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Aggressive Peripheral T-Cell Lymphomas

. ‘o (Specified and Unspecified Types)

T

Kerry J. Savage

Peripheral T-cell ymphomas (PTCLSs) are a biologically
diverse and uncommon group of diseases. Compared
to their B-cell counterparts, PTCLs remain largely
unexplored and the optimal treatment ill-defined due to
disease rarity and biological heterogeneity. For the
majority of PTCL subtypes, prognosis is poor with a 5-
year overall survival of approximately 30% in most
series.

The notable exception is ALK-positive anaplastic
large-cell lymphoma (ALK-pos ALCL), which has a
superior outcome.The international prognostic index

can be used to some extent to define risk groups
within some PTCL subtypes, including PTCL unspeci-
fied (PTCLUS). It is likely that the observed clinical
heterogeneity reflects differences at the molecular
level. With the more widespread availability of gene
expression profiling, it may be possible in the future to
further refine the classification of PTCLs and elucidate
novel therapeutic targets. Future clinical trials are
needed that focus specifically on PTCL to advance our
understanding and define the optimal management in
this disease.

Mature T- and natural killer (NK)-cell lymphomas constidlymphomas’,in recent years there have been several com-

tute a rare and heterogeneous group of neoplasms, the
guency varying according to geographic location and et

freehensive studies that have consistently demonstrated that
the T-cell phenotype imparts a negative impact on overall

nic origin of the population. In the broadest descriptiorsurviva®® (Figure 1). These differences may be due to

peripheral T-cell ymphomas (PTCLSs), are defined by the

inclusion in some earlier studies of disease entities that are

post-thymic origin, in comparison to precursor or pre-thyrow appreciated to have a more favorable prognosis such
mic lymphomas (e.g., lymphoblastic lymphoma). The imas ALCL? (Figure 1).

portance of the T-cell phenotype and wide heterogeneity Understanding of the biology and defining the opti-
of the PTCL subtypes has only recently become fully apral treatment of PTCLs has been less well developed than
preciated. Immunophenotypic information was not utilizethat of their B-cell counterparts because of disease rarity
in the Working Formulation and, although the updated Kielnd diversity. Frequently, dissimilar T-cell ymphomas have
Classification recognized the T-cell phenotype, it requiredeen combined under the term “PTCL,” potentially ob-
subclassification of PTCLs based on morphologic subtypssuring their distinct natural histories and limiting com-
with poor reproducibility and failed to recognize severgbarison of studies that focus on prognostic factors and sur-
distinct clinicopathological entities. The REAL (Revisedvival. This review will highlight some of the more com-
European-American Lymphoma) classification integratechonly encountered subtypes with a further discussion of
morphologic, phenotypic, molecular, and clinical informaprognostic markers and treatment strategies.

tion into a unified scheme for all lymphoid neoplasms,

including PTCLs, and provided the basis for the recent
published World Health Organization (WHQ)assifica-
tion with several notable refinementBable 1): division
into predominantly leukemic, extranodal, and nodal type

separation of cutaneous and systemic anaplastic large (-';

lymphomas (ALCL); updated terminology for some dis

eases; inclusion of lymphomatoid papulosis (LyP) in th
spectrum of T-cell lymphoproliferative disorders; and, rec
ognition of subcutaneous panniculitis-type and hepat:

splenicy 0 T-cell ymphomas as separate entiti@able 1).

Although earlier reports, based on older classificatio
schemes, described similar prognoses among B- and T—cFeII
g
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igure 1. Survival of patients with peripheral T-cell
lymphoma (PTCL) compared with anaplastic large cell
C) lymphoma and diffuse large B-cell lymphoma
LBC).

Reproduced with permission from Armitage JO, Vose JM,
Weisenburger DD,* with permission from Oxford University
Press.
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Table 1. Revised European-American Lymphoma (REAL) and World Health Organization (WHO) classifications of T-cell
and nNK neoplasms.

REAL Classification WHO Classification
Precursor T-cell neoplasm Precursor T-cell neoplasm
Precursor T-lymphoblastic lymphoma/leukemia Precursor T-lymphoblastic lymphoma/leukemia
Peripheral T-cell and NK-cell neoplasms Mature (peripheral) T-cell neoplasms
T-cell chronic lymphocytic leukemia/ Predominantly leukemic/disseminated
Prolymphocytic leukemia T-cell prolymphocytic leukemia
Large granular lymphocyte leukemia T-cell granular lymphocytic leukemia
T-cell type and NK-cell type NK-cell leukemia
Adult T-cell lymphoma/leukemia (HTLV1Y) Adult T-cell lymphoma/leukemia (HTLV1*)
Predominantly nodal
Angioimmunoblastic T-cell lymphoma Angioimmunoblastic T-cell lymphoma
Peripheral T-cell lymphoma, unspecified Peripheral T-cell lymphoma, unspecified
Anaplastic large cell lymphoma, T/null-cell types Anaplastic large-cell lymphoma, T/null-cell, primary systemic type
Predominantly extranodal
Mycosis fungoides/Sézary syndrome Mycosis fungoides/Sézary syndrome
Anaplastic large-cell lymphoma, T/null-cell, primary cutaneous type
Angiocentric lymphoma Extranodal NK/T-cell lymphoma, nasal type
Intestinal T-cell lymphoma (with or without enteropathy Enteropathy-type T-cell lymphoma

Hepatosplenic yd T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma

Peripheral T-cell Lymphoma, Unspecified gene on chromosome®2n the WHO classification it was
Peripheral T-cell ymphoma, unspecified (PTCLUS) reprerecognized that the cutaneous form of ALCL is distin-
sents the largest PTCL subtype in North Ametitmthe guished from the systemic type by the lack of ALK-protein
WHO classification PTCLUS encompasses all of the PTClexpression and indolent clinical course, and thus should
not classifiable as a specific disease entity in contrast b@ considered a distinct disease enfligh{es 1 and?2).t

the rare, but “specified,” subtypeBaple 1). It is clear that

this represents a heterogeneous group of diseases andsgktemic Anaplastic Large Cell Lymphoma

though multiple morphologic subtypes have been reco@rimary systemic ALCLs display either a T- or null-cell
nized, evidence is lacking that these subtypes repres@hienotype, both harboring a clonally rearranged T-cell re-
distinct clinicopathologic entities or have prognostic releeptor and demonstrating a cytotoxic profilalgle 2).1
evance. The majority of nodal cases are Cxdd CD8, Systemic ALCL has a superior survival to other PTCLSs,
and CD30 can be expressed in large cell variants. Mosith outcomes at least comparable to, if not better than,
patients with PTCLUS present with nodal involvementthat of diffuse large B-cell lymphoma (DLBCY)! (Fig-
however, a number of extranodal sites may also be involvade 1). However, even within this histologic subtype there
(e.g., liver, bone marrow, gastrointestinal [Gl], skin). Thés clear biological heterogeneity with a proportion of cases
majority of series report a poor outcome with a 5-year oveassociated with a translocation between the ALK gene (chro-
all survival of approximately 30%—-35% using standardhosome 2) and nucleophosmin gene (NPM) (chromosome

chemotherapy58 5), resulting in the upregulation of ALK and formation of a
chimeric protein (NPM-ALK). Several investigators have
Anaplastic Large Cell Lymphoma since demonstrated that those cases with ALK expression

Anaplastic large-cell lymphoma is identified by a highly(~60%, ALK-positive) have a 5-year survival that is supe-
pleomorphic appearance, propensity to invade lymph noder (93%) to those who lack expression (ALK-negative)
sinuses, and uniform expression of CD30 (Ki-1) on the t§37%)? (Table 2, Figure 2). Clinical differences are also
mor cells? Most are positive for epithelial membrane antievident between ALK-positive and -negative subtypes.
gen (EMA), and more recently clusterin has been identhLK-negative cases often present at an older age with ad-
fied as a diagnostic marker of ALEL’(Table2). A propor- vanced stage, elevated lactate dehydrogenase (LDH), fre-
tion are also associated with overexpression of anaplastigent B symptoms, and extranodal involventeint.fact,
lymphoma kinase (ALK), which is the result of a characteisome investigators have pointed out that ALK-negative
istic cytogenetic abnormality, t(2;5)(p23;935) or an equivaALCL is more similar to PTCLUS in terms of clinical be-
lent translocation, leading to overexpression of the ALKavior and inferior survivaf
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Table 2. Clinical and pathologic features used to
distinguish primary cutaneous anaplastic lymphoma and
systemic anaplastic large cell lymphoma (ALCL), ALK-
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Figure 2. Survival of T-cell/null cell anaplastic large cell
EMA + I+ B lymphoma (ALCL) patients by anaplastic lymphoma
Cytotoxic proteins + (80%) + (50%) + (70%) kinase (ALK) expression.
Median age <30 > 50 > 50 Originally published in _Blood. R_ep_roduced from Gas_coyne RD,
Aoun P, Wu D, et al*? with permission from the American Society
Sex M>F M=F M>F of Hematology.
5-year OS 65%-90% 30%-40% > 90%

Cytotoxic proteins: granzyme B, perforin, TIA-1 (T-cell intracyto-
plasmic antigen).

* Occasional cases ALCL CD8*/CD4~

Abbreviations: ALK, anaplastic lymphoma kinase; EMA, epithelial
membrane antigen; OS, overall survival

however, other identical tumors can also occur at “extra-

nasal” sites such as the skin, soft tissue, Gl tract, andtestis.
NK/TCLs are typically very aggressive, and despite

often localized disease, the 5-year overall survival (OS)

rate is only 20%-35%"'* Some studies have reported sur-

vivals above this range; however, inclusion of CD&ed
Primary Cutaneous ALCL EBV- cases or lack of reporting of immunophenotyping
Primary cutaneous ALCL (CUTALCL) typically occurs in may have resulted in the inclusion of more favorable lym-
older men as solitary, asymptomatic cutaneous or subcupgromas.
neous reddish-violet nodules/tumors. Extracutaneous dis-
ease can occur in 10% of patients, mainly in regional lymphngioimmunoblastic T-cell Lymphoma
nodes, and most often in patients with multiple lestonsAngioimmunoblastic T-cell ymphoma (AILT) was initially
Distinguishing between CUTALCL and a closely relatedlescribed as an atypical reactive process in patients pre-
benign disorder, lymphomatoid papulosis (LyP), can beenting with generalized lymphadenopathy, rash, heptato-
difficult. Spontaneous regression is the rule for LyP; howsplenomegaly, fever, and hypergammaglobulinérhiaw-
ever, regression also occurs in approximately 25% efer, cytogenetic and molecular studies confirm clonality
CUTALCL.* Multiple small lesions (< 1 cm) are more com-n the majority of cases, strongly supporting that AILT is a
mon in LyP, whereas primary cutaneous ALCL is typifiedlistinct T-cell neoplasm.Distinguishing AILT from
by single or grouped lesions, often > 2 cm in size. CUTALCPTCLUS can often be difficult; however, morphologic fea-
should also be distinguished from systemic ALCL to avoitures favoring AILT are prominent vascularization by ar-
unnecessarily aggressive therapgle 2). borizing venules, expansion of CD2fbllicular dendritic

cell networks, and the recent identification of CD10 as
Extranodal NK/T-cell Lymphoma phenotypic marker of the neoplastic T cé&ll&n oligoclonal
Extranodal NK/T cell lymphomas, nasal-type (NK/TCL),or monoclonal B-cell population due to the expansion of
display great variation in racial and geographic distriblB cells infected with EBV and secondary EBRAcell lym-
tion and are relatively uncommon in Western populattongoghomas has been described in some patifits.outcome
Morphologically, these tumors demonstrate angiocentrif AILT is poor, with most series reporting a 5-year OS of
invasion, vascular destruction, and necrosis. They are paapproximately 30% and median survival of 3 years.
tive for Epstein-Barr virus (EBV), which is thought to play
a role in tumor pathogenesis. The designation “NK/TOther Uncommon PTCL Subtypes
rather than “NK” cell lymphoma is applied in the WHOEnNteropathy type T-cell lymphoma is a rare PTCL subtype
classification since, although most cases appear to be Nilat can complicate an established history of gluten-sensi-
cell derived (CD2, CD56, CDX(cytoplasmic), EBV*), tive enteropathy but most often occurs following a short
rare cases with identical clinical and cytologic featurelistory of celiac disease and/or dermatitis herpetifotmis.
exhibit an EBVCD56" cytotoxic T-cell phenotypeThe Even in the absence of a known history of celiac disease,
qualifier “nasal-type” is assigned owing to the commothere is usually histologic evidence of villous atrophy and
presentation in the nasal region and associated structuraypt hyperplasia in the adjacent bowel when the tumor is
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excised. Malignant cells are CDXD7, CD4 and are plastic cells are most often CD&3 and express cytotoxic
usually CD8, but despite this, they do not expressyh®&  granules, although in 25% of casegda-cell phenotype is
cell receptor. Clinically, it affects older males who presentientified and may be associated with a more aggressive
with abdominal pain and diarrhea and it may be complélinical course? Patients often have a preceding course of
cated by intestinal perforation or obstruction. Althoughvaxing and waning nodules, resembling lipomas. Hemo-
most patients have clinical stage | or IIE disease, dissenplhagocytic syndrome with pancytopenia, fever, and hepato-
nation to the liver, spleen, lung, skin, and bone marrow caplenomegaly has been reported in association with
occur. Treatment is often complicated by poor nutritioSCPTCL and is often a fatal complication. Durable remis-
and significant risk of bowel perforation. Consequentlysions are uncommon; however, some cases can have a more
survival is extremely poor, with rare long-term survivors.indolent course.
Adult T-cell ymphoma/leukemia (ATLL) is associated
with infection by the human T-cell lymphotropic virusPrognostic Factors in Peripheral T-Cell
(HTLV-1) and occurs in endemic areas of infection (e.gLymphomas
Caribbean basin and southwestern JapdPgthologically,
the malignant cells have a distinct “cloverleaf’ appear€linical factors
ance and lack CD7, and the majority are @0BD8~. The The International Prognostic Index (IPI) provides a prog-
retroviral gendax has been shown to have a critical role imostic score based on clinical and laboratory factors which
the pathogenesis of ATLL. Several clinical variants havieas been validated for DLBCL and shown to predict sur-
been recognized: acute type with a rapidly progressive cliniival accurately* However, insufficient immunopheno-
cal course, bone marrow and peripheral blood involvemenypic data were available when the IPI was designed to
hypercalcemia with or without lytic bone lesions, skin rastgssess the influence of the T-cell phenotype on prognosis.
generalized lymphadenopathy, hepatosplenomegaly alderpretation of older studies evaluating the usefulness of
pulmonary infiltrates; lymphoma type with prominent adthe IPl in PTCL are complicated by the use of outdated
enopathy but lacking peripheral blood involvement buymphoma classification systems and frequent “lumping”
also associated with an aggressive course; chronic typehistologic subtypes, obscuring the impact of the IPI in
with lymphocytosis and occasionally associated with lymspecific disease entiti€41*However, several reports have
phadenopathy, hepatosplenomagaly, and cutaneous lesicosfirmed the IPI's usefulness in some of the specific PTCL
but having an indolent course; and smoldering type witkubtypes including ALCL (ALK-positive and -negative)
< 5% circulating neoplastic cells, skin involvement, andnd PTCL US> Recently, the IPI has been applied to
prolonged survival. PTCLUS according to the WHO classification and found
Survival times in the acute and lymphomatous varico be predictive of survival (Figure 3A). A large study
ants range from 2 weeks to over a year. The chronic aatso evaluated a new prognostic model for PTCLUS which
particularly the smoldering subtypes have a longer suinrcorporates many of the current IPI factors (age, PS, LDH)
vival but can transform into the more acute forms. Underlyn addition to bone marrow involveméntn this model,
ing immunodeficiency associated with ATLL leads to aurvival ranged from 18% (3 or 4 factors) to 62% (0 factors)
high rate of infections throughout the course of the digFigure 3B). Unfortunately, many patients with PTCLUS
ease. fall into the high-risk categories with poor survival, em-
Hepatosplenig/d T-cell lymphoma (HSTCL) is a re- phasizing the urgent need for better therapies.
cently recognized and uncommon PTCL subtype. Most Attempts to use the IPI to define risk groups within
tumor cells are CD4and CD8, and many are associatedNK/T-cell lymphoma have also been met with variable re-
with isochrome 7@ The majority of patients are young sults® Again, heterogeneity in some analyses with inclu-
men (median age 34) who present with hepatosplension of other PTCLs and, less often, B-cell ymphomas pre-
megaly and bone marrow involvement. Rare cases sénting in the nasal region can influence interpretation.
HSTCL expressing thaf chain have been reported, butApplication of the IPI in the remaining subtypes has not
the prognostic relevance is unkno¥fiThe majority of been verified because the diseases are rare. However, it is
patients succumb to their disease, with an overall medianlikely that the IPI will have any clinical utility in those
survival of 16 month& Theyd phenotype has been rarelysubtypes with an extremely poor prognosis, such as enter-
identified in primary cutaneous T-cell lymphoma and is apathy-type and hepatosplenid TCL, or in those that
marker of poor prognosis (median survival 15 months vpresent almost exclusively with high-risk IPI scores.
166 months irp subtypes}® Unlike HSTCL, which ex-
press TIAL but are negative for granzyme B and perforin cBiological and molecular prognostic factors
totoxic proteins, primary cutaneoySTCL express all cyto- PTCLUS: Attempts have been made to identify biologi-
toxic proteins, thus demonstrating an activated T-cell phencally distinct subgroups within the morphologically and
type which may contribute to their aggressive behavior. clinically heterogeneous PTCLUS subtype. Although mor-
Subcutaneous panniculitis-like TCL (SCTCL), is theghologic variants have been recognized, their prognostic
least well-defined and rarest subtype of PTCL. The nesignificance is unknown. Most nodal cases of PTCLUS are
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Figure 3. A: Overall survival of peripheral T-cell lymphoma, unspecified (PTCLUS) according to the International
Prognostic Index; B: Overall survival of PTCLUS according to proposed new prognostic index (age > 60, performance
status > 2, elevated LDH, bone marrow involvement).

Low risk: O, 1, 5 y OS 59%; low-intermediate risk: 2, 5y OS 46%; high-intermediate risk: 3, 5y OS 40%; high-risk: 18%; P < .0001.
Group 1: 0 factors, 5y OS 62%; group 2: 1 factor, 5y OS 53%; group 3: 2 factors, 5 y OS 33%; group 4: 3 or 4 factors, 5y OS 18%;
P <.0001.

Abbreviations: LDH, lactate dehydrogenase.

Originally published in Blood. Reprinted from Gallamini A, Stelitano C, Calvi R, et al® with permission from the American Society of
Hematology.

CD4'CD8, prompting speculation that within the CD4 negative ALCL, a known prognostic factor in DLBCL, is
T-helper (Th) phenotype some of the biological heterogassociated with poor outcorffeConversely, expression of
neity may be explained by variable expression of Thl andaspase 3, a critical component in the pro-death pathways,
or Th2 surface chemokine receptér$n one study, two is associated with a favorable outcome, suggesting that
distinct subgroups with PTCLUS were identified; group lalterations in apoptotic pathways may in part explain the
positive for any of ST2(L) (Th2 marker, interleukin [IL]-1R prognostic differences between ALK-positive and -nega-
family member), CCR5 (Th1), CXCR3 (Th1l); group 2, negaive ALCL subtypes®
tive for all these marke®@Group 1 cases, considered “func-
tional” based on the receptor expression, had a more fav@ene expression profiling of PTCLs
able prognosis compared to group 2 cases; however, &&Ene expression studies have been much less extensive in
justment for known clinical prognostic factors was not inthe T-cell ymphomas than in B-cell ymphomas. Using the
corporated into this analystsln a separate study the prog-CNIO Oncochip, a recent study evaluated the gene signa-
nostic significance of CXCR3 was confirmed, and CCR#ure of 42 newly diagnosed T-cell ymphomas that included
(Th2) expression was found to be associated with a pa®t PTCLs of various histologic subtypes (including 19
outcome and remained significant after adjustment for othBTCLUS) and compared the gene expression pattern sig-
clinical factors, including the IPE Interestingly, CCR4 nature to normal cellular counterparts and to lymphoblas-
expression correlated with CD25 expression. The function@t lymphoma?® Within the PTCL tumors, upstream and
significance of these chemokine receptor profiles remaigwnstream targets of the nuclear factor (MB)pathway
unknown, and confirmation of their prognostic value awaitaere featured in the molecular signature; however, evidence
further study. It is hoped that they may provide rationalf NF-kB activation and of its effect on tumor biology await
targets for novel therapies in this poor-risk populattéh. further study. This analysis was limited because it grouped
ALCL: Other biological markers beyond the ALK phe-all PTCL cases together, and because it mixed nodal and
notype have been determined to have prognostic signiéixtranodal tumor samples; however, it is the first microarray
cance in ALCL. Both ALK-positive and -negative casesnalysis of PTCLs and will be useful for comparison in
that express CD56 have a worse prognosis, independenfudfire studies. Two further groups have since attempted to
the IPI? Further, expression of survivin, a member of thetilize gene expression to subclassify PTCLs. The GELA
inhibitor of apoptosis family, also confers a worse prognanvestigators evaluated 59 primary nodal specimens of a
sis, irrespective of ALK expressiéh. variety of T-cell ymphomas using a cDNA array and spe-
In ALK-negative ALCL several other biological prog- cifically applied a multiclass predictor to separate PTCLUS
nostic factors have been determined to affect clinical outto the three subgroups: U1, characterized by the expres-
come. High numbers of activated (granzymgdytotoxic  sion of cyclin D2 and few reactive cells; U2, with some
T-lymphocytes indicate a poor progno%iRecent studies overlap with U1 but also associated with overexpression of
also suggest that high BCL2 protein expression in ALKgenes involved in T-cell activation and apoptosis includ-
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ing NFkB1 and BCL2; and U3, which included the previ-The Role of High-Dose Chemotherapy and Stem

ously defined “Lennert's lymphoma” and was characte€ell Transplant in PTCL

ized by overexpression of histiocytic markers in additio®everal small, uncontrolled trials have attempted to evalu-
to genes involved in the interfergllAK/STAT pathway® ate the role of high-dose chemotherapy (HDC) and stem
Whether these subgroups correlate with clinical outconell transplant (SCT) in PTCL. However, these studies are
awaits further study. Another group compared the gene elifficult to interpret because they are heterogeneous with
pression profile of 17 PTCLUS nodal primary tumor specirespect to usage of different lymphoma classification sys-
mens to normal T-cell subsets using the Affymetrix 133 Alems; inclusion of multiple disease entities in outcome
B microarray and found that PTCLUS cells were more rexnalyses; transplant type (allogeneic vs autologous); tim-
lated to activated T cells, both CDadnd CD8.3! Of inter-  ing (primary vs relapsed/refractory); salvage and condi-
est was overexpression of PDGFRA, confirmed by immuioning regimens used; and inclusion of pediatric cases.
nohistochemistry, which may be a potential therapeutic

target. Primary HDC and SCT in PTCL
With poor outcomes in most patients with PTCL using
Primary treatment approaches in PTCLs CHOP-type treatment, several investigators have attempted

CHOP-type chemotherapy has been the mainstay of therdpyadd consolidation treatment for patients with PTCL, in-
for PTCLs, but with the notable exception of ALK-positivecluding ALCL, in first complete remission (CR1) with HDC
ALCL, outcome has been uniformly disappointing. Thend SCT%(Table 3). In one study, 37 patients were trans-
large intergroup trial comparing CHOP to second and thigglanted in first CR with an encouraging 5-year OS of 80%.
generation regimens in diffuse large-cell lymphoma faileHlowever, the population evaluated was young (median age
to reveal any survival differences among the regimens b8t) and included some patients with ALCL, a group with a
unfortunately, as immunophenotyping was not widely avaifhore favorable prognosis when transplanted in ©Rr-
able at the time of the study analysis, the impact of thher, ALK protein status was unavailablén ALCL, simi-
specific treatment regimens in the subgroup of patients wittr excellent results have been observed in other studies of
T-cell ymphomas was not assessabBome groups have up-front transplant; however, CHOP alone also results in
specifically evaluated more dose-intensive regimens high cure rate® Another prospective study evaluated 24
PTCLS2*%with no firm conclusions demonstrating superipatients with PTCL (PTCLUS = 12; AILT n= 12), trans-
ority to CHOP chemotherapy. planted in first remission. With a median follow-up of 15
Generally, treatment approaches to date have been simienths, 16 of the 21 patients who were successfully trans-
lar among the PTCL subtypes. One exception is extranogdhnted patients remained in remisstém the absence of
NK/T cell ymphoma, where radiotherapy appears to be thandomized trials proving superiority to conventional che-
key treatment modality, with more favorable outcomemotherapy, the use of HDC and SCT in the primary treat-
observed in treatment regimens that incorporate radioient remains experimental in any histological subtype.
therapy>*%” Frequent progression during anthracycline-
based chemotherapy has been observed in several studiemsplant in relapsed/refractory PTCL
of NK/T nasal type lymphoma, suggesting an inherent r&atients with relapsed PTCL who demonstrate chemosen-
sistance of these tumors to conventional systemic theragifivity respond favorably to HDC and SCT, with long-
that may be related to expression of P-glycoprotein resuterm survival rates of approximately 35%-4%%%(Table
ing in multi-drug resistanc& Because of this some groups3). The results in patients with refractory PTCL are less
have advocated the use of front-line radiotherapy in locghvorable with some studies reporting no long-term survi-
ized NK/T-cell ymphom&? Collectively, these results sug- vors*® Another report by the same authors reported a 5-
gest that radiation should be the primary therapy in locafear OS of 37% in a group of patients who were deemed
ized NK/T-cell lymphoma. However, both local and sysinduction failures* However, most of the patients had
temic relapse remain problematic, suggesting that new agehieved a PR and in the absence of functional imaging,
proaches are needed, perhaps combining radiotherapy watime of these cases may have represented tru¢ S&s.
alternate, radiosensitizing chemotherapy. Further, survivegss rate varies with pre-transplantiRind, not surpris-
in patients with more widespread disease at presentatioririgly, by histologic subtype, with ALCL demonstrating
extremely poor, underscoring the need for improved cheensistently superior salvage rates than PTCBEYS#
motherapy. These favorable results in ALCL may not extend to ALK-
Cutaneous ALCL should also be treated differently asegative ALCL, with one small study suggesting poor out-
it has an indolent course, and although relapses are fomme with HDC SCT in this populatidhPatients with
guent, the 5-year OS is approximately 90%. The majoritelapsed or refractory PTCL and documented chemosensi-
of patients can be treated with localized excision with dive disease should be offered HDC and SCT, similar to the
without radiotherapy. Patients with disseminated skin digractice in DLBCL.
ease may be at greater risk of developing extracutaneous Experience with allogeneic SCT in PTCL is limited to
involvement and may benefit from systemic therapy.  small series with highly selected patients. Treatment mor-
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Table 3. Selected studies in the last 5 years evaluating the outcome of peripheral T-cell lymphoma (PTCL) patients who
have received high dose chemotherapy and autologous (auto) or allogeneic (allo) stem cell transplant in first remission

or with relapsed refractory disease.

Total First Remission
No. PTCL or Relapsed/
Study Pts  Subtype (n) Refractory (n) EFS/PFS oS Comments
Rodriguez3® 115 PTCLUS (80) First remission (37) 79% (5y) 80% (5y) ALK status unknown;
ALCL (25) Auto median age 31 for
AILT (6) primary transplant
Other (2) Relapsed/refractory (78) 79% (5 y) 80% (5y) No patient salvaged with
Auto 39% (5y) 45% (5y) refractory disease
Jagasia43 28 PTCLUS (6) Relapsed/refractory 50% (3y) 43% (6 y) Outcome analyses
ALCL (11) Auto (23) combined auto and allo
ALK positive (7) Allo (5) Non-ALCL Non-ALCL transplants
ALK negative (4) 38% (3y) 47% (3 y)
CUTALCL (5)
AILT (3) ALK ALCL ALK* ALCL ALK* ALCL superior
NK/T (3) 100% (3y) 100% (3 y) outcome to other
ALK~ ALCL ALK~ ALCL PTCLs and
DLBCL
0% (3y) 50% (3y)
Blystad3® 40 PTCLUS(20) First remission (17) 48% (3'y) 58% (3 y) Outcome analyses
ALCL (14) Auto combined first remission
AILT (2) non-ALCL44% (3 y) and relapsed groups
ETTL (2) Relapsed (23) ALCL 79% (3 y) ALK status unknown
NK/T (2) Auto
Song#4 36 PTCLUS (20) Relapsed/refractory 37% (3 y) 48% (3y) ALCL (ALK status
ALCL (9) Auto unknown) Xxxx to improve
AILT (2) PTCLUS PTCLUS outcome compared with
NK/T (4) 23% (3 y) 35% (3y) PTCLUS and DLBCL
ETTL (1) ALCL ALCL
67% (3y) 78% (3y)
Corradini4’” 17  PTCLUS (9) Relapsed/refractory 64% (3 y) 81% (3 y) Many had late relapses
ALK~ ALCL (4) RIC Allo
AILT (4) Unknown whether primary

CUTALCL were included

Abbreviations: AILT, angioimmunoblastic T-cell ymphoma; ALK, anaplastic lymphoma kinase; ALCL, anaplastic large cell lymphoma
(ALK positive (*) and negative (7); CUTALCL, cutaneous ALCL; EFS, event-free survival; ETTL, enteropathy-associated T-cell
lymphoma; PFS, progression-free survival, OS, overall survival; PR, partial remission; PTCLUS, peripheral T-cell lymphoma,
unspecified; Auto, high-dose chemotherapy and autologous stem cell transplant; allo, allogeneic transplant; RIC, reduced intensity
conditioning

tality is high in patients receiving full myeloablative allo-Novel Treatment Approaches
geneic transplartt. Reduced-intensity conditioning (RIC) For many PTCL patients current treatment strategies are
has recently emerged as an attractive strategy for patielasyely ineffective and new therapies are being explored.
at increased risk of treatment-related toxicity, although &nthracycline-containing regimens have demonstrated lim-
has not been extensively evaluated in aggressive lymphted success in PTCLs, with most series documenting few
mas. A small pilot studyn(= 17) was recently performed long-term survivors. Nucleoside analogs have recently been
evaluating RIC in patients with PTCL.The majority of gaining interest in this disease. Gemcitabine has shown
cases were PTCLUS and many had relapsed after autadativity in relapsed PTCLs as a single ag&bijt has not
gous HDC SCT. Although this was a highly selected popyet been explored in combination with other agents. Com-
lation including many with a history of late relapse angound 506U78, a pro-drug of AraG, a deoxyguanosine ana-
almost all having a sibling donor and demonstratintpg, has been evaluated as a single agent in PTCL. The
chemosensitive disease, the 3-year overall and progressidnig is rapidly converted in the blood to Ara-G and has
free survival rates were encouraging at 81% and 64%, texic effects on T-cells. Unfortunately, grade 3/4 neurotox-
spectively. Further, responses were observed after doicity is problematic, and early treatment related deaths have
leukocyte infusion (DLI), providing further evidence thatlimited further developmertt.
a graft-versus-T-cell ymphoma effect may exist in PTELSs. IL2-receptor (IL-2R) is a marker of T-cell differentia-
tion, and the CD25 subunit of this receptor is expressed in
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a subset of patients with PTCLUS and CD20.CL. patients with a overall response rate of Z26%.
Denileukin diftitox (ONTAK) is a fusion molecule of IL-2 Recently, immunotherapy has emerged as an impor-
to diphtheria toxin that targets tumor cells expressing thant adjunct to traditional cytotoxic chemotherapy in B-
IL-2R and has been shown to have efficacy in patients wittell ymphomas. Alemtuzumab, a humanized monoclonal
cutaneous T-cell ymphoma. Limited reports have also derantibody directed against the CD52 antigen, is present on
onstrated tumor responses in relapsed PTGIable 4), most malignant T-cells, making it an attractive target for
but toxicity remains significant. Flu-like symptoms and®TCL. Additional widespread CD52 expression on normal
hypersensitivity reactions have limited its usage and corii/B-cells, monocytes, and macrophages results in profound
bination with other therapies. Antibodies directed at thenmunosuppression and has restricted combination with
CD25 subunit (human anti-TAC antibody, daclizumab) andhemotherapy. As a single agent in heavily pretreated pa-
an anti-CD25 recombinant immunotoxin in addition to @ients with PTCL the overall response rate with alem-
radioconjugate of anti-Tac with 90-yttrium are also curtuzumab was 36% in one rep&rSeveral studies are evalu-
rently being evaluated as potential therapeutic agénts. ating the addition of alemtuzumab with chemotherapy.
Histone deacetylase inhibitors (HDIs) are a new clagdombination of alemtuzumab with fludarabine, cyclophos-
of anti-neoplastic agents currently being evaluated in caphamide, and doxorubicin in untreated and relapsed pa-
cer clinical trials. Histone acetylation modulates gene exients was evaluated in a variety of PTCESOf 18
pression, cellular differentiation, and survival and is regwevaluable patients, the majority had PTCLWUS (0), with
lated by the opposing activitiebhistone acetyltransferasesan overall response rate of 61%, and those patients treated
(HATs) and histone deaceylagefdACs). HDAC inhibi-  primarily with this regimen had a CR rate of 78%; however,
tion results in accumulation of acetylatecleosomahi- assessment of survival awaits longer follow-up. Of con-
stones and induces differentiation and/or apopitosians- cern, over half of the patients developed cytomegalovirus
formed cells. Depsipeptide, an inhibitor of histondCMV) reactivation. These encouraging results suggest that
deacetylation, has demonstrated activity in relapsed PT@he combination of alemtuzumab with chemotherapy is

Table 4. Targeted novel therapies in relapsed/refractory peripheral T-cell lymphomas (PTCLSs).

Agents Target PTCL (n) Clinical studies (ref)
Nucleoside analogs
Gemcitabine Nucleoside analog; non-specific  PTCL (10) 60% ORR48
DNA synthesis inhibition
AraG
506U78 (Nelarabine)-pro-drug Nucleoside analog; selective PTCL (8) Phase | ORR 14%%49
toxicity for T cells Toxicity: 2 early deaths
Immunotoxin
Denileukin difitox IL-2 receptor PTCL (14) Phase Il ORR 50%%0
Histone deaceylase Inhibitors
Depsipeptide Histone de-acetylation PTCL (19) Phase Il ORR 26%%2
Immunotherapy
Anti-CD25, yttrium-90 labeled CD25 ATLL (18) Phase I/ll ORR 56%°5!
Alemtuzumab CD52 PTCL (14) Pilot ORR 36%53
Toxicity: CMV reactivation 43%;
36% TRM—study closed early
Alemtuzumab + fludarabine, CD52 PTCL except Pilot ORR 61%54
cyclophosphamide + doxorubicin ALK* ALCL (23) Toxicity: 81% grade lI/IV
included untreated leukopenia; 56% CMV reactivation
patients
SGN30 CD30 ALCL (5) SGN30 phase Il OR 33%55
(chimeric monoclonal antibody) Toxicity: well tolerated
MDX-060 (fully human anti-CD30) CD30 ALCL (6) MDX-060 ORR 33%
Toxicity: no MTD>®
5F11 (fully human anti-CD30) CD30 CD30* ALCL 5F11 phase | study ongoing in
CD30" lymphomas
KM2760—Anti-CCR4 CCR4 ATLL CCR4* Preclinical studies ongoing®’
(chimeric monoclonal antibody) PTCLs

Abbreviations: ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; ATLL, adult T-cell lymphoma/leukemia; CMV,
cytomegalovirus; IL, interleukin; MTD, maximum tolerated dose; ORR, overall response rate; PTCL, peripheral T-cell lymphoma; TRM,
treatment-related mortality; ATLL, adult T-cell lymphoma/leukemia (HTLV1)
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feasible; however, toxicity remains a major limitation. factors in a series of 174 patients diagnosed according to
CD30is uniformly expressed in ALCL and a subset °§ the R.E.A.L. Classification. Ann Oncol. 1998;9(8):849-855.

. . . L . Gallamini A, Stelitano C, Calvi R, et al. Peripheral T-cell
patients with PTCLUS. With minimal expression on nor- lymphoma unspecified (PTCL-U): a new prognostic model

mal cells, it is the ideal therapeutic target. Phase I/ll studies from a retrospective multicentric clinical study. Blood.
have been initiated with chimeric (SGN30) and fully hu- 2004;103(7):2474-2479. N
manized antibodies directed against CD30 (MDX-O6(9,' Mason DY, Bastard C, Rimokh R, et al. CD30-positive large

. L. cell lymphomas (‘Ki-1 lymphoma’) are associated with a
55,56
5F11) in ALCL (Tab|e4)' Several ObJeCtlve reésponses  chromosomal translocation involving 5q35 [see comments].

have been reported in phase Il reports, and ongoing studieser J Haematol. 1990;74(2):161-168.
with these agents suggest that an additive benefit is seed@nNascimento AF, Pinkus JL, Pinkus GS. Clusterin, a marker

combination with chemotherapy. Unfortunately the ma- for anaplastic large cell lymphoma immunohistochemical
! profile in hematopoietic and nonhematopoietic malignant

jority of' PTCLs do not express this antigen and better tar- ,o,51asms. Am J Clin Pathol. 2004:121(5):709-717.

gets, with limited expression on normal tissue, are needad, A clinical evaluation of the International Lymphoma Study
With recent studies demonstrating that a subset of patients Group classification of non-Hodgkin's lymphoma. The Non-
with PTCLUS and ATLL express CCR4, investigators are Hodgkin's Lymphoma Classification Project. Blood.

A . ) ) 1997;89(11):3909-3918.
evaluating the efficacy of anti-CCR4 monoclonal in thesg, Gascoyne RD, Aoun P, Wu D, et al. Prognostic significance
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; ; ; _1999;93(11):3913-3921.
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