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Background

Therapy-related AML (t-AML) occurs as a late complication of chemotherapy ad-
ministered to treat a prior disorder. Prognostic factors affecting the clinical outcome in
t-AML have not yet been clearly defined; therefore, we evaluated these factors in this
study.

Methods

Forty-eight patients diagnosed with t-AML within the past 10 years were enrolled, and
their chemotherapy regimens categorized into 4 groups: alkylating agents (AK) only, top-
oisomerase Il inhibitors (TI) and AK, Tl only, and others. The prognostic factors affecting
clinical outcome were evaluated.

Results

Five (10.4%), 21 (43.8%), 9 (18.8%), and 13 (27.0%) patients were treated with AK only,
AK and TI, Tl only, and others, respectively. Patients with an AML M3 phenotype showed
significantly longer overall survival (OS; 55.1 vs. 14.3 months, P=0.040) and disease-free
survival (DFS; 61.2 vs. 17.5 months, P=0.049) than other phenotypes. In contrast, pa-
tients with a complex karyotype showed significantly shorter OS (7.9 vs. 31.3 months,
P=0.008) and DFS (9.5 vs. 38.6 months, P=0.046); additionally, patients with chromo-
some 5 or 7 abnormalities showed significantly shorter OS (9.1 vs. 30.7 months, P=0.011)
than other phenotypes. Only the presence of a complex karyotype or AML M3 phenotype
retained prognostic impact in a multivariate analysis.

Conclusion

Only the AML M3 phenotype was identified as having a good prognosis, and this might
suggest that it exhibits unique clinical features in t-AML patients. Moreover, our findings
indicated that karyotype was the strongest prognostic indicator and predicted a poor prog-
nosis for t-AML patients with a complex karyotype.
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INTRODUCTION

some 11 and 21 [1-5].
Overall, the prognosis of t-AML is worse than de novo
AML, with a 5-year survival rate of less than 10% [6, 7].

The clinical manifestation of therapy-related AML (t-
AML) can generally be divided into 2 groups: those who
receive alkylating agents (AK) and those who receive top-
oisomerase II inhibitors (TI). Patients with t-AML related
to AK are characterized by a long interval between therapy
and AML development and are associated with cytogenetic
abnormalities involving chromosome 5 and 7. Patients with
t-AML related to TI present with a shorter latency and are
associated with karyotype aberrations involving chromo-

In contrast to de novo AML, in which various prognostic
factors have been clearly defined [8, 9], a comprehensive
study focused on the identification of independent prognostic
factors in t-AML has been lacking. Although several studies
have reported that karyotype is an independent prognostic
parameter in t-AML, these studies focused only on cytoge-
netic abnormalities and did not include molecular aberra-
tions, cytotoxic therapy regimens, or hemograms as prog-
nostic indicators [10-12]. Additionally, a recently published
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paper reviewed clinical and cytogenetic characteristics of
39 patients diagnosed with therapy-related myeloid neo-
plasms from a single center, but this study did not focus
on t-AML nor the prognostic factors [13]. In this study,
we performed a comprehensive evaluation to identify the
independent prognostic factors in t-AML.

MATERIALS AND METHODS

Patient selection and treatment

A total of 48 t-AML patients were identified in a retro-
spective, systematic review of electronic medical records
of patients diagnosed with AML at Asan Medical Center,
Seoul, Korea from January 2001 to December 2011. All pa-
tients received induction chemotherapy consisting of cytar-
abine and daunorubicin. The therapeutic regimen included
continuous intravenous infusion of 200 mg/mL per day (100
mg/mL per day for patients aged >60 years of age) of cytar-
abine from day 1 to day 7, and 45 mg/mL per day of daunor-
ubicin from day 1 to day 3. Complete remission (CR) was
defined as the presence of less than 5% blasts with >20%
cellularity in a bone marrow (BM) aspirate after induction
chemotherapy. Relapse was defined as the presence of more
than 5% leukemic blasts in bone marrow aspirates in patients
with a previous CR state. Relapsed patients received the
same induction chemotherapy regimen as that used at initial
diagnosis. Depending on the patient’s age and the availability
of a suitable donor, patients received allogeneic stem cell
transplantation (SCT) as close to the time of CR status con-
firmation as possible.

Patient classification and comparison of clinical presentation

The 48 t-AML patients were categorized into 4 groups
according to chemotherapeutic regimen: AK only (5 pa-
tients), AK and TI (21 patients), TI only (9 patients), and
others (13 patients). Clinical data for gender, age, French-
American-British (FAB) phenotype, hemogram results, FL73
ITD mutation status, karyotype, CR rate, relapse rate, death
rate, and date of allogeneic SCT were compared among the
4 patient groups. Patients who were classified as having
chromosome 5/7 or 11/21 abnormalities were included in
the chromosome 5/7 or 11/21 abnormality group, regardless
of whether the patient had a complex karyotype or not.
Similarly, patients were categorized into 2 groups with re-
spect to the presence of a complex karyotype, irrespective
of which, if any, chromosomal abnormality was present.

From these data, we calculated the prognostic markers,
overall survival (OS), and disease-free survival (DFS). OS
was defined as the time from diagnosis to death or, alter-
natively, last follow-up. DFS was defined as the time from
CR to relapse for patients who experienced a relapse, death
for non-relapsed patients who did not survive, or the time
of the last follow-up for surviving patients who did not
experience a relapse. If the patients received allogeneic SCT,
the initial CR date for the calculation of DFS was replaced
by the SCT date.

Comparison of prognosis

The impact of clinical variables on OS and DFS was eval-
uated separately. Variables included in the analysis were
chemotherapy regimens, BM blast percentage, FL73 ITD
mutation status, presence of chromosome 5/7 or 11/21 abnor-
malities, presence of a complex karyotype, presence of a
FAB M3 phenotype, and performance status of allogeneic
SCT. The BM blast cell percentage comparison of prognosis
was analyzed using the median value of BM blasts (61.1%)
as a cutoff for the differentiation of 2 groups. Multivariate
analysis was performed to confirm variables that had a sig-
nificant independent prognostic impact during univariate
analysis. Age, BM blasts, performance status of allogeneic
SCT, FLT3 ITD mutation status, presence of chromosome
5/7 abnormalities, presence of a complex karyotype, and
FAB M3 phenotype were included as covariables in the multi-
variate analysis.

Statistical analysis

Pearson chi-square or Fisher’s exact tests were used to
compare categorical variables with respect to the 4 chemo-
therapy groups. The Kruskal-Wallis test was used to compare
continuous variables with respect to the 4 chemotherapy
groups. Estimates of survival (OS and DFS) were made using
the Kaplan-Meier method and were compared using a
log-rank test. Multivariate analyses of OS and DFS were
performed using Cox’s proportional hazards model. For all
analyses, tests were two-tailed and P values<0.05 were con-
sidered statistically significant. All calculations were per-
formed using SPSS 13.0.1 for Windows (SPSS Inc., Chicago,
IL, USA).

RESULTS

Comparison of clinical presentation
Patients developed t-AML with a median latency of 36.3

Table 1. Distribution of primary neoplastic disorders in enrolled
patients.

Disorder N (%)

Breast cancer 11 (22.9%)
Non-Hodgkin’s lymphoma 7 (14.6%)
Colorectal cancer 4 (8.3%)
Hepatocellular carcinoma 4 (8.3%)
Cervical cancer 3 (6.3%)
Endometrial cancer 3 (6.3%)
Stomach cancer 3 (6.3%)
Bladder cancer 2 (4.1%)
Other” 11 (22.9%)
Total 48 (100.0%)

“Other disorders include (1 patient each): esophageal cancer,
cholangiocarcinoma, non-small cell lung cancer, malignant
germinoma, medulloblastoma, ovarian cancer, prostate cancer,
thyroid cancer, Ewing’s sarcoma, high grade ependymoma, and
renal cell carcinoma.
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months. Breast cancer (22.9%) was the most common pri-
mary neoplastic disorder, followed by non-Hodgkin’s lym-
phoma (14.6%), colorectal cancer, and hepatocellular carci-
noma (8.3% each) (Table 1). The distribution of gender,
age, FAB phenotype, hemogram results, BM blast percentage,

allogeneic SCT performance rates, and FZ73 ITD mutation
positivity at diagnosis of t-AML was not significantly differ-
ent among the 4 patient groups. Additionally, there were
no significant differences in the frequency of chromosome
5 or 7 abnormalities, chromosome 11 or 21, and presence

Table 2. Comparison of clinical presentation with respect to chemotherapeutic regimen.

Chemotherapeutic regimen

Variable AK only AK+TI Tl only Others P
(N=5) (N=21) (N=9) (N=13)

Gender (M:F) 4:1 5:16 6:3 6:7 0.053"
Median age (years) (range) 37.0(17.0-64.0) 57.0(39.0-73.0) 62.0(6.0-80.0) 62.0(47.0-81.0) 0.075”
FAB classification (%)

M1 0.0 9.6 0.0 7.7

M2 0.0 19.0 0.0 15.4

M3 20.0 38.1 22.2 38.4 2

M4 20.0 14.3 33.4 7.7 0.399

M5 60.0 19.0 11.1 15.4

M6 0.0 0.0 22.2 7.7

M7 0.0 0.0 11.1 7.7
Median WBC (x10%/L) (range) 9.7 (2.6-84.2) 5.9 (0.8-133.0) 2.4 (0.9-22.9) 3.1 (1.2-67.6) 0.339"
Median Hb (g/dL) (range) 8.6 (7.5-10.2) 8.9 (7.3-11.8) 8.6 (7.6-10.4) 9.7 (6.9-11.6) 0.755"
Median PLT (x10%/L) (range) 49.0 (15.0-90.0)  46.0 (20.0-170.0) 41.0 (11.0-356.0) 77.0 (6.0-358.0) 0.174"
Median interval to AML (months) (range) 64.8 (50.4-111.3) 29.7 (5.9-135.7) 16.7 (3.9-78.8) 32.6 (1.7-154.3) 0.041"
Median BM blasts (%) (range) 58.0 (32.2-77.6) 49.8 (21.2-96.0) 60.4 (28.8-91.8) 62.8 (21.4-92.4) 0.927"
FLT3 ITD mutation rates (%) 0.0 23.8 11.1 7.7 0.455%
Cytogenetic abnormality (%)

Ch5 or Ch7 60.0 19.0 33.3 38.5 0.292°

Ch11 or Ch21 20.0 33.3 22.2 30.8 0.910%
Complex karyotype (%) 60.0 19.0 33.3 30.8 0.358”
CR rate (%) 60.0 66.7 44.4 61.5 0.778”
Relapse rate (%) 33.3 14.3 40.0 37.5 0.257"
Allogeneic SCT performance rate (%) 40.0 23.9 11.1 46.2 0.295"

P value was calculated from the “Chi-square test and Kruskal-Wallis test.
Abbreviations: AK, alkylating agent; TI, topoisomerase Il inhibitor; FAB, French-American-British; PLT, platelet; BM, bone marrow; FLT3 ITD,
fms-related tyrosine kinase 3 gene internal tandem duplications; Ch, chromosome; CR, complete remission; SCT, stem cell transplantation.
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Fig. 1. The overall survival (A) and disease-free survival (B) of patients with therapy-related AML. Patients were categorized into 4 chemotherapeutic
regimen groups for the treatment a primary neoplastic disorder: alkylating agents (AK) only, topoisomerase Il inhibitors (TI) and AK, Tl only, and

others.
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of a complex karyotype among the 4 patient groups. Similarly,
CR and relapse rates were not significantly different. The
AK only group showed a significantly longer latency (median,
64.8 months) and the TI only group showed a significantly
shorter latency (median, 16.7 months) compared to the other
groups (P=0.041; Table 2).

Comparison of prognosis

The 4 chemotherapy regimens did not significantly influ-
ence the clinical outcome (Fig. 1). Additionally, prognosis
was unaffected by BM blast percentage, 273 ITD mutation
status, allogeneic SCT performance, and the presence of chro-
mosome 11 or 21 abnormalities at the time of t-AML diag-
nosis. However, patients with chromosome 5 or 7 abnormal-
ities showed a significantly shorter OS (9.1 vs. 30.7 months,
P=0.011) than those without aberrations, even though differ-
ences in DFS were not statistically significant (2=0.498; Fig.

A

1.0 Ch5 or Ch7 abnormalities
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g 0.6
=
@
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Overall survival date, months

2). Notably, patients with a complex karyotype at the time
of t-AML diagnosis showed a significantly shorter OS (7.9
vs. 31.3 months, 2=0.008) and DFS (9.5 vs. 38.6 months,
P=0.046) than those without a complex karyotype (Fig. 3).
In addition, patients with an FAB M3 phenotype showed
a significantly longer OS (55.1 vs. 14.3 months, P=0.040)
and DFS (61.2 vs. 17.5 months, £=0.049) than those with
other FAB phenotypes (Fig. 4 and Table 3).

Multivariate analysis

The presence of an FAB M3 phenotype possessed an in-
dependently good prognostic impact on both OS (hazard
ratio [HR] 0.121, P=0.012) and DFS (HR 0.151, P=0.038)
when age, BM blast percentage, performance status of alloge-
neic SCT, 273 ITD mutation status, presence of chromosome
5/7 abnormalities, and presence of a complex karyotype were
adjusted. In contrast, the presence of a complex karyotype
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Fig. 2. The overall survival (A) and disease-free survival (B) of patients with therapy-related AML according to the presence of chromosome 5 or 7

abnormalities at diagnosis.
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Fig. 3. The overall survival (A) and disease-free survival (B) of patients with therapy-related AML according to the presence of a complex karyotype

at diagnosis.
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Fig. 4. The overall survival (A) and disease-free survival (B) of patients with therapy-related AML according to the presence of the FAB M3 phenotype
at diagnosis.

Table 3. Comparison of overall and disease free survival.

Mean overall survival

] Mean disease free survival
Ll (months) (95% CI) P (months) (95% CI) P

Chemotherapy regimen

AK only 8.8 (0.5-17.1) 9.4 (0.3-18.5)

AK+TI 30.3 (10.7-50.0) 0.412 44.7 (16.1-73.2) 0.259
Tl only 21.8 (4.0-39.6) 35.4 (9.7-61.0)

Others 20.5 (12.8-36.5) 21.9 (9.5-34.2)
BM blasts”

<61.1% 15.2 (10.0-20.3) 0.868 15.1 (9.4-20.8) 0.085

>61.1% 29.1 (11.8-46.3) 46.3 (19.9-72.7)
FLT3 ITD mutation

Absence 18.5 (10.3-26.8) 0.510 24.9 (12.1-37.7) 0.630
Presence 21.7 (11.7-31.7) 26.8 (24.2-29.5)
Ch11 or Ch21 abnormality

Absence 25.2 (12.3-38.2) 0.454 33.0 (14.9-51.1) 0.667
Presence 13.6 (6.1-21.1) 17.8 (8.3-27.3)
Ch5 or Ch7 abnormality

Absence 30.7 (15.3-46.2) 0.011 36.7 (16.9-56.4) 0.498
Presence 9.1 (4.2-14.1) 12.8 (5.7-19.8)
Complex karyotype

Absence 31.3 (15.7-46.9) 0.008 38.6 (18.2-58.9) 0.046
Presence 7.9 (4.1-11.9) 9.5 (4.8-14.1)
FAB M3

Absence 14.3 (9.6-21.7) 0.040 17.5 (11.2-23.8) 0.049
Presence 55.1 (21.8-88.6) 61.2 (26.4-95.9)
Allogeneic SCT

Absence 21.1 (7.5-34.7) 0.145 41.2 (15.9-66.4) 0.642
Presence 25.5(17.4-33.6) 21.2 (13.3-29.1)

“The median value of BM blast percentage (61.1%, N=48) was used as a cutoff for the determination of the 2 groups. "Comparison of the
overall and disease free survival was constructed using the Kaplan-Meier method and P values were obtained from a log-rank test.

Abbreviations: AK, alkylating agent; T, topoisomerase Il inhibitor; FAB, French-American-British; BM, bone marrow; Ch, chromosome; SCT,
stem cell transplantation; Cl, confidence interval.

had an independently adverse prognostic impact on both
OS (HR 2.877, P=0.041) and DFS (HR 3.569, P=0.047) when
the same clinical variables were adjusted. The performance

of allogeneic SCT had an independently good prognostic
impact on OS (HR 0.145, P=0.018), but not on DFS (HR
0.651, P=0.729). Interestingly, the presence of chromosome
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Table 4. Multivariate analysis of overall and disease free survival.

Overall survival

Disease free survival

Clinical variables

HR (95% Cl) P Prognostic impact HR (95% Cl) P Prognostic impact
Age 1.019 (0.984-1.055) 0.288 1.085 (0.939-1.255) 0.269 NS
BM blasts 0.998 (0.981-1.016) 0.859 0.999 (0.965-1.033) 0.950 NS
Allogeneic SCT? 0.145 (0.037-0.574) 0.018 Good if present 0.651 (0.058-7.342) 0.729 NS
FLT3 ITD mutation® 1.438 (0.428-4.835) 0.557 2.665 (0.305-23.303) 0.376 NS
FAB M3? 0.121 (0.024-0.625) 0.012 Good if present 0.151 (0.011-0.878)  0.038 Good if present
Ch5 or ch7 abnormality‘” 1.435 (0.427-4.829) 0.559 1.239 (0.727-2.024) 0.651 NS
Complex karyotype” 2.877 (1.345-5.269) 0.041 Poor if present 3.569 (1.212-14.168) 0.047 Poor if present

“The hazard ratio for the allogeneic SCT, FLT3 ITD mutation, FAB M3, chromosome 5 or chromosome 7 abnormality, and complex karyotype
represents relative risk for overall and disease free survival in cases with presence of these variables compared to absence.

Abbreviations: HR, hazard ratio; Cl, confidence interval; BM, bone marrow; SCT, stem cell transplantation; FLT3 ITD, fms-related tyrosine kinase
3 gene internal tandem duplications; FAB, French-American-British; Ch, chromosome; NS, not significant.

5 or 7 abnormalities did not function as a negative prognostic
factor on either OS (HR 1.435, 2=0.559) or DFS (HR 1.239,
P=0.651) in multivariate analysis. Other variables such as
age, BM blasts, and FZ73 ITD mutation status also did not
possess any prognostic impact on either OS or DFS (Table
4).

DISCUSSION

In de novo AML development, specific cytogenetic abnor-
malities and molecular aberrations such as FL73 ITD, NPMI,
and CEBPA mutations have been firmly identified as prog-
nostic indicators. In addition, DNMT3A, IDHI, and IDH2?
mutations are currently believed to have a potential prog-
nostic significance [8, 9]. In contrast, studies focused on
the identification of prognostic markers in t-AML have been
limited and, except for karyotype, very little information
is available [10-12]. In our study, we aimed to identify in-
dependent prognostic factors in t-AML while taking into
consideration various clinical parameters as well as molecular
and cytogenetic aberrations.

In our study, the median latency from the time of diagnosis
of a primary neoplastic disorder to the development of t-AML
was 36.3 months, which is shorter than that reported in
previous studies (median, 47-50 months) [12, 13]. Moreover,
our data showed that the median latency of t-AML as 64.8
and 16.7 months in patients receiving AK only and TI only,
respectively. Given that the use of AK and TI correlates
with chromosomal 5 or 7 and 11 or 21 abnormalities, our
results support the previous concept that the latency of
t-AML differs with respect to the chemotherapy regimen
used [14]. In our patient cohort, chromosome 5 or 7 abnor-
malities were detected in 15/48 (31.3%) t-AML patients;
among them, 14 (93.3%) showed either a whole or partial
deletion of chromosome 5 or 7. Chromosome 11 or 21 abnor-
malities were present in 14/48 (29.2%) of t-AML patients,
and 10 (71.4%) of these patients showed a balanced trans-
location involving 11q23. These results also correlate with

previous studies [13, 14].

Previous studies that analyzed prognostic factors in t-AML
concluded that karyotype was the most important prognostic
parameter, and both favorable and unfavorable karyotypes
have been identified, which have the same prognostic impact
for t-AML as that for their de novo counterparts [11-14].
Our study demonstrated that there are no prognostic differ-
ences with respect to chemotherapy regimens in patients
with t-AML. BM blast cell percentages and FZ73 ITD muta-
tion status, which were known to have significant prognostic
impact in patients with de novo AML, also did not possess
any prognostic impact in t-AML patients. Despite the appa-
rently poor prognostic impact of increasing age and favorable
performance of allogeneic SCT in de novo AML, the present
study indicated that age did not have any prognostic impact
on either OS or DFS. Additionally, the performance of alloge-
neic SCT was only found to be a favorable prognostic in-
dicator for OS. Although the presence of chromosome 5
or 7 abnormalities, a complex karyotype, and FAB M3 pheno-
type had significant prognostic value in the univariate analy-
sis (the former two are poor and the latter one is a good
prognostic indicator), which is similar to de novo AML,
multivariate analysis did not indicate that chromosome 5
or 7 abnormalities correlated with a poor prognosis. These
results suggest that t-AML might have unique prognostic
features compared to de novo AML, and the establishment
of a specific prognostic model for t-AML may be required.

Although data from an international study on prognostic
factors in t-AML is available, an analysis focused on t-AML
in the Korean population has been limited to 2 studies that
reviewed demographic and clinical findings in t-AML/MDS
(myelodysplastic syndrome) patients [13, 15]. A study that
focused on 39 patients with t-AML/MDS reported that breast
cancer was the most common primary solid tumor (23.1%).
The same study also demonstrated a shorter latency interval
in patients with balanced rearrangements than in patients
with the loss of chromosome 5 or 7 [13]. These findings
are consistent with the results of the present study; however,
the previous study reported that balanced translocations were
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frequently detected in patients who had undergone therapy
to treat a solid tumor and that most patients with balanced
translocations developed t-AML rather than t-MDS [13].
This trend could not be confirmed in the present study,
since our study population did not include t-MDS patients.
Another study focused on 12 patients who developed ther-
apy-related acute leukemia after treatment for breast cancer
and reported that 67% of patients had balanced translocations
involving 11923 and that patients with 1123 translocation
showed markedly poor event free survival than those without
11923 translocation [15]. Contrary to these results, the pres-
ence of chromosome 11 or 21 abnormalities did not possess
a significant prognostic impact on survival in our study,
although the latency of AML transformation was sig-
nificantly shorter than that without chromosome 11 or 21
abnormalities. The prognostic impact of the presence of chro-
mosome 11 or 21 abnormalities, including 11923 trans-
locations should be confirmed with a larger study population.

Considering the FAB AML M3 phenotype, our patient
cohort included 8 patients who manifested acute promyelo-
cytic leukemia (APL). All of these patients possessed a
PMI/RARa fusion transcript, which was demonstrated by
reverse transcriptase PCR. Notably, we found that 4 of the
8 APL patients (50.0%) had an additional, single cytogenetic
abnormality (inv(6) for 1 patient, del(7) for 1 patient, and
+8 for 2 patients). This frequency is higher than that found
in previous studies, which report an incidence of 25-41%
[16-20]. Given that the frequency of an additional cytoge-
netic abnormality in our non-APL patients was 26/40
(65.0%), which was not significantly different (2=0.692),
these results suggest that the good prognosis of an APL mani-
festation of t-AML might be explained by its unique charac-
teristics, and not due to a low frequency of additional cytoge-
netic abnormalities. Our APL patients had unique clinical
manifestations such as longer latency of t-AML (mean, 59.2
months) and a higher CR rate (87.5%) than that reported
in previous studies (latency of 2-3 years and CR rates of
60-80%) [16-19]. These results may be additional evidence
for the presence of unique clinical features such as very
good prognosis for t-AML patients who manifest with APL.
Given that the prognosis of t-AML patients who manifest
with APL proved to be better than the other subtypes in
the present study, the prognostic impact of the presence
of t(8;21) or inv(16) at the time of t-AML diagnosis (a good
prognostic factor in de novo AML) is an interesting question
that should be further investigated. However, this issue could
not be addressed in the present study, because it included
only 1 patient with t(8;21) and no patients with inv(16)
at the time of t-AML diagnosis. A larger study population
would be required evaluate this issue.

Our study had some limitations. First, several molecular
prognostic markers such as mutations in NPMI, CEBPA,
DNMT3A, IDHI, and IDH2? were not evaluated. Since the
prognostic value of these markers has been established in
patients with normal karyotype de novo AML, this limitation
may have negatively influenced the results of this study.
Second, the number of patients included in each group was

relatively small, which may have affected the statistical pow-
er of our study. A comprehensive study with an adequate
number of patients is required to confirm our hypothesis.

In conclusion, patients with a t-AML M3 phenotype were
identified as having a better prognosis than other subtypes,
suggesting that the AML M3 phenotype possesses unique
clinical features. Among the possible prognostic factors, kar-
yotype was the strongest prognostic indicator, predicting
a poor prognosis for t-AML patients with a complex karyo-

type.
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