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Abstract. To assess the feasibility and efficacy of rhGM-
CSF in ameliorating chemotherapy-induced leukopenia in
patients with advanced non-small-cell lung cancer, we
conducted a double-blind placebo controlled phase III
study in a multicenter setting. Patients were eligible if they
had cytologically or histologically proven cancer, no prior
chemotherapy, stage IIIB or IV disease, an Eastern Coo-
perativve Oncology Group (ECOG) performance status of
0-2, an age of less than 76 years, and no symptomatic
brain metastasis, disseminated bone metastasis, or previous
vertebral/pelvic irradiation. The chemotherapy regimen
consisted of mitomycin given at 8 mg/m? on day 1, cis-
platin given at 100 mg/m? on day 1, and vindesine given at
3 mg/m? i.v. on days 1 and 8 (MVP). If the granulocyte
nadir count recorded after the first cycle of MVP was less
than 1,000/mm3, patients were randomly assigned to re-
ceive recombinant human granulocyte-macrophage colony-
stimulating factor (thGM-CSF) or placebo during the sec-
ond cycle of MVP. The dose of thGM-CSF was 125 jig/m?2
given daily s.c. for 14 consecutive days starting on day 2.
Of the 52 patients enrolled, 45 were evaluable. The nadir of
granulocytes was significantly lower in the placebo group
(£ =0.007). The period during which the granulocyte count
was less than 1,000/mm3 was significantly longer in the
placebo group (median, 6 vs 10 days; P = 0.04). The in-
cidence of adverse effects related to thGM-CSF, such as
fever (=38° C) and skin rash, was significantly higher in

Institutions of the BI 71.018 Cooperative Study Group, National
Cancer Center Research Institute (N. Saijo, Chairman): Douai Mem-
orial Hospital (Y. Sano), Kanagawa Prefectural Cancer Center
(K. Noda), Kantou Teishin Hospital (T. Uzawa), National Medical
Center (J. Kabe), Shizuoka Prefectural General Hospital (H. Etou),
Teikyo University (K. Mano), Tochigi Prefectural Cancer Center
(Y. Saito), Tokyo Geriatric Medical Center (A. Kida), Tokyo Teishin
Hospital (T. Morinari), Tokyo Metropolitan Komagome Hospital
(S. Kudo), Tokyo Metropolitan Hiroo Hospital (A. Fujikawa), Tor-
anomon Hospital (K. Nakada), Yokohama Municipal Hospital
(K. Watanabe), National Cancer Center Central Hospital (K. Eguchi)

Correspondence to: Kenji Eguchi, M.D., Department of Internal
Medicine, National Cancer Center Central Hospital, 5-1-1, Tsukiji,
Chuo-ku, Tokyo 104, Japan

the thGM-CSF group (P = 0.011). The rate of response to
chemotherapy did not significantly differ between the two
groups. In conclusion, thGM-CSF reduced the duration of
chemotherapy-induced granulocytopenia. The clinical use-
fulness of this agent may be deminished because of the
adverse effects encountered when it is used in combination
with a moderately myelotoxic chemotherapy regimen.

Introduction

Recently, recombinant human colony-stimulating factors
(rhCSFs) were introduced into cancer chemotherapy irials
for the purpose of myeloprotection [4, 27, 31]. Neidhart
[25] summarized five reportedly beneficial effects of CSFs
used in support of standard chemotherapeutic regimens. In
Japan, the use of recombinant human granulocyte-colony-
stimulating factor (thG-CSF) for ameliorating chemother-
apy-induced neutropenia has been approved by the Minis-
try of Public Health and Welfare. However, with regard to
recombinant human granulocyte-macrophage colony-stim-
ulating factor (thGM-CSF), there has been no report of a
randomized, double-blind, placebo-controlled trial to
evaluate its efficacy in intensive chemotherapy for patients
with solid tumors. BI 71.018 is rhGM-CSF made with
Escherichia coli and was developed by Behringerwerke Co.
(Marburg) [15]. The results of a phase I/Il study in Japan
led to the suggestion that the optimal dose of thGM-CSF be
125 pg/m? daily for the reduction of chemotherapy-induced
leukopenia [23].

There is no standard chemotherapy for advanced non-
small-cell lung cancer [1, 18]. Although the role of com-
bination chemotherapy has not been established for patients
with advanced non-small-cell lung cancer, improvement of
physical symptoms has been observed in some patients.
New investigational chemotherapy trials using dose-in-
tensive regimens in combination with thCSFs is a reason-
able investigational approach [9, 24, 30, 34].

In this study, we evaluated the utility of thGM-CSF for
ameliorating myelotoxicity in intensive chemotherapy for
patients with advanced non-small-cell lung cancer.
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Patients and methods

Patients’ eligibility. This was a double-blind, placebo-controlled
phase III study conducted in a multi-centre setting (see Appendix).
Patients with cytologically or histologically proven non-small-cell lung
cancer of stage IIIB or IV who had not received prior chemotherapy
were accrued to this study. Other eligibility criteria were an Eastern
Cooperative Oncology Group performance status (ECOG PS) of 0-2,
an age of less than 76 years, serum GOT and GPT levels of less than
twice the normal value, a serum creatinine level of <1.5 mg/dl, and
normal bone marrow function. Written informed consent was obtained
from all patients. Patients with symptomatic brain metastasis, dis-
seminated bone metastasis, and previous vertebral or pelvic irradiation
were excluded. The staging methods were as follows: chest X-rays,
bronchoscopy, computerized tomography (CT) of the chest, brain CT,
abdominal CT or ultrasonography, and bone scan. The same series of
examinations were done for restaging of patients after two courses of
chemotherapy. Additional clinical examinations were required if dis-
ease progression was suspected.

Treatment schedule. The chemotherapy regimen consisted of mito-
mycin given at 8 mg/m? on day 1, cisplatin given at 100 mg/m? on
day 1, and vindesine given at 3 mg/m? i.v. on days 1 and 8 (MVP) and
was repeated after 4 weeks. As ancillary therapy, patients received
3,000 ml of supplemental fluid i.v. with diuretics on day 1. If the
granulocyte nadir count recorded after the first cycle of MVP was less
than 1,000/mm3, patients were randomly assigned to receive tThGM-
CSF or placebo during the second cycle of MVP (Fig. 1). Metoclo-
pramide was given i.v. at 2 mg/kg four times on day 1 as antiemetic
therapy. thGM-CSF (BI 71.018) was supplied by Hoechst Japan Co.
(Tokyo). The dose of thGM-CSF was 125 [1g/m? given daily s.c. for 14
consecutive days starting on day 2. Patients did not receive thGM-CSF
on the day of chemotherapy.

Concomitant use of steroids and other myeloprotective agents was
prohibited. Platelets were transfused when the platelet count decreased
below 3x104mm? or when any bleeding became prominent. Packed
red blood cells were tranfused when the hemoglobin count decreased
below 8 g/dl or when anemia became symptomatic. If febrile
neutropenic episodes (=38° C) were observed, antibiotics were given
to the patients as indicated. If the WBC rose to >2x104/mm3, the
administration of thGM-CSF was discontinued. Removal from the
study was allowed if patients experienced WHO grade 3 or 4 toxicity
or objective progression of the disease or if they refused to continue
the treatment.

Reporting of laboratory data and evaluation of the results. Eligible
patients were registered to the central office by telephone before the
first cycle of chemotherapy. If the granulocyte nadir count recorded
after the first cycle of MVP was less than 1,000/mm?3, patients were
randomly assigned to receive rhGM-CSF or placebo during the second
cycle of MVP as shown in Fig. 1. All patients were treated on an in-
patient basis. Physical symptoms and vital signs were regularly ob-
served every day. The hematological and biochemical laboratory data
were obtained at least twice a week throughout the study period. As-
piration samples of bone marrow were taken before and after the
treatment. Chest X-rays were obtained at least every 2 weeks.

rhGM-CSF or Placebo

Fig. 1. Treatment schema

The granulocyte nadir count, the median duration of granulocyto-
penia (WHO grades 3, 4), and the median area under the concentra-
tion-time curve (AUC) of the granulocyte count were compared
between the two groups as the end points of this study. The AUC of
the granulocyte count was calculated in peripheral blood from day 1
until day 21 according to the method of Gurney et al. [14]. Toxicity
caused by the administration of thGM-CSF was reported using WHO
criteria. The response to and toxicity of the MVP regimen were also
evaluated by WHO criteria. Febrile episodes (=38°C) occurring
without any evidence of infection such as an abnormal chest film, a
positive bacterial culture, a response to antibiotics, or septic shock
were defined as fever related to thGM-CSF administration. The
clinical efficacy of rhGM-CSF for an individual patient in this
protocol setting was scored by each physician participating in this
trial on a questionnaire using a 5-point scale prior to unblinding of the
results. The 5-point-scale answers consisted of the following items: 5,
definitely; 4, moderately; 3, fairly; 2, none; and 1, not evaluable.

Statistical analysis. The balance of the distribution of patients’ char-
acteristics between the two groups was examined using the chi-square
test. The hematological parameters were compared between the two
groups using Wilcoxon’s test. The number of patients who showed an
increase in granulocyte AUC during the second cycle of MVP as
compared with the initial cycle were evaluated between the thGM-CSF
and placebo groups using the sign test. The median survival of patients
was calculated beginning from the starting day of the initial che-
motherapy using the Kaplan-Meier method. The difference in median
survival between the two groups was examined using the log-rank test
and the generalized Wilcoxon test.

The clinical efficacy of thGM-CSF for individual patients as
subjectively scored by each physician was analyzed with the ques-
tionnaires on the basis of a 5-point scale as mentioned above. A score
of 4 or 5 was defined as “useful” and a score of 1 or 2 was defined as
“problematic.” The significance of any difference was examined using
the chi-square test. The efficacy of rhGM-CSF ameliorating leukope-
nia was also examined among five category groups using the Kruskal-
Wallis test.

Results

From December 1990 until December 1991, 52 patients
were registered in this study. A total of 45 patients were
randomly assigned to two groups before the second course
of the chemotherapy (Table 1). Three patients were ex-
cluded because of the high absolute granulocyte nadir
counts of over 1,000/mm? recorded during the first cycle of
MVP. One patient with stage I disease was ineligible. Three
other patients were excluded from the study because of
steroid use during the treatment course. In all, 18 patients
were classified as stage IIIB and 27 patients, as stage IV.
Overall, 35 patients had not undergone prior surgery. In all,
32 patients had adenocarcinoma. No difference in the pa-
tients’ characteristics was found between the two groups.



Table 1. Comparison of patients’ characteristics

Category GM Placebo P
(n=122) (n=23)
Sex:
M 15 13 0.420
F 7 10
Age (years):
=39 0 1 0.088
40-49 6 1
50-59 8 9
60-69 3 9
70-79 5 3
Body surface area (m2):
1.0-14 6 9 0.399
1.5-1.9 16 14
PS (ECOG):
0-1 18 17 0.806
2 4 6
Stage:
1B 7 11 0.278
v 15 12
Prior surgery:
None 18 17 0.524
Histology:
Adenocarcinoma 15 17 0.671
Squamous-cell 4 5
Large-cell 2 1
Others 1 0

2 Chi-square test

Comparison of hematological toxicities

The median granulocyte nadir count was 540/mm3 in the
rhGM-CSF group and 200/mm3 in the placebo group
(P = 0.007; Fig. 2). The median period during which the
granulocyte count was less than 1,000/mm3 was 6 days in
the thGM-CSF group and 10 days in the placebo group
(£ = 0.04). The median AUC of the granulocyte count in
peripheral blood was 70,532 and 34,085/mm? per day, re-
spectively (P = 0.001). With regard to the nadirs of the
differentials of peripheral blood cells after the MVP regi-
men, there was a significant increase in the mean nadir
counts of eosinophils in the thGM-CSF group (P = 0.0353).

No significant difference in the nadir count of he-
moglobin was noted between the two groups (9.5 1.3 g/dl
in the thGM-CSF group vs 9.4+ 1.2 g/dl in the placebo
group; P = 0.25). There was a significantly earlier decrease
in the platelet count to the nadir value in the thGM-CSF
group (median, 10 vs 12 days; P = 0.001). However, no
significant difference in the nadir platelet count was ob-
served between the two groups (7.4 +4.4x104/mm3 in the
rthGM-CSF group vs 7.9 4.8x104mm3 in the placebo
group; P = 0.80). Four patients in the thGM-CSF group and
five patients in the placebo group experienced WHO
grades 3 and 4 thrombocytopenia, respectively, and no
difference in the volume of platelet transfusion was seen
between the two groups.

To assess the myeloprotective effect of thGM-CSF for
the same patients during two sequential courses of the MVP
regimen, the change in the granulocyte count AUC was
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compared between the first and the second cycles. The
patients who showed the increase in the granulocyte AUC
during the second cycle of MVP as compared with the first
cycle included 14 of 20 patients in the thGM-CSF group as
opposed to 3 of 22 patients in the placebo group. In addi-
tion, none of the patients in the rhGM-CSF group showed a
decrease in granulocyte AUC during the second cycle as
compared with the first cycle (P <0.01), whereas 13 of 22
patients in the placebo group did so (P <0.05). The
quantity of patients who showed an increase in the granu-
locyte AUC during the second cycle of the MVP regimen
was significantly higher in the thGM-CSF group as com-
pared with the placebo group using the sign test.

Adverse effects

The incidence of adverse effects related to rhGM-CSF, such
as fever (=38° C) and skin rash, was significantly higher in
the thGM-CSF arm (P = 0.001; Table 2). Three patients in
each group had infectious episodes (two patients each with
pneumonia, sepsis, and abscess) during the treatment
course. However, there was no fatal complication.

A comparison of the changes in the laboratory data
occurring after the chemotherapy between the rhGM-CSF
and the placebo groups revealed significant decreases in
the thGM-CSF group for serum GOT (-16.5+19.2 vs
-1.1+18.3 U/ml; P = 0.006), serum lactic dehydrogenase
(-88.1+133.2 vs -29.1170.1 U/ml; P = 0.044), total
protein (-0.71£0.5 vs —0.3£0.5 g/dl; P = 0.01), serum al-
bumin (-0.36 £0.27 vs —0.07 £ 0.37 mg/dl; P = 0.008), and
total cholesterol (-45.7120.5 vs -15.4113.0 mg/dl;
P = 0.002). However, there was no clinically hazardous
change in the absolute values of the blood chemistry
parameters in terms of liver or renal function or serum
electrolytes

Response to the MVP regimen and survival of patients

There was no complete response in either group. In all, 10
of 22 patients in the thGM-CSF group and 6 of 23 patients
in the placebo group achieved a partial response; the re-

Table 2. Comparison of adverse effects observed during chemotherapy
with or without thGM-CSF

Number of patients?

Adverse effects GM Placebo pp
(n=22) (n=23)
Overall no. of patients 15 4 0.001
Chest pain 2 0 0.233
Infiuration of injection 3 0 0.109
sites

Fever (=38°C) 6 1 0.047
Skin rash 4 0 0.049
Vomiting (grades 3, 4) 4 0 0.049
Increase in serum 0 3 0.489

GOT, GPT

2 Number of patients who showed any adverse effect
b Chi-square test
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Fig. 2A~-C. Changes in hematological parammeters of the patients before and after chemotherapy. A Changes in absolute granulocyte count.

B Changes in absolute platelet count. C Changes in hemoglobin. *, Mean value;

(125 ug/m?, s.c.); [, patients receiving placebo

sponse rate was 45% and 26%, respectively, and the 95%
confidence interval was 24% —66% and 8% ~44%, respec-
tively. The rate of response to the MVP regimen did not
significantly differ between the two groups (P = 0.20). A
total of 8 patients in the thGM-CSF group and 12 patients
in the placebo group showed no change. Two patients in the
former group and one patient in the latter group experi-
enced progressive disease. Two and four patients, respec-
tively, were not evaluable in the two groups. The median
survival of all patients included in this study was 300 days.

Subjective evaluation by participating physicians

In 8 patients in the thGM-CSF group (36%) and 3 patients
in the placebo group (13%), the scheduled administration
of trial drug was discontinued during chemotherapy-in-
duced neutropenia (P = 0.21; Table 3). In four of eight
patients it was discontinued because of adverse effects of
rthGM-CSF such as induration of the injection site and skin
rash, whereas none of the patients in the placebo group
developed such signs. Two of eight patients in the rhGM-
CSF groups and one patient in the placebo group refused to
continue receiving the trial drug because of nausea and
vomiting or fatigue. In one patient in each group it was
discontinued because of protocol violation. As shown in
Table 3, the clinical efficacy of rhGM-CSF for individual
patients as subjectively scored by each physician prior to

, median valoe; @&, patients receiving thGM-CSF

the opening of the results could not be demonstrated
(P = 0.091), and the incidence of adverse effects was sig-
nificantly higher in the thGM-CSF group (£ = 0.004).

Discussion

The ameliorating effect of rh granulocyte-CSF (thG-CSF)
and rhGM-CSF in patients with chemotherapy-induced
myelotoxicity has recently been extensively studied. Both
thCSFs have proved to be effective in reducing myelo-

Table 3. Clinical efficacy of the administration of thGM-CSF or pla-
cebo for the individual patient scored by each physician participating
in this trial

Number of patients

GM Placebo Pz

(n =22) (n=23)
Clinical usefulness in 6 4 0.425
ameliorating lenkopenia®
Problems of side effects 6 0 0.004

The questionnaires used a 5-point scale, whereby treatment of patients
given a score of 4 or 5 was defined as useful and that of patients
assigned score of 1 or 2 was defined as problematic

2 Chi-square test

b Comparison between 5 category-groups, P = 0.091 (Kruskal-Wallis
test)
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toxicity by shortening the duration of neutropenia and de-
creasing both infection and the duration of hospitalization
[5, 6, 11-13, 16]. However, the double-blind placebo-
controlled study that was recently reported by Khawaja et
al. [20] failed to show an improvement in the clinical
outcome with the use of rhGM-CSF in patients undergoing
high-dose chemotherapy plus autologous bone marrow
transplantation. Gurney et al. [14] observed that the nadir
induced by the moderately intensive chemotherapy could
not be shortened even with thGM-CSF in patients with
small-cell lung cancer, although their study was a small-
sized cross-over trial. thG- and thGM-CSF have been ap-
proved for clinical use in many countries. However, no
consensus has been reached concerning the use of rh-CSFs
in combination with intensive chemotherapy in patients
with advanced cancer. We could not analyze the cost-ef-
fective comparison between the two groups in this study,
since all patients were treated on an inpatient basis. We
think that the use of rh-CSFs should be reserved for patients
who are expected to gain a survival benefit from intensive
chemotherapy. The use of rh-CSF in combination with a
moderately myelotoxic regimen remains investigational in
patients with various solid tumors.

As compared with thG-CSF, thGM-CFS is an inducible
protein that occurs at increased levels in peripheral blood
during inflammatory reactions and has a broad spectrum of
biological activities. This may partly be the reason for the
higher incidence of adverse effects noted in patients re-
ceiving this trial drug. The present study was designed in
accordance with information available in January 1990,
including preliminary results of phase II trials conducted by
many groups. thG-CSF was effective in shortening the
duration of granulocytopenia and increasing the nadir leu-
kocyte count at a dose of 100 ug/m? or 3 ug/kg when given
by both the i.v. and the s.c. route in several phase I or I/II
studies [19, 21, 32, 33]. At the higher dose level of thGM-
CSF, capillary leak syndromes and venous thrombosis were
observed. Emminger et al. [8] reported that the capillary
leak syndrome occurred even at the low dose level of
rhGM-CSF (250 pg/m?) in a patient undergoing high-dose
chemotherapy plus autologous bone marrow transplanta-
tion. The dose of thGM-CSF used in our study was almost
50% lower than those given in other studies, but the present
dose was suggested from a phase I/II study in Japan [23].
This discrepancy may represent a racial difference in the
tolerance/toxicity of this agent. Even at this low dose of
rhGM-CSF, most patients experienced adverse effects.

The choice of thCSFs in combination with intensive
chemotherapy will depend on the role of the CSF in the
treatment schedule. The combination use of thGM-CSF in
phase I studies of high-dose chemotherapy has not been
fully supported. Recently, Rusthoven et al. [29] and
O’Dwyer et al. [26] showed that ThGM-CSF apparently
enhanced chemotherapy-induced hematotoxicity, especially
thrombocytopenia. They could not achieve dose escalation
of chemotherapeutic agents because of severe thrombocy-
topenia. Hoekman et al. [17] demonstrated that thGM-CSF
could not support the myelotoxicity of multicycle che-
motherapy in patients with advanced breast cancer. In a
Southwest Oncology Group combined-modality study in
patients with limited small-cell lung cancer, Bunn et al. [3]

reported a significantly greater degree of thrombocytopenia
in the thGM-CSF group. Although our study could not
clarify the relationship between the schedule of adminis-
tration of thGM-CSF and the degree of thrombocytopenia,
concurrent use of rh-CSFs and an intensive myelotoxic
regimen should be avoided.

The strategy involving the combined use of thCSFs such
as interleukin 3 (IL-3) plus GM-CSF [2, 10, 28] and
evaluation of the clinical benefit of using rhCSF-induced
peripheral progenitor cells in intensive cancer treatment
[7, 22, 35] clearly warrant study for the effective ameli-
oration of chemotherapy-induced myelotoxicity.

In conclusion, thGM-CSF did reduce the duration of
chemotherapy-induced granulocytopenia and ameliorate
the nadir granulocyte count. The incidence of adverse ef-
fects such as fever, induration of the injection site, and skin
rash was significantly higher in patients receiving rhGM-
CSE. The clinical usefulness of this agent could not be
demonstrated because of the adverse effects observed
during its use in combination with a moderately myelotoxic
chemotherapy regimen.
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