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The clinical factors described by the International stratification and choice of treatment.

Prognostic Index (IPI) provide a model for risk stratifi- Treatment of relapsed DLBCL remains a major

cation in diffuse large B-cell ymphomas (DLBCLS). problem. High-dose therapy (HDT) and stem cell

However, there is variability in outcome within IPI risk transplantation (SCT) has been shown to produce

groups, indicating the biological and clinical heteroge- superior overall survival (OS) compared with conven-

neity of these diseases. Studies of gene expression tional dose salvage therapy in patients with relapsed,

profiling (GEP) in DLBCL are uncovering biological chemosensitive DLBCL. However, only 20% to 30% of

heterogeneity with prognostic significance. Various patients are cured by this approach, and the effective-

gene expression signatures with predictive value ness of HDT and SCT in patients treated with ritux-

independent of the IPI are now recognized. Immuno- imab-based combinations as first-line therapy is

phenotypic features of DLBCL have also been shown unknown. Although new transplant techniques includ-

to have prognostic value. The use of fluorodeoxy- ing non-myeloablative allogeneic SCT are being

glucose—positron emission tomography (FDG-PET) investigated, their role is unclear. New treatment

scanning may provide additional predictive informa- strategies are needed for these patients. The use of

tion when used at diagnosis or soon after initiation of molecular techniques such as GEP is identifying many

treatment. Future prognostic models in DLBCL are potential new therapeutic targets in DLBCL including

likely to incorporate functional imaging, immuno- histone deacetylase, HLA-DR, bcl-2, bcl-6, mTOR and

phenotype and GEPs as well as clinical data in risk TRAIL.

Risk Stratification in outcome. The failure of first remission HDT and SCT to

Diffuse Large B-cell Lymphoma improve survival in poor risk disease is one such exafnple.
The failure of these clinical risk factors to reliably predict

Clinical prognostic factors in DLBCL response to specific therapies in part reflects the inherent

The clinical prognostic factors described in the Internaiological heterogeneity of DLBCL and highlights the need
tional Prognostic Index (IPI)Téble 1) have been used in for more precise, patient-specific and biologically based
risk stratification for patients with diffuse large B-cell lym-risk factors. The use of appropriately timed functional im-
phoma (DLBCL) for more than a decadehe age-adjusted aging may prove valuable in this respect.

IPI (aalPl) has also been used extensively, particularly in

studies adopting intensive treatment approaches such as

high-dose therapy (HDT) and stem cell transplantation

(SCT). A stage-modified IPI has also been proposed for

patients with limited-stage disease. Although the IPI has
proved valuable for stratification of patients in clinical tri-Correspondence: John William Sweetenham, MD, Bone Marrow
als, there is variability in outcome within the individualTransplant Program, Arizona Cancer Center, 1515 N. Campbell
risk groups. Additionally, there is little evidence that treatfVe:, PO Box 245024, Tucson AZ 85724-5024; Phone (520)
ments ‘tailored’ to specific IPI risk groups have improvec@26'5210' Fax (520) 626-2340, jsweetenham@azcc.arizona.edu
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Table 1. Five-year relapse-free and overall survival rates
according to the International Prognostic Index (IPl) and
age-adjusted IP| (adapted from reference 1.

Number of 5-Year 5-Year
Adverse Relapse-Free Overall
Risk Group Factors* Survival (%) Survival (%)
International Prognostic Index
Low Oorl 70 73
Low-intermediate 2 50 51
High-intermediate 3 49 43
High 4o0r5 40 26
Age-adjusted International Prognostic Index
Low 0 86 83
Low-intermediate 1 66 69
High-intermediate 2 53 46
High 3 58 32

* Adverse risk factors for IPI are: stage Il or IV disease, age
> 60 years, elevated lactate dehydrogenase (LDH), ECOG
performance status = 2, = 2 extranodal sites

# Adverse risk factors for age-adjusted IPI are: stage IIl or IV
disease, elevated LDH, ECOG performance status = 2

Potential prognostic value of functional imaging
using FDG-PET after or during therapy for DLBCL

use of FDG uptake after the first cycle of chemotherapy in
patients with NHL and Hodgkin lymphoma and compared
this with PET scans performed at the completion of chemo-
therapy? At both time points, a positive FDG-PET was as-
sociated with shorter PFS compared with a negative PET.
The false negative rate was higher at the completion of
therapy compared with after one cycle (35% vs 15%, re-
spectively). The PPV was higher after one cycle compared
with after completion of therapy (90% vs 83%), as was the
NPV (85% vs 65%). In a follow-up study, this group has
reported similar results when using a more refined PET
method. Of 10 patients with persistent FDG uptake after
one cycle of therapy, 9 relapsed with a median PFS of only
2 months. Of 17 patients with negative uptake after one
cycle, none has relapsdé £ < 0.0001). Early PET had an
estimated sensitivity and NPV of 100%, a specificity of
94%, a PPV of 90% and an overall accuracy of 96%.

These results suggest a possible role for early func-
tional imaging as a predictive factor in DLBCL. New pro-
spective trials in DLBCL should now incorporate func-
tional imaging as an endpoint to evaluate its utility in more
precisely defined and uniformly treated patient popula-
tions.

The use of fluorodeoxyglucose—positron emission tomog- Despite these encouraging preliminary data, the clini-
raphy (FDG-PET) to predict outcome after completion ofal utility of functional imaging remains unclear. Although
first-line therapy for DLBCL has been investigated by sevit may reliably detect disease resistance early in the course
eral groups. Spaepen et al reported results for 96 patieafstherapy, there is no evidence to suggest that an early
with aggressive non-Hodgkin lymphoma (NHL) evaluateg¢hange of therapy in poorly responding patients improves
by PET scanning at the completion of thera@f. 67 pa- survival. Previous studies of ‘early’ HDT and SCT in ‘slow
tients with negative PET scans, 80% remained in clinicsgsponders’ have failed to show a survival advantage for
complete response (CR) with a mean follow-up of 730 daysansplantatio.Using dynamic dosing regimens such as
The median time to relapse for the remaining 20% was 3t6se-adjusted EPOCH-R (etoposide, prednisone, vincris-
days. Of 29 patients with positive PET scans, all relapséitie, cyclophosphamide, doxorubicin, rituximab), early
with a median disease-free interval of only 105 days. InfEDG-PET appears less predictive (personal communication,
similar study Mikhaeel at al have reported a positive- (PPWYH Wilson, MD, PhD), suggesting that it’s utility may be
and negative-predictive value (NPV) of 100% and 82%ggimen-dependent. There is continued uncertainty regard-
respectively, for PET scanning used at the completion fg the interpretation of PET scans in NHL. The criteria for
therapy! ‘positive’ versus ‘negative’ scans based on standard up-
Although these data suggest that post-treatment furieke values (SUVs) have been inconsistent in different stud-
tional imaging has predictive value, its clinical utility isies. Additionally, availability of functional imaging, ex-
less clear since there is no evidence that additional or ipense and third party reimbursement remain problematic
tensified treatment at this point can improve outcome. Sorifesome centers.
groups have therefore investigated whether functional im-
aging during therapy can predict response and survivéflolecular and immunohistochemical
allowing early change of therapy in patients with a prgorognostic factors in DLBCL
dicted poor outcome. Early functional imaging might be Recent studies using gene expression profiling (GEP) in
more accurate predictor of outcome since it may uncovB.BCL have identified patterns of gene expression, as well
persistent metabolic activity in resistant clones, which res individual genes that appear to have important prognos-
spond more slowly to chemotherapy than sensitive ondis: significance, related to underlying tumor biology. These
Some small published series have shown that persistefservations have been used to develop risk groups based
FDG uptake after 2 to 4 cycles of chemotherapy predice small numbers of genes or on immunohistochemical
for subsequent progression-free survival (PFS) in NHL. Istains. In addition, the expression of many individual pro-
these studies, patients who are PET negative have a 0%eigis detected by immunohistochemistry has been shown
16% probability of relapse, compared with 87% to 100% have prognostic significancg&aple 2).
of PET positive patients. Analysis of the expression of thousands of genes in
More recently, Kostakoglu et al have investigated thBLBCL using cDNA and oligonucleotide microarrays has
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Table 2. Examples of individual immunophenotypic shorter survival. Tissue micorarray (TMA) technology has
features with reported prognostic significance in diffuse recen“y provided further prognostic information in
large B-cell lymphomas (DLBCL). . . . .

DLBCL. This technique allows simultaneous, high through-
put immunohistochemical analysis of protein expression

Immunophenotype Impact on Prognosis ! . ) . . . ;
bol-2 expression adverse |'n'mu'lt|ple specimens on a single slide, al.lowm'g the iden-
_ tification of protein surrogates for genes identified as be-

bcl-6 expression favorable . .

HLA clacs I _ . o ing dysregulated in GEPs. These can be performed on rou-
class Tl expression avorable tine formalin-fixed and paraffin-embedded clinical

M_utated [.)53 adverse sampleg!

High proliferative rate defined by Ki-67 adverse Hans et al have reported results from a TMA contain-

Tumor-infiltrating lymphocytes favorable ing 152 DLBCL cases, of which 142 had been previously

CD5 expression adverse evaluated using cDNA microarrajfsSections were stained

MUM-1 positive adverse for CD10, bcl-6, MUM1, FOXP1, cyclin D2 and bcl-2. Ex-

Cyclin D2 positive adverse pression of bcl-6 and CD10 was associated with a favor-

able outcome compared with MUML1 or cyclin D2 expres-
sion. Cases were classified as GCB-like or ABC-like based
been performed by several groups and has been showmioexpression of bcl-6, CD10 and MUM1 according to the
correlate with clinical outcome. In studies using theriteria shown imable 3. The 5-year OS for the GCB group
lymphochip cDNA microarray in 44 patients with DLBCL, was 76% compared with 34% for the non-GCB group. The
Alizadeh et al demonstrated that OS was higher in patier®sS rates reported were very similar to those reported for the
who had high levels of expression of genes characterisiame cases classified using GEPs. In multivariate analysis
of normal germinal center B-cells (GCB), compared wittigh IPI score and non-GCB phenotype were independent
those with an activated B-cell-like (ABC) expression propredictors of OS. Zinzani et al have confirmed the adverse
file.” Using oligonucleotide microarrays, Shipp et al deprognostic significance of the non-GCB phenotype in 68
scribed a 13 gene predictive model in 77 patients witbatients with nodal DLBCL treated with the MACOP-B
DLBCL uniformly treated with CHOP-based chemo-methotrexate, doxorubicin, cyclophosphamide, vincris-
therapy? A subsequent study by Rosenwald et al describeihe, prednisone, bleomycin) regim&mlithough there was
a 17-gene predictive model, based not only on the cell nbt complete concordance with the Hans study in terms of
origin of the tumor, but also on the host immune respons$ige antigens defining GCB or non-GCB phenotype the OS
and the proliferative rate of the turf@figure 1; see Color for these subgroups was comparable in both studies, con-
Figures, page 547). Both of these predictive models wefieming the potential for TMAs to determine possible im-
independent of the IPIl. However, the microarrays used munohistochemical surrogates for GEP studies.
these studies were different, as were the techniques used for
developing predictive models, such that there was no oveSummary
lap between the genes identified in these two studies. Emerging results from GEPs and TMAs demonstrate the
Although microarray techniques have advanced umower of these techniques as prognostic tools in DLBCL.
derstanding of the biology of lymphoid malignancy andHowever, many uncertainties exist that will need to be re-
have allowed the prognostic groups identified by the IPI teolved before these techniques gain widespread use in risk
be further refined, their clinical utility is limited by the stratification. One of the largest potential limitations of the
requirement for fresh or optimally cryopreserved sample§EP and TMA studies to date is that these are based on
and by high costs. A simplified 6-gene predictive modgdatient samples obtained before the widespread use of
has subsequently be developed by Lossos et al using quatuximab in the treatment of DLBCL. Several studies have
titative RT-PCR in 66 patients with DLBCL treated withdemonstrated that prognostic factors in DLBCL can be
CHOP-based chemotherayn this model 3 gene&MO2, modified by therapy. The adverse prognostic significance
BCL6 and FN1) were correlated with prolonged survivalof bcl-2 expression in DLBCL can be overcome by the
and 3 BCL2, CCND2 and SCYA3) were correlated with addition of rituximab to chemotherapy, using CHOdhd
dose-adjusted EPOCH This regimen has also been re-
ported to modify the adverse prognostic significance of

Table 3. Tissue microarray criteria for germinal center B- ABC phenotype as determined by GER a recent study

cells (GCB) versus non-GCB derivation of diffuse large B-

cell lymphomas (DLBCL). (Adapted from reference  2.) from the Eastern Co-operative Oncology Group (ECOG)
Winter et al have shown that the adverse prognostic effect
5-year 5-year of lack of bcl-6 expression in DLBCL for patients treated
Event-Free Overall with CHOP is abolished when rituximab is added to che-
CD10  Bcl6 MUM1 Survival (%) Survival (%) motherapy” New studies are therefore in progress based
GCB A SR S R 63 76 on material from patients with DLBCL treated uniformly
Non-GCB - - + 36 34 with CHOP-rituximab.
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The availability of snap frozen material for GEP studhave extended the use of SCT approaches to older patients,
ies remains a limitation likely to prevent the widespreatypically up to 70 or 75 years old. Most centers will offer
application of GEPs in routine clinical practice. In this retransplantation to patients who achieved a partial as well
spect TMAs are likely to represent a more accessible methasl complete response to their initial chemotherapy, and the
for detecting protein surrogates for genes detected lige of PBPCs has diminished the requirement for an
microarray analysis. Based on emerging data from TMAsminvolved bone marrow at the time of harvesting. There-
correlated with GEPs, it is likely that the use of a relativelfore, HDT and ASCT is now being used in a different, less
small number of immunohistochemical stains may providgefined patient population from those included in the
adequate information for risk stratification. PARMA trial. There are no trials that demonstrate a sur-

These factors will require prospective evaluation iwival advantage for SCT in this extended patient group.
the context of clinical trials before they become part of The emergence of new, more effective first-line thera-
routine clinical practice. Until then, the IPI should still bepies for aggressive NHL also raises questions about the
considered the standard system for risk stratification in thisost effective salvage strategies. The addition of rituximab
disease, particularly since its value as a prognostic modelCHOP and other first-line regimens for aggressive NHL
appears to be maintained for patients in the relapsed deds been shown to improve response and survival rates in

ting as well as those who are previously untreated. patients with DLBCL2-22Similar improvements in response
and survival rates have been reported with dose-dense regi-
Management of Relapsed DLBCL mens, including CHOP-1# lt is unclear whether HDT and
ASCT will prove to be an effective salvage strategy for
The role of high-dose therapy and autologous patients who relapse after these regimens. For example, a
stem cell transplantation recent report of dose-adjusted EPOCH-R as primary therapy

The PARMA trial established HDT and autologous SCTh DLBCL has shown a 2-year PFS of 83%, with an almost
(ASCT) as standard therapy for relapsed DLBCL that islentical OS indicating the high activity of this regimen,
still sensitive to conventional dose salvage chemothéfapyand the inability to salvage relapsing patients with high
However, the results of this trial and their relevance tdose strategies (WH Wilson, MD, PhD, personal communi-
present management of DLBCL should be re-evaluatechtion). A retrospective comparison of outcomes follow-
Inclusion criteria for this study included age < 60 years, iag ASCT for patients receiving first-line CHOP or CHOP-
CR to previous therapy, and absence of bone marrow rituximab has been reporté&dNo difference in EFS or OS
central nervous system involvement. Additionally, multiplevas observed according to initial treatment in this study,
histologic subtypes of aggressive NHL were included, naithough only 103 patients were analyzed. The potential
all of which were DLBCL. Of the initial 215 patients en-benefit of HDT and ASCT in patients with relapsed DLBCL
tered on study, only 109 were randomized, with most of thg, therefore, once again unclear and requires re-evaluation.
remaining patients excluded because of failure to respond

to salvage therapy with DHAP (dexamethasone, cytaraRecent studies in stem cell transplantation

ine, cisplatin). All subsequent survival analyses were r&he emphasis of recent clinical research in this area has
stricted to randomized patients only, with no intent-to-tredteen twofold. Many investigators have attempted to de-
analyses performed. The importance of intent-to-treat analyelop more effective second-line regimens in order to maxi-
ses in this context is illustrated by the data summarized nize the number of patients in CR prior to SCT. Other in-
Table 4, showing response rates to second-line chemuestigators have attempted to identify prognostic factors
therapy for ‘transplant eligible’ patients

treated with second-line regimens, and the

event-free survival (EFS) following ASCT. Table 4. Results of selected studies of pretransplant salvage therapy for

Response rates to second-line theram@gressive NHL. Response to second-line therapy and outcome according to

should not be regarded as a suitable enijent-to-treat analysis.
point in studies designed to assess the ef-

fectiveness of SCT. The original publicagegimen tsesépeocrg)sned—RL?rf: T ra,\rlmlsjggr?tred Event-Free
tion of the PARMA study does not pro-(reference) n  Chemotherapy (%) Survival
vide statistical power calculations for thevini-seam (19) 102 43% 38 (37%) 22% at 3 years
trial. Since the trial was stopped premarcg (20) 163 66% 96 (59%) 35% at 3 years
turely because of low accrual it is ungleabHAP (18,25) 215 58% 55 (26%)* 24% at 3 years
that it was adequately powered to rellabI)é_ICE (26) 36 28% 25 (69%) 54% at 2 years*

detect significant differences in OS or DFS.

The relevance of this study in the _ _ - _ _ _

resent context is unclear. Im rovement* randomized trial—remaining patients randomized to continued DHAP therapy
P . . y P ﬁbbreviations: mini-BEAM, carmustine, etoposide, cytarabine, melphalan; ICE,
in supportive care, including the use Oftosfamide, carboplatin, etoposide; DHAP, dexamethasone, cytarabine, cisplatin;

peripheral blood progenitor cells (PBPCs)R-ICE, rituximab + ICE

Hematology 2005 255



that will limit the use of SCT approaches to those patienence for those with aalPI scores of 1 to 3. In a similar study,
most likely to benefit, allowing remaining patients to bédamlin et al reported outcome for a homogeneous popula-

offered alternative, often experimental therapies. tion of 150 patients with relapsed or refractory DLBCL
receiving ICE chemotherapy followed by HDT and ASET.
Second-line regimens They confirmed the predictive value of the aalPI, showing

Commonly used second-line regimens used prior to ASQfiat patients with a score of 2 or 3 at the time of relapse,
for relapsed DLBCL include DHAP, ESHAP (etoposidewhen analyzed by intent to treat, had 4 year PFS and OS
methylprednisone, cisplatin), mini-BEAM (carmustine rates of only 16% and 18%, respectively, compared with
etoposide, cytarabine, melphalan) and ICE (ifosfamid@0% and 74% for patients with an aalPI score of 0.
carboplatin, etoposide). These regimens produce CR rates In the absence of prospective randomized trials, it is
of 25% to 35%. The addition of rituximab to ICE (R-ICE)difficult to conclude that HDT and SCT offers a definite
increases the CR rate to 53% compared with 27% for psurvival advantage to low-risk patients, although both these
tients treated with ICE in a previous std#ifhe PFS after studies show poor results in patients with high aalPl scores,
transplantation was noted to be slightly longer in patiensiggesting that these patients should be offered alterna-
treated with R-ICE compared with historical patients retive strategies.

ceiving ICE (54% vs 43% at 2 years) although this did not The potential use of TMAs to predict outcome in re-
reach statistical significance. The overall response ratlepsed patients has been investigated in a single study in
did not differ between ICE and R-ICE and OS was also thwehich tissue for TMAs was available for 88 of 186 patients
same for both groups. None of the patients in these twath relapsed or refractory DLBCL uniformly treated with
series had received rituximab as a component of initilCE chemotherapy prior to SCTThe TMA included im-
therapy. The effectiveness of adding rituximab to secondiunohistochemical markers distinguishing between GCB
line therapy for patient previously treated with rituximatand non-GCB origin. The aalPl at relapse was shown to
remains unclear. Current randomized trials evaluating seeliably predict OS after SCT. No difference in survival
ond-line regimens have mostly included rituximab, eveafter SCT was observed for patients with GCB or non-GCB
for patients who have previously been treated with thighenotype according to TMAs. At present, there are very
agent. Such studies include the NCI Canada LY 12 studyfiew published data from studies of GEPs at the time of
which patients with relapsed DLBCL will be randomizedelapse, partly due to a shortage of appropriately frozen
to receive rituximab GDP (gemcitabine, dexamethasongssue specimens. The predictive value of GEP signatures
cisplatin) or rituximab-DHAP as a second line regimen pricait relapse is under investigation.

to SCT, and the CORAL study in Europe, in which a similar At present HDT and ASCT remains the standard of
patient group are randomized between rituximab DHAPare for patients with relapsed DLBCL following CHOP or
and R-ICE. At present, the optimal second-line regimen 8milar chemotherapy provided the disease is sensitive to
unclear, and the benefit of the inclusion of rituximab irsecond-line chemotherapy. Although there are few data to
second-line therapy for patients previously exposed to theenfirm the benefit of this approach in patients relapsing

agent is also unclear. after rituximab-based therapy, itis likely to remain the stan-
dard. However, for those patients with high aalPI scores at

Prognostic factors for patients the time of relapse, and for those with chemorefractory dis-

with relapsed DLBCL ease at the time of relapse, other approaches are required.

Early studies of HDT and SCT demonstrated the impoirherapies under investigation for these patients, as well as
tance of chemosensitivity as a predictive factor for outhose whose disease relapses after HDT and ASCT include
come after transplantation. Other favorable factors identdlogeneic stem cell transplantation, radiolabeled mono-
fied in many studies include initial remission duration otlonal antibodies and various novel targeted therapies.
greater than 12 months and the absence of bulky disease at

the time of SCT. The predictive value of the age-adjustedlilogeneic SCT in relapsed DLBCL

IPI has been demonstrated in a follow-up of patients treat€dirrent data on the role of allogeneic SCT and reduced
on the PARMA triaf’ The aalPI at the time of relapse wasntensity allogeneic SCT for patients with poor-risk DLBCL
available for 204 of the original 216 patients and was highlre very limited. Comparative studies of autologous and
predictive of response to DHAP with an OR rate of 77% fagllogeneic SCT for aggressive NHLs have failed to show a
patients with an aalPI score of 0, falling to 42% for thossurvival advantage for allogeneic SCT, despite the obser-
with a score of 3. The aalPI score was also predictive of @&tion of lower relapse rates in patients undergoing alloge-
for the entire cohort of patients. For randomized patientseic SCT compared with those undergoing ASCThis

the aalPIl was predictive of OS for those receiving DHARower relapse rate has usually been offset by the higher
but the prognostic significance of the aalPl was lost in thosegimen-related mortality associated with allogeneic trans-
undergoing ASCT. Of note, in subset analysis, there was plantation. At present, there is no clear evidence of a clini-
difference in PFS or OS according to randomized arm faally significant graft-versus-lymphoma effect in DLBCL,
patients with aalPl score 0, but a highly significant differand patients should only receive this therapy in the con-
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text of a research study. genes. Deacetylation of histones results in condensed chro-
Although allogeneic SCT is now being used increasnatin structure and repression of gene transcription. In-
ingly in patients with DLBCL who relapse after ASCT, therénibitors of HDAC include suberoylanilide hydroxamic acid
are few data at present to confirm its effectiveness. A rec§®AHA), which has been shown to induce differentiation
study analyzed outcomes for 114 patients with various hignd/or apoptosis in various tumor cell lines and has dem-
tologic subtypes of NHL who relapsed after ASCT and resnstrated clinical activity in heavily pretreated patients
ceived myeloablative allogeneic SE&TThe authors re- with NHL. These agents probably influence multiple path-
ported a 52% disease progression at 3 years, with a regays. Preclinical data suggest that these agents may be
men-related mortality of 22%. Three-year OS and PFS waapable of upregulating expression of MHC class Il anti-
33% and 25%, but with longer follow-up to 5 years, thesgens in DLBCL, potentially rendering these tumors more
figures fell to 24% and 5%. No analysis was performesusceptible to immune surveillance. Previous studies have
with respect to NHL subtype, and the outcome for patienshiown that lack of MHC class Il expression is an adverse
with aggressive NHL is therefore not available from thigrognostic factor in DLBCE? They may also exert some
study. However, the failure to demonstrate curative poteof their activity in DLBCL through bcl-6. This gene is
tial in this highly selected group suggests that this approatifought to be important in the pathogenesis of DLBCL
should also be restricted to patients in prospective clinicahd has been shown to be anti-apoptotic in tumor cells,

trials. possibly through inhibition of transcription of the p21WAF-
1 gene. In the presence of HDAC inhibitors, p21WAFL1 tran-
Radiolabeled monoclonal antibodies scription results in growth inhibition, apoptosis and differ-

Both ¥4 tositumomab (Bexxar) an®Y-ibritumomab entiation. Various HDAC inhibitors are now in early phase
tiuxetan (Zevalin) have been shown to be active agents fdimical trials in DLBCL and results are awaited.

patients with indolent and transformed CD20-positive B- Mammalian target of rapamycin (mTOR) is a serine/
cell lymphomas, but only limited experience exists withhreonine protein kinase involved in the regulation of cell
the use of these agents in DLBCL. A multicenter phase growth in response to multiple nutrients. It has an impor-
study in Europe has assessed the rof8Yofbritumomab tant role in many cellular functions. It is phosphorylated
tiuxetan in 104 patients with relapsed or refractory DLBClia the PI3/AKT pathway and plays a role in the regulation
who were not eligible for HDT and ASCT, mainly becausef apoptosis. It also appears to be involved in the regula-
of advanced ag®&.The overall response rate was 44% antion of angiogenesis through effects on production of VEGF.
was noted to be higher in patients who had not had priGtinical studies of various agents which target mTOR are
therapy with rituximab, compared with those who had beerow underway, including CCI-779.

previously treated with rituximab and chemotherapy as their Targeting of angiogenesis has also been investigated
primary treatment. Median PFS was around 6 months forthe Southwest Oncology Group S0108 study of the anti-
patients who were rituximab naive, compared with onlyEGF monoclonal antibody, bevacizumab, in patients with
about 2 months for those previously treated with rituximabelapsed DLBCL®® A clinical non-progression rate of 25%
Recent studies have explored the potential including thesas observed for the 51 patients in this study, with a me-
agents in high-dose regimens used with ASCT. Most studian time to progression of 5 months (range 4 to 18 months).
ies to date have included patients with various histologkerognostic factors defined by molecular techniques such
subtypes of NHL and have shown that Béthtositumomab as GEPs are likely to yield future therapeutic targets. For
and®®Y ibritumomab tiuxetan can be combined with stanexample, protein kinase@(PKC{) has been identified as
dard high-dose chemotherapy regimens without apparenpredictor of poor response to chemotherapy in DLBCL.
additional toxicity or prolongation of engraftment kinet-This serine/threonine kinase modulates BCR signaling and
ics. A recent study from Vose et al has explored the useadtivation of the NFB survival pathway in B-cells. This

131 tositumomab plus BEAM in 23 patients with refractoryfinding has recently been confirmed in a tissue microarray
or multiply relapsed B-cell NHL, most of whom hadstudy of 200 cases of DLBCE and the potential for PKC-
DLBCL. They reported an overall response rate of 65% as a therapeutic target has been validated by recent in
At a median follow up of 38 months, the PFS and OS rate&ro studies” Clinical trials of a PKQ inhibitor in re-
were 39% and 55% respectively. This approach will blapsed/refractory DLBCL are now in progress.

compared with rituximab and BEAM for patients with re-

lapsed or refractory DLBCL in the recently opened BMTSummary

CTN 0401 trial. Emerging data from GEPs and TMAs suggest that these
techniques may provide more accurate definition of risk
New therapeutic targets in DLBCL groups in DLBCL than is possible with the IPI. These fac-

Histone deacetylase (HDAC) inhibitors are among severtlrs will need to be defined in patients receiving rituximab-
classes of drug under active investigation in relapsdmhsed combination chemotherapy. Such studies are in
DLBCL. The degree of acetylation of histones in the nusrogress. Until results are available, the IPI should remain
cleosome is a major determinant of the regulation of martlge major tool for risk stratification for prospective clinical
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trials. For those high-risk patients with refractory or relaps- to chemotherapy in elderly patients with diffuse large B-cell
ing disease after first line therapy, prognosis remains pogr !Ymphoma (DLBCL). Blood. 2003;101:4279-4284.

d . ired. Alth h H . Wilson WH, Gutierrez M, O’Connor O, et al. The role of
and new treatment strategies are required. Althoug rituximab and chemotherapy in aggressive B-cell lymphoma:

and ASCT remains the standard approach, only a minority a preliminary report of dose-adjusted R-EPOCH. Semin
of patients appear to benefit, and the effectiveness of this Oncol. 200229 (suppl 1):41-47. _
approach requires re-evaluation in the context of new firg¢: Wilson WH, Dunleavy K, Pittaluga S, et al. Dose-adjusted

i h . ) . di ired | EPOCH-rituximab is highly effective in the GCB and ABC
ine therapies. Prospective studies are required to eva uatesubtypes of untreated diffuse large B-cell lymphoma

the effect of other transplant techniques. Identification of [abstract]. Blood 2004;104:49a.
new targets for therapy using GEPs is defining new agerits Winter JN, Weller E, Horning SJ, et al. Rituximab alters the
which may prove highly effective in this disease. Prospec- Prognostic indicator profile in diffuse aggressive non-

. . . . . . Hodgkin’s lymphomas [abstract]. Blood. 2003;102:101a.
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