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Hematopoietic growth factors (HGFs) have provided on-
cologists with powerful tools to investigate questions of
chemotherapy dose and treatment outcome in cancer
patients. Agents such as recombinant granulocyte
colony-stimulating factor (e.g. G-CSF; filgrastim) signifi-
cantly accelerate neutrophil recovery after chemotherapy
and therefore allow the delivery of a planned dose on
time. Moreover, it is possible to investigate the effects of
escalated dose chemotherapy with HGF support. This can
be done using the HGF alone or in conjunction with stem
cell rescue. HGFs significantly reduce morbidity following
bone marrow transplantation (BMT) and may also be
used to mobilize peripheral blood progenitor cells (PBPC)
to support high-dose chemotherapy. Growth factor-
mobilized PBPC have practical and clinical advantages
over BMT and may be a more effective method of
allowing the delivery of high-dose therapy, but for some
patients (who for reasons not yet clear, display a poor
mobilization response) a combination of autologous bone
marrow and PBPC might be more effective at reconstitu-
ting hematopoiesis. Whether more intensive treatment
approaches will significantly improve survival remains to
be determined.
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Introduction

Significant advances in the efficacy of combination
chemotherapy regimens have been limited during
the last two decades by two inter-related problems,
namely multi-drug resistance and drug toxicity.
Drug resistance mav be present at the time of
diagnosis, or it mav develop following exposure to
chemotherapy.’ Circumvention of drug resistance
with inhibitors of the recently identitied multi-drug
resistance protein, p-glvcoprotein, is theoretically
attractive and undergoing earlv clinical testing.”
However, a more common school of thought is to
escalate the dose of chemotherapy in an attempt to
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erradicate all chemosensitive cells and, perhaps,
overcome the resistance of malignant cells to
conventional doses. Since many conventional
chemotherapy regimens are given at, or close to,
the maximum tolerated dose, the scope for dose
escalation is severely limited by increased toxicity.
The most common obstacle to more effective
chemotherapy delivery is severe myelosuppression,
which increases the patient’s susceptibility to severe
infection and compromises the delivery of planned
chemotherapy.’ Attempts to escalate dose intensity,
therefore, require effective hematopoietic support
to ensure prompt restoration of normal hematopoi-
esis. Previously, this has only been possible with
bone marrow transplantation (BMT), a risky and
morbid procedure, restricted to specialist units. The
introduction of recombinant HGFs has provided
oncologists with powerful tools to manipulate
hematopoiesis and, thus, the ability to enhance the
delivery of chemotherapy at standard or escalated
doses.

The recombinant human HGFs, in particular
granulocyte colony stimulating factor (G-CSF) and
granulocyte-macrophage colony stimulating factor
(GM-CSF), significantly accelerate neutrophil count
recovery following chemotherapy and, although
neither agent abolishes the neutrophil nadir
completely, both significantly reduce the period of
neutropenia following myelosuppressive chemo-
therapy.®> A number of other HGFs, including
macrophage colony-stimulating factor (M-CSF),
interleukin-3 (IL-3), interleukin-1 (IL-1), and stem
cell factor (SCF), are also in the early stages of
clinical development, and mav prove to be useful
additions to the armament of agents that can be
used to stimulate mvelopoiesis.””

The clinical efficacy of filgrastim (recombinant
methionyl human-G-CSF) has been shown in the
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setting of standard-dose chemotherapy*'’ and
following high-dose chemotherapy with BMT."
Two randomized, double-blind, placebo-controlled
trials in small-cell lung cancer patients have shown
that filgrastim significantly reduces neutropenia-
associated complications by about 50%.*'" In the
one study where it was evaluated, the use of filgras-
tim resulted in better on-time delivery of full-dose
chemotherapy (cyclophosphamide, doxorubicin,
etoposide) compared with placebo.'” Recombinant
GM-CSF has also been shown to reduce neutro-
penia following standard chemotherapy® and high-
dose therapy with BMT."

HGFs have also allowed the development of
novel therapeutic strategies such as dose escalation
without marrow support and high-dose therapy
with peripheral blood progenitor cell (PBPC)
rescue. The use of filgrastim, or another HGF, to
mobilize PBPC in order to support the delivery of
high-dose therapy is perhaps the most promising
strategy currently under investigation.”” Auto-
logous PBPC rescue may have important practical
and clinical advantages over traditional hemato-
poietic rescue with autologous BMT and may be
considered for use in conjunction with, or as an
alternative to, conventional marrow transplanta-
tion.

This article reviews the evidence supporting the
current enthusiasm for using HGFs to investigate
questions about the dose-response dogma, and
examines the differential pharmacology of the
available HGFs in order to show that for optimum
therapeutic use, they should not be regarded as
similar agents; instead, their use should be tailored
according to characteristic pharmacological effects.

Rationale for investigating
dose-response

The evidence for a dose-tesponse relationship was
first demonstrated by Skipper ¢ 4/ in animal
experiments using tumor models such as L1210
leukemia.'

The dose-response relationship, clearly shown in
animal studies, has been more difficult to confirm
in the clinical setting. Nevertheless, numerous
retrospective analyses and a limited number of
prospective studies have indicated the importance
of dose in several chemotherapy-sensitive mal-
ignancies, including non-Hodgkin’s lymphoma,'
Hodgkin’s disease,'®!”  small-cell lung cancer,'®
breast cancer,’ ovarian cancer” and testicular
cancer.’’ While retrospective studies such as those
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conducted by Hryniuk™ may lead to erroneous
conclusions,"” there is evidence from prospective
studies confirming the importance of dose. Budman
et al. recently showed the importance of dose of
standard adjuvant chemotherapy in 1572 patients
with stage I, node-positive breast cancer.” In the
study, conducted by the Cancer and Leukemia
Group B, patients receiving a low-dose regimen of
cyclophosphamide, doxorubicin and 5-fluorouracil
(300/30/300 mg/m* for 4 months) had a statistically
significant reduction in disease-free and overall
survival compared with those receiving either a
moderate dose (400/40/400 mg/m” for 6 months) or
a high dose (600/60/600 mg/m* for 4 months).
Although still only preliminary, these results imply
sub-optimal dosing may adversely affect the
outcome of chemotherapy.

Sub-optimal dose intensity may result from dose
reduction or delay due to chemotherapy-related
toxicity. In chemotherapy-responsive malignancies,
for example lymphomas, it is important to preserve
dose intensity and HGFs may play a role here by
limiting dose reductions or cycle delays as a result
of myelosuppression.?* On the other hand, they may
have a mote limited role in patients receiving
chemotherapy palliatively, unless there is clear
evidence that there is dose-related palliation.” The
ability of HGFs to preserve chemotherapy delivery
is comparatively straightforward to demonstrate in
clinical trials, but it will be more difficult to
establish whether the modest improvements in dose
intensity achieved will translate into clinically
significant increases in response rate or overall
survival.

It has been postulated that current chemotherapy
doses fall on the linear phase of the dose-response
curve, and therefore, it would be reasonable to
expect that further increases in dose intensity may
produce meaningful gains in response.” It seems
logical therefore, to conduct controlled trials to
investigate whether high dose-intensive regimens
will produce improvements in overall survival for
appropriately selected chemo-sensitive malignan-
cies.

However, it is difficult to be confident that
increasing chemotherapy dose intensity may pro-
duce better results. The difficulties in drawing
conclusions from available data are compounded by
a lack of uniformity in quantifying chemotherapy
dose intensity.”” The way dose is expressed has
important implications for assessing the quality and
quantity of the response to anticancer treatment.
There are several measurements used to express the
amount of drug delivered:



(i) Dose intensity: amount of drug delivered per
unit time, expressed as, for example, mg/m?/
week, regardless of the schedule or route of
administration,

(ii) Relative dose intensity: amount of drug
delivered per unit time relative to an arbitrarily
chosen standard single drug, or for a
combination regimen, the decimal fraction of
the ratio of the test regimen to the standard
regimen.

(iif) Total dose: the amount of drug given per dose
(mg/m®) multiplied by the total number of
doses.

(iv) Cumulative dose: this method graphically
represents both dose intensity and total drug
delivery and is useful when analyzing trials
designed to isolate treatment variables and
improve the therapeutic index of available
drugs.”

It is clearly desirable for future studies
investigating dose-response to state clearly how
‘dose intensity’ is calculated and for standards to
be adopted.”® Since it has become possible to reduce
the severe hematological toxicities associated with
high-dose chemotherapy by the combined use of
recombinant HGFs and bone marrow (with or
without circulating progenitor cells), several groups
are investigating high-dose chemotherapy as
consolidation of a complete response in several
chemo-sensitive malignancies (including Hodgkin’s
disease and non-Hodgkin’s lymphomas). So far, the
best evidence in favor of this approach (which can
be defended on theoretical grounds if there is true
minimal residual disease which is still chemosensi-
tive) comes from the experience in the acute
myeloid leukemia (AML) model. Cycles of standard
intensive combination chemotherapy regimens for
one to two years generally produce between 20 and
30% survival at three years.”” However, allogeneic
BMT in adult patients with AML in first remission
has vielded approximately 40% disease-free long-
term survival, or even 60-70% in patients less than
20 years of age.” This important finding recently
earned ED Thomas the Nobel Prize for Medicine.

It has been argued that to achieve substantial
therapeutic gains, large increases in dose intensity
may be needed.” A mathematical model has been
described for rationally selecting cvtotoxic drugs
and dosages for combination regimens, based on
the antitumor activities of the drugs, given as single
agents, and their organ-specific maximum tolerated
doses. The model does not assume that the
underlving dose-response curve is steep nor that
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maximally dose-intense regimens are clinically
appropriate in all situations. On the basis that many
of the successes of combination chemotherapy can
be attributed to the achievement of a higher
equivalent cytotoxic dose by the combination of
drugs with primarily non-overlapping toxic effects,
the model allows the selection of optimal
combinations of drugs based on knowledge of their
relative potencies and maximally tolerated doses.
The information required can be deduced from
phase I1 and 111 studies of the drugs in question. It
is then possible to construct a graph like the one
shown in Figure la, which shows the organ-system
toxicities for drugs given at doses producing a
given response rate. 1f a particular toxicity is unique
to a drug the line will be at 90° to the axis for that
drug, whereas if the drugs share the toxicity the line
will slope between the two axes. The shaded area
on the graph represents tolerable combinations and
the upper boundary of the shaded area shows
possible maximally tolerated combinations. The
optimal combination occurs at the intercept of the
boundary lines. This technique is also applicable to
combinations of more than two drugs using linear
programming.’ In the example shown in Figure 1a,
the optimal combination of cisplatin and cyclophos-
phamide results in a total equivalent dose intensity
of 2.0, representing an unpromising increase of only
16% over full-dose cisplatin alone. However, if a
HGF is used to eliminate the bone marrow
constraint for cyclophosphamide (Figure 1b), both
drugs can be given in full dose, producing a total
equivalent dose of 2.9, representing a 65%
improvement. Such a model may be worthy of
clinical evaluation. However, use of 2 HGF would
have no effect on drug combinations limited by
non-hematological toxicities.

In general, there is increasing opinion that the
optimal use of two or three cytotoxic drugs can lead
to better results than the sub-optimal use of more
drugs. One of the recent encouraging results comes
from the European Osteosarcoma Intergroup
(EOD)* which showed that a brief intensive
chemotherapy regimen of only two drugs (doxo-
rubicin and cisplatin) used as adjuvant chemo-
therapy in operable osteosarcoma of the limbs can
lead to very good long-term results (57% disease-
free survival at 5 vears), certainly comparable to
those achieved in cooperative group studies of
longer, more complex and more toxic multi-
agent chemotherapies, although a formal prospec-
tive comparison has not vet been reported.

Clearly there is sufficient reason to continue to
explore the use of HGFs to preserve chemotherapy
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Figure 1. a Calculation of optimum combination of cisplatin/cyclophosphamide based on organ-system toxicities; b
Optimum combination as in a, redrawn to show effect of eliminating the bone marrow constraint for cyclophosphamide.
Modified from Simon & Korn (1990).%' (N&V = nausea and vomiting).

dose intensity or to allow significant dose
escalation. Clinical studies should be prospective
and randomized to allow definitive conclusions to
be drawn. Furthermore, the appropriate hemato-
poietic rescue strategy needs to be determined. This
involves not only the choice of HGF, but also
whether to use it alone or in combination with stem
cell rescue. Moreover, the source of stem cells needs
to be addressed, i.e. whether to use BMT alone,
BMT plus PBPC or PBPC alone. To help answer
some of these questions it is necessary to understand
the differential pharmacology of HGFs.

Differences in pharmacology

HGFs are differentiated by their characteristic
effects on the cells of the hematopoietic system.
Some factors are lineage restricted, acting exclu-
sively on a particular cell lineage. For example, the
actions of G-CSF are restricted almost exclusively
to the neutrophil lineage, while M-CSF acts upon
macrophage precursor cells and erythropoietin
upon erythroid precursors.” GM-CSF has broader
activity, stimulating progenitors that give rise to
neutrophils, monocytes and eosinophils.”> There are
also HGFs such as IL-3 that act on the early
multipotent progenitor cells, giving rise to cells of
both erythroid and myeloid lineages.” SCF
stimulates pluripotential cells, making them more
responsive to the effects of more lineage-restricted
growth factors.* For example, SCF alone has no

130 Anti-Cancer Drugs+ Vol 41993

colony-stimulating activity when incubated with
marrow cells, but if G-CSF is added, there is an
increase in neutrophil colony formation that is
greater than if G-CSF is used alone.™

Another pluripotent factor under clinical investi-
gation is 1L-1.> The administration of IL-la to
patients is associated with fever, chills, headache,
nausea, vomiting and myalgias. At doses of only
0.3 ug/kg or higher, dose-limiting toxicities were
frequent, including severe hypotension, myocardial
infarction, confusion, severe abdominal pain, and
renal insufficiency. On the other hand, an 7. bolus
infusion of recombinant human M-CSF at 30 ug/
m?/day or higher was associated with a peculiar
syndrome of ocular or periorbital inflammation,
with iridocyclitis as the most severe manifestation.”

Since each HGF has a specific biological
property, it is important to determine the clinical
goal before selecting the appropriate factor to
provide the desired response. In this respect,
‘early-acting’ should not be confused with ‘fast
acting’. HGFs acting upon early progenitors
produce a delayed rise in mature peripheral blood
cells when compared with more lineage-restricted,
or ‘late-acting’ factors (Figure 2). Following
damage to the hematopoietic system, recovery takes
place initially from the more lineage-restricted
progenitor cells which are primed to undergo rapid
proliferation and development. Thus, if a fast action
on neutrophils is required, a recombinant G-CSF
such as filgrastim should be used. Whereas if a
broad spectrum of cells is required an earlier-acting
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Figure 2. Relative contribution of progenitor cells towards
the recovery of mature blood cells following myelosup-
pression.

factor, or combination of factors may be more
appropriate.

Recombinant G-CSF (e.g. filgrastim) and GM-
CSF have been studied most extensively to date,
but no direct comparative studies have been
conducted to determine which HGF provides
optimal hematopoietic recovery under different
circumstances. However, experimental and clinical
evidence shows clear difference between the two
agents.”™’ Kinetic studies by Lord es a/ have
shown that G-CSF (filgrastim) produces a greater
and more rapid increase in neutrophil count than
GM-CSF (Table 1).® As shown in Figure 3,
filgrastim produces an increase in peripheral blood
neutrophil count by increasing the number of
neutrophils being produced and by reducing the
maturation time from 5 days to 1 day. These kinetic
observations suggest that if dose intensity is to be
increased by decreasing the interval between
chemotherapy cycles it would appear to be more
logical to use filgrastim, rather than recombinant
GM-CSF, because of its more rapid effect.”’

Most clinical experience has been obtained with
filgrastim (a non-glycosylated recombinant G-CSF),
but a glycosylated form is also in development.”’
Available data indicate that glycosylation of G-CSF

Table 1. Comparison of G-CSF- and GM-CSF-stimulated
neutrophils®

Neutrophil production Normal GM-CSF G-CSF
volunteers

Maximum count ( x 10~%/ml) 52 17.0 35.0

Appearance in peripheral 4-7 4565 1-2

blood (days)

Peripheral blood half-life, 83 48 7.6

ti2 (D)

Amplification enhancement 1 1.5 9.4

factor

Extra amplification 0 0.6 3.2

divisions

Multipotent celis Neutrophil Post-mitotic
precursor cells| | maturation
neutrophils

Blood

I Blood

Filgrastim-treated |

Figure 3. Schematic representation of the effects of
filgrastim on hematopoiesis.

is not important for biological activity and
consequently it is unlikely that there will be
clinically important differences between non-
glycosylated and glycosylated forms.” Similarly,
glycosylation does not appear to be important for
the biological efficacy of GM-CSF.*!

Neither G-CSF nor GM-CSF stimulate platelet
recovery following damage to the hematopoietic
system, so alternative strategies are required to
support the delivery of chemotherapy regimens
where thrombocytopenia becomes dose limiting.
Recombinant 11.-3 has been studied for its activity
on megakaryocytes, but in early clinical studies it
has demonstrated only weak effects on platelet
count. Investigators are also looking at the
combination of two or more growth factors, which
may produce a synergistic response, and hence
promote platelet as well as neutrophil recovery. For
example, the effect of GM-CSF + IL-3 on neu-
trophil and platelet recovery has been investi-
gated.¥ Results showed that while neutrophil
recovery rate was accelerated in the patients
receiving GM-CSF + IL-3, compared with patients
not receiving cytokines, the rate of recovery was
not significantly faster than that observed in
patients receiving only GM-CSF. Furthermore,
platelet recovery was not different between the three
groups.

It is also important to be aware that combinations
of HGFs may produce unexpected effects and their
clinical use must therefore be regarded as strictly
experimental. A recent report showed that a
combination of GM-CSF and IL-3 delays platelet
recovery after an autologous BMT (ABMT).** Such
observations mav be relevant to clinical trials of the
IL-3 GM-CSF fusion molecule known as PIXY-
321. Moreover, the sequential use of GM-CSF
followed by IL-3 could be counterproductive on
theoretical grounds because the increased differ-
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entiation of the precursor pool induced by GM-CSF
might reduce the pool of 1L-3 sensitive cells.

Thus, even if the administration of combinations
of HGFs is a logical approach on theoretical
grounds, at present no combination has been
described which is clinically superior to G-CSF (or
GM-CSF) alone in the treatment of prophylaxis
of chemotherapy-associated myelosuppression. A
combination of a myeloid growth factor and a true
megakaryocyte colony-stimulating factor would
undoubtedly have clinical relevance, but has not yet
been unequivocally proven. The most promising
and consistent technique available to accelerate
platelet recovery is the use of PBPC mobilized by
a HGF. G-CSF, GM-CSF and IL-3 have all been
used to generate autologous PBPC for use in
transplantation. Sheridan e a/. gave 17 patients
with non-myeloid malignancies G-CSF (filgrastim)
at 12 pug/kg/day for 6 days and collected progenitor
cells on days 5, 6 and 7 by leukapheresis.*
Granulocyte-macrophage progenitors increased 58-
fold and erythroid progenitors increased 24-fold.

Another strategy to generate PBPC is to give the
HGF after treatment with cytotoxic agents, such as
cyclophosphamide, to enhance the chemotherapy-
induced increase in peripheral blood progenitors.*
This approach has been investigated in pilot studies
using G-CSF, GM-CSF and IL-3.4% However,
at present there are no direct comparative data to
indicate which is the most effective HGF in terms
of numbers of PBPC collected or rate of
hematological recovery following transplantation.
One study demonstrated that both G-CSF
(filgrastim) and GM-CSF increase the production
of granulocyte-macrophage colony-forming units
(GM-CFU), but no direct comparison was made in
this investigation because different CID34 + assess-
ment techniques were used.*

The choice of HGF for different clinical settings
is also influenced by the tolerability profile of the
agents. It appears that the broader acting factors
such as GM-CSF are associated with a wider range
of side effects than lineage-restricted factors such as
G-CSF.* This may be due to the induction of
secondary cytokine effects following stimulation of
monocytes.” In general however, the HGFs are
well tolerated, particularly when compared with
toxic effects of escalated doses of chemotherapy.

Dose intensification without
marrow support

The ability of the HGFs to reduce hematological
toxicity offers the opportunity to improve the deliv-
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erv of cancer chemotherapy, both on time and at
full dose. In turn, attention has focused on the
possibility of improving outcome by further escala-
ting the dose of chemotherapy using HGF support.
There have been numerous pilot studies conducted
with HGFs and dose-intensive therapy (Table
2),>' ¢ and although investigators have expressed
optimism about the preliminary results achieved, no
definitive conclusions have vet been reached. The
majority of patients included in these studies had
chemo-responsive advanced malignancies, includ-
ing lymphoma, breast cancer, ovarian cancer, soft
tissue sarcomas and testicular cancer. Although it
was possible to show high response rates, no
significant impact on overall survival has yet been
reported.”® This approach may be used as a
convenient form of cytoreduction and to demon-
strate chemosensitivity prior to consolidation with
high-dose chemotherapy and bone marrow or
PBPC rescue.

Another very important therapeutic variable
(which largely determines therapeutic efficacy)
besides dose intensity, is total cumulative dose for
any particular active drug. For example, 490
patients with advanced ovarian cancer were

Table 2. Studies of hematopoietic growth factors to
support delivery of dose-intensive chemotherapy

Reference Malignancy Daily dose of
(no. of patients) G-CSF or
GM-CSF
(ug/kg/day)*
G-CSF
[61] Various advanced (10) 20, 40, or 60
[62] Breast and ovarian (21) 10
[53] Breast cancer (24) 10
[54] Breast cancer (16) 4
[55] Urothelial cancer (19) 5
[56] Urothelial cancer (35) (375 ug)
[57] SCLC (64) (50 ug/m?)
[58] Soft tissue sacroma (8) 5o0r 10
[59] Breast cancer (45) 2
GM-CSF
[60] Various advanced (23) (500-1000 ug/m?)
[61] Urothelial cancer (32) (250 ug/m?)
[62] SCLC (10) 5
[63] Testicular cancer (37) 10
[64] Ovarian cancer (22) 10
[65] Soft tissue sarcoma (52) (250 ug/m?)
[66] Breast cancer (18) (250 ug/m?)
[67] Acute lymphocytic (125 ug/m?)

leukemia (34)

* Unless shown in parentheses.
SCLC = small-cell lung cancer.



randomized to receive either a low-dose intensity
cvclophosphamide and cisplatin combination or a
moderately high-dose intensity combination of
these two drugs.”” No significant difference in
overall treatment outcome was noted, but the total
dose of cisplatin (400 mg/m?) was the same in both
arms of the study. However, Kaye e 4/ have
recently shown in a similar population of patients
that a high-dose intensity and a higher total dose
of cisplatin (500 mg s 300 mg received total dose)
were associated with a highly significant survival
advantage. Thus here the total dose of cisplatin
seems to be more important than the dose intensity
alone. Further increases in total dose of cisplatin are
not feasible unless new methods are devised to limit
neurotoxicity, but carboplatin total doses are not
under a similar non-hematological toxic constraint.

The general conclusions that can be drawn from
these preliminary studies are that HGFs improve
the delivery of high-dose chemotherapy regimens
and will allow an increase in dose intensity for
single agents of up to fourfold, before other
toxicities intervene. However, it is still too early to
determine if a significant improvement in overall
survival can be obtained from the increase in dose
intensity achieved using HGFs. Although it is clear
that HGFs facilitate the delivery of high-dose
therapy at levels previously only feasible in
specialized transplant centers, further prospective,
randomized trials need to be conducted to
determine if these new strategies may be integrated
into standard clinical practice.

High-dose therapy with BMT

Evidence from the BMT setting suggests it is
sometimes possible to overcome apparent drug
resistance by increasing dose intensity. BMT offers
the possibility of delivering a three- to eightfold
higher dose intensity per treatment course. In
patients with verv advanced lymphoma, increases
in dose, particularly in alkvlating agents, have
produced a significant number of patients who are
free of disease and mav in fact be cured." The 3-
vear freedom trom progression (FFP) probability of
survival is usually less than 10°0 in patients with
advanced high-grade NHIL. (non-Hodgkin’s lvm-
phoma) who fail to respond completely to initial
therapv or who relapse tollowing CR (complete
remission). However, high-dose therapy and BMT
can lead to 35501y 3-vear FFP survival in non-
controlled small studies with high-dose chemo-
therapy and ABMT in sensitive relapse,_: with a
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significantly superior survival also reported from
large non-randomized studies.> However, few
randomized studies have been conducted to confirm
the apparent benefits of BMT, and the real benefits
of high-dose chemotherapy are almost exclusively
restricted to chemosensitive relapse.

Clinical studies have shown that filgrastim and
recombinant GM-CSF successfully accelerate neu-
trophil recovery following myeloablative therapy
and BMT.'"'27 A decrease in the period of
neutropenia is associated with a reduction in the use
of parenteral antibiotics and the days of hospitaliza-
tion. GM-CSF is also reportedly associated with
improved survival in patients with poor graft
function after transplantation.q4 No comparative
studies have been conducted to determine whether
G-CSF or GM-CSF is the more effective agent for
use following high-dose therapy and BMT. Based
on present data there is no evidence for a ‘monocyte
advantage’ with GM-CSF, or a ‘speed advantage’
with G-CSF.

The use of HGFs has cleatly reduced overall
morbidity in the BMT setting, but whether these
agents will also reduce overall mortality remains to
be seen. However, despite HGF use, BMT will
remain a difficult procedure restricted to specialized
centers.

High-dose therapy with PBPC
rescue

A PBPC infusion represents an alternative source
of hematopoietic progenitor cells and may be used
in conjunction with, or instead of, BMT to support
the delivery of intensive chemotherapy.” The
advantages of PBPC over BMT can be summarized
as: lower procedure-related morbidity; faster
recovery of neutrophils and platelets; a postulated
lower burden of malignancy and an increase in the
proportion of immunocompetent cells in the graft.
The comparative disadvantages of PBPC include:
variability in response between patients, a laborious
procedure and that the long-term permanency
of engraftment has not been fully evaluated. It is
not vet clear why some patients exhibit a poor
response to mobilization procedures (or even fail to
respond) although previous extensive chemo-
therapv or radiotherapy are probably contributing
factors. Finally, it has not vet been unequivocally
shown that previous high-dose chemotherapy with
PBPC rescue does not compromise future bone
marrow recovery following fturther chemotherapy
(for relapse or disease progression) more than
usually anticipated.
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Before the use of HGFs, stimulation of the
progenitor cell pool was only feasible by
administration of a chemotherapy agent.” Stimula-
tion of PBPC by a marrow-toxic drug has a number
of disadvantages. Firstly, although such stimulation
may result in a 100-fold increase in the number of
GM-CFUs, the kinetics of this expansion are
extremely variable from one procedure to the next.
Secondly, the doses of chemotherapy required for
an acceptable overshoot of GM-CFU cells may
result in toxicity such as neutropenic fever and
sepsis. Finally, patients who have received a large
amount of prior chemotherapy may not respond to
this technique. HGFs produce a more consistent
and prolonged increase in PBPC and do not
produce the severe side effects that may be
associated with chemotherapy.” Some investigators
have nevertheless used cytotoxic agents plus HGFs
to maximize the yield of PBPC whilst delivering
standard-dose chemotherapy early in the treatment
course prior to the initiation of dose-intensive
treatment.*®

There has been a plethora of pilot studies using
HGF-mobilized PBPC to support the delivery of
high-dose therapy.***""® Although these studies
have not yet identified the optimal dose and
schedules for the different growth factors, they have
clearly shown the clinical efficacy of PBPC in
restoring hematopoiesis. Sheridan e al. treated
patients with high-dose chemotherapy followed by
BMT and daily administration of G-CSF
(filgrastim). One series of patients also received
filgrastim-mobilized PBPC collected prior to
high-dose chemotherapy.'"* The addition of PBPC
was associated with a significant acceleration in
platelet tecovery compared with BMT plus filgra-
stim (Figure 4). As a result, the requirement for
platelet transfusions was reduced to 24 units
compared with 85 units with BMT alone.
Neutrophil recovery was similar in patients with
and without PBPC, but in both groups recovery
was faster than in historical controls who only
received BMT.

A study by Peters ef a/. suggested that intensive
chemotherapy at doses requiring hematopoietic
support may be used to increase disease-free
survival in patients with high-risk primary breast
cancer.?’ The treatment regimen involved induction
therapy with four cycles of CAF (cyclophos-
phamide, doxorubicin, 5-fluorouracil) followed by
high-dose cyclophosphamide, cisplatin and carmus-
tine plus autologous bone marrow tescue, with or
without PBPC generated by G-CSF (filgrastim) or
GM-CSF. The disease-free survival of 72% at 5
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Figure 4. Neutrophil and platelet recovery in patients
treated with autologous bone marrow transplant and
filgrastim with (F4) and without ([J) filgrastim-mobilized
peripheral blood progenitor cells. Data from Sheridan
et al. (1992).*°

years compatres very favorably with rates of 24-31%
observed in historical control series.

A novel high-dose sequential (HDS) regimen
involving the use of GM-CSF and PBPC with BMT
has been developed in patients with breast cancer
and lymphoma by Gianni e 4/.*” PBPC harvested
after treatment with GM-CSF and cyclophos-
phamide were reinfused with bone marrow
following high-dose chemotherapy (vincristine,
methotrexate, cisplatin and melphalan). A second
course of GM-CSF was also given. Hematological
toxicity was manageable and rapid platelet recovery
was reported. The response rate appears promising
and results presented recently in patients with breast
cancer are encouraging.®” In the study, 48 patients
with breast cancer involving more than 10 nodes
were treated with HDS chemotherapy. This
regimen is completed after 8 weeks and the patient
only needs to be hospitalized for 33 days. A further
37 patients received conventional adjuvant chemo-
therapy and served as concurrent controls. The two
groups were comparable, except the HDS group
contained a higher number of patients with a poor
prognosis (>20 nodes). After 2 years, relapse-free
survival was significantly higher in patients who
received HDS chemotherapy (93%) compared with
concurrent controls (43%).

PBPC mobilized by G-CSF or GM-CSF may
be used without bone marrow to restore hemato-
poiesis.”®”*8 Although formal comparative studies



have not been published, it appears that mobilized
PBPC alone are as effective as mobilized PBPC plus
BMT in accelerating neutrophil and platelet count
recovery.®’

G-CSF-mobilized PBPC have been used to
allow the delivery of high-dose therapy in children,
in whom preserving dose intensity is of paramount
importance owing to the potential curability of
many pediatric tumors.** The study included seven
children with advanced neuroblastoma or non-
Hodgkin’s lymphoma. PBPC collected after stimu-
lation with chemotherapy and G-CSF (filgrastim)
were reinfused after myeloablative chemo-radio-
therapy. Hematopoietic reconstitution appeared to
be stable over the observation petriod of up to 22
months.

Preliminary data also suggest that PBPC
autotransplantation may be associated with a better
treatment outcome than BMT.® An analysis of
event-free survival results from patients with
intermediate-grade lymphoma treated with high-
dose chemotherapy with hematopoietic rescue
(ABMT, PBPC or allogeneic BMT) has shown that
use of PBPC may be superior to BMT in selected
patients. A total of 158 patients with intermediate-
grade NHL were classified as good or poor
prognosis groups based on recognized prognostic
factors. Event-free survival was significantly
different between these risk groups. In patients with
a poor prognosis there was no significant difference
in event-free survival between BMT patients and
PBPC patients. However, in good prognosis
patients, a significant advantage in 3 year event-free
survival was observed for PBPC (70%) compared
with BMT (32%). The explanation for this effect is
unclear, but as this was not a randomized study,
interpretations may be open to question.

Clearly the use of PBPC is a promising approach
for delivering high-dose chemotherapy more safely
and, hopefully, more effectively. However, the
technique remains experimental and further studies
are required. The long-term effects of using PBPC
without BMT must be determined before the
clinical use of PBPC is confirmed. Furthermore, the
need for additional HGF therapy after PBPC
transplantation should be evaluated in prospective
studies. If the initial encouraging results are
confirmed, the use of PBPC may eventually
supersede BMT and thus make high-dose chemo-
therapy a realistic option for a larger number of
patients. Another promising area for clinical
research is in improving the determination of PBPC
vield and thus minimizing the number of
leukapheresis procedures required. It should be
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possible to achieve hematological recovery using
PBPC collected from a single leukapheresis
procedure instead of the three or more procedures
currently used. Such a step would make the
procedure more amenable to integration into
standard practice so that high-dose chemotherapy
would be feasible on an out-patient basis. The use
of the CD34 antigen as a marker for stem cells may

prove to be more useful than the traditional and
slow GM-CFU assay.*

Selection of CD34 cells

Effective collection of CD34+ cells may be
improved using positive selection techniques based
upon monoclonal antibody technology.®” Hemato-
poietic cells from the marrow or peripheral blood
are mixed with a monoclonal antibody that
selectively binds to the CD34 + cells. The cells then
pass through a column containing beads which bind
to the monoclonal antibody/CD34+ complex,
while the remaining cells pass through the column
unhindered. The CD34 + cells are then released by
agitation. The main advantages of positive selection
are a postulated lower burden of malignant cells
and a reduction in the volume of the graft from 200
to 5ml. Preliminary results from a clinical study
comparing the use of CD34+ enriched marrow
cells in conjunction with post-transplant G-CSF
(hlgrastim) or recombinant GM-CSF show that
neutrophil and platelet recovery is faster in
filgrastim-treated patients.”’” The feasibility of
amplifying ex vivo progenitor and pluripotent stem
cells collected by leukapheresis and subsequently
exposed to a variety of growth factors in vitro is
being explored by several groups, and an interesting
activity has been reported for the combination:
SCF, 1L-18, 1L-6, IL-3 and erythropoietin.®

Discussion

Although it is now well established that HGFs
significantly reduce the morbidity of anticancer
therapy, it is not yvet clear whether their use will
improve overall survival. In theory, it is conceiv-
able that by reducing toxicity-related deaths, HGFs
may make a small but positive impact on survival.
However, this hypothesis needs to be evaluated in
prospective studies. A more real impact is promised
by using HGFs to improve the delivery of
anticancer therapy. Preserving the dose intensity of
standard-dose regimens has been demonstrated
with G-CSF (filgrastim),'""** but it seems unlikely
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that modest improvements in dose intensity
achieved with this approach will have a major
impact on overall survival. It may be necessary to
escalate chemotherapy dose substantially to achieve
real gains. While G-CSF or GM-CSF alone can
support the delivery of escalated-dose therapy, the
levels achieved with this type of hematopoietic
support are still below those achieved with stem
cell support.

The morbidity of BMT has been significantly
reduced following the introduction of G-CSF
and GM-CSF.'"2 However, perhaps more import-
antly, oncologists can now use HGFs to mobilize
PBPC to support the delivery of high-dose therapy.
With these new tools it should be possible to design
and conduct prospective, randomized trials to
answer important questions concerning dose and
response. This will not be a straightforward exercise
since there are many complex variables that need to
be controlled: the choice of regimen for the control
arm; standardized definitions of dose; dose intensity
and total dose; and the choice of end-points
(response rate or overall survival). It may be
difficult to recruit patients into the control arm of
such studies if they are aware of anecdotal evidence
from pilot studies supporting the superiority of the
new ‘more intensive’ therapy. Furthermore, it is
extremely difficult to recruit patients with similar
characteristics, e.g. age, gender and stage of
malignancy. This suggests a meta-analysis may be
a useful approach.

Although these new techniques for allowing
effective chemotherapy delivery are promising, it is
important to bear in mind that increasing
dose intensity will also mean greater toxicity.
Furthermore, although HGFs support hemato-
poietic recovery, they do not prevent non-
hematological complications. Future studies should
therefore establish doses, schedules and chemo-
therapy combinations to account for the change in
the maximum tolerated dose of agents.

High-dose therapy is an expensive procedure and
the use of HGFs will add direct costs. However, by
reducing overall morbidity, it may be possible to
show an overall cost benefit.*” Investigators
should be aware of economic implications and
cost-effective analysis should become an integral
component of future research.

It is also important to realize that dose
intensification is not appropriate in all situations.
Identification of patients who will benefit from dose
intensity is therefore important. The identification
of sub-groups based on known prognostic factors
is a priority in this regard. For example, high-grade
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NHL patients can be divided into two categories.”"
The first category, characterized by stage IV
disease, high serum markers and bulky tissue mass
may be candidates for high-dose therapy. However,
the second category, namely patients with non-
bulky disease, normal markers and less than or
equal to stage III disease, may respond well to
conventional CHOP-like chemotherapy, without
being exposed to the risks of intensive treatment.
Similar considerations, based on prognostic factors
and clinical situations, undoubtedly apply to other
malignant diseases. We should be careful not to
group all patients with metastatic breast cancer
irrespective of their disease-free interval following
primary treatment, biological characteristics of their
tumors and metastatic sites. It has been known for
some time that metastatic bone disease, visceral
metastasis, a localized soft-tissue recurrence or
disseminated high tumor volume disease are not
identical clinical entities.

Conclusion

HGFs have so far posed more questions than they
have provided answers. “What would you do if this
were your ... wife, sister, mother, self?””,”? will
remain a difficult question to answer. Moreover, it
has been stated that nearly 80% of American
physicians suggest that women with locally
advanced breast cancer should be treated within a
non-randomized trial of high-dose chemotherapy
and ABMT despite the present lack of un-
controversial evidence that this approach is more
beneficial than conventional therapy.” Neverthe-
less, following positive pilot studies, it should now
be possible with formal large comparative studies
and/or meta-analysis of smaller studies, to harness
these tools to determine whether they can give a
new lease of life to conventional chemotherapy
regimens and improve upon current results.

References

1. Deuchars KL, Ling V. P-glycoprotein and multi-drug
resistance in cancer chemotherapy. Semin Onco/ 1989; 16:
156-165.

2. DeVita VT. The influence of information on drug re-
sistance on protocol design. Ann Oncol 1991; 2: 93-106.

3. Pizzo PA. Granulocytopenia and cancer therapy. Past
problems, current solutions and future challenges. Cancer
1984; 54: 2649-61.

4. Crawford J, Ozer H, Stoller R, ¢# a/. Reduction by granulo-
cyte colony-stimulating factor of fever and neutropenia
induced by chemotherapy in patients with small-cell lung
cancer. N Eng/ | Med 1991; 325: 164-70.



10.

14.

15.

16.

20,

. Kessinger A,

. Herrmann F, Schulz G, Wieser M, 7 a/. Effect of granulo-

cyte-macrophage colony-stimulating factor on neutropenia
and related morbidity induced by myelotoxic chemothera-
py. Am J Med 1990; 88: 619-24.

. Aukerman SL, Middleton S, Sampson-Johannes A, ef a/.

Biological and pre-clinical activity of macrophage colony-
stimulating factor. In: Symann M, Quesenberry PJ, eds.
Haematopoietic growth factors - from the basic to the clinical
applications. Macclesfield, UK : Gardiner-Caldwell Commu-
nications 1992; 1: 79-93,

. Guillaume T, Humblet Y, Dewitte M, Symann M. Bio-

logical properties and clinical applications of interleukin-3.
In: Symann M, Quesenberry PJ, eds. Haematopoietic growth

Sactors — from the basic to the clinical applications. Maccles-

field, UK: Gardiner-Caldwell Communications 1992; 1:
95-114.

. Smith JW, Urba W], Curti BD, e @/ The toxic and

hematologic effects of interleukin-1 alpha administered in
a phase I trial to patients with advanced malignancies. |
Clin Oncol 1992; 10: 1141-52.

. Zsebo KM, Wypych J, McNiece IK, ¢ a/. Identification,

purification, and biological characterization of hematopoie-
tic stem cell factor from buffalo rat liver-conditioned
medium. Ce// 1990; 63: 192-201.

Trillet-Lenoir V, Green J, Manegold J, ¢/ a/. Recombinant
granulocyte colony-stimulating factor reduces the infec-
tious complications of cytotoxic chemothetapy. Eur |
Cancer 1993; 29A: 319-24.

. Sheridan WP, Morstyn G, Wolf M, et a/ Granulocyte

colony-stimulating factor and neutrophil recovery after
high-dose chemotherapy and autologous bone marrow
transplantation. ancet 1989; ii: 891-5.

. Neumunaitis J, Rabinowe SN, Singer W', ¢ a4/ Re-

combinant granulocyte-macrophage colony stimulating
factor after autologous bone marrow transplantation for
lymphoid cancer. N Eng/ | Med 1991; 324: 1773-8.
Armitage JO. The evolving role of
autologous peripheral stem cell transplantation following
high-dose therapy for malignancies. Blood 1991;77: 211-13.
Skipper HE. Criteria associated with destruction of
leukemia and solid tumor cells in animals. Cancer Res 1967 ;
27: 2636-45.

DeVita VT Jr, Jaffe ES, Mauch P, ¢ al. Cancer principles
and practice of oncology. Philadelphia: JB Lippincott 1989:
1741-98.

Hellman S, Jaffe ES, DeVita VT Jr. Hodgkin’s disease.
In: DeVita VT, Hellman S, Rosenberg S, eds. Cancer
principles and practice of oncology, 3rd edn. Philadelphia: |B
Lippincott 1989: 1696-740.

. van Rijswijk R, Haanen C, Dekker AW, e a4/, Dose

intensity  of MOPP chemotherapy  and survival in
Hodgkin’s disease. | Clin Oncol 1989; 7: 1776-82.

. Minna JD, Pass H, Glatstein L, ef «/. Cancer of the lung.

In: DeVita VT, Hellman S, Rosenberg SA, eds. Cancer,
princaples and practice of oncology, 3rd edn. Philadelphia: |B
Lippincott 1989: 391-"03.

. Henderson IC, Haves DF, Gelman R. Dose-response in

the treatment of breast cancer: a critical review. | Clin Oncol
1988; 6: 1501-15.

Hryniuk W, Levine MN. Analysis of dose intensity for
adjuvant chemotherapy trials in ovarian cancer. | Clin Onco/
1986; 4: 1162.

- Samson MK, Rivkin SE, Jones SE, e/ a/. Dose-response

and dose-survival advantage for high versus low-dose

22.
23.

24,

25.

26.

27.

28.

29,

30.

31

32.

33.

34.

38.

Hematopoietic growth factors and chemotherapy

cisplatin combined with vinblastine and bleomycin in
disseminated testicular cancer. Cancer 1984; 53: 1029-35.
Hryniuk WM. More is better. | Clin Onco/ 1988; 6: 1365-7.
Budman DR, Wood W, Henderson IC, ef a/. Initial findings
of CALGB 8541: a dose and dose intensity trial of
cyclophosphamide (C), doxorubicin (A) and 5-fluorouracil
(F) as adjuvant treatment of stage I, node +, female breast
cancer. Proc Am Soc Clin Oncol 1992; 11: 51 (abstract 29).
Pettengell R, Gurney H, Radford JA, ef a/. Granulocyte
colony-stimulating factor to prevent dose-limiting neu-
tropenia in non-Hodgkin’s lymphoma: a randomized
controlled trial. Blood 1992; 80: 14.

Neidhart JA. Hematopoietic colony-stimulating factors.
Uses in combination with standard chemotherapeutic
regimens and in support of dose intensification. Cancer
Suppl 1992; 70: 913-20.

DeVita VT. Principles of chemotherapy. In: DeVita VT,
Hellman S, Rosenberg SA, eds. Cancer, principles and practice
of oncology, 3rd edn. Philadelphia: JB Lippincott 1989:
276-300.

Coppin CML. The description of chemotherapy delivery:
options and pitfalls. Semin Oncol 1987; 14: 34-42,
Hryniuk WM, Goodyear M. The calculation of received
dose intensity. | Clin Oncol 1990; 8: 1935-7.

Rohatiner AZS, Gregory WM, Bassan R, e a/. Short term
therapy for acute myelogenous leukemia. | Clin Oncol 1988;
6: 218-26.

Thomas ED, Buckner CD, Clift RA, et 2/ Marrow
transplantation for acute non-lymphoblastic leukemia in
first remission. N Eng/ | Med 1979; 301: 597-9.

Simon R, Korn EL. Selecting drug combinations based on
total equivalent dose (dose intensity). JNCI 1990; 82:
1469-76.

Bramwell VH, Burgers M, Sneath R, ez 4/. A comparison
of two short intensive adjuvant chemotherapy regimens in
operable osteosarcoma of limbs in children and voung
adults: the first study of the European Osteosarcoma
Intergroup. | Clin Oncol 1992; 10: 1579-91.

Groopman JE, Molina JM, Scadden DT. Hematopoietic
growth factors, biology and clinical applications. N Fng/
J Med 1989; 321: 1449-59.

McNiece IK, Langley KE, Zsebo KM. Recombinant
human stem cell factor synergizes with GM-CSF, G-CSF,
[L.-3 and EPO to stimulate human progenitor cells of the
myeloid and erythroid lineages. Exp Hemato/ 1991; 19:
226- 31.

. Sanda MG, Yang JC, Topalian SL, e a/. Intravenous

administration of recombinant human macrophage colony-
stimulating factor to patients with metastatic cancer: a
phase I studv. | Clin Oncol 1992; 10: 1643-9.

Lord BI, Molineux G, Pojda Z, e al. Myeloid cell kinetics
in mice treated with recombinant interleukin-3, granulo-
cvte colony-stimulating factor (CSF), or granulocyvte-
macrophage CSFE in vive. Blood 1991; 77: 21549,

. Lord BI, Bronchud MH, Owens S, ¢ 4/. The kinetics of

human granulopoiesis following treatment with granulo-
cvte colony-stimulating factor /n rirs. Proc Nat/ Acad Sci
US4 1989; 86: 9499-503.

Lord BI, Gurney H, Chang ], ¢ /. Haemopoietic cell
kinetics in humans treated with rGM-CSF. Int | Cancer
1992; 50: 26-31.

. Asano S. Human granulocyte colony-stimulating factor: its

basic aspects and clinical applications. .-im | Pediat
Hematol Oncol 1991 13 413,

137

Anti-Cancer Drugss Vol 441993



M

40.

41.

42.

43.

44

45.

46.

47.

48.

49.

50.

52.

53.

138

Bronchud

Tanaka H, Kaneko T. Pharmacokinetic and phar-
macodynamic comparisons between human granulocyte
colonv-stimulating factor purified from human bladder
carcinoma cell line 5637 culture medium and recombinant
human granulocyte colony-stimulating factor produced in
Escherichia  coli. | Pharmacol FExp Ther 1992, 262:
43944,

Maver P, Larn C, Obenaus H, ¢ /. Recombinant human
GM-CSF induces leukocytosis and activates peripheral
blood polymorphonuclear neutrophils in  non-human
primates. Blood 1987; 70: 206-13.

Ganser A, Lindemann A, Seipelt G, e al. Effect of
recombinant human interleukin-3 in patients with normal
hematopoiesis and in patients with bone marrow failure.
Blood 1990, 76: 666-76.

Brugger W, Frisch ], Schulz G, e/ a/ Sequential
administration on interleukin-3 and granulocyte-macro-
phage colony-stimulating factor following standard-dose
combination chemotherapy with etoposide, ifosfamide, and
cisplatin. | Clin Oncol 1992; 10: 1452-9.

Vredenburgh J, Ross M, Meisenberg B, e/ a/ Use of
interleukin-3 (IL-3) and/or GM-CSF in patients with
metastatic breast cancer receiving high-dose chemotherapy
(HDC) and immunopharmacologically purged (IMPP)
autologous bone marrow support (P-ABMS). Proceedings
of the 24th Congress of the International Society of
Haematology, London, 1992; Abstract 3.

Sheridan WP, Begley CG, Juttner CA, ¢/ al. Effect of
peripheral-blood progenitor cells mobilized by filgrastim
(G-CSF) on platelet recovery after high-dose chemo-
therapy. Lancer 1992; 339: 640-4.

Gianni AM, Siena S, Bregni M, e/ a/. Granulocyte-
macrophage colony-stimulating factor to harvest circula-
ting haematopoietic stem cells for autotransplantation.
Lancet 1989; ii: 580-5.

Gianni AM, Bregni M, Siena S, ¢/ a/. Recombinant human
granulocyte-macrophage colony-stimulating factor reduces
hematologic toxicity and widens clinical applicability of
high-dose cyclophosphamide treatment in breast cancer
and non-Hodgkin’s lymphoma. ] Clin Onco/ 1990; 8:
768-78.

Haas R, Hohaus S, Ehrhardt H, e a/. Autologous blood
progenitor cell transplantation in relapsed Hodgkin’s
disease —- the role of haematopoietic growth factors. Bone
Marrow Transplant (in press).

Lieschke G]J, Burgess AW. Granulocyte colony-stimula-
ting factor and granulocyte-macrophage colony-stimula-
ting factor. New Eng/ | Med 1992; 327: 99-106.

Whetton AD, Dexter TM. Myeloid haematopoietic growth
factors. Biochim Biophys Acta 1989; 989: 111-32.

. Neidhart JA, Mangalik A, Kohler W, ¢/ a/. Granulocyte

colony-stimulating factor stimulates recovery of granulo-
cytes in patients receiving dose-intensive chemotherapy
without bone marrow transplantation. | Clin Oncol 1989;
7: 1685-92.

Bronchud MH, Howell A, Crowther D, ¢# a/. The use of
granulocyte colony-stimulating factor to increase the
intensity of treatment with doxorubicin in patients with
advanced breast and ovarian cancer. Br | Cancer 1989; 60:
121-8.

Demetri GD, Younger ], McGuire BW, ¢# /. Recombinant
methionyl granulocyte-CSF  (r-metG-CSF) allows an
increase in the dose of intensity of cyclophosphamide/dox-
orubicin/5-fluorouracil (CAF) in patients with advanced

Anti-Cancer Drugs+ Vol 41993

[92]
wn

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

breast cancer. Proc .-1m Soc Clin Onco/ 1991, 10: 70 (abstract
153).

54. Piccart M, van der Schueren K, Bruning P, ¢/ a/. High-dose

intensity (DI), chemotherapy (CT) with epi-adriamvcin
(E), cvclophosphamide (C) and r-metHuG-CSF (AMGEN)
in breast cancer patients. Fur | Cancer 1991; Suppl. 2: S56
(abstract 308).

. Scher Hl, Seidman AD, Bajoran DY, e/ 4/ Escalated

methotrexate, vinblastine, adriamycin, and cisplatin
(E-MVAC) with granulocyte colony-stimulating factor
(G-CSF) in urothelial cancer. Proc .Am Soc Clin Oncol 1992,
11: 199 (abstract 610).

Loehrer PJ, Elson P, Dreicer R, ef a/. A phase I-1I study:
escalated dosages of methotrexate (M), vinblastine (V),
doxorubicin (A), and cisplatin (C) plus rhG-CSF in
advanced urothelial carcinoma: an ECOG trial. Proc .4 m
Soc Clin Oncol 1992; 11: 201 (abstract 620).

Fukuoka M, Takada M, Masuda N, ¢/ 2/ Dose intensive
weekly chemotherapy (CT) with or without recombinant
human granulocyte colony-stimulating factor (G-CSF) in
extensive stage (ES) small-cell lung cancer (SCLC). Proc
Am Soc Clin Oncol 1992; 11: 290 (abstract 967).

Chevreau C, Bui BN, Chevallier B. Phase [-II trial of
intensification of the MAID regimen with recombinant
human granulocyte colony-stimulating factor (rG-CSF) in
patients (pts) suffering from advanced soft tissue sarcoma
(STS). Proc Am Soc Clin Oncol 1992; 11: 412 (abstract 1447).
Watanabe T, Miya T, Fukutomi T, ef a/. Phase I study of
high-dose epirubicin (EPI) and cyclophosphamide (CPA)
with rG-CSF for metastatic breast cancer. Proc Am Soc Clin
Onco/ 1992; 11: 412 (abstract 14406).

Neidhart JA, Stidley C, Ferguson J, e a/. GM-CSF
decreases duration of cytopenia in patients receiving dose
intensive therapy with cyclophosphamide, etoposide and
cisplatin. Proc Am Soc Clin Oncol 1990; 9: 753A.
Logothetis CJ, Dexeus FH, Sella A, ¢f a/. Escalated therapy
for refractory urothelial tumors: methotrexate—vinblas-
tine—doxorubicin—cisplatin plus unglycosylated recombi-
nant human granulocyte-macrophage colony-stimulating
factor. JNCI 1990; 82: 667-72.

Ardizzoni A, Sertoli MR, Corcione A, ¢f al. Accelerated
chemotherapy with or without GM-CSF for small cell lung
cancer: a non-randomized pilot study. Ear | Cancer 1990;
26: 937-41.

Harstrick A, Schmoll H-J, Bokemeyer C, e 4l
Cisplatin/etoposide/ifosfamide stepwise dose escalation
with concomitant granulocyte/macrophage colony-stimu-
lating factor for patients with far-advanced testicular
carcinoma. | Cancer Res Clin Oncol 19915 117 (Suppl 1V):
$198-202.

Rusthoven J, Levin L., Eisenhauer E, e/ a/. Two phase I
studies of carboplatin dose escalation in chemotherapy-
naive ovarian cancer patients supported with granulocyte-
macrophage colony-stimulating factor. JNCI 1991; 83:
1748-53.

Steward WP, Verweij J, Somers R, ¢ a/. Doxorubicin plus
ifosfamide with rhGM-CSF in the treatment of advanced
adult soft-tissue sarcomas: preliminary results of a phase
II study from the EORTC Soft-Tissue And Bone Sarcoma
Group. | Cancer Res Clin Oncol 1991; 117 (Suppl. 4):
$193-97.

Hoekman K, Wagstaff |, van Groeningen CJ, ¢t a/. Effects
of recombinant human granulocyte-macrophage colony-
stimulating factor on myelosuppression induced by



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

"8.

9.

multiple cycles of high-dose chemotherapy in patients with
advanced breast cancer. | Nat#/ Cancer Inst 1991; 83:
1546-1553.

Kantarjian HM, Estev EH, O’Brien S, e/ 4/ Intensive
chemotherapy with mitoxantrone and high-dose cytosine
arabinoside followed by granulocyte-macrophage colony-
stimulating factor in the treatment of patients with acute
lymphocytic leukemia. Blood 1992; 79: 876-81.

McGuire WP, Hoskins W], Brady MF, ¢# a/. Phasc I1I trial
of dose intense versus standard dose cisplatin and cytoxan
in advanced ovarian cancer. Proc .1m Soc Clin Oncol 1992;
11: 226 (abstract 718).

Kaye SB, Lewis CR, Paul |, ¢/ a/. Randomized study of
two doses of cisplatin with cyclophosphamide in epithelial
ovarian cancer. L.ancet 1992; 340: 329 33.

Storb R. Bone marrow transplantation. In: DeVita VT,
Hellman S, Rosenberg SA, eds. Cancer, principles and practice
of oncology, 3rd edn. Philadelphia: JB Lippincott 1989:
2474-89.

Philip T, Armitage JO, Spitzer (5. High-dose therapy and
autologous bone marrow transplantation after failure of
conventional chemotherapy in adults with intermediate
grade or high-grade non Hodgkin’s lymphoma. N Eng/ |
Med 1987; 316: 1493-8.

Bosly A, Coiffier B, Gisselbrecht C, e a/. Bone marrow
transplantation prolongs survival after relapse in ag-
gressive lymphoma patients treated with the LNH-84
regimen. | Clin Onco/ 1992; 10: 1615-23.

Taylor KM, Jagannath SM, Spitzer G, ef a/. Recombinant
human granulocyte colony-stimulating factor hastens
granulocyte recovery after high-dose chemotherapy and
autologous bone marrow transplantation in Hodgkin’s
disease. | Clin Oncol 1989; 7: 1791-9.

Nemunaitis J, Singer JW, Buckner CD, et a/. Use of
recombinant human granulocyte-macrophage colony-
stimulating factor in graft failure after bone marrow
transplantation. Blood 1990; 76: 245-53.

Kessinger A. Reestablishing hematopoiesis after dose-
intensive therapy with peripheral stem cells. In: Armitage
JO, Antman KH, eds. High-dose cancer therapy: pharmacology,
hematopoietis, stem cells. Baltimore: Williams & Wilkins
1992: 182-94.

Shea TC, Mason JR, Storniolo AM, ¢/ a/. Beneficial effect
from sequential harvesting and reinfusing of peripheral
blood stem cells (PBSC) in conjunction with rtHuGM-CSF
(Schering/Sandoz) and high-dose carboplatin (CBDCA).
Blood 1990; 76 Suppl. 1: 165a (abstract 651).

Elias A, Avash L, Anderson K, ¢/ a/. Hematologic support
during high dose intensification for breast cancer:
recruitment of peripheral blood progenitor cells (PBPC)
by GM-CSF and chemotherapy. Blood 1990; 76: 536a
(abstract 2135).

Long G, Chao N, Negrin R, e a/. Ethcacy of peripheral
blood-derived stem cell (PBSC) rescue compared with bone
marrow (BM) plus PBSC rescue after high dose therapy.
Blood 1990; 76 Suppl. 1: 550a (abstract 2190).

Korbling M, Holle R, Haas R, ¢z 4/ Autologous blood
stem-cell transplantation in patients with advanced
Hodgkin’s disease and prior radiation to the pelvic site. |
Clin Oncol 1990, 8: 978-85.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Hematopoietic growth factors and chemotberapy

Mazanet R, Elias A, Hunt M, e/ a4/ Peripheral blood
progenitor cells (PBPCs) added to bone marrow (BM) for
hemopoietic rescue following high dose chemotherapy for
solid tumors reduces morbidity and length of hospitaliza-
tion. Proc Am Soc Clin Oncol 1991; 10: 324 (abstract 1140).
Peters WP, Ross M, Vredenburgh ], et a/. High-dose
alkylating agents and autologous bone marrow support
(ABMS) for stage 11/111 breast cancer involving 10 or more
axillary lymph nodes. Proc .Am Soc Clin Oncol/ 1992; 11: 58
(abstract 59).

Gianni AM, Siena S, Bregni M, ez 4/ Growth factor
supported high-dose sequential adjuvant chemotherapy in
breast cancer with >10 positive nodes. Proc Am Soc Clin
Oncol 1992; 11: 60 (abstract 68).

Grigg A. Effect of peripheral-blood progenitor cells
mobilized by filgrastim (G-CSF) on platelet recovery after
high-dose chemotherapy. Bone Marrow Transplant (in press).
Fukuda M, Kojima §, Matsumoto K, e a4/ Auto-
transplantation of peripheral blood stem cells mobilized by
chemotherapy and  recombinant human granulocyte
colony-stimulating factor in childhood neuroblastoma and
non-Hodgkin’s lymphoma. Br | Haemato/ 1992; 80: 327-31.
Voss JM, Bierman PJ, Anderson JR, et a/. High-dose
chemotherapy with hematopoietic stem cell rescue for
non-Hodgkin’s lymphoma (NHL): Evaluation of event-
free survival based on histologic subtype and rescue
product. Proc Am Soc Clin Oncol 1992; 11: 318 (abstract
1080).

Siena S, Bregni M, Brando B, ¢ a/. Flow cytometry for
clinical estimation of circulating hematopoietic progenitors
for autologous transplantation in cancer patients. Blood
1991; 77: 400-9.

Berenson R, Hallagan J, Heimfeld S, ¢/ a/. Engraftment of
autologous CD34 + enriched marrow cells in patients with
breast cancer: post-transplant granulocyte colony-stimula-
ting factor (G-CSF) accelerates hematopoietic recovery.
Proceedings of 24th Congress of the International Society
for Haematology, London, 1992: abstract 805.

Brugger W, Moecklin W, Heimfeld S, et al Ex wvivo
expansion of enriched peripheral blood CD34 + progenitor
cells by stem cell factor, interleukin-1f, interleukin-6,
interleukin-3, interferon-gamma, and erythropoietin. Blood
(in press, 1993).

Peters WP, Rosner G. A bottom-line analysis of the
financial impact on hematopoietic  colony-stimulating
factors and CSF-primed peripheral blood progenitor cells.
Blood 1991; 78 (Suppl. 1): Ga.

Russell NH, Pacey S. Economic evaluation of peripheral
blood stem cell transplantation for lymphoma. Lancer 1992;
340: 1290.

Coleman CN, Picozzi V], Cox RS, e/ a/. Treatment of
Iymphoblastic lvmphoma in adults. J Clin Oncel 1986; 4:
1628-37.

Hayes DF. What would vou do if this were vour . .. wife,
mother, sister, selt? | Clin Onco/ 1991, 9: 1-3.

Belanger D, Moore M, Tannock I. How American
oncologists treat breast cancer, an assessment of the
influence of clinical trials. | Clin Oncol 19915 9: 7-10.

(Receired 3 March 1993 accepted 5 March 1993

Anti-Cancer Drugs* 16/ 41993 139



