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Abstract. Therapy‑related acute myeloid leukemia (t‑AML) is 
a rare and almost always fatal late side effect of antineoplastic 
treatment involving chemotherapy, radiotherapy or the two 
combined. The present retrospective study intended to char-
acterize t‑AML patients that were diagnosed and treated in a 
single referral to an oncological institution in North Portugal. 
Over the past 10 years, 231 cases of AML were diagnosed 
and treated at the Portuguese Institute of Oncology of Porto, 
of which 38 t‑AML cases were identified. Data regarding the 
patient demographics, primary diagnosis and treatment, age 
at onset of therapy‑related myeloid neoplasm, latency time of 
the neoplasm, cytogenetic characteristics, AML therapy and 
outcome were collected from medical records. A previous 
diagnosis with solid tumors was present in 28 patients, and 
10 patients possessed a history of hematological conditions, 
all a lymphoproliferative disorder. Breast cancer was the most 
frequent solid tumor identified (39.5% of all solid tumors diag-
nosed). The mean latency time was 3 years. In the present study, 
t‑AML patients were older (P<0.001) and more frequently 
carried cytogenetic abnormalities (P=0.009) compared with 
de novo AML patients. The overall survival time was observed 
to be significantly poorer among individuals with t‑AML 

(P<0.001). However, in younger patients (age, <50  years) 
there was no difference between the overall survival time of 
patients with t‑AML and those with de novo AML (P=0.983). 
Additionally, patients with promyelocytic leukemia possess a 
good prognosis, even when AML occurs as a secondary event 
(P=0.98). To the best of our knowledge, the present study is the 
first to evaluate t‑AML in Portugal and the results are consistent 
with the data published previously in other populations. The 
present study concludes that although t‑AML demonstrates a 
poor prognosis, this is not observed among younger patients or 
promyelocytic leukemia patients.

Introduction

Hematopoietic tissue malignancies are a known late side 
effect of previous treatments in patients that have received 
chemotherapy or radiotherapy for a neoplastic or other 
non‑malignant condition (1‑3). In 2008, the World Health 
Organization (WHO) published a review for the classification 
of acute leukemia (4‑6) that included a novel category for 
neoplasms that may emerge following a previous treatment. 
In addition to improving treatment outcomes, the evolution 
of treatment options over the past decade has resulted in an 
increased risk of secondary malignancy (3,7). The treatment 
options include the use of numerous novel drugs as molecular 
targeted agents, novel and more intense protocols that use 
increased maintenance regimens and neoadjuvant thera-
pies (8‑10).

The diagnosis of therapy‑related acute myeloid leukemia 
(t‑AML) is based on the previous exposure of a patient to 
cytotoxic agents (4,6). In addition to this causal effect, the 
mechanism remains obscure; however, the mechanism 
appears to result from the direct mutational effect induced by 
prior therapy in the cells. Each cytotoxic agent may damage 
DNA, which may lead to various cytogenetic abnormali-
ties and contribute to various biological characteristics in 
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t‑AML (11‑14). The time between the primary malignancy 
diagnosis and AML development, which is termed the latency 
time, varies with the treatment and cumulative dose admin-
istered, and the dose intensification of the previous cytotoxic 
treatment (15‑18). Morphological and cytogenetic findings 
are also affected by previous treatments (3,7,15,19,20).

There are two distinct groups in t‑AML, according to the 
previous treatment administered, consisting of the group of 
patients that were treated with alkylating agents or radio-
therapy, and the group that was treated with topoisomerase II 
inhibitors (3,21). In the first group of patients, bone marrow 
myelodysplastic changes usually precede t‑AML, which 
allows a longer latency period of 5‑7 years (21,22). Poorer 
cytogenetic findings are also a hallmark of the group of 
patients treated with alkylating agents or radiotherapy, and 
are the cytogenetic findings are often accompanied by a 
complex karyotype with loss of cytogenetic material (21‑24). 
Patients previously treated with topoisomerase II inhibitors 
usually present with balanced translocations. A shorter 
latency period, which can be ~12 months in certain cases, 
exhibits a rapidly progressive leukemia (21‑25). The common 
usage of a combination of topoisomerase II inhibitors and 
alkylating agents led to the disappearance of these two 
groups (8‑10).

t‑AML is a rare and frequently fatal disease (2,19,23,26‑28). 
The poor disease outcome may be explained by numerous 
potential factors, which include the prognosis of the 
primary malignancy and the toxic products of previous 
cytotoxic treatments that may compromise chemotherapy for 
AML (2,19,23,26‑28). In addition to these facts, the frequent 
association between t‑AML and poor cytogenetics appear to 
result in chemotherapy resistance (21,23,29).

Patients and methods

Patients. In the last 10 years, 231 patients were diagnosed 
with acute leukemia in the Onco‑Hematology Department 
of the Portuguese Institute of Oncology of Porto (Porto, 
Norte, Portugal), the oncological referral hospital in North 
Portugal. Of these patients, 38 were diagnosed with t‑AML. 
The medical records of the selected patients were reviewed in 
the present study. Data regarding the patient demographics, 
primary diagnosis and treatment, age at therapy‑related 
myeloid neoplasm (t‑MN) onset, latency time, cytogenetic 
characteristics, AML therapy and outcome were collected. 
The diagnosis of t‑MN was based on the WHO 2008 clas-
sification, which concerns the previous medical history of 
the patient and the presence of acute leukemia laboratory 
findings. Bone marrow consisting of >20% myeloblasts 
conferred an AML diagnosis.

The ethics committee of Instituto Português de Onco-
logia do Porto (Porto, Portugal) approved the present study. 
Written informed consent was obtained from the patients for 
participation in the study. 

Cytogenetics. G‑banding was performed on bone marrow 
samples obtained from the patients using standard tech-
niques (30). The cytogenetic results were presented according 
to the International System for Human Cytogenetic 
Nomenclature (31). Patients were then analyzed according 

to cytogenetic risk subgroups, as defined by the Southwest 
Oncology Group (SWOG) (32).

Statistical analyses. An analysis of the data was performed 
SPSS software for Windows (version 17.0; SPSS, Inc., Chicago, 
IL, USA). Differences in proportions were evaluated using the 
χ2 test. The probability of survival was calculated. The means 
and life tables were computed using the product limit estimate 
of Kaplan‑Meier and analyzed by the Breslow (generalized 
Wilcoxon) test, which is a statistical test for equality of survival 
distributions. P<0.05 was considered to indicate a statistically 
significant difference. The hazard ratio (HR) was also assessed 
using multivariate Cox regression analyses of the 1‑, 3‑ and 
5‑year overall survival (OS) rates. Using the HR value, the prob-
ability (P) of survival was calculated as previously described in 
the literature: HR = odds = P / (1 ‑ P); P = HR / (1 + HR) (33).

The survival duration was defined as the time between 
diagnosis and either mortality or time of the last clinical evalu-
ation of the patient. Only patients achieving complete remission 
were evaluated for disease‑free survival, which was defined as 
the time between diagnosis and relapse. The latency interval 
was defined as the time period between first cytotoxic therapy 
and t‑MN diagnosis.

Results

Patients. In total, 231 adult patients with AML were identified. 
The median age at diagnosis was 51 years (range, 15‑78) and 
58% (n=134) were females. t‑AML was identified in 38 patients 
and the remaining 193 were diagnosed with de novo AML. 
Patients diagnosed with de novo AML were younger compared 
with t‑AML patients (median age, 50 vs. 56 years; P<0.000). 
De novo AML and t‑AML were more prevalent in females 
than in males (55.4 vs. 71.1%), but this was not a statistically 
significant difference (Table I).

Cytogenetics. An abnormal karyotype is the most frequent 
finding in t‑AML patients when compared with AML 
patients (94.7 vs. 46.6%; P<0.000; Table I). Although there 
were no significant differences between the prevalence of 
cytogenetic abnormalities when stratifying patients using the 
SWOG score, t‑AML patients were more frequently placed 
in the unfavorable risk score group than AML patients 
(28.9 vs. 17.3%; P=0.042). Between the favorable and inter-
mediate risk groups, no differences were found (Table I).

When analyzing the cytogenetic alterations in t‑AML by 
comparing the solid tumors and the hematological malig-
nancy groups, there were no significant differences. The loss 
of cytogenetic material was more frequent among t‑AML 
patients following hematological malignancies. Balanced 
translocations, including core binding factor (CBF) abnor-
malities, were more frequent subsequent to diagnosis with 
solid tumors (Table II).

Previous disease and treatment. The majority of patients with 
t‑AML were previously diagnosed with a solid tumor (n=28; 
74%). The most common solid tumor was breast cancer (n=15; 
39.5%), followed by uterine cancer (n=4; 10.5%) and prostate 
cancer (n=2; 5.3%). In total, 7 cases (18.4%) were associated 
with several neoplastic conditions, each unique to a single 
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case. In the hematological malignancies group, a previous 
lymphoproliferative disorder was identified in all patients, 
with non‑Hodgkin's lymphoma observed in 8 patients (21.1%) 
and Hodgkin's lymphoma in 2 cases (5.3%).

Chemotherapy alone was performed on 15  patients 
(39.5%), 13 patients (34.2%) were treated only with radio-
therapy and the remaining patients had received previous 
chemo‑ and radiotherapy. The majority of patients treated 
with chemotherapy alone were treated with a combination 
of alkylating agents and topoisomerase II inhibitors (n=12; 
80%). Only 3 patients (20%) were treated with alkylating 
agents. The median time between the first antineoplastic 
treatment and t‑AML was 3 years (range, 1‑19 years).

According to the previous treatment received, a shorter 
latency time was observed in the group treated with the 
combination of chemo‑  and radiotherapy, which had a 
median latency time of 3.5 years (range, 2‑13). However, the 
differences between the patients treated with chemotherapy 
alone, radiotherapy alone or a combination of the two lacked 
significance (P=0.619). The complete response to induction 
treatment was similar in de novo and therapy related AML 
groups (P=0.872).

Survival. The median follow‑up time of all patients was 
23 months (range, 1‑141 months). The median OS time in 
the entire cohort (n=231) was 39 months [95% confidence 
interval (CI), 10.458‑67.542] and the OS rate in the subse-
quent 5 years was 45.9%.

The outcome of patients with t‑AML is significantly 
poorer when compared with the outcome of patients with 
de novo AML (P<0.001; Fig. 1), with median OS times of 
10 and 64 months, respectively. The OS rates at 5 years were 
22.6 and 50.6% in patients with t‑AML and de novo AML, 
respectively.

Cytogenetics and age are the strongest prognostic markers 
for the outcome in de novo AML. In the present study, cyto-
genetics (P=0.009; 95% CI, 1.042‑1.336) and age (P=0.008; 
95% CI, 1.153‑2.616) were of independent prognostic value 
in all patients. However, in the t‑AML cohort, cytogenetics 
(P=0.392; 95% CI, 0.862‑1.459) and age (P=0.517; 95% CI, 
0.539‑3.423) lacked prognostic value.

Other core binding factor (CBF) abnormalities that are 
often associated with a good prognosis often lose this associ-
ation in patients with secondary leukemia (P<0.001; Fig. 2). 
However, in the t(15,17) group of patients, even those with 
t‑AML demonstrated the preservation of a good prognosis, 
with no statistically significant difference in survival 
compared with the de novo AML subgroup (P=0.983; Fig. 3).

An older age is associated with a poorer outcome in 
patients with t‑AML. By analyzing the study population 
in two subgroups, one containing patients of ≤50  years 
and another containing patients of >50 years, the outcome 
of t‑AML patients in the younger subgroup was similar in 
t‑AML and de novo AML patients (P=0.98; Fig. 4). Older 
patients with t‑AML are more likely to experience a poor 
prognosis when compared with their de novo counterpart 
(P=0.006; Fig. 5).

Multivariable Cox‑regression analyses demonstrated a 
significant adverse impact on the 5‑year OS rate of t‑AML 
patients (P<0.001; HR, 3.363; 95% CI, 1.951‑5.796), a 
significant HR of complete response following induction 
treatment (P<0.001; HR, 5.376; 95% CI, 3.303‑8.750) and a 
significant occurrence of relapse (P<0.001; HR, 2.827; 95% 
CI, 1.790‑4.466; Table III).

Figure 1. Overall survival time in de novo AML and in t‑AML. t‑AML, 
therapy‑related acute myleoid leukemia; Cum., cumulative; OS, overall 
survival.

Figure 2. Overall survival time in de novo AML and in t‑AML with core 
binding factor abnormalities. t‑AML, therapy‑related acute myleoid leu-
kemia; Cum., cumulative; OS, overall survival.

Figure 3. Overall survival time in de novo AML and in promyelocytic 
t‑AML. t‑AML, therapy‑related acute myleoid leukemia; Cum., cumulative; 
OS, overall survival.
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By independently analyzing AML and the SWOG risk score 
as prognostic factors, and comparing the HR for OS rate at 1, 3 
and 5 years, a constant and gradual increased HR was observed 
for the t‑AML group (Fig. 6). This trend was not observed in 
the same analysis for the SWOG risk, which demonstrated a 
decreasing HR over the years. The 5‑year OS rates demonstrate 
a separation in the two curves, which becomes even clearer over 
time. The mortality risk in the t‑AML group at 1 year is 75.6%, 
and this increased to 76 and 77% at 3 and 5 years, respectively. 
In the SWOG group, the mortality risk decreased between 60% 
at 1 year and 52% at 3 and 5 years (32).

Discussion

Long‑term side effects of previous cytotoxic treatments 
are one of the most challenging problems faced by oncolo-
gists (2,3,7). The improved survival rates associated with 
the most efficient novel drugs allow patients to survive the 
primary cancer and develop a secondary malignancy induced 
by the cell toxicity of the primary treatment. Numerous 
studies have now been conducted to characterize this 
particular type of acute leukemia (2,8,19,28,34); however, 
to the best of our knowledge, the present study is the first 

Figure 4. Overall survival time in patients younger than 50 years in de novo 
AML and in t‑AML. t‑AML, therapy‑related acute myleoid leukemia; Cum., 
cumulative; OS, overall survival.

Figure 5. Overall survival time in patients older than 50 years in de novo 
AML and in t‑AML t‑AML, therapy‑related acute myleoid leukemia; Cum., 
cumulative; OS, overall survival.

Table I. Characteristics of patients with de novo AML and t‑AML.

Characteristic	 De novo AML, n (%)	 t‑AML, n (%)	 P‑value

Total	 193 (83.5)	 38 (16.5)	
Gender			 
  Male	   86	 11	 0.08a

  Female	 107	 27	
Age, years (range)	 50 (15‑78)	 56 (17‑78)	 <0.000b

Cytogenetics			 
  Abnormal	   74 (46.6)	 27 (94.7)	 0.009a

  Normal	   77 (39.9)	   9 (23.7)	
  Missing	   26 (13.5)	 2 (5.3)	
  CBF	   53 (27.5)	 17 (44.7)	 <0.000a

  5,7 and 8 alterations	 13 (6.7)	 3 (7.9)	 0.912a

  t(9,11)	   8 (4.1)	 2 (5.3)	 0.845a

  Complex	 16 (8.3)	   5 (13.2)	 0.441a

SWOG risk score			 
  Favorable	   56 (30.3)	 9 (23.7)	 0.656a

  Intermediate	   97 (52.4)	 14 (36.8)	 0.228a

  Unfavorable	   32 (17.3)	 11 (28.9)	 0.042a

Complete response	 150 (84.3)	 26 (68.4)	 0.872a

aχ2 test; bt test. AML, acute myeloid leukemia; t‑AML, therapy‑related acute myeloid leukemia; CBF, core‑binding factor; SWOG, Southwest 
Oncology Group.
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to analyze therapy‑induced secondary malignancy in Portu-
guese patients.

The frequency of t‑AML in the present cohort was 
16.5% (8,27), which is increased compared with previously 
reported data from other populations. This may be explained by 
the focused activity of the present hospital, an oncology referral 
center, which may lead to a clustering of all oncological condi-
tions.

The response to the induction regimen was not signifi-
cantly different between patients with t‑AML and those with 
de novo AML. This suggests that t‑AML patients do not 
demonstrate a worse response to chemotherapy compared 

with de  novo AML patients, and also suggests that the 
comparably poor outcome of patients with t‑AML is likely to 
be a result of toxicity or relapse from acute leukemia or the 
initial tumor (35).

Cytogenetics acts as a good prognostic marker in patients 
with AML (8,23,24,27,36‑38). Patients with t‑AML are more 
prone to a poor prognosis and cytogenetic findings. Core 
binding factor abnormalities are associated with an improved 
outcome in patients with AML (39‑41). However, in the present 
cohort, t(15,17) appeared to have a good effect on the outcome 
of disease, even in patients with t‑AML (42‑45).

t‑AML patients are generally older than patients with 
de novo AML. Older age has previously been linked with a 
poorer prognosis (42). Comorbidities and primary resistance 
disease have been associated with a poorer outcome (43‑45). 
By analyzing the present data, younger t‑AML patients were 
concluded to behave equally to de novo AML patients of the 
same age. However, older t‑AML patients demonstrated a 
significantly poorer outcome compared with de novo AML 
patients of the same age.

In the present study, t‑AML was a solid independent prog-
nostic marker, persisting over 5 years, and was associated with 
a trend of increased HR. By contrast, the SWOG risk score 
behaved differently, losing relevance as a prognostic marker 
over time. A possible explanation for this observation may 
be that the prognostic relevance of the SWOG risk is scored 
only at diagnosis and not following the onset of relapse, when 
other cytogenetic abnormalities may occur, de novo or in 
association with the initial anomaly. From the present study, 

Figure 6. t‑AML and SWOG score risk as independent prognostic factors: 
Comparing HR within the 1, 3 and 5 year timeline. t‑AML, therapy‑related 
acute myleoid leukemia; HR, hazard ratio; OS, overall survival; SWOG, 
Southwest Oncology Group.

Table III. Multivariate analyses of 5‑year overall survival.

	 5‑year overall survival
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors	 P‑value	 HR	 95% CI

t‑AML	 <0.001	 3.363	 1.951‑5.796
Age	   0.065	 1.523	 0.974‑2.382
Gender	   0.736	 0.928	 0.601‑1.433
SWOG risk score	   0.864	 1.048	 0.614‑1.787
Complete response	 <0.001	 5.376	 3.303‑8.750
Relapse	 <0.001	 2.827	 1.790‑4.466

HR indicates the risk of mortality within 5 years; HR, hazard ratio; CI, confidence interval; t‑AML, therapy‑related acute myeloid leukemia; 
SWOG, Southwest Oncology Group.

Table II. Cytogenetic abnormalities, according to the type of tumor.

Karyotype	 Solid tumor, n (%)	 Hematological malignancy, n (%)	 P‑value

Total	   28 (100.0)	 8 (80)
Normal	   6 (21.4)	 3 (30)	 0.355
CBF and balanced translocations	 17 (60.7)	 2 (20)	 0.743
Alterations on chromosomes 5,7 and 8	 2 (7.1)	 1 (10)	 0.629
Complex	   3 (10.7)	 2 (20)	 0.303

P‑values were calculated using the χ2 test. CBF, core‑binding factor.
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t‑AML may be concluded to be a serious late side effect of 
a previous oncological treatment. The incidence of t‑AML 
may be increasing due to the use of more effective therapeutic 
strategies, which may lead to an increased life expectancy, 
therefore making it possible for late side effects to appear.

Despite the poor prognosis of t‑AML, certain groups 
of patients may be identified that have a similar outcome 
to de novo AML patients (46‑48). Promyelocytic leukemia 
continues to demonstrate a good prognosis, even when 
appearing as a secondary event following a previous malig-
nancy (49,50); this is perhaps due to the therapy used in this 
particular leukemia type, including specific target agents in 
addition to chemotherapy.

Improvements to the outcome of t‑AML depend on a deeper 
understanding of the disease etiology, and also depend on the 
use of novel drugs with increased efficacy and limited toxicity, 
and a preventive strategy (27). Additional studies are required, 
particularly to better characterize this subset of patients. Clin-
ical trials that use novel drugs often exclude t‑AML patients by 
omitting secondary leukemia from novel drug approval.
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