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Ten years ago therapy of newly-diagnosed acute
myeloid leukemia (AML) was largely invariant.
Patients received daunorubicin or idarubicin for 3

days and cytarabine (ara-C) at a dose of 100 mg/m2 daily
for 7 days as a continuous infusion, a regimen common-
ly known as “3+7”. Nowadays, however, guidelines,
such as those in the paper by Morra et al.,1 recommend
that many older patients be given investigational thera-
pies at diagnosis. This change reflects the greater avail-
ability of new treatments, often thought to be targeted to
specific abnormalities in AML blasts. The advent of a
broader range of investigational therapies and increased
knowledge about the molecular biology of AML has

raised several questions, which I address here: (i) which
patients are candidates for investigational therapy? (ii)
should cytogenetic and molecular information be used
to plan initial therapy? (iii) what is the current role of
allogeneic hematopoietic stem cell transplant (HSCT)?
(iv) regarding targeted therapy - are responses less than
a complete response worthwhile, how long should ther-
apy be continued before failure is declared, should com-
binations with chemotherapy or other targeted agents
be explored sooner than is currently the case, and
should these agents be reserved for a specific population
or used more broadly? and (v) given the increasing
recognition of the biological and prognostic heterogene-
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ity of AML, should we depart from standard clinical
trial methodology, which could lead to missing poten-
tially important therapeutic advances as described in the
paper by Schlenk et al.2

Which patients are candidates for investigational
therapies?

All new agents brought to clinical trials have a plausi-
ble rationale. Many appear “encouraging” in early stud-
ies. However, such early results are often not confirmed.
For example, only three of 37 drugs reported as “prom-
ising” in abstracts reported at the annual American
Society of Hematology meetings between 1993 and
2001 subsequently gave positive results in randomized
trials, and only one (gemtuzumab ozogamycin, GO) is
being used in clinical practice.3 Hence the decision to
administer investigational therapy must be based not on
the promise of the new therapy but on the unsatisfacto-
ry results of standard therapy, and is dependent on an
understanding of factors that govern prognosis follow-
ing the use of such therapy.

Age is currently the prognostic factor most common-
ly used to assign untreated patients to new therapies.
Typically, older patients are taken to be those aged 60
years or over. However, age behaves as a numerical
(continuous) variable.4 Thus, on average, there is more
difference in outcome between a 61-year old and a 68-
year old (both considered elderly) than between a 59-
year old (younger) and a 61-year old. Furthermore, age
is not the major predictor for either treatment-related
mortality (TRM) or resistance to therapy, the two caus-
es of therapeutic failure in AML.5 Although it can be
difficult to determine whether failure results from
TRM or resistance, the factors associated with these
outcomes are distinct. Performance status is the princi-
pal forecaster of TRM.6 Indeed, patients who are large-
ly or completely bed-ridden are routinely ineligible for
trials of new therapies because of the fear that they
will die before response can be evaluated; thus such
patients comprise a significant unmet need in AML ther-
apeutics. Higher serum concentrations of creatinine,
and bilirubin,6 and various co-morbidities,7 similar to
those defined for HSCT, are other independent predic-
tors of TRM. Rates of TRM after the 3+7 chemothera-
py regimen range from less than 5% in fully ambulato-
ry patients aged under 40 years old and with no co-
morbidities to greater more than 50% in bedridden
patients with other medical problems who are over 70
years old.6

Resistance to therapy, i.e. either failure to obtain a
complete response despite living long enough to have
done so or relapse from a complete response, is the
most common cause of failure even in patients aged 70
years and above who are ambulatory.5 The main predic-
tor of resistance is leukemia cell cytogenetics,8 which is
typically divided into three categories ranging in prog-
nosis from best to worst. Pericentric inversions of chro-
mosome 16 (inv 16) or translocations between chromo-
somes 8 and 21(t(8;21) disrupt core binding factor
(CBF), a critical normal regulator of gene transcription
and subsequent differentiation.9 CBF AML accounts for
10-20% of all cases, and is particularly uncommon (less

than 5% of cases) above the age of 60. CBF AML is
associated with extreme sensitivity to ara-C, GO and
possibly fludarabine and granulocyte colony-stimulat-
ing factor (G-CSF). In a highly influential study, the
American Cancer and Leukemia Group (CALGB) found
that 78% of patients under 60 years old with CBF AML
given 3+7 induction, which will practically uniformly
produce a complete response in CBF AML, remained in
complete remission at 5 years if given four courses of
ara-C at a dose of 3 g/m2 on days 1, 3, and 5 (so-called
high-dose ara-C, HiDAC) followed by four courses of
reduced amounts of the 3+7 regimen.10 In contrast, 5-
year complete response rates were 57% and 16% if the
four ara-C post-remission courses were given at a dose
of 400 mg/m2 daily for 5 days and 100 mg/m2 daily for
5 days respectively.10 Results from the British Medical
Council Research (MRC) studies suggest that an inter-
mediate ara-C dose of 1 g/m2 is as effective as 3 g/m2.11

More recently the MRC randomized patients under the
age of 60 to the 3+7 regimen with or without GO and,
separately, to a higher dose ara-C regimen also with or
without GO.12 In both cases the addition of GO had no
effect on the complete remission rate but dramatically
improved survival (e.g. to 80-90%) in patients with
CBF AML, rendering prognostically insignificant the
presence of mutations in CKIT, which had been found
to increase relapse rates in CBF AML.9 Data from the
M.D. Anderson Cancer Center suggest that the use of
fludarabine + G-CSF in addition to ara-C at 1-2 g/m2

daily provides superior results to those produced by
similar doses of ara-C + idarubicin but without fludara-
bine + G-CSF.13

At the other extreme of the prognostic spectrum are
complex karyotypes, defined by the presence of three to
five distinct abnormalities14 or, as recently identified in
patients age under 60 years old, a monosomal karyo-
type,15 defined by the presence of at least two mono-
somies or one monosomy plus one structural abnormal-
ity. Complex karyotypes, and almost certainly a mono-
somal karyotype, are more common in patients with
secondary AML (a history of abnormal blood counts or
myelodysplasia, or of chemotherapy for cancer) and in
older patients, comprising 40-60% of such cases.
However, even if under 60 years old and with de novo
AML, patients with complex or monosomal karyotypes
have complete remission rates of less than 50% with
the 3+7 regimen.16 The complete remissions typically
last less than 1 year, with potential cure (specified once a
complete remission has continued for 3 years, after
which the likelihood of relapse declines sharply to
below 10%)17 essentially impossible even with the use
of GO, HiDAC or HSCT.

Patients in the intermediate cytogenetic group have the
most variable prognoses. The most common finding in
this group, and the most common cytogenetic finding in
AML, is a normal karyotype. In the past 5-10 years,
75% of patients in this group (at least when aged less
than 60 and with de novo AML) have been shown to
have various molecular abnormalities that are highly
prognostic of outcome after the 3+7 induction and post-
remission therapy with ara-C at various doses including
HiDAC.18 Thus patients with a normal karyotype with
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a mutation in the NPM1 gene (NPM+) and no aberration
in the FLT3 gene (FLT3–) have a prognosis similar to that
of patients with CBF AML, while patients with a nor-
mal karyotype with an internal tandem duplication
(ITD) of the FLT3 gene have a prognosis qualitatively
similar to that of patients with complex karyotypes.5, 18

Most karyotypically normal patients do not have muta-
tions in either NPM1 or FLT3; however if they have a
mutation in the CEBPA gene or have increased expres-
sion of the BAALC gene and no partial tandem duplica-
tion in the MLL gene their prognosis becomes qualita-
tively similar to that of patients who are NPM+, FLT3–.18

Given the prime importance of cytogenetics (and, in
karyotypically normal patients, of molecular data) in
determining outcome following the 3+7 regimen (as
well as HiDAC, GO, and HSCT) and, conversely, the
secondary prognostic role of age (even in forecasting
TRM) it seems logical to assign patients to receive stan-
dard or investigational therapy based primarily on cyto-
genetic/molecular information rather than, as currently
the case, on age. Age, together with other factors dis-
cussed above that influence TRM, would modify the
type of investigational therapy received (Table 1). For
example, the outcome with standard therapy in patients
with complex cytogenetics is so poor that such patients
should receive investigational therapy regardless of age.
If they are under 60 years old, completely ambulatory,
and without comorbidities, such therapy might be more
intense, for example clofarabine + HiDAC.

The same type of therapy might be used even for
patients aged 60-70, again provided they are complete-
ly ambulatory and without comorbidities. In contrast,
for patients over 60 years old, or those under 60 years
old but with a poor performance status or comorbidi-
ties, therapy would need to be less intense (Table 1).
Investigational drugs that inhibit the abnormal tyrosine
kinase formed as a consequence of the FLT3 ITD are
being added the to 3+7 induction in karyotypically nor-
mal patients who are aged less than 60-year old and

FLT3+. A similar approach in FLT3+ patients at higher
risk of TRM might replace 3+7 with low-dose ara-C.
Ara-C produces sufficiently good outcomes in patients
with CBF AML or karyotypically normal AML who are
NPM+, FLT3– (and probably NPM–, FLT3–, but CEBPA+)
that such patients should always receive this drug.
Given the MRC data,12 GO, which is relatively non-
toxic at the 3 mg/m2 dose used by the MRC, should
probably be added. GO might be particularly useful in
patients at high-risk of TRM in whom ara-C dose reduc-
tions are contemplated. Based on the results of Schlenk
et al.,2 ATRA might be similarly useful in patients who
are NPM+ FLT3– but at high risk of TRM. Patients in the
other, i.e. intermediate, group in Table 1 have complete
response rates of 60-75% but potential cure rates of
only 20-30%. These intermediate outcomes make
choosing between investigational and more standard
therapy difficult, thus explaining the range of therapies
in Table 1. In particular, it is plausible that some patients
in this group might prefer standard therapy feeling that
investigational therapy might worsen outcome, while
others might choose a combination of an investigation-
al or a standard therapy, or only an investigational ther-
apy either used once a complete remission has been
obtained, or, for the reason noted in the next section, at
initial diagnosis.

Should cytogenetic and molecular information be
used to plan initial therapy?

Cytogenetic and molecular results often take several
days to become available. Because AML is typically
viewed, for example in major American medical text-
books, as an indication for rapid initiation of treatment
these results tend to influence post-remission therapy,
e.g. the decision to proceed to HSCT, rather than induc-
tion therapy. However, in some cases, such as those
with complex cytogenetics, complete remission rates
with standard therapy are less than 50%, thus making a
case for delaying initial treatment until cytogenetic

Table 1. Approach to induction therapy in patients with untreated acute myeloid leukemia.
Cytogenetic/molecular findings Type of therapy Risk of TRM1 Intensity of therapy Example

Complex cytogenetics Investigational (no need for ara-C) Low High or low Clofarabine + HiDAC
High Low (a) GO + azacitidine;

(b) Decitabine + vorinostat
Normal karyotype with FLT3 ITD Investigational Low High or low 3+7 + anti-FLT3 agent

High Low low-dose ara-C+ anti-FLT3
CBF Include ara-C and probably GO Low High (a) Idarubicin + HiDAC+GO

(b) Idarubicin +IDAC + GO
(c) FLAG + GO

High Low 3+7 + GO
Normal karyotype with NPM+, FLT3–2 Include ara-C and possibly GO High Low As for CBF ± GO

High Low 3+7 + ATRA
Other (a) Idarubicin + ara-C ± Low High (a)3+7;

investigational; (b) Idarubicin + HiDAC;
(b) Ara-C +investigational; (c) Clofarabine + HiDAC
(c) Investigational without ara-C High Low (a) Low-dose ara-C;

(b) GO + azacitidine;
(c) Decitabine + vorinostat

TRM: treatment-related mortality; HiDAC: high-dose ara-C; 1For example as assessed by Sorror et al.; 2same probably also applies to patients who are NPM–,FLT3,but CEBPA+.
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results are known. Furthermore, in cases such as those in
the intermediate group referred to above, in which the
complete remission rate is over 50%, beginning investi-
gational treatment at diagnosis may lengthen the dura-
tion of the transient complete remissions seen with stan-
dard therapy, although improvements in complete
remission rate may be more difficult to detect. An exam-
ple of this phenomenon came from the trial of 3+7 ther-
apy with or without GO mentioned earlier.12 A current
trial in which patients under the age of 60 with FLT3+

AML are randomized to receive 3+7 with or without the
anti-FLT3 agent midostaurin is an example of a trial that
is using molecular information to assign initial therapy.

In an investigation of the effect of time from diagnosis
to initiation of ara-C-containing therapy on complete
remission and survival in previously untreated patients
with AML presenting with a white cell count lower than
50×109/L, Sekeres et al. found, that after accounting for
performance status, white cell count, cytogenetics, and
de novo vs. secondary disease, time from diagnosis to
treatment had no influence on outcome in patients who
were over 60 years old.19 This finding provides a further
rationale for the use of cytogenetic/molecular informa-
tion in planning initial treatment in such patients. In con-
trast, longer time from diagnosis to treatment adversely
affected complete remission and survival rates in
younger patients. However, it remains unclear whether
this effect might eventually be more than counterbal-
anced if patients with complex, or monosomal, kary-
otypes were spared the morbidity, and occasional mor-
tality, following use of therapies such as 3+7, which are
known to be ineffective against these types of AML.

What is the role of allogeneic hematopoietic stem
cell transplant?

Typically myleoablative allogeneic HSCT has been
used primarily in patients in first complete remission. It
is now generally accepted that outcomes of patients
with CBF AML treated as described above are such that
the risk of TRM associated with myeloablative allogene-
ic HSCT is difficult to justify. The same is presumably
true for patients with NPM+ FLT3– AML. In contrast,
meta-analyses using data from four European coopera-
tive groups indicated that among AML patients with
other karyotypes, including a normal karyotype, the risk
of TRM or death from relapse after myeloablative allo-
geneic HSCT in patients with HLA-identical sibling
donors (n = 748) was 85% (95% confidence interval
0.74-0.95) that seen in patients (n = 1372) without such
donors; 82% of those with donors received a myeloab-
lative HSCT.19 However the improvement in survival
was limited to patients under 35-year old.20 The risk of
death in such younger patients with donors was 73% of
that in younger patients without donors. While this
result is highly statistically significant (95% CI 0.62-0.85)
its medical significance may be less. For example, a hazard
ratio of 0.73 translates into a 1.36-fold improvement in
survival. Thus, patients with a median survival of 12
months without allogeneic HSCT would expect an
improvement in survival to 16.4 months with the proce-
dure. Under the circumstances it is understandable that,
while some patients might prefer to receive a standard

allogeneic HSCT, others might prefer investigational
therapies. These of course could include investigational
approaches to reduce TRM or relapse after allogeneic
HSCT, the latter being the principal cause of failure after
the procedure. Current attempts to prevent relapse
involve use of radiolabeled antiCD45 antibodies in the
preparative regimen, or of azacitidine, decitabine, or
lenalidomide after allogeneic HSCT. Allogeneic HSCT
has been revolutionized by the development of reduced
intensity transplants and the use of stem cells from non
HLA-identical siblings, matched unrelated donors, hap-
loidentical donors, and umbilical cord blood.20 Reduced
intensity allogeneic HSCT relies on a graft-versus-AML
effect, thus allowing the preparative regimen to be non-
myeloablative, which reduces TRM, and permits
patients up to 70-75-year old without co-morbidities to
undergo the transplant procedure. Reduced intensity
allogeneic HSCT in first complete remission was report-
ed to prolong survival in patients over 50-year old with
cytogenetic abnormalities other than CBF.21 However,
only 14% of patients in  first complete remission under-
went reduced intensity allogeneic HSCT, casting doubt
on the relevance of the procedure and introducing the
possibility of selection bias.21 The use of alternative
donors also increases the number of patients who can
undergo allogeneic HSCT. Current data suggest that out-
comes are similar in recipients of grafts from HLA-sib-
ling and matched unrelated donors. Obviously the use of
allogeneic HSCT from alternative donors falls into the
category of investigational therapy, increasing the likeli-
hood of graft-vs.-host and graft-vs.-AML (GVL) effects,
and thus highlighting the importance of separating these
two effects. Finally, the development of sensitive and
specific techniques, e.g. flow cytometry, for monitoring
minimal residual disease in patients in complete remis-
sion may reduce risk by allowing HSCT to be done only
in patients with evidence of residual disease.22

Issues raised by the use of targeted therapies
Responses less than a complete response. For many years

response in AML meant a complete remission. The
importance of this complete response was pointed out
by Freireich et al., who noted that patients who entered
complete remission lived longer than those who did
not.23 The difference was entirely accounted for by time
spent in complete remission, suggesting that better sur-
vival did not result from an inherently better prognosis
but from achievement of complete remission. Beginning
with GO24 investigators have defined new response cat-
egories, such as complete response with incomplete
platelet recovery, marrow complete response with no
requirement for the blood count recovery, or hematolog-
ic improvement as defined for myelodysplastic syn-
dromes.25 The criteria for these categories are uniformly
less stringent than those for a complete response. A
recent combined analysis by ECOG and the team at MD
Anderson suggested that essentially all patients who
lived 5 years after beginning ara-C-containing therapy
achieved a complete remission.26 Whether the same is
true with targeted therapy remains to be seen. It does
appear that, although conveying shorter survival than a
complete response, complete response with incomplete
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platelet recovery is independently associated with
longer survival than that seen in patients who lived long
enough to obtain such responses but did not27 (Figure 1).
Given the paramount importance of survival to patients,
it seems worthwhile, rather than uncritically accepting
new response criteria, to examine whether these
responses, while denoting activity, prolong survival more
than might a total absence of response.

How long should therapy be continued until failure is
declared? Patients not in complete remission after two
courses of standard therapy, e.g. the 3+7 regimen, are
typically considered to have failed treatment. Their
chance of achieving complete remission with a third
course is considerably less than the chance with a sec-
ond course, and even patients who require two courses
to enter complete remission have shorter remissions
than patients in complete remission after only one
course.5 However, data from trials of decitabine and
azacitidine in myelodysplastic syndromes have raised
the possibility that response to targeted agents requires
more time than response to cytotoxic therapy.28, 29 This
requirement may be a general reflection of the use of
low-dose therapy since Burnett et al. reported that the
median number of courses to achieve complete remis-
sion with low-dose ara-C is three, similar to what has
been observed with decitabine or azacitidine.30

At any rate investigators have to avoid both discontin-
uing a therapy prematurely leading to a false negative
conclusion or continuing a therapy so long that little
time remains to administer other therapies. Under the
circumstances it seems worthwhile to examine whether
surrogate indicators of eventual response, for example
bone marrow findings after three courses of therapy, can
be identified.

Combinations with chemotherapy or other targeted agents.
Farnesyl transferase inhibitors (e.g. tipifarnib), hypo-
methylating agents (decitabine and azacitidine), FLT3
inhibitors (lestaurinib and midostaurin), and anti-CD33
antibodies (GO and HuM195) are targeted agents that
have undergone extensive investigation as single
agents.31 Tipifarnib has been largely abandoned, while
the other drugs are being combined with cytotoxic ther-
apy, or with other targeted agents, e.g. inhibitors of his-
tone decetylase. Given the time required for phase 1,
phase 2 and perhaps phase 3 testing of each new drug or
combination, would it be preferable to begin with com-
binations rather than only proceeding to them once the
single agent trial is completed? Furthermore, given the
number of plausible combinations and the need for clin-
ical, rather than pre-clinical data, to know which is best,
it seems advisable to conduct smaller trials allowing
more therapies to be investigated.32 Such studies may be
underpowered. However, the false negative rates of 20%
(power = 80%) built into larger studies are nominal and
ignore the false negative cases that may result when one
drug or combination is selected for trial while others are
not.32 The view that the worst false negative rate may
result when a treatment is not investigated has led the
MRC to conduct small randomized trials in older
patients with untreated AML, with the goal of selecting
the best new drug/combination for comparison with
more standard therapy.

Should only ‘target-positive’ patients receive given targeted
therapy? This approach is being utilized in the  American
Intergroup trial of the 3+7 regimen with or without
midostaurin, for which only patients with FLT3+ AML
are eligible. Because it is unlikely that results will be pos-
itive in target-negative patients but negative in target-
positive patients this approach allows more therapies to
be explored than if all patients were given the targeted
therapy. While rational and preferable, the approach car-
ries the risk of possible overestimation of our knowledge
of the target of the targeted therapy. For example,
although azacitidine and decitabine are commonly con-
sidered demethylating agents, there have been only
inconstant correlations between response to these drugs
and either pretreatment methylation status (globally or
with respect to specific genes such as p15) or drug-
induced demethylation (globally or involving particular
genes).31

Failure of current clinical trial methodology to
address heterogeneity in acute myeloid leukemia

An all encompassing theme of this paper is the hetero-
geneous nature of AML as most recently exemplified by
identification of various molecularly-defined subgroups.
The number of such subgroups will certainly increase,
and each may receive a unique therapy, e.g. chemother-
apy + ATRA, as administered by Schlenk et al. for NPM+

FLT3– AML.2 The number of patients in the various sub-
groups will inevitably be so small that it will be impos-
sible to meet the current requirement for 80-90% power
to detect relatively small differences with a false positive
rate of 5%. Clinical trial methodology will have to adapt
to these new realities by accepting as of interest, only
larger, perhaps more medically (as opposed to statistical-
ly) significant differences, or by accepting higher false
positive rates (p>0.05) or higher false negative rates
(power lower than 80%).

I would suggest that, in particular, the p<0.05 criterion

Figure 1. Effect of response on survival. The analysis was limited
to patients who lived at least 60 days from the start of induction
therapy by which time more than 90% of patients who achieved a
complete response and 75% of those who achieved a complete
response with incomplete platelet recovery had done so. Results
were similar if patients who died before day 35 (median time to
complete response), day 90, etc. were excluded.
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be revisited. It seems illogical to demand more protec-
tion (95% reflecting a p value of 0.05) against a false pos-
itive result than against a false negative result (80% cor-
responding to a power of 80%). Such an approach seems
more appropriate for a disease for which current thera-
py is satisfactory than it does for AML. In the former
case it is paramount to avoid replacing the current stan-
dard with a therapy that is incorrectly felt to be superi-
or. However, satisfactory therapies exist for only a minor-
ity of patients with AML and the consequences of false
positive results are, therefore, much less.

The neglect of heterogeneity is also problematic
when examining the effect of a single treatment in
groups with varying prognoses. Thus, despite the
known effect of cytogenetics on outcome after a range
of therapies, standard methodology continues to regard
patients as essentially interchangeable regardless of
cytogenetics. For example, a trial of a new drug in
patients who are over 60 years old with untreated AML
might target a complete response rate of 60% vs. an
expected rate of 40% with standard treatment and wish
to have a false positive rate less than 5% and a false
negative rate less than 20%. Using a standard Simon
two-stage optimum design 16 patients would be treated
in the first stage and the drug rejected if fewer than
eight of the 16 patients entered complete remission.
But, if by chance, a disproportionate number of these
first 16 had complex cytogenetics the stopping criterion
might be met, and a falsely negative conclusion drawn,
simply because the expected complete remission rate in
these patients was in fact 25%, not 40%. The opposite
extreme, i.e. conducting separate trials of the same drug
in various cytogenetically defined subsets has the disad-
vantages of being time-consuming and not allowing
data from a trial in one subgroup to adaptively affect
the conduct of the same trial in other subgroups.
Alternative phase 2 designs that, unlike the Simon
design, account for prognostic heterogeneity have been
proposed.33 Regardless of this specific issue, it may be
fair to ask whether current statistical methodology best
serves our needs and note that the statistical literature is
replete with new designs that address the many prob-
lems inherent in standard methodology, which has
remained unchanged for 30 years.
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Tumors cannot be considered as consisting simply
of tumor cells. The intimate relationship
between the tumor microenvironment and neo-

plastic cells implies a dynamic cross-talk in which
tumor cells may give and receive instructions through a
complex system with at least three important function-
al and structural components: the extracellular matrix,
stromal cells and the immune response. In the last few
years, it has been shown that there are specific patterns
of immune response in lymphoproliferative syn-
dromes.1 These patterns are regulated by microenviron-
mental effects on tumoral cells, appear related to the
clinicopathological features of the disease and consti-
tute prognostic and follow-up indicators. They repre-
sent the rationale for new therapies based on the action
of the immune system and immunotherapies designed
to induce sustained antitumoral immunity. In addition,
indirect effects of the immune response, such as elimi-
nating bacteria or viruses from the lymphoma environ-
ment, may stop tumor  growth.

Follicular lymphoma (FL) is the prototype of indolent
lymphoma, a slow growing lymphoma arising from
follicular center B cells with a scarce tendency to invade
to non-lymphoid tissues and a protracted clinical
course. In physiological conditions, the stable forma-
tion of germinal centers requires the presence of func-
tionally specialized T cells, dendritic and stromal cell
subpopulations. FL is recognized as a disease of func-
tional B cells in which T-cell co-stimulation is essential
for the maintenance and ongoing development of B-cell
secondary follicles. Evaluation of the large amount of
genetic data concerning tumor cells of FL has focused

increasing interest on the reactive microenvironment,
whereas it seems that there are not different molecular
signatures of tumor cells for the different histological
grades of FL. In 70-90% of cases, the neoplastic B cells
are characterized by the t(14;18) (q32;p21) transloca-
tion. As a result of this genomic event, the expression
of the anti-apoptotic BCL2 gene is controlled by the
immunoglobulin (Ig) enhancer leading to an overex-
pression of the anti-apoptotic BCL-2 protein. However,
the acquisition of this genomic alteration has also been
observed in more than 50% of normal individuals sug-
gesting that there are other mechanisms involved in the
development, growth and progression of the tumor.2

Interestingly, 15% of patients with FL have objective
tumor regression in the absence of any antitumoral
therapy. Data indicate that an effective immune
response would involve both the tumor and the main
histopathological and clinicobiological features.

Tumor transformation and development of unre-
sponsiveness to standard chemotherapy or immuno-
chemotherapy regimens in the course of FL represent
the main causes of death in patients with this lym-
phoma. Anticancer immune responses may contribute
to controlling the tumor after conventional chemother-
apy. The importance of treatment as a prognostic vari-
able in FL is currently masked by the fact that pub-
lished studies include FL patients treated with marked-
ly different regimens. Due to their specific targeting of
some immune cells, chemotherapeutic agents may
influence the prognostic impact of the different
immune signatures present in FL, as suggested interest-
ingly in the study by de Jong and colleagues published
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