA) reported
the interim results of a Phase II study of brentuximab vedotin
(SGN-35) in 58 relapsed or refractory systemic ALCL patients.
The overall response rate (ORR) by an independent review panel
was 86%, with 53% complete remissions. Median duration of
response and survival has not yet been reached. Brentuximab
vedotin resulted in complete remissions (CRs) in 50% of both
ALK-negative and -positive patients. Adverse events were man-
ageable, including peripheral neuropathy, and the investigators
concluded that brentuximab vedotin is a promising new agent for
CD30* malignancies.

New treatment strategxes
Adult T-cell leukemialymphoma (ATL) is associated with human
T-cell lymphotropic virus type 1 and has the worst prognosis
among various PTCLs according to' the International T-Cell
Lymphoma Project [4]. Southwestern Japan has the highest preva-
lence of human T-cell lymphotropic virus type 1 infection and the
highest incidence of ATL in the world. Among the new agents tar-
geting ATL is KW-0761, a humanized anti-CCR4 antibody, which
produced an overall response rate of 31% in a Phase I study [s].
A Phase II study is underway. KW-0761 is also being studied in
combination with VCAP-AMP-VECP. The latter chemotherapy
regimen followed by allogeneic stem cell transplant is also being
evaluated for untreated aggressive ATL. In addition, a Phase III -
study is being planned to compare zidovudine plus JEN-o with
watchful waiting for indolent ATL.

In a poster presentation, Madeleine Duvic (University of Texas
MD Anderson Cancer Center, TX, USA) presented the prelimi-
nary results of a Phase II study of KW-0761 in cutaneous T-cell
lymphoma and PTCL, excluding ATL. Of 32 evaluable patients,
the ORR was 38%, with three patxents achlevmg CR.

New agents & ratlonal comblnatlons

A plethora of new drugs and combinations have been or are being
developed, representing a crucial step forward in the treatment of
PTCL. Among them are the histone deacetylase inhibitors (HDIs),

particularly panobinostat, belinostat, romidepsin and vorinostat.

Susan E Bates (National Cancer Institute, MD, USA) pointed
out that while the HDIs are similar, they are not the same, having
different affinities for the histone deacetylases. She discussed the
remarkable sensitivity of HDIs in T-cell lymphoma, and described
the potential relationship with the increased expression of pro-
apoptotic proteins with inhibitors of cell cycle progrcssmn due to
direct effects on chromatin.

Purine nucleoside analogs are another class of novel agent for
T-cell lymphomas, and Duvic presented information on these
promising agents, in particular, gemcitabine, pentostatin, fluda-
rabine, nelarabine and the newly synthesized forodesine. A dose-
escalating Phase I/1I trial of oral forodesine achieved an ORR of
39%, with acceptable safety profiles in cutaneous T-cell lymphoma
patients. A Phase IT trial in 120 patients has been completed.

Steven M Horwitz (Memorial Sloan—Kettering Cancer Center,
NY, USA), in addition to a discussion of folate analogs, presented a
poster on the results of a Phase II study of romidepsin in progressive
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or relapsed PTCL following priot systemic therapy. The ORR was
26% as confirmed by an independent review committee, with
13% of the 130 patients achieving CR. The median duration of
rcsponse was 12 months for the entire respondmg populatlon

Transplantatlon

Stem cell transplantation is potentially a curative treatment
option for patients with relapsed/refractory PTCL and for
those with poor prognosis subtypes. Foss reviewed the role of
reduced-intensity (RI) regimens in allogeneic transplant, which
has not been fully explored in PTCL. In a registry review of
data reported to the Center for International Blood and Marrow
Transplant Research on Rl transplants performed between 1996
and 2005, there were no significant differences in the transplant-
related outcomes when comparing reduced conditioning with
myeloablative (6]. A retrospective study by the Société Francaise
de Greffe de Moélle et de Thérapie Cellulaire (France) found
no impact of conditioning regimen on overall or event-free sur-
vival 7). In addition, in a series reported by the European Group
for Blood and Marrow Transplantation in patients with relapsed
and refractory AITL, there was again no difference between
ablative and RI conditioning in terms of overall survival and
progression-free survival [s]. Other trials are being planned using
RI regimens.
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Andrei R Shustov (Fred Hutchinson Cancer Research Center,
WA, USA) discussed who should receive autologous transplan-
tation and when in T/NK-cell lymphomas. After reviewing the
evidence from a number of retrospective and prospective clini-
cal trials, Shustov concluded that high-dose therapy (HDT) with
autologous hematopoietic cell transplant (a@HCT) is feasible in
primary therapy of T/NK-cell lymphoma, but current evidence
does not support the routine use of HDT-aHCT in all patients,
although relapses eventually occur in the majority of them. Shustov
said that patients with AITL might benefit from upfront HDT-
aHCT, but patients with high-risk PTCL might not benefit and
should be treated in clinical trials. HDT-aHCT might be appro-
priate for patients who achieve a partial remission after initial

therapy. Prospective randomized trials are needed to define the
role of HDT-aHCT in T/NK-cell lymphoma ’
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Peripheral T-cell lymphomas (PTCLs) ate
a heterogenecus group of clinically ag-
gressive diseases associated with poor
outcome. Studies that focus specifically
on PTCL are emerging, with the ultimate
goal of improved understanding of dis~
ease biclogy and the development of more
effective therapies. However, one of the
difficulties in classifying and studying
treatment options in clinical trials is the
rarity of these subtypes. Various groups
have developed lymphoma classifica-

tions over the years, including the World
Health Organization, which updated its
classification in 2008. This article briefly
reviews the major lymphoma classifica-
tion schema, highlights contributions
made by the collaborative International
PTCL Project, discusses prognostic is-
sues and gene expression profiling, and
outlines therapeutic approaches to PTCL.
These include the standard chemothera-
peutic regimens and other modalities in-
corporating antifolates, conjugates, his-

tone deacetylase inhibitors, monoclonal
antibodies, nucleoside analogs, protea-
some inhibitors, and signaling inhibitors.,
As this review emphasizes, the problem
has now evolved into an abundance of
drugs and too few patients available to
test them. Collaborative groups will aid in
future efforts to find the best treatment
strategies to improve the outcome for
patients with PTCL. (Blood. 2011;117(25):
6756-6767)

Introduction

Peripheral Tcell Iymphomas (PTCL), a subdivision of Tecell
non-Hodgkin lymphomas (NHLs) and distinet from the more
common cutaneous Tcell Iymphomas, are a diverse group of
disorders that, for the most part, carry a poor prognosis. Classifica-
ton of PTCL is complex, has resulted in many classification
schemes, and has been further hampered by a paucity of molecular
markers. Older lymphoma classification systens include the Rappa-
port system, which was used until the mid 1970s.! the Kiel system,
introduced in 1974.% and the National Cancer Institute’s Working
Formulation, introduced in the 1980s.% The work of Lukes, Collins,
and Lennert in the 1970s first suggested that the Tecell lymphomas
should be identified as distinet from B-cell lymphoma, but this was
initially met with shepticism. In 1994, the International Lymphoma
Stady Group proposed the REAL classification (revised Buropean-
American Classification of Lymphoid Neoplasms), which featured
the major histologic, immunologic, and genetic characteristics of
B- and T-cell neoplasms and Hodgkin Iymphoma* A clinical
evaluation of the International Lymphoma Study Group classifica-
tion of NHL published in 1997 concluded that the classification
could be readily applied and identified clinically distinctive types
of NHL.?

The International Lymphoma Epidemiology Consortium (Inter-
Lymph) proposed in 2007 a nested classification of lymphoid
neoplasm subtypes.® They bused their classification on the World
Health Organization (WHO) classification of lymphoid neoplasms?
and the Internationul Classification of Discases for Oncolegy (3rd
ed).® The fourth edition of the WHO Classification of Tumors of
Hematopoietic and Lymphoid Tissues was published in 2008.° The
new WHO classification includes many additional subtypes of
PTCL (Lable 1); nevertheless, it does not necessarily help clini-
cians determine the best therapeutic strategy for each specific
subtype. The Internationad PTCL Project is a collaborative effont

that was designed to gain better understanding of the distribution
and outcomes of aggressive Tecell lymphomas. A total of
22 institutions and more than 1300 eligible patients in North
America, Burope, and Asia participated in and submitted clinical
and pathelogic information on PTCLs diagnosed and freated w
their respective centers. 19

Treatment advances in PTCLs have been slow compared with
other Iymphomas. Very often, PTCL patients are treated wilh the
same therapy used in B-cell lymphomas, but this approach
generally has a very poor outcome. Relapse is common after the
administration of most evrrently available agents. and there are few
effective options for salvage therapy. In addiion, only small
numbers of patients have each type of PTCL, which further
complicates studying new treatments for these diseases in
clinical trials.

Classification

The WHO classification system classifies the mature T-cell lympho-
mas into 4 groups based on their clinical features, Most of the
aggressive Twcell lymphomas are included within the nodal.
extranodal, and leukemic groups.

The nodal lymphoma group includes PTCL, not otherwise
specified {NOS), accounting Tor 25.9% of cases,'® anaplastic large
cell lymphoma (ALCL), and angioimmunoblastic T-cell lymphoma
(AITL). ALCL is further separated into the ALK® and ALK"
entities. The ALK ALCLs are morphologically and immunophe-
notypically similar to ALK* ALCL but lack ALK expression and
have distinctive molecular features.”! According o the Interna-
tional PTCL study, ALK® ALCL accounts for 6.6% and ALK
ALCL for 5.5% of PTCL cases.' The cutaneous ALCLs are
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Table 1. Old and new WHO classifications of PTCLs
Old WHO classification? New WHO classification®

Pracursor T-cell lymphoma

T-lymphoblastic
tymphoruateukemia

Mature T-cell lymnphomas

T-cell prolymphoeytic leukemia

T-celf granular lymphooytic
Istrkemia

Aggressive NK-cell lsukemia

T-sell profymphocytic leukemia
T-cell farge granufar lymphooytic lsukemia

Aggressive NK-cell leukemia
indolent large granular NK-cell
fymphoproliferative disorder {provisionaly

AT adult T-cell leukemia ATLiadull T-cell leukemia
(HTLV14)
Extranodal NK~/T-cell lymphoma,  Exdranodal NK-/T-cell lymphoma, nasal type
nasal fype
Enteropathy-type T-cell EATL
tymphoma’ ; e
Hepatosplenanic T-cell Hepatosplenic T-cell lymphoma
lymphoma
Subcutanecus panniculitis-like Subcutaneous pannicilitis-ike T-cell
T-cell lymphoma tymphoma {of only)

Primary cutaneous vd Tell ymphoma

Mycosls fungoidesiSézaty Myeosis tungeides/Sézary syndrome

syndromie
Anaplastic large-cell lymphoma,  ALQL: ALK
systemic o cutanesus
ALCL: ALK {provisional)
PYCL, unspecified PTCL, NOS
AITL AITL

Primary culangous CDR30 Tcell LPD
LYP and primary cutangous ALCL

Primary cutanecus CD4* smalifmedium Tcelf
lymphoma (provisional)

Primary cutanenus CD8* aggrassive
epfdarmotropic cytotoxic T-cell ymphoma
{provisional)

Systemic EBV* Tcell LPD of childhood

Hydroa vacciniforme-like lymphoma

The WHQ classification for PTCLy was updated in 2008, The new classification
expanded some existing diseass types and added several new provisional diseases,

WHO indicates Woild Health Organization; PTCL, peripheral T-cell lymphoma;
NEK, natural Killer; HTLV1, human Tdymphotropic vitus type 1; EATL, enteropathy-
assodiated T-ceft lymphoma; and ALCL, anaplastic kuge cell lymphoma; AlTL,
angicimmundblastic T-cell lymphoma; and NOS, not otherwise specified.

included as a separate discase enlity because their realment and
prognosis are distinet from the systemic ALCLs. AITL is the
second largest category, accounting for 18.3% ol cases in the
International PTCL Project.’® The lymphoepithelioid cell vatiant
appenrs to be distinet from the others and is usually characterized
by CD8* T cells and a predoninance of epithelicid cells in the
background.

The extranodal group includes a number of less common
entities described primadly by their tissue tropism. Hepatosplenic
8 Tocell lymphoma is 2 disease of children and young adulig,?>
accounting for 1.4% of PTCL cases.’® This tumor is derived frem
immature or nonactivated 8 T cells, which infilirate the liver,
spleen, and bone marrow sinusoids. A characteristic chromosomal
abnormality is isochromosome 7q. and patients with hepatosplenie
T-cell Tymphoma often have a poor cutcome with a median survival
of Tess than 2 years. The disease is more common in young males
who often present with B-symptoms and cytopenias. The cells are
typically CD27, CD3*, CD4 -, CDS5 -, CD74, CD87, ar CDS ™ and
may express natyal killer (NK) markers as well.

76
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Enteropathy-associated T-cell lvmphoma (BATL) accounts for
4.7% of cases of T-cell lymphoma.'® EATL is more common in
geographic areas with a higher incidence of celiac discase, as
evidenced by the fact that it represents 5.8% and 9.1% of the
PTCLs in North America and Europe, respectively, but only 1.9%
of thuse in Asia. The disease often presents with pain, weight loss,
and bowel perforation. There are 2 morphologic varants that are
the pleomorphic type, associated with celiac disease and vsually
CD3*, CD7Y, and CD367, and the monomorphic type, which is
CDS6* and often not associated with celiae discase.’s Chromo-
somal abnormalities found in EATL include gains at chromosome
9933-934 in up to 70% of cases.’ The intestinal T~ and NK-cell
lymphomas diagnosed in Asian countries are associated with
Epstein-Barr virug (BBV) infection and are part of the spectum of
nasal-type NK-/T-cell lymphoma. "7 The mucocutaneous v8 Tocell
Iymphomas,*® the nasal type NK-/T-cell lymphomas, and even
ALCLs can present as an intestinal lymphoma, 1220

Panniculitis-like T-cell lymphomas constitute only 0.9% of
PTCLs, and in the International PTCL Project were more comumon
in men (75% of cases) than in women. Patients usually present with
subcataneous nodules that may beeome necrotic. The neoplastic
cells are typically CD3*, CD4", and CD8”, with cither Tecell
receptor (TCR}-/B* or TCR~/8" and infilteate in a rim-like
fashion around the fat cells, The & panniculitis-like Tcell
lymphomas have now been reclassified as cutaneons ¥& Treell
Iymphoma because their outcome is significantly inferior to that of
patients with the a8 type #

The leukemia group consists of adult Tocell lymphoma (ATL)
associated with human Tlymphotropic virus type T (TTIV-1),
T-cell chronic large granular Iymphocytic (LGL) leukemia, aggres-
sive NK-cell fenkemia, and T-cell prolymphocytic levkemia. Most
patients with LGL. leukemia have an indolent disorder that is often
associated with neutropenia and can be treated with immunosuppres-
sive agents, whereas those with aggressive NK-cell leukemia and
ATL often have a pour outcome.

Several other types are delineated in the WHQ classification:
hydroa vacciniforme-like lymphoma. which is usually of a Tcell
origin, NK-cell Tymphoma caused by mosquito bite allergy, and
systemic BB V-positive T-cell lymphoproliferative disease of child-
hood, which is panrt of the spectrum of chronic, active EBVY
infection.

Incidence of T-cell lymphomas

Based on the Usited States Surveillance, Epidemiology, and End
Resulis registry, the incidence of PTCL s << T case per 100 000 people
in the United States.?? Results from the International PTCL Project
showed that, around the world. the most common subtypes are the
nodal T-eell lymphomas, with PTCL-NOS (25.9%) being the most
frequent, along with AlTLs (18.5%) and the ALCLs (12%).
NK~/Tcell lymphomas composed 10.4%, whereas enteropathy-
associated T-cell lymphomas (4.7%), hepatosplenic T-cell ymphao-
mas (1.4%), and panniculitis-like Tocell Ivmphomas (0.9%) were
rare, even in this large study. Among the common subtypes, there
are regional differences in frequency. PTCL-NOS is more common
in North America and less common in the Furopean and Asian
countries; AITL is more common in Burope than in Asia or North
America; ALK® ALCL is more conmon in North America;
ALK" ALCL is slightly more common in Burope; and the
NK-Teell lvmphomas and ATL are more common in Asia.®® The
epidemiology of EATL is closely associated with the human
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leukocyte antigen DQ, which results in cither overt or silent celiac
disease, a Buropean disease.™ The EB Veassociated lymphoprolif-
erative, T-cell, and NK-cell neoplasms are scen mainly in Japan,
Korea, and Northern China, but dlso in Native American popula-
tons from Central and South America, NK-cell nasal and nasal-
type lymphomas, occuning more [requently in Asia and Latin
Ameried, have a greater incidence in males than in females.

Viral agsociations with T-cell lymphomas

The increased incidence of T-NR-cell lymphomas in Bast Asia
related to the frequency of endemic HTLV-1 and EBV infections.
The HTLV-1 virus was fivst identified by Gallos group at the
National Cancer Institute from a cell line established from a patient
with cutaneous T-cell lymphoma. ™ At the same time, Yoshida ef al
in Japan identificd a retrovirus that was immunoreactive to sera
from patients with T-cell leukemia.® The unique genome structure
of HTLV-1 identified it as distinet from any other animal retrovi-
ruses, thus founding a new retroviral group. Other members of this
viral group inclade HTLV-2, STLYV, and BLV. Viral transmission is
thought (o require the transfer of live infected T lymphocytes, that
is, T eells in breast milk, T cells in semen, and fresh T cells in blood
carviers of HTLV-1 proviruses.

HTLV-1-associated lymphoma

HTLV-f-associated lymphomas include ATL, smoldering ATL.
which is characterized by small numbers of circulating Jeukemia
cells without nodal involvement, lymphomatous AL, which
presents with lymphadenopathy without leukemic involvement,
and chronic ATL., which is characterized by skin lesions, leukemic,
nadal, and visceral disease without hypercaleemia, gastointestinal
involvement, bone, or central nervous system discase. The geo-
graphic distribution is reflective of the areas where HTLV-1
infections ave prevalent, specifically Japan and the Caribbean
basin. ATl is characterized by g clonal expansion of CD4* T
lymphocytes frequently associated with skin rash, lymph node and
visceral involvement, anl hypercalcemia. It is suggested that the
transformation of T cells in the varly stages of ATL is mediated by
HTILV-1 Tax protein and persistent nuclear factor-&B activation.

Angioimmunoblastic T-cell lymphoma

AJTL shows distinctive features, with a polymorphous infiltrate
containing medium-sized neoplastic cells, prominent arborizing
bleod vessels, proliferation of follicular dendritic cells, and scat-
tered EBY® B-cell blasts.”” Recent studies indicate that AITL is
derived from the unique Feell subset located in the genminal
center, which are called the follicular helper T cells (Tyy).28-3!
Viruses have been implicated in the iransformation of these Tyy
cells. Besides EBY, which is found in B-cell blasts and is likely
to play a role in the development of an EBV-associated B-cell
lymphoma in some AITL patients, HHVGB, another human
herpes virus, has been reported in approximately half of AITL
cases. Although viral infection most probably refiects the
underlying immune dysfunction, it could also suggest that EBV
and/or HHV6B may modulate cytokines, chemokines, and
membrane receptors.

NK-/T-ceil lymphoma

NK-cell lymphomas include extrunodal NK-/Tcell lymphoma,
nasal type, blastic NK-cell lymphoma, and aggressive NK-cell
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Figure 1. 08 of patients with the common subtypes of PTOL. Data from Vose e
alt® with permission,

leukemia account for 104% of PTCL cases. Most NK-cell
lymphomas have been recognized and are included in the classifica-
tion of lymphoid neoplasms, but some other NK-cell lineage
neoplasms are not yet categorized by the WHO. These include
myeloid/NK-cell precursor acule leukemia, precurser NK-cell
acute lymphoblastic feukemia, and chronie reactive NK-cell lym-
phocytosis.? EBV has been implicated and found in the tumor cells
of nasal/NK-cell lymphomas and aggressive NK-cell leukemia ¥
However, there may be other causative faciors, In one recent study
fromt China. the occurrence of epithelial carcinomas in 10 of
23 cases of NK-/Tcell lymphoma of the oral cavity suggests that
other oncogenie factors may be implicated as well as EBV.3

Prognostic features of T-cell lymphomas

Overall, patients with PTCL had a very poor outcome compared
with patients with aggressive B-cell lymphomas.'® The Infema-
tional Trcell Lymphoma Study demonstrated that the overall
survival (08 and failure-free survival (FES) with PTCL-NOS at
10 o 15 years was 10% (Figure 1). The International Prognostic
Index (IPI), when applied to patients with apgressive Tocell
Iymphomas, identified a group with high IPI score who had an
adverse outcome compared with padents with low 1P1, similar to
diffuse large B-cell lymphoma.®® However, even patients in the best
prognostic category did not have a favorable cutcome, and patients
in the highest risk category had very shorl survival. When
examined by histopathologic subset, the S-year OS for patients
with PTCL-NOS and AI'TL with IPI of 0 to 1 were 56% and 30%.
respectively, whereas those with 1PL of 4 or 5 were 11% and 256G,
rvespectively. For patients with ALCL, the S-year survivals for 1P1
Oto 1 patients were excellent at 90% and 74% for ALK and ALK~
patients, respectively; however, patients with [PT of 4 10 § had &
poor outconme with S-year survivals of 33% and 13%, suggesting
that IP1 is an important predictor, evenin ALK? patients.™ The 1P1
has not been predictive of outcome in patients with ATLL,
enteropathy-associated and hepatosplenic T-eoll lymphoma, or
extranasal NK~/T~cell lymphoma.

A new prognostic index specifically desipned for PTCL,® the
pregnostic index for PTCL (PI'T), is similar to the IPL, including
age, lactate dehydrogenase, performance status, and then bone
matrow involvement. When applied to patients with PTCL-NOS,
the index separated patients into more specific prognostic groups
than the IPL Of 322 patients studied, 20% had no adverse features,
34% had one feature, 26% had 2 features, and 20% had 3 or more.

- 107 -



From bloodjournal.hematologylibrary.org at KOKURITSU GAN 030105 on January 23, 2012. For personal use

BLOOD, 23.JUNE 2011 « VOLUME 117, NUMBER 25

Table 2, Biologic factors and outcome in PTCL

Yariahie Prognostic significance
pa3 ) Worse
Ki-87 Worse
BCL-2, BOL-XL Worse
cD28 Warse
EBY Worss
MDR Worse
COND2 Worse
CCR4 Worse
NF.xB Favoratde
CCR3 Favorable
CXCR3 varable
PROMY Worse
ALK-1 Favorable
TCR BF1 Favorable
TCR gammal Warse

TCRindicates T-call reseptor,

The S-year O8 for the most favorable group with no adverse
prognostic features was 62% compared with 18% for patients with
3 or 4 adverse prognostic factors.

Aside from conventional histupathology, chemaokine expression
and proliferative signature have been shown 1o have prognostic
significance, inchuding p33 and Ki-67 (Tuble 2). In one study, p53
was the most important prognostic factor and was correlated with
expression of P-glycoprotein, which confers registance to chemo-
therapy” In addition, 40% to 60% of patients with PTCL express
BCL2- and BCLX-associated proteins.™® ALK ALCL is usually
BCL2 negative, whereas other subtypes with worse outcomes may
be BCL27,

Two chemokine receptors, CXCR3 and CCR4, were found o be
expressed in 63% and 34% of PTCL-NOS cancers, respectively?
The dominant chemokine expression found in this study was
CXCR3-positive/CCR4A-negative; this phenotype was shown by
multivariate analysis to be an independent progpostic factor and
significantly prognostic of a poor prognosis in both PTCL-NOS
and AlLK-vegative ALCL.

In a study reported by Rudiger et al of PTCL-NOS category,
which excludes AI'TL, the presence of > 70% transformed blasts,
> 285% Ki67 proliferation, €156 and CD30 expression, BBV
infection, and a background of > 105 CD8” cells were all adverse
prognostic factors.’® The results indicated that immunophenotyp-
ing is absolutely necessary to determine prognosis. In another
study, multivariate analysis of all prognostic factors indicated that,
on controlling for TP1L if the number of transformed cells is > 70%,
the hazard ratio for OS is 2.2 and 1.6 for FFS.%° In patients with
ALCL, the presence of the siall cell variant can be associated with
a worse prognosis. Finally, the expression of cytoloxic molecules
also has an adverse impact on survival.¥!

Gene expression, cytogenetic and
comparative genomic hybridization data

Several studies of gene expression profiling of PTCLs have been
published. Importanily, expression profiling of purified normal
Tocell subpopulations has provided the hamework for understand-
ing cell-of-origin and functional properties of T-cell maignan-
cies. 7 In aggregate, these studies have helped define the nomnal
connterpart of several specific PTCLs. identified pathways fre-
guently altered in PTCL, including nuclear factor-«B signaling and

only.
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cell cycle dereguintion, and highlighted the importance of prolifera-
tion as a potential biomarker for prognosis. ™ However, most of
these studies are largely underpowered to allow definitive state-
ments regarding survival prediction. Large sample sizes will be
needed to build molecular outcome predictors in PTCL and will
probably require international collaboration.

More rmcently, gene expression profiling studics of lmger
numbers of patients have been undertaken and do provide novel
insights info several PTCL entities, % Igbal et al studied 144 cages
and were able to confirm several previous observations.™ In
addition, they were able to show a major role for the microenviron-
ment in AI'TL and developed a 15-gene outcome predictor highly
correlated with survival and independent of the IPL Similady, they
discovered a subgroup of PTCL-NOS with cytotoxic characteris-
tics and inferior survival. Huang et al studied a much smaller
number of extranodal NEK~-/T-cell lymphomas, nasal type by
combining microarray analysis with aray comparative genomic
hybridization.”” These authors established marked differences in gene
expression in these tumors compared with normal NK cells, particnlarly
the significant overexpression of granzyme H; provided evidence for
overexpression of PDGFRA similar to PTCL-NOS; and suggested
possible role for the novel tumor suppressor gene, HACE1T, mapping to
the 621 region, in NK-/T-cell Iymphomas,

Classic eytogenetic studies have also provided insight into copy
number alterations in PTCL (Table 3).%% A recent study of
PTCL-NOS, AITL, and ALK~ ALCL revealed recurrent alterations
associated with specific entities, including gains of 3¢, 21, and 3q
in AITL, commonly associated with trisomics of chromosome
3 and 21. Loss of genetic material involving chromosome 6g was
also frequent. ALK ALCL was characlerized by gains of 1g and
3p and losses of 16pter, 6q13-21, 13, 16qter, and 17p13. PTCL-
NOS showed frequent gains of 7¢22-31, Ly, 3p, Sp, and 8q24qter
and losses of 6¢22-24 and 10pl3pter. Cases with a complex
karyotype bad shorter OS.

Althongh many subtypes of PTCL are characlerized by clonal
expansion of TCR reaanged lymphocytes, this may not be a character
istic of all cases of NK neoplasins. Two studies recently examined the
lack of TCR rearrangements in these patients and reported reamange-
ments at the TCR Jocus in 0.8% to 1.2% of cases. 4

Comparative genomic hybridization was used to examine
genontic alterations in patients with ALK* and ALK~ ALCL. A
study of 74 patients showed that ALK® ALCL samples had gains of
17p and losses of 4q13-q21 and 11q14, whereas gains of lq and
Gp21 were more frequent in ALK samples.’! Another study, which
used genomic profiling in patients with PTCL-NOS (n = 42) and
ALK ALCL (n = 37),% showed that genetics of PTCL-NOS and
ALK ALCL differ substantially from other Trcell lymphomas,
including EATL, T-cell prolymphocytic leukemia, and ATL. Those
with PTCL-NOS bad recurrent chromosomal gaing, high-level
amplifications, and recurrent chromosomal losses on 13q, 6q, 9p.
10q, 124, and 5q. Cutaneous ALCL and ALK ALCL did not show
imbalances, whereas ALK ALCL showed chromosomal gains of
1q and losses of 6g and 13q.

Lastly, it is probable that significant progress in our understand-
ing of the genetic complexity of PTCL will require an international
cffort to study a number of well-annotated cases using next-
generation sequencing strategies. ™ It can safely be hypothesized
that this approach will yield important information about recurrent
mutations and novel {usions that underlie the critical events in the
biology of these tumors. Matched constitutional DNA will be
required to properly annotate all of the somatic changes.
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Table 3. Cytogenetics of PTCL sublypes
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TCR Chromaesomalhistopathologic features Distinguishing features S-year survival, %
PTCL-NOS af Loss 134223 adverse prognaosis; gains Heterogeneous, vatiable morphdlogy 20-30
80,91, 19q,k0ss 34,9p
AITL B Follicutar dendnitic celf signalure CXCL13Y, P17, immunodeficlency and immune dysregulation 32
gains 2,5,13q22.3 adverse proghosis Heiper B celis may respond to
cyclaspotine
ALCL ALK* «f} (2,5} translocation; gain 1q, loss6q, 13q Bone mamow involvement in only 29%, 70
median age 34y
ALK ALK of Pax 5, CD1§- Medianage 58y 49
NK-/T-cell CD56, often EBV+ Stage 1l patients respond fo radiotherapy or Pasal type 64 Extranasal
radischemotherapy Seum EBV copy type < 20
mmber predictive of oufcoms
SFTCL- ufs SPTCL- 43 AbyS CD3a*CD8*CD56 5y, 13q gains CO3+CD8 Nodules and plagues nodules, offen 82:11
CDs6 ulceration Hemophagoeytic syndrome
Hepatosplenic T-celt vo Isochromosme 7q, CDS*, CD4~CD8”, may be Infiltration of sinusoids in fiver, spleen, bona 2year 0820
lymphoma CDEG marrow Erviiuophagocylosis
EATL o} Gains af chromosome 8433-g34 CD3+ CD7¢, may Associated with celiac sprug, malabsorption 4

be CD8* CD56* with monoemarphic typs

PTCLindicates peripheral T-cell lymphoma; TCR, T-cell receptor; NOS, not otherwise specified; AITL, angicimmunoblastic T-cell lymphoma; ALCL, anaplastic laige cel
lymphoma; NK, natural kifler; SPTCL, subcutaneous panniculiis-like T-cell lymphoma; and EATL, enteropathy-associated T-cell ymphoma.

Therapeutic approaches
Standard first-line therapy

T-cell lymphomas have traditionally been treated much like the
B-cell lymphomas, with a combisation chemotherapy regimen.
CHOP (cyclophosphamide, doxorubicin, vincristine, and predni-
sone) was the most widely used, although there were no random-
i2ed studies that proved that it was the best therapy. A retrospective
meta-analysis of 2912 patients treated with CHOP or CHOP-like
regimens reported a S-year OF of 37%.% Several groups have tried
more intensive chemotherapeutic treatments for PTCL patients.
The French Groupe d'Ftude des Lymphomes de 1" Adulte (GELA)
used more intensive chemotherapy: ACVBP (dose-intensified doxo-
rubicin, cyclophosphamide, vindesine, bleomycin, and prednisone)
plus consolidation with autologous stem cell transplantation (ASCT)
for younger, fitter patients.® The German High Grade Non-

Hodgkin Lymphoma Study Group used several variations of

CHOPS and an Italian group used high-dose sequential chemo-
therapy with ASCT.® The M. D. Anderson Cancer Center used an
alternating triple therapy regimen and hyper-CVAD (fractionated
cyclophosphamide, vincristine. doxorubicin, and dexametha-
sone).™ The GELA demonstrated that ACVEP bad higher toxicity
but superior event-free survival and O$ compared with CHOP™!
CHOP-14 proved superior to CHOP-21 or CHOP plus etoposide in
elderly patients,® and CHOP plus etoposide should be used in
younger patients,®’”

Anthracycline-containing regimens for PTCL have been associ-
ated with median S-year OS rates < 40%.9 ALCL patients have
better outcomes than non-ALCL patients, with an overall response
rate (ORR) > 75% and S-year OS rates > 60%.2 ALK ALCL
patents have slightly higher OS and FFS rates compared with
ALK™ ALCL patients, but this may be the result of a difference in age,
as ALK” patients tend fo be younger than ALK™ patients. However,
even in ALK" ALCL patients, S-year FI'S rates were only 49%,
suggesting a definite need for new therapies or different subtype-specific
treatments. Itis unclear why patients with aggressive Treedl lymphomas
are Jess tesponsive to conventional B-cell lymphoma regimens, but data
are emenging regarding the expression of P-glycoprotein and other diug
resistance pathways in subscts of patients, particularly paticnts with
NK-/Tcell lymphomas.

Novel approaches

New therapeutic approaches and the incorporation of novel agents
into these therapeutic regimens are necessary o improve the
auteome for PTCL patients. Table 4 lists some of the new agenls
that are currently being used or are in clinical trials.

Monoclonal antibodies and immunoconjugates

The addition of the anti-CD20 monoclonal antibody rituximab to
chemotherapy regimens, such as CHOP, has significantly improved
treatment outcomes in B-cell lymphoma. As such, several monoclo-
nal antibodies and targeted immunoconjugates and fusion proteins
are currently being tested in PTCL, including alemtuzumab,
iratumumab, siplizumab, zanolimumab, denileukin diftitox, and
brentuximab vedotin.

Alemtuzumab, an anti-CD32 monoclonal antibady, has been
shown to have activity in heavily treated patients with PTCL with
an ORR of 36% in one carly study.™ Alemtuzumab has been used
in combination with CHOP or EPOCH {etoposide, prednisone,
vineristine, cyclophophamide, and doxorubicin} with some success
in PECL. with half of patients achieving a complete response
(CR). 77 Another study compared combinations of alemtuzumab
with CHOP, EPOCH, and IMVPI16-PL. (ifosfamide plus mesna,
methotrexate, ctoposide, and prednisone),™ and a third study used
atemtuzmab with CHOP and ESHAP (ctoposide, methylpred-
nigolone, high-dose cytarabine, and cisplatiny in newly diagnosed
PTCL patients. ™ Although overall response rates have been high,
there has been an increased risk of oppontunistic infections
associated with the immunosuppressive effects of alemtuzumab.
Patients on these trals have required routine surveillance for
reactivation of cylomegalovirus. A randomized wial comparing
CHOP-14 to alemtuzumab-CHOP 14 is currently underway as a
Huropeun intergroup study.

Two anti-CD30 monoclonal antibodies, iratumumab and SGN-
30, have shown efficacy in CD30* ALCL.7 In vitro studies have
shown that both drugs are synergistic or additive with conventional
chemotherapy.”# An immunoconjugate of SGN-30 and mono-
methyl aurisiatin, breptuximab vetodin (SGN-35), has demon-
strated an ORR of 41% with a median response duration of 7.3
months in patients with relapsed and refractory CD30° lympho-
mas.® A study s currently nnderway to evaluate the combination
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Table 4. Movel agents in use or irials in PTCL
Type of agant Name Description Disease(s) Status
Antifolates Pratatrexate 10-Deazaminopoternn PTCL, CTCL Approved for PTCL
Conjugates LMB-2 Anti-Tac) anti-CDES fused to Pseudomonas CTCL, PTCL {especially ATLL) Phase 2
foxin
Denileukin diftitox {L-2 targeling domain fused with diphtheria toxin CTCL, PTCL Approved for CTCL
Brentuximab CD30 antibody conjugated to CDBG T-cell ymphoma Phase 2
yedotin monomethylaudstan-E
HDAC inhibitors Belinostat PXD101 CTCL, PTCL Phase 2
Panohinosiat LBH5ag CTCL, ATL Phase 2
Romidepsin Depsipepfide CTCL, PTCL Approved for CTCL
Varinostat Suberoylanilide hydroxamic acid CTCL Approved for CYCL
immunomoedulatory agents Lenalidamide Dativalive of thalidomide PTCL, CTCL Phase 2
Immunosuppressive agents Cydlospotine Intibitor of the NF-AT ranscription complex AITL Phase 2
Monockainal antibodies Alsmtuzumab Anti-CIs2 PTCL Phase 3
Bevacizumab An-VEGF PTCL {especially AITL}), NK-cell Phase 2
traiumumah Anti-CD30 CD30* ALCL Phase 1/2
KW-0761 Anfi-CCR4 ATLL, PTCL Fhase 2
SGN-30 Ani-CD3o CN30* ALCL Phase 2
Siplizumab Anti-CD2. PTCL, NK-cell, ATLL Phase 1
Zanolimumab Ant-O04 CTCL, PTCL Phase 2
Nucleoside analogs Cladribine Purinie nucleoside analog PTCL Phase 4
Clofarabine Purine nucleoside analoy PTCL, NK-celf Phase 172
Fhudarabine Purine nucleoside analoy PYCL, CTCL Phase 2
Forodesine Metabofic enzyme inhibitor PTCL, CTCL Phase 2
Gergitabine Pyrimidine nucleoside analog PTCL Phase 2
Nelarabine Puine nucleoside analog T-ALL, T-NHL Phase 2
Pentostatin Metabofic enzyme inhibitor PTCL Fhase 2
Pigteasome inhibitars Baortezomib Profeasams inhibitor CTCL FPhase 2
Signaling inhibitors Enzastaurin Selective inhibitor of protein kinase C PTCL, CTCL Phase 2
R788 Syk inhibitor FTCL Phase 2

There are several uther experimental agents in various stage clinical tials for Teell ymphoma.
PTCLindicates peripheral T-well ymphoma; CTCL, cutaneous T-cell vmploma; ATLL, adult T-cell tymphoma; HDAC, histone deacelylase; NF-AT, nuclear factor of activated T colf;
AITL, angioimmunoblastic T-cell lymphoma; NI, natuml kiter, ALCL, anaplastic large cell lymphorsy; T-ALL, T-cef acute lymphobiastic leukemia; and T-NHL, Tcell non-Hexdgkin

ymphoma.

of CHOP with brentiximab vetodin in newly diagnosed patients
with ALCL.

Siphizumab js an anti-CD2 monoclonal antibody. CD2 is an
adhesion molecule highly expressed on activated T cells and NX
cells and on the majority of cells from patients with T-cell
Iymphoma and Jeukemia. Siplizumab eliminated both CD4* and
CDB* T cells and NK cells without affecting B cells. In a phase ]
trial in patients with CD2* lymphoproliferative disease, siplizunmab
showed clinical activity, inducing CRs in 2 patients with LGL
leukemia, 3 partial responses (PRs) in patients with ATL, and | PR
in a patient with cutaneous Ticell lymphoma (CTCL).® A subse-
quent dose escalation study produced a PR in a patient with
NEK-cell LGL and a CR in a PTCL patient® However, siplizumab
also predisposes patients to the development of lymphoprolifera-
tive syndrome,® although it may be possible to prevent that with
prophylactic rituximab,

CD4 is expressed in half of all T cells and by most CTCL and
nodal PTCL cells. Zanolimumab, an anti-CD4 monoclonal anti-
body, is being used in both disease types, although clinical
development for CTCL is farther along. Zanolimumab was shown
to be active and well tolerated in a study of 21 PTCL patients, with
an ORR in 24% of patients.® Clinical studies of zanolinmunab in
combination with CHOP are ongoing and include a phase 1/2 dose
escalation trial in patients with noneutaneous CD4* PTCL.

Bevacizumab, an antivascolar endothelial growth factor (VEGI)
monoclonal antibody, will most probably have the largestimpact in
AITL, as AI'TL. is characterized by the overexpression of angio-
genic factors, such as VEGE At least one relapsed ATTL patient has
achieved a CR after treatment with bevacizamab® and was being

studied along with CHOP in a clinical tial for patients with PTCL
or NK-cell neoplasms by the Bastern Cooperative Oncology
Group. However, preliminary results of this trial reported a high
incidence of cardiac events related to the therapy.®

Denileukin diftitox, a fusion protein that combines 11-2 receptor-
binding domain with diphtheria toxin, has demonstrated activity in
both cutaneous and aggressive T-cell lymphomas. In a single-center
phase 2 study at M. D. Anderson Cancer Center, denileukin diftitox
at a dose of 18 pg/kg per day for 5 days on a 2l-day cycle
demonstiated a response rate of 48% in heavily pretreated patients
with relapsed PTCL.® Responses were seen in 4 of 10 patients with
PTCL-NOS, 2 of 3 with AITL, and 2 of 2 with ALCL. In this trial,
the expression of CD25 by immunoldstochemistry was not predic-
tive of response to denileukin diftitox.

Based on these data, a combination of denileukin diftitox and
CHOP was studied in untreated patients with PTCL. This study
enrolled 49 patients. Denileukin diftitox was administered at
18 pgfkg per day on days 1 and 2 of each eyele, followed by CHOP
chemeatherapy on day 3. and granulocyte colony-stimulating factor
support starting day 4 of each 21-day cycle In 37 efficacy-
evaluable patients (> 2 cycles), the ORR was 86% (CR 75%).
Median progression-free survival (PTS) was 15 months, and 2-year
estimated OS was 60%. A large randomized study comparing
CHOP to denileukin diftitox with CHOP is being initiated %

LMB-2 is an anti-Toac (anti~-CD25) single~-chain monoclonal
antibady conjugated to Pseudomonas toxin. LMB-2 has shown
clinfeal activity in phase 2 trals in CLL, CTCL. and hairy cell
leukemin, ATL is the PTCIL subtype that is most sensitive Lo
LMB-2, but clinical responses have been limited to do rapid
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disease progression alter > 95% tamor reduction and mmuno-
genic reactions.” A phase 2 clinieal trial for this population is being
planned in which LMB-2 will be given after chemotherapy with
fludarabine and cyclophosphamide.

HDAC inhibitors

Histone deacetylase (HDAC) inhibitors are potent inducers of
histone acetylation, which results in the expression of tumor
suppressor genes that had been previously silenced by deacetyla-
tion. This gene expression leads to cell cycle arrest and apoptosis.
There are a number of HDAC inhibitors being used or studied in
T-eell lymphoma, including vorinostat, romidepsin {also known as
depsipeptide), panohinostat, and belinostat. Vorinostat and romidep-
sin have shown single-agent activity in CTCL.”2% and vorinostat
wis approved by the Food and Diug Administration (FDA) in 2006
for the treatment of advanced and refractory CTCL. Romidepsin
was also recently FDA-approved in 2009 for advanced and
refractory CTCL based on a demonstrated ORR in 2 clinical trials
of 34%. The median response duration was 15 months {(tange
1-20+), and median time to progression was 8.3 months in carly
and 6.4 months in maore advanced discase. A phase 2 study of
romidepsin was completed in patients with relapsed and refractory
PTCL This phase 2, open-tabel, multiarm, multicenter study
enrolled 43 PTCL patients from the National Cancer Institute and
9 extramural sites. Of 43 patients, 31 received 2 2 cycles of
therapy. Mean number of prior therapies was 3.9 (range, 1-12).
Objective response rate was 39% overall or 55% for patients who
received at least 2 cyeles of therapy. The overall median duration of
response was 8.3 months (range, L6 months 1o 4.8+ years) for all
patients. Amulticenter, multinational phase 2B registration study of
romidepsin at the same dose and schedule in relapsed and
refractory PTCL has completed accrial and vesults have been
recently reported. OF [30 patients with a median of 2 prior
therapies, the ORR was 26% with 15% CR by radiographic
documentation. The wedian responsge duration was 12 months, and
toxicities included gastrointestinal and constitutional events and
thrombocytopenia.

Belinostat, a hydroxamic acid-derived HDAC inhibitor, hag
been studied in both intravenous and oral formulations. Belinostat
was administered intravenously at 1000 mg/m? daily for 5 days
every 3 weeks in 33 patients, including 19 with refractory PTCL
and 29 with refractory CTCL.Y The objective response rate in
PTCL was 32% with 2 CR and a median response duration of 8.9+
months, and 14% o CTCL. with a response duration of 9. 1 months.
A multicenter phase 2 registration rial of belinostat in relapsed
PTCL patients is underway, and a cohort dose escalation study of
oral belinostat is ongoing in patients with relapsed lymphoma.

Additive and synergistic activity has been demonstrated in vitro
for combinations of HDAC inhibitor with a number of agents,
including topoisomerase inhibiturs, bortezomib, and cyloloxic
chemotherapy drugs, and clinical tials are underway to explore the
activity of these combinations in Trcell lymphomas.

Antifolates

Pralatrexate is a novel folate antagonist whose activity is associated
with binding to the reduced folate carrier”” In a phase /2 dose
escalation trial of pralatrexate in refractory lymphoma patients, the
ORR was 31%, with response durations ranging from 3 to
26 months.* The response rate in that trial was 54% for patients
with Treell lymphomas. Baged on these encowraging data, the
PROPEL trial was initiated. 1n this tutal, 111 patients with relapsed
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ar refractory PTCL were teated with pralatrexate weekly for
6 weeks on a 7-weck cycle. The median prior therapies was 3, and
63% of patients had no response to their last line of therapy. The
ORR was 29% and the median response duration was 10.1 months.
Five patients with relapsed/refractory PTCL who responded to
single-agent pralatrexate went onto stem cell transplantation.”
Toxicities included mucositis in70% of patients and thrombocyto-
penia in 40%. Pralatrexate was approved in September 2009 by the
United States FDA as a single agent to treat relapsed or refractory
patients with PTCL. A number of recent studies have explored the
potential synergy between pralatrexate and other active agents in
T-cell lymphoma. A phase 1 study combining pralatrexate with
gemeitabine is underway.

Immunomodulators and immunosuppressants

Cyclosporine is an immunosuppressive agent that inhibits the
nuclear factor of activated Tocell transcription complex, which
activates the genes encoding cytokines and cell surface molecules
involved in cell-to-cell communication and death.’™ Because AITL,
is characterized by immune dysregulation, cyclosporine was admin-
isteredto 12 paticnts in a phase 2 trial. ! Two-thirds (3 CRs, 5 PRs)
ol the patients responded, but there were 4 deaths. A phase 2 tial of
cyclosporine in AITL was conducted by Hastern Cooperative
Oncology Group but closed early because of slow acerual.

Other immune-modulating and antiangiogenic agents, includ-
ing bevacizamab. ¥ rituximab,’® lenalidomide, and thalidomide,
are also being explored as single agents and in combination with
chemotherapy. A phase 2 study of lenalidomide at a dose of
25 mg/m? daily for 21 days of a 28-day cycle was conducted in
24 relapsed PTCL patients.'® The overall response rate was 305
with a PFS of 95 days. Toxicities included neutropenia and
thrombocytopenia in 20% and 33% of patients, respectively.

Mucleoside analogs

Nucleoside analogs are chemotherapeutic agents that primaily
inhibit DNA replication and repair. Gemcitabine is the most
effective pyrimidine nucleoside analog in PTCL, It has been active
both ay a single agent'™1% and in combination with alemtu-
mmabt® and bortezomib. %% The purine nucleoside anulogs
include cladiibine, Qudarabine, clofambine, und nelarabine. Both
cladribine and fudarabine have shown efficacy in PTCL, and
clofarabine and nelarabine are currently in several clinieal trials in
T-eell lymphoma.

The metabolic enzyme inkibitors, which include deoxycoformy-
cin (pentostating and forodesine, do not incorporate into DNA,
unlike the other nucleoside anulogs. Pentostatin inhibits adenosine
deaminase, increasing the deoxyadenosine tiphospbate pool, and
forodesine inhibits phosphorylase, increasing the deoxyguanosine
triphosphate pool. Both agents have shown some efficacy in CTCL.
A phase 12 study of oral forodesine in relapsed and refractory
CTCL patients reported a 53% overall response rate. and a phase
2 trial has been completed 1%

Proteasome inhibitors

Bortezomib, a proteasome inhibiton, has heen well tolerated and
active as a single agent in relapsed or refractory CTCL patients. 19
[n a phase 2 study of bortezomib i relapsed CTCL or PTCL
patients, the ORR was 67% with 2 CR and no grade 4 toxicity,@
The GELA has conducted a phase 2 study of bortezomib with
ACVBP chemotherapy in 57 untreated PTCL patients and has
reported that 29 patients were withdrawn prematurely because of
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toxicity. Ut The ORRs were similar to ACYBP alone. Bortezomib
has been used in combination with gemcitabine plus dexorubi-
¢in 7% and recent evidence shows that boriezomib may syner-
gize with pralatresate in T-cell lymphoma (see antifolates section
above). 112

Signaling inhibitors

Fnzastaurin is a selective inhibitor of protein kinase C, which acts
in part through the AKT pathway. By fargeting the PI3RK/AKT
pathways, enzastaurin inhibits cell proliferation, induces tumor cell
apoplosis, and suppresses tumor-induced angiogenesis in CTCL
cell lines.U® Ynzastavrin is currently in 2 phase 2 trials: one for
patients with several types of NHIL, inchuling PTCL and CTCL,
and anether for relapsed CTCL patients.

Treatment approaches for HTLV-1-associated
ATL and NK-/T-cell lymphomas

Optimal treatment approaches for patients with NK-/Tacell lym-
phoma have not yet been established. A phase 1/2 study of
concurrent chemoradiotherapy for untreated localized NK</T-cell
lymphoma was conducted in JapanV? BExtranodal NEK-/T-cell
lymphoma, nasal type, is generally refractory to CHOP associated
with a high expression of the multidiug resistance gene, P-
glycoprotein. Patiends in this trial were concurrently freated with
radictherapy and chemotherapy consisting of carboplatin, etopo-
side, ifosfamide, and dexamethasone. With a median follow-up of
32 months, the 2-year OS was 78% (93% confidence interval [CI],
57%-89%). This compared favorably with the historical control of
radiotherapy alone (43%). Of the 26 patients assessable for a
response, 20 (77%) achieved a CR, with one PR. The ORR was
81%. The most common grade 3 nophematologic toxicity was
mucositis related to radiation (30%). The investigators concluded
that concument chemoradiotherapy using multidrug resistance-
nonrelated agents and etoposide is a safe and effective treatment for
localized nasal NK-/T-cell lymphoma.

A novel approach for patients with advanced NK-/T-cell
lymphomas incorporates L-asparaginase along with ifosfamide,
etoposide, dexamethasone, and methotrexate (SMILE}. Overexpres-
sion of P-glycoprotein in NK+/T-cell Iymphomas has contributed to
relative chemoresistance and poor cutcomes after CHOP-based
therapies with S-year survivals of 20% or less in patients with
advanced stage disease. Yong ¢t al treated 18 patients who were
vefractory to CHOP with L-asparaginase, vincrdstine, dexametha-
sone, and involved field radiotherapy and reported a response rate
and S-year O8 of 55%.11% A phase 1 study escalating methotrexaie
and etoposide was completed and repotted a response mte of 67%.
A prospective phase 2 trial has been reported with the SMILE
regimen in patients with newly diagnosed stage IV or relapsed
refractory NK-/Tcell lymphomas.t'® Of 39 emolled patients,
29 (74%) completed the planned treatment. The responses were
complete remission (CR) in 13, partial remission in 14, and emdy
death because of infection in 4. ORR and CR were 74% (95% CI,
58%-87%) and 38%, vespectively The most conunon grade
3 nonhematologic toxicity was infection (41%}).

For patients with ATL, results with conventional chemotherapy
regimens have been uniformly poon A phase 3 Japanese study
evaluated a cornhination regimen of VCAP (vineristine, cyclophos-
phamide, doxormbicin, and prednisone), AMP (doxombicin, mni-
mustine, and prednisone}, and VECP (vindesine, etoposide, cabo-
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platin, and prednisone) against CHOP-14 in ATL.Y The study
demonstrated superiority Jor VCAP-AMP-VECP for nowly diag~
nosed aggressive ATL patients. A phase 2 study is in prepuration to
investigate the ability of allogeneic stem cell transplantation after
induction with the VCAP-AMP-VECP regimen to prolong the
median survival time, which is currently 13 months with the
VCAP-AMP-VECP regimen. ;

The use of interferon and zidovudine has been shown to induce
responses in up to 50% of patients with acute or lymphomatous
ATL.7® In a recent meta-analysis, 116 patients with acute ATL,
18 patients with chronic ATL, 11 patients with smoldering ATL.,
and 100 patients with ATL. lymphoma were evaluated ! Fiveyear
QS rates were 46% for 75 patients who received first-line antiviral
therapy (P = 0043, 20% for 77 patients who received first-line
chemotherapy, and 12% for 55 patients who received Grst-line
chemotherapy followed by antiviral therapy. The authors claimed
that patients with acute, chronic, and smoldering ATL significantly
benefited from first-line antiviral therapy, whereas patients with
ATL lymphoma experienced a hetler outcome with chemotherapy.
In acute ATL, 82% of patients were alive at 5 years with antiviral
therapy, and 100% of patients with chronic and smoldering ATL
were alive at 5 years. Multivariate analysis showed that first-line
antiviral therapy significantly improved OS (hazard ratio = 047;
98% (1, 0.27-0.83; P = 021). However, considering the polential
selection bias in this retrospective study, fature prospective studies
are needed,

Finally, a humanized anti-CCR4 antibody, KW-0761, has
shown promise as a single agent in Japan for the treatment of ATL.
KW-0761 was used for refapsed patients with CCR4-pogitive ATL
and PTCL in a phase 1 study.'™ The ORR was 31% (5 of 16; 95%
Cl, 11%-59%). There were no dose-limiting toxicities, and no
anti-KW-0761 antibodies were detected. ™ A phase 2 trial for
relapsed ATL patients was vecently completed. Of 27 enrolled
patients {14 acute, 6 lymphomatous, 7 chromic ATL), the ORR was
54% with 7 CR, Toxicities included cytopenias (lymphopenia 96%.
neutropenia 339), skin ragh (52%), and mild trangaminitis.

Transplantation

Several retrospective studies suggest that there are populations of
patients with PTCL that will benefit from transplantation. The
National Cancer Consortium Network guideline includes transplan-
tation as an option for consolidation after first remission in patients
with histologies other than ALKY ALCL and in patients with
intermediate or high IPT scores. Disease status at transplantation is
a major predictor of suceess. particnlarly for antologous transplan-
tation.'?! Results are better for patients who are in chemosensitive
remission, whereas only 25% to 30% of refractory patients
benefit. 12312 In the studies where S-year vutcomes are reported,
OFS and FFS average 34% and 18%, respectively. ™ The single~
center experience af Stanford reported only a modest benefit after
autologous transplantation (S-year OS of 36%) for patients with
relapsed disease and a 3-year OS of 76% in patients transplanted in
first remission,#

A prospective study from Germany wvsing chemotherapy and
up-front autologous transplantation for PTCL has been reported.
The treatment regimen consisted of 4 w 6 cycles of CHOP,
followed by mobilizing therapy with either dexaBEAM (dexameth-
asone, carmustine, melphalan, etoposide, and cytarabine) or
ESHAP (etoposide, methylprednisolone, cytarabine, and cisplating,
Patients in complete or partial remission then underwent myeloab-
lative chemomdiotherapy and ASCT. Two-thirds {(66%:) of the
patients had a disease response to chemotherapy and thus went on
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to receive ASCT. At a median follow-up time of 33 monthy, the
estimated 3-year OS and PES for patients in CR were 48% and
36%. respectively. Patients who did not experience a response o
chemotherapy and therefore did not undergo ASCT had a very poor
oulcome, with a median survival of less than 2 vears.'?® The role of
autologous transplantation in second or subsequent remission is
less well defined.

There are currently no randomized studies comparing outcomes
hetween autelogous and allogeneic transplantation in the United
States. The Nordic and German lymphoma groups are launching a
large. prospective randomized trial o compare the different
strategies as consolidation after first-line therapy. In addidon, the
Center for Infernational Blood & Marmow Transplant Research is
currently conducting a database review comparing allogeneic and
autelogous transplants in PTCL patients. n a retrogpective single-
institution study that compared autologous and allogencic transplan-
tation, outcomes for autologous transplantation were best when
conducted in first remission, and allogencic transplantation was
better for patients with resistant or relapsed disease.'?? Purther
prospective studies are needed to define which subsets of PTCL
patients will optimally benefit from allogencic or ASCT

Evidence-based treatment approaches
for PTCL

Because of the inferior outcomes with CHOP-based regimens,
novel strategies are needed for patients with aggressive Teell
lymphomas. The National Cancer Consortium Network has estab-
lished evidence-based treatment approaches for T-cell Iymphoma
and stratifies patients based on stage. For early-stage patients with
localized disease, chemotherapy should be followed by involved
field radiotherapy. It is recommended that all patients except for
those with low IPJ be consolidated with ASCT. ALK* ALCL is
identified as the one subtype that has an excellent outcome and
should not be transplanted in first vemission. Recent data suggest
that ALK patients with high IP could be an exception to this wule.
[u prospective trials where up to 40% of patients do not undergo a
complete remission and therefore cannot be consolidated with
transplantation, new approaches are necessary,

Sclection of first-line therapy based on histopathologic features
has not yet been widely used but should be considered. For nodal
T-cell lymphomas (PTCL-NOS, AITL, and ALCL), the standard
regimen used is a CHOP-based therapy. For extranodal subtypes,
regimens may be individualized. For panniculitis-like T-cell lym-
phon, distinetion should be made between the «f$ type and the 3
type, which is now included in the category of cutaneous v Teell
lymphoma. The «f patients may be treated with single-agent
therapics or combination chemotherapy and generally have an
excellent cutcome. The cutanvous v5 Teell lymphomas overall do
pootly and should be treated with aggressive chemotherapy
followed by transplantation. Likewise, hepatosplenic and intestinal
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"-cell lymphomas have a poor outcome. [n one study, 26 enteropa-
thy-associated T-cell lymphoma patents were treated with CHOP
and then methotrexate alternating with ifostamide, etoposide, and
epirubicin. * Patients who achieved CR went on to transplantation
(n = 33). For the transplanted enteropathy-associated patients, the
PES and OS were 52% and 60%, respectively, NK-/Twcell lym-
phoma patients have also had inferior outcomes with CHOP-based
regimens, and consideration of alternative regimens, such as
SMILE and asparaginase combinations, should be strongly consid-
ered for these patients.

The role of antologous versus allogeneic stem cell transplanta-
tion in patients with poor prognosis subtypes, such as NK-/T-cell
and v& Teeell lymphomas, has not beea ascertained. In retrospec-
tive series, results with these subtypes are inferior to those of the
more common PTCL-NOS and AITL subtypes after autologous
transplantation. Therefore, consolidation with allogencic stem cell
ransplantation should be considered in patients who have appropri-
ate donors.

In conclusion, from this summary of the current state of
classification, prognosis, and therapeutic approaches in PTCL, it is
apparent that much progress has been made. Although the problem
with PTCL treatment in the past was a lack of available therapies,
the development of novel therapies necessitates the development of
paradigins to combine these agents (o inprove response rates and
durability of responses. Based on the success of the chronic
lymphocytic leukemia and the mantle cell lymphoma consortivms,
investigators from Nosth America have formed a North American
PTCL Collaborative Group, which will collaborate with the
[nternational PTCL Project to develop new treatment strategics
to improve outcome in PTCL. An international registry is
currently open and registering patients with newly dizgnosed
PICL. In addition, an international tissue bank has been
initiated to capture sufficient guantities of clinically annotated
and well-characterized specimens.
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