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ABSTRACT

Cytogenetics has an important impact on the prognosis of patients undergoing allogeneic hematopoietic stem
cell transplantation (HSCT) for acute myelogenous leukemia (AML) or myelodysplastic syndromes (MDS).
However, it is unclear whether currently accepted cytogenetic risk groups, which were established for patients
treated mostly with standard therapy, are optimally discriminating for patients undergoing HSCT. Also, the
impact of cytogenetics in the growing population of patients with therapy-related disease has not been
completely elucidated. In this study, we retrospectively analyzed data on 556 patients with AML or MDS
transplanted at our institution. We examined, in multivariate analyses, the contribution of cytogenetics to
survival, relapse, and nonrelapse mortality for the 476 patients with de novo disease. We used these results to
establish an optimal cytogenetic grouping scheme. We then applied this grouping scheme to the 80 patients
with therapy-related disease. Our proposed 3-group cytogenetic classification outperformed the established
grouping schemes for both de novo and therapy-related disease. When classified by this new scheme,
cytogenetics was the strongest prognostic factor for overall survival in our cohort, through its impact on the
risk of relapse (and not on nonrelapse mortality). After accounting for cytogenetics, patients with therapy-
related AML or MDS had an equivalent outcome to those with de novo disease. This study demonstrates the
impact of cytogenetics on the risk of relapse and death for patients with both de novo and therapy-related
disease undergoing transplantation; it also emphasizes the necessity of using cytogenetics to stratify patients
entering clinical trials, and provides a system for doing so, which can be validated in a multi-institutional
database.

© 2007 American Society for Blood and Marrow Transplantation
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INTRODUCTION

Numerous studies have demonstrated the impor-
tance of cytogenetic abnormalities for the prognosis of
patients with acute myelogenous leukemia (AML)
[1-3] or myelodysplastic syndrome (MDS) [4, 5]
treated with standard therapy. It has also been estab-
lished that cytogenetics is prognostically significant
after allogeneic hematopoietic stem cell transplanta-
tion (HSCT) [6-10]. However, the existing cytoge-
netic risk grouping schemes may not be optimal for
patients undergoing HSCT. Because the efficacy of

o Therapy-related disease

HSCT relies in part on immune mechanisms, diseases
with a given karyotype might behave differently after
HSCT than they would after chemotherapy or with
supportive care alone. Therefore, cytogenetic risk
groups that are based on series of patients treated with
conventional chemotherapy may not apply to trans-
planted patients. Four cooperative groups have pro-
posed cytogenetic grouping schemes for AML, based
on independent series of patients [11-14]. Most of the
patients on whom these schemes are based were
treated with chemotherapy alone. In the case of MDS,
there is only 1 widely accepted prognostic scheme, the
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International Prognostic Scoring System (IPSS) [5].
This scheme was based on a large series of patients
treated primarily with supportive care. It is likely that
analyzing a series of patients treated uniformly with
allogeneic transplantation would result in a new
breakdown of cytogenetic risk groups for both dis-
eases. A new grouping scheme would be useful in
assessing the impact of cytogenetics on the risk of
relapse and the risk of nonrelapse mortality (NRM)
after HSCT. Moreover, such a scheme would allow
stratification of patients with AML or MDS entering
clinical trials in transplantation, which is not yet com-
monly done.

The influence of cytogenetics in patients with
therapy-related AML or MDS (tAML/MDS) under-
going HSCT is also unclear [15-18]. Therapy-related
disease is assuming a growing importance, given the
number of patients treated with autologous stem cell
transplantation, a procedure with a documented risk
of MDS/AML ranging from 1% to 24% [19]. Con-
versely, therapy-related AML represented as many as
13% of unselected consecutive AML cases in 1 large
series [20]. Patients with tAML/MDS have an inferior
outcome in general compared to patients with de novo
disease [21-23]. However, those patients often harbor
karyoptypic abnormalities that confer an adverse
prognosis in the setting of de novo AML/MDS |20,
24-27]. This could contribute to their inferior survival
because, even when AML is therapy-related, cytoge-
netics are of prognostic significance when patients are
treated with chemotherapy [21, 23, 26]. Given the
poor outcome with chemotherapy for therapy-related
disease, allogeneic HSCT is often performed if the
patient is a candidate and a suitable donor is available.
However, there are no prospective trials to guide this
decision. Published retrospective series of patients un-
dergoing HSCT for tAML/MDS vary widely in their
estimates of long-term survival, ranging from 0% to
30% [15-18, 28, 29]. To choose the best treatment for
individual patients with tAML/MDS, it would be use-
ful to know the outcome of HSCT for each cytogenetic
risk group, and to better understand the contribution of
prior therapy to prognosis after transplantation.

We undertook the present study with the follow-
ing aims: (1) to establish an optimal cytogenetic risk
grouping scheme for patients with de novo AML or
MDS; (2) to characterize the impact of cytogenetics
using this new scheme; (3) to determine whether this
scheme can stratify patients with therapy-related dis-
ease into prognostically distinct subgroups; and (4) to
examine the independent prognostic impact of prior
therapy after cytogenetics are taken into account. To
do this, we retrospectively studied 476 patients with
de novo disease and 80 patients with therapy-related
disease who underwent allogeneic HSCT at our insti-
tution, and analyzed their outcomes using multivari-
able analysis.

P. Armand et al.

METHODS
Patients and Cytogenetics

We reviewed the medical records of 556 consec-
utive adult patients with AML or MDS who under-
went allogeneic stem cell transplantation at the Dana-
Farber Cancer Institute between September 1983 and
1997, and at the combined Dana-Farber/Brigham and
Women’s Hospital transplant program between 1997
and August 2005. We included patients with AML in
whom the clinical circumstances suggested that the
leukemia arose from MDS. We do not use the term
“secondary AML” for those patients to avoid confu-
sion with therapy-related AML, and instead use the
term “myelodysplastic AML” or “mAML.”

We classified patients as having therapy-related
disease if they had received alkylating chemotherapy,
topoisomerase-II inhibitor therapy, or radiotherapy 1
year or more prior to their diagnosis of AML/MDS.
Eighty patients met this criterion (the remaining 476
were classified as having de novo disease). For patients
with AML and a history of leukemogenic therapy, we
labeled the disease therapy-related myelodysplastic
AML if they had clinical evidence of MDS prior to the
diagnosis of AML, and as therapy-related AML
(tAML) if not. We calculated the time from prior
therapy to diagnosis of tAML/MDS based on the date
of the first leukemogenic treatment received.

Tumor cytogenetics at diagnosis (for patients in
remission) or at the time of transplantation (for pa-
tients with active disease) were extracted from the
records. Only standard karyotype banding techniques
were used for most of the patients, and central review
was not required. Risk groups were assigned according
to the various published grouping schemes, with the
following modifications: first, patients with t(15;17)
were classified as favorable under all schemes, even
though those patients are not classified under the
CALGB or the EORTC/GIMEMA schemes; second,
we included patients with del(16q22) in the favorable
category if they had M4 AML subtype, as those pa-
tients can harbor an undetected CBFR-MYH11 fusion
[30, 31]; finally, “complex cytogenetics” was uniformly
defined for all grouping schemes as 3 or more abnor-
malities. In the case of MDS, we followed the IPSS
cytogenetic classification [5].

Institutional review board approval was obtained
from the Office for the Protection of Research Sub-
jects at Dana-Farber/Harvard Cancer Center to per-
form this study.

Transplantation

Conditioning regimens were either myeloablative
(mostly cyclophosphamide plus total body irradiation
[TBI]) (n = 424), or reduced intensity (mostly busul-
fan plus fludarabine) (n = 132). Patients received bone
marrow (BM) (n = 298), peripheral blood stem cells
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(PBSC) (n = 247), or umbilical cord blood (UCB) (n =
11) grafts. Donors were matched related (n = 293),
matched unrelated (n = 199), or mismatched (n = 64).
Graft-versus-host disease (GVHD) prophylaxis regi-
mens included pharmacologic prophylaxis regimens
based on a calcineurin inhibitor (n = 235), those based
on the combination of calcineurin inhibitor and siroli-
mus (n = 138), and ex vivo T cell depletion (n = 183).

Statistics

Two-sided Fisher’s exact test was used to compare
baseline cytogenetic characteristics. Overall survival
(OS) and disease-free survival (DFS) were calculated
using the Kaplan-Meier method. OS was defined as
the time from stem cell infusion to death from any
cause. Patients who were alive or lost to follow-up
were censored at the time last seen alive. DFS was
defined as the time from stem cell infusion to relapse
or death from any cause. Patients who were alive
without relapse were censored at the time last seen
alive and relapse-free. The log-rank test was used for
comparisons of Kaplan-Meier curves. Cumulative in-
cidence curves for nonrelapse death and relapse with
or without death were constructed reflecting time to
relapse and time to nonrelapse death as competing
risks. The difference between cumulative incidence
curves in the presence of a competing risk was tested
using the Gray method [32]. Potential prognostic fac-
tors for survival, DFS; relapse, and nonrelapse death
were examined in the proportional hazards model as
well as in the competing risks regression model [33].
Interaction terms including interaction with time were
examined in the proportional hazards regression
model. Proportional hazards assumption for each vari-
able of interest was tested.

RESULTS

Patient Characteristics and Cytogenetics

The baseline characteristics of the 476 patients
with de novo disease and the 80 patients with therapy-
related disease included in this study are shown in
Table 1. The median age for the entire cohort was 45
years. Median follow-up for survivors was 34 months
(range, 6-2406).

Among the patients with therapy-related disease,
most had a primary diagnosis of lymphoma (35% had
non-Hodgkin’s lymphoma, 19% had Hodgkin’s lym-
phoma). Almost all of the patients (95%) had received
prior alkylator therapy; 73 % had received a topoisom-
erase II inhibitor, whereas 65% had received prior
radiation. Fifty-three percent of the patients had pre-
viously undergone autologous stem cell transplanta-
tion. The median time from first leukemogenic ther-
apy to diagnosis of AML/MDS was 7 years (range,
1-25 years).
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Table 1. Baseline Characteristics of the Patients

De Novo Therapy-Related
Disease Disease
Variable Number (%)* Number (%)*
Number of patients: 476 (100) 80 (100)
Age in years (median, range) 45 (17-71) 47 (21-66)
Disease:
AML 308 (65) 21 (26)
MDS 74 (16) 42 (53)
RA, RARS, RCMD 39 (8) 20 (25)
RAEB 35 (7) 22 (28)
AML from MDS 94 (20) 17 (21)
AML/mAML stage:}
First CR 154 (38) 13 (34)
Second or higher CR 102 (25) 6 (16)
Active disease 146 (36) 19 (50)
Graft
Bone marrow 260 (55) 38 (48)
Peripheral blood 207 (43) 40 (50)
Umbilical cord blood 9 (2) 2 (3)
Match
MRD 262 (55) 31 (39)
MUD 159 (33) 40 (50)
Mismatched 55 (12) 9(11)
Mismatched related 13 (3) 2 (3)
Mismatched unrelated 42 (9) 709)
Conditioning
Myeloablative 381 (80) 43 (54)
Reduced intensity 95 (20) 37 (46)
GVHD prophylaxis
Cnl +/— Mtx or steroids 203 (43) 32 (40)
Cnl + Siro +/— Mtx 114 (24) 24 (30)
TCD 159 (33) 24 (30)
Gender recipient/donor
Male/female 107 (22) 17 (21)
Female/male 110 (23) 25 (31)
Female/female 114 (24) 19 (24)
Male/male 140 (29) 18 (23)
Recipient CMV seropositive 208 (44) 28 (35)
Donor CMYV seropositive 160 (34) 29 (36)
Year of transplantation
1983-1989 22 (5) 3 (4
1990-1999 155 (33) 24 (30)
2000-2005 299 (63) 53 (66)

RA indicates refractory anemia; RARS, refractory anemia with
ringed sideroblasts; RCMD, refractory cytopenia with multilin-
eage dysplasia; RAEB, refractory anemia with excess blasts; CR,
complete remission; MRD, matched related donor; MUD,
matched unrelated donor; GVHD, graft-versus-host disease;
Cnl, calcineurin inhibitor (cyclosporine or tacrolimus); Mtx,
methotrexate; Siro, sirolimus; TCD, T cell depletion; and
CMV, cytomegalovirus; AML, acute myelogenous leukemia;
MDS, myelodysplastic syndromes.

*Percentages may not add to 100 because of rounding.

tPercentage for this category refers to the percent of AML/mAML
patients, not to the percent of total patients.

Ninety-one percent of all patients had available
cytogenetic data, which are presented in Table 2. We
used the MRC and IPSS grouping schemes as our
starting points for AML and MDS, respectively.
When classified according to these schemes, 27% of
patients with de novo disease had favorable cytogenet-
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Table 2. Cytogenetics

Variable De Novo Disease Number (%)* Therapy-Related Disease Number (%)* P value
AML cytogeneticst
Number of patients 308 (100) 21 (100)
Favorable 45 (15) 2 (10) .8
t(8;21) 5 (5) 0 (0)
inv(16) or t(16;16) 18 (6) 0 (0)
t(15;17) 12 (4) 2 (10)
Intermediate 186 (60) 11 (52) .5
Normal 119 (39) 5 (24)
+8 17 (6) 0 (0)
del(9q) 4 (1) 0 (0)
Abnormality of 11q23 2 (4) 2 (10)
t(9;22) 4 (1) 0 (0)
t(6;9) 4 (1) 0 (0)
Other 26 (8) 4 (19)
Adverse 42 (14) 7 (33) .024
-5, del(5q), or -7 16 (5) 3 (14)
Abnormal 3q 1 (0) 0 (0)
Complex 25 (8) 4 (19)
Not obtained/not available 35 (1) 1 (5) .
MDS and mAML cytogeneticsi
Number of patients 168 (100) 59 (100)
Favorable MDS 82 (49) 7 (12) <.0001
5qg- 2(H) 0 (0)
20q- 1 (1) 0 (0)
Y- 0 (0) 0 (0)
Normal 79 (47) 7 (12)
Intermediate MDS 37 (22) 6 (10) .12
All others 37 (22) 6 (10)
Adverse MDS 38 (23) 41 (69) <.0001
Abnormal 7 1 (7) 16 (27)
Complex 27 (16) 25 (42)
Not obtained/not available 1 (7) 5 (8) .6

AML, indicates acute myelogenous leukemia; MDS, myelodysplastic syndromes.

*Percentages may not add to 100 because of rounding.
tClassified according to MRC grouping scheme.
Classified according to the IPSS grouping scheme.

ics, versus 11% of patients with therapy-related dis-
ease (p = .003); 47% of patients with de novo disease
had intermediate cytogenetics, compared to 21% of
patients with therapy-related disease (p < .0001); and
17% of patients with de novo disease had adverse
cytogenetics, compared to 60% of patients with ther-
apy-related disease (p < .0001).

There was a significant association between cyto-
genetic risk group and both age and remission status
in our series. Twenty-seven percent of the patients age
40 and over had adverse cytogenetics, compared to
18% of the patients under age 40 (p = .043); 6% of
the patients 40 and over had favorable cytogenetics
compared to 13% of patients under age 40 (p = .007).
Among patients with acute leukemia, 25% of patients
with early-stage disease had adverse cytogenetics,
compared to 11% of patients beyond CR1 (p =
.0002); 2% of patients with early-stage disease had
favorable cytogenetics, compared to 15% of patients

beyond CR1 (p < .0001).

Prognostic Factors for Overall Survival (OS)
in De Novo AML and MDS

We first considered the group of 476 patients with
de novo disease. We assigned patients to cytogenetic
risk groups using the MRC scheme for AML and the
IPSS scheme for MDS or AML arising from MDS
(mAML). Using proportional hazards modeling in-
cluding all of the variables from Table 1, we found the
following to be significant prognostic factors for OS in
this population: age, cytogenetic risk group, disease
type, disease stage at transplant, GVHD prophylaxis
regimen, and HLA match (data not shown). In this
model, the hazard ratio (HR) for patients with favor-
able cytogenetics (compared to those with intermedi-
ate cytogenetics) was 0.5 (p < .0001); the HR for
adverse cytogenetics compared to intermediate was
1.7 (p = .003). Of note, the HR for patients whose
cytogenetics was not obtainable or not available was
1.1 (p = .6) in comparison to the entire group with
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available cytogenetics. Thus, the group of patients
with available cytogenetics does not appear to be a
biased subsample of the entire study population. The
results confirm the importance of cytogenetics in
transplantation outcome; they remained essentially
unchanged whether we used the MRC [11], CALGB
[12], SWOG/ECOG [13], or EORTC/GIMEMA
[14] schemes for classification of AML cytogenetics.

New Cytogenetic Risk Groups for
De Novo Patients

We repeated the multivariate analysis considering
only the 308 patients with de novo AML, separating
cytogenetics into individual abnormalities. We only
considered abnormalities found in >3 patients. Ab-
normalities found in =3 patients, and classified as
intermediate under the MRC grouping scheme, were
lumped into an “all others” category. We added to the
model the prognostic factors identified above. The
results, shown in Table 3 (top), suggest the existence
of 3 distinct risk groups for AML. The same analysis,
performed for the 168 patients with de novo MDS or
mAML, suggest the existence of 2 distinct groups
(Table 3, bottom). An analysis limited to the patients
with MDS yielded the same grouping scheme as 1
combining patients with MDS and mAML. When we
examined which of the existing grouping schemes (in-
cluding existing AML and MDS schemes, and our
new groups for AML and MDS) could best stratify the

Table 3. Risk Group Determination for De Novo Patients

HR P Risk Group

AML cytogenetic abnormality
t(8;21) alone 0.2 .035 Favorable
inv(16)/t(16;16)/del(16q22)

with M4 0.2 .002
t(15;17) 0.3 .025
del(9q) 0.7 .6 Standard
All others 0.9 9
Normal (reference group) 1.0
t(8;21) + del(9q) or complex I.1 .9
Trisomy 8 1.1 9
Abnormal 5 or 7 1.1 .8
Abnormal 11q23 1.4 4
Complex 2.6 .0005 Adverse
t(9;22) 3.6 .024
t(6;9) 11.6 <.0001
MDS/mAML cytogenetic

abnormality
Abnormal 3q 0.7 7 Standard
Normal (reference group) 1.0
Abnormal 5 1.2 9
Trisomy 8 1.2 q
All others 1.4 .
Abnormal 7 2.2 .050 Adverse
Complex 3.4 <.0001

HR indicates hazard ratio; AML, acute myelogenous leukemia;
MDS, myelodysplastic syndromes.
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Table 4. Summary of New Grouping Scheme

MDS or AML arising

Group AML from MDS
Favorable t(8;21) alone
inv(16)/t(16;16)/
del(16q22) with
M4
t(15;17)
Standard-risk Normal Normal
del(9q) Abnormal 3q
t(8;21) + del(9q) or Abnormal 5
complex Trisomy 8
Trisomy 8 All others

Abnormal 5 or 7
Abnormal 11q23

All others

Adverse Complex Abnormal 7
t(9;22) Complex
t(6;9)

Patients with AML and abnormal 3q, as well as patients with MDS
and 5q-, 20q-, or Y- are not classified in this analysis, as too few
patients with those abnormalities were present in our cohort to
assign to a risk group.

AML, acute myelogenous leukemia; MDS, myelodysplastic syn-
dromes.

94 patients with mAML in multivariate analysis, our
new MDS grouping scheme was the most discrimi-
nating (p = .002).

Based on the above results, there are 7 potentially
distinct disease/cytogenetic categories for transplanted
patients: 3 for AML, 2 for MDS, and 2 for mAML. To
further simplify our system, we considered each of the
7 groups in turn, and used it as the reference group in
a multivariate analysis, with the 6 other groups as
comparisons. The models (not shown) suggest the
existence of 3 distinct overall risk groups, summarized
in Table 4. Within each group, there was no statisti-
cally significant difference in survival between any of
the group members. Between any members of distinct
groups, there was a statistically significant difference
in survival (p < .05).

Impact of Cytogenetics in De Novo Disease Using
New Classification

Figure 1 shows the outcomes of all patients with
de novo disease (AML, MDS, and mAML) when cat-
egorized by this scheme. OS is shown in Figure 1A;
S-year OS for the favorable, standard-risk, and adverse
groups were 70% (95% confidence interval [CI], 56-
85), 33% (CI, 27-39), and 8% (CI, 0-16), respectively.
DFS is shown in Figure 1B; 5-year DFS for the fa-
vorable, standard-risk, and adverse groups were 64%
(CI, 48-80), 32% (CI, 26-37), and 7% (CI, 0-15),
respectively. Cumulative incidence of relapse (CIR) is
shown in Figure 1C. In competing risk regression
analyses [33] for CIR using our new risk groups and
the other variables from Table 1, cytogenetics signif-
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Figure 1. Survival, relapse, and nonrelapse mortality for all de novo patients, stratified by cytogenetics according to new grouping scheme.

(A) Overall survival, (B) disease-free survival, (C) cumulative incidence of relapse, (D) nonrelapse mortality.

icantly affected the risk of relapse, with HR = 2.0 (p =
.002) for adverse risk, and HR = 0.3 (p = .006) for
favorable risk, compared to standard risk (Table 5). In
contrast, cytogenetics did not significantly affect
NRM (Figure 1D), with HR = 1.6 (p = .07) for
adverse, and HR = 0.6 (p = .2) for favorable (com-
pared to standard risk) in competing risks regression
analysis (Table 5).

"This grouping scheme retained statistically signif-
icant prognostic importance if the analysis was con-
fined to any 1 of the following disease groups: AML in
CR1 or beyond CR1 (Figure 2), MDS, or mAML. It
also applied equally well to patients receiving T" cell-
depleted grafts and to those receiving a 'T" cell replete
one (not shown).

Prognosis in Therapy-Related Disease

We built proportional hazards model for the 80
patients with therapy-related disease (AML, MDS, or
mAML), using cytogenetics grouped according to our
new system, as well as all of the covariates from Table
1. We emphasize that those 80 patients were not
included in the derivation of the grouping scheme. In
this model, the HR for adverse cytogenetics (com-
pared to standard risk) was 2.6 (p = .046). Because
there were only 2 patients with therapy-related disease
and favorable cytogenetics (with 5-year survival of

100%), we could not draw meaningful statistical con-
clusions for this group. Although adverse cytogenet-
ics appeared to be associated with inferior survival
using any of the previously established grouping
schemes, our new classification was the only one
that allowed statistically significant stratification.
Figure 3 shows the outcomes of all patients with
therapy-related disease when categorized by this
scheme. OS is shown in Figure 3A; 5-year OS for
the favorable, standard-risk, and adverse groups
were 100% (CI, not obtainable), 54% (CI, 34-73),
and 13% (CI, 0-28), respectively. DFS) is shown in
Figure 3B; 5-year DFS for the favorable, standard-
risk, and adverse groups were 100% (CI, not ob-
tainable), 51% (CI, 31-70), and 9% (CI, 0-20),
respectively.

Given that our classification system was as ap-
plicable to therapy-related disease as it was to de
novo disease, we performed multivariate analyses
for OS on the entire cohort of 556 patients, includ-
ing both patients with de novo disease and those
with therapy-related disease, using cytogenetics
(grouped by our new system) and a term for prior
therapy (as well as all covariates from Table 1). The
results are displayed in Table 6. Adverse cytogenet-
ics was associated with an HR of 2.4 compared to
standard risk (and of 9.4 when compared to favor-
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Table 5. Competing Risks Regression Analysis of Relapse and
Nonrelapse Mortality for All Patients with De Novo Disease, Using
New Cytogenetic Risk Groups

HR for HR for
Variable relapse P NRM P
Cytogenetics
Standard-risk
(reference) 1.0 1.0
Favorable 0.3 .006 0.6 2
Adverse 2.0 .002 1.6 .070
Age NS 1.03 .008
Disease/stage
AML in CRI
(reference) 1.0 1.0
CR=2 1.8 .009 1.7 .058
Active disease 2.6 <.0001 1.0 .9
RA/RARS/RCMD 0.4 041 1.6 3
RAEB 0.7 4 1.3 .5
mAML in CRI 0.9 7 1.6 .078
Match
MRD (reference) 1.0 1.0
MUD 0.8 2 2.6 <.0001
Mismatched 0.7 4 3.4 .0002
Conditioning
Cy/TBI (reference) 1.0 1.0
Bu/Cy 1.3 .6 0.7 7
Reduced intensity 2.7 .0005 0.1 <.0001
GVHD prophylaxis
Cnl +/— Mtx*
(reference) 1.0 1.0
Cnl + Siro +/— Mtx 1.2 4 0.3 .003
TCD 1.2 5 0.9 .8

Graft source (bone marrow versus peripheral blood versus cord
blood), CMV serostatus of donor and recipient (positive versus
negative or unknown), female-to-male transplant, and year of
transplant (in 10-year blocks) were not significant in this
analysis.

HR indicates hazard ratio; NRM, nonrelapse mortality; NS, non-
significant; Cy, cyclophosphamide; TBI, total body irradiation;
Bu, busulfan; other abbreviations are explained in Table 1.

able), and favorable cytogenetics with an HR of 0.3
compared to standard risk (all with P < .0001).
Notably, prior therapy was not a significant prog-
nostic factor for OS (HR = 0.9, P = .5), or for DFS;
this was the also case if tAML and tMDS/mAML
were considered individually. This held true when
using any of the existing cytogenetic risk grouping
schemes. Using competing risk regression analysis
accounting for cytogenetic risk group, we found no
significant difference between de novo disease and
therapy-related disease for either incidence of re-
lapse (for therapy-related disease compared to de
novo, HR = 0.8, P = .5) or NRM (HR = 1.3, P =
.3). In further multivariate analyses (not shown),
neither the type of prior therapy received (alkylator
versus topoisomerase II inhibitor versus radiother-
apy), nor a prior history of autologous stem cell
transplantation, nor the time between first leuke-
mogenic therapy and diagnosis of tAML/MDS, sig-
nificantly affected OS.
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DISCUSSION

Our results confirm the critical prognostic role
of cytogenetics for patients with AML or MDS
undergoing HSCT [6-10], even after controlling for
other known prognostic factors. When grouped ac-
cording to our transplant-specific scheme, cytoge-
netic risk group carried the greatest prognostic
weight of any of the examined risk factors in our
cohort. Specifically, cytogenetic risk group was a
more important determinant of outcome than dis-
ease type, conditioning regimen intensity, use of T
cell depletion or choice of pharmacologic regimen
for GVHD prophylaxis. Although 9% of the pa-
tients in our cohort did not have available cytoge-
netic information, their outcome was not different
from that of the patients with available cytogenetics,
implying the absence of a significant selection bias
for cytogenetics. Naturally, because this study is a
retrospective analysis of patients selected for trans-
plantation, the results do not necessarily apply to
patients at the time of diagnosis; in particular, cy-
togenetics [11, 12], prior MDS, and prior therapy
[21, 26, 34] can both affect the rate of remission for
AML, which our data does not capture.

"The major difference between our AML grouping
scheme and the existing AML schemes is the inclusion
of AML patients with abnormalities of chromosome 5
or 7 in the standard-risk group. Because the effect of
cytogenetics was primarily on the risk of relapse, and
because there was no apparent interaction between
conditioning regimen intensity and cytogenetic risk
group, this suggests that those karyoptypic abnormal-
ites, although they appear to confer increased resis-
tance to standard chemotherapy, may be sensitive to
the immunologic effect of transplantation. It must be
noted that this conclusion is based on a small number
of patients, and will require validation in a larger
study.

Another important finding from our analysis is
that prior therapy does not by itself constitute an
adverse prognostic factor after transplantation. This
conclusion can only be drawn after accounting for
cytogenetics, as patients with therapy-related disease
more often harbor adverse karyotypic abnormalities
than their de novo counterparts (as they did in our
cohort). Our results can be considered in the context
of treatment decisions for patients with therapy-re-
lated disease. Unfortunately, there are no prospective
trials comparing consolidation chemotherapy to
HSCT for this group of patients specifically. The
survival of transplanted patients with tAML/MDS
in our series (5-year OS of 100%, 54% and 13% for
favorable, standard, and adverse cytogenetic risk,
respectively) compare very favorably with the pre-
viously reported survival of tAML/MDS patients
treated with standard therapy (5-year OS of 47%-
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Figure 2. Overall survival of patients with AML, stratified by cytogenetics according to new grouping scheme. (A) Patients with AML in CR1,

(B) patients with AML beyond CR1.

54% in the largest series of patients with therapy-
related AML with favorable cytogenetics [35], and
5-year OS of 0%-10% and 0%-5% in recent studies
of tAML/MDS patients with standard and adverse
cytogenetics [23, 25], respectively). This compari-
son lends some measure of support, albeit through
retrospective data, to the use of allogeneic trans-
plantation in this setting.

Validation of our classification scheme on an in-
dependent series of transplant patients will be critical
in 3 ways. First, this study is a retrospective study,
which spans a large time interval; moreover, the
most recently transplanted patients do not have
extended follow-up. Therefore, our classification
scheme should be viewed as tentative until it can be
validated in a larger patient series. Second, such vali-
dation will help in classifying patients with AML and
abnormal 3q, or with MDS and 5q-, 20q-, or Y-,
which we were unable to do because of insufficient
representation; finally, a larger cohort may allow finer
subgroupings (eg, separating “abnormalities of 5 or 7”
into 5-, 5q-, 7-, and 7q-). Further in the future, risk
grouping schemes will likely be refined by improve-
ments in cytogenetic techniques; by the use of fluo-

rescence in situ hybridization and polymerase chain
reaction to detect unapparent cytogenetic abnormali-
ties and molecular defects, respectively; and perhaps
more importantly, by testing for molecular abnormal-
ities, such as FL'T-3, KIT, or NPM1 mutations, or
BAALC expression [6-39], that are now recognized as
having a significant prognostic role in the outcome of
patients with AML.

In summary, we have confirmed a powerful prog-
nostic role for cytogenetics in the outcome of patients
undergoing allogeneic HSCT, through its influence
on the risk of relapse. We propose a new cytogenetic
risk grouping scheme specifically applicable to this
patient population, which we hope to validate in a
multi-institution database. This scheme applies to pa-
tients regardless of disease, stage, or prior history of
leukemogenic therapy. Prior therapy by itself does not
appear to be an adverse risk factor after transplanta-
tion, once cytogenetic risk group is taken into ac-
count. Our results strongly underscore the necessity
of stratifying patients by cytogenetics in clinical trials,
which is not currently routinely done. Once validated,
our grouping system could provide a basis for such
stratification.
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Figure 3. Survival of all patients with therapy-related disease, stratified by cytogenetics according to new grouping scheme. (A) Overall survival,
(B) disease-free survival. Note that the favorable group included only 2 patients.
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Table 6. Multivariate Analysis of Overall Survival for All Patients
Combined, Using New Cytogenetic Risk Groups

Variable Hazard Ratio P

Prior therapy 0.9 4
Cytogenetics

Standard-risk (reference) 1.0

Favorable 0.3 <.0001

Adverse 2.4 <.0001

Not available 1.3 2
Age 1.03 <.0001
Disease/Stage

AML in CRI (reference) 1.0

CR=2 2.7 <.0001

Active disease 2.7 <.0001

RA/RARS/RCMD 0.9 .6

RAEB 1.3 3

mAML in CRI 0.9 3
Match

MRD (reference) 1.0

MUD 1.3 .038

Mismatched 2.1 .0002
GVHD prophylaxis

Cnl +/— Mtx* (reference) 1.0

Cnl + Siro +/— Mtx 0.7 .036

TCD 1.0 .8

Conditioning regimen (myeloablative versus reduced-intensity),

graft source (bone marrow versus peripheral blood versus cord
blood), CMV serostatus of donor and recipient (positive versus
negative or unknown), female-to-male transplant, and year of
transplant (in 10-year blocks) were not significant in this
analysis.

Abbreviations are explained in Table 1.
*+/— steroids.
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