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Pathology and genetics of T-cell lymphomas

T-cell neoplasms can be divided into
two categories depending on the
developmental stage of the lym-

phoma cell. Precursor T lymphoblastic
leukemia/lymphoblastic lymphoma is a
neoplasm of lymphoblasts committed to
the T-cell lineage reflecting early, usually
terminal deoxynucleotidyl transferase
(TdT)-positive thymic developmental
stages. Whereas post-thymic or peripheral
T-cell lymphomas display a morphologic
appearance and phenotype consistent
with mature T-cells. Because of some phe-
notypic and functional overlap between
mature T-cells and natural killer (NK) cells,
the neoplasms derived from these cell
types are considered together in the WHO
classification (Table 1).1 This review will
concentrate on the more common mature,
forr example, peripheral T-cell lymphomas
(PTL) but also include some of the rare
entities. In particular, the PTLs printed in
bold type in Table 1 will be discussed in
detail. Genetic analysis of these malignan-
cies is required to identify pathogenetic
genes which can define specific subtypes
of disease. The first steps in this genetic
analysis have already been taken and are
summarized below.

General features of peripheral T-cell 
lymphomas

Peripheral T-cell lymphomas are rare.
They account for roughly 10% of all non-
Hodgkin lymphomas (NHL) on a world-
wide basis.2 The most common subtypes
are PTL, unspecified (PTL-u)(3.7%), and
anaplastic large cell lymphoma (ALCL)
(2.4%). In general, T-cell lymphomas are
more common in Asia with the virus
HTLV-1 representing the main risk factor
for the development of adult T-cell
leukemia/lymphoma (ATLL) in Japan.
Nasal NK/T-cell lymphomas are also
much more common in Asians than they
are in other races, accounting for 8% of
cases in Hong Kong, and show an associa-
tion with Epstein-Barr virus.3 Entero-
pathy-type T-cell lymphoma arises against

the same genetic background as that pre-
disposing to celiac disease and is therefore
more common in Northern Europe.4

Classification of peripheral T-cell lymphomas
PTLs are characterized by extreme mor-

phologic diversity and this has compro-
mised the formulation of a reproducible
classification for many years. In 1994, the
International Lymphoma Study group,
proposed the Revised European-American
Lymphoma (REAL) classification which
grouped the T-cell and postulated NK cell
lymphomas into clinical entities.5 The
diverse histologic lesions that did not rep-
resent specific clinical entities were
encompassed in the group of PTL-u. This
classification was further refined in the
WHO classification of PTL and NK cell
lymphomas, which were divided into the
three general groups, leukemic/dissemi-
nated, nodal, and extranodal, based on
their clinical features1 as shown in Table 1.
The characterization of entities included
in this classification has integrated mor-
phologic, clinical, immunophenotypic and
genetic studies.

Clinical features play a defining role in many PTLs
As the cellular composition of PTLs can

range from small cells with minimal
atypia to large cells with anaplastic fea-
tures, a spectrum of histologic appear-
ances can be seen even within individual
disease entities. Therefore cytologic prin-
ciples have been difficult to apply for the
classification of PTLs and their repro-
ducibility was poor.6 Similarly, immuno-
phenotyping has been less useful than in
B-cell lymphomas since defining mark-
ers, such as cyclinD1 for mantle cell lym-
phoma, or marker combinations such as
CD10/BCL6 for follicular lymphoma, are
lacking. Finally, the molecular pathogene-
sis for most PTLs is as yet undiscovered.
For these reasons, clinical features have
played a major role in defining many of
the specific entities included in the WHO
classification (Table 2). 

What’s new in T-cell non-Hodgkin’s lymphomas?
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Pathology of peripheral T-cell lymphoma, unspecified,
angioimmunoblastic T-cell lymphoma, and anaplastic large
cell lymphoma
Peripheral T-cell lymphoma, unspecified

Earlier studies have recognized a variety of mor-
phologic subtypes based on cell size and cytology,
including pleomorphic T-cell lymphoma, lymphoep-
ithelioid lymphoma (Lennert's lymphoma), and T-
zone lymphoma. However, no clinical or other sub-
stantial differences among these histologic types
have emerged (Figure 1A, B). As a group these
tumors account for approximately half the PTLs in
Western countries. They usually present with
advanced stage of disease and belong to the category
of the most aggressive NHLs.2,7 Immuno-
phenotypically, these cases express the αβ het-
erodimer of the T-cell receptor, more commonly
CD4 than CD8, but a significant proportion of the
cases have an aberrant phenotype (CD4-CD8-, or
less commonly, CD4+CD8+) and show loss of CD5
and/or CD7.8-10 A very recent study has attempted to
correlate PTLs with specific developmental stages of
mature reactive T-cells.11 A major subset of PTLs-u
was found to correlate with a non-effector, or central
memory, T-cell population characterized by a
CD45RA-CD45RO+CD27+ CD4+ phenotype. In
contrast, all angioimmunoblastic T-cell lymphomas

(AILT) and ALCL showed a homogeneous effector
cell phenotype CD45RA-CD45RO+CD27-.
Nevertheless, in daily routine cases of PTL-u show-
ing borderline features to AILT and to anaplastic lym-
phoma kinase (ALK)-negative ALCL exist and may
cause problems that need to be solved.
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Table 1. WHO classification of mature T-cell and NK-cell
neoplasms (1).

Mainly nodal
Peripheral T-cell lymphoma, unspecified
Angioimmunoblastic T-cell lymphoma
Anaplastic large cell lymphoma 

Extranodal/Cutaneous
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-type T-cell lymphoma
Hepatosplenic T-cell lymphoma

Subcutaneous panniculitis-like T-cell lymphoma
Cutaneous γδ T-cell lymphoma
Mycosis fungoides
Sezary syndrome
Primary cutaneous anaplastic large cell lymphoma

Often leukemic or disseminated
T-cell prolymphocytic leukemia
T-cell granular lymphocytic leukemia
Aggressive NK-cell leukemia
Adult T-cell lymphoma/leukemia (HTLV1+)

Table 2. Pathological and clinical characteristics of peripheral T-cell lymphomas and NK/T-cell lymphoma.

Predominant clinical features Sites of involvement Predominant Prognosis Recurrent genetic 
immunophenotype abnormalities

Peripheral Aggressive, % Lymph nodes, TCRa/β,CD3+CD2+ Poor Complex karyotypes,
T-cell lymphoma, often B-symptoms, bone marrow, skin CD4+>CD8+. Often loss 7 Very small subset 
unspecified advanced stage, IPI 3-5: 60 of CD5, CD t(5;9)(q33;q22)

Angioimmunoblastic Generalized Lymph nodes, bone TCRα/β,CD3+CD4+ Poor, +3,+5
T-cell lymphoma lymphadenopathy, marrow, skin, lung CD10+CXCL13+CD8- 5-year survival 30%

hepatosplenomegaly, skin rash,
hypergammaglobulinemia

Anaplastic large cell Lymphadenopathy, Lymph nodes, CD30+ALK+CD3+ Favorable for t(2;5)(q23;q35)
lymphoma B-symptoms skin, soft tissue, bone, lung TIA1+EMA+; ALK+ cases and variants

loss of many T-cell antigens

Extranodal NK/T-cell Aggressive Nose, nasal cavity, CD3ε+CD56+CD2+ Poor del 6q
lymphoma, nasal type locally destructive paranasal sinuses, TIA1+; CD4-CD5-

pharyngeal tissue EBV+

Enteropathy-type Acute abdominal emergency, Upper jejunum, Type 1: CD56-CD3+ Very poor Gains 9q or losses 16q;
T-cell lymphoma small bowel perforation, often multiple segments, CD7+CD2+TIA1+ Type 1: gains 1q, 5q

malabsorption, weight loss mesenteric lymph nodes Type 2: CD56+CD8+ Type 2: gains 8q24

Hepatosplenic T-cell Young males, B-symptoms, Liver, spleen, TCRγδ, CD3ε+CD56+ Poor Isochromosome 7
lymphoma hepatosplenomegaly, bone marrow TIA1+

thrombocytopenia CD5-CD4-CD8- 

Subcutaneous Solitary or multiple not ulcerated, Sucutaneous fatty tissue TCRα/β,CD3+CD2+ 5-year survival 80% None
panniculitis-like erythematous tumors s CD5+CD8+TIA1+CD5
T-cell lymphoma or plaques at extremitie CD56-



Angioimmunoblastic T-cell lymphoma
AILT represents a distinctive PTL subtype with

unique clinicopathological features sometimes simu-
lating an infectious process. It usually effects the eld-
erly and presents with generalized lymphadenopa-
thy although lymph node enlargement may be not be
as pronounced as in other primary nodal PTLs.
Hepatosplenomegaly, skin rash and B-symptoms are
often present as well as hypergammaglobulinemia
and elevation of both the LDH and erythrocyte sedi-
mentation rate. Patients may show anemia and occa-
sionally pancytopenia. A significant proportion of
patients have circulating autoantibodies and a num-
ber of autoimmune phenomena have been report-
ed.12 Histologically, the lymph node architecture is at
least partially removed by a polymorphic infiltrate
predominantly occupying the paracortical areas.
Subcapsular sinuses may be preserved. The neoplas-
tic T-cells have clear cytoplasm and are distributed in
a marked inflammatory background comprising
polyclonal plasma cells, eosinophils, epithelioid histi-
ocytes, arborized high endothelial venules and
expanded follicular dendritic meshworks (Figure 2).
Extranodal disease may be present at diagnosis
including involvement of the bone marrow, spleen,
skin, and lungs. The neoplastic T-cells, which may be
a minor cell population, are CD4+ T-cells that coex-
press CD10 and sometimes BCL-6. This suggesting
derivation from a unique population of T-cells, called
follicular B helper cells (TFH) which are normally spe-
cialized in B-cell help within the germinal center
microenvironment.12 More recently it was shown
that in AILT the atypical CD10+ cells express
CXCL13, a chemokine highly upregulated in TFH cells
and critically involved in lymphoid organogenesis
and B-cell migration into follicles.13,14 Finally, gene
expression profiling revealed that the AITL molecular
signature was significantly enriched for TFH cell-spe-
cific genes strongly supporting the idea that TFH cells
represent the normal counterpart of AITL.15

Another frequent finding in AITL is the presence of
EBV-infected B-cells even early in the course of the
disease which may progress to an EBV-positive lym-
phoproliferative disorder. This may show both T-cell
receptor and immunoglobulin heavy chain gene
rearrangements when examined by clonality studies.

Anaplastic large cell lymphoma
Usually presents with nodal disease but may ini-

tially affect a variety of extranodal sites. The WHO
provisionally included cases of ALCL positive and
negative for ALK under the heading of ALCL. But
ALK-negative cases differ in a number of respects.
They are seen in an older age group, have a worse
prognosis, and generally showing greater nuclear
pleomorphism. These findings suggest that ALK-neg-

ative ALCL will ultimatively represent a different dis-
ease entity with an independent pathogenesis.16

Several histologic variants of ALCL have been identi-
fied including the most frequent common type. This
shows cohesively arranged large cells with lobulated,
kidney-shaped nuclei and abundant grey-blue cyto-
plasm sometimes referred to as hallmark cells17(Figure
3). The small cell variant may be diagnostically highly
challenging because of similarities with an inflamma-
tory process. Identification of neoplastic cells require
immunoreactivity for CD30 and ALK particularly in
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Figure 1. Peripheral T-cell lymphoma, unspecified. Image A
shows a representative case of peripheral T-cell lym-
phoma, unspecified, infiltrating the paracortical area, spar-
ing a centrally located follicle remnant. At higher magnifi-
cation, image B depicts diffusely infiltrating atypical large
cells. Cytogenetics and molecular cytogenetics of another
case demonstrate t(5;9)(q33;q22) and subsequent identi-
fication of ITK-SYK rearrangement, as found in a small sub-
group of peripheral T-cell lymphoma, unspecified (C, D).

Figure 2. Angioimmunoblastic T-cell lymphoma. Overview
showing arborized vessels surrounded by a mixture of
small, medium-sized, and a few large cells, some of which
appear as clear cells with pale cytoplasm. Staining for
CD21 reveals the typical enlarged network of proliferating
follicular dendritic cells. Loose collections of CD10+ T-cells
are present. 



this ALCL variant and similarly in the lymphohistio-
cytic variant in which histiocytic cells may obscure
the neoplastic population.16,17 Another variant is
Hodgkin-like ALCL which most often represents an
aggressive variant of classic Hodgkin lymphoma and
shows overlap with mediastinal grey-zone lym-
phomas.18 Immunophenotypically ALCL is character-
ized by positivity for CD30, and in 60-85% of the
cases, for ALK. The frequent reactivity for T-cell
intracellular antigen (TIA-1) and epithelial membrane
antigen (EMA) is also diagnostically helpful. Loss of
several or even all T-cell associated antigens is a typ-
ical feature of ALCL. Defective expression of T-cell
receptors in all types of ALCL (ALK+, ALK-, cuta-
neous) separates these tumors from other PTLs and
may contribute to the dysregulation of intracellular
signaling pathways controlling T-cell activation and
survival.19

Primary cutaneous ALCL is a different disease enti-
ty belonging to the spectrum of the primary cuta-
neous CD30+ T-cell lymphoproliferative disorders. It
differs from the systemic forms (ALK+ and ALK-) in
its site of origin, its clinical features, and almost
invariable absence of ALK protein and EMA.16

Genetics of anaplastic large cell lymphoma, peripheral T-
cell lymphoma unspecified, and angioimmunoblastic T-cell
lymphoma

From the genetic point of view, ALCL is the only
well characterized PTL as the vast majority of cases
have the t(2;5)(p23;q35) involving the ALK tyrosin
kinase and the nucleophosmin gene, resulting in overex-
pression of a chimeric oncogene, nucleophosmin/
anaplastic lymphoma kinase (NPM/ALK).20 NPM/ALK
activates numerous downstream signaling pathways
resulting in enhanced survival and proliferation. Over
11 variant translocations involving the ALK gene
have been described in lymphomas and a subset of

pediatric tumors, including inflammatory myofibrob-
lastic tumor and rhabdomyosarcoma. This shows
that the transforming potential of ALK tyrosine
kinase is manifest in more than one cell type. Very
recent proteomic studies may provide the basis for
the identification of biomarkers and targets for novel
therapeutic agents.21

The molecular alterations underlying the patho-
genesis of AILT and PTL unspecified (PTL-u) are
largely unknown. As mentioned above, gene expres-
sion profiling may confirm overexpression of several
TFH genes, supporting the idea that AILT is derived
from TFH cells.15 However, the spectrum of AILT may
be wider than suspected, and, in contrast to AILT and
ALCL, PTL-u does not share a single molecular pro-
file .15,22 A comparison of the gene expression pattern
of PTL with that of normal T-cells revealed that PTL-
u display deregulation of functional programs often
involved in tumorigenesis, such as apoptosis, prolif-
eration, cell adhesion, and matrix remodeling.
Furthermore, PTLs-u unusually express, among oth-
ers, PDGFRα, a tyrosine kinase receptor whose
deregulation is often related to a malignant pheno-
type.23

With the notable exception of the t(2;5) and its
variants in ALCL, no recurrent chromosomal translo-
cations were known to occur in PTLs until Streubel et
al. recently reported on the identification of a novel
recurrent t(5;9)(q33;q22) in a small subset of PTLs-u24

(Figure 1 C,D). Four of five translocation-positive
cases among a total of 30 PTLs-u examined demon-
strated a follicular or perifollicular growth pattern
indicating a tropism of the lymphoma cells to lym-
phoid follicles. Cases of AILT and ALK-negative
ALCL were negative for the t(5;9). Molecular analy-
sis revealed breaks within the ITK gene on chromo-
some 5 and SYK on chromosome 9 generating an
ITK-SYK fusion transcript. The result of the translo-
cation is likely to be activation of SYK through over-
expression, driven by the ITK promoter.
Interestingly, the neoplastic cells in three of the four
t(5;9)+ cases with follicular growth pattern were
CD4+CD10+BCL6+ and thus closely resembled the
immunophenotype described for TFH in AITL. 

Pathology and genetics of extranodal NK/T-cell lymphoma,
nasal type

Extranodal NK/T-cell lymphoma, nasal type, is a
distinct clinicopathologic entity highly associated
with EBV. The disease is rare in Western countries
but more prevalent in Asia and in South and Central
America. The most common clinical presentation is a
destructive nasal or midline facial lesion resulting in
nasal obstruction or epistaxis. The lymphoma can
extend to adjoining tissues such as paranasal sinuses,
nasopharynx, palate, oropharynx, oral cavity, and
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Figure 3. Anaplastic large cell lymphoma, ALK positive.
Sinusoidal infiltration of cohesively arranged anaplastic
tumor cells, demonstrating cytoplasmic and nuclear reac-
tivity for ALK indicating t(2;5).



orbit. In most of the cases the disease is localized to
the upper aerodigestive tract at presentation and
bone marrow involvement is very uncommon.25

Nevertheless, the disease may disseminate and may
be complicated by a hemophagocytic syndrome.
Histologically an angiocentric growth pattern is often
present, and the cytological spectrum is very broad.
Cases predominantly composed of small cells may
mimick an inflammatory processs. Imuno-
phenotypically NK/T-cell lymphoma is characterized
by CD2+CD56+ and cytoplasmic CD3ε-chain
expression and positivity for cytotoxic granules-asso-
ciated proteins such as TIA-1, granzyme B, and per-
forin.26 The expression of granzyme M identifies
these cells as belonging to the inherent arm of the
immune system which is independent of specific
antigen activation.27,28 Other T-cell associated anti-
gens are usually negative and T-cell receptor genes
are not rearranged. True NK cell lymphomas more
often express NK cell receptor molecules such as
CD94/NKG2A29 and CD94 expression has been
reported to imply a better prognosis.30 The demon-
stration of EBV encoded small nuclear mRNA (EBER)
by in situ hybridization is positive in almost all cases
and therefore is very useful diagnostically.31

Various genetic alterations may occur in nasal type
extranodal NK/T-cell lymphoma. Deletions at 6q are
the most common. However their significance is as
yet unknown.32

Pathology and genetics of enteropathy-type T-cell lymphoma
Enteropathy-type T-cell lymphoma (ETTCL) is a

rare, primary intestinal lymphoma arising from
intraepithelial T-cells, usually as a consequence of
clinically unknown celiac disease. The proximal
jejunum ist the most frequent site of disease,

although it may occur elsewhere in the small intes-
tine and, rarely, in the stomach and colon.33 About
40% of patients present as acute abdominal emer-
gencies due to intestinal perforation and/or obstruc-
tion. Patients may have a short history of malabsorp-
tion, sometimes diagnosed as adult celiac disease
which is often gluten-insensitive or, less frequently, a
long history of celiac disease lasting for years or even
decades. Histologically most cases are composed of
pleomorphic medium to large cells or show features
resembling anaplastic large cell lymphoma, mostly
carrying the immunophenotye CD3+CD7+CD5-
CD4-CD8-TIA1+CD56- (type 1 ETTCL). A minority
of cases (10-20%) consists of monomorphic small to
medium-sized cells which often express CD8 and
CD56 (type 2 ETTCL, Figure 4).33,34 Type 1 and type 2
ETTCL also differ biologically and by their genetic
profile. Type 1 is linked to celiac disease by virtue of
expressing HLADQ2 or DQ8, and is characterized by
chromosomal gains of 1q and 5q. In contrast, type 2
rarely shows the genetic background of celiac disease
but more often gains of the MYC oncogene locus at
8q24.35,36 The common genetic denominator of both
EATTCL types, and hence the genetic hallmark of
the disease present in about 70% of cases, is gain at
the long arm of chromosome 9, while, to a much
lesser extent, loss at 16q is observed.35,37

To understand the pathogenesis of ETTCL it is
nessessary to recognize the role of refractory celiac
disease as an in situ ETTCL. A small fraction of adult
celiac disease patients fail to improve after a gluten-
free diet, show persisting villous atrophy and an
increase of monoclonal, immunophenotypically
unusual intraepithelial lymphocytes, usually show-
ing loss of CD8.38,39 This group of patients is referred
to as having refractory celiac disease II (RCD II) as
opposed to RCD I who show polyclonal and
immunologically normal intraepithelial lympho-
cytes.40 Patients diagnosed with RCD II are thought
to suffer from cryptic intraepithelial (in situ) ETTCL
associated with a poor prognosis and high risk of
progression to overt invasive lymphoma.
Interestingly, Verkarre et al. have demonstrated that
intraepithelial lymphocytes of patients with RCD II
carry gains of chromosome 1q. This has also been
observed in the frequently celiac disease-associated
type 1 ETTCL.41,35 Therefore several lines of evidence
support the hypothesis that RCD II represents a pre-
cursor lesion of overt ETTCL and deserves a designa-
tion such as in situ ETTCL.

Pathology and genetics of hepatosplenic T-cell lymphoma
Hepatosplenic T-cell lymphoma (HSTCL) is an

extranodal and systemic neoplasm derived from
cytoxic T-cells, usually the γ/δ T-cell receptor type. It
is a rare and aggressive malignancy predominantly
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Figure 4. Enteropathy-type T-cell lymphoma. In this exam-
ple Type 1 is characterized by anaplastic large cells, where-
as Type 2 shows a monomorphic infiltration of a jejunal vil-
lous tip with small, CD56 positive lymphoid cells.

Type 1 Type 2



affecting young men.42,43 The patients present with
thrombocytopenia and isolated hepatosplenomegaly
due to marked sinusoidal infiltration of medium-
sized cells with pale cytoplasm. Lymphadenopathy
or significant peripheral blood involvement are usu-
ally absent, but there is sinusoidal infiltration of the
bone marrow. Cytogenetically, isochromosome 7q is
reported to be the primary genetic abnormality.44

Pathology of subcutaneous panniculitis-like T-cell lymphoma
According to the WHO-EORTC classification for

cutaneous lymphomas, subcutaneous panniculitis-
like T-cell lymphoma (SPLTCL) is a cytotoxic T-cell
lymphoma with an α/β CD8+ T-cell phenotype pre-
senting with primarily subcutaneous infiltrates of
pleomorphic T-cells and many macrophages, pre-
dominantly affecting the extremities.45 A long history
of benign panniculitis may be observed. In contrast to
prior reports indicating that SPLTCL patients have a
rapidly fatal course, recent studies suggest that many
patients run a protracted clinical course.46

Constitutional symptoms, and particularly a hemo-
phagocytic syndrome, are more typical for mucocu-
taneous γ/δ T-cell lymphoma which has to be sepa-
rated from SPLTCL. No recurrent chromosomal aber-
ration has been reported.
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Current treatment of T-cell lymphomas: 
are we making any progress?

Mature T-cell and NK-cell lym-
phomas account for only 12% of
all non-Hodgkin’s lymphomas

with an incidence of 1.79 per 100 000 per-
son-years in US during the period 1992-
2001 (compared to 26.13 for the whole B-
cell malignancies).1 They encompass sev-
eral well identified entities listed in the
WHO classification according to their pre-
dominant clinical feature, leukemic, cuta-
neous, other extranodal and nodal.2 Apart
from cutaneous T-cell lymphomas
(CTCL), the most frequent subtypes of
peripheral T-cell lymphoma (PTCL) are
peripheral T-cell lymphoma, unspecified
(PTCLU), angioimmunoblastic T-cell lym-
phoma (AILT) and anaplastic large cell
lymphoma (ALCL). EBV-associated extra-
nodal NK/T-cell lymphoma, nasal and
nasal-type, is rare in Western countries
and is more prevalent in Asia and in South
and Central America whereas adult T-cell
leukemia/lymphoma (ATLL) is observed
in countries where HTLV-1 is endemic. 

Patients with nodal PTCL commonly
present with advanced stage disease and
unfavourable clinical features, such as B
symptoms, elevated LDH levels, bone
marrow involvement and poor perform-
ance status. Consequently, more than a
half of these patients have an unfavorable
IPI (International Prognostic Index) score
at diagnosis.3

Although the different subtypes of non-
cutaneous T-cell lymphomas may have
different origins and mechanisms of

growth, they are currently lumped togeth-
er for the therapeutic point of view. With
the exception of anaplastic lymphoma
kinase (ALK)-positive ALCLs which share
a similar or even better outcome than dif-
fuse large B-cell lymphomas (DLBCL),4,5

PTCLs have a worse prognosis due to
both a lower response rate to anthracy-
cline and cyclophosphamide containing
regimens and a higher incidence of relaps-
es, mainly in patients with the highest IPI
scores.6

Among the 1883 patients with aggres-
sive lymphoma and reviewed histological
data enrolled in the GELA LNH-87 trials
between 1987 and 1993, 288 patients
(15%) had a T-cell lymphoma including 60
patients with ALCL. Sixty-five percent of
patients with a non ALCL T-cell lym-
phoma displayed 2 or 3 unfavorable
parameters of the age-adjusted IPI (aa-IPI).
Most of these patients received an intensi-
fied CHOP regimen (ACVBP). In this
cohort of patients with T-cell lymphoma,
the complete response (CR) rate after
chemotherapy was significantly lower
than in patients with DLBCL: 58% vs
63% for patients with aa-IPI 2, 35% vs
52% for patients with aa-IPI 3, and 42%
vs 56% for patients with aa-IPI score 2 or
3. The 5-year overall survival was also sig-
nificantly lower in patients with T-cell
lymphoma as compared with outcome of
patients with DLBCL: 35% for the entire
cohort of non ALCL PTCL vs 52% for
DLBCL, 36% vs 53% and 23% vs 35% for

What’s new in T-cell non-Hodgkin’s lymphomas?

A B S T R A C T

Peripheral T-cell lymphomas represent a minority of the non-Hodgkin’s lymphomas
and encompass several heterogeneous entities, the more frequent subtypes being
peripheral T cell lymphoma, un¬specified, anaplastic large cell lymphoma and angioim-
munoblastic T cell lymphoma, at least in Western countries. The prognosis of peripheral
T/NK neoplasms is still poor, with 5-year survival less than 30% in most cases. There is
currently no consensus about the optimal therapy of these uncommon disorders mainly
with regard to the standard initial regimen, whether all entities should be treated sim-
ilarly, and the place of autologous or allogeneic stem cell transplantation. Progresses are
likely to occur from the identification of novel agents active in relapsed patients which
will be combined with or replace usual cytotoxic agents, and also from collaborative
efforts to set up large multicentric trials aimed to address the issues that cannot be
solved otherwise. 



patients with aa-IPI 2 and aa-IPI 3 respectively.6 Very
similar results were observed in the other large series
of PTCLs with an overall survival repeatedly close to
30-35% at 3 to 5 years.7-9

These poor results emphasize the need for more
efficient strategies in patients with T-cell lymphoma
in order to improve both the response rate and the
duration of response, whereas patients with DLCBL
were shown to benefit from the combination of
chemotherapy and immunotherapy with rituximab. 

Prognostic factors
Among nodal PTCLs, histologic subtype does not

appear to have prognostic relevance, except for ALK-
positive ALCL which is significantly associated with
a better outcome, and the behavior of patients is sim-
ilar whatever they have PTCLU, AILT or ALK-nega-
tive ALCL.5,6,10

Several studies have confirmed the usefulness of
the IPI in some of the specific PTCL subtypes such as
ALCL (ALK-positive or –negative) or PTCLU.5,6,10,11

Based strictly on the IPI the 5-year survival for
patients with any T-cell lymphoma was 74%, 49%,
21%, and 6% for the low, low-intermediate, high-
intermediate, and high risk groups, respectively.7

However, IPI was not predictive of survival in a
recent large series of AILT.12 The applicability of IPI to
NK/T-cell lymphomas has led to variable results
while it has not been evaluated in other rare subtypes
of extranodal T-cell lymphoma. A new prognostic
model (called PIT) specifically designed for PTCLU
was recently proposed by Gallamini et al. from a
large cohort of 385 patients.11 This model includes
most of the IPI parameters (age, performance status
and LDH) in addition to bone marrow involvement
instead of stage. The 5-year survival of PTCLU
patients ranges from 62% (0 factor) to 18% (3 or 4
factors) and about half the patients fall into the high-
risk categories with a 5-year survival which does not
exceed 30%. In a multivariate analysis of 475 cases of
PTCLU and AILT, the international PTCL project has
found age, performance status and platelet count

(150 K vs > 150 K) significantly correlated with the 5-
year survival that ranged from 42% (0 factor) to 12%
(3 factors). Comparison with the standard IPI and the
PIT index on this population demonstrated that in all
3 indices, the failure free survival and overall survival
were very poor for all patients other than in those
with 0 or 0/1 risk factors.13 A high expression of pro-
liferation-associated antigen Ki-67 (≥80%) was found
predictive of poor survival in PTCLU and was there-
fore integrated along with age, performance status
and LDH, in a prognostic score where patients with
3 or 4 factors (representing only 12% of the cohort)
had a median survival of 6 months.14

The clinical heterogeneity of PTCLUs which repre-
sent the largest PTCL subtype and which express in
most cases a CD4+CD8- phenotype, may be
explained by variable chemokine receptors expres-
sion. In one study, two groups of PTCLU were iden-
tified, one expressing either Th2 (ST2(L)) or Th1
(CCR5, CXCR3) markers and another negative for all
these markers. Patients belonging to the former
group considered as functional had a better outcome
than those of the latter group.15 The heterogeneity of
PTCLUs with regard to expression of Th1 (CXCR3)
and Th2 (CCR4) markers was confirmed in a second
study in which patients with CCR4 expression dis-
played a poorer outcome.16 CCR4 expression was
also observed in most cases (88%) of ATLL17 and a
monoclonal antibody directed against CCR4 is cur-
rently under investigation in this disease. 

The expression of cytotoxic molecules TIA-1 and
granzyme B in PTCLU has been correlated with a
higher IPI, a lower CR rate (30% vs 63%), and a
worse overall survival.18

Gene expression studies have also emphasized the
heterogeneity of PTCLU and three molecular sub-
groups were identified in a series of 32 cases : one
subgroup with gene expression signature including
genes known to be associated with poor outcome in
other tumors, such as CCND2, a second subgroup
characterized by the overexpression of genes
involved in T-cell activation and apoptosis, including
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Table 1. Classification of mature T-cell and NK-cell lymphomas (2).

WHO histological classification of mature T-cell and NK-cell neoplasms 

Leukemic or disseminated Other extranodal
T-cell prolymphocytic leukemia Extranodal NK/T-cell lymphoma, nasal type
T-cell granular lymphocytic leukemia Enteropathy-type T-cell lymphoma
Aggressive NK-cell leukaemia Hepatosplenic T-cell lymphoma
Adult T-cell lymphoma leukemia Subcutaneous panniculitis-like T-cell lymphoma

Cutaneous Nodal
Blastic NK-cell lymphoma Peripheral T-cell lymphoma, unspecified (PTL, unspecified)
Mycosis fungoides/Sezary syndrome Angioimmunoblastic T-cell lymphoma (AIL-T)
Primary cutaneous anaplastic large cell lymphoma Anaplastic large cell lymphoma (ALCL)
Lymphomatoid papulosis



NFKB1 and BCL-2, and a third subgroup mainly
defined by overexpression of genes involved in the
IFN/JAK/STAT pathway.19 The small number of cases
in this series precluded valuable clinical correlations
but there was a trend for an inferior survival in
patients belonging to the first group. 

The expression of NFkB genes was investigated in
a group of 62 PTCL (PTCLU 39, AILT 7, ALCL 7, oth-
ers 9). One third of cases showed a reduced expres-
sion of NF-κB genes while other cases showed a high
expression of these genes. Both patterns were
observed independently of histological subtype
(except for ALCL characterized by a reduced expres-
sion of NF-κB genes). Signature with reduced expres-
sion of NF-κB genes was associated with a shorter
survival.20

Other studies have shown deregulated expression
of genes involved in apoptosis, proliferation, cell
adhesion and matrix remodelling, as compared with
normal T cells. Moreover, PTCLUs aberrantly
express the tyrosine-kinase receptor PDGFRα and
cultured PTCL cells were shown to be sensitive to
imatinib as well as to a novel inhibitor of histone
deacetylase.21

These studies await confirmation and may con-
tribute to the identification of new potential targets
for therapy. 

First line treatment 
There is no consensus about the optimal first line

(and subsequent) treatment for PTCL but there is
general agreement on the unsatisfying results
observed with conventional therapeutic strategies. 

Whether all PTCL subtypes should be managed
similarly or in a different way may be a matter of
debate. For the time being, there is no data which
support that nodal PTCLs, i.e. PTCLU, AITL and
ALK-negative ALCL, should be offered different
strategies since their behavior is similar with current
cytotoxic regimens. This also applies to the rare cat-
egories with an even more dismal prognosis such as
hepatosplenic γδ T-cell lymphoma (HSTCL) or
enteropathy associated T-cell lymphoma (EATCL),
unless effective innovative strategies will be avail-
able. One exception is extranodal NK/T cell lym-
phoma, nasal-type, where radiotherapy appears to
be the key treatment modality in localized stages,
with more favorable outcomes observed in treatment
regimens that incorporate radiotherapy.22, 23

Throughout the years, PTCLs have usually been
treated as advanced stage DLBCL (before the era of
rituximab) with CHOP or CHOP-like regimens as
the mainstay of therapy. With front-line anthracy-
cline-based combination chemotherapy, approxi-
mately 50% of patients with PTCL achieve a com-
plete remission and reported 5-year survival rates

range from 25 to 45%.6-9 Very few studies, which
have generally enrolled a low number of patients and
included patients with ALCL, have shown an
improvement in response rates and overall survival
when a more dose-intense induction treatment was
applied.24 The GELA has evaluated intensified alter-
native regimens in both young and elderly patients
with T-cell lymphoma, using intensified induction
therapy with etoposide and high-dose cytarabine in
89 patients aged less than 60 years and ESHAP regi-
men in combination with 13-cis-retinoic acid in 77
patients over 60 years. The response rate, event-free
survival and overall survival in each group were not
superior to those usually achieved with CHOP or
CHOP-like regimen.25,26 A randomized study compar-
ing CHOP to alternate VIP (etoposide, ifosfamide,
platine) and ABVD regimens in PTCL 88 patients did
not show superiority of the investigational regimen
over CHOP.27

In a trial of the Nordic Lymphoma Group, where
patients were randomized to either CHOP or
MACOP-B, patients with PTCL, although still dis-
playing a poorer prognosis than DLBCL patients, had
a slight survival advantage from the more dose-
intense chemotherapy arm MACOP-B.28

Two different randomized studies performed by
the German High-Grade Non-Hodgkin's Lymphoma
Study Group indicated a survival benefit of a time-
intensified CHOP regimen (CHOP14) in young
patients as well as in patients aged over 60 years with
a diagnosis of aggressive lymphoma of B- or T-cell
origin.29,30 Although, these studies have been pub-
lished without a specific analysis of patients with T-
cell lymphoma, numerous patients with PTCL are
now receiving CHOP14 as front line regimen. 

Autologous transplantation 
The role of autologous stem cell transplantation

(ASCT) in PTCLs still remains controversial mainly
as a procedure performed early in first CR as part of
up-front therapy.

High dose therapy followed by ASCT is for
decades the mainstay of care for patients less than
60-65 years with relapsed aggressive lymphoma
(either B or T-cell derived) and chemosensitive dis-
ease. Several series have reported the outcomes of
patients with relapsed T-cell NHL after ASCT. They
mainly included patients with PTCLU or ALCL and
the 3-year survival rates ranged from 36% to 58%.31,32

Patients with ALCL (vs non ALCL) had a better out-
come with a 3-year survival rate of 79% (vs 44%). In
one retrospective study, the outcome of 36 patients
with relapsed or primary refractory PTCL and 97
patients with relapsed DLBCL were compared. The
3-year survival was not different between patients
with PTCL or DLBCL (48% vs 53%), suggesting that
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high-dose therapy may overcome the adverse signif-
icance of T-cell phenotype. However, patients with
PTCLU had a trend for inferior survival.33 Patients
who do not achieve a complete response after initial
chemotherapy may also benefit from ASCT.34

Some studies of high-dose chemotherapy and
ASCT performed in first CR are now available for
PTCL patients. However, some of these studies have
included a significant number of patients with ALCL,
therefore leading to overestimate the potential bene-
fit of the procedure. 

The results of the Spanish group have been recent-
ly updated. In a cohort of 74 patients including 23
patients (31%) with ALCL (ALK status unavailable
for most of them), the 5-year survival and progres-
sion free survival (PFS) were 68% and 63% respec-
tively with a median follow-up of 63 months.35

Two prospective phase II studies investigating the
role of high-dose sequential chemotherapy, followed
by ASCT in 62 patients with advanced stage PTCLs
have shown that 46 patients (74%) completed the
whole programme, whereas 16 patients did not
undergo ASCT, mainly because of disease progres-
sion. With a median follow-up of 76 months, the
estimated 12-year overall, disease-free and event-free
survival were 34, 55 and 30%, respectively. Results
were significantly better in the 19 patients (30%)
with ALK-positive ALCL.36 A German study has eval-
uated a strategy combining 4 to 6 cycles of CHOP
regimen followed by one course of Dexa-BEAM then
high dose therapy and ASCT. In 38% of the 65 evalu-
able patients, progressive disease occurred prior to
transplantation and among the remaining patients,
27% experienced a relapse at a median follow-up of
10 months post-transplant.37 The Nordic Lymphoma
Group has tested a dose-intensified induction sched-
ule (6 courses of CHOEP14) followed by autologous
transplant in first remission. Among the 77 patients
who had completed induction regimen, 66 (88%) are
in CR or partial response. A total of 58 patients (75%)
have received ASCT and 9 out of 39 patients with a
one year follow-up after transplant have relapsed.
Therefore, one fourth of could not receive the pro-
gram because of early progression and additional
25% will relapse after ASCT.38

In the latter studies, a significant number of
patients were not able to reach ASCT because of
early progression, strengthening the need for more
efficient induction treatments. Moreover, in a retro-
spective analysis of all patients enrolled in the French
GELA LNH87 and LNH93 programs and who were
transplanted in first CR, T-cell phenotype (excluding
ALCL subtype) still remained after multivariate
analysis, an adverse prognostic parameter significant-
ly associated with a poorer outcome after transplan-
tation.39

Allogeneic transplantation
Information on the results with allogeneic trans-

plantation in patients with T-cell lymphoma is
scarce. Apart from anecdotal reports, some smaller
series have been published. A series of 8 pts with
Sezary syndrome or tumor-stage mycosis fungoides
showed that all patients achieved a CR after trans-
plantation. With a median follow-up of 56 months, 6
patients remained alive and well.40 Another series
reported 11 patients with various T-cell lymphomas
who had been allografted with a reduced intensity
conditioning after salvage therapy including alem-
tuzumab and the ICE regimen. With a median fol-
low-up of 7 months, 6 patients were alive and free of
disease.41 The largest series has been reported by
Corradini et al. and recently updated.42,43 A total of 26
patients were allografted for relapsed T-cell lym-
phoma after reduced intensity conditioning with
thiotepa, fludarabine, and cyclophosphamide. The
estimated 5-year overall survival and progression free
survival were 61% and 51% respectively. This study
showed that long-term disease control can be
achieved by allogeneic transplantation via a graft ver-
sus T-cell lymphoma effect. Three out of 8 patients
with relapsed disease after transplantation responded
to donor lymphocyte infusion (DLI). 

These results suggest that allogeneic transplanta-
tion with reduced intensity conditioning may be a
reasonable option for still young patients with
relapsed disease and a suitable donor, and could also
be evaluated as up-front strategy in patients with
poor-risk T-cell lymphoma, eventually after an autol-
ogous transplantation. 

New agents
Since the majority of patients will fail to first line

therapy, new treatment modalities should be
explored. It is likely that significant progress will not
occur from the alternative use of classic cytotoxic
agents. Some agents have demonstrated significant
activity in cutaneous T-cell lymphoma but activity in
CTCL does not imply they could be also effective in
nodal or other extranodal T-cell lymphomas. Purine
analogs, pentostatin, fludarabine and cladribine, have
all been reported to have some activity in CTCL and
PTCLs with response rates ranging from 20 to 70%.
Response rates appeared higher with pentostatin
than with other compounds.44

Fludarabine was used in combination with
cyclophosphamide, doxorubicin and alemtuzumab
in patients with various subtypes of PTCLs (exclud-
ing ALK-positive ALCL and CTCL) and led to a 73%
CR rate in previously untreated patients.45

The response rate to treatment with the pyrimi-
dine analog gemcitabine in patients with relapsed T-
cell lymphoma was around 60-70%46 but this agent
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has been mainly investigated in CTCL. 
Pralatrexate is a derivative of methotrexate with

higher affinity to the reduced folate carrier. Among
the 16 evaluable patients with relapsed PTCL, who
completed at least 2 courses, the response rate was
impressive with 10 patients achieving a major
response including 9 CR, some of which being long
lasting.47

Denileukin diftitox, a fusion protein combining the
receptor-binding domain of interleukin-2 and diph-
theria toxin, is already approved for the treatment of
refractory CTCL. In 25 evaluable patients with non
cutaneous T-cell lymphoma, the response rate was
48% with 20% CR and response have been observed
in both CD25-positive and CD25-negative lym-
phomas.48 Combination of this agent with CHOP
regimen appeared feasible.49

Monoclonal antibody alemtuzumab directed
against CD52 antigen has been evaluated in a short
series of 14 patients with heavily pretreated nodal T-
cell lymphoma. Alemtuzumab was planned to be
administered intravenously thrice a week for 12
weeks. The response rate was rather high with 3
patients achieving a CR and 2 patients a partial
response. However the infectious toxicity was con-
siderable in these poor prognosis patients.50 Using a
lower dosage and subcutaneous route, a 60%
response rate was observed in a series of 10 patients
with CTCL and nodal PTCL.51 Experience with the
combination of alemtuzumab and chemotherapy,
mainly CHOP and CHOP-like regimens, is still limit-
ed.45,52 Alemtuzumab was usually administered for
one or 2 days along with chemotherapy either by IV
or subcutaneous route. Preliminary results showed a
good tolerance and feasibility of such combinations.
However, a recent immunochemistry study has eval-
uated CD52 expression in various hematological
malignancies and only 35% (7/20) of PTCLU and
40% (2/5) of AITL cases were found to express CD52
whereas this antigen is highly expressed in normal T-
cells.53 These results need to be confirmed and sug-
gest that patients should be assessed for CD52
expression before being offered a treatment with
alemtuzumab. 

Histone deacetylase (HDAC) inhibitor depsipep-
tide has been evaluated in a series of 19 patients with
PTCL leading to a 26% response rate.54

Vorinostat (suberoylanilide hydroxamic acid,
SAHA), an other HDAC inhibitor, has been evaluat-
ed so far only in refractory CTCL. A partial response
was observed in 8 out of 33 evaluable patients with
a median duration of response of 15 weeks.55

Conclusion
Progress in the treatment of T-cell lymphomas

remains a challenging issue due to their rarity, unsat-

isfactory response to current chemotherapy regimens
and, for the time being, the lack of novel agent likely
to be incorporated into first line treatment. With a
few exceptions, treatment modalities should not
depend on histological subtype and nodal PTCLs
should be treated similarly, unless otherwise indicat-
ed by ongoing gene profiling or other biological stud-
ies. International collaborative efforts are mandatory
to make advances in the treatment of T-cell lym-
phomas and there are already several initiatives
focused on the evaluation of alemtuzumab in combi-
nation with chemotherapy, and of allogeneic stem
cell transplantation performed early as part of first-
line treatment. 
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Novel drugs for the treatment of T-cell lymphoma

Adiagnosis of lymphoma has long
been interpreted by patients and
doctors alike as a lucky diagnosis.

While these diseases in general are rela-
tively more chemotherapy sensitive than
many solid tumors, many sub-types of
lymphoma carry a very poor prognosis.
Complicating matters further is the fact
that the lymphomas represent one of the
most heterogenous group of malignancies
known to medicine. Underneath the sin-
gle rubric of lymphoma exist some of the
fastest growing cancers known to science
(Burkitt’s lymphoma, lymphoblastic lym-
phoma/leukemia), as well as some of the
most indolent (small lymphocytic lym-
phoma, follicular lymphoma, and margin-
al zone lymphoma). Within this complex
set of diseases are sub-types of lymphoma
that continue to pose significant therapeu-
tic challenges. The T-cell lymphomas rep-
resent one of those sub-types of lym-
phoma for which there has been remark-
ably little progress over the last several
years. These diseases not only demon-
strate a prognosis that is worse than their
B-cell counterparts, but, are extremely rare
diseases for which little consensus can be
established due to the difficulties in find-
ing enough patients to enroll in the appro-
priate clinical studies. 

For this reason, there is a strong need to
develop only the most active drugs for
these diseases, and to begin studying the
most promising new drugs in combination
with historically active agents. Clearly,
more attention needs to go into finding a
consensus on a new upfront treatment for
these diseases which offers the hope of
changing their present natural history. In
addition, identifying new agents with
novel mechanisms of action offers unique
opportunities to palliatively treat these
lymphomas by employing agents with
less cross resistance to prior lines of con-
ventional therapy. 

Epidemiology of T-cell lymphomas
While the etiology of non-Hodgkin’s

lymphoma (NHL) remains largely
unknown, it is clear that beginning prior to
1950, an epidemic of lymphoma, but not
other hematopoietic neoplasms, was doc-
umented in many populations, with an
estimated 50% increase in the age-adjust-
ed incidence from 1970-1990 in the U.S1-3

While recent reports suggest that the steep
rise in incidence may have slowed in
recent years, caution needs to be exercised
in interpreting these incidence rates given
the innumerable factors which can influ-
ence these statistics, like autoimmune
deficiency syndrome (AIDs), new diag-
nostic techniques, and the emergence of
other etiologic factors like infections.4-8 It is
interesting that industrialized nations
experience a higher incidence of NHL than
do developing countries, with the highest
incidence rate in the world being seen in
the United States (US) and Canada.6 These
statistics rank NHL as the sixth most com-
mon cancer and the sixth most common
cause of cancer death, accounting for 4%
of all cancers and 4% of cancer deaths.9

Prevalence and incidence 
Based on the most recent evaluation of

SEER registries presented by Morton et al.9

it is estimated there are approximately
114,548 cases of lymphoid neoplasms
diagnosed per year in the United States
over the period from 1992-2001, including
lymphoid leukemias and Hodgkin’s
Disease. Approximately 87,666 (about
76%) of these cases were B-cell lymphoid
neoplasms, while only about 10,042 cases
were attributed to Hodgkin’s disease.
T/NK-cell malignancies constituted
approximately 6,228 cases per year. In
general, T-cell malignancies comprise only
about 10-15% of lymphoid malignancies,
though there is notable variability in the
literature on the precise contribution.8,10-13

Myeloma



According to the National Cancer Institute SEER
Cancer Statistics Review 1975-2002, the prevalence
for all types of sub-types of Non-Hodgkin
Lymphoma was 347,039 on January 1, 2002, while
the 10-year prevalence estimate was 240,065.14

Unfortunately, the prevalence estimate specific to T-
cell NHL was not provided in this report (SEER
Cancer Statistics Review, 1975-2002, National Cancer
Institute. Bethesda, MD, http://seer.cancer.gov/csr/
1975_2002/, based on November 2004 SEER data
submission, posted to the SEER web site 2005). Data
provided in an analysis of U.S. Census Bureau and
the NCI’s SEER data set (SEER*Stat 6.2) using ICD
codes for all T-cell lymphoma sub-types (an analysis
performed by the DaVinci Oncology Specialists) pro-
vided the following prevalence estimates for NHL by
histology, as shown in Table 1.

It is clear that the overall prevalence of T-cell NHL
is well below the 200,000 limit to qualify for orphan
drug status. Our best estimate of the 10-year preva-
lence is approximately 30,000, more than six fold
below the limit. Even the most aggressive estimate
possible (15% of complete NHL prevalence of
347,039), puts the prevalence at 52,056, which is still
almost four fold below the limit. Numerous pub-
lished reports, as well as the prior designation of
orphan status for several products in T-cell lym-
phoma, confirm this conclusion.5

Recently, the U.S. FDA has previously acknowl-
edged the rarity of T-cell lymphomas in the United
States by granting orphan drug status to at least 6 other
products for T-cell lymphoma (not counting products
specified for cutaneous T-cell lymphoma), including:
1S)-1-(9-deaza-hypoxanthin-9-yl)-1,4-dideoxy-1,4-
imino-D-ribitol-hydrochloride (BioCryst Pharma-
ceuticals); siplizumab (MedImmune Oncology, Inc.);
Suberoylanilide hydroxamic acid (Merck & Co.);
AGN-30, anti-CD30 antibody (Seattle Genetics, Inc.);
and pentostatin (SuperGen). Based on admittedly
preliminary data, there is a reasonable expectation
that pralatrexate could exhibit activity similar to or
better than these agents now in clinical trials.

Classification of T cell lymphomas
The T cell lymphomas represent a very heteroge-

nous array of aggressive NHLs, and though rare, they
typically account for less than 10% of all newly diag-

nosed cases of lymphoma in the US. Interestingly,
these proportions of lymphoma are reverse in the
Orient and in the Caribbean, where 70-80% of all
NHLs are derived from T cells. According to the
World Health Organization (WHO) classification
schema provided in Table 2, T cell lymphomas are
divided into either precursor T/NK-cell neoplasms or
peripheral T/NK-cell neoplasms. These categories are
further sub-classified into a variety of entities.15

According to this classification scheme, there are felt
to be at least 15 distinct sub-types of T cell lym-
phoma, most of which can be broadly classified into
either aggressive or indolent lymphoproliferative dis-
eases based on their natural history. 

Prognosis of T-cell lymphoma is worse than B-cell 
lymphoma

All lymphomas are derived from lymphocytes, and
are classified, where possible, based on their cell of
origin. Approximately 75% of all cases of NHL are of
B cell origin, while the remainder are of T-cell origin.
Lymphomas of T-cell origin have been long consid-
ered to represent a worse prognosis. While it is not
entirely clear why T-cell lymphomas carry a worse
prognosis, several theories have been advanced,
including the observation that patients with T cell
lymphomas generally present with more high risk
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Table 1. Prevalence of NHL by type, 2005.

Disease 5-year 10-year

Total NHL 181,928 267,116
Non T-cell NHL 162,639 237,509
T-cell NHL 19,289 29,607

Table 2. WHO T-cell lymphoma classification.

Precursor T/NK neoplasms

Precursor T lymphoblastic leukemia/lymphoma
Blastic NK lymphoma

Peripheral T/NK neoplasms

Predominantly leukemic/disseminated
T-cell prolymphocytic leukemia
T-cell large granular lymphocytic
NK/T-cell leukemia/lymphoma
Adult T-cell leukemia/lymphoma

Predominantly nodal
Angioimmunoblastic T-cell lymphoma
Anaplastic large cell lymphoma
Peripheral T-cell lymphoma (Unspecified)

Predominant extranodal
Mycosis Fungoides (CTCL)
Sezary syndrome
Primary cutaneos CD30+ disorders

Anaplastic large cell lymphoma
Lymphomatoid papulosis

Subcutaneous panniculitis T-cell
NK/T-cell lymphoma-nasal
Enteropathy-type intestinal lymphoma
Hepatosplenic T-cell lymphoma
Extranodal peripheral T/NK-cell lymphoma (unspecified)



disease, at least based on the International Prognostic
Index (IPI), at diagnosis.16 While other hypotheses
revolve around the fundamental biological differ-
ences between B- and T-cell lymphomas with regard
to their intrinsic chemosensitivity, the IPI allows for
the risk stratification of patients with all types of
lymphoma, and has been applied to patients with
both indolent and aggressive lymphomas. This index
is based upon 5 important prognostic factors: (1) age,
(2) Eastern Cooperative Oncology Group (ECOG)
performance status, (3) abnormal levels of lactate
dehydrogenase (LDH), and (4) number of extra nodal
sites, and (5) stage. Patients are then classified based
on the number of risk factors they have as: low risk
(IPI 1), low intermediate risk (IPI 2), intermediate risk
(3), high-intermediate risk (IPI 4), or high risk (IPI 5). 

All aggressive T/NK-cell lymphomas require sys-
temic chemotherapy from the time of diagnosis, and
usually at relapse. As noted above, there are select T
cell subsets of disease that are considered more indo-
lent that may not require treatment at diagnosis, or
employ radically different treatments, including for
example: T cell prolymphocytic leukemia (T-PLL), T
cell large granular lymphocytic leukemia, primary
cutaneous CD30+ disorders including anaplastic large
cell lymphoma (ALCL) and lymphomatoid papulosis,
or mycosis fungoides (MF)/Sézary syndrome.
Because of the more indolent and favorable natural
history of these latter diseases, they are not included
in this study population.

In general, T/NK- cell diseases are associated with
a worse prognosis compared to their B cell counter-
parts. Several informative clinical series of patients
have reported very poor median survivals for
patients with T cell neoplasms, with 5-year survival
rates of less than 30% and a median survival of less
than 2 years.17-19 Incredibly, the failure-free survival
for patients with high or intermediate high risk dis-
ease ranges from 0 to less than 10%, with virtually
no long term survivors.18-20 In one such study, the

complete response (CR) rate for patients with T/NK-
cell lymphoma was only 43%, while nearly half of all
patients were refractory to their initial up-front chemothera-
py.19

A number of important studies have tried to iden-
tify the major factors that influence survival in
patients with T cell lymphoma. In one multivariate
analysis of 125 patients with T cell lymphoma
(PTCL-NOS [PTCL not otherwise specified]; anaplas-
tic large cell lymphoma; angioimmunoblastic lym-
phoma), the major parameters influencing outcome
were histological subtype and the IPI21. The five-
year overall survival with all types of T cell lym-
phoma was only 43%, while the 5-year relapsed-free
survival was 69%.18 As expected, not all T cell lym-
phomas behaved exactly the same. The 5-year over-
all survival was 61% for anaplastic large cell lym-
phoma (ALCL), 45% for PTCL not otherwise speci-
fied (PTCL NOS), and 28% for angioimmunoblastic
lymphoma (AILD). Based strictly on the IPI (Figure 1)
in one such study, the 5-year survival for patients
with any T cell lymphoma was 74%, 49%, 21%, and
6% for the low, low-intermediate, high-intermedi-
ate, and high risk groups, respectively.18 These differ-
ences in survival as a function of the IPI are demon-
strated in Figure 3.4.1 These data demonstrate that
IPI is an important adverse prognostic factor in PTCL,
and that patients with PTCL generally present with
more advanced IPI than patients with B-cell lym-
phomas, possibly accounting for some of the adverse
prognosis associated with PTCL.

While never really established in any prospective
randomized clinical trial, it is reasonably well accept-
ed that T cell lymphomas are more challenging to
treat than B-cell lymphomas. Table 3.4.2 presents
some of these data based on a publication from
Gisselbrecht et al.22 For example, in this study, the 5-
year survival rate for patients with 1, 2 or 3 risk fac-
tors with B- versus T cell lymphoma was 63% versus
60%, 53% versus 36%, and 35% versus 23%,
respectively. Similar trends were also observed for
the rates of complete remission. The poor prognosis
of these patients is underscored to some extent by a
report from the International Lymphoma Study
Group (ILSG) classification,19 which categorized dif-
ferent overall survival rates in lymphoma by histo-
logical subtype into 4 broad groupings,23 including:
(1) those with 5-year overall survival rate of greater
than 70% including follicular lymphoma, marginal
zone B-cell lymphoma of mucosa-associated lym-
phatic tissue lymphomas (MALT type), and anaplas-
tic lymphoma kinase (ALK) positive anaplastic large
T cell lymphoma; (2) those histological subtypes
with a 5-year survival rates of 50%-70% including
small lymphocytic, lymphoplasmacytoid, and nodal
marginal zone B-cell lymphomas; (3) those lym-
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Figure 1. Peripheral T-cell lymphoma. Overall survival by
the IPI.
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phomas with 5-year overall survival rates of 30%-
49% including diffuse large B-cell lymphoma, pri-
mary mediastinal large B-cell lymphoma, and the
high-grade, B-cell, Burkitt-like and Burkitt lym-
phomas; and finally, (4) those histological subtypes
with the worse overall prognosis and 5-year survival
rates less than 30%, including PTCL, precursor T-
lymphoblastic lymphoma, and mantle cell lym-
phoma. These results have been more recently con-
firmed by others showing that patients with PTCL
have an especially poor outcome with a 5-year over-
all survival rate of only 26% following treatment
with standard doxorubicin containing regimens.

Collectively, these observations strongly suggest
that patients with T cell lymphoma are in urgent
need of additional new treatment options. This is
especially true for patients with recurrent or refracto-
ry disease who typically have a limited response to
salvage therapy and an extremely poor overall sur-
vival.

First-line treatment of T/NK cell lymphomas
The diversity and rarity of T cell lymphomas poses

a challenge to the systematic study of these malig-
nancies and the identification of standard therapeutic
strategies. Recent reviews have attempted to charac-
terize treatment approaches to PTCL, and to describe
new agents that have potential activity against a vari-
ety of these diseases.10,20 The most common types of
PTCL have been typically treated with combination
chemotherapy programs. Without question, the
overwhelming majority of patients with PTCL are
initially treated with standard regimens containing
cyclophosphamide, doxorubicin, vincristine, and
prednisone (CHOP), though there is certainly no con-
sensus this represents an acceptable standard up-
front treatment program for these patients.11,19,24 The
response rates to CHOP chemotherapy for patients
with PTCL have been reported to range between
50% and 70%. A variety of other anthracycline-
based combination therapies have also shown prom-
ising activity, including infusional treatment pro-
grams such as EPOCH which contains etoposide,
doxorubicin, vincristine, prednisone and cyclophos-
phamide.25 Non-alkylator based treatment programs
exploiting nucleoside analogs like pentostatin, flu-
darabine, gemcitabine, and cladribine, as well as
monoclonal antibodies/immunotoxins, and high-
dose chemotherapy followed by peripheral blood
stem cell transplant (PBSCT) have also been used in
patients with T cell lymphomas with varying degrees
of success.26

Increasingly, more and more patients with T cell
lymphomas are being referred for PBSCT in first
remission. While early data suggest that these strate-
gies may be effective at inducing meaningful durable

complete remissions, there are no randomized data
available that allow a determination that PBSCT is
superior to other forms of up-front conventional
combination chemotherapy programs. While these
studies are presently being planned, such treatment
approaches should be considered investigational
until more definitive data become available.

Treatment of relapsed and refractory T cell lymphomas
Because T cell malignancies are so uncommon,

there are few studies that have specifically investigat-
ed optimal treatment pathways for patients with
relapsed or refractory disease. High dose therapy fol-
lowed by an autologous stem cell transplant, or less
commonly, an allogeneic stem cell transplant, is a
common treatment strategy for patients with
relapsed and refractory T cell lymphomas. PBSCT
has been successful only in patients with disease
responsive to chemotherapy. Patients with refractory
disease, or those transplanted with bulky disease do
not appear to derive any benefit from high dose chemother-
apy.26 A cure may be possible for a small sub-set of
patients who have chemosensitive disease and are
transplanted in states of minimal residual disease.
The remainder of patients who have either refracto-
ry disease or are not candidates for PBSCT, are des-
tined to succumb to their disease. It is these patients
in particular who are in urgent need of additional
treatment options. In order to improve the outcome
in this patient population, novel agents need to be
developed and integrated into conventional treat-
ment programs in order to improve treatment out-
comes. 

There have been relatively few studies focusing on
identifying novel drugs in the treatment of relapsed T
cell lymphomas, although several recent studies have
clearly established several potentially promising new
drugs.27-30 For example, one very promising relatively
new drug for patients with relapsed or refractory
cutaneous T cell lymphoma is gemcitabine, a deoxy-
cytidine analogue. To date, most of the data with
gemcitabine has focused on the more indolent cuta-
neous T-cell lymphomas. In one clinical trial explor-
ing the single-agent activity of gemcitabine in cuta-
neous T cell neoplasms, 10 heavily treated patients
received 1200 mg/m2 of weekly gemcitabine, which
produced responses in 6 of 10 patients, with 2 of
these being complete remissions.29 Though hard to
interpret in this study population due to the lack of
standard response criteria, the median duration of
response in this otherwise was 13.5 months. A simi-
lar single-agent experience with gemcitabine in 44
patients with heavily pre treated mycosis fungoides
and PTCL revealed a 70% response rate, with an
11% CR rate.30 While these trials are encouraging, it
should be underscored that these trials primarily
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included patients with cutaneous T-cell lymphoma,
primarily MF. Mycosis fungoides is a more indolent
form of T-cell NHL, and is not at all representative of
the more aggressive forms of T-cell lymphoma which
is the subject of this proposal. A detailed experience
in aggressive PTCL awaits more focused clinical
studies of gemcitabine in this population. 

Another interesting drug that has been used for
decades in the treatment of many lymphoprolifera-
tive malignancies, especially T cell malignancies, is
deoxycoformycin (pentostatin). Deoxycoformycin
has been utilized with benefit in select patient popu-
lations. In one such study, pentostatin was shown to
produce an overall response rate of 50% with 7%
CRs in patients with relapsed T cell lymphomas
(n=14).31 Unfortunately, despite a relatively promising
ORR, the median duration of response was only 6
months. In another study, pentostatin produced a
response rate of 38%, with more than half of these
responses seen in patients with Sézary syndrome.32

Although deoxycoformycin is active in T cell malig-
nancies, the responses tend to be relative short and no
patients are cured. In addition to traditional cytotoxic
chemotherapy programs, it is clear that several excit-
ing and new biological agents appear to have promis-
ing activity in T cell malignancies. One of the first
agents to prove efficacy in this class of drugs was
denileukin diftitox, or ONTAK. ONTAK is a fusion
protein that combines the receptor-binding domain of
interleukin-2 and diphtheria toxin and is approved for
cutaneous T cell lymphoma. Preliminary results from
the pivotal study in patients with relapsed/refractory
B- and T cell NHL demonstrated an overall response
rate of 21% (n=28).33 Responses were seen in both B-
and T cell lymphomas as well as CD25+ and CD25-
tumors. Additional studies derived from the benefit
seen with the addition of rituximab to CHOP in B-cell
lymphomas are now underway to explore the merits
of combining ONTAK with conventional CHOP
based therapy. Another agent emerging with promis-
ing activity is the monoclonal antibody alemtuzumab
(Campath), a humanized anti-CD52 monoclonal anti-
body has shown activity in the treatment of relapsed
or refractory T cell lymphomas, particularly in T PLL
and PTCL. In one clinical trial, Keating et al.34 demon-
strated an overall response rate of 51% with an
impressive 40% complete remission rate. However,
despite the overall response rate, the median time to
progression (TTP) was only 4.5 months. Based on the
promising activity see in T-PLL, a prospective single
agent alemtuzumab Phase 2 trial was conducted
strictly in patients with T-PLL. Again, an impressive
overall response rate of 76% was observed, with a CR
rate of over 60%, and a median disease-free interval
of 7 months.35,36 While alemtuzumab has the potential
to benefit patients with relapsed T cell lymphomas, it

is also clear that it is a drug associated with a number
of toxicities, which can include the potentially fatal
reactivation of cytomegalovirus (CMV). In a study
exploring the benefits of alemtuzumab in a more
diverse population of T cell lymphomas, patients
were found to have an overall response rate of
approximately 35%, though the treatment related
mortality was significant at approximately 35%.
Moreover, emerging data now appear to suggest that
the rates of CD52 expression may be lower in
patients with PTCL compared to T-PLL, potentially
making alemtuzumab a less important drug for T-cell
lymphomas other than T-PLL. Methotrexate, while
commonly used in select situations in the treatment
of lymphoma, is not routinely used in the treatment
of aggressive peripheral T-cell lymphomas. In fact, lit-
erature searches to identify studies which have used
MTX in aggressive PTCL fail to produce any trials
which have systematically addressed the issue of
how active MTX is in these particular diseases. While
it may be integrated into the maintenance treatment
of lymphoblastic lymphoma, and is occasionally used
in the treatment of cutaneous T-cell disorders in low
doses,37 few if any patients receive MTX as a part of
their routine care because of the perception that it
exhibits limited activity. In fact, one report even sug-
gests that use of MTX may increase the risk of trans-
formation in mycosis fungoides.38 While it may no
longer be feasible to conduct a large enough study of
MTX in this patient population because of these per-
ceptions and the rarity of these patients, it is clear that
the identification of novel antifolates with superior
activity against lymphoproliferative malignancies rep-
resents a valid therapeutic option for these patients,
as we will see below. 

(RS) 10-Propargyl-10deazaaminopterin (Pralatrexate) 
The 10 deazaaminopterins are a class of folate ana-

logues (Figure 2) that demonstrate greater anti tumor
effects than methotrexate against murine tumor mod-
els and human tumor xenografts in nude mice.39-41 The
improved activity is due to the more effective inter-
nalization by the 1-carbon, reduced folate transporter
(RFC-1) and the subsequent accumulation in tumor
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Figure 2. (RS) 10-Propargyl-10deazaaminopterin (Prala-
trexate). 
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cells through the formation of polyglutamylated
metabolites. 

RFC-1 is a fetal oncoprotein that is almost exclu-
sively expressed on fetal and malignant tissue, and is
felt to be the principal means through which prala-
trexate, though not necessarily all anti-folates, enter
the cell. This carrier protein has evolved to efficient-
ly transport reduced natural folates into highly prolif-
erative cells, in order to meet the demands for purine
and pyrimidine nucelotides during DNA synthesis. 

Table 3 demonstrates some of the essential phar-
macokinetic properties of pralatexate. As can be seen
from the influx Vmax/Km data, pralatrexate is far more
efficiently transported, being incorporated at a rate
nearly 14 times greater than that appreciated for
methotrexate. Similarly, the Vmax/Km for the folylpolyg-
lutamyl synthetase (FPGS) mediated glutamylation
reactions suggest that pralatrexate is also 10 times
more efficiently polyglutamylated compared to
methotrexate. These biochemical features suggest
that pralatrexate should be a more potent antineo-
plastic agent in comparison to methotrexate, and
could overcome known mechanisms of MTX resist-
ance where down-regulation of RFC-1 and/or FPGS
leads to frank MTX resistance. 

In addition, the cytotoxicity of pralatrexate was
compared with that of methotrexate in multiple lym-
phoma cells lines (1 transformed follicular lym-
phoma, 2 diffuse large B cell, 1 Burkitt’s, and 1
Hodgkin’s disease). Pralatrexate demonstrated over
10 fold greater cytotoxicity than methotrexate in all
cell lines.42

Clinical experience with Pralatrexate in patients with 
lymphoma
Pralatrexate exhibits marked activity in T-cell lymphomas

To date, approximately 20 patients with lym-
phoma have received pralatrexate, including 11 with
T-cell lymphoma. Only one of these patients
received pralatrexate on the every other week basis,
having received a single dose of 135 mg/m2. The
remaining were enrolled on the phase I study of
weekly pralatrexate. These data demonstrate that the
first patient with a chemotherapy refractory periph-
eral T-cell lymphoma NOS experienced a complete

remission after a single dose that was documented
by PET scan to be PET negative. This patient had true
chemotherapy refractory disease, having received
CHOP, ICE and Campath, with essentially no
response to any of these initial therapies. Because he
developed gram positive bacteremia from numerous
healing skin lesions, he could not be retreated on
study (as dictated by the protocol). His response last-
ed 3 months, and he was the last patient treated on
the every other week schedule.

The first patient treated on the weekly schedule
was a 65 year old woman with T-cell acute lymphoblastic
leukemia/lymphoma (T-cell ALL), who had received
induction chemotherapy and had been on
methotrexate maintenance for nearly 18 months,
when she developed an aggressive systemic relapse
of her disease. She had extensive involvement of her
nasal passages, parotid gland, and lacrimal gland,
experiencing difficulty breathing, seeing and walk-
ing. She began treatment in dose cohort 1, receiving
a dose of 30 mg/m2 weekly x 3 weeks. She experi-
enced a marked improvement in her disease within a
week of treatment, with marked resolution of dis-
ease in her lacrimal and parotid glands and nasal pas-
sages, achieved a documented complete remission by PET
and CT, and had a morphologically normal bone
marrow which was more than 35% infiltrated with
ALL lymphoblasts prior to pralatrexate administra-
tion. She was maintained on treatment for 12
months, after which she developed a bone marrow
only relapse of her disease. 

A second patient treated at this dose level with
chemotherapy refractory HTLV-1 ATLL which pro-
gressed rapidly after infusional EPOCH and interfer-
on/Combivir, also experienced a complete remission to
pralatrexate. He presented with a pathologically
proven relapse of his disease in the axilla, that was
non-bulky, and has also been maintained on therapy
for 12 months, and as of this date remains in CR. The
other patient in this dose cohort experienced, with a
NK/T-cell lymphoma, achieved a mixed response,
having had resolution of her prior disease, but devel-
oped a lesion on the tibial plateau requiring radiation
therapy. 

Escalation of pralatrexate to 30 mg/m2 weekly for 6
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Table 3. Biochemical and properties of aminopterin, methotrexate, edatrexate, and pralatrexate in CCRF-CEM cells.

Treatment DHFR Influx FPGS Activity
Inhibition
Ki (pM) Km (µM) Vmax (pmol/min/mg protein) Vmax/Km Km (µM) Vmax (pmol/min/mg protein) Vmax/Km

Aminopterin 4.9±1 1.2±0.2 3.6±1.0 3.0 5.8±1 117±18 20.2
Methotrexate 5.4±2 4.8±1.0 4.1±1.2 0.9 32.2±5 70±10 2.2
Edatrexate 5.8±1 1.1±0.1 3.9±0.9 3.5 6.3±1 65±9 10.3
Pralatrexate 13.4±3 0.3±0.1 3.8±1.3 12.6 5.9±1 137±26 23.2

Ki :inhibitory constant; Km:binding constant; mg: milligram; min:minute; pM: picomolar; pmol: picomole; Vmax: maximum rate constant; µM:micromolar.



weeks was well tolerated, with no DLTs in the
cohort accrued. The first patient enrolled on this dose
cohort also had truly chemotherapy refractory panni-
culitic T-cell lymphoma. This particular disease actually
belongs to a more aggressive and very poor progno-
sis sub-set of T-cell lymphomas, namely the ???-T-
cell receptor rearranged T-cell malignancies. This
patient developed a relapse following standard
chemotherapy for this disease, and achieved a CT,
PET and pathologically confirmed complete remission after
two cycles of pralatrexate. He has sustained this
response, now with an option to undergo an
unmatched allogeneic stem cell transplant in CR. 

The only patients with T-cell lymphoma to actual-
ly progress on study drug carried a diagnosis of
angioimmunoblastic T-cell lymphoma, both of
whom received at least two cycles of pralatrexate.
The two patients who succumbed to infectious com-
plications following treatment and regression of their
lymphoma were discussed above, both of whom
experienced objective disease regression, but were
not assessable for response (they per protocol had
not completed a cycle of therapy). At the 45 mg/m2

dose level, another patient with blastic NK/T-cell lym-
phoma of the skin and blood achieved a rapid com-
plete remission based on complete blood counts,
clinical findings and photodocumentation. He now
continues on study, 4 months since registration,
without any overt toxicities. One patient with ALK
positive anaplastic large T-cell lymphoma (ALCL) is
still within the first cycle of therapy, and has not yet
been evaluated for response. 

In summary, of 11 patients with T-cell lymphoma
treated with pralatrexate (on a Phase 1 study), 5 have
experienced complete remissions, with durations of
response lasting 12, 12+, 9, 3, and 4+ months respec-
tively. Two of eleven patients succumbed to infec-
tious complications of their disease treatment, both
experiencing objective regressions of their lym-
phoma; two experienced mixed responses; and 2
patients with angioimmunoblastic lymphoma expe-
rienced progression of disease. One of two patients
with diffuse large B-cell lymphoma in the ongoing
weekly pralatrexate study has recently experienced a
partial remission. 

Concluding remarks
It is clear that there are a plethora of new drug

making their way into and through the clinic. A host
of novel targets effecting such unique pathways as
the Bcl-2 family members, proteasome, histone
deacetylase, MAP kinase and AKT and mTOR for
example, offer exciting and unique opportunities to
change the natural history of these diseases. In addi-
tion, many of these agents appear to compliment the
effects of conventional cytotoxic therapy. What

remains most challenging however, is the fact that
diseases like mantle cell lymphoma and T-cell lym-
phoma, are exceedingly rare diseases. Our pace of
understanding biology, has rapidly outpaced our abil-
ity to test new hypotheses in patients with these dis-
eases. The most significant breakthroughs will only
happen if we can continue to collaborate as one com-
munity with a shared interest, and work tirelessly to
put all patients with T-cell lymphoma on clinical tri-
als. It will eventually be the seamless traversing from
bench to bed, and back to the bench again strategies,
that will make the biggest impact on the quality of
our patients lives. 
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Advances in myeloma biology: basis for new therapy

Despite the advances in convention-
al and high dose chemotherapy,
Multiple myeloma (MM) remains

incurable. In order to overcome resistance
to current therapies and improve patient
outcome, novel biologically-based treat-
ment approaches are being developed
based upon targeting the MM cell as well
as its BM microenvironment, and to target
mechanisms whereby MM cells grow and
survive in the bone marrow (BM).1 To
achieve this goal, we and others have
defined oncogenomic changes, at both
genomic and expression level, that charac-
terizes the myeloma cells and developed
model systems to study growth, survival,
and drug resistance mechanisms intrinsic
to MM cells. Importantly, both in vitro sys-
tems and in vivo animal models character-
ize mechanisms of MM cell homing to
BM, as well as factors (MM cell-bone mar-
row stromal cell interactions, cytokines,
angiogenesis) promoting MM cell growth,
survival, drug resistance, and migration in
the BM microenvironment.2 These model
systems have already allowed for the
development of several promising biologi-
cally-based therapies including thalido-
mide (Thal) and its more potent
immunomodulatory analog lenalidomide,3

as well as proteasome inhibitor
Bortezomib4 which can overcome classical
drug resistance and improve patient out-
come. The identification of new targets
and development of newer agent is now
predicated on further understanding of
genomic studies in MM and on under-
standing of role of BM microenvironment
on myeloma pathobiology. We here
describe the recent advances that have
helped development of novel tagets and
agents in MM and form the basis for their
clinical investigation. 

Cytogenetic and genomic studies in MM
Recent genomics and proteomics studies

in MM have improved our understanding
of myeloma pathobiology, allowed for
molecular classification, identified novel

therapeutic targets, and provided the sci-
entific rationale for combination therapies
to increase tumor cell cytotoxicity and
overcome drug resistance. 

Most if not all MM harbours cytogenet-
ic abnormalities including numerical
abnormality with hyperdiploid kary-
otypes with infrequent translocations
(<30%) or nonhyperdiploid karyotypes
with high prevalence of translocations
involving Ig gene.5 The hallmark of
translocations in B cell malignancies as
well as myeloma is translocations involv-
ing chromosome 14q32.6 In one third of
the patients these translocations involves
chromosomal locus 11q13 (cyclin D1), and
leads to cyclin D1 upregulation or indirect-
ly through other intermediate transcrip-
tional factors upregulation of cyclin D2
and D3. Upregulation of cyclin D genes
may render plasma cells responsive to pro-
liferative stimuli as well as further genom-
ic changes.7 Cyclin D therefore has
become important target for prognostic
classification as well as therapeutic target
in myeloma.8 Another oncogene dysregu-
lated by t(4;14) translocation is the fibrob-
last growth factor receptor 3 (FGFR3)
gene. Ectopic expression of FGFR3 pro-
motes MM cell proliferation and prevents
apoptosis.9,10 It is oncogenic in a murine
model, as evidenced by transformation of
hemopoietic cells. FGFR3 has become a
focus of intense therapeutic interest with
number of small molecular FGFR3
inhibitors being evaluated in preclinical as
well as clinical studies. This translocation
also involves a novel gene MMSET with
resultant IgH/MMSET hybrid transcripts.11

The less frequent chromosomal partner in
14q32 translocation are 8q24 (c-myc)
18q21 (bcl-2), 11q23 (MLL-1), 16q23 (c-
maf) and 6p25 (IRF)11 all with potential
therapeutic interest. Clinical studies have
shown that MM patients with t(4;14), or
t(14;16) translocations or chromosome 13
or 17p deletions1,5 have poor prognosis
with conventional or high-dose therapies.
However recent studies using novel agents

Myeloma



have demonstrated ability of both bortezomib as
well as Lenalidomide to overcome the adverse effects
of these genetic factors on patient outcome.12

Recently studies with high-resolution analysis of
recurrent copy number alterations (CNAs) using
array based comparative genomic hybridization
(aCGH) and its integration with expression profiling
data have identified areas of chromosomal amplifica-
tions and deletions in both MM cell lines as well as
primary patient samples. These studies have provid-
ed a DNA based classification systems for MM and
additionally defined 87 discrete minimal common
regions (MCRs) within recurrent and highly focal
CNAs. In this study integration with expression data
has generated a list of MM gene candidates within
these MCRs, thereby providing understanding for
the disease pathogenesis, as well as initiation of tar-
geted drug discovery.13

Transcriptomic changes in MM 
Gene microarray profiling has characterized that

expression profile of monoclonal Gammopathy of
Undetermined Significance (MGUS) and MM is simi-
lar but distinct from that of normal plasma cells.
These studies have defined the changes associated

with the progression of normal plasma cells to MGUS
and then to multiple myeloma.14 These studies have
provided the basis for RNA based prognostic classifi-
cation.8 Additionally, along with aCGH studies,
expression profile has identified novel therapeutic tar-
gets including potential novel targets on cell surface
for monoclonal antibody development; intracellular
targets for development of small molecule inhibitors
and targets for immune-based therapies. Expression
profiling pre and post therapeutic intervention have
allowed for identification of gene expression pattern
that can predict response versus resistance to therapy.
These results are likely to pave way for expression-
based individualized therapy in future. 

Bone marrow microenvironment and MM cell interaction 
We and others have characterized the mechanisms

whereby MM cells home to the BM and adhere to
BM stromal cells (BMSCs) and extracellular matrix
(ECM) proteins.15 These studies have identified adhe-
sion molecules mediating MM cell binding to
fibronectin and BMSCs (Table 1) and lead to MM cell
growth, survival, anti-apoptosis as well as develop-
ment of drug resistance. Besides the adhesion medi-
ated signaling, the binding leads to secretion of vari-
ous growth promoting cytokines by both MM cels as
well as BMSC. BMSCs secrete cytokines, such as
interleukin-6 (IL-6),16 insulin-like growth factor-1
(IGF-1),17 vascular endothelial growth factor (VEGF),18

and stomal cell derived growth factor (SDF-1)α,19

which augment MM cell growth, survival, and devel-
opment of drug resistance via MAPK and PI3-K/Akt,
Jak/STAT, and PI3-K/Akt signaling cascades, respec-
tively (Figure 1).2 IGF-1 has been shown to augment
MM cell growth, survival, and drug resistance.17

VEGF secreted by both MM cells and BMSCs is
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Table 1. Cell surface adhesion molecules on MM cells and
BMSCs.

MM CELL BMSC ECM

CD56 HSP
LFA-1 ICAM-1
CD38 CD31
VLA-4 VCAM-1 Fibronectin
VLA-5 Fibronectin
Syndecan Type I Collagen

HSP = Heparan Sulfate Proteoglycan; ECM = Extra Cellular Matrix.

Figure 1. Signaling cascades
mediating growth, survival, drug
resistance and migration in MM
cells.
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upregulated by binding of MM cells to BMSCs; it
augments MM cell growth angiogenesis, although
reports correlate increase in angiogenesis with stage
of MM, its precise pathophysiologic significance in
MM BM is undefined. VEGF induces migration via
PKC signaling.18 Tumor necrosis factorα (TNFα)?
does not directly alter MM cell growth and survival,
however, it induces NF-κB dependent upregulation
of adhesion molecules (ICAM-1, VCAM-1) on both
MM cells and BMSCs, resulting in increased binding
and related induction of IL-6 and other cytokine
secretions.20 Role of other cytokine such as
Hepatocyte Growth Factor (HGF), IL-15 and IL-21 in
MM cell growth and survival has been described.21, 22

Recombinant IL-1β stimulates IL-6 production and
thereby augments proliferation of MM cells; this
observation has led to investigation of anti- IL-1β in
MGUS. Transforming growth factor-β (TGF-β) is
secreted by MM cells and triggers IL-6 secretion in
BMSCs and paracine IL-6 mediated tumor cell
growth. TGF-β secreted by MM cells likely also con-
tributes to the immunodeficiency characteristic of
MM by downregulating B cells, T cells, and natural
killer cells, without similarly inhibiting the growth of
MM cells.23 Macrophage inflammatory protein-1α
(MIP-1α) is an osteoclast stimulating factor in MM.24

Expression profile studies of MM cells and BMSC
following their adhesion both in vitro and in in vivo
models of human MM in mice have identified upreg-
ulation of growth, survival, and drug resistance genes
in MM cells; upregulation of adhesions molecules on
MM cells and BMSCs; and changes in cytokines in
BMSCS.25 This MM-BMSC and MM-ECM interac-
tion confers cell adhesion mediated (CAM) drug
resistance to conventional agents with induction of
p27 and G1 growth arrest as well as induces melpha-
lan resistance.26,27 However, the novel agents includ-
ing Thalidomide (Thal) and its immunomodulatory
derivative lenalidomide, as well as proteasome
inhibitor Bortezomib,3,28 which target both MM cells
as well as its microenvironment are able to overcome
CAM drug resistance to conventional agents. 

These newer agents work through various mecha-
nisms operative in the BM milieu. Besides the vari-
able extent of activity on MM cells themselves, they
inhibit MM-BMSC interaction and the consequent
local cytokine production; and they decrease VEGF
and FGF secretion which are important for neoangio-
genesis.3,28 Additionally, Lenalidomide and to some
extent thalidomide have significant immune effects
including improving antigen presenting function of
dendritic cells, co-stimulation of T cells via B7-CD28
pathway and by secretion of IL-2 it upregulates T and
NK cell anti-MM activity.29 Lenalidomide can also
upregulate antibody dependent celluar mediated
cytotoxicity.30

Molecularly based rational combination therapies 
The improved understanding of the molecular

changes in MM and effects of various agents on gene
expression as well as signaling profile have led to
development of molecularly-based rational combina-
tion therapies. The molecular studies have defined
mechanism of apoptosis by various agents on one
hand and discovered mechanisms of drug resistance
on the other. Excitingly, preclinical studies suggest
enhanced activity when these novel agents are com-
bined with conventional agents or with each other.
These studies have established a new treatment par-
adigm targeting the MM cell in its BM microenviron-
ment to further elucidate MM pathogenesis as well
as overcome drug resistance and improve patient
outcome. 

Expression profiling of MM cells following their
treatment with various agents can provide the pre-
clinical rationale for combining novel targeted thera-
pies. For example, expression profile of MM cells fol-
lowing Bortezomib treatment demonstrate induction
of various pathways upregulation of both
ubiquitin/proteasome and stress response gene tran-
scripts,28 specifically Hsp90, which plays a major role
in protein folding and ubiquitin-mediated proteaso-
mal protein degradation. In vitro studies show that
Hsp90 inhibition by 17AAG can block the Hsp90
stress response induced by Bortezomib and thereby
increase MM cell apoptosis.31 These expression pro-
file studies therefore provided the framework for a
clinical trial coupling Hsp90 inhibitor KOS953 with
Bortezomib to enhance MM cells cytotoxicity and
even overcome Bortezomib resistance.32

Similarly expression as well as proteomic changes
following Bortezomib treatment suggested that
Bortezomib inhibited DNA repair.33 Subsequent in
vitro studies confirmed that combining Bortezomib
with DNA damaging agents (alkylating agents and
anthracyclines) can enhance sensitivity or even over-
come resistance to these agents in MM. Already clin-
ical protocols combining Velcade with Doxil and
with melphalan are demonstrating very promising
clinical results. 

The apoptotic signaling cascades triggered in MM
cells by both conventional and novel agents have
been characterized. For example, use of lenalidomide
with Bortezomib triggers both caspase 8 and caspase
9-mediated MM cell death.34 An ongoing clinical trial
has demonstrated remarkable activity in patients
treated with combination lenalidomide and
Bortezomib even in patients resistant to either agent
alone.35

MM cell signaling studies have defined the role of
the aggresome in degrading ubiquitinated protein in
MM. Blocking the aggresome with HDAC6 inhibitor
tubacin induces a compensatory upregulation of the
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proteasome and conversely, blocking the proteasome
with Bortezomib triggers a compensatory upregula-
tion of the aggresome. Blocking both the proteasome
and aggresome with Bortezomib and tubacin, respec-
tively, induces synergistic toxicity.36 The HDAC
inhibitor LBH596 is under clnical investigation singly
and in combination with Bortezomib.37 mTOR
inhibitor rapamycin sensitizes MM cells to both con-
ventional (dexamethasone) and novel therapies.38

Bortezomib inhibits growth (MEK/ERK) and survival
(Jak/STAT) signaling, but activates Akt, providing the
preclinical rationale for combining Bortezomib with
the Akt inhibitor perifosine.39 Additionaly, gene
expression profiling of patient tumor samples has
identified genes associated with lack of response to
Bortezomib. Hsp27 upregulation correlated with
intrinsic or acquired Bortezomib resistance.
Preclinical studies showed that p38MAPK inhibition
downregulated Hsp27 expression and restored vel-
cade sensitivity in resistant MM cell lines providing
the basis for a trial combining these two agents.40

Finally the immunomodulatory agent Lenalidomide
can markedly augment antibody-dependent cellular
cytotoxicity (ADCC) providing the rationale to com-
bine monoclonal antibodies with novel drugs.30

Once in vitro promise of these novel agents is
demonstrated, they are tested for their efficacy in
murine models. Novel murine models mimicking
human MM have been developed to improve our
ability to validate novel targets and agents in MM. A
SCID mice bearing human bone41 and a conditional
tranagenic mouse model expressing xbp-1 gene that
develops MGUS and MM with characteristics similar
to human MM provides such tools.42 Thalidomide,
Lenalidomide and Bortezomib all inhibit human MM
cell growth, decrease associated angiogenesis, and
prolong host survival in animal models. These agents
have already demonstrated marked clinical anti-MM
activity confirming the utility of preclinical models to
identify and validate novel therapeutics and their
approval for clnical use in patients with newly-diag-
nosed myeloma (Thalidomide) and with relapsed
myeloma (Bortezomib and Lenalidomide).
Ultimately it may be possible to carry out gene and
protein expression profiling on individual patient
samples to allow selection of those agents most like-
ly to be effective. For example, a comparison of gene
expression profile of patient MM cells to normal twin
plasma cells and showed surprisingly few significant
differences.43 This data may allow selection of those
combinations of agents targeting these gene products
to optimize clinical response. 
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Multiple myeloma: diagnosis, staging and 
criteria of response

Monoclonal gammopathies are
characterized by the existence of
a plasma cell clone which pro-

duces a monoclonal protein (M-protein,
paraprotein or M-component). The clini-
cal spectrum ranges from asymptomatic
disorders such as monoclonal gammopa-
thy of undetermined significance (MGUS)
or smoldering multiple myeloma (SMM)
to symptomatic multiple myeloma (MM).
When the light chain is amyloidogenic the
clinical picture is that of primary systemic
amyloidosis (AL) which results from the
tissue and organ light chains deposition.
The median survival of patients with MM
is approximately 3 years. However, there
is a considerable variability from patient
to patient. Finally, the plasma cell clone
has been classically characterized by a
high degree of resistance to treatment, this
leading to the need for considering differ-
ent degrees of response. The introduction
of high-dose therapy/stem cell transplan-
tation (HDT/SCT) and the availability of
new drugs with novel mechanisms of
action has resulted in a higher tumor
reduction with a significant number of
patients achieving complete remission.
For this reason new response criteria were
developed, which have been recently
revisited. In this overview the differential
diagnosis among the above mentioned
monoclonal gammopathies with the crite-
ria for symptomatic disease, the prognos-
tic factors/staging systems and the criteria
of response for MM are reviewed.

Classification and diagnosis
The criteria for classification and diag-

nosis of monoclonal gammopathies has
been reviewed by the International
Myeloma Working Group.1

Monoclonal gammopathy of undetermined 
significance

MGUS has a high prevalence (3.2 and
5.8 percent in persons older than 50 and
70 years, respectively)2 and it is character-
ized by the presence of a serum M-protein

lower than 30 g/L and less than 10% bone
marrow plasma cells with no evidence of
other B-cell lymphoproliferative disorder
and no symptoms or organ or tissue
impairment attributable to the monoclon-
al gammopathy (Table 1).1,3,4 Concerning
MGUS, it is important to keep in mind the
following issues: 1) the transformation
rate is about 1% per year with an actuari-
al probability of malignant evolution at 25
years of follow-up of 30%, 2) when the
competing causes of dead are considered,
the actual probability of malignant trans-
formation at 25 years of follow-up is only
11%, much lower than the actuarial pre-
diction,5 3) the main factors predicting
progression are: the M-protein size, IgA-
type and abnormal free light chain ratio,6

4) in the authors’s experience the so-called
evolving type (rising M-protein during the
first years of follow-up) is the most impor-
tant predictor for malignant evolution,7

5) when the monoclonal protein and the
proportion of bone marrow plasma cells
are consistent with MGUS but the patient
has a nephrotic syndrome, congestive
heart failure, peripheral neuropathy,
orthostatic hypotension or massive
hepatomegaly the most likely diagnosis is
primary systemic amyloidosis resulting
from the deposition of amyloidogenic
light chains4 and 6) in a patient with con-
stitutional symptoms, lytic bone lesions, a
small M-spike and less than 10% plasma
cells in the bone marrow, the most likely
diagnosis is metastatic carcinoma with a
coincidental MGUS.

Smoldering multiple myeloma
The term smoldering multiple myeloma

was stringently defined by Kyle and
Greipp as the presence of a serum M-pro-
tein higher than 30 g/L and a proportion of
bone marrow plasma cells equal or greater
than 10% in the absence of lytic bone
lesions or clinical manifestations due to
the monoclonal gammopathy.8 More
recently, the International Myeloma
Working Group considered that the term

Myeloma
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asymptomatic myeloma could be more appropriate than
smoldering multiple myeloma defined this condition as
the presence of an M-protein equal or higher than 30
g/L and/or > 10% bone marrow plasma cells in the
absence of symptoms or organ or tissue impairment
due to the monoclonal gammopathy1 (Table 2).
About 10% of the patients diagnosed with MM have
smoldering disease.9,10 This situation is clinically and

biologically very close to that observed in MGUS.
However, the plasma cell mass is much higher and all
patients will eventually evolve into a symptomatic
MM.9-14

Symptomatic multiple myeloma
The diagnosis of symptomatic MM requires the

presence of an M-protein in serum and/or urine,
increased plasma cells in the bone marrow or plasma-
cytoma and related organ or tissue impairment
(including bone lesions). The more common symp-
toms are weakness and fatigue from anemia and
bone pain due to the skeletal involvement. Some
patients may have no symptoms but have related
organ or tissue impairment. Clinical features may
include anemia, skeletal involvement (lytic lesions
and/or severe osteoporosis with or without compres-
sion fractures), renal failure, hypercalcemia, recurrent
bacterial infections, extramedullary plasmacytomas,
hiperviscosity (very rare) or associated amyloidosis
(Table 3). The criteria agreed by the International
Myeloma Working Group for the diagnosis of symp-
tomatic MM are depicted in Table 4.1 Note that no
level of serum or urine M-protein was included.
About 40% of patients with symptomatic MM have
a serum M-protein lower than 30 g/L and 3% have
non-secretory MM (see Table 5 for the diagnostic cri-
teria of non-secretory). Also, no minimal proportion
of bone marrow plasma cells was required, since
about 5% of patients with symptomatic MM have
less than 10% plasma cells in the bone marrow. In
fact the most critical criterion for disease requiring
cytotoxic therapy is the evidence of organ or tissue
impairment (end organ damage) manifested by the
clinical features mentioned above.

The criteria for solitary plasmacytoma of bone and
extramedullary plasmacytoma are shown in Tables 6
and 7, respectively.1 Plasma cell leukemia is an
aggressive variant of MM defined by the finding of a
peripheral blood absolute plasma cell number of at
least 2×109/L and more than 20% plasma cells in the
peripheral blood differential white cell count.1 Plasma
cell leukemia is classified as primary when it presents
in the leukemic phase (60% of the cases) or as sec-
ondary when it results from the transformation of a
previously recognized MM.

Prognostic factors and staging systems
The median survival of patients with MM is about

3 years. However, the survival varies from one
patient to another. Thus, while some patients die
within the first few months from diagnosis others
survive for more the 5 and even for more than 10
years. This variability in survival relates mainly to
prognostic factors associated with certain character-
istics of both the host and the tumor. Since the first
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Table 1. Monoclonal gammopathy of undetermined signif-
icance (MGUS). 

Serum M-protein < 30 g/L

Bone marrow clonal plasma cells < 10%

No evidence of other B-cell proliferative disorders

No related organ or tissue impairment

Table 2. Asymptomatic myeloma (smouldering myeloma). 

Serum M-protein ≥30 g/L or urine light chain ≥1g/24h
or
Bone marrow clonal plasma cells ≥10%

No related organ or tissue impairment (no end organ damage including bone
lesions) or symptoms.

Table 3. Myeloma-related organ or tissue impairment (end
organ damage) (ROTI) due to the plasma cell proliferative
process. 

Increased serum Calcium

Renal insufficiency

Anaemia: haemoglobin 2 g/dL below the lower of normal limit

Bone lesions: lytic lesions or osteoporosis with compression fractures (MRI or CT
may clarify)

Other: symptomatic hyperviscosity (rare), amyloidosis, recurrent bacterial infec-
tions (> episodes in 12 months), extramedullary plasmacytomas.

CRAB (calcium, renal insufficiency, anaemia or bone lesions).

Table 4. Symptomatic multiple myeloma*.

M-protein in serum and /or urine

Bone marrow (clonal) plasma cells or plasmacytoma**

Related organ or tissue impairment (end organ damage, including bone lesions)

* Some patients may have no symptoms but have related organ or tissue impair-
ment; ** If flow cytometry is performed, most plasma cells (>90%) will show a
“neoplastic” phenotype.

Table 5. Non-secretory myeloma.

No M-protein in serum and/or urine with negative immunofixation*

Bone marrow clonal plasmacytosis ≥ 10% or plasmacytoma

Related organ or tissue impairment (end organ damage, including bone lesions)

*Oligosecretory: urine light chain excretion < 200 mg/24hrs (usually of kappa
type).



report in 1967 by Carbone et al.15 many studies on
prognostic factors have been published resulting in
the identification of a large number of features with
prognostic impact. In this review we will consider: 1)
host factors, 2) factors related to the malignant clone
and 3) factors associated with tumor mass and dis-
ease complications. We will also review the different
staging systems developed for MM, with particular
emphasis on the International Staging System (ISS) as
well as the impact of response to therapy on long-
term outcome.

Host factors
Age is an important prognostic factor in MM.

Thus, the median survival of patients younger than
40 and 30 years was 54 and 87 months, respective-
ly.16,17 In contrast, the median survival of patients
older than 70 years was of only 23 months.18Other
critical prognostic feature is the performance status
(PS) at the time of diagnosis. In this regard, patients
with a PS greater than 2 have a significantly poorer
survival compared with those with better PS.19

Factors related to the malignant clone
In the Mayo Clinic experience, the plasmablastic

morphology is a powerful prognostic feature.20 On
the other hand, the plasma cell proliferative status
measured either by the plasma cell labelling index or
by flow cytometry is one of the most reliable prog-
nostic indicators in patients with MM.21

The cytogenetic status has emerged as the most
important prognostic factor in MM. As shown in
Table 8, patients with hyperdiploidy have good out-
come in contrast with those with hypodiploidy and
patients with t(11;14) have an average survival. The
cytogenetic poor prognostic features are: retinoblas-
toma (RB) and P53 deletions and immunoglobulin
heavy-heavy chain (IgH) translocations, mainly the
t(4;14) and t(14;16).22 Although RB deletions have
emerged as a powerful prognostic indicator in many
studies, the coexistence of RB deletions with IgH
translocations has raised the question of whether the
prognostic impact of each abnormality may be influ-
enced by the other. In this regard, the Spanish
Myeloma Group has just reported that in a multivari-
ate analysis that the only features independently
affecting survival were: t(4;14), RB deletion associat-
ed with other cytogenetic abnormalities, age > 60
years, high proportion of S-phase cells and the
advanced disease stage according to the ISS.23Thus,
RB deletion as single cytogenetic abnormality would
not have a negative prognostic impact while t(4;14) is
the worst prognostic feature. On the other hand,
gains in chromosome 1 is one of the more frequent
cytogenetic findings in patients with MM. The up-
regulation of 1q genes as well as the down-regulation
of 1p genes is a poor prognostic feature.24 Thus, gene
expression profiling studies have shown that the
high expression of the gene CKS1B (located in 1q21)
is a marker of very short survival. Thus, a high
expression of CKS1B plus other cytogenetic abnor-
malities excluding t(11;14) define a poor prognosis
population even in patients undergoing a tandem
transplant approach.24

Prognostic factors associated with plasma cell mass and
disease complications

The most important prognostic marker in MM is
beta2-microglobulin.25 Its serum levels are related to
both the plasma cell mass and the renal filtering
capacity. Its value has been reproduced in many stud-
ies and has been successfully included in many stag-
ing systems (see below). It must be emphasized that
its measurement is only useful at the time of diagno-
sis and not for disease monitoring during follow-up.

The hemoglobin level, and in some series a low
platelet count, resulting from bone marrow involve-
ment by plasma cells is an important prognostic fac-
tor. The presence of circulating plasma cells, identi-
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Table 6. Solitary plasmacytoma of bone.

No M-protein in serum and/or urine*

Single area of bone destruction due to plasma cells involvement

Bone marrow not consistent with multiple myeloma

Normal skeletal survey (and MRI of spine and pelvis if done)

No related organ or tissue impairment (no end organ damage othe than solitary
bone lesion)

*A small M-component may sometimes be present.

Table 7. Extramedullary plasmacytoma.

No M-protein in serum and/or urine*
Extramedullary tumour of clonal plasma cells
Normal skeletal survey
No related organ or tissue impairment (end organ damage including bone
lesions)

*A small M-component may sometimes be present.

Table 8. Cytogenetic prognostic subgroups in multiple
myeloma.

Good/average prognosis
Hyperdiploidy
t(11;14)(q32;q32): cyclin D1 upregulation

Bad prognosis
Hypodiploidy
t(4 ;14)(p16.3 ;q32) : FGFR3 & MMSET upregulation
t(14 ;16)(q32 ;q23) : c-MAF upregulation
Chromosome 13 deletion
Chromosome 1 abnormalities : 1q gains, 1p losses



fied either by morphology or immunophenotyping is
associated with advanced disease and is an inde-
pendent prognostic factor.26 Renal function impairment
due to tubular damage by nephrotoxic light chains is
one of the most adverse prognostic indicators.27,28 In
the overall series, the median survival of patients
with renal failure is less than 1 year. The reversibility
rate of renal failure in patients with MM ranges from
20% to 60%.27,28 The survival of patients with
reversible renal failure is similar to the survival of
patients with initial normal renal function. In the
author’s experience the factors associated to renal
function recovery are a serum creatinine level lower
than 4 mg/dL, a 24-hour urine protein excretion
lower than 1 g and a serum calcium level higher than
11.5 mg/dL.28

Staging systems for multiple myeloma
A number of prognostic classification systems for

MM have been developed during the last 30 years,
some of them are summarized in Table 9. These stag-
ing systems are usually based on prognostic factors
derived from multivariate regression models. The
classification more widely used has been the one
proposed by Durie and Salmon in 1975.29 Based on a
mathematical model to assess tumor cell mass, three
stages based on the four parameters showing a high-
er correlation with the number of plasma cells (M-
protein size, hemoglobin, calcium, and extent of
bone disease) were established. Each stage was sub-
classified as A or B according to the renal function
status. Despite the widespread use of the Durie and
Salmon staging system, there has been no universal
agreement on its prognostic value. Unfortunately,
other proposed systems have been neither entirely
satisfactory.30-36 In the search for a more useful and

reproducible prognostic classification the
International Myeloma Working Group has recently
developed the so-called International Staging System
(ISS) derived from a total of more than 11,000
patients included in cooperative studies and from
large individual institutions.37 The ISS is based on the
serum levels of beta2-microglobulin and albumin. It
discriminates three risk groups with median survival
of 62, 44 and 29 months, respectively. Importantly,
this classification was reproduced in all age groups, in
patients from different geographic origin, and in
patients treated with standard dose therapy as well
as those undergoing autologous transplantation.

Response to therapy as prognostic factor
Before the introduction of novel drugs, few

patients treated with conventional chemotherapy
achieved CR and the correlation between the degree
of tumor response and survival was questionable.38 In
fact, in many studies the stabilization of tumor bur-
den was a more powerful prognostic indicator than
the degree of tumor reduction.38-42 In contrast with
the low CR rate attained with conventional
chemotherapy, between 35 and 50 percent of
patients enter CR after high-dose therapy/stem cell
support (HDT/SCT).43-45 A correlation between the
degree of response and survival has been shown after
HDT/SCT.43,44-47 In this sense, patients entering CR
post-transplant have a significantly longer EFS and
OS than those who enter in PR or do not respond.46-48

This would suggest that there is a difference in the
quality of CR after conventional chemotherapy and
after HDT/SCT. However, in the MD Anderson
experience the EFS and OS survival of patients
achieving CR was similar irrespective if the CR was
achieved with conventional or with HDT/SCT46,48

this raising the question of whether patients already
in CR with the primary therapy gain benefit from
high-dose intensification. With the incorporation of
novel therapies (thalidomide, bortezomib, lenalido-
mide) in the primary therapy, up the one-third of
patients with MM achieve CR.49-52 More follow-up is
needed to establish the impact of these CR on PFS
and OS and how the increased tumor reduction with
the initial chemotherapy can represent a real influ-
ence on the long-term outcome of patients undergo-
ing HDT/SCT intensification.

Criteria of response
First response criteria

Response criteria were first developed by the
Chronic Leukemia and Myeloma Task Force
(CLMTF) in 1968 and were reviewed by the same
group in 1973.53 The main response parameter was a
reduction in the M-protein by at least 50%. In 1972
the Southwest Cancer Chemotherapy Study Group,
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Table 9. Main staging systems in multiple myeloma.

Author, year Parameters Other

Durie and Salmon, 1975 Hb, Ca, M-protein, bone lesions Renal function

Merlini et al., 1980 %PC, Cr, and Ca (IgG)
Hb, Ca, M-protein (IgA)

MRC, 1980 Hb, urea, PS

Cavo et al., 1989 D & S, platelet count

Greipp et al., 1988 β2-microglobulin, LI

Bladé et al., 1989 Albumin, urea

San Miguel et al., 1989 Hb, Cr, PS, PI

San Miguel et al.,1995 S-phase, β2-microglobulin, age, PS

IMWG, 2005 β2-microglobulin, albumin

MRC: Medical Research Council; IMWG: International Myeloma Working
Group; Hb: haemoglobin; Ca: calcium; PC: plasma cells; Cr: creatinine; Ig:
Immunoglobulin; PS: performance status; LI: labelling index; PI: paraprotein
index.



now the Southwest Oncology Group (SWOG),
defined partial response as a reduction of at least
75% in the calculated serum paraprotein synthetic
rate and/or a decrease of at least 90% in urinary light
chain urine protein excretion sustained for at least
two months.54 The CLMTF or SWOG criteria were
used in most clinical trials, although frequently with
modifications of the original proposals. An exception
in using the above criteria was the Medical Research
Council Myelomatosis trials, in which the response
was evaluated by the proportion of patients achiev-
ing the so-called plateau phase. The plateau phase
consists of a period of stability after chemotherapy in
which tumor progression does not occur despite the
persistence of measurable disease. The minimum
period of stability required to define plateau was 3
months.55 Since complete remissions (CR) were
rarely observed with the old conventional dose
chemotherapy, neither the CLMTF nor the SWOG
response criteria included a definition of CR. In addi-
tion, there was no definition for disease progression
or relapse. 

The EBMT, IBMTR and ABMTR criteria for response, relapse
and progression

With the introduction of high-dose therapy/stem
cell transplantation the M-protein disappear in a sig-
nificant number of patients, this being associated
with a significant survival prolongation. In this con-
text, the EBMT developed new criteria defining CR
(negative inmunofixation in serum and urine in the
absence of increased plasma cell in the bone mar-
row), partial response (PR), minimal response (MR)

as well as criteria for relapse (reappearance of the M-
protein in patients who had achieved CR) and pro-
gression from PR or MR.56 It is important that any
type of response should be maintained for a mini-
mum of six weeks. These criteria have been used in
the last years in both transplant and in non-transplant
series as well as in prospective phase II and III clini-
cal trials and they have been shown to be useful and
reproducible.

The international uniform response criteria for multiple
myeloma

The International Myeloma Working Group has
expanded the EBMT criteria and categories for strin-
gent CR and very good partial response have been
added.57 Also, the serum free light chain measure-
ments has been included for the definition of strin-
gent CR and for the evaluation of response in
patients with non-secretory or oligosecretory disease
(Table 10). All response categories require two con-
secutive assessments at any time in contrast to the
EBMT which required an interval of at least six
weeks between the two measurements for response
confirmation. In addition, the time to event, duration
of response, clinical relapse and time to alternative
treatment are emphasized as critical end points.57
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Table 10. International uniform response criteria for multi-
ple myeloma.

Response Category* Criteria

CR
Negative IF (serum and urine)
5% BMPC
No soft tissue plasmacytomas

sCR As above plus
Normal FLC ratio
Absence of clonal plasma cells**

VGPR
≥90% serum M-protein ⇓
Urine M-protein < 100 mg/24h

PR
≥50% serum M-protein ⇓
≥90% urine M-protein ⇓ or < 200 mg/24hrs
≥50% ⇓ soft tissue plasmacytomas

*All response categories require two consecutive measurements made at any time;
** Determined by immunohistochemistry or immunofluorescence; CR: complete
remission; sCR: stringent complete remission; VGPR: very good partial response;
PR: partial response; IF: immunofixation; BMPC: bone marrow plasma cells;
FLC: free-light chain.
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Novel treatment approaches in multiple myeloma

Multiple myeloma is the second
most common oncohematologi-
cal disease. At diagnosis, the

majority of patients are older then 65
years; about 35% of myeloma patients are
younger than 65 years, 28% are 65 to 74
years and 37% are older than 75.1 The cur-
rent changes of the European demograph-
ic curves will probably increase the inci-
dence of elderly patients in the near
future. In newly diagnosed myeloma
patients younger than 65 years, high-dose
melphalan followed by autologous stem
cell transplantation is considered the stan-
dard of care. In elderly patients, usually
older than 65 years, oral melphalan and
prednisone (MP) has been considered the
standard. 

The recent discovery of new drugs, such
as thalidomide, lenalidomide and the pro-
teasome inhibitor bortezomib, targeting
both the myeloma cells and the bone mar-
row microenvironment, have significantly
increased the clinical efficacy of the old
chemotherapy regimens. The challenge is
now to define the optimal sequence and
combination of these drugs to significant-
ly impact the natural history of the dis-
ease.

New induction regimens for younger patients
candidate to autologous transplantation

In patients younger than 65 years, mel-
phalan 200 mg/m2 supported by autolo-
gous stem cell transplantation appears to
be the treatment of choice. Several studies
clearly demonstrated the superiority of
melphalan 200 mg/m2 in terms of
response rate and even-free survival when
compared with conventional treatments.
Results were less consistent when overall
survival was examined.2 In a randomized
study, tandem autologous transplantation
improved complete response (CR) rates,
prolonged event-free and overall survival
in comparison with the single transplanta-
tion.3 These results were particularly evi-
dent among patients who did not have a
very good partial response (VGPR) after

one transplantation, the 7-year overall sur-
vival was 11% in the single-transplant
group and 43% in the double-transplant
group (p<0.001).

Autologous transplantation is usually
preceded by de-bulking chemotherapy
with steroid-based regimens. High-dose
dexamethasone or vincristine-doxoru-
bicin-dexamethasone (VAD) were the
most commonly used induction regimens.
Recently, new drugs such as thalidomide,
lenalidomide and bortezomib have been
used in association with dexamethasone
as induction treatment for newly diag-
nosed patients. In a randomized study, the
combination thalidomide-dexamethasone
increased partial response (PR) rate
(p=0.001) and 2-year event-free survival
(p<0.0001) in comparison with dexam-
ethasone alone.4 No marked survival dif-
ferences were reported, although the trial
was not powered for a long-term follow-
up (Table 1). A retrospective case-control
study showed superior PR rate of thalido-
mide-dexamethasone in comparison with
standard VAD, but higher rates of deep-
vein thrombosis (15%) were reported.5 In
a randomized study, the combination
thalidomide-dexamethasone was com-
pared with VAD: before stem cell collec-
tion, the VGPR rate was 24.7% vs 7.3%
(p=0.0027), respectively; 6 months after
transplantation the VGPR rate was quite
similar in both arms (44.4% vs 41.7%,
p=0.87).6 Toxicity was higher in the
thalidomide-dexamethasone group.
Thalidomide-dexamethasone reduced the
mean duration of hospitalization before
stem cell collection from 20 to 8.3 days,
without any negative impact on the
amount of stem cell harvest.

When thalidomide was incorporated
into the high-dose therapy followed by
autologous transplantation, a higher CR
rate (62% vs 43%) and improved 5-year
event-free survival (56% vs 44%) was
observed compared with high-dose thera-
py without thalidomide.7 Unfortunately,
the 5-year overall survival was similar in
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both groups (p=0.9). In the thalidomide group, a
higher rate of thromboembolism (30% vs 17%) and
peripheral neuropathy (27% vs 17%) were reported
(Table 1).

The combination lenalidomide-dexamethasone
has been evaluated in 34 newly diagnosed patients:
the PR rate was 91%, including a CR plus VGPR rate
of 56-dexamethasone were followed by autologous
transplantation. In 21 patients, the lenalidomide-dex-
amethasone induction regimen was delivered for a
prolonged period of time without autologous trans-
plant consolidation, and the CR plus VGPR rate was
67%. The 2-year progression-free survival was 83%
in the group that received autologous transplantation
and 59% in the group that received lenalidomide-
dexamethasone only.8 These preliminary data sup-
port the idea to incorporate high-dose melphalan
after the induction treatment of myeloma patients.
Grade 3 or higher adverse events were very limited,
including neutropenia, pneumonia, and cutaneous
rash. Deep-vein thrombosis was only 3%, but pro-
phylactic aspirin was introduced during treatment. A
randomized phase III trial of lenalidomide plus high-
dose dexamethasone versus lenalidomide plus low-
dose dexamethasone (40 mg; days 1, 8, 15, and 22)
has been recently reported.9 Although efficacy data
were not available, the incidence of adverse events
was significantly reduced in the low-dose dexam-
ethasone arm: early deaths were reduced from 4.5%
to 1.4%; infections from 19% to 9%, and deep-vein
thrombosis from 18% to 5% (Table 1). 

Bortezomib, as single agent or in combination with
dexamethasone has been studied as first-line treat-
ment. In this trial, dexamethasone was added to
bortezomib when suboptimal responses, such as less
than PR after 2 cycles or less than CR after 4 cycles,
were reported.10 This approach improved the sub-
optimal responses of bortezomib alone in 64% of
patients. After the addition of dexamethasone, the
PR rate was 90%, including 19% of CR and near CR.
Stem cell harvest and engraftment were successful in

all patients. The most common adverse events were
neuropathy (37%), fatigue (20%), constipation
(16%), nausea (12%) and neutropenia (12%). In a
recent randomized trial, the association bortezomib-
dexamethasone has been compared with VAD as
induction regimen before autologous transplanta-
tion.11 Bortezomib-dexamethasone significantly
increased both PR rate (82% vs 67%) and VGPR plus
CR rate (43% vs 26%). In the bortezomib-dexam-
ethasone group, 78% of patients did not require a
second autologous transplantation. Serious adverse
events were similar in both arms. In 21 newly diag-
nosed patients, the combination of bortezomib,
pegylated-liposomal doxorubicin and dexametha-
sone induced a PR rate of 95%, including 29% of CR
plus nearCR.12 More frequent grade ≥3 adverse
events were infections (48%), neuropathy (5%), nau-
sea and vomiting (5%) (Table 1).

New maintenance approaches
Maintenance therapy has shown to prolong

response rate and event-free survival in patients who
have received induction treatment. However, the role
of maintenance remains controversial in myeloma.
After conventional or high-dose therapy, mainte-
nance with interferon-alpha provided marginal bene-
fits. In patients who responded to conventional
chemotherapy, maintenance therapy with 50 mg
alternate-day prednisone significantly improved pro-
gression-free and overall survival in comparison with
10 mg alternate-day prednisone.13

In a large randomized study conducted by the
French group, patients younger than 65 years were
randomly assigned to receive no maintenance,
pamidronate, or pamidronate plus thalidomide.14 The
3-year post-randomization probability of event-free
survival (p<0.009) and the 4-year overall survival
(p<0.04) were significantly prolonged in patients
who received thalidomide. The proportion of
patients who had skeletal events was not influenced
by the administration of pamidronate. Grade 3-4
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Table 1. New induction regimens tested in myeloma patients < 65 years of age.

Therapy No. Median ≥PR CR Progression-free Overall Peripheral- DVT/ Neutropenia Thrombocytopenia Infection References
of patients age (range) % % Survival Survival Neuropathy Embolism

grade 3-4 (%) grade 3-4 (%) grade 3-4 (%) grade 3-4 (%) grade 3-4 (%)

Diagnosis TD 103 65 (38-83) 63 4 50% at 22 months 72% at 2 years 7 17 9 ND 6 4
TD 100 54 (49-59) 70 10 ND ND 4 15 0 ND 4 5
TD 100 55 (ND) 25§ ND ND ND 17° 23° ND ND ND 6

ASCT-T 323 ND ND 62 56% at 5 years* 65% at 5 years 27°° 30°° 94°° ND ND 7
RD 34 64 (32-78) 91 18 74% at 2 years 91% at 2 years ND 3 21 0 6 8+

VD 79 55 (ND) 82 9 ND ND 3 3 ND ND 4 11
PAD 21 55 (37-66) 95 21 ND ND 5 0 5 0 48 12

ASCT-T: autologous transplant+thalidomide; CR: complete response; DVT: deep-vein thrombosis; ND: not determinate; PAD: bortezomib+doxorubicin+dexamethasone;
PR: partial response; RD: lenalidomide+dexamethasone; TD: thalidomide+dexamethasone; VD: bortezomib+dexamethasone; *event-free survival; §very good partial
response; °all grades; °°> grade 2; +updated information was presented at presented at ASH 2006



neuropathy (7%), fatigue (6%) and constipation (1%)
were more prominent in the thalidomide group. The
incidence of thromboembolic events was not signifi-
cantly different in the 3 arms. More recently, a ran-
domized trial compared thalidomide-prednisone ver-
sus prednisone alone as maintenance therapy after
autologous stem cell transplantation: the 1-year pro-
gression-free survival was 91% vs 69%, and the 2-
year overall survival was 90% vs 81 respectively.
Neurological side effects were more common with
thalidomide, but no differences were observed in the
incidence of thromboembolic events.15

New induction regimens for elderly patients
The MP regimen has been considered the standard

of care for elderly patients. In a randomized trial, 4
treatment regimens have been evaluated: MP, mel-
phalan and dexamethasone, high-dose dexametha-
sone, or high-dose dexamethasone plus interferon-
alpha.16 PR rate was significant higher among patients
receiving melphalan-dexamethasone. Median pro-
gression-free survival was 21 and 23 months after MP
or melphalan and dexamethasone, but only 12 and
15 months after high-dose dexamethasone or high-
dose dexamethasone plus interferon-alpha, respec-
tively. No difference in overall survival was reported
among the 4 different groups. These data clearly
show that melphalan should be incorporated in the
induction regimen for elderly patients not candidate
to autologous transplant.

In patients older than 65 years, melphalan 200
mg/m2 followed by autologous transplant is too
toxic, while intermediate-dose melphalan (100-140
mg/m2) appears more suitable. In the Italian study,
patients were aged 65-70 years and melphalan 100
mg/m2 was superior to MP.17 In the French study,
patients were aged 65-75 years and melphalan 100
mg/m2 was superior to MP in terms of response rate,
but not in terms of progression-free and overall sur-
vival.18 In the first study, 22% of patients did not
complete the assigned treatment; in the second trial,
37% of patients did not complete it. According to
these data, the age of 70 years might be considered
the age limit for intermediate-dose melphalan. 

Recently, thalidomide has been added to the MP
regimen (MPT). In the Italian randomized trial, oral
MPT was compared with MP in patients aged 60-85
years.19 The PR rates were 76% in MPT patients and
47.6% in MP subjects, near-CR or CR rates were
27.9% after MPT and 7.2%, after MP. The 2-years
event-free survival rates were 54% for MPT and 27%
for MP (p=0.0006). The 3-year survival rates were
80% for MPT and 64% for MP (p=0.19). MPT was
associated with a higher risk of grade 3-4 neurologi-
cal adverse events compared to MP regimen (10% vs
1%), infections (10% vs 2%, p=0.001), cardiac toxic-

ity (7% vs 4%) and thromboembolism (12% vs 2%).
Introduction of enoxaparin prophylaxis significantly
reduced the rate of thromboembolism from 20% to
3% (p=0.005) (Table 2).

In the French phase III trial, comparing MPT with
MP with intermediate-dose melphalan (100 mg/m2)
followed by autologous stem cell transplantation, a
higher PR rate in the MPT and in the melphalan 100
mg/m2 arms, compared with MP, was observed (81%
vs 73% vs 40%, respectively).18 Similarly, the CR
rates were significantly increased after MPT and
autologous transplant only. Progression-free survival
was superior in the MPT patients compared with
both MP (p<0.001) and autologous transplantation
(p=0.001). Furthermore, overall-survival was signifi-
cantly improved in the MPT group in comparison
with both MP (p=0.001) and autologous transplanta-
tion (p=0.004). MPT was associated with a higher
risk of grade 3-4 neutropenia, infections, thrombocy-
topenia, thromboembolic complications, peripheral
neuropathy, constipation, and cardiac events (Table
2). These data strongly support the use of MPT as
standard of care in elderly patients with newly diag-
nosed myeloma. An increased risk of venous throm-
boembolism has been reported when thalidomide is
combined with chemotherapy, in particular at diag-
nosis. The risk of venous thromboembolism is partic-
ularly high in the first 4–6 months of therapy. At
diagnosis, antithrombotic prophylaxis is recom-
mended. At present there is no evidence of the best
prophylaxis: low-molecular-weight heparin, thera-
peutic doses of warfarin, or daily aspirin are the pre-
ferred options.20
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Figure 1. A proposed treatment algorithm using novel
agents, according to Level of Evidence Ib based on > 1 ran-
domized controlled trial. *Thalidomide as maintenance
was evaluated in patients who have not received any pre-
vious thalidomide therapy. Abbreviations: ASCT, autologous
stem cell transplantation; DEX, dexamethasone; DOXO,
doxorubicin; MEL200, Melphalan 200 mg/sqm; MPT, mel-
phalan plus prednisone plus thalidomide; REV,
Lenalidomide; THAL, thalidomide; VEL, bortezomib



Lenalidomide appears to be an attractive alterna-
tive to thalidomide. In a phase I/II trial dosing, safety
and efficacy of melphalan plus prednisone and
lenalidomide (MPR) have been evaluated in newly
diagnosed elderly myeloma patients.21 Aspirin was
administered as antithrombotic prophylaxis. At the
maximum tolerated dose (lenalidomide 10 mg plus
melphalan 0.18 mg/kg), 85% of patients achieved at
least a PR and 23.8% immunofixation negative CR.
The 1-year event-free and overall survivals were 92%
and 100%. In the MPT historical controls, the corre-
sponding 1-year event-free and overall survivals were
78% and 87.4%. Grade 3-4 adverse events were
mainly related to hematological toxicities (neutrope-
nia 66%). Severe non-hematological side effects
were less frequent and included febrile neutropenia
(8%), cutaneous rash (10%) and thromboembolism
(6%) (Table 2). Preliminary results showed that the
event-free survival of patients with deletion of chro-
mosome 13 or chromosomal translocation (4;14) was
not significantly different from those who did not
have show such abnormalities. By contrast, patients
with high-levels of serum β2-microglobulin experi-
enced a shorter event-free survival in comparison
with those who showed low-levels of β2-microglob-
ulin. Neutropenia and deep-vein thrombosis are the
major complications with lenalidomide; the addition
of aspirin markedly reduced the risk of thromboem-
bolic events in newly diagnosed patients treated with
lenalidomide in association with dexamethasone or
chemotherapy. Although the optimal prophylaxis
strategy has not been established, aspirin seems to be
the preferred choice.

The proteasome inhibitor, bortezomib, enhanced
chemosensitivity and overcame chemo resistance in
both preclinical and clinical studies. Bortezomib
seems a rational approach to combinational regimens
incorporating corticosteroids or chemotherapy
agents. The Spanish cooperative group conducted a
large phase I/II trial of bortezomib, melphalan, and
prednisone (VMP).22 The association showed encour-
aging results: PR rate was 89%, including 32%
immunofixation-negative CR, half of them achieved
immunophenotypic remission (no detectable plasma

cells at 10-4 to 10-5 sensitivity). Progression-free sur-
vival at 16 months of VMP patients was significantly
prolonged in comparison with historical controls
treated with MP only (91% versus 66%), similarly
overall survival at 16 months was improved (90%
versus 62%). Interestingly, response rate, progres-
sion-free and overall survivals were similar among
patients with or without retinoblastoma gene dele-
tion or IgH translocations. These data showed that
VMP overcome the poor prognosis induced by such
chromosomal abnormalities. Grade 3-4 adverse
events were thrombocytopenia, neutropenia, periph-
eral neuropathy, infections and diarrhea. The treat-
ment appeared more toxic in patients older then 75
years and during early cycles (Table 2). Bortezomib
may induce transient thrombocytopenia and periph-
eral neuropathy. Pre-existing neuropathy or previous
neurotoxic therapy increases the risk of peripheral
neuropathy, which can be reduced or resolved by
timely dose-adjustment of the drug. Bortezomib may
enhance the incidence of infections, in particular
Herpes Zoster reactivation, prophylactic antiviral
medication is highly recommended.

New salvage combinations 
The majority of the combinational approaches

have been studied in patients with relapsed-refracto-
ry myeloma. The thalidomide-dexamethasone com-
bination23,24 induced a PR rate of 41-55%, and the 1-
year progression-free survival was around 50%
(Table 3). More than 50% of patients showed consti-
pation, somnolence and peripheral neuropathy.
Thromboembolism was 7% and no antithrombotic
prophylaxis was performed. The association of
thalidomide with chemotherapy further increased
response rates. In relapsed-refractory patients the
combination of thalidomide, dexamethasone and
pegylated-liposomal doxorubicin induced a CR rate
of 26%, and a 22-months progression-free survival of
50%.25 Grade 3-4 neutropenia was low, but a higher
rate of infections and thromboembolic events was
noticed. Similar response rates were reported with
the oral combination cyclophosphamide-thalido-
mide-dexamethasone26: PR rate was 57% and the 2-
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Table 2. New induction regimens tested in myeloma patients > 65 years of age.

Therapy No. Median >65 years ≥PR CR Progression-free Overall Peripheral- DVT/ Neutropenia Thrombocytopenia Infection References
of patients age (range) % % Survival Survival Neuropathy Embolism

grade 3-4 (%) grade 3-4 (%) grade 3-4 (%) grade 3-4 (%) grade 3-4 (%)

Diagnosis MPT 124 ND (65-75) 100 81 16 50% at 28 months 78% at 2 years 6 12 48 14 13 18+
MPT 129 72 (60-85) 97 76 16 54% at 2 years° 80% at 3 months 8 12 16 3 10 19
MPR 54 71 (57-77) 96 85 24 91% at 2 years 92% at 2 years 0 6 66 34 8 21+
VMP 60 75 (65-85) 100 89 32 91% at 16 months 90% at 16 months 17 ND 43 51 16 22

CR: complete response; DVT: deep-vein thrombosis; MPR: melphalan+prednisone+lenalidomide; MPT: melphalan+prednisone+thalidomide; ND: not determinate; PR:
partial response; VMP: bortezomib+melphalan+prednisone; °event-free survival; +updated information was presented at presented at ASH 2006.



years progression-free survival was 57%. The major
adverse events included constipation (24%) infec-
tions (13%) and thromboembolic toxicity (7%). 

In previous treated patients, lenalidomide has been
combined with both steroids and chemotherapy. In
two independent phase III randomized trials, the
combination of lenalidomide-dexamethasone signifi-
cantly increased the PR rate (59% and 58%) in com-
parison with dexamethasone alone (21% and 22%,
p< 0.001). Similarly, the 1-year progression-free
(p<0.001) and survival (p<0.03) were significantly
improved in the lenalidomide-dexamethasone
groups.27,28 These results were unchanged in the sub-
group of patients older than 65 years and in those
who received previous thalidomide treatment. Grade
3-4 neutropenia (16.5%) as well as thromboem-
bolism (8.5%) were more frequent in the lenalido-
mide-dexamethasone group. Other side effects were
reported in similar frequencies in both arms. In 62
refractory patients, lenalidomide, pegylated-liposo-
mal doxorubicin and dexamethasone showed a PR
rate of 75%, including a CR rate of 15% and the 1-
year progression-free survival was 50%.29 The most
common grade 3-4 adverse events were neutropenia
(32%), thrombocytopenia (13%), infections (13%),
gastrointestinal events (12%) and thromboembolism
(9%) despite aspirin prophylaxis. High responses
were also observed with the association of oral
lenalidomide, cyclophosphamide and dexametha-
sone: the PR rate was 70%, including 6% CR, but
grade 4 neutropenia, neutropenic fever and deep-vein
thrombosis were observed (Table 3).30

Bortezomib has been effectively used alone or in
combination with steroids or chemotherapy to treat
relapsed-refractory myeloma patients. In the ran-

domized phase III APEX study, 669 relapsed patients
received bortezomib or oral dexamethasone:31 the
response rate was significantly superior in the borte-
zomib arm compared with the dexamethasone arm
(PR 38% versus 18%; CR 6% vs 1%, respectively);
similarly, duration of responses, 1-year progression-
free and 1-year survival of the bortezomib group
were significantly increased. Serious adverse events
included peripheral neuropathy, thrombocytopenia
and gastrointestinal disorder in the bortezomib arm;
psychotic disorder and hyperglycemia in the dexam-
ethasone arm (Table 3). A recent update of this trial,
confirmed the higher response rate and longer sur-
vival of the bortezomib group, even if dexametha-
sone-resistant patients of the control arm were
allowed to crossover to receive bortezomib.

Jagannath at al. recently analyzed the impact of
chromosomal abnormalities on response rate and
survival after treatment with bortezomib.32 Matched-
pairs analysis demonstrated that bortezomib over-
comes the negative impact of q13 deletion as an inde-
pendent prognosis factor, both responses and sur-
vival appeared comparable in bortezomib-treated
patients with or without q13 deletion. In advanced
myeloma, the association of bortezomib-doxoru-
bicin has been compared with bortezomib alone:33

bortezomib-doxorubicin significantly improved time
to progression even in those patients previously
treated with thalidomide or doxorubicin or in
patients with unfavourable cytogenetic markers.
Another combination of bortezomib-cyclophos-
phamide-prednisone proved to be very effective with
a high PR rate of 93%, including 43% of CR or near
CR.34 Most frequent adverse events were infections.
The synergistic activity showed by bortezomib with
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Table 3. New salvage combinations.

Therapy No. Median >65 years ≥PR CR Progression-free Overall Peripheral- DVT/ Neutropenia Thrombocytopenia Infection References
of patients age (range) % % Survival Survival Neuropathy Embolism

grade 3-4 (%) grade 3-4 (%) grade 3-4 (%) grade 3-4 (%) grade 3-4 (%)

Relapsed TD 77 65 (ND) 50 41 3** 50% at 1 year ND 17^ 0 5^ 4^ 5^ 23
Refractory TD 44 67 (38-87) 21* 55 0 50% at 4 months 50% at 1 year 23^ 7^ 9^ 0 ND 24

TAD 50 68 (41-82) 44* 76 26 50% at 22 months 64% at 2 years 2 12 16 2 16 25
CTD 71 ND 65 57 2 57% at 2 yeras 66% at 2 yeras 6## 7 10° 0 7° 26
RD 177 64 (33-86) ND 59 13 50% at 11 months 50% at 29 months ND 15 24 12 ND 27+
RD 176 63 (33-84) ND 58 13 50% at 15 months 50% at 22 months ND 8 16 10 ND 28+
RAD 62 62 (57-70) ND 75 15 50% at 1 year 51% at 2 years 5 9 32 13 13 29
CRD 18 60 (34-76) ND 70 6 ND ND 0 11 44 ND 22 30+

V 333 62 (48-74) ND 38 6 50% at 6 months 80% at 1 year 8 ND 14 30 13^^ 31
VDoxo 323 61(ND) ND 48 14** 50% at 9 months 86% at 16 months 4 1 30 22 3 33+
VCP 27 59 (48-74) ND 93 43** 47% at 11 year 83 at 1 year 7°° 0 ND 4 48 34

VMPT 30 66 (38-79) 57 67 17 61% at 1 year 84 at 1 year 7 0 43 33 16 35

CR: complete response; CRD: cyclophosphamide+lenalidomide+dexamethasone; CDT: thalidomide+cyclophosphamide+dexamethasone; DVT: deep-vein thrombosis; ND:
not determinate; PR: partial response; RAD: lenalidomide+dexamethasone+pegylated lyposomal doxorubicin; RD: lenalidomide+dexamethasone; 
TAD: thalidomide+dexamethasone+pegylated lyposomal doxorubicin; TD: thalidomide+dexamethasone; V: bortezomib; VCP: bortezomib+cyclophosphamide+pred-
nisone; VDoxo: bortezomib+pegylated lyposomal doxorubicin; VMPT: bortezomib+melphalan+prednisone+thalidomide; * >70 years; **CR+nCR; ^WHO all grade; ^^
Herpes Zoster infections; #OMS score; ##OMS score>2; °°grade>2; +updated information was presented at presented at ASH 2006.



thalidomide or melphalan provided the rationale to
combine bortezomib, melphalan, prednisone and
thalidomide (50 mg/day).35 In relapsed-refractory
patients, the PR rate was 67%, including 17% CR.
The 1-year progression-free survival was 61%, and
the 1-year survival from study entry was 84%.
Patients treated in the earlier phases of disease (first
relapse) achieved a higher PR rate of 78%, including
36% CR. The most common grade 3 adverse events
were hematologic toxicity (56%), infections (9%),
Herpes Zoster reactivation (7%) and peripheral neu-
ropathy (7%) (Table 3). 

Conclusion 
High-dose melphalan followed by autologous stem

cell transplantation in the younger patients and oral
melphalan-prednisone in the elderly have been con-
sidered the standard of care for the initial therapy of
myeloma. 

Survival after transplant appears to be related to
the achievement of CR or VGPR.3,7,36 Improve
response rate after induction treatment, prior to
transplant, could translate into a better results after
high-dose therapy and into a prolonged survival. In
younger patients, combinations incorporating
thalidomide or lenalidomide or bortezomib with
dexamethasone or doxorubicin significantly increas-
es the pre-transplant CR rate before high-dose mel-
phalan and autologous transplantation. These combi-
nations might further improve the CR rate achieved
after transplant. Based on the data available, the com-
bination of thalidomide and dexamethasone is rec-
ommended as induction treatment in younger
patients. Further randomized prospective trials are
needed to definitively assess the role of Velcade and
Lenalidomide combinations and their impact on
remission duration in newly diagnosed patients.
Based on the French randomized study Thalidomide
could also be suggested as optimal maintenance
treatment after autologous stem cell transplantation.

In elderly patients, the MPT combination has been
shown to achieve more rapid and higher response
rate and, most significantly, improved EFS compared
with convnetional MP in two independent random-
ized trials.18,19 The MPT regimen is now recommend-
ed as the new standard of care for the elderly and for
patients not candidates to high-dose chemotherapy
with stem cell support. Other regimens such as
MPR21 or VMP22 are currently under investigation
and might be introduced in the clinical practice in the
near future. 

Whether a sequential single agent treatment would
yield similar survival benefit with less toxicity in
comparison with a more complex combinational reg-
imen administered at diagnosis, remains an unan-
swered question. If a combinational approach is

superior to single agent therapy, it should be consid-
ered at diagnosis, when there is the best chance to
induce a prolonged remission duration. A sequential
approach should then be considered at first and sub-
sequent relapses, when less intense and more pallia-
tive regimens are needed. The combination of
Velcade-Dexamethasone or Velcade-Doxorubicin or
Lenalidomide-Dexamethasone are currently recom-
mended in the setting of relapsed myeloma patients.
The choice of a given combinations rely on previous
exposure to such drugs as well as concomitant co-
morbidities which might contraindicate the delivery
of a specific compound.

Cytogenetic abnormalities, such as deletion of
chromosome 13 or chromosomal translocation (4;14)
are considered negative prognostic factors.37

Unfortunately, most of the studies reported to date
have not prospectively stratified patients based on
cytogenetic abnormalities, making a firm conclusion
difficult. In the VMP patients,22 as well as in a small-
er cohort of MPR patients,21 the event-free survival of
patients with deletion of chromosome 13 or chromo-
somal translocation (4;14) was not significantly dif-
ferent from those who did not show such abnormal-
ities. If these data will be confirmed, it seems likely
that a cytogenetically adapted strategy will represent
the most rational, molecularly targeted approach to
myeloma therapy. 
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Genetics in CLL: 
impact for prognosis and treatment decisions

The prognosis of patients with B-cell
chronic lymphocytic leukemia (B-
CLL) has long been determined by

the clinical staging systems of Binet and
Rai.1-4 Unfortunately, these systems fail to
identify patients in early stages whose dis-
ease will rapidly progress. In addition, the
response of individual patients to specific
therapies can hardly be predicted by this
approach. In recent years, numerous
genetic approaches have provided a new
armamentarium of markers for prognosis
and response prediction.5 The predictive
potential of genetic factors associated
with CLL outcome is determined by (i) its
accessibility for routine use; (ii) its stabili-
ty throughout the course of disease; and
(iii) by its sensitivity and specificity.
Prognostic factors are largely dependent
on conventional therapeutic regimens
used (i.e. chemotherapy) as well as on the
availability of specific targeting drugs. In
the following, advances in the genetics of
CLL with a special focus on molecular
markers will be discussed. The first part
will focus on prognostic markers which
have already been firmly established,
while the second part will review the cur-
rent status of molecular predictive mark-
ers with potential influence on treatment
decisions.

Prognostic markers
Conventional cytogenetics

Karyotypes from CLL cells collected
from peripheral blood or bone marrow
are difficult to assess. However, stimula-
tion by CD40L or CpG oligonucleotides
has yielded positive results in the majori-
ty of cases.6 One of the most important
findings was that the number of chromo-
somal translocations has largely been
underestimated. Patients with translov
ations have a poor prognosis with short
treatment free and overall survival times
6. Recent advances were also made in
identifying chromosomal regions predis-
posing for familial CLL. Regions on chro-
mosomes 13q as well as 1, 3,6,12, and 17

have been linked to pathogenesis of
inherited disease .7-9 However, while rela-
tives of CLL patients have increased num-
bers of circulating CD19+/CD5+ B-cells
(a phenomenon calle B-cell monoclonal
lymphocytosis, MBL), the risk factors
leading to the final development of overt
CLL are still unclear.10 Moreover, familial
CLL does not seem to be associated with
shorter survival of affected individuals.11

Micro RNAs (MiRs) are also connected to
familial disease.12 However, their impact is
not very clear yet. 

Fluorescence in situ hybridization
The prognostic value of aberrations has

long been established following the hier-
archical model described by Döhner et
al.13,14 Half of the B-CLL cases have a del
13q indicating good prognosis. On the
other hand, 11q deletions are associated
with bulky disease, and are associated
with short survival times. This is even
more pronounced for 17p deletions which
predict for very poor outcome.15,16

Interphase cytogentics have been extend-
ed to a molecular level by microarray
analysis in several instances.17-19 Thus, a
number of genes over- or underexpressed
in association with chromosomal aberra-
tions have been identified. Some of these
are directly related to the location on
deleted or duplicated chromosomes (gene
dosage effect). However, a number of genes
from unaffected chromosomes change
their expression, suggesting trans-acting
effects. These genes have only partially be
evaluated.20

Molecular prognostic markers
Molecular markers can be classified

according to their presence on the DNA
level (mutations, polymorphisms) or on
the RNA level (gene expression) (Table 1).
Most markers are predictive at diagnosis,
but dynamic markers predicting response
to therapy (e.g.minimal residual disease)
are also also available (see also Table 4). 

Chronic lymphocytic leukemia
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Gene mutations
Immunoglobulin VH-mutational status is now well

established as a strong predictor of outcome.21-28 By
convention, a 98% sequence homology to germline
has been defined as a useful clinical cut-off between
good (mutated) or poor (unmutated) prognosis. More
detailed analysis has revealed that the 98% threshold
is indeed relevant, but that some variation exists.29

Further analysis has revealed the prognostic rele-
vance of specific VH-families: VH 1-69 cases are
always unmutated CLL and mutated cases with a VH
3-21 have a poor outcome.30, 31

A number of non-immunoglobulin genes have
been searched for mutations in CLL. Germ-line or
somatic mutations were found in 5 of 42 sequenced
microRNAs (miR) in 11 of 75 patients with CLL.12

Gene expression
Perhaps the most important value of IgVH muta-

tional status was its use as a discriminator of patient
subgroups for further analysis in microarray studies.
Gene expression profiling revealed the association of
a number of genes previously thought to be unrelat-
ed to CLL. Depending on the use of CD19-
selected/T-cell depleted or unpurified B-CLL samples,
a variety of markers were found since the initial
experiments of Klein and Rosenwald in 2001.19,32,33,34

(Table 2) When CD19+ cells were used, the receptor
kinase ZAP-70 was identified. The prognostic value
of this genetic marker has now been well established
by FACS-analysis or PCR.35-41 ZAP-70 protein expres-
sion predicts for treatment-free survival (TFS) and
overall survival independently of mutation status.
While convincing results were obtained by several
groups using different protein detection methodolo-
gy, harmonization efforts by the European Initiative
in CLL Research (ERIC) have shown problems and
were not successful to date.42 Moreover, discordant
results concerning association with IgVH mutational
status are observed. Particularly, 17p- samples cluster
in the ZAP-70 negative group.43 Assessment of ZAP-
70 mRNA expression by real time PCR requires pos-
itive (CD19) or negative selection of B-cells.39 Despite
these drawbacks, ZAP-70 is a useful clinical marker
and may also serve as a future target for specific sig-
nal transduction inhibitors.

Among the markers with even stronger correlation
to IgVH mutational status,33,34 lipoprotein lipase has
been extensively studied44-48 (Table 3). Its association
with other markers (cytogenetics risk groups, molec-
ular markers) as well as patient outcome (time to
treatment, overall survival) is also strong. LPL is a sta-
ble marker which has been studied by real-time PCR
in several large series using purified or unpurified
CLL cells or even whole blood. No difference
between purified and unpurified samples was

observed in several studies, indicating its potential
for easy and general use.

Its specificity regarding IgVH mutational status is
89%, with a sensitivity of 68%, a positive predictive
value of 83% and a negative predictive value of 78%48

(Table 3). Discordant results are also observed.45 LPL
can be combined with a downregulated marker
(ADAM29) to increase specificity.44 While LPL pro-
tein can also be detected on normal B-cells, its cyto-
plasmatic expression correlates well with RNA lev-
els.45

We have used the level of LPL-expression as a dis-
criminator for microrray analysis.19 Several markers
emerging from this experiment have been validated
by real time PCR. Among those, septin 10 and dys-
trophin (DMD) were strongly associated with time
to treatment. The prognostic significance of some of
these factors have also been confirmed by other
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Table 1. Genetic markers in CLL with prognostic signifi-
cance.

Cytogenetic markers Ref.
Conventional cytogenetics translocations 6
FISH 17p-, 11q-, 13q-, +12 13-19

Molecular markers
Mutations IgVH-Status 21-31

Micro RNAs 12
mRNA expression ZAP70 39

LPL 44-48
PEG 10 53

sarcoglycan ε 53
septin 10 19
dystrophin 19

AID 49-52
telomerase 54
L-selectin 20

Integrin-β2 20
CLLU1 55

Minimal residual disease ASO-PCR 56-59

Table 2. Factors associated with IgVH mutational status by
gene expression profiling. 

Rosenwald A, Klein U, Vasconcelos Y, Bilban M,
J Exp Med J Exp Med IWCLL Leukemia

200132 200133 200334 200619

CD19+ sorted unsorted CD19-selection unsorted

ZAP-70 + - + -
LPL + + + +
Dystrophin + + + +
Gravin/AKAP12 + + + +
BCL7A + + + +
FGL2 - + - +



groups (septin 10, DMD, AKAP12/gravin).32-34, 44-48

(Table 2 and 3) In addition, LPL expression correlated
with several functional modules including the MTA3
and fatty acid degradation pathways.19 Using special
statistical methods exploiting the LPL-associated
gene expression signature we have shown that LPL-
positive CLL cells show similarities to other tissues
like fat, muscle and dendritic cells. This body of
information suggests that LPL mRNA and protein
expression may be of functional importance. 

Expression of other markers was also linked to
prognosis. 

The gene responsible for somatic mutations in
immunoglobulins (activation induced cytidine deam-
inase – AID) is overexpressed in high-risk (unmutat-
ed) CLL cases.49-52 We have investigated the prognos-
tic significance of PEG10. This maternally expressed
gene is overexpressed in high-risk CLL in parallel
with sarcoglycan ε which resides within the same
locus on chromosome 7q21. Knock-down of PEG10
expression in primary CLL patient cells results in
increased apoptotic cell death.53

Another functionally important target is the telom-
erase gene which is overexpressed in CLL cells of

patients with poor prognosis.54 Additional prognostic
factors include L-selectin and integrin-β2.20 A very
CLL-specific gene is CLLU1 whose mRNA expres-
sion level can predict time to initiation of treatment
and survival in CLL patients.55

One of the most significant findings in the field of
CLL research was the detection of certain microRNA
genes which are over- or underexpressed in conjunc-
tion with certain chromosomal aberrations.12,18

Specific miR expression signatures are correlated
with IgVH mutational status, ZAP-70 expression and
treatment-free survival indicating prognostic impor-
tance. 

Minimal residual disease
Molecular monitoring of residual CLL cells during

therapy has been used as a dynamic marker during
therapy. Eradication of MRD below detection levels
of tailored PCR (ASO-PCR) or multicolour FACS is a
predictor of favourable outcome.56,57 This has been
shown for induction therapy with the antibody
alemtuzumab as well as for autologous or allogeneic
stem cell transplantation.58, 59
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Table 3. Studies on lipoprotein lipase mRNA and protein expression as a prognostic factor. 

Method n Association with IgVH OS/EFS TFS Association Specific comments Publication author/ref.
mutation status with other markers

Microarray yes - - ZAP70, BCL7A and others J Exp Med Rosenwald A,32

purified CLL cells 2001

Microarray 34 + NA NA BCL7A, ZAP70, gravin, J Exp Med Klein U,33

purified DMD, FGL2 and others 2001
+ unpurified CLL cells

RQ-PCR 42 NA NA NA Septin10, signature related to fat, Leukemia Bilban M,19

+Microarray DMD, gravin muscle, DC’s; 2006
Purified CLL cells functional modules:

MTA3, fatty acid degradation

RQ-PCR + 127 + NA/yes ? ADAM29, ZAP70 significance in Binet A Blood Oppezzo P, 44

+ competitive PCR 99% 2005
Unpurified cells

RQ-PCR 104 + no/NA yes cytogenetics significance in Binet A, Leukemia Heintel D,45

Unpurified cells Odds ratio 25.9 LPL protein correlates 2005
84% discrimination with mRNA

RQ-PCR 130 + yes -ZAP70, ADAM29, Septin10, 10 markers Haematologica van’t Veer MB,46

Unpurified cells AKAP12, DMD, NRIP1, selected 2006
TPM2, CLECSF2 unpurified

more realiable
than ZAP70

RQ-PCR 133 NA yes?/- - ADAM29, CD38, ZAP70 stable over time Leuk Lymphoma Nückel H,47

Unpurified cells NA 2006

RQ-PCR 50 +
whole blood 83% pos. pred. v. yes/NA yes ZAP70 unpurified + CD19 Clin Chem van Bockstaele F, 48

CD19-selected 78% neg. pred. v. selected equal 2006



Prediction of response and influence on treatment 
decisions
Cytogentics/FISH

Chromosome 17p deletions or p53 mutations
result in poor response to fludarabine and rituximab
which can be overcome by therapy with alemtuzum-
ab60,61 (Table 4). Alemtuzumab is particularly effective
when combined with high-dose steroids.62 The pre-
dictive value of trisomy 12 is abrogated when flu-
darabine-containing regimens are used (Stilgenbauer
personal communication). Patients with deletions in 17p
or 11q have been shown to respond to flavopiridol.63

While combination chemoimmunotherapy with rit-
uximab, pentostatin and cyclophosphamide was not
effective in 17p- patients, it was very effective in
patients with 11q deletions.64 These novel data will
obviously have consequences for treatment selection
and expected response and will pave the way to tai-
lored therapy.

Minimal residual disease
MRD detection may not only be used as a measure

of outcome, but could potentially serve to guide ther-
apy in individual patients. In particular, response
assessment after induction therapy could be used to
tailor maintenance treatment with alemtuzumab or
rituximab.58,65 Since the clinical outcome of patients
who become MRD-negative is substantially
improved these molecular data may also impact on
transplant decisions. Thus, MRD data will contribute
to challange the paradigm that CLL should not be

treated aggressively.57,66-68

In vitro evidence for response to specific targeting drugs
Molecular markers have led to the detection of

potentally active novel agents or off-label use of
known drugs against CLL (Table 4). While these data
are still based on in vitro or ex vivo observations, some
of the agents used are close to clinical testing.
Inhibitors of activated heat shock protein 90 (HSP90)
have been shown to influence survival of B-cells
expressing high levels of ZAP70.69 Specific ZAP70
inhibitors are currently being developed. Since there
is strong evidence for the functional importance of
LPL in high-risk CLL, it is noteworthy that lipopro-
tein lipase inhibitors are already on the market for
metabolic disorders. There is preliminary evidence
that one of these agents (orlistat) leads to apoptosis in
B-CLL cells.70 Since orlistat has low toxicity, its off-
label use B-CLL seems warranted. We have shown
that PI3-kinase/AKT inhibitors (Wortmannin,
Ly294002) also effectively induce apoptosis of pri-
mary B-CLL cells.71 A number of genes important for
CLL survival have been knocked down by siRNA
technology. Thus, even miR genes or others may
eventually serve as targets for therapeutic interven-
tions.12,18

Molecules detected by molecular methods may
also serve as targets for T-cell immunotherapy. One
such example is the CLL specific antigen fibromod-
ulin which allows expansion of specific CD8+ autol-
ogous T lymphocytes in vitro.72

| 118 | Hematology Education: the education program for the annual congress of the European Hematology Association | 2007; 1(1)

12th Congress of the European Hematology Association

Table 4. Impact of selected genetic markers on treatment decisions. 

Prognostic Influence of treatment decision, response to specific drugs Reference

Cytogenetics /FISH
17p- (yes) effective: alemtuzumab, flavopirdol, high-dose steroids; 60-62

ineffective: fludarabine, rituximab

11p- yes effective: flavopiridol, pentostatin (PCR) not very effective: alemtuzumab 63, 64

+12 yes prognostic power lost after treatment with FC

Molecular markers
Mutation 

IgVH yes unclear
MiR genes yes unclear
FCγReceptor IIIA no effect of rituximab dependent on genotype 73

Expression 
ZAP70 yes HSP90 inhibitors effective in vitro, direct inhibitors in development 69

LPL yes LPL inhibitor orlistat effective in vitro 70
PI3-Kinase no Antiapoptotic effect of Wortmannin, Ly294002 in vitro 71
Fibromodulin no Elicits autologous CD8+ T-cell response in vitro 72
MDR1 yes Multidrug resistance, target for specific agents 75

Dynamic markers     
microarray p53 signature no fludarabine response influenced 74
Minimal residual disease yes maintenance treatment with alemtuzumab 58, 65



Pharmacogenomics
In addition to general static and dynamic prognos-

tic markers related to the disease, several genetic
markers associated with response to specific thera-
pies have been investigated (Table 4).
Polymorphisms of the FC receptorÁIIIA (FCGR3A)
generally predict response to rituximab.73 Rosenwald
et al. have studied the gene expression pattern of CLL
cells after therapy with fludarabine in vivo and in vitro
and have shown that fludarabine induced changes
result in a p53-related expression signature.74 The
results predict that fludarabine treatment will lead to
selection of p53-mutated CLL clones. The phenome-
non of multi-drug resistance has recently been inves-
tigated.75

Conclusions
Genetic markers have already contributed many

important insights into the biology of B-CLL. Some
genetic markers have been established as routinely
used prognostic factors in addition to the traditional
staging systems.76 (i) This is particularly true for cyto-
genetic aberrations detected by FISH; (ii) other mark-
ers like ZAP70 have shown their prognostic power in
large patient series, but need to be more thoroughly
harmonized for standard use; (iii) markers like IgVH
mutational status and minimal residual disease detec-
tion by PCR are harmonized, but cannot easily used
in daily routine; (iv) the least developed group includ-
ing lipoprotein lipase, AID, or micro RNAs. have not
reached either one of these stages, but are potential-
ly interesting prognostic markers.

There is strong evidence for several of the predic-
tive markers that they will influence treatment deci-
sions for tailored therapy.77,78 While generalized rou-
tine use of these data cannot be recommended to
date, we are soon expecting results from randomized
trials powered to answer the questions related to the
rational use of specific therapies subsequently to the
identification of molecular genetic markers.
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