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Patients with acute myelocytic leukemia (AML) have varied outlooks for
survival after the diagnosis. To identify pretreatment prognostic indicators in
AML, we analyzed 132 cases of AML seen at our hospital befween June,
1989 and December, 1994. The median age of the patients was 40 years
(range, 15-81). There were 63 male and 69 female patients. One hundred
eight patients (82%) received induction chemotherapy which was based on
cytarabine plus anthracyclines. Sixty six patients achieved complete re-
mission (CR) and the CR rate among the patients given induction che-
motherapy was 61%. The median duration of CR was 11.2 months. After
median follow up of 6.6 months (range 0.5-51.4), 26 patients (39%) remain
in continuous CR. The median duration of overall survival of the patients
was 6.7 months. After median follow up of 10.6 months (range, 0.1-52.7),
41 patients (31%) are alive. Variables affecting duration of CR included the
age of the patients, performance status of the patients, percentage of blast
in the peripheral blood, hemoglobin level, percentage of blast in the bone
marrow, FAB subtype, and CD7 marker positivity. Variables affecting
survival duration included age of the patients, performance status of the
patients, absolute blast count (ABC) in the peripheral blood, bone marrow
cellularity, the percentage of blast in the bone marrow, and CD5 marker
positivity. Multivariate analysis showed that the age of the patients and
percentage of blast in the bone marrow were significant independent
indicators for overall survival of the patients. Further studies utilizing
cytogenetics and molecular characteristics of leukemic cell are warranted to
better define the prognostic factors of patients with AML.
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INTRODUCTION

Acute myeloeytic leukemia (AML) results from the

Address for correspondence : Kyoo-Hyung Lee, MD malignant transformation of a hematopoietic proge—
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Poongnap-dong, Songpa—ku, Seoul 138-040, Korea. lation of the transformed cells. It affects approx—
Tel - (02) 224-3210 Fax : (02) 224-6961. imately 1.5/100,000 persons in Korea annually (Ahn
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et al, 19 91). If untreated, 90% of patients with
AML die within a year of diagnosis. With modern
combination chemotherapy including cytarabine and
anthracyclines, approximately 65% of previously
untreated adults with AML enter complete remission
and about 25 % of such patients achieve long term
_remission (Berman et al., 1991 ; Cassileth et al., 199
2). The age of the patients, white blood cell (WBC)

count at the time of diagnosis, and French-.

American—British (FAB) histologic subtype classifi-
cation were known to affect prognosis of the pa-
tients with AML (Berman et al,, 1991; Lee et al., 19
94 ; Mayer et al., 1994). The purpose of this study
was to analyze the prognostic indicators in Korean
patients with AML seen in a single institution ever a
period of & years,

MATERIALS AND METHODS

Materials consisted of a total of 132 adult patients
who were admitted to the Department of Medicine,
University of Ulsan, Asan Medical Center, Seoul,
Korea from Jure, 1989 to December, 1994 and
subsequently diagnosed to have AML, were included
in the study.

Various clinical data of the patients at the time of
diagnosis, such as age, sex, initial symptom, dura-
tion of symptom, complete blood count, and blood
chemistry were collected.

Absolute blast count (ABC) of peripheral blood
was obtained by multiplying WBC count in the
peripheral blood by the percentage of blast/100.
Bone marrow smears and core biopsy sections
were examined by a pathologist (H.S.C) and the
cases were further classified according to the
standard FAB criteria (Bennet et al., 1985; Bennet
et al,, 1976). Leukemic cell immunophenotype stu-
dies were done using a panel of monoclonal an-
tibodies including antibody against terminal deoxy-
nucleotidyl transferase (TDT), HLA-DR, CD2, CD5,
CD7, CD10, CD13, CD1i4, CD19, CD33 and CD61.
The cases were considered positive if 20% or
more of cells were reactive to particular mono-
clonal antibody except to TDT where a 10% cut
off value was used.

Induction chemotherapy was based on cytarabine
100-200 mg/m’” intravenous infusion daily for 7 days
and anthracyclines (either daunorubicin 4(}mg/m2
intravenously daily for 3 days or idarubicin 12 mg/m2
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intravenously daily for 3 days). One hundred and
eight patients (82%) received induction chemothera—
py. When the bone marrow examination performed
on 15th day of chemotherapy showed persistence
of leukemic blasts in the marrow, an additional cycle
of chemotherapy was given with similar regimen
with either full 7 days of cytarabine and 3 days of
anthracyclines or abbreviated cycle with 5 days of
cytarabine and 2 days of anthracyclines. Seventeen
patients (13%) did not receive induciion chemoth-
erapy for various reasons such as poor perfor—
mance status, overwhelming sepsis, and/or old age.
Seven patients (5%) received symptomatic care with
low dose cytarabine infusion (10-20 mg/m® daily).
After induction chemotherapy, patients were con-
sidered to be in complete remission (CR) when the
peripheral blood counts were normal (ihe neuirophil
count greater than 1,000/ #¢ and the platelet count
greater than 100,000/ #¢ and the results of bone
marrow examination were normal (blasts less than
5% and cellularity over 25%). The data regarding
the ftreaiment given to patients and subsequent
clinical courses of the patients such as presence of
CR, duration of CRs, and duration of overall survival
were recorded. This study used survival data up to
March, 1995,

Statistical methods : Differences in the proportions
of CRs among patient subgroups were analyzed
using Fisher's exact test. The duration of CR was
defined to be the time from achieving a CR to re-
lapse (bone marrow or extramedullary) or date of
last follow-up. Survival was defined as the time from
the date of diagnosis of AML to death or date of last
follow~up. Probability of surviving and remaining in
CR was estimated by the Kaplan—Meier method.
Differences in remission duration or survival bet-
ween patient subgroups were tested using logrank
statistics. Follow up duration of those in CR or alive
were considered for the calculation of median follow
up time for CR duration or survival.

The prognostic significance of various clinicopa—
thologic variables of the patients were assessed with
respect to CR rate (in overall patients as well as in
patients who were given induction chemotherapy),
CR duration, and survival. The analysis of CR rate
was performed using the logistic regression model,
whereas the analysis of CR duration and survival
was performed using the Cox proportional hazards
regression model.
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RESULTS

The median age of patients was 40 years (range,
15-81). There were 63 male and 69 female patients.
Seven patients (5%) had previous history of hema-
tologic illness {myelodysplastic syndrome, 4 patients;
aplastic anemia, 1; multiple myeloma, 1; and maiig—
nant histiocytosis, 1).

Complete remission : Sixty six patients achieved
CR and the CR rate among patients who were
given induction chemoctherapy was 61% (Table 1A).
The CR rate among the total 132 patients was
50%. Forly three (65%) of the 66 patients required
1 cycle of induction chemotherapy to achieve CR
and 23 patients (35%) required 2 cycles of induction
chematherapy. The median time from the diagnosis
of AML to the achievement of CR was 35 days
(range, 22-167).

When the patients who were given induction che—
motherapy were considered, the age of the patienis,
history of previous hematologic disease, and blood
hemoglobin level were important factors predicting
achievement of CR (P=0.074, 0.070, and 0.059 res-
pectively) although none reached statistical signi-
ficance (Table 1A, 1B, and 1C). Younger patients,
patients without history of previous hematologic di-
sease, and paiients with higher blood hemoglobin
level had higher CR rate. When overall patients
were considered, the age of the patients was a
significant factor in predicting achievement of CR
(P=0.005, Table 1A). Fifty five of 92 patients (60%)
who were 55 years or younger achieved CR in
confrast to 11 of 40 patients (28%) who were over
55 years of age. CR rates were similar for those
younger than 35 years and between 36 to 55 years
of age (60% in both groups).

The results of leukemia marker study showed
patients with leukemic cells positive for CD5 andfor
CD7 showed lower CR rate (P=0.052 and 0.044 res-
peciively, Table 2).

Duration of complete remission : The median du-
ration of CR was 11.2 months. After median follow
up of 6.6 months (range 0.5-51.4 months), 26 pati-
ents(39%,) remain in continuous CR(Table 1A, Fig. 1).

Factors affecting CR duration included the age of
the patients (P=0.031, Table 1A and 1B), perfor-
mance status of the patients (P=0.013), percentage
of blast in the peripheral blood (P=0.012}, hemog-
lobin level (P=0.036), percentage of blast in the bone
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Fig. 1. Kapian-Msier estimate of relapse free survival of 66 pa—
tients with AML who achieved CR after induction chemotherapy.
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marrow (P=0.039), and FAB subtype (P=0.016).
Number of courses of chemotherapy required to
achieve CR and time from the diagnosis of AML to
the achievement of CR did not correlate with CR
duration (P= 0.797 and 0.403 respectively, Table 1C).

Patients with leukemic cells which were positive
for CD7 had significantly shorter duration of CR
when compared to patients with leukemic cells neg-
ative for CD7 (8.5 vs 15.8 months, P=0.044, Table 2).

Overall survival of the patients : The median du-
ration of overall survival of the patients was 6.7
months. After median follow up of 106 months
(range, 0.1-52.7 months), 41 patients{31%%) are alive
(Table 1A, Fig. 2). Factors affecting the survival of
the patients included the age of the patienis (P<
0.001, Table 1A), performance status of the patients
(P=0.004), ABC of the peripheral blood (P= 0.035),
bone marrow cellularity (P= 0.017, Table 1B), and
percentage of blast in the bone marrow (P= 0.016).
Number of courses of chemotherapy required 1o
achieve CR and the time from the diagnosis of AML
to the achievement of CR did not correlate with
survival of the patients (P=0991 and 0677
respectively, Table 1C).

Patients with leukemic cells which were positive
for CD5 andior CD10 had significantly shorter
survival when compared to patients with leukemic
cells negative for CD5 andfor CD10 (0.7 vs 7.3
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Fig. 2. Kaplan-Meier estimate of overall survial of 132 patient
with AML.

months, P<0.001; 0.8 vs 54 months, P=0.023, re—
spectively, Table 2).

Muliivariate analysis: For the regression analyses,
the following variables were considered in the
variable selection process: the age, sex, Karnofsky
performance status, fever, history of previous
hematologic disease, WBC count, percentage of
blast in the peripheral blood, ABC, bone marrow
cellularity, percentage of blast in the bone marrow,
FAB subtype, total bilirubin level, and leukemia
markers including HLA-DR, CD2, CD5, CD7, CD10,
CD19, and CD33.

The age of the patients remained to be the most
important predictor for the achievement of CR both
in terms of overall patient population as well as
when only those patients who were given induction
chemotherapy were considered (Table 3). Patients
who were older than 55 years had a relative risk of
3.33 in failure to achieve CR when compared to
those 35 years or younger. Sex was also significant
predictor of CR with female/male relative risk of
0.42. For the duration of CR, better Karnofsky per-
formance status and M3 FAB subtype were the
significant independent predictors of longer CR du-
ration. For the overall survival of the patients, the
youth of patients and lower percentage of blast in
the bone marrow were the significant independent
predictors of longer survival.
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DISCUSSION

With the advent of modern combination chemo-
therapy, the outiook for survival of patients with AML
improved markedly with the majority of patients ex-
periencing prolongation of survival and a fraction of
patients achieving long term survival (Champlin et
al,, 1990 ; Cassileth et al,, 1992). Despite the impro—
vement, 70-80% of patients eventually die from the
disease. The purpose of this study was to investi-
gate which pretreatment clinicopathologic variables
were important in predicting the outcome of Korean
patients with AML.

A fotal of 132 adult patients with median age of
40 years (range, 15-81) and maleffemale ratio of 63/
69 were seen over the period of 6 years. Of 132
patients, 108 patients received induction chemothe—
rapy based on cytarabine plus anthracyclines and 66
(61%} achieved CR. CR rate in our study is com-
parable to those reported from other studies es-
pecially considering stricter patient eligibility criteria
used in the prospective studies (Champlin et al., 19
90; Berman et al., 1991 ; Cassileth et al., 1992). CR
rate among overall patients (treated and untreated)
was 50%.

Univariate analysis showed that the age of pa-
tients was significant factors predicting achievement
of CR (Table 1A). When treated with induction che-
motherapy, CR rates were similar between the pa-
tient groups of 35 years or younger and over 35 and
up to 55 years (67% and 68% respectively). CR rate
for patients over 55 years of age was significantly
lower (42%, P=0.074). The adverse effect of old age
for the achievement of CR is more obvious when
the overall patients (including those who received
palliative care with low dose cytarabine or supportive
care only) were considered (0% vs 28%, P=0.005),
since larger proportion of older patients were not
given induction chemotherapy. Lower CR rate for
patients older than 55 years of age remained sig—
nificant after muliivariate analysis suggesting that the
old age itself is an adverse prognostic factor for the
achievement of CR. Lower CR rate in elderly pa-
tients accounts for the significantly shorter survival
time of these patients after the diagnosis of AML,
which is apparent in both univariate and multivariate
analyses in our study (Table 1A and Table 3). The
effect of old age was also significant in terms of CR
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Table 3. Results of multivariate analyses

K.-H. Lee, J.-S. Lee, C.-W. Suh, ef al.

Relative risk(95% CI)

Variable Failure to achieve CR Relapse Death
Total patients Patients given ind chemo
(N=132) (N=108)

Agelyr)

35 or younger

36-55 1.09(0.44-6.67) 0.87(0.33-2.29) 0.41(0.16-1.05} 0.80(0.45-1.42)

> 55 3.33(1.22-25 00)" 3.13(1.08-0.01)* 1.12(0.43-2.88) 1.95(1.11-3.43)*
Sex

Male

Female 0.42(0.18-0.01)* 0.41(0.16-0.98)* 1.05(0.47-2.33) 0.73(0.47-1.13)
PS

80 or less

0.32(0.08-1.25)

70-80 0.46(0.22-1.19)

90 0.25(0.05-1.18;
WBC{x10%ul)

<1.0

1.0-99.9 3.23(0.68-16.67)

100 or over 5.88(0.82-50.00)
FAB subtype

MO-M2

M3

Ma-M5

Me-M7
% BM blast (%)

<50

650-79

80 or over

0.88(0.46-1.71)
0.60(0.34-1.08)
* 0.47(0.18-1.23)

0.19-(0.04-0.88)*
1.54(0.63-3.763
1.77(0.20-15.63)

1.40(0.81-2.43)
1.86(1.03-3.37)"

*P<0.05

** Abbreviations © Cl=confidence interval, ind chemo=induction chemotherapy, yr=vear, PS=Karnotsky performance status,

% BM blast=percentage of blast in the bone marrow

duration with patients who are over 55 years of age
having significantly shorter median durations of CR
(5.4 vs 7.8 and 14.4 months, Table 1A). However,
after multivariate analysis, the age of the patients
was less apparent than performance status of the
patients or FAB subtype of AML (Table 3). One of
the most obvious factors that may explain poor
outcome of elderly AML patients is the inability of
many of these patients to withstand the rigors of
intensive chemotherapy and its expected compli-
cations. Many of these patients may also have
subclinical organ dysfunction which may manifest
after the stress of chemotherapy. Further studies
with larger patient populations are necessary to
ascertain whether elderly patients have inherently
more chemotherapy resistant leukemia.

Median duration of CR in our study was 11.2
months (Fig. 1) which was comparable to other re-
ported data (Cassileth et al., 1992 ; Wiemnik et al., 19
92). For the duration of CR, univariate analysis

showed that the age of the patients, performance
status of the patients, percentage of blast in the
peripheral blood, hemoglobin level, percentage of
blast in the bone marrow, and FAB subtype were
significant variables (Table 1A, 1B, and 1C).
Multivariate analysis showed that performance
status of patients and FAB subtype were only inde—
pendent variables predicting the duration of CR
(Table 3). Patients with acute promyelocytic leukemia
(APL)(FAB subtype M3) had significantly longer CR
duration when compared to cther types of AML. In
our series, there were 19 cases of APL comprising
14% of all cases of AML. Of 10 patients with APL
who achieved CR, only 2 patients relapsed. Median
duration of CR has not been reached (Table 1B). It
is well known that patients with APL has several
distinct clinicopathologic characteristics among pa-
tients with AML, which include younger age, lower
initial WBC count, bleeding tendency due to dis-
seminated intravascular coagulation,-and fonger du-
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ration of disease free survival (Stone and Mayer 19

90; Kim et al., 1993; Lee et al,, 1994; ). The results
of multivariate analysis in our study suggest that
longer CR duration observed in patients with APL is
due to inherent biologic nature of the disease and
not due to compounding variables such as younger
age of patients at the presentation or low initial WBC
count.

Median duration of survival of all 132 patients was
6.7 months (Fig. 2). Survival time in our report is
shorter than those from reports of chemotherapy
trials because of inclusion of patients who were
treated with supportive cares only in our study
(Berman et al., 1991 ; Cassileth et al., 1992 ; Wiernik
et al., 1992). There are two reports which analyzed
survival of Korean patients with AML. Ko et al.(19
83) analyzed 141 cases of AML diagnosed between
July, 1976 and June, 1980. Mean survival time from
the diagnosis was only 0.3 months. Kang et al.{1992)
reported median survival time of 3 months among
271 patients with AML seen between January, 1981
to December, 1991. It is interesting to note that the
survival times of Korean patients with AML increase
over time, which is probably due to the improvement
in the quality of chemotherapy and supportive care
i.e. antibiotics and transfusion support given to these
patients.. Earlier diagnosis of AML in the course of
the disease may be another factor that explains
increasing survival of patients after diagnosis. Uni-
variate analysis in our study showed that the age of
the patients, the performance status of the patients,
ABC in the peripheral blood, bone marrow cellularity,
the percentage of blast in the bone marrow, and
CD5 marker positivity were significant variables
which predict survival time of patients (Table 1A, 1B,
1C and 2). After the multivariate analysis, the age
and the percentage of the blast in the bone marrow
remained significant (Table 3).

In our study, 5 10 34% of AML leukemic cells
wera positive for T cell markers (CD2, CD5, and
CD7) and can be classified as biphenotypic. Patients
with leukemic cells with these features showed
poorer prognosis in our study, which is consistent
with the results from other studies (Table 2) (Foon
et al,, 1986 ; del Vecchio et al., 1989 ; Park et al., 19
91; Park et al, 1992). Patients with B cell marker
(CD19) positive leukemic cells may also have worse
prognosis bui this could ‘not be confirmed in our
study due to small number of patients. TDT marker
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positivity did not influence the prognosis of patients
with AML.

In conclusion, our study showed that patients with
AML have variable duration of survival. The age of
patients and the percentage of blast in the bone
marrow were the significant independent pret-
reatment variables which predict survival duration of
patients. Further studies utilizing cytogenetic and
molecular characteristics of leukemic cells in larger

- number of patients are warranted to better define

the prognostic factors of patients with AML.
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