
 

1678 THE NEW ENGLAND JOURNAL OF MEDICINE June 22, 1995

 

A CONTROLLED STUDY OF RECOMBINANT HUMAN GRANULOCYTE COLONY-STIMULATING 
FACTOR IN ELDERLY PATIENTS AFTER TREATMENT FOR ACUTE MYELOGENOUS LEUKEMIA
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Abstract

 

Background.

 

Intensive chemotherapy for
acute myelogenous leukemia (AML) continues to yield
low rates of complete remission and survival among pa-
tients over the age of 65 years. Infection-related mortality
is particularly high among these patients during the period
of neutropenia that follows chemotherapy. We determined
the effect of lenograstim (glycosylated recombinant hu-
man granulocyte colony-stimulating factor) on mortality at
eight weeks (the main end point) and the rate of complete
remission among patients with AML who were 65 years
old or older.

 

Methods.

 

After induction chemotherapy with daunoru-
bicin (45 mg per square meter of body-surface area per
day for 4 days) and cytarabine (200 mg per square meter
per day for 7 days), 173 patients with newly diagnosed
AML were randomly assigned on day 8 to receive either
lenograstim (5 

 

m

 

g per kilogram of body weight per day) or
placebo, starting on day 9, until there was neutrophil re-
covery or a treatment failure, or for a maximum of 28
days. Salvage chemotherapy was also followed by leno-
grastim or placebo. Patients with a complete remission

received two consolidation courses of chemotherapy
without lenograstim or placebo.

 

Results.

 

The mortality rate at eight weeks was similar
in the lenograstim and placebo groups (23 and 27 percent,
respectively; P

 

�

 

0.60), as was the incidence of severe in-
fections. The median duration of neutropenia (absolute
neutrophil count, 

 

�

 

1000 per cubic millimeter) was shorter
in the lenograstim group (21 days, as compared with 27
days in the placebo group; P

 

�

 

0.001). Eight percent of the
patients in both groups had regrowth of AML cells. The
rate of complete remission was significantly higher in the
lenograstim group (70 percent, as compared with 47 per-
cent in the placebo group; P

 

�

 

0.002). Overall survival,
however, was similar in the two groups (P

 

�

 

0.76).

 

Conclusions.

 

The administration of lenograstim after
chemotherapy for AML did not decrease the mortality rate at
eight weeks among patients over the age of 65 years. The
patients who received lenograstim had a significantly higher
rate of complete remission than those who received place-
bo. Nevertheless, the overall survival in the two groups did
not differ significantly. (N Engl J Med 1995;332:1678-83.)
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M

 

ORE than 40 percent of patients with acute mye-
logenous leukemia (AML) are over 65 years old

at the time of the diagnosis.

 

1,2

 

 A high rate of treatment-
related mortality keeps the rate of complete remission
below 50 percent and the median survival between
9 and 12 months in these older patients.

 

3-6

 

Among patients over 65, the mortality rate during
the aplastic phase that follows intensive chemotherapy
is 30 to 40 percent.

 

4-8

 

 Infections cause approximately
two thirds of treatment-associated deaths.

 

9-11

 

 Moreover,
AML in older patients often has features associated
with a poor response to chemotherapy, such as involve-
ment of immature progenitor cells,

 

12

 

 a prior myelodys-
plastic syndrome,

 

13,14

 

 and particular chromosomal ab-
normalities.

 

15-17

 

We report the results of a multicenter, double-blind,
placebo-controlled, randomized clinical trial in which
lenograstim (glycosylated recombinant human granu-
locyte colony-stimulating factor [G-CSF]) or placebo
was administered after the completion of intensive in-
duction chemotherapy in elderly patients with newly di-
agnosed AML. The main objective of the study was to
determine the ability of lenograstim to reduce mortality
at eight weeks by shortening the duration of marrow

aplasia. We found no difference in mortality at eight
weeks between the two treatment groups. There was a
significantly higher rate of complete remission in the
lenograstim group; however, overall survival in the two
groups was essentially the same. There was no evi-
dence of in vivo regrowth of AML cells due to lenogra-
stim, despite evidence that this drug promotes in vitro
growth of AML cells.

 

18

 

M

 

ETHODS

 

Patients

 

Patients 65 years old or older with newly diagnosed, untreated
AML were eligible for enrollment in the study. Patients were exclud-
ed if they had a Karnofsky performance status lower than 40 per-
cent; an abnormal left ventricular ejection fraction; central nervous
system involvement; AML subtype M3, according to the French–
American–British (FAB) classification

 

19

 

; AML due to prior treatment
with chemotherapy or radiation; or a history of myelodysplastic syn-
drome, documented by examination of a bone marrow specimen, for
more than three months. Hypocellular AML was defined as AML
with more than 30 percent blast cells in a hypoplastic bone marrow
specimen. Cytogenetic features were classified as favorable — t(8;21)
or inv(16) — intermediate (normal diploid), or unfavorable (other ab-
normal karyotypes), according to previously published criteria.

 

20

 

The induction course of chemotherapy consisted of daunorubicin
(45 mg per square meter of body-surface area per day for four days)
and a continuous infusion of cytarabine (200 mg per square meter
per day for seven days). All enrolled patients gave written informed
consent before undergoing induction chemotherapy. The study was
approved by the ethics committee at each participating center.

 

Treatment

 

On day 8 after the initiation of induction chemotherapy, patients
were randomly assigned to receive lenograstim at a daily dose of 5 

 

m

 

g
per kilogram of body weight or placebo administered as a 30-minute
intravenous infusion, starting on day 9. The study medication was
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continued until there was evidence of neutrophil recovery (absolute
neutrophil count 

 

�

 

1000 per cubic millimeter for three consecutive
days) or for a maximum of 28 days. Medication was discontinued in
patients with resistant disease or regrowth of leukemic cells. Bone
marrow was assessed at the time of neutrophil recovery or on day 35
in the case of persistent neutropenia, or earlier if the number of cir-
culating leukemic blasts reached 2000 per cubic millimeter after a pe-
riod of documented leukopenia.

The presence of resistant disease was not determined before day
21. Patients with resistant disease who were eligible for salvage ther-
apy received cytarabine (500 mg per square meter every 12 hours)
on days 1 through 3 and mitoxantrone (12 mg per square meter per
day) on days 3 and 4. A second course of the assigned study medica-
tion (lenograstim or placebo) was given after the salvage treatment,
starting on day 5. Patients with a complete remission, including those
who had a response to the salvage therapy, received two courses of
consolidation therapy, six weeks apart, and no maintenance therapy.
The first course of consolidation therapy consisted of cyclophospha-
mide (600 mg per square meter) administered intravenously on day
1, vincristine (1.5 mg per square meter, with a maximal dose of 2 mg)
administered intravenously on day 1, cytarabine (100 mg per square
meter per day) administered subcutaneously on days 1 through 5,
and prednisolone (60 mg per square meter per day) administered
orally on days 1 through 5. The second consolidation regimen con-
sisted of mitoxantrone (10 mg per square meter per day) for two days
and cytarabine (100 mg per square meter every 12 hours) for five
days. The study medication was not administered after the consoli-
dation courses.

 

Criteria for Residual Marrow Leukemia, Leukemic-Cell 
Regrowth, Response, and Infectious Events

 

Residual marrow leukemia on day 8 was considered documented
when the proportion of abnormal marrow cells was greater than
3 percent.

 

21

 

 Leukemic-cell regrowth was defined as more than 2000
leukemic blasts per cubic millimeter after an absolute leukocyte count
that was less than 500 per cubic millimeter, or 50 percent more leu-
kemic blasts in the bone marrow sample obtained on day 14 than in
the sample obtained on day 8, in samples of equal or greater cellular-
ity. Complete remission, partial remission, and treatment failure
were defined according to the criteria of the National Cancer Insti-
tute.

 

22

 

 Treatment failure was defined as resistant disease (partial re-
mission or no remission) or death (early death or death during treat-
ment-induced bone marrow hypoplasia). Infectious events were
classified by the treating physicians as mild, moderate, severe, or life-
threatening. Data on severe and life-threatening infections were com-
pared in the two treatment groups.

 

Statistical Analysis

 

The main objective of this study was to reduce the number of
deaths within the seven-week period after randomization (eight-week
mortality). Assuming an eight-week mortality of 30 percent in the
placebo group, we calculated the sample size required to detect a 50
percent reduction in that rate. The secondary objectives were to in-
crease the rate of complete remission and assess the safety of treat-
ment with lenograstim. To allow the study to be stopped early in the
event that an early conclusion was reached, we compared the eight-
week mortality rate among every 30 patients enrolled, using the tri-
angular test on an intention-to-treat basis (with a type I error of 0.05
and a type II error of 0.10).

 

23

 

 An independent data-monitoring com-
mittee determined whether the study should be continued or stopped
after each such analysis.

Comparisons between the two treatment groups were performed
with Fisher’s exact test for binary variables and the Kruskal–Wallis
test for continuous variables. Data on treatment failure were estimat-
ed by the Kaplan–Meier method,

 

24

 

 and comparisons were made with
the log-rank test.

 

25

 

 Since age, the initial degree of hyperleukocytosis,
the presence or absence of marrow blasts after the completion of in-
duction chemotherapy, and cytogenetic status are known to be prog-
nostic factors for complete remission or the duration of complete re-
mission,

 

16,17,21,26

 

 comparisons were adjusted for these four prognostic
factors with a logistic-regression analysis (for the rate of complete re-
mission)

 

27

 

 and the Cox model (for overall survival and event-free sur-
vival)

 

28

 

 and tested by the likelihood-ratio test. Event-free survival
and overall survival were calculated from the date of random assign-

ment. Event-free survival was calculated as survival without resistant
disease, relapse, or death. The duration of complete remission was
calculated from the date of the first complete remission until the date
of the first relapse. To determine whether treatment effects were ho-
mogeneous among various subgroups of patients defined according to
the four prognostic variables noted above, interactions among treat-
ment covariates were tested as described by Gail and Simon.

 

29

 

 Rela-
tive risks in the lenograstim group, as compared with the placebo
group, were estimated for each end point, with 95 percent confidence
intervals. P values were derived from two-sided tests. A P value of
0.05 or less was considered to indicate statistical significance. SAS
software (SAS Institute, Cary, N.C.) was used for statistical analyses.

 

Study Termination

 

The study was terminated in December 1992 by the data-monitor-
ing committee, because the results of the fifth sequential analysis
(with a total of 150 patients) showed no benefit of lenograstim in
terms of mortality at eight weeks. At this time, 23 additional patients
had entered the study. The results reported here, which are for all
173 patients who had undergone randomization, are based on follow-
up data as of January 1, 1995.

 

R

 

ESULTS

 

Selection of Patients

 

Between October 1990 and December 1992, 233 eli-
gible patients from 27 centers were registered. Thirty-
six patients were judged by physicians to be unsuitable
to receive the planned chemotherapy because they had
“poor status” (median age, 79 years; range, 65 to 92);
two additional patients discontinued the study for per-
sonal reasons. The other 195 patients (median age, 70
years; range, 64 to 83) received induction chemothera-
py. Ten patients died during induction chemotherapy
(three from infection-related events, five from hemor-
rhage, and two from the acute respiratory distress syn-
drome). Twelve patients were not randomized because
they declined, their condition was too unstable, the in-
duction chemotherapy they received differed from the
planned treatment, or the study medication was un-
available. Thus, 173 patients were randomly assigned
on day 8 to receive lenograstim or placebo.

 

Characteristics of the Patients

 

Eighty-eight patients received lenograstim, and 85
received placebo. The two groups were similar in terms
of age, sex, FAB subtype, and initial mean white-cell
count (Table 1). Only 3 of the 17 severe infectious
events occurring before the time of randomization were
responsible for early death (2 in the placebo group and
1 in the lenograstim group). Cytogenetic features were
evenly balanced between the two treatment groups
(Table 1). Bone marrow aspirates were obtained on day
8 from 171 of the 173 patients. Residual blasts were
present in aspirates from 48 percent of the patients in
the lenograstim group and in aspirates from 55 percent
of the patients in the placebo group.

 

Mortality at Eight Weeks

 

The mortality rate at eight weeks was 23 percent in
the lenograstim group (20 of 88 patients) and 27 per-
cent in the placebo group (23 of 85 patients). This dif-
ference was not statistically significant (P

 

�

 

0.60 by
Fisher’s exact test; relative risk, 0.84; 95 percent confi-
dence interval, 0.50 to 1.40 percent). Table 2 shows the
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causes of death and the AML status at the time of
death. The median time from randomization to death
was 14 days in the lenograstim group and 19 days in
the placebo group (P

 

�

 

0.93 by the log-rank test).

 

Duration of Aplasia and Incidence of Infections

 

In the 88 patients who had a complete remission af-
ter one course of induction chemotherapy, the median
time from the start of chemotherapy to the measure-
ment of a neutrophil count higher than 1000 per cubic
millimeter was 21 days (range, 16 to 28) among the 54
patients in the lenograstim group and 27 days (range,
20 to 34) among the 34 patients in the placebo group
(P

 

�

 

0.001 by the Kruskal–Wallis test). However, the in-
cidence and type of severe and life-threatening infec-
tious events during the first seven weeks after random-
ization were similar in the two groups (Table 3).

 

Response to Induction Therapy

 

The rate of complete remission was 70 percent in the
lenograstim group and 47 percent in the placebo group

(P

 

�

 

0.002 by Fisher’s exact test; relative risk, 1.50; 95
percent confidence interval, 1.15 to 2.00 percent) (Ta-
ble 4). Fifty-four patients (61 percent) in the leno-
grastim group had a complete remission after one
course of induction therapy, as compared with 34 pa-
tients (40 percent) in the placebo group (P

 

�

 

0.006 by
Fisher’s exact test). Among the patients eligible for sal-
vage therapy, 15 of 22 in the lenograstim group and 23
of 34 in the placebo group actually received this treat-
ment. After salvage chemotherapy, eight patients in the
lenograstim group and six in the placebo group had
a complete remission. This difference was not statisti-
cally significant (P

 

�

 

0.17 by Fisher’s exact test). The
mean time to a complete remission after randomization
was 24 days in the lenograstim group and 33 days in
the placebo group (P

 

�

 

0.0015 by the Kruskal–Wallis
test).

After the logistic-regression model had been used to
adjust for age, presence or absence of marrow blasts on
day 8, and initial white-cell count, the P value for the
treatment comparison was 0.004, whereas it was 0.08
after adjustment for the same variables plus cytogenetic
status in the subgroup of 108 patients who underwent
cytogenetic testing.

The subgroup analysis according to prognostic fac-
tors showed that in the lenograstim group, the increase
in the rate of complete remission was greater among
the patients with residual marrow blasts on day 8 or
unfavorable cytogenetic abnormalities than among the
patients without those features (Table 5). However,
these differences were not statistically significant ac-
cording to the Gail–Simon interaction test (P

 

�

 

0.20
and P

 

�

 

0.60, respectively).

 

Event-free Survival and Duration of Complete Remission

 

One patient was lost to follow-up in each treatment
group. Eighty-three events occurred in the lenograstim
group and 81 in the placebo group. Despite the higher
rate of complete remission in the lenograstim group,
event-free survival was not significantly increased in

 

*Two patients who were 64 years old (one in each treatment group) were randomized and
considered in the statistical analysis according to the intention-to-treat principle.

†Blast counts were available for 81 patients in the lenograstim group and 75 patients in the
placebo group.

 

Table 1. Characteristics of 173 Patients with AML Assigned to
Treatment with Lenograstim or Placebo.

 

C

 

HARACTERISTIC

 

L

 

ENOGRASTIM

 

G

 

ROUP

 

(N

 

�

 

88)

P

 

LACEBO

 

G

 

ROUP

 

(N

 

�

 

85)

 

Age (yr)*
Median
Range

71
64–83

71
64–83

Male sex (%) 54 56
Infection at diagnosis (no. of patients)

None
Fever of unknown origin
Documented infection

55
20
13

58
13
14

Severe infection at randomization (no. of patients)
Pneumonia
Septicemia
Systemic fungal infection
Fever of unknown origin

3
1
0
2

4
2
1
4

FAB subtype (no. of patients)
M0
M1
M2
M4
M5
M6
M7
Mixed lineage
Hypocellular

5
21
30
9

11
2
4
5
1

2
30
24
16
7
1
2
1
2

White-cell count at diagnosis (no. of patients)

 

�

 

10,000/mm

 

3

 

10,000–100,000/mm

 

3

 

�

 

100,000/mm

 

3

 

51
26
11

43
36
6

Mean peripheral-blood blast count/mm

 

3

 

† 36,000 33,000
Mean marrow blast infiltration (%) 63 57
Cytogenetic analysis (no. of patients)

Performed
Favorable
Intermediate
Unfavorable

 

�

 

8
11q23 abnormalities
Isolated 

 

�

 

5, 5q

 

�

 

, 

 

�

 

7, 7q

 

�
�

 

5, 5q

 

�

 

, 

 

�

 

7, 7q

 

�

 

 and other rearrangements
Other single or double rearrangements
Complex rearrangements
Insufficient metaphases

60 (68%)
2

28
30
4
1
2
4

13
5
1

48 (56%)
1

22
25
1
2
0
4

11
6
1

 

*CI denotes confidence interval. The P value was determined by Fisher’s exact test.

 

Table 2. Primary Cause of Death and AML Status at the Time of
Death among Patients Who Died within the First Eight Weeks.

 

*

 

D

 

EATHS

 

L

 

ENOGRASTIM

 

G

 

ROUP

 

(N

 

�

 

88)

P

 

LACEBO

 

G

 

ROUP

 

(N

 

�

 

85)

R

 

ELATIVE

 

R

 

ISK

 

(95% CI)
P

V

 

ALUE

 

no. of patients (%)

 

No. (%) 20 (23) 23 (27) 0.84
(0.50–1.40)

0.60

Immediate cause (no. of patients)
Infection-related
Hemorrhage
Chemotherapy toxicity
Myocardial infarction
Suicide
Unknown

15
3
1
1
0
0

17
2
2
0
1
1

AML status at the time of death
Complete remission
Resistant disease
Not assessable

Residual marrow blasts
No residual marrow blasts
Unknown marrow status

2
7

4
5
2

1
5

6
7
4
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this group (P

 

�

 

0.39 by the log-rank test; relative risk,
0.87; 95 percent confidence interval, 0.65 to 1.19) (Fig.
1). Event-free survival remained unchanged after ad-
justment for age, presence or absence of marrow blasts
on day 8, and initial white-cell count (P

 

�

 

0.54 by the
likelihood-ratio test), as well as after adjustment for the
same variables plus cytogenetic status in the subgroup
of 108 patients who underwent cytogenetic testing
(P

 

�

 

0.81 by the likelihood-ratio test). The duration of
complete remission was similar in the two treatment
groups (P

 

�

 

0.40 by the log-rank test; relative risk of re-
lapse in the lenograstim group, 1.20; 95 percent confi-
dence interval, 0.77 to 1.90).

 

Overall Survival

 

Of the 173 patients, 148 died (75 in the lenograstim
group and 73 in the placebo group). Overall survival
was similar in the two groups (P

 

�

 

0.76 by the log-rank

test; relative risk in the lenograstim group, 0.95; 95
percent confidence interval, 0.69 to 1.31) (Fig. 2). At 12
months, the estimated survival was 45 percent in the
lenograstim group (95 percent confidence interval, 35
to 56 percent) and 40 percent in the placebo group (95
percent confidence interval, 30 to 50 percent). Adjust-
ment for age, presence or absence of marrow blasts on
day 8, and initial white-cell count did not modify these
results (P

 

�

 

0.82 by the likelihood-ratio test), nor were
they altered by adjustment for the same variables plus
cytogenetic status (P

 

�

 

0.99 by the likelihood-ratio
test).

 

Safety and Side Effects

 

In each group seven patients (8 percent) had leuke-
mic-cell regrowth in marrow on day 14, leading to their
withdrawal from the study. All seven patients in the
placebo group had residual marrow blasts on day 8, but
four of the seven patients in the lenograstim group did
not. Spontaneous regression of marrow blast-cell pro-
liferation was not observed after the withdrawal of len-
ograstim. No marked side effects were observed in ei-
ther treatment group.

 

D

 

ISCUSSION

 

Since the late 1980s, recombinant human colony-
stimulating factors have been administered to patients

with AML to reduce the duration of neutropenia and
the incidence of fatal infection, to increase the efficacy
of cytotoxic agents by inducing the cycling of leukemic
cells, or both.

 

30-40

 

 However, no substantial decrease in
treatment-related mortality has been reported in ran-
domized studies of either G-CSF

 

30,35

 

 or granulocyte–
macrophage colony-stimulating factor (GM-CSF).

 

33,34,40

 

This randomized trial of lenograstim in patients with
AML over the age of 65 years failed to demonstrate a
decrease in mortality at eight weeks, despite a signifi-
cant shortening of the neutropenic phase. However,
lenograstim significantly increased the rate of complete
remission by reducing the incidence of resistant leuke-
mia. This result suggests that G-CSF contributes to the
antileukemic effect of the chemotherapy. Even so, the
overall survival in the lenograstim and placebo groups
was virtually identical (Fig. 2). A trend toward an in-
crease in the rate of complete remission has been re-
ported among Japanese patients who were given G-CSF
after chemotherapy for relapses or refractory acute
leukemia

 

30 and older patients with AML given yeast-

*Severe and life-threatening infectious events during the inter-
val between randomization and the end of the eighth week after
the initiation of induction therapy.

Table 3. Incidence of Severe Infections.*

INFECTIOUS EVENT

LENOGRASTIM

GROUP

(N � 88)

PLACEBO

GROUP

(N � 85)

No. 42 41
Type

Pneumonia
Septicemia
Septic shock
Systemic fungal infection
Cellulitis
Herpes
Fever of unknown origin

11
14
2
4
0
1

10

14
13
3
0
2
0
9

*CI denotes confidence interval. P values were determined by Fisher’s exact test.

Table 4. Outcome of Induction Therapy.*

OUTCOME

LENOGRASTIM

GROUP

(N � 88)

PLACEBO

GROUP

(N � 85)

RELATIVE

RISK

(95% CI)* P VALUE

no. of patients (%)

Complete remission
After induction therapy
After induction and 

salvage therapy

62 (70)
54
8

40 (47)
34
6

1.50 (1.15–2.00)
1.53 (1.13–2.09)

—

0.002
0.006

—

No response
Resistant disease
Death

26 (30)
13
13

45 (53)
28
17

0.45 (0.25–0.81)
0.74 (0.38–1.43)

0.007
0.42

*By Fisher’s exact test.

†The P value for the rate of complete remission after adjustment for each covariate, by the
Mantel–Haenszel test.

‡CR denotes complete remission.

§Determined in 171 of the 173 randomized patients (87 in the lenograstim group and 84 in
the placebo group).

¶Determined in 108 of the 173 randomized patients (60 in the lenograstim group and 48 in
the placebo group).

Table 5. Rate of Complete Remission According to Prognostic
Factors for Complete Remission.

PROGNOSTIC FACTOR

LENOGRASTIM

GROUP

(N � 88)

PLACEBO

GROUP

(N � 85) P VALUE* P VALUE†

no. with CR/all patients (%)‡

Age (yr)
�70
�70

32/43 (74)
30/45 (67)

21/42 (50)
19/43 (44)

0.03
0.05

0.002

White-cell count
�50,000/mm3

�50,000/mm3
53/73 (73)
9/15 (60)

33/66 (50)
7/19 (37)

0.009
0.30

0.002

Residual marrow blasts
on day 8§

Yes
No

28/42 (67)
34/45 (76)

16/46 (35)
24/38 (63)

0.005
0.24

0.002

Cytogenetic data¶
Missing
Favorable
Intermediate
Unfavorable

22/28 (79)
1/2 (50)

19/28 (68)
20/30 (67)

17/37 (46)
0/1  

12/22 (55)
11/25 (44)

0.01
1.00
0.39
0.11

0.002
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derived GM-CSF after chemotherapy.33 Our study also
suggests that patients with unfavorable or intermediate
cytogenetic abnormalities have approximately the same
rate of complete remission when treated with lenogra-
stim. A similar result was reported in a nonrandomized
study using G-CSF in patients with AML and myelo-
dysplastic syndromes.36

The criteria for complete remission that we used in-
cluded not only recovery of normal granulocytes but
also normal erythropoiesis and thrombopoiesis. By us-
ing these criteria, we avoided an underestimation of the
percentage of residual marrow leukemic blasts at the
time of myeloid recovery and, hence, the misclassifica-
tion of resistant disease as complete remission.

The higher complete-remission rate associated with
the administration of lenograstim was not translated
into a significant improvement in survival. The Japa-
nese study also failed to demonstrate prolonged overall
survival among patients treated with G-CSF.30 In its
study of multiple courses of combined treatment with
chemotherapy and GM-CSF, however, the Eastern Co-
operative Oncology Group reported a significant in-

crease in median survival among patients with AML,
although they were younger than those enrolled in our
study.33

In conclusion, lenograstim appears to be a safe treat-
ment, but it does not reduce mortality at eight weeks
when given after intensive chemotherapy in older pa-
tients with AML. Although the drug significantly in-
creased the rate of complete remission, it had no effect
on overall survival.

APPENDIX

The following institutions and investigators participated in the
AML Cooperative Study Group:

Hôpital Saint-Louis, Paris: L. Degos, H. Dombret, J.P. Marolleau,
and S. Castaigne; Hôpital Pont-Chaillou, Rennes, France: P.Y. Lep-
risé, T. Lamy de la Chapelle, and P. Vanroomen; Hôpital Henri Bec-
querel, Rouen, France: H. Tilly, A. Stamatoullas, D. Boulet, and
M. Varin; Hôpital Sud, Rennes, France: B. Grosbois, R. Leblay,
and R. Le Sidener; Hôpital Val-de-Grace, Paris: G. Auzanneau and
G. Nedellec; Hôpital Pitié–Salpêtrière, Paris: L. Sutton; Hôpital
Lyon Sud, Lyons, France: B. Coiffier, Y. Bastion, and D. Espinouse;
Hôpital Sud, Amiens, France: B. Desablens; Hôpital Antoine Bé-
clère, Clamart, France: G. Tertian and R. d’Oiron; Hôpital Claude
Huriez, Lille, France: P. Fenaux and L. Detourmignies; Hôpital
Schnaffer, Lens, France: B. Dupriez and D. Resch; Hôpital Du-
puytren, Limoges, France: D. Bordessoule, L. Remenieras, I. Catry-
Thomas, and M. Cransac; Hôpital Haut Lévêque, Bordeaux, France:
J. Reiffers and P. Cony-Makhoul; Institut Paoli Calmettes, Marseilles,
France: J. Gastaut and R. Bouabdallah; Clinique Notre Dame, Char-
leroi, Belgium: J.L. Canon; Hôpital Mont Godinne, Yvoir, Belgium:
A. Bosly; Cliniques Universitaires Saint-Luc, Brussels, Belgium:
A. Ferrant; Hôpital de Jolimont, La Louvière, Belgium: A. Delannoy;
Hôpital Saint-Joseph, Gilly, Belgium: P. Mineur; Università La Sapi-
enza, Rome: F. Mandelli, A. Spadea, and M. Petti; Kantonspital,
Aarau, Switzerland: M. Wernli; Inselspital, Berne, Switzerland:
M.F. Fey, P. Straub, A. Tobler, and K. Bruner; Kantonspital, Basel,
Switzerland: A. Grathwohl, M. Bargetzi, M. Pless, R. Haberthür, and
J. Charvat; Royal Victoria Hospital, Sunderland, United Kingdom:
P. Carey, S. Proctor, A. Taylor, N. Lennard, and G. Jackson; Christie
Hospital, Manchester, United Kingdom: J.H. Scarffe, J. Gledhill,
E. Richard, L. Jayson, and G. Morgenstern; Saint George’s Hospital,
London: E.C. Gordon-Smith, D. Bevan, and A. Laurie; University
Hospital Wales, Cardiff, United Kingdom: J.A. Whittaker, D. Fegan,
D. Holmes, and R. Evely.

Trial monitoring: A. Yver, D. Richard, S. Flanagan, E. Quiles, and
L. Gautier. Statistical analysis: C. Chastang, S. Chevret, F. Dabouz-
Harrouche, and Y. Boudraa. Data management: V. Pellan.
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