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ABSTRACT

Background and Objectives

Trisomy 8 (+8) is among the commonest genetic aberrations seen in acute myeloid
leukemia (AML). However, the prognostic significance of this aberration and the best
consolidation strategy for patients with it are still not resolved. Additional prognostic
indicators are needed to further classify these patients and determine their appropri-
ate management.

Design and Methods

Individual patient data-based meta-analysis was performed on 131 patients (median
age 50 (18-60) years) with +8 as a sole aberration or +8 with one additional aberra-
tion treated between 1993 and 2002 in eight prospective German AML treatment tri-
als. All patients received state-of-the-art treatment including high-dose cytarabine with
the option for autologous or allogeneic hematopoietic stem cell transplantation
(HSCT).

Results

In total, the 131 patients had a 3-year overall survival (0S) of 29% and a 3-year
relapse-free survival (RFS) of 32%. Independent prognostic factors contributing to
shorter OS were age >45 years, extramedullary disease, and a percentage of +8 pos-
itive metaphases >80%. Combining these three prognostic variables established a
hierarchical model for OS. The 3-year OS was 13% for the high-risk group, 36% for the
intermediate-risk group, and 55% for the low-risk group (p<0.0001). Age <45 years
and allogeneic HSCT (as treated) were independent prognostic factors for longer RFS.
Additional cytogenetic aberrations other than t(8;21), inv(16), 1(16;16), t(15;17) or
11923 had no influence on treatment outcome.

Interpretation and Conclusions

We provide a new prognostic model for risk stratification of AML patients with +8. The
data indicate that allogeneic HSCT may prolong RFS compared to that achieved with
other strategies of post-remission therapy.

Key words: acute myeloid leukemia, trisomy 8, treatment outcome, prognostic
factors, post-remission therapy.
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risomy 8 (+8) is one of the most frequent recurring
| aberrations in acute myeloid leukemia (AML)."
Although additional aberrations are often found
together with +8, many patients have +8 as a sole aberra-
tion. There is some evidence that patients with trisomy 8
occurring together with other cytogenetic aberrations have
the prognosis confermed by the accompanying aberration.
This is certainly true for the favorable cytogenetic aberra-
tions t(8;21), inv(16) or t(15;17). The favorable prognosis of
patients with these aberrations is basically not changed by
an additional +8.* Additional 11q23 aberrations, such as
t(9;11), also seem to confer a more favorable prognosis.'
However, the occurrence of +8 within complex kary-
otypes with three or more independent aberrations does
not improve the desperate prognosis of patients with such
a complex karyotype.' There are reports showing an unfa-
vorable prognosis for patients with +8 together with high
risk aberrations, such as -7, -5 or del(5q),” although due to
low numbers of patients this observation cannot yet be
regarded as proven. For AML with +8 as a sole aberration
it is still unclear whether +8 is the primary event leading to
AML or not. However, until now no cryptic rearrange-
ments or mutations have been found to support the sec-
ond hit hypothesis of trisomy 8.° In contrast, gene expres-
sion experiments do support the idea that overexpression
of genes on chromosome 8 is involved in the development
of AML*" Thus, +8 as a sole aberration should still be
regarded as a cytogenetic entity. It is associated with low
white blood cell counts, a low percentage of bone marrow
blasts and a high frequency of multi-drug resistance gene
(MDR1) expression.*"

The prognosis of AML patients with +8 as a sole aberra-
tion or with +8 and one additional aberration other than
t(8;21), inv(16), t(16;16), t(15;17) or 11q23 aberrations is
still a matter of debate. Some groups, such as the MRC and
SWOG, have assigned these patients to a group with an
intermediate prognosis,* whereas the GALGB group con-
sider that they have an unfavorable'" treatment outcome.
So far only one literature search has evaluated independ-
ent prognostic factors among AML patients with +8 as a
sole aberration revealing trisomy 8 clonal size as a poten-
tial predictor in a small number of cases."

This unclear prognostic situation is accompanied by an
unclear therapeutic situation. Conventional consolidation
with high-dose cytarabine seems not to cure the disease,
and only anecdotal data are available regarding transplan-
tation strategies in small numbers of patients within each
single trial.*

Therefore, we performed a meta-analysis of individual
AML patients with trisomy 8 as a sole aberration or with
+8 and one additional aberration treated within the
German AML trials. The aim was to reveal new prognos-
tic factors for survival including clinical, cytogenetic and
laboratory data and also to compare different consolida-
tion strategies, i.e. high-dose cytarabine and autologous or

allogeneic hematopoietic stem cell transplantation
(HSCT).
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Design and Methods

Selection of patients and review of data

Between April 1993 and December 2002, AML
patients were prospectively enrolled in one of the eight
following German multi-center trials: AMLHD93" and
AMLHDY8A" of the Acute Myeloid Leukemia Study
Group (AMLSG) Ulm, AML 2/95” and AML 1/99 of the
Southern German Hematoblastosis Group (SHG)
Hannover, AMLCG92'" and AMLCG2000" of the Acute
Myeloid Leukemia Cooperative Group (AMLCG),
AMLI6™ of the German Study Initiative Leukemia
(DSIL) Dresden and AML-(033)-96 of the Eastern
German Study Group for Hematology and Oncology
(OSHO). The more recent trials AMLHD98A (NCT
00146120), AML 1/99 (NCT 00209833), AMLCG2000
(NCT 00266136), AML96 (NCT 00180115) and AML-
(033)-96 (German Study Registry) were all registered in
a public trials registry in accordance with the guidelines
of the ICMJE. The trials AMLHD93, AML 2/95 and
AMLCG92 were closed in 1999 or earlier, and their
results have been already published. All trials were per-
formed after approval by a local Human Investigations
Committee and are in accordance with the Helsinki
Protocol.

The inclusion criteria of the different trials were con-
cordant, and the inclusion criteria for this survey were as
follows: (i) presence of trisomy 8 on standard karyotyp-
ic analysis; (ii) absence of t(8;21), inv(16), t(16;16),
t(15;17) or 11g23 abnormalities representing defined
AML subclasses according to the WHO classification;™
(iii) absence of a complex karyotype with at least three
independent cytogenetic aberrations; (iv) age 16 to 60
years; (v) availability of clinical data. Demographic,
diagnostic, clinical and laboratory data, cytogenetics,
type of induction and post-remission therapy and infor-
mation about treatment outcome were collected for
each patient, sent to a central co-ordinating center and
reviewed for consistency and completeness before
analysis.

Treatment protocols

All patients received double induction therapy and
high-dose cytarabine during the treatment course. All
protocols provide the option for autologous and/or allo-
geneic stem cell transplantation within consolidation
therapy. The protocols are summarized in Figure 1, and
numbers of patients per protocol are given in Table 1.

Cytogenetics

In four of the five study groups cytogenetic studies
were performed in central reference laboratories
(AMLSG Ulm, AMLCG, SHG Hannover and DSIL
Dresden). In one group (OSHO) cytogenetic analyses
were done on an institutional level. The description of
the karyotype followed the recommendations of the
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International System for Human Cytogenetic Nomen-
clature.”

Analysis of FLT3 mutations

FLT3-1TD and TKD mutations were analyzed central-
ly in Munich for the trials AMLCG92 and AMLCG99, in
Hannover for the trial AML 1/99, in Ulm for the trials
AMLHD93 and AMLHD98A, and in Dresden for the
AMLI6 trial according to the previously published pro-
tocols.*?

Statistical analyses

The definition of complete remission (CR) followed
the recommended consensus criteria® and was evaluat-
ed after two induction cycles. Overall survival (OS) end-
points, measured from the date of entry into one of the
prospective studies, were death (failure) and alive at last
follow-up (censored).” Relapse-free survival (RES) end-
points, measured from the date of documented CR,
were relapse (failure), death in CR (failure) and alive in
CR at last follow-up (censored).” Consolidation therapy
was classified into high-dose cytarabine-based
chemotherapy, autologous HSCT and allogeneic HSCT.
For comparison analyses between these three consolida-
tion strategies only patients in first CR with at least one
course of consolidation therapy were considered. In all
trials patients received high-dose cytarabine as
chemotherapy consolidation. In some trials patients
who had a moderate or no response to the first induc-
tion cycle received intermediate- or high-dose cytara-
bine as the second induction cycle whereas patients
with a good response received a second cycle of stan-
dard-dose cytarabine (Figure 1). Therefore, the influence

plantation.

of cumulative doses of cytarabine on the treatment out-
come could not be evaluated. Logistic regression analy-
ses were used to identify prognostic variables for CR
rates. The Kaplan-Meier method was used to estimate
the distribution of RES and OS. Confidence interval (CI)
estimation for the survival curves was based on the
cumulative hazard function using Greenwood’s formula
for the SE estimation. Survival distributions were com-
pared using the log rank test stratified for the variable
study. Cox models were used to identify independent
prognostic variables for survival. To provide quantitative
information on the relevance of results, 95% CI of odds
ratios and hazard ratios (HR) were computed. The prog-
nostic model for OS was achieved by hierarchical clus-
ter analysis. All statistical analyses were performed with
the software package of SPSS Version 12.0.1.

Results

Patients’ characteristics

Between April 1993 and December 2002, 145 adult
AML patients aged 18 to 60 years with isolated +8 or +8
with one additional aberration other than t(8;21),
inv(16), t(16;16), t(15;17) or 11q23 abnormalities were
registered in the eight trials of the German AML
Intergroup. Adequate clinical data were not available for
14 patients, leaving 131 eligible patients for this survey.
Table 1 depicts their clinical data and characteristics.
One hundred and twelve (85%) patients had de novo
AML and 19 (15%) had secondary AML (15 with pre-
ceding MDS; 4 therapy-related). Data on extramedullary
disease were available for 125 patients. An

haematologica/the hematology journal | 2007; 92(06) | 765 |



M. Schaich et al.

Table 1. Patients’ characteristics. Summary of the eight prospective treatment trials of the German AML.

n n % Median (Range)

Treatment trial 131
SHG-Hannover (AML 2/95 / AML 1/99) 13/13 10/10
SHG-Dresden (AML96) 20 15
AMLCG (AMLCG92 / AMLCG99) 16/29 12/22
OSHO (AML96 #033) 15 12
AMLSG Ulm (AMLHD93 / AMLHD98A) 4/21 3/16
Sex (Male/Female) 131 69/62 53/47
Age [years] 131 50 (18-60)
ECOG status 118
0 28 24
1 63 53
2 20 17
3 6 5
4 1 1
Disease status (secondary/de novo) 131 19/112 15/85
FAB classification 127
MO 2 2
M1 26 20
M2 37 29
M4 22 17
M5 30 24
M6 5 4
m7 5 4
Extramedullary manifestation (yes/no) 125 19/106 15/85
WBC count [10°/L] 130 12.0 (0.1-427.0)
Platelet count [10°/L] 129 46 (4-902)
Hemoglobin level [g/dL] 128 8.8 (3.8-15.5)
Bone marrow blasts [%] 114 80 (20-100)
Lactate dehydrogenase [U/L] 98 507 (115-8344)
FLT3-ITD and/or -TKD mutation (yes/no) 76 14/62 18/82
Cytogenetics 131
+8 as a sole aberration 92 70
+8 with one additional aberration 39 30

-7 1

-5/del(5q) 3

+8 3

+21 3

+22 3

Other trisomies 7

Other aberrations 19

extramedullary manifestation of the AML was found in
19 (15%) patients. Sites of extramedullary manifestation
were skin, mucosa, central nervous system and other
organs. Data on FLT3 mutational status were available
for 76 patients. Fourteen (18%) patients were FLT3 pos-
itive. Patients with FLT3 mutation had a higher white
blood cell (WBC) count than patients without FLT3
mutation [78.0(0.8-427.0) 10°/L vs. 10.1(0.9-198.0) 10°/L;
p<.001].

Cytogenetics

All 131 patients were diagnosed with conventional
cytogenetics. Ninety-two (70%) had +8 as a sole aber-
ration. One additional aberration was recognized in 39
(30%) patients. Of those patients, four had an addition-
al high-risk aberration, such as -7, -5 or del(5q). No
additional inv(3q) or t(3;3) was seen. Thirteen (33%)
had other additional trisomies. Recurring additional tri-

| 766 | haematologica/the hematology journal | 2007; 92(06)

somies were +21 in three patients and +22 in three
patients (see Table 1). The largest group of 19 (49%)
patients had other not recurring aberrations. In detail
these were i(5)(p10), i(7)(q10), i(17)(p12), i(17)(q10),
del(3)(q21), del(9)(q22q34), del(12)(p12), del(13)
(q12q22), del(14)(q22), del(20)(q11), t(2;3)(q21;q13),
t(5;6)(p10;p10), t(9;22)(q34;q11), t(11;¢), t(17;19)
(928;q13), inv(9)(p11ql13), -Y, -19 and +mar. Of all
patients 58% had at least 80% +8 positive metaphases,
whereas 42% presented with less than 80% affected
cells within the blast cell population. There was no
obvious clustering of the above-described high-risk
aberrations within the group of patients with 80% and
more +8 positive metaphases. The one patient with -7
had 100% +8 positive metaphases, whereas the per-
centages in the three patients with 5g- were 100%,
50% and 30%.
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Figure 2. Overall (A) and relapse-free (B) survival of AML patients with trisomy 8 in relation to additional cytogenetic aberrations. Patients
with +8 as a sole aberration (solid line), patients with +8 and one additional cytogenetic aberration other than t(8;21), inv (16), t(16;16),

t(15;17) or 11923 abnormalities (dotted line).

Induction therapy

After induction therapy 65% (85/131) of patients
reached CR, 14% (18/131) experienced early or
hypoplastic death and 21% (28/131) had resistant dis-
ease.

The following variables at diagnosis were evaluated
for their potential influence on response to induction
therapy: age, disease status, WBC count, platelet count,
hemoglobin level, lactate dehydrogenase level, bone
marrow blast count, percentage of +8 positive
metaphases, extramedullary disease, FLT3 mutation,
additional cytogenetic aberrations and study. No vari-
able had an independent prognostic impact on the treat-
ment response.

Survival analysis

The median follow-up time for survival was 3.6
years. The 3-year OS and REFS rates were 29% (95%-CI
21-37%) and 32% (95%-CI 22-42%) for all 131 and the
85 patients in CR, respectively.

There was no significant difference in survival
between patients with +8 as a sole aberration (n=92)
and those with +8 and one additional cytogenetic aber-
ration (n=39) [3-year OS: 27% (95%-CI 18-36%) vs.
32% (95%-CI 17-47%) p=0.88, and 3-year RFS 31%
(95% CI 18-43%) vs. 37% (95% CI 17-56%) p=0.84,
respectively] (Figure 2).

Out of 85 patients with CR, 72 were eligible for post-
remission therapy. These patients had received at least
one complete course of post-remission therapy. Forty-
three (60%) received high-dose cytarabine, 10 (14%)
autologous HSCT and 19 (26%) allogeneic HSCT (14
related and 5 unrelated). Allogeneic HSCT was per-

formed at a median of 5.0 (2.5-8.0) months after diagno-
sis. Patients who underwent allogeneic HSCT were
younger than patients who did not [32 (18-55) years vs.
51 (19-59) years p=0.001]. OS was not significantly dif-
ferent between the three post-remission strategies. The
3-year OS rates were 37 % (95%-ClI 23-52%) for high-
dose cytarabine, 34% (95%-CI 3-65%) for autologous
HSCT and 45% (95%-CI 22-68%) for allogeneic HSCT
(»=0.63). Whereas the rate of treatment-related mortal-
ity was higher among patients who underwent allo-
geneic HSCT than those who did not within the first 3
years (27% vs. 4%; p=0.01), the former had a much
lower probability of relapse (27% vs. 69%; p=0.002).
This lower probability of relapse transformed into a
better 3-year RES for patients who were treated with
allogeneic HSCT than patients who received autolo-
gous HSCT or high-dose cytarabine in the as-treated
analysis [49%(95% CI 25-72%) vs. 23%(95% CI 0-
51%) vs. 28%(95% CI 14-41%), p<0.05, respectively].
In the landmark analysis at 8 months with all allogene-
ic transplantations performed the 3-year RES was 57 %
(95% CI 32-83%) for patients treated with allogeneic
HSCT (n=15), 25% (95% CI 0-55%) for those undergo-
ing autologous HSCT (n=8) and 42% (95% CI 26-58%)
for those given high-dose cytarabine (p=0.12).

Prognostic variables for survival

Prognostic factors for survival were analyzed in the
whole group of patients (n=131) as well as in the sub-
group of CR patients who received at least one com-
plete course of post-remission therapy (n=72). The fol-
lowing variables at diagnosis were evaluated: age, dis-
ease status, WBC count, platelet count, hemoglobin
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Figure 3. Prognostic model for overall survival of AML patients with
+8. Low risk (dashed line): age < 45 years, no extramedullary dis-
ease and <80% +8 positive metaphases at diagnosis; high risk
(solid line): age =45 years and extramedullary disease and/or
>80% positive metaphases at diagnosis; Intermediate risk (dotted
line): all other patients.

level, lactate dehydrogenase level, bone marrow blast
count, percentage of +8 positive metaphases,
extramedullary disease, FLT3 mutation, additional cyto-
genetic aberrations and study. The variable post-remis-
sion therapy (high-dose cytarabine vs. autologous
HSCT vs. allogeneic HSCT) was included in the second
analysis. Continuous variables were included in the
model continuously. Age and percentage of +8 positive
metaphases were included dichotomized as cut-points
were found in the hierarchical cluster analysis at 45
years (p=0.001) and 80% (p=0.04), respectively. The
multivariate model for OS with limited backward selec-
tion revealed dichotomized age (245 years vs. <45
years) [HR 2.25 (95% CI 1.44-3.52) p<0.0001],
extramedullary disease at diagnosis (yes vs. no) [HR
1.82 (95% CI 1.07-3.09) p=0.03] and dichotomized per-
centage of +8 positive metaphases (280% vs. <80%)
[HR 1.60 (95% CI 1.05-2.45) p=0.03] as prognostic vari-
ables for the whole group of patients.

By combining these three independent prognostic
factors a hierarchical model for OS with three risk-
groups could be established. High risk patients with +8
were 45 years or older and had either extramedullary
disease or 280% +8 positive metaphases at diagnosis
(n=47), whereas low risk patients were younger than 45
years, had no extramedullary disease and <80% posi-
tive metaphases at diagnosis (n=16). All other patients,
i.e. patients older than 45 years without extramedullary
disease and <80% +8 positive metaphases or patients
younger than 45 years with extramedullary disease
and/or 280% +8 positive metaphases, were in an inter-
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mediate risk group (n=61) (p<0.0001) (Figure 3). Two
patients (4%) in the high-risk group, four (25%) in the
low-risk group and 12 (20%) in the intermediate-risk
group received an allogeneic transplant in first CR. A
significant influence of allogeneic HSCT on survival
could not be recognized in any group (data not shown).

In the subgroup of patients in CR who had received
at least one complete course of post-remission therapy
only age (245 years vs. <45 years) [HR 2.14 (95% CI
1.17-8.93) p=0.01)] was a prognostic variable for OS.
The strategy of post-remission therapy (high dose
cytarabine vs. autologous HSCT vs. allogeneic HSCT)
was not a prognostic factor. For RFS the model revealed
age (245 years vs. <45 years) [HR 1.84 (95% CI 1.07-
3.17) p=0.03] as a prognostic factor for the whole group
of patients and allogeneic HSCT (as treated yes vs. no)
[HR 0.45 (95% CI1 0.22-0.93) p=0.03] as a prognostic fac-
tor for patients in CR who had at had least one com-
plete course of post-remission therapy.

Discussion

The prognosis and optimum therapy of AML patients
with +8 as a sole aberration or with +8 and one addi-
tional aberration other than t(8;21), inv(16), t(15;17) or
1123 abnormalities are still difficult to define. The dif-
ferences in prognosis of patients with +8 as a sole aber-
ration or with + 8 and one additional aberration report-
ed so far indicate that this population of patients is het-
erogeneous and might be further subdivided by addi-
tional prognostic factors."”” The present survey
reveals prognostic factors within a group of 131 AML
patients with +8 as a sole aberration or with one addi-
tional aberration. Although this individual patient data-
based meta-analysis is not a substitute for prospective
trials, and some heterogeneity among the trials includ-
ed has to be taken into account, it is the largest cohort
of patients with +8 as a sole aberration or with one
additional aberration presented so far.

The 65% CR rate of the patients included in this
meta-analysis is in good accordance with other pub-
lished results."*” Like Byrd et al.' we found no influence
of one additional cytogenetic aberration other than
t(8;21), inv(16), t(16;16), t(15;17) or 11q23 abnormalities
on treatment response.

The 3-year OS of 27% and RES of 31% in patients
with +8 as a sole aberration is also comparable to the
reported data of the SWOG* and the CALGB." Again
there was no difference in survival between patients
with +8 as a sole aberration and patients with +8 and
one additional aberration.

Multivariate analysis including clinical, laboratory,
cytogenetic and therapeutic variables identified age,
extramedullary disease and the percentage of +8 posi-
tive metaphases at diagnosis as independent prognostic



factors for OS. By combining these three variables we
have built a hierarchical prognostic model. Patients
with +8 can be stratified into low, intermediate and
high-risk groups. So far one published literature search
on 56 cases of AML with +8 as a sole aberration has
attempted a risk classification within this entity.” The
author, like us, described a percentage of +8 positive
metaphases 280% as a poor prognostic factor for sur-
vival. In this context it must be kept in mind that tri-
somy 8 was found to be constitutional in about 15-20%
of patients with myelodysplasia or leukemia.” It is pos-
sible that such patients with an inherited mosaicism of
+8 cluster within the low-risk group with less than 80%
+8 positive metaphases. In these patients +8 might not
be  the  prognosis-determinating  aberration.
Furthermore, a significant proportion of patients with
+8 present with extramedullary disease and it is sug-
gested that they might be predisposed to the develop-
ment of leukemic skin infiltration.”

Thus the new risk factors and prognostic model pre-
sented here seem to be of clinical relevance and may
allow risk-adapted treatment strategies for AML
patients with trisomy 8 in the future. However, due to
small numbers of allogeneic transplants within the risk
groups, a possible confounding effect of allogeneic
HSCT on the prognostic model cannot be ruled out.
Compared to the incidence of AML with a normal kary-
otype, that of FLT3 positive +8 is relatively low. In the
analysis presented here we found that 18% of AML
patients with +8 harbored FLT3 mutations, which is in
good accordance with published data.” FLT3 mutations
had no independent prognostic impact on survival
among the patients examined. The strategy of post-
remission therapy influenced RES of patients with +8.
Previously published data suggest that cytarabine-based
chemotherapy is not able to cure AML with trisomy 8."
Virtaneva et al."’ showed by expression profiling that an
altered expression of apoptosis-regulating genes may be
one possible cause for resistance to cytarabine in AML
with trisomy 8.

In addition, we found a relation between the degree
of trisomy 8 mosaicism and survival. Thus, the data of
Virtaneva et al. and ours suggest that trisomy 8 may
identify a sub-clone of chemotherapy resistant cells, the
proportion of which may correlate with survival proba-
bilities under cytarabine treatment.

It has been speculated that autologous or allogeneic
HSCT in first CR might improve the prognosis of these
patients. However, only three out of 42 patients with
+8 as a sole aberration within the CALGB survey were
transplanted.” A more recent survey of the same group
showed a survival benefit from allogeneic HSCT com-
pared to cytarabine-based chemotherapy in patients
with common isolated trisomies, which included tri-
somy 8, 11, 13 and 21.” Within a homogeneous group

Prognosis of AML patients <60 years with +8

of patients with +8 in first CR who had received at least
one complete course of post-remission therapy, we
found an independent positive impact of allogeneic
HSCT compared to high-dose cytarabine or autologous
HSCT on REFS, although not on OS in the as-treated
analysis. This is probably due to the higher treatment-
related mortality of the allogeneic compared to the
autologous HSCT or high-dose cytarabine approach. As
all patients in this survey received full dose condition-
ing before allogeneic transplantation, it can be speculat-
ed that with dose-reduced conditioning strategies a
lower transplant-related mortality would produce bet-
ter OS rates in the future. However, as it takes up to 8
months for patients receiving allogeneic HSCT, the
influence of this treatment procedure on outcome may
be subjected to a time-selection bias as suggested by the
landmark analysis. Thus, although this is the largest
cohort reported in the literature so far, we are aware
that the numbers of patients are still small and that
large, international, prospective studies on an intent-to-
treat principle are eagerly desired to clarify the impact
of allogeneic HSCT on treatment outcome in this group
of patients.

In conclusion this individual patient data-based meta-
analysis presents a large series of young adult AML
patients with +8 as a sole aberration and with +8 and
one additional cytogenetic aberration other than t(8;
21), inv(16), t(16;16), t(15;17) or abnl11q23, receiving
state-of-the-art therapy. In this survey, we found that
AML patients with +8 do not form a homogeneous
group and provide a new model for OS to stratify these
patients into three prognostic groups. Furthermore, our
data suggest that allogeneic HSCT may be the superior
post-remission strategy for improving relapse-free sur-
vival.

Authors’ Contributions

MS: conception and design, provision of study material and
patients, collection and assembly of data, data analysis and inter-
pretation, manuscript writing, final approval of manusctipt; RES:
conception and design, provison of study material and patients,
data analysis and interpretation, /’mal approval of manuscript;
KKA-A: provision of study material and patients, final approval of
manuscript; HD: conception and design, final approval of manu-
script; AG: conception and design, collection and assembly of data,
final approval of manuscript; GH: provision of study material and
patients, collection and assembly of data, final approval of manu-
script; Tl:collection and assembly of data, data analysis and inter-
pretation, final approval of manuscripy; RK: collection and assem-
bly of data, final approval of manuscript; JK: conception and
design, provison of study material and patients, collection and
assembly of data, final approval of manuscripy; CS: collection and
assembly of data, data analysis and interpretation, final approval
of manuscript; TB: conception and design, provison o stuﬁ/; mate-
nial and patients, data analysis and interpretation, final approval
of manuscript; GE: conception and design, provison of stug/; mate-
nial and patients, collection and assembly of data, data analysis
and interpretation, final approval of manuscript.

Conflict of Interest
The authors reported no potential conflicts of interest.

haematologica/the hematology journal | 2007; 92(06) | 769 |



M. Schaich et al.

References

1.

Byrd JC, Mrozek K, Dodge RK, Carroll
AJ, Edwards CG, Arthur DC, et al.
Pretreatment cytogenetic abnormali-
ties are predictive of induction suc-
cess, cumulative incidence of relapse,
and overall survival in adult patients
with de novo acute myeloid leukemia:
results from Cancer and Leukemia
Group B (CALGB 8461). Blood 2002;
100:4325-36.

. Grimwade D, Walker H, Oliver E

Wheatley K, Harrison C, Harrison G,
et al. TKe importance of diagnostic
cytogenetics on outcome in AML:
analysis of 1,612 patients entered into
the MRC AML 10 trial. The Medical
Research  Council Adult and
Children's  Leukaemia  Working
Parties. Blood 1998; 92:2322-33.

. Slovak ML, Kopecky KJ, Cassileth PA,

Harrington DH, Theil KS, Mohamed
A, et al. Karyotypic analysis predicts
outcome of preremission and postre-
mission therapy in adult acute
myeloid leukemia: a Southwest
Oncology Group/Eastern Cooperative
Oncology Group Study. Blood 2000;
96:4075-83.

. Wolman SR, Gundacker H, Appel-

baum FR, Slovak ML. Impact of tri-
somy 8 (+8) on clinical presentation,
treatment response, and survival in
acute myeloid leukemia: a Southwest
Oncology Group study. Blood 2002;
100:29-%‘?3].

. Schlenk RF, Benner A, Krauter J,

Buchner T, Sauerland C, Ehninger G,
et al. Individual patient data-based
meta-analysis of patients aged 16 to 60
years with core binding ?actor acute
myeloid leukemia: a survey of the
German Acute Myeloid Leukemia
Intergroup. ] Clin Oncol 2004; 22:
3741-50.

. De Botton S, Chevret S, Sanz M,

Dombret H, Thomas X, Guerci A, et
al. Additional chromosomal abnor-
malities in patients with acute
promyelocytic leukaemia (APL) do not
confer poor prognosis: results of APL
93 trial. Br ] Haematol 2000; 111:801-
6

. Schoch C, Haase D, Fonatsch C,

Haferlach T, Loffler H, Schlegelberger
B, et al. The significance of trisomy 8
in de novo acute myeloid leukaemia:
the accompanying chromosome aber-
rations determine the prognosis.
German AML Cooperative Study
Group. Br ] Haematol 1997; 99:605-11.

. Paulsson K, Fioretos T, Strombeck B,

Mauritzson N, Tanke HJ, Johansson B.
Trisomy 8 as the sole chromosomal
aberration in myelocytic malignan-
cies: a multicolor and locus-specific
fluorescence in situ hybridization
study. Cancer Genet Cytogenet 2003;
140:66-9.

. Schoch C, Kohlmann A, Dugas M,

Kern W, Hiddemann W, Schnittger S,
et al. Genomic gains and losses influ-
ence expression levels of genes located

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

within the affected regions: a study on
acute myeloid leukemias with trisomy
8, 11, or 13, monosomy 7, or deletion
5q. Leukemia 2005; 19:1224-8.
Virtaneva K, Wright FA, Tanner SM,
Yuan B, Lemon W], Caligiuri MA, et
al. Expression profiling reveals funda-
mental biological differences in acute
myeloid leukemia with isolated tri-
somy 8 and normal cytogenetics. Proc
Natl Acad Sci U S A 2007; 98:1124-9.
Schaich M, Harbich-Brutscher E,
Pascheberg U, Mohr B, Soucek S,
Ehninger G, et al. Association of spe-
cific cytogenetic aberrations with
mdrl gene expression in adult
rnyeloidg leukemia and its implication
in treatment outcome. Haematologica
2002;87:455-64.

Farag SS, Archer KJ, Mrozek K,
Vardiman JW, Carroll AJ, Pettenati M],
et al. Isolated trisomy of chromo-
somes 8, 11, 13 and 21 is an adverse
prognostic factor in adults with de
novo acute myeloid leukemia: results
from Cancer and Leukemia Group B
8461. Int ] Oncol 2002; 21:1041-51.
Pedersen B. MDS and AML with tri-
somy 8 as the sole chromosome aber-
ration show different sex ratios and
pro%nostic profiles: a study of 115
published cases. Am ] Hematol 1997;
56:224-9.

Byrd JC, Lawrence D, Arthur DC,
Pettenati MJ, Tantravahi R, Qumsiyeh
M, et al. Patients with isolated trisomy
8 in acute myeloid leukemia are not
cured with cytarabine-based chemo-
therapy: results from Cancer and
Leukemia Group B 8461. Clin Cancer
Res 1998; 4:1235-41.

Schlenk RF, Benner A, Hartmann E del
Valle E Weber C, Pralle H, et al. Risk-
adapted postremission therapy in
acute myeloid leukemia: results of the
German multicenter AML HD93
treatment trial. Leukemia 2003; 17:
1521-8.

Schlenk RE Dohner H. Risk adapted
therapy of AML: the AMLSG ULM
experience [Abstract]. Ann Hematol
2004; 83(Suppl 1):549.

Heil G, Krauter ], Raghavachar A,
Bergmann L, Hoelzer D, Fiedler W, et
al. Risk-adapted induction and consol-
idation therapy in adults with de novo
AML aged </= 60 years: results of a
prospective multicenter trial. Ann
Hematol 2004; 83:336-44.

Buchner T, Hiddemann W, Berdel WE,
Wormann B, Schoch C, Fonatsch C, et
al. 6-Thioguanine, cytarabine, and
daunorubicin (TAD) and high-dose
cytarabine and mitoxantrone (HAM)
for induction, TAD for consolidation,
and either prolonged maintenance by
reduced monthly TAD or TAD-HAM-
TAD and one course of intensive con-
solidation by sequential HAM in adult
patients at all ages with de novo acute
myeloid leukemia (AML): a random-
ized trial of the German AML
Cooperative Group. ] Clin Oncol
2003;21:4496-504.

Buchner T, Hiddemann W, Berdel WE.

| 770 | haematologica/the hematology journal | 2007; 92(06)

20.

21

22.

28.

24.

20.

26.

27.

28.

Upfront randomized TAD-HAM vs
HAM-HAM induction, G-CSF prim-
ing vs no G-CSE and prolonged main-
tenance vs autologous transplantation
in de novo AML, secondary AML and
high-risk MDS and their subgroups
according to cytogenetics and LDIEI:
Interim analysis. Blood 2002; 100:
345a[Abstract].
Schaich M, Ritter M, Illmer T, Lisske P,
Thiede C, Schakel U, et al. Mutations
in ras proto-oncogenes are associated
with lower mdrl gene expression in
adult acute myeloid leukaemia. Br ]
Haematol 2001;112:300-7.
Harris NL, Jaffe ES, Diebold J, Flandrin
G, Muller-Hermelink HK, Vardiman J,
et al. World Health Organization clas-
sification of neoplastic diseases of the
hematopoietic and lymphoid tissues:
report of the Clinical Advisory
Committee meeting-Airlie House,
Virginia, November 1997. ] Clin Oncol
1999;17:3835-49.
Mitelman E ISCN: An International
System for Human Cytogenetic
Nomenclature. Basel, Switzerland:
Karger. 1995.
Schnittger S, Schoch C, Dugas M,
Kemn W, Staib P, Wuchter C; et al.
Analysis of FLT3 length mutations in
1003 patients with acute myeloid
leukemia: correlation to cytogenetics,
FAB subtype, and prognosis in the
AMLCG study and usefulness as a
marker for the detection of minimal
residual disease. Blood 2002;100:59-
66.
Frohling S, Schlenk RE Breitruck ],
Benner A, Kreitmeier S, Tobis K, et al.
Prognostic significance of activating
FLT3 mutations in younger adults (16
to 60 years) with acute myeloid
leukemia and normal cytogenetics: a
study of the AML Study Group Ulm.
Blood 2002;100:4372-80.
Thiede C, Steudel C, Mohr B, Schaich
M, Schakel U, Platzbecker U, et al.
Analysis of FLT3-activating mutations
in 979 patients with acute myeloge-
nous leukemia: association with FAB
subtypes and identification of sub-
groups with poor prognosis. Blood
002;99:4326-35.
Cheson BD, Bennett M, Kopecky KJ,
Buchner T, Willman CL, Estey EH, et
al. Revised recommendations of the
International Working Group for
Diagnosis,  Standardization  of
Response  Criteria,  Treatment
Outcomes, and Reporting Standards
for Therapeutic Ei—rials in Acute
Myeloid Leukemia. J Clin Oncol 2003;
21:4642-9.
Maserati E, Aprili F, Vinante F Locatelli
E Amendola G, Zatterale A, et al.
Trisomy 8 in myelodysplasia and
acute leukemia is constitutional in 15-
20% of cases. Genes Chromosomes
Cancer 2002;33:93-7.
Sen F, Zhang XX, Prieto VG, Shea CR,
Qumsiyeh MB. Increased incidence of
trisomy 8 in acute myeloid leukemia
with skin infiltration (leukemia cutis).
Diagn Mol Pathol 2000;9:190-4.



