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Granulocyte-colony-stimulating Factor Enhances the Circulating Hematopoietic
Progenitors in Lung Cancer Patients Treated with Cisplatin-containing Regimens

Jun-nosuke Mukai, Eiji Shimizu' and Takeshi Ogura

Third Department of Internal Medicine, The University of Tokushima School of Medicine, 3-18-15
Kuramoto-cho, Tokushima 770

A phase II study examining the effects of human recombinant granulocyte-colony-stimulating factor
(G-CSF) on the growth of colony-forming unit-granulocyte macrophage (CFU-GM) in the bone
marrow and in the peripheral blood was performed in lung cancer patients treated with cisplatin-
containing regimens. Treatment with G-CSF following chemotherapy significantly increased the
absolute granulocyte count. No significant effect of G-CSF on either the platelet or the red blood cell
count was observed, Treatment with G-CSF did not affect the CFU-GM levels in the bone marrow,
but did have a significant effect on peripheral blood CFU-GM levels 14 days after initiation of
chemotherapy (P<0.05). Four patients demonstrated a rebound increase in the level of peripheral
blood CFU-GM during the first course of chemotherapy without G-CSF. In contrast, eight patients
displayed increase in peripheral blood CFU-GM levels during the second course of chemotherapy with
G-CSF treatment. These findings demonstrate that G-CSF is a potent stimulator of granulocyte
proliferation as well as a potent agent for promoting transport of hematopoietic progenitors from the

bone marrow into the peripheral blood.
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We and others have previously shown that patients
with lung cancer displayed a “rebound overshoot” phe-
nomenon of the circulating level of peripheral blood
hematopoietic progenitor cells (PBHPs )."? These
PBHPs may be useful as an alternative source for bone
marrow stem cells in lung cancer patients treated with
marrow-ablative chemotherapy. Early hematopoietic re-
constitution with autotransplantation of PBHPs follow-
ing myeloablative chemotherapy was observed in one pa-
tient with lung cancer.” However, this phenomenon ap-
peared to be dependent upon the specific chemotherapeu-
tic regimen used.>* It was observed most frequently in
patients who had received combination chemotherapy
with cisplatin (CDDP) and etoposide (VP-16). In con-
trast, it was not well developed in patients receiving
chemotherapy with either CDDP, mitomycin (MMC),
and vindesine (VDS), or CDDP and MMC, or CDDP
alone. Although the reason for this rebound effect
remains unclear, the dose, timing, and schedule of drugs
administered may be important factors in determining
this process.

Recently, several human myeloid colony-stimulating
factors (CSFs) have been cloned and sequenced, and
their biological activities have been shown to be equiva-
lent to those of their natural counterparts.”® Granulo-
cyte-colony-stimulating factor (G-CSF) has growth and
differentiation effects on a population of late progenitor
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cells in the granulocyte lineage. Granulocyte macrophage
(GM)-CSF interacts with cells of an earlier lineage than
does G-CSF and is reported to stimulate erythroid and
mixed colony formation as well.”'? Furthermore, mega-
karyocytes have been shown to respond to GM-CSF.'®
Interleukin-3 {(IL-3) can support the growth of cells from
relatively early pluripotent progenitors to mature cells of
several lineages. PBHPs are considered to be more prim-
itive than their counterparts in the bone marrow,'*'" and
they have been described in patients with lung cancer as
well as in those with leukemia, multiple myeloma, and
lymphoma.'®

The in vive effects of GM-CSF and G-CSF in humans
have been previously reported. Phase I and II studies
have shown that treatment with G-CSF both reduced the
period of neutropenia following cytoreductive chemo-
therapy and accelerated the recovery from neutro-
penia.’**® Both GM-CSF and G-CSF treatments were
also reported to enhance the production of PBHPs when
given alone.”'™ However, it remains unclear whether
G-CSF is effective in increasing the levels of PBHPs
when used in conjunction with cisplatin-containing regi-
mens for lung cancer. In this study, we report that
human recombinant G-CSF can accelerate the recovery
from neutropenia, increase the frequency of the “re-
bound overshoot” phenomenon of PBHPs, and acceler-
ate the time at which the phenomenon occurs following
cytoreductive chemotherapy in lung cancer patients as
well.



PATIENTS AND METHODS

Patient Eleven patients with histologically proven lung
cancer were entered into the study. Patients were started
on the protocol after undergoing the following studies:
chest X-ray examination; fiberoptic bronchoscopy with
cytologic washing, brushing, and biopsy; bone marrow
aspiration and biopsy; bone scan; brain CT scan; and
abdominal ultrasound. None of the patients had received
previous chemotherapy and/or radiotherapy in the six
weeks prior to initiation of chemotherapy, All patients
gave informed consent to participate in the study.

Protocol of chemotherapy in combination with G-CSF
and timing of sample aspiration for colony-forming unit-
granulocyte macrophage (CFU-GM) measurement The
details of the second course of chemotherapy with
G-CSF and the timing of sample aspiration are shown in
Fig. 1. The chemotherapy regimen consisted of CDDP
(80 mg/m?, day 1) and VP-16 (75 mg/m’/day, days 1-5)
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Tig.1. Chemotherapy regimen (second course) in combination
with G-CSF and timing of sample aspiration for CFU-GM
measurement in peripheral blood (PB) and in bone marrow
(BM). The first course was identical to the second course
except that G-CSF was not administered. The intervals between
the first and second courses of chemotherapy were 4 to 5 weeks,
depending on the recovery from myelosuppression induced by
the first course of chemotherapy.
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for 4 patients and CDDP (80 mg/m?, day 1), MMC (8
mg/m’, day 1), and VDS (3 mg/m’, days 1 and 8) for 7
patients. CDDP was administered with 2000 ml of
Ringer’s lactate solution and 1000 ml of saline containing
mannitol, metoclopramide, dexamethasone and furose-
mide for 13 h. Each cycle was repeated every 4-5 weeks
depending on recovery from myelosuppression induced
by the first course of chemotherapy. Five patients were
treated every 5 weeks, and three patients were treated
every 4 weeks in the study. Human recombinant G-CSF,
75 pg/day (specific “activity, 1X10° unit/mg; Kirin
Brewery Co., Ltd., Tokyo) was administered sub-
cutaneously on days 4-17 during the second course of
chemotherapy. Bone marrow specimens were obtained
from the anterior iliac crest before and on days 14 and 28
after initiation of chemotherapy. Blood samples were
obtained by venipuncture on days 4, 7, 14, 28 and 35
after initiation of chemotherapy. The schedule for the
first course of chemotherapy without G-CSF and the
timing of sample collection were identical to those shown
in Fig. | except G-CSF was not administered.
Measurement of CFU-GM The bone marrow aspirate
was diluted 5-fold with Dulbecco’s minimum essential
medium (DMEM), and blood was diluted 1:1 with
calcium- and magnesium-free phosphate-buffered saline
(PBS). Mononuclear cells were separated by centrifuga-
tion using Lymphocyte Separation Medium (LSM; Orga-
non Teknika Co., Durham). For the CFU-GM assay, the
mononuclear cells were plated in 35 mm Petri dishes
DMEM supplemented with 0.89% methylcellulose, 20%
fetal bovine serum (FBS), 1% bovine serum albumin
{BSA), and with either 100 U/ml of recombinant human
GM-CSF (Genetics Inst.,, Cambridge), 100 U/ml of
recombinant IL-3 (Genetics Inst.), or 1 ng/ml of re-
combinant G-CSF (Kyowa Co., Tokyo) at 5X10° (for
peripheral blood) or 1 X 10? (for bone marrow) per plate
and cultured in a humidified incubator at 37°C and 5%
COQ,. Duplicate cultures were set up, and colonies ( >40
cells) were scored under an inverted microscope after
incubation for 14 days. The number of CFU-GM was
calculated as total number of colonies per mi of blood or
per ml of bone marrow specimen.

RESULTS

Eleven patients with lung cancer were enrolled in the
study. One patient was not evaluable because of an
inability properly to collect blood samples. The charac-
teristics of each patient are presented in Table I. In eight
of ten patients, the levels of CFU-GM were measured
serially. The kinetics of leukocytes following the G-CSF
treatment was remarkably different compared with the
case of chemotherapy alone (Fig. 2). The results of the
first course of chemotherapy with either CDDP and VP-
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Table I. Characteristics of Patients
Eligible cases 11
Evaluable cases 10°
Median age (range) 58.5 (46-70)
Sex
Male 8
Female 2
Histology .
Squamous cell carcinoma 3
Adenocarcinoma 3
Small cell carcinoma 2
Others 2
Clinical stage
IIla 4
IIIs 2
Iv 4
Chemotherapy
CDDP+VP-16 4
CDDP +MMC-+ VDS 6
Assay of CFU-GM g®

@) Ten patients were treated with the first course (without
G-CSF) and the second course {with G-CSF) of chemotherapy
and the effects of G-CSF on routine hematological examina-
tions were evaluated.

b) CFU-GM assays in bone marrow and in peripheral blood
from eight of ten patients were performed serially during the
first and second courses of chemotherapy.

16 (4 patients} or CDDP, MMC, and VDS (6 patients)
are presented as broken lines. In the first course (chemo-
therapy alone), the leukocyte count reached a nadir on
day 16 and gradually recovered to the pretreatment level
on day 28 after initiation of chemotherapy. In contrast
the leukocyte count significantly increased following
G-CSF treatment (solid line). The first increase was ob-
served one day after initiation of G-CSF (day 5), while
the second increase was observed one day after cessation
of G-CSF (day 18). The leukocyte count decreased
within 4-5 days following cessation of G-CSF. There was
no significant effect of G-CSF on either the platelet count
or the red blood cell (RBC) count.

The white blood cell differential count from a repre-
sentative patient is shown in Fig. 3. Only the levels of
neutrophils were increased following the administration
of G-CSF. The absolute number of lymphocytes or mono-
cytes did not increase significantly. The kinetics of the
leukocyte response following a subcutaneous single injec-
tion of G-CSF from a representative patient is presented
in Fig. 4. The leukocyte count initially decreased within
1 h of G-CSF treatment but then increased, reaching a
peak 8 h later. The peak leukocyte count remained stable
for the next 24 h.
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Fig. 2. Effect of G-CSF on the leukocyte, platelet, and RBC
counts in fen patients treated with chemotherapy. Control
courses {first course; @ @) include six courses of CDDP,
MMC, and VDS and four courses of CDDP and VP-16 without
G-CSF in ten patients. During the second course (@ —®),
G-CSF (75 ug/body/day, days 4-17) was administered along
with chemotherapy. Vertical bars indicate the standard error.

When mononuclear cells were stimulated with GM-
CSF in vitro, the average number*standard error of
CFU-GM per milliliter of bone marrow in 10 patients
with lung cancer was 5074 =2413 before chemotherapy,
while that of peripheral blood was 12.2 2.8, There was
a considerable variation in the CFU-GM levels among
individuals before initiation of chemotherapy {data not
shown). Two of 10 patient samples were not evaluable
for sequential analysis of CFU-GM as one refused bone
marrow aspiration, and an error in the CFU-GM assay
occurred in the second case. The effects of in vivo G-CSF
on hematopoietic progenitors of bone marrow and pe-
ripheral blood were evaluated for the remaining 8 lung
cancer patients. Fig. 5 shows the in vivo effect of G-CSF
on CFU-GM from the bone marrow in patients treated
with myelosuppressive chemotherapy. After administra-
tion of chemotherapeutic agents, the levels of CFU-GM
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Fig. 3. Effect of G-CSF on the differential count of leukocytes in a representative patient treated with
chemotherapy. The chemotherapy regimen of CDDP (80 mg/m?, day 1), MMC (8 mg/m’, day 1), and VDS
(3 mg/m’?, days 1 and 8) was administered to the patient twice every 4 weeks. During the second course,
G-CSF (75 pg/body/day, days 4-17) was administered along with chemotherapy.
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in the bone marrow decreased markedly 14 days after
the initiation of chemotherapy, and they had partially
recovered but had not reached the prechemotherapy level
when the second course of chemotherapy was started. In
the second course of chemotherapy with G-CSF, there
was no effect on the CFU-GM in the bone marrow
compared with that in the first course of chemotherapy
without G-CSF. Fig. 6 shows the in vivo effect of G-CSF
on CFU-GM from the peripheral blood in patients

CSF was initiated.

treated with chemotherapy. During drug administration,
the levels of CFU-GM in the peripheral blood were
markedly decreased 4 days after, remained low for the
next 2 weeks and then displayed a “rebound overshoot”
phenomenon 28 days after initiation of the first course of
chemotherapy. When the second course started, high
levels of CFU-GM in the peripheral blood persisted, but
they decreased markedly again 4 days after the initiation
of the second course of chemotherapy. Fourteen days of
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Fig. 5. The kinetics of the CFU-GM response in bone marrow

following chemotherapy in the absence or presence of G-CSF in
eight patients. The evaluation of bone marrow CFU-GM was
done sequentially in four patients treated with CDDP and VP-
16 and in four patients treated with CDDP, MMC, and VDS.
The details of each chemotherapy regimen are shown in Fig. 1.
The first “Before™ relates to the level of CFU-GM before the
first course of chemotherapy without G-CSF, and the second
“Before” relates to the level of CFU-GM just prior to the second
course of chemotherapy with G-CSF (28-33 days after initia-
tion of the first chemotherapy). The level of CFU-GM was
caiculated as the total number of colonies per ml of bone
marrow samples in the presence of GM-CSF, IL-3, or G-CSF.
Vertical bars indicate the standard error of eight different
experiments done in duplicate.

daily administration of G-CSF started 4 days after the
initiation of chemotherapy. The levels of CFU-GM in the
peripheral blood remained low 7 days after, showed a
marked increase 14 days after and then decreased 28 days
after the initiation of the second course of chemotherapy.
Significant differences of CFU-GM between the first and
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Fig. 6. The kinetics of the CFU-GM response in peripheral
blood following chemotherapy in the absence or presence of
G-CSF in eight patients. The evaluation of peripheral blood
CFU-GM was done sequentially in four patients treated with
CDDP and VP-16 and in four patients treated with CDDP,
MMC, and VDS. The details of each chemotherapy regimen
are shown in Fig. 1. The first “Before” relates to the level of
CFU-GM before the first course of chemotherapy without
G-CSF, and the second “Before” relates to the level of CFU-
GM just prior to the second course of chemotherapy with
G-CSF (28-35 days after initiation of the first chemotherapy).
The level of CFU-GM was calculated as the total number of
colonies per ml of peripheral blood samples in the presence of
GM-CSF, I11.-3, or G-CSF. Vertical bars indicate the standard
error of eight different experiments done in duplicate.

the second course were seen “Before” (P<0.05) and 14
days after the initiation of chemotherapy (P<0.05).
When the rebound overshoot phenomenon in the blood
was defined as a minimum of six-fold increase in the
progenitor level over that before chemotherapy, four
overshoots (50%) in the first course without G-CSF



Table [I. The Frequency of G-CSF-Induced “Rebound Over-
shoot” Phenomenon of CFU-GM Levels in Peripheral Blood
Following Chemotherapy

Chemotherapy regimen G-CSF (—) G-CSF ()
CDDFP+VP-16 4/4 (100%) 4/4 (100%)
CDDbP+MMCH+VDS 0/4  (0%) 4/4 (100%)
Total 4/8 (50%) 8/8 (100%)

The “rebound overshoot” phenomenon in the blood was defined
as at least a six-fold increase in the CFU-GM level over that
determined prior to chemotherapy.

administration, and eight overshoots (100%) in the
second course with G-CSF administration were indicated
{Table 1I).

The toxicities of G-CSF were generally acceptable.
Two patients developed mild lumbosacral back discom-
fort which was controfled with indomethacin on days 13
and 14 after initiation of G-CSF treatment. One patient
developed moderate fever on day 7 after initiation of
G-CSF treatment.

DISCUSSION

In this study, we examined the in vivo effect of G-CSF
on hematopoietic progenitor cells as well as on mature
blood cells in the peripheral blood and in the bone
marrow of lung cancer patients treated with chemother-
apy. As has been previously reported by a number of
investigators, treatment with G-CSF increases the leuko-
cyte count, specifically granulocytes, and accelerates the
recovery from the leukopenia induced by chemotherapy.
We have shown that following the initiation of G-CSF
administration via the subcutaneous route, peripheral
blood leukocytes initially decreased but then increased
rapidly over the next 24 h, The early granulocytopenia
has previously been reported,” and appears to result
from an increased adherence of leukocytes to the endo-
thelium. The subsequent granulocytosis appears to result
from the release of granulocytes from the marginal pool,
such as postcapillary venules. This is in contrast to G-
CSF-stimulated granulopoiesis, since the latter requires a
longer period of time to induce proliferation and differen-
tiation of hematopoietic stem cells.””’ The second episode
of granulocytosis appears to be induced by G-CSF 14 days
afier initiation of treatment. Our findings indicate that
G-CSF was able both to decrease the nadir induced by
chemotherapy and to shorten the duration of leukopenia.

Next, we have examined the levels of CFU-GM
stimulated ir vitro by IL-3, GM-CSF, and G-CSF in the
bone marrow and in the peripheral blood in order to
evaluate the reserve capacity of hematopoiesis. Although

Effect of G-CSF on CFU-GM in Lung Cancer

the physiological significance of hematopoietic progeni-
tors in the peripheral blood has not yet been clarified, they
are thought to be counterparts of hematopoietic progen-
itors in the bone marrow and indicate bone marrow
function.”'” Chemotherapy significantly suppressed
CFU-GM in both bone marrow and peripheral blood.
The suppression of CFU-GM preceded cytopenia of
mature granulocytes. The “rebound overshoot” phenom-
enon of CFU-GM in the peripheral blood occurred at
21-28 days after the initiation of chemotherapy, when the
recovery of leukocytopenia occurred, or at the time when
the second course of chemotherapy was initiated. On the
other hand, no overshoot in the bone marrow appeared at
the time when peripheral blood progenitor overshoot was
evident. Namely the dissociation of CFU-GM kinetics
between bone marrow and peripheral blood was shown
during the recovery phase of hemocytopenia induced by
chemotherapy.

When G-CSF was administered in combination with
anticancer agents at the second course of chemotherapy,
carlier recovery and overshoot of CFU-GM in the pe-
ripheral blood were noteworthy compared with those
during the first course of chemotherapy; however,
G-CSF did not affect the level of CFU-GM in the bone
marrow. Namely, G-CSF seems to release CFU-GM
from the bone marrow to the peripheral blood and seems
to play an important role in the differentiation of he-
matopoietic progenitors to mature granulocytes ir vivo,
Another useful aspect of G-CSF in addition to leukocy-
tosis, is that G-CSF could clinically induce transpor{ of
hematopoietic progenitor cells from the bone marrow to
the peripheral blood. Recently, much attention has been
focused on the PBHPs as an alternative to bone marrow
transplantation following ablative chemotherapy.®"
The advantages of PBHPs are that they can be obtained
without the use of anesthesia and without the discomfort
involved in multiple bone marrow aspiration. Moreover,
it is conceivable that PBHPs might be less likely to be
contaminated with tumor cells. Harvesting of PBHPs
is usually performed 3-4 weeks following conventional
chemotherapy when the rebound increase in progenitor
cells occurs in the peripheral blood. However, these
increases depend on the specific chemotherapeutic regi-
men used. Namely, the regimen of CDDP and VP-16
appears to induce this “rebound overshoot” phenomenon
most effectively, in contrast to the regimen of CDDP,
VDS, and MMC.” When each of these regimens was
combined with G-CSF treatment, all patients entered
into this study displayed the “rebound overshoot™ of
progenitor cells in the peripheral blood. We have also
established the time when the “rebound overshoot” was
evident (i.e., 10 days after initiation of G-CSF treat-
ment) in lung cancer patients treated with cisplatin-
containing regimens and G-CSF. These findings suggest

751



Jpn. J. Cancer Res, 83, July 1992

that G-CSF is useful not only in reversing leukocytopenia
but also in stimulating the release of progenitor cells
from the bone marrow into the peripheral blood.

ACKNOWLEDGMENTS

The authors thank the following physicians for providing
materials and clinical information; Drs. K. Asada, S. Ishikawa,
W. Ichikawa, A. Okubo, E. Orino, T, Shinohara, A. Shinchara,
K. Tani, H. Takehara, T. Takahashi, E. Takeuchi, Y. Naka-

REFERENCES

1) Abram, R. A., Johnston-Early, A., Kramer, C., Minna,
1. D., Cohen, M. H. and Deissercth, A. B. Amplification
of circulating granulocyte-monocyte stem cell numbers
following chemotherapy in patients with extensive small
cell lung carcinoma of the lung. Cancer Res., 41, 35-41
(1981).

2) Shimizu, E., Mukai, J., Takaue, Y. and Ogura, T.
Circulating hematopoietic progenitors in patients with pri-
mary lung cancer. Jpn. J. Cancer Res, 81, 1293-1299
{1990).

3) Mukai, J., Shimizu, E., Yamamoto, A., Takaue, Y. and
Ogura, T. High dose chemotherapy and autologous blood
hematopoietic stem cell autograft treatment for small cell
carcinoma of the lung. Lung Cancer, 30, 569-574 (1990)
(in Japanese).

4) Mukai, J.,, Shimizy, E., Takaue, Y. and Ogura, T. Effect

of chemotherapy on colony forming unit-granulocye

macrophage from bone marrow and peripheral blood in

patients with lung cancer. Oncology, 49, 4548 (1991).

5) Clark, S. C. and Kamen, R. The human hematopoietic
colony-stimulating factors. Science, 236, 1229-1237
(1987).

6) Griffin, J. D. Hemopoietins in oncology: factoring out
myelosuppression. J. Clin. Oncol., 7, 151-155 (1989).

7) Sieff, C. A., Emerson, S. G., Donahue, R. E., Nathan,
D. G, Wang, E. A., Wong, G. G. and Clark, S. C. Human
recombinant granulocyte-macrophage colony stimulating
factor: a multilineage hematopoietin. Science, 230, 1171-
1173 (1985).

8) Donahue, R. E., Emerson, 5. G., Wang, E. A., Wong,
G. G, Clark, 8. C. and Nathan, D. G. Demonstration of
burst-promoting activity of recombinant human GM-CSF
on circulating erythroid progenitors using an assay involv-
ing the delayed addition of erythropoietin. Blood, 66,
1479--1481 (1985).

9) Emerson, S. G., Sieff, C. A., Wang, E. A, Wong, G. G,
Clark, S. C. and Nathan, D. G. Purification of fetal
hematopoietic progenitors and demonstration of recombi-
nant multipotential colony-stimulating activity. J. Clin.
Invest., 76, 12861290 (1985).

10) Metcalf, D., Begley, C. G., Johnson, G. R., Nicola, N. A.,
Vadas, M. A., Lopez, A. F., Williamson, D. J., Wong,

752

mura, Y. Nishioka, M. Bando, K. Hiramatsu, K. Maniwa,
K. Mizuno, S. Yoshida, A. Yamamoto, and K. Yoneda. The
authors are also grateful to Mr. and Mrs. Duht, and Dr. E.
Chew for many valuable suggestions, to Kirin Brewery Co.
and Kyowahakko Co. for providing recombinant human G-
CSF, and to the Genetics Institute for providing recombinant
human IL-3 and GM-CSF. This work was supported in part
by a Grant-in-Aid for Encouragement of Young Scientists
from the Ministry of Education, Science and Culture, Japan,

(Received January 14, 1992/Accepted April 30, 1992)

G. G. and Clark, 8. C. Biologic properties in vitro of
a recombinant human granulocyte-macrophage colony-
stimulating factor. Bloed, 67, 37-45 (1986).

11) Donahue, R. E., Wang, R. E,, Stone, E. A., Kamen, R.,
Wong, G. G., Segal, P. K., Nathan, D. G., and Clark, S. C.
Stimulation of haematopoiesis in primates by continuous
infusion of recombinant human GM-CSF. Nature, 321,
872-875 (1986).

12} Leary, A. G., Yang, Y., Clark, S. C., Gasson, J. C., Golde,
D. W, and Ogawa, M. Recombinant gibbon interleukin
3 supperts formation of human multilineage colonies
and blast cell colonies in eulture: comparison with recombi-
nant human granulocyte-macrophage colony-stimulating
factor. Blood, 70, 1343-1348 (1987).

13) Tomer, A., Harker, L. A. and Burstein, 8. A. Purification
of human megakaryocytes by fluorescence-activated cell
sorting. Blood, 70, 1735-1742 (1987).

14) Ferrero, D., Broxmeyer, H. E., Pagliardi, G. L., Venuta, S.,
Lange, B, Pessano, S. and Rovera, G. Antigenetically
distinct subpopulations of myeloid progenitor cells
(CFU-GM) in human peripheral blood and marrow. Proc.
Nutl, Acad. Sci. US4, 80, 4114-4118 (1983).

15) Caracciolo, D., Clark, S. and Rovera, G. Differential
activity of recombinant colony-stimulating factors in
supporting proliferation of human peripheral blood and
bone marrow myeloid progenitors in culture. Br. J.
Haematol, 72, 306-311 (1989),

16) Chervinsky, D, S., Tebbi, C. K. and Freeman, A. . The
significance of the ratio of blood to marrow hematopoietic
progenitors {(CFU-GM and CFU-GEMM) in relation to
discase state of patients with acute lymphoblastic leuke-
mia. Leuk. Res., 13, 433489 (1989).

17} Takaue, Y., Kawano, Y., Reading, C. L., Watanabe, T.,
Abe, T, Ninomiya, T., Shimizu, E., Ogura, T., Kuroda, Y.,
Yokobayashi, A., Nakahata, T., Asano, S. and Ventura, G.
Effects of recombinant human G-CSF, GM-CSF, IL-3,
and IL-1 alpha on the growth of purified human peripheral
blood progenitors. Blood, 76, 330-335 (1990).

18) Ganser, A. and Hoelzer, D. Effect of intensified chemo-
therapy on the pluripotent haematopoietic progenitor cells
CFU-GEMM in adult acute lymphoblastic ieukaemia. Br.
J. Haematol,, 64, 169-178 (1986).



19)

20)

21)

22)

23)

24)

25)

Gabrilove, J. L., Jakubowski, A., Fain, K., Grous, I,
Scher, H., Sternberg, C., Yagoda, A., Clarkson, B.,
Bonilla, M. A., Oettgen, H. F., Alton, K., Boone, T.,
Altrock, B., Welte, K. and Souza, L. Phase I study of
granulocyte colony-stimulating factor in patients with
transitional cell carcinoma of the urothelium. J. Clin.
Invest., 82, 14541461 (1988).

Gabrilove, J. L., Jakubowski, A., Scher, H., Sternberg, C.,
Wong, G., Grous, J., Yagoda, A., Fain, K., Moore, M. A, §,,
Clarkson, B., Oettgen, H. F., Alion, K., Welte, X. and
Souza, L. Effect of granulocyte colony-stimulating factor
on neutropenia and associated morbidity due to chemo-
therapy for transitional-cell carcinoma of the urothelium.
N. Engl J. Med., 318, 14141422 (1988).

Socinski, M. A., Cannistra, 8. A., Elias, A., Antman,
K. H., Schnipper, L. and Griffin, J. D. Granulocyte-
macrophage colony stimulating factor expands the circu-
lating haemopoietic progenitor cell compartment in man.
Lancet, i, 1194-1198 (1988).

Aglietta, M., Piacibello, W., Sanavio, F., Stacchini, A.,
Apra, F., Schena, M., Mossetti, C., Carnino, F., Caligaris-
Cappio, F. and Gavosto, F. Kinetics of human hemo-
poietic cells after in vivo administration of granulocyte-
macrophage colony-stimulating factor. J. Clin. Invest., 83,
551-557 (1989).

Siena, S., Bregni, M., Brando, B., Ravagnani, F.,
Bonadonna, G. and Gianni, A. M. Circulation of CDD34+
hematopoietic stem cells in the peripheral blood of high-
dose cyclophosphamide-treated patients: enhancement by
intravenous recombinant human granulocyte-macrophage
colony-stimulating factor. Blood, 74, 1905-1914 (1989},
Molineux, G., Pojda, Z., Hampson, I. N., Lord, B. I. and
Dexter, D. M. Transplantation potential of peripheral
blood stem cells induced by granulocyte colony-
stimulating factor. Blood, 76, 2153-2158 (1990).

Gianni, A. M., Tarella, C., Siena, S., Bregni, M,
Boccadoro, M., Lombardi, F., Bengala, C., Bonadonna,
G. and Pileri, A. Durable and complete hematopoietic
reconstitution after autografting of rhGM-CSF exposed
peripheral blood progenitor cells. Bone Marrow Trans-
plant., 6, 143-145 (1990).

26)

27)

28)

29)

30)

31)

32)

33)

34)

Effect of G-CSF on CFU-GM in Lung Cancer

Bronchud, M. H., Potter, M. R., Morgenstern, G., Blasco,
M. J., Scarffe, J. H., Thatcher, N., Crowther, D., Souza,
L. M., Alton, N. K., Testa, N. G. and Dexter, T. M. In
vitro and in vivo analysis of the effects of recombinant
human granulocyte colony-stimulating facter in patients.
Br. J. Cancer, 58, 6469 (1988).

Cannistra, S. A. and Griffin, J. D. Regulation of the
production and function of granulocytes and monocytes.
Semin. Hematol.,, 25, 173—188 (1988).

Goodman, J. W. and Hodgson, G. S. Evidence for stem
cells in the peripheral blood of mice. Blood, 19, 702-714
(1962).

Debelak-Fehir, K. M. and Epstein, R. B. Restoration of
hematopoiesis in dogs by infusion of cryopreserved au-
tologous peripheral white cells following busulfan-cyclo-
phosphamide treatment. Transplantation, 20, 63-67
(1975).

Barr, R. D. and Mcbride, J. A. Haemopoietic engraftment
with peripheral blood cells in the treatment of malignant
disease, Br. J. Haematol,, 51, 181-187 (1982).

Stiff, P. 1., Murgo, A. J., Wittes, R. E., DeRisi, M. F. and
Clarkson, B. D. Quantification of the peripheral blood
colony forming unit-culture rise following chemotherapy.
Could leukocytaphereses replace bone marrow for autol-
ogous transplantation? Transfusion, 23, 500-503 (1983).

Appelbaum, F. R., Deeg, H. I, Storb, R., Graham, T. C.,
Charrier, K. and Bensinger, W. Cure of malignant
lymphoma in dogs with peripheral blood stem cell trans-
plantation. Transplantation, 42, 19-22 (1986).

To, L. B, Dyson, P. G., Branford, A. L., Russell, I. A.,
Haylock, D. N, Ho, J. ., Kimber, R. J. and Juttner,
C. A. Peripheral blood stem cells collected in very early
remission produce rapid and sustained autologous
haemopoietic reconstitution in acute non-lymphoblastic
leukaemia. Bone Marrow Transplant., 2, 103-108 {1987).
Takaue, Y., Watanabe, T., Kawano, Y., Koyama, T., Abe,
T., Suzue, T., Satoh, J., Shimokawa, T., Ninomiya, T.,
Kosaka, M., Shimizu, E., Ogura, T. and Kuroda, Y.
Isolation and storage of peripheral blood hematopoietic
stem cells for autotransplantation intoc children with
cancer. Blood, 74, 1245-1251 (1989).

753





