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Abstract

We evaluated the outcome of 227 patients with acute myeloid leukemia during three decades (period 1 - 1980’s, N = 89; period 
2 - 1990’s, N = 73; period 3 - 2000’s, N = 65) at a single institution. Major differences between the three groups included a higher 
median age, rates of multilineage dysplasia and co-morbidities, and a lower rate of clinical manifestations of advanced leukemia 
in recent years. The proportion of patients who received induction remission chemotherapy was 66, 75, and 85% for periods 1, 
2, and 3, respectively (P = 0.04). The median survival was 40, 77, and 112 days, and the 5-year overall survival was 7, 13, and 
22%, respectively (P = 0.01). The median disease-free survival was 266, 278, and 386 days (P = 0.049). Survival expectation 
for patients with acute myeloid leukemia has substantially improved during this 30-year period, due to a combination of lower 
tumor burden and a more efficient use of chemotherapy and supportive care.
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Over the past three decades, the outcome of patients 
with acute myeloid leukemia (AML) has improved with the 
incorporation of intensive induction and post-remission treat-
ment, including allogeneic and autologous hematopoietic 
stem cell transplantation (HCT), and improvements in sup-
portive care (1-3). However, while randomized clinical trials 
have reported high long-term survival rates, the results of 
population-based studies have shown long-term remissions 
in a quarter of patients only (4-7). Furthermore, retrospective 
studies performed in developing countries have reported 
even lower overall survival rates (8-13).

Fifteen years ago, our group reported the treatment and 
outcome of AML at our institution, and discussed several 
reasons for the low remission and survival rates observed, 
including poor hospital convenience, health system defi-
ciency, patients’ poor socioeconomic background, and dif-
ferent biological aspects of AML. A remarkable finding was 
that ~40% of patients did not receive any chemotherapy 
because of very poor general conditions, and this was the 
main reason for the poor results achieved (14).

In order to confirm recent improvements in treatment 

outcomes, we retrospectively reviewed the clinical charac-
teristics, treatment and outcome of all patients with a diag-
nosis of AML admitted to Hospital Universitário Clementino 
Fraga Filho, Universidade Federal do Rio de Janeiro, over 
the past 30 years.

Material and Methods

This retrospective cohort study included all patients 
diagnosed with AML at Hospital Universitário Clementino 
Fraga Filho, Universidade Federal do Rio de Janeiro, Bra-
zil, from January 1979 to December 2008. Patients were 
identified from hospital medical records and the Hematology 
Service registry. Patients with acute promyelocytic leukemia 
(APL) and those previously treated at other institutions were 
excluded. The study was approved by the Hospital Univer-
sitário Clementino Fraga Filho Ethics Committee.

The diagnosis of AML was based on procedures avail-
able at the time, including bone marrow aspiration and 
biopsy, and cytogenetic and immunophenotype analyses. 
Cases were classified according to French-American-British 
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(FAB) criteria (15). For the purpose of this study we reviewed 
the slides for FAB classification and for the detection of 
the presence of multilineage dysplasia. The treatment 
approach varied between time periods; for the purpose of 
the present analysis, treatment was classified as curative-
intent (when standard induction was given), palliative-intent 
(other regimens), and no chemotherapy. Standard remission 
induction was based on treatment with cytarabine plus an 
anthracycline in most patients. Until 1985, the regimen 
consisted of 100 mg/m2 thioguanine administered orally 
every 12 h on days 1 to 7, 100 mg·(m2)-1·day-1 cytarabine 
administered by continuous intravenous infusion on days 1 
to 7, and 30 mg/m2 doxorubicin on days 1 to 3 (TAD). After 
1985, induction was changed to 200 mg·(m2)-1·7 days-1 
cytarabine plus an anthracycline for 3 days, either 45 mg/
m2 daunorubicin or 30 mg/m2 doxorubicin (7+3). Patients 
with residual leukemia at day 14 received a similar but 
shorter second induction course [cytarabine for 5 days + 
anthracycline for 2 days (5+2)]. Post-remission treatment 
evolved from 12 maintenance cycles in the early TAD pe-
riod to 4 courses of infusional cytarabine (400 mg/m2 plus 
30 mg/m2 doxorubicin on days 1 to 3) until 1992, then to 
2-4 courses of high-dose cytarabine (1 g/m2 every 12 h on 
days 1 to 4 and 30 mg/m2 doxorubicin on days 1 to 3), and 
finally, after 1999, to 2-4 cycles of high-dose cytarabine (3 
g/m2 every 12 h on days 1, 3, and 5).

Complete remission (CR), treatment failure and relapse 
were defined according to the International Working Group 
for AML (16) and the recommendations from an interna-
tional expert panel (17). Briefly, CR required <5% blasts 
to be present in a bone marrow aspirate sample, with an 
absolute neutrophil count >1000/μL and a platelet count 
>100,000/μL.

Overall survival (OS) was calculated from the diagnosis 
of AML until the date of death or last follow-up. Disease-free 
survival (DFS) applies only to patients who obtained CR, 
and was calculated from the time of CR assessment to the 
date of relapse, last follow-up or death. 

We divided the 30-year period into three parts: 1980’s 
(period 1), 1990’s (period 2), and 2000’s (period 3). The 
following parameters were compared between the three 
periods: age, gender, FAB subgroup, multilineage dysplasia, 
presence of co-morbidities (diabetes, cardiac, lung, liver, and 
renal disease), clinical manifestations at presentation (fever, 
gingival hyperplasia, lymphadenopathy, hepatomegaly, 
splenomegaly, bleeding, disseminated intravascular coagu-
lation, and lung, skin or central nervous system infiltration 
by leukemia), infection before treatment (classified as oral/
oropharyngeal, gastrointestinal, cutaneous, pulmonary, 
sinusal, urinary, bloodstream, or fever of unknown origin), 
and baseline laboratory tests (leukocyte and platelet count, 
serum hemoglobin and lactate dehydrogenase).

Dichotomous variables were compared by the Fisher 
exact test or the chi-square test, and continuous variables 
were compared by the Kruskal-Wallis test. Actuarial curves 

of OS and DFS were constructed using the Kaplan-Meier 
method, and compared by the log-rank test. Predictors of 
outcome (OS) were assessed by Cox regression analysis, 
and the results are reported as hazard ratio (HR) with the 
corresponding 95% confidence interval (95%CI). Variables 
with P value <0.1 by univariate analysis were entered in 
multivariate analysis. P values were two-sided, and were 
considered to be statistically significant with values <0.05. 
All statistical analyses were performed using the SPSS 
11.0 software (SPSS Inc., USA, 1989-2001).

Results

Of 295 patients with AML identified in hospital records, 
68 were excluded for the following reasons: 52 with APL, 11 
with biphenotypic leukemia, and 3 previously treated at other 
institutions. Among the remaining 227 patients, 125 were 
males. The median age was 45 years (range 12-91), and 
25% were >60 years old. The most common FAB subtypes 
were M4 and M2 (27 and 22.5%, respectively). AML with 
multilineage dysplasia was present in 18.5% of patients.

Fifty-eight patients (25.5%) did not receive treatment. 
Among the 169 patients receiving remission induction che-
motherapy, 75% were treated with cytarabine in continuous 
infusion for 7 days plus an anthracycline for 3 days (7+3 regi-
men), 15% received TAD and 10% received other regimens. 
Fifteen patients died before day 14 of remission induction 
and were not assessed for response to chemotherapy. 
Among the remaining 154, CR was achieved in 88 (57.1% 
of patients receiving remission induction), after a single 
course of induction in 72, and after a second course in 16 
(5+2 regimen). The median time (days) to achieve >1000 
neutrophils/μL and >100,000 platelets/μL was 27 (range 
4-153) and 28 (range 9-104) days, respectively.

Among the 88 patients who obtained CR, 5 received an 
autologous HCT, 10 received allogeneic HCT and 70 re-
ceived post-induction chemotherapy (1 cycle in 15 patients, 
2 cycles in 37, 3 cycles in 6, and ≥4 cycles in 12). 

The median survival of the 227 patients was 55 days 
(range 28-82). Among treated patients, the median survival 
was 147 days (range 54-239). The 3- and 5-year OS was 
14 and 13%, respectively, for all patients, and 18 and 17%, 
respectively, for treated patients. The majority of deaths oc-
curred among non-responders and relapsed patients (60%), 
followed by deaths during the induction phase (30%), and 
among patients in CR (10%). Stratified according to these 
three groups, infection was the leading cause of death (51, 
72 and 77%). Other causes were bleeding (9, 15, and 0%) 
and treatment-related toxicity (0, 3, and 7%).

Comparative analysis of three decades
The number of cases for each time period and their 

characteristics are detailed in Table 1. Major differences 
in baseline characteristics included a higher proportion of 
multilineage dysplasia and higher median age over time 
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(and, as a consequence, a higher rate of co-morbidities 
in recent years). By contrast, in recent years the rate of 
clinical manifestations of advanced leukemia, such as he-
patosplenomegaly, bleeding, fever, documented infection, 
and baseline leukocyte count was lower. 

The proportion of patients receiving treatment increased 
over time (66, 75, and 85% during periods 1, 2, and 3). Like-
wise, the proportion of patients undergoing HCT increased 
(zero, 7, and 20% of patients receiving treatment during 
periods 1, 2, and 3). The median survival during periods 1, 

2, and 3 was 40, 77, and 112 days, respectively, and the 
5-year OS was 7, 13, and 22%, respectively (P = 0.01; Figure 
1A). Among treated patients (N = 169) the median survival 
was 68, 205, and 208 days, respectively, and the 5-year 
OS was 10, 17, and 26%, respectively (P = 0.05; Figure 
1B). The median DFS for all patients in CR (N = 88) was 
308 days (range 244-371), and the 5-year DFS was 29%. 
The median DFS per period was 266 days during period 1, 
278 during period 2, and 386 days during period 3, and the 
5-year DFS was 13, 21, and 44%, respectively (P = 0.049; 

Table 1. Characteristics of 227 patients with acute myeloid leukemia stratified by decade of diagnosis.

Period 1 
(1980’s; N = 89)

Period 2 
(1990’s; N = 73)

Period 3 
(2000’s; N = 65)

Gender (male:female) 40:25 34:39 51:38
Age in years, median (range)* 37 (12-90) 42 (13-91) 53 (15-89)
Age >60 years, N (%)* 17 (19) 17 (23) 22 (34)
FAB classification, N (%)

M2 21 (24) 14 (19) 16 (25)
M4 29 (33) 17 (23) 16 (25)
Other 39 (44) 42 (58) 33 (50)

Multi-lineage dysplasia, N (%)* 6 (7) 16 (22) 20 (31)
Presence of co-morbidities, N (%)#* 17 (19) 18 (25) 25 (38.5)
Clinical manifestations at presentation, N (%)

Gingival hyperplasia* 20 (22.5) 15 (20.5) 4 (6)
Lymphadenopathy* 52 (58) 22 (30) 14 (21.5)
Hepatomegaly* 55 (62) 26 (36) 10 (15)
Splenomegaly* 38 (43) 18 (25) 4 (6)
Fever* 66 (74) 52 (71) 30 (46)
Bleeding* 51 (57) 33 (45) 22 (34)

Infection, N (%)* 63 (71) 50 (68.5) 31 (48)
Oropharyngeal* 13 (15) 4 (5.5) 2 (3)
Gastrointestinal 5 (6) 0 (0) 4 (6)
Fever of unknown origin 15 (17) 18 (25) 9 (14)
Blood 1 (1) 1 (1) 1 (1.5)
Skin 14 (16) 12 (16) 6 (9)
Lung 15 (17) 11 (15) 4 (6)
Sinusitis 1 (1) 0 (0) 1 (1.5)
Mouth 8 (9) 11 (15) 4 (6)
Urine 3 (3) 3 (4) 1 (1.5)

Baseline leukocyte count (x103/μL), median (range)*   27.6 (1.5-800)    14.1 (0.4-509) 8.3 (0.6-212)
Baseline hemoglobin (g/dL), median (range)     7.2 (2.2-15.1)      7.8 (1.9-13.8) 7.5 (3.2-12.9)
Baseline platelet count (x103/μL), median (range)      36 (1-999)       35 (5-290) 34 (1-303)
Received chemotherapy, N (%)*      59 (66)       55 (75) 55 (85)
Obtained complete remission, N (%) 25/59 (42.4) 33/55 (60) 30/55 (54.5)
Received HCT+* 0/59 4/55 (7) 11/55 (20)

Data are reported as median (range) or number (%). FAB classification = French-American-British classifica-
tion; HCT = hematopoietic cell transplantation. *P < 0.05 for the comparison of periods 1, 2, and 3 (chi-square 
test, Fisher exact test, and Kruskal-Wallis test). #Co-morbidities included diabetes and cardiac, lung, liver, 
and renal diseases. +2 autologous and 2 allogeneic in the 1990’s and 3 autologous and 8 allogeneic in the 
2000’s.
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Figure 2). Since there was a significant difference in the 
proportion of patients undergoing HCT during the 3 periods, 
we re-ran the analysis excluding those patients. There were 
no significant difference in OS (P = 0.224) and DFS (P = 
0.512) when the three periods were compared.

Prognostic factors
As shown in Table 2, variables significantly associated 

with poor outcome (overall survival) by multivariate analysis 
were age >60 years (HR = 1.76, 95%CI = 1.25-2.49), decade 
of treatment (HR = 1.24, 95%CI = 1.01-1.52), concomitant 
kidney disease (HR = 2.84, 95%CI = 1.05-7.89), baseline 
hepatomegaly (HR = 1.48, 95%CI = 1.08-2.04), bleeding 
(HR = 1.48, 95%CI = 1.10-2.00), infection in the gastrointes-
tinal tract (HR = 2.32, 95%CI = 1.14-4.69), and FAB subtype 
other than M2 (HR = 1.69, 95%CI = 1.16-5.27).

Discussion

Our study shows that some characteristics of adult 
patients with AML have changed over the past 3 decades, 
with a higher proportion of older patients, with co-morbidities 
and multilineage dysplasia. The higher proportion of elderly 
patients is expected as a consequence of the increasing 
longevity of the population (18). Indeed, in Rio de Janeiro, 
during the same period there was an increase of people more 
than 60 years old, from 8.7% in the 1980’s to 11.2% in the 
1990’s, and 12.8% in the 2000’s (19). Furthermore, AML in 
the elderly is associated with several biological and clinical 
features, including a high frequency of co-morbidities and 
multilineage dysplasia, as observed in our cohort (20). 

In addition, despite the higher incidence of these char-
acteristics, the outcome improved over time. This could 
be a reflection of a lower disease burden, as observed by 
the lower frequency of lymphadenopathy, hepatomegaly, 

splenomegaly, fever, bleeding, and infection at diagnosis, 
as well as the median leukocyte count at baseline. In a 
previous report from our group, 37% of patients with AML 
were too sick at diagnosis to receive any treatment (14). 
In the present study, we observed that the proportion of 
patients receiving treatment increased ~10% per decade: 
66% in the 1980’s, 75% in the 1990’s, and 85% in the 
2000’s. Taken together, the increased proportion of patients 
being treated and the lower tumor burden on admission 
suggest that the primary health care system of Brazil has 
generally improved.

Moreover, the 5-year overall survival may have improved 
not simply as a consequence of a higher proportion of pa-
tients receiving chemotherapy, since there was a trend for 
an increased OS among treated patients (from 10% in the 

Figure 1. Overall survival as a function of decade of diagnosis. A, All patients; B, treated patients.

Figure 2. Disease-free survival as a function of decade of diag-
nosis.
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1980’s to 26% in the 2000’s). The most significant improve-
ment in the outcome can be appreciated in the 5-year DFS 
curve. In the 2000’s, DFS was three times higher than that 
of the 1980’s (44 vs 13%). This is probably a result of better 
consolidation or intensification employed more recently, 
including HCT, as well as progresses in supportive care, 
since there were no significant differences in the rates of 
complete remission (42.4% in the 1980’s, 60% in the 1990’s, 
and 54.5% in the 2000’s). Indeed, when we excluded pa-
tients undergoing HCT, the differences in OS and DFS were 
much lower, and lacked statistical significance.

The multivariate analysis of prognostic factors showed 
that decade was significantly associated with the outcome. 
This, most probably, reflects a combination of elements 
related to diagnosis and treatment: effective induction treat-
ment, higher proportion of treated patients, intensive post-
remission therapy, better management of chemotherapy-
induced toxicity, appropriate use of antimicrobial agents, 
development of autologous and allogeneic transplantation, 
and progresses in overall supportive care (4,9,18,21). 

Among the other variables, age has proved to be an 

important prognostic factor in many studies (4,22-25). In 
addition, AML with multilineage dysplasia has been associ-
ated with a poor prognosis. In our analysis, this variable 
was not significant by multivariate analysis, probably due 
to a strong correlation between multilineage dysplasia and 
older age (26). 

Other prognostic factors identified in our analysis have 
been reported in other studies as important predictors of 
outcome, including kidney disease (23,27,28), hepato-
megaly (29), and bleeding (30). The presence of the FAB 
M2 subgroup was protective, possibly as a consequence of 
the relationship between FAB M2 subgroup and well-defined 
prognostic factors such as t(8;21) translocation (31), and a 
lower frequency of FLT3 mutations (32).

The present study suffers from the limitations of retro-
spective studies, especially the lack and inconsistency of 
data collected from patients’ charts, without a prospectively 
collected case report form. In addition, the analysis of prog-
nostic factors is hampered by the fact that cytogenetics, an 
important prognostic factor in AML (33,34), was performed 
in a minority of patients from this cohort.
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