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Abstract: The peripheral T-cell lymphomas are a rare, heterogeneous group of non-Hodgkin’s
lymphomas which have an aggressive clinical course. Treatment approaches have traditionally
been similar to those of diffuse large B-cell lymphomas, but outcomes have been inferior.
Novel approaches involving agents and pathways developed from a better understanding of the
biology of the diseases have led to therapeutic advances. The introduction of new agents,
including antifolates, immunoconjugates, histone deacetylase inhibitors, monoclonal antibo-
dies, nucleoside analogs, proteasome inhibitors, and signaling inhibitors have improved out-
comes for patients with relapsed and refractory disease and are being incorporated into
strategies for first-line therapy. Stem cell transplantation remains a potentially curative option
for a subset of patients.
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Introduction
Peripheral T-cell lymphomas (PTCLs) are a het-

erogeneous group of non-Hodgkin’s lymphomas

of T-cell origin. They represent 12% of all lym-

phomas and are increasing in frequency

[Abouyabis et al. 2008]. In the United States,

the incidence has increased 7�8% annually.

Owing to the rarity of the disease, PTCLs are

poorly understood and outcomes have been infe-

rior to those of aggressive B-cell lymphomas. The

International T-Cell Lymphoma Project collected

data on 1314 cases of T-cell lymphomas from 22

countries worldwide [Vose et al. 2008]. All

patients presented with disease between 1990

and 2002. The most common of subtypes were

PTCL not otherwise specified (PTCL-NOS,

25.9%), angioimmunoblastic T-cell lymphoma

(AITL, 18.5%), natural killer (NK)/T-cell lym-

phoma (10.4%), adult T-cell lymphoma/leukemia

(ATLL, 9.6%), and anaplastic large cell lym-

phoma (ALCL; anaplastic lymphoma kinase

[ALK]-positive, 6.6%; ALK-negative, 5.5%).

The frequency of the different subtypes varied

by geographical region, with PTCL-NOS occur-

ring more frequently in North America (34.4%)

and Europe (34.3%) compared with the Far East

(22.4%). In contrast, NK/T-cell lymphoma and

ATLL are more frequent in the Far East (22.4%

and 25% respectively). ALK-positive ALCL is

more common in North America compared

with Europe (16.0% versus 6.4%), and AITL

rates are higher in Europe (28.7%).

Classification of T-cell lymphomas
The revised fourth edition of the 2008 World

Health Organization (WHO) classification of

Tumors of Hematopoietic and Lymphoid

Tissues identified a number of subtypes of

T-cell lymphoma and further recharacterized a

number of entities [Campo et al. 2011; Harris

et al. 1994]. Based on clinical features, the dis-

eases can be divided into four subdivisions:

nodal, extranodal, cutaneous, and leukemic or

disseminated disease, as shown in Table 1. The

nodal subtypes of PTCL include AITL, ALK-

positive and ALK-negative types of ALCL

(ALK-negative ALCL is considered a provisional

entity), and PTCL-NOS. The extranodal PTCL

subtypes are the nasal-type extranodal NK/T-cell

lymphoma, enteropathy associated T-cell lym-

phoma, and hepatosplenic T-cell lymphoma.

Several types of leukemic or disseminated types

of T-cell lymphoproliferative disorders are also

identified, including T-cell prolymphocytic leuke-

mia, T-cell large granular lymphocytic leukemia,

chronic lymphoproliferative disorders of NK cells

(a provisional entity), aggressive NK-cell leuke-

mia, adult T-cell lymphoma/leukemia (human
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T-cell lymphotropic virus-1-positive), and sys-

temic Epstein Barr virus-positive T-cell lympho-

proliferative disorders of childhood. The

cutaneous group includes mycosis fungoides

and the Sezary syndrome, primary cutaneous

CD30-positive lymphoproliferative disorders

(lymphomatoid papulosis and primary cutaneous

ALCL), primary cutaneous aggressive epidermo-

tropic CD8-positive cytotoxic T-cell lymphoma,

primary cutaneous small/medium CD4-positive

T-cell lymphoma (provisional), and the pannicu-

litus-like T-cell lymphomas. The latter have been

reclassified such that the ab subtype is subcuta-

neous panniculitis T-cell lymphoma (SPTCL)

and the dg subtype is included in the category

of primary cutaneous gamma delta (d) T-cell

lymphoma.

Outcomes of patients with PTCL
Although patients with PTCL have historically

been treated with CHOP [cyclophosphamide,

hydroxydaunorubicin, Oncovin (vincristine),

and prednisone] and CHOP-like therapies simi-

lar to patients with diffuse large B-cell lym-

phoma, retrospective studies demonstrate that

the outcome of patients with PTCL has

been inferior with these approaches. A recent

meta-analysis of 31 studies (n¼2912 patients)

demonstrated that the 5-year overall survival

(OS) of patients with PTCL treated with

CHOP (excluding patients with ALCL due to

their favorable prognosis) was 37.3% (95% CI

35.1% to 39.6%) [Abouyabis et al. 2008]. By

subtype, the 5-year OS for nasal-type NK/T-

cell, AITL, PTCL-NOS, and enteropathy-asso-

ciated subtypes were 47.9%, 36.5%, 34% and

21% respectively. Likewise, the International T-

cell Lymphoma Project which retrospectively

reviewed pathology and reported outcomes on

1153 T-cell lymphoma cases demonstrated that

patients who had received an anthracycline-

containing regimen fared no better than those

who received nonanthracycline therapy, across

all T-cell lymphoma subtypes, with the exception

of ALK-positive ALCL [Vose et al. 2008]. These

results suggest that alternative strategies should

be pursued for patients with aggressive T-cell

lymphomas.

Prognostic indices
As is the case with diffuse large B-cell lympho-

mas, the International Prognostic Index (IPI) has

been shown to be predictive of outcome in some

subsets of PTCL. The 5-year OS for IPI 0�1

Table 1. World Health Organization (WHO) 2008: the mature T-cell and natural killer cell neoplasms [Campo
et al. 2011].

T-cell prolymphocytic leukemia
T-cell large granular lymphocytic leukemia
Chronic lymphoproliferative disorder of NK-cells*
Aggressive NK cell leukemia
Systemic EBV-positive T-cell lymphoproliferative disease of childhood (associated with chronic active EBV
infection)
Hydroa vacciniforme-like lymphoma
Adult T-cell leukemia/lymphoma
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-associated T-cell lymphoma
Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Mycosis fungoides
Sézary syndrome
Primary cutaneous CD30-positive T-cell lymphoproliferative disorder
Lymphomatoid papulosis
Primary cutaneous anaplastic large-cell lymphoma
Primary cutaneous aggressive epidermotropic CD8-positive cytotoxic T-cell lymphoma*
Primary cutaneous gamma-delta T-cell lymphoma
Primary cutaneous small/medium CD4-positive T-cell lymphoma*
Peripheral T-cell lymphoma, not otherwise specified
Angioimmunoblastic T-cell lymphoma
Anaplastic large cell lymphoma, ALK-positive
Anaplastic large cell lymphoma, ALK-negative*

ALK, anaplastic lymphoma kinase; EBV, Epstein Barr virus; NK, natural killer.
*These represent provisional entities or provisional subtypes of other neoplasms.
Diseases shown in italics are newly included in the 2008 WHO classification.
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versus 4�5 for PTCL-NOS was 50% versus 11%,

for AITL 56% versus 25%, and for ALK-positive

ALCL 90% versus 33%. A new prognostic index,

the Prognostic Index for PTCL (PIT), was

recently proposed specifically for the PTCL-

NOS subtype [Gallamini et al. 2004]. The PIT

was designed using a retrospective cohort of 385

patients. A multivariate analysis identified four

factors as being significantly associated with a

poor prognosis: age (>60 years; p< 0.0001),

Eastern Cooperative Oncology Group (ECOG)

performance status (�2; p< 0.0001), elevated

lactate dehydrogenase level (any elevation;

p< 0.0001), and bone marrow involvement (any

degree; p¼ 0.026). Using these factors, four risk

groups were defined in the PIT: group 1 (zero

factors), group 2 (one factor), group 3 (two fac-

tors), and group 4 (three or four factors). These

groups were shown to be effective prognostic cat-

egories, with corresponding 5-year OS rates

(group 1: 62.3%; group 2: 52.9%; group 3:

32.9%; group 4: 18.3%). The predictive value

of PIT is now being explored in prospective clin-

ical trials. Recently, a comparison of four prog-

nostic scales was carried out in 121 patients with

PTCL [Suzumiya et al. 2009]. In addition to the

IPI and PIT scales, this comparison also evalu-

ated the International PTCL Project (IPTCLP)

score and the modified PIT (mPIT). This report

determined that all four were useful in assessing

PTCL patient outcome, although the authors

concluded that IPTCLP could most significantly

predict OS.

Molecular and immunohistochemical
prognostic factors
Many clinical and laboratory findings have been

evaluated in particular PTCL subtypes. Among

these, ALK expression in the ALCL subtype is

particularly significant; patients with ALK-positive

ALCL experience a significantly prolonged OS

compared with those having ALK-negative dis-

ease [Savage et al. 2008]. Both low serum albu-

min levels and mediastinal lymphadenopathy

were independently associated with a poor OS

in patients with PTCL-NOS [Chihara et al.

2009]. In addition, for patients with the PTCL-

NOS subtype, CD30 expression, as well as the

expression markers of proliferation such as

Ki-67, have been analyzed for their prognostic

ability. Two chemokine receptors, CXCR3 and

CCR4, were found to be expressed in 63% and

34% of PTCL-NOS cancers, respectively

[Ishida et al. 2004, 2003]. The dominant

chemokine expression found in this study was

CXCR3-positive/CCR4-negative; this phenotype

was shown by multivariate analysis to be an inde-

pendent adverse prognostic factor in both

PTCL-NOS and ALK-negative ALCL.

Went and colleagues proposed a new prognostic

index based on the expression of 19 markers

[Went et al. 2006]. In this study, the prolifera-

tion-associated protein Ki-67 turned out to be

prognostically relevant and was integrated in a

new predictive score, incorporating age (>60

years), high lactate dehydrogenase, poor perfor-

mance status, and Ki-67� 80%. This score was

associated with the patient outcome (p< 0.0001)

and was found to be more robust than PIT

(p¼ 0.0043). However, this was demonstrated

in a retrospective analysis and has yet to be con-

firmed in a prospective clinical trial. A number of

studies are underway evaluating the potential

implications of chromosomal aberrations, includ-

ing their effect on gene expression, and on PTCL

patient prognosis.

Therapeutic management of PTCL
Currently, there is no standard first-line regimen

for the treatment of PTCL. The National

Comprehensive Cancer Network (NCCN) prac-

tice guidelines for PTCL emphasize the lack of

standard treatment options (Figure 1). First-line

therapy options include a variety of multiagent

chemotherapy combinations, including CHOP,

and consolidation recommendations consist of

high-dose therapy and stem cell rescue in all

patients except those with low IPI. Second-line

therapy includes clinical trials, combination che-

motherapy regimens, single-agent therapies, or

radiation.

Given the inferiority of CHOP, more aggressive

infusional regimens, including hyper-CVAD

[cyclophosphamide, vincristine, doxorubicin

(Adriamycin), and dexamethasone] and hyper-

CHOP, among others, were evaluated retrospec-

tively against CHOP in patients with PTCL

(n¼ 135) at MD Anderson Cancer Center.

Among those patients with non-ALCL disease,

there was no significant difference in outcome

between those treated with CHOP and aggressive

alternatives (3-year OS 43% versus 49%).

However, these results are difficult to interpret

because the study was not randomized.

In another small study, ESHAP (etoposide,

methylprednisolone, cytarabine, and cisplatin)

was administered but found to have a poor

F Foss
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risk�benefit ratio because of the lack of complete

clinical responses [Mebazaa et al. 2005].

Recently the German High Grade Non-Hodgkin’s

Lymphoma Study Group reported results for

patients with aggressive T-cell lymphomas treated

in seven trials with six to eight courses of CHOP

or CHOP plus etoposide (Hi-CHOEP or

MegaCHOEP) [Schmitz et al. 2010]. Of 343

patients, 70 had PTCL, 28 had AITL, 78 had

ALK-positive ALCL, and 113 had ALK-ALCL.

Theyoungerpatientsdemonstratedanimprovement

inevent-free survival (EFS) foretoposide-containing

regimens compared with the nonetoposide regimen,

but increased toxicity in older patients made

this approach less favorable. The improved EFS

overall shifted to only a trend for improved survival

when patients with ALK-positive ALCL were

excluded from the analysis. The 3-year EFS for the

different subtypes was 41% for PTCL, 45% for

ALK- ALCL, 50% for AITL, and 76% for ALK-

positive ALCL.

The Group d’Etude des Lymphomes de l’Adulte

(GELA) reported results from a combination

study of ACVBP [doxorubicin (adriamycin),

cyclophosphamide, vindesine, bleomycin, pred-

nisone] with bortezomib 1.5 mg/m2 on days

1 and 5 of each ACVBP cycle, and then on

days 1, 8, and 15 every 4 weeks during the con-

solidation phase [Delmer et al. 2009]. Of

57 eligible patients, 78% had stage III�IV dis-

ease; 81% completed induction treatment with

ACVBP. The complete response (CR) rate

was 45% after induction and 46% after consoli-

dation. Thrombocytopenia was more pro-

nounced than previously observed with ACVBP

alone and the overall response rate (ORR) was

PTCL-NOS, AITL, ALCL, EATL

Stage I/II Stage III/IV

Low or low-intermediate IPI

Clinical trial or 6–8 multiagent
chemotherapy with or without
locoregional RT

High-intermediate or high IPI

Clinical trial or 6–8 multiagent
chemotherapy with or without
locoregional RT

Interim re-staging
Repeat all previous positive tests
PET/CT scan
Biopsy all positive sites

CR

CR

CR

PR/NR

PR/NR

PR/NR

PR/NR

Ccomplete treatment and re-stage
Repeat all previous positive tests
PET/CT scan
Biopsy all positive sites

Yes

Observe

No

Clinical trial or
second-line therapy

High-dose therapy and HSCT

Clinical trial or second-line
therapy or palliative therapy

Palliative therapy

Candidate for high-dose
therapy and HSCT CR

CR

Complete treatment and re-stage
Repeat all previous positive tests
PET/CT scan
Biopsy all positive sites

ALK-ALCL
PTCL-NOS
AITL
EATL

ALK+ ALCL

Observe

Clinical trial
High-dose therapy with HSCT
Observe

Clinical trial or 6–8 multiagent
chemotherapy with or without
locoregional RT

Interim re-staging
Repeat all previous positive tests
PET/CT scan
Biopsy all positive sites

Figure 1. National Comprehensive Cancer Network guidelines for the treatment of peripheral T-cell lym-
phoma.
AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large cell lymphoma; CR, complete response;
CT, computed tomography; EATL, enteropathy-associated T-cell lymphoma; HSCT, hematopoietic stem cell
transplantation; IPI, International Prognostic Index; NR, nonresponse; PET, positron emission tomography; PR,
partial response; PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified; RT, radiotherapy.
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not higher than previously observed with ACVBP

alone.

New combination therapies for PTCL
A number of studies have investigated the com-

bination of CHOP with novel agents. One of

these has been alemtuzumab, a CD52-targeted

monoclonal antibody. Up to 40% of PTCL

cases have been shown to express CD52 by

immunohistochemistry, although expression

may vary by subtype [Piccaluga et al. 2007].

One phase II study (n¼ 20) evaluated CHOP

combined with intravenous alemtuzumab in

3-week cycles (cycle 1: 10 mg on day 1, 20 mg

on day 2; subsequent cycles: 30 mg on day 1) as

frontline therapy [Gallamini et al. 2007].

Although the overall response rate (80%) was

high, the 2-year EFS was 48% and OS was

53%. Nearly all patients (90%) experienced

grade 4 neutropenia and approximately one-

third (32%) experienced cytomegalovirus

reactivation. Additionally, there were two treat-

ment-related deaths. A prospective multicenter

trial by Kim and colleagues also investigated the

CHOP plus alemtuzumab combination (n¼ 24).

In this study, the CR rate was 65%, and the ORR

was 80% but 25% of patients experienced reacti-

vation of cytomegalovirus (CMV), and this study

was prematurely closed [Kim et al. 2007].

A phase I study evaluated alemtuzumab combined

with dose-adjusted EPOCH (etoposide, predni-

sone, vincristine, cyclophosphamide, doxorubi-

cin) in patients with PTCL [Janik et al. 2005]. In

this study, alemtuzumab was administered at

doses of 30, 60, or 90 mg prior to each EPOCH

cycle. Significant bone marrow aplasia occurred in

2 of 3 patients at both the 60 and 90 mg dose

groups; therefore, phase II study accrual is con-

tinuing at the 30 mg dose of alemtuzumab.

Infections were reported in 11 of 14 patients,

including bacterial, fungal and viral pathogens.

Patients underwent ongoing CMV surveillance

and received prophylactic therapy with acyclovir

and trimethoprim-sulfamethoxazole.

The interleukin-2 fusion toxin protein denileukin

diftitox has also been combined with CHOP for

first-line therapy of patients with PTCL. A pro-

spective phase II multicenter trial evaluated this

combination in 49 untreated patients with aggres-

sive PTCL subtypes [Foss et al. 2010]. The major-

ity of these patients had nodal PTCL (23 with

PTCL-NOS, 10 with AITL, and six with

ALCL). In this study, denileukin diftitox was

administered at a dose of 18mg/kg/day on days 1

and 2 and CHOP was given on day 3; this was

followed by growth factor support on day 4 every

21 days. The ORR (90%) and CR (76%) were

high, and the median progression-free survival

(PFS) was 15 months. Toxicities were generally

associated with denileukin diftitox related infusion

reactions. There was no increase in infectious com-

plications or prolonged immunosuppression.

Gemcitabine has demonstrated significant activ-

ity as a single agent in patients with cutaneous

T-cell lymphomas and has been used in a

number of combination regimens for PTCL

[Zinzani et al. 2010]. The GEM-P combination

(gemcitabine, cisplatin, methylprednisolone) was

tested in one phase II study, producing a 69%

response rate among patients (n¼ 16) with

aggressive T-cell lymphomas [Arkenau et al.

2007]. The combination of gemcitabine with

vinorelbine and filgrastim was also found to be

active in a pilot study, with an ORR of 70% in

patients with PTCL (n¼ 10) [Spencer et al.

2007]. However, when gemcitabine was com-

bined in a CHOP-based regimen (CHOP-EG,

CHOP plus etoposide and gemcitabine), the

ORR was 77% but the median EFS was disap-

pointing at only 7 months [Kim et al. 2006].

Treatment of NK/T-cell lymphomas
One of the most difficult subtypes of PTCL to

treat is NK/T-cell lymphoma. Patients with this

subtype have responded poorly to anthracycline-

containing regimens. Patients with localized dis-

ease (stage I or II) tend to do very well with a

combination of chemotherapy and involved field

radiation. The radiotherapy is an important com-

ponent of managing localized NK/T-cell lympho-

mas and has been administered both before and

after cytotoxic chemotherapy. However, once the

disease becomes more advanced, outcomes are

relatively poor, with 2-year OS rates of 0% for

those with disseminated disease [Yamaguchi

et al. 2009]. Further, the CR rate for patients

with advanced-stage NK/T-cell lymphoma trea-

ted with CHOP-like regimens is relatively low,

with a 5-year OS rate of less than 10%

[Abouyabis et al. 2008]. A regimen of ifosfamide,

methotrexate, etoposide, and prednisolone

proved to be more effective with a 79% CR rate

in early stage patients, but the CR rate was only

13% in advanced stage patients [Lee et al. 2006].

Furthermore, the relapse rate was high in both

groups. The combination of CHOP and etopo-

side demonstrated a CR rate of 45% with a

F Foss
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3-year OS rate of 59% for nasal-type NK-cell

lymphoma [Yong et al. 2009].

Recently, two groups have explored the activity of

asparaginase-containing regimens. The combina-

tion of L-asparaginase with dexamethasone and

methotrexate induced an ORR of 67% and a CR

rate of 50% in a study of relapsed or refractory

patients [Yamaguchi et al. 2008]. In another

study, with a regimen of asparaginase, metho-

trexate and dexamethasone, response was seen

in 14 of 18 evaluable patients after three cycles

with 61% CR [Jaccard et al. 2011]. Based on

these encouraging results, an asparaginase-

containing regimen, SMILE, was studied as

first-line therapy in patients with advanced NK/

T-cell lymphomas by the NK Study Group. The

SMILE regimen consists of methotrexate, etopo-

side, ifosfamide, dexamethasone, and L-asparas-

ginase. Of 39 patients enrolled, 21 were newly

diagnosed, 13 relapsed, and five had primary

refractory disease [Yamaguchi et al. 2010]. Of

29 patients who completed the therapy, the

ORR was 74%, with 38% CR. The incidence of

myelosuppression was high, with grade 3 or 4

infections in 41% of patients. Nevertheless, this

regimen has been adopted by many centers for

this difficult to treat group.

The role of autologous stem cell
transplantation in PTCL
A strategy to improve outcomes in patients with

PTCL in first remission is to use stem cell trans-

plantation as a consolidation strategy. In retro-

spective studies, the 5-year OS has been

reported to range from 40% to 50%, with

5-year disease-free survival rates from 30 to

40% [D’Amore et al. 2009; Dreger and Laport,

2008]. A prospective intent-to-transplant study

of 83 patients with PTCL was recently reported

by Reimer and colleagues [Reimer et al. 2009].

The treatment regimen consisted of four to six

cycles of CHOP, followed by mobilizing therapy

with either dexaBEAM (dexamethasone, car-

mustine, melphalan, etoposide, and cytarabine)

or ESHAP. Patients in complete remission or

partial remission then underwent myeloablative

chemoradiotherapy and autologous stem cell

transplantation. Of 83 enrolled patients, 32 had

PTCL-NOS and 27 had AITL. Only two-thirds

(66%) of the patients had a disease response to

the initial chemotherapy and went on to receive

autologous stem cell transplantation. At a median

follow-up time of 33 months, the estimated

3-year OS and PFS for patients in complete

response were 48% and 36% respectively.

Patients who did not experience a response to

chemotherapy and therefore did not undergo

ASCT had a very poor outcome, with a median

survival of less than 2 years.

In another recent study, 57 patients with T-cell

lymphoma, including 26 with the prognostically

dismal enteropathy-associated subtype, were trea-

ted with a high-dose alternative regimen (CHOP

then methotrexate alternating with ifosfamide, eto-

poside, and epirubicin) [Jantunen et al. 2010].

Patients who achieved CR went on to transplant

(n¼ 33). For the transplanted enteropathy-asso-

ciated patients, the PFS and OS were 52% and

60% respectively, and 65% and 72% for others.

These results signal that this kind of approach

may be superior for this group of patients.

Allogeneic stem cell transplantation has been a

potentially curative option for patients with

PTCL either in first remission or after relapse.

A retrospective report from the GELA reviewed

77 patients with PTCL who were transplanted,

57 of whom had ablative conditioning regimens

[Le Gouill et al. 2008]. The 5-year OS and EFS

rates were 57% and 53% respectively. Patients

with AITL did the best with 80% OS while

those with PTCL had a 63% OS at 5 years.

In this study, patients with refractory disease at

the time of transplant had the worse outcome. In

a European Group for Blood and Marrow

Transplantation (EBMT) retrospective review of

45 patients with AITL who underwent allogeneic

transplant, 15 had prior autologous transplant and

12 were in first complete response (CR1) or second

complete response (CR2) [Kyriakou et al. 2009].

The 3-year PFS and OS rates were favorable at

53% and 64% respectively. Corradini and col-

leagues also reported favorable results for 38

patients who underwent reduced intensity trans-

plant with 3-year OS and PFS rates of 53% and

52% respectively [Corradini et al. 2004].

Recently, the results from autologous and alloge-

neic stem cell transplantation for patients with

PTCL were reviewed by the Center for

International Blood and Marrow Transplant

Research [Smith et al. 2010]. There were 115

autologous and 123 allogeneic stem cell trans-

plants. In the allogeneic group, 40% of patients

had ALCL, 50% had peripheral T-cell lymphoma

unspecified (PTCLu) and 10% had AITL. In the

autologous group, 53% had ALCL, 34% had

PTCLu and 13% had AITL. The OS and PFS
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for the autologous group were 59% and 47%

respectively and for the allogeneic group were

47% and 36% respectively. In both groups, the

number of prior chemotherapy regimens and

chemorefractory disease were adverse prognostic

factors. A higher incidence of disease relapse in

the autologous group was balanced out by higher

transplant-related mortality in the allogeneic

group.

Treatment approaches for relapsed and
refractory disease
The treatment for many patients with relapsed

and refractory PTCL is salvage chemotherapy.

The NCCN guidelines indicate that patients

should be entered into a clinical trial if one is

available. There are a number of single agents

which have demonstrated activity in relapsed

and refractory patients (Table 2). Autologous or

allogeneic stem cell transplantation may be con-

sidered for selected patients who are in remission

after salvage therapy.

Monoclonal antibodies and conjugates
Alemtuzumab, an anti-CD52 MAb, has been

shown to have activity in heavily treated patients

with PTCL with an ORR of 36�52% [Piccaluga

et al. 2007; Zinzani et al. 2005; Enblad et al.

2004]. Toxicities including opportunistic infec-

tions and pancytopenia occurred at a high rate

and led to premature closure of one study

[Enblad et al. 2004]. Alemtuzumab has been

used in combination with CHOP or EPOCH

(etoposide, prednisone, vincristine, cyclophopha-

mide, and doxorubicin) with some success in

PTCL, with half of patients achieving a complete

response [Gallamini et al. 2007; Kim et al. 2007].

Two anti-CD30 MAbs, iratumumab and SGN-30,

have shown efficacy in CD30-positive ALCL

[Forero-Torres et al. 2009; Bartlett et al. 2008;

Ansell et al. 2007]. In vitro studies have shown

that both drugs are synergistic or additive with con-

ventional chemotherapy [Oflazoglu et al. 2008].

An immunoconjugate of SGN-30 and monomethyl

auristatin, brentuximab vetodin (SGN-35), has

demonstrated an ORR of 87% with 57% CR in

58 patients with relapsed and refractory CD30-

positive ALCL [Shustov et al. 2010]. The median

response duration ranged from 4 to 36 weeks and

was ongoing at the time of the report in 18 patients.

A study is currently underway to evaluate the com-

bination of CHOP with brentiximab vetodin in

newly diagnosed patients with ALCL.

Siplizumab is an anti-CD2 MAb. CD2 is an

adhesion molecule highly expressed on activated

T cells and NK cells and on the majority of cells

from patients with T-cell lymphoma and leuke-

mia. Siplizumab eliminated both CD4-positive

and CD8-positive T cells and NK cells without

affecting B cells. In a phase I trial in patients with

CD2-positive lymphoproliferative disease, sipli-

zumab showed clinical activity, inducing CRs in

two patients with large granular lymphocyte leu-

kemia, three partial responses (PRs) in patients

with ATL, and one PR in a patient with cutane-

ous T-cell lymphoma (CTCL) [Casale et al.

2006; O’Mahony et al. 2005]. A subsequent

dose escalation study produced a PR in a patient

with NK-cell large granular lymphocyte leukemia

Table 2. Activity of single agents in relapsed/refractory peripheral T-cell lymphomas (PTCLs).

Agent Reference No. PTCL ORR (%)

Alemtuzumab [Enblad et al. 2004] 14 36
Alemtuzumab [Zinzani et al. 2005] 6 60
Bortezomib [Zinzani et al. 2007] 2 67
Denileukin diftitox [Dang et al. 2007] 27 48
Gemcitabine [Zinzani et al. 2010] 8 70
Lenalidomide [Dueck et al. 2009] 24 30
Cyclosporine [Advani et al. 2007] 12 66
SGN-35 (brentuximab vedotin) [Shustov et al. 2010] 58 87
Anti-CD4 zanolimumab [D’Amore et al. 2010] 21 24
Romidepsin (NCI) [Piekarz et al. 2009] 43 39
Romidepsin (pivotal) [Coiffier et al. 2010] 131 30
Pralatrexate (pivotal) [O’Connor et al. 2011] 111 27
Belinostat [Pohlman et al. 2009] 19 32

NCI, National Cancer Institute; ORR, overall response rate.
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and a CR in a patient with PTCL. However,

siplizumab also predisposes patients to the devel-

opment of lymphoproliferative syndrome,

although it may be possible to prevent that with

prophylactic rituximab [O’Mahony et al. 2007].

The humanized anti-CD4 monoclonal antibody,

zanolimumab, was administered to 21 patients

with PTCL, with an ORR of 24% [D’Amore

et al. 2007]. Bevacizumab, an antivascular endo-

thelial growth factor MAb, has been used with

success in one patient with relapsed AITL

[Bruns et al. 2005], and was being studied

along with CHOP in a clinical trial for patients

with PTCL or NK-cell neoplasms by the Eastern

Cooperative Oncology Group. However, prelim-

inary results of this trial reported a high incidence

of cardiac events related to the therapy [Advani

et al. 2009].

Denileukin diftitox, a fusion protein that com-

bines interleukin-2 receptor-binding domain

with diphtheria toxin, has demonstrated activity

in both cutaneous and aggressive T-cell lympho-

mas. In a single center phase II study at MD

Anderson Cancer Center, denileukin diftitox

was administered to patients with relapsed and

refractory PTCL at a dose of 18mg/kg/day for 5

days on a 21-day cycle. The ORR was 48% and

responses were seen in four of 10 patients with

PTCL-NOS, two of three with AITL, and two of

two with ALCL [Dang et al. 2007]. In this trial,

the expression of CD25 by immunohistochemis-

try was not predictive of response to denileukin

diftitox.

Histone deacetylase 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 dea-

cetylation. This gene expression leads to cell

cycle arrest and apoptosis. There are a number

of HDAC inhibitors being used or studied in

T-cell lymphoma, including vorinostat, romidep-

sin (also known as depsipeptide), panobinostat,

and belinostat. Vorinostat and romidepsin have

shown single-agent activity in CTCL, and vori-

nostat was approved by the US Food and Drug

Administration (FDA) in 2006 for the treatment

of advanced and refractory CTCL [Olsen et al.

2007]. Romidepsin was also approved by the

FDA in 2009 for advanced and refractory

CTCL based on a demonstrated ORR in two

clinical trials of 34% [Whittaker et al. 2010;

Piekarz et al. 2009]. The median response dura-

tion was 15 months (range 1�20þ) and median

time to progression was 8.3 months in early dis-

ease and 6.4 months in more advanced disease.

A phase II study of romidepsin was completed in

patients with relapsed and refractory PTCL

[Piekarz et al. 2009]. This phase II, open-label,

multi-arm, multicenter study enrolled 43 patients

with PTCL from the National Cancer Institute

and nine extramural sites. Of 43 patients, 31

received at least two cycles of therapy. The

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 two

cycles of therapy. The overall median duration

of response was 8.3 months (range 1.6 months

to 4.8þ years) for all patients. A multicenter,

multi-national phase IIB registration study of

romidepsin at the same dose and schedule in

relapsed and refractory PTCL has completed

accrual and results have recently been reported

[Coiffier et al. 2010]. Of 130 patients with a

median of two prior therapies, the ORR was

26% with 15% CR by radiographic documenta-

tion. The median response duration was 12

months, and toxicities included gastrointestinal

and constitutional events and thrombocytopenia.

Belinostat, a hydroxamic acid-derived HDAC

inhibitor, has been studied in both intravenous

and oral formulations. Belinostat was adminis-

tered intravenously at 1000 mg/m2/daily for 5

days every 3 weeks in 53 patients including 19

with refractory PTCL and 29 with refractory

CTCL [Pohlman et al. 2009]. The objective

response rate in PTCL was 32% with two CRs

and a median response duration of 8.9þ months,

and 14% in CTCL, with a response duration of

9.1 months. A multicenter phase II registration

trial of belinostat in patients with relapsed PTCL

is underway, and a cohort dose escalation study

of oral belinostat is ongoing in patients with

relapsed lymphoma.

Additive and synergistic activity has been demon-

strated in vitro for combinations of HDAC inhib-

itors with a number of agents, including

topoisomerase inhibitors, bortezomib, and cyto-

toxic chemotherapy drugs and clinical trials are

underway to explore the activity of these combi-

nations in T-cell lymphomas.

Antifolates
Pralatrexate is a novel folate antagonist whose

activity is associated with binding to the reduced
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folate carrier. In a phase I/II dose escalation trial

of pralatrexate in patients with refractory lym-

phoma, the ORR was 31%, with response dura-

tions ranging from 3 to 26 months [O’Connor

et al. 2007]. The response rate in that trial was

54% for patients with T-cell lymphomas. Based

on these encouraging data, the PROPEL trial was

initiated [O’Connor et al. 2011]. In this trial, 111

patients with relapsed or refractory PTCL were

treated with pralatrexate weekly for 6 weeks on a

7-week cycle. The median number of prior ther-

apies was three, and 63% of patients had no

response to their last line of therapy. The ORR

was 27% and the median response duration was

9.4 months. Toxicities included mucusitis in 70%

of patients and thrombocytopenia in 40%.

Pralatrexate was approved in September 2009

by the FDA as a single agent to treat relapsed

or refractory PTCL. A number of recent studies

have explored the potential synergy between pra-

latrexate and other active agents in T-cell lym-

phoma. A phase I study combining pralatrexate

with gemcitabine is underway.

Immunomodulators and immunosuppressants
AITL has been characterized as a disease of

immune dysregulation, and in previous studies,

patients have benefited from immune suppressive

therapies such as methotrexate or nucleoside

analogs. In a phase II trial, cyclosporine was

administered to 12 patients with AITL [Advani

et al. 2007]. Two-thirds (three CRs, five PRs) of

the patients responded, but there were four

deaths. A phase II trial of cyclosporine in AITL

was conducted by ECOG but closed early

because of slow accrual.

Other immune-modulating agents, including

rituximab, lenalidomide, and thalidomide, are

also being explored as single agents and in com-

bination with chemotherapy. A phase II study of

lenalidomide at a dose of 25 mg/m2 daily for 21

days of a 28-day cycle was conducted in 24

patients with relapsed PTCL [Dueck et al.

2009]. The ORR was 30% with a PFS of 95

days. Toxicities included neutropenia and throm-

bocytopenia in 20% and 33% of patients

respectively.

Nucleoside analogs
Nucleoside analogs are chemotherapeutic agents

that primarily inhibit DNA replication and

repair. Gemcitabine is the most effective pyrimi-

dine nucleoside analog in PTCL. It has been

active both as a single agent [Zinzani et al.

2010; Marchi et al. 2005] and in combination

with alemtuzumab and bortezomib. The purine

nucleoside analogs include cladribine, fludara-

bine, clofarabine, and nelarabine. Both cladribine

and fludarabine have shown efficacy in PTCL,

and clofarabine and nelarabine are currently

being used in several clinical trials for T-cell lym-

phoma [Abramson et al. 2010; Mulford et al.

2010].

The metabolic enzyme inhibitors, which include

deoxycoformycin (pentostatin) and forodesine,

do not incorporate into DNA, unlike the other

nucleoside analogs. Pentostatin inhibits adeno-

sine deaminase, increasing the deoxyadenosine

triphosphate pool, and forodesine inhibits phos-

phorylase, increasing the deoxyguanosine tri-

phosphate pool. Both agents have shown some

efficacy in CTCL [Dearden, 2006]. A phase I/

II study of oral forodesine in patients with

relapsed and refractory CTCL reported a 53%

ORR, and a phase II trial has been completed

[Korycka et al. 2007; Duvic et al. 2006].

Proteasome inhibitors
Bortezomib, a proteasome inhibitor, has been

well tolerated and active as a single agent in

patients with relapsed or refractory CTCL

[Zinzani et al. 2007]. In a phase II study of bor-

tezomib in patients with relapsed CTCL or

PTCL, the ORR was 67% with two CRs and

no grade 4 toxicity. The GELA has conducted a

phase II study of bortezomib with ACVBP che-

motherapy in 57 patients with untreated PTCL

and has reported that 29 patients were withdrawn

prematurely because of toxicity [Delmer et al.

2009]. The ORRs were similar to ACVBP alone.

Signaling inhibitors
Enzastaurin is a selective inhibitor of protein

kinase C (PKC), which acts in part through the

AKT pathway. By targeting the phosphatidylino-

sitol 3-kinase (PI3K)/AKT pathways, enzastaurin

inhibits cell proliferation, induces tumor cell apo-

ptosis, and suppresses tumor-induced angiogen-

esis in CTCL cell lines [Querfeld et al. 2006].

Enzastaurin is currently in two phase II trials:

one for patients with several types of non-

Hodgkin’s lymphoma, including PTCL and

CTCL, and another for patients with relapsed

CTCL. The recent finding of SYN/ITK translo-

cations in PTCL tissues has suggested that syk

protein tyrosine kinase inhibitors may be active in

the clinic. While T-cell non-Hodgkin’s lymphoma

cell lines were sensitive in vitro, early clinical trial
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data have not been promising [Wilcox et al.

2010]. Similarly, PI3K pathways have been

shown to be activated in aggressive T-cell lym-

phomas, and clinical trials with agents inhibiting

this pathway are underway [Martin-Sanchez et al.

2010].

Conclusions
The T-cell lymphomas are a rare and heteroge-

neous group of diseases and clinical syndromes

for which treatment remains a challenge. ALK-

positive ALCL remains a highly curable disease

for patients with a low IPI who are treated with

CHOP-like regimens. For most of the aggressive

subtypes, combination chemotherapy approaches

are utilized, followed by consolidation therapy

with either autologous or allogeneic stem cell

transplantation when appropriate. Recent

advances include the use of asparaginase-

containing regimens for NK lymphomas and

the identification of a plethora of novel agents

with activity in phase II studies. Multinational

collaborations are carrying out trials to further

define prognostic factors and outcomes for sub-

sets of patients.
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