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ABSTRACT

Data from an in vitro human tumor-cloning assay suggested synergistic
cytotoxicity when etoposide (VP16) and granulocyte-macrophage colony-
stimulating factor (GM-CSF) were combined. To explore this potential, we
undertook a prospectively randomized three-arm trial in a phase I setting
with various schedules of VP 16 and GM-CSF. Thirty-one patients were
enrolled in the three-arm trial. Arm A consisted of oral VP16 daily for up

to 21 days with cycles repeated every 35 days. Arm B included oral VP16
daily for up to 21 days plus concomitant GM-CSF at 5 jug/kg/day s.c. days
1â€”10.Arm C included oral VP16 daily for up to 21 days plus pretreatment
with GM-CSF at the same dose for 5 days (days -6 to -2). VP16 was begun
at 25 mg/m2/day on level 1 and increased to 50 mg/m2/day on level 2.

Twenty-seven patients were Ã©valuablefor toxicity, nine on each arm (six

patients on each arm on level 1, three patients on each arm on level 2).
Neutropenia on arm B (concomitant VP16 and GM-CSF) was earlier and

more profound than on arm A or C. The median absolute neutrophil count
and day of nadir for arms A, B, and C were 3295, 988, and I(>0()nun ' and

days 23, 15, and 26, respectively. Thrombocytopenia was generally un
common except on arm C level 2, where the median platelet count was
26.11110nun'. One partial response (arm B) in a patient with non-small cell

lung cancer was seen. Dose intensity favored arm A. Neither concomitant
therapy with VP16 and GM-CSF (arm B) nor pretreatment with GM-CSF

(arm C) improved dose intensity over VP16 alone (arm A), and arms B and
C were complicated by increased neutropenia and thrombocytopenia.

INTRODUCTION

VP16,3 a topoisomerase II inhibitor (1), is an active antineoplastic

agent against small cell lung cancer, germ cell tumors, lymphoma,
and acute leukemias (2). The optimal schedule is still unclear, but
there is evidence to suggest that continuous administration of VP 16
with a relatively low daily dose can provide superior responses in
patients (3).

In a phase I trial with daily oral VP 16 involving 18 patients, the
maximum tolerated dose was 50 mg/irr/day for 21 days (4). Myelo-
suppression was the dose-limiting toxicity and occurred between days

21 and 28. There were five partial responses. Four of the responses
occurred in malignancies that are usually unresponsive to VP16, in
cluding breast cancer, ovarian cancer, and soft tissue sarcoma.
Johnson et al. (5) showed that oral VP 16 administered as a single
agent at 50 mg/irr/day for 21 days resulted in a 45% response rate in
patients with refractory small cell lung cancer. Eight of the 10 re-

sponders had previously progressed on i.v. VP16. Similarly, Einhorn
(6) noted a 23% response rate in 26 patients with refractory small cell
lung cancer and a 20% response rate in 25 patients with refractory
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germ cell tumors. In both studies the dose of VP16 was 50 mg/irr/day
for 21 days, and the majority of the patients had previously been
treated with i.v. VP 16.

GM-CSF is a glycoprotein produced by T-lymphocytes, macro
phages, fibroblasts, and endothelial cells (7). In vitro, GM-CSF in
duces proliferation of committed bone marrow precursors of granu-
locytes and macrophages. Moreover, GM-CSF enhances bactericidal

and tumoricidal activities of their mature progeny (7). Phase I trials
with GM-CSF in patients with advanced malignancies have induced

similar changes without an antineoplastic response (8). Additionally,
Salmon and Liu (9) and Foulke et al. (10) have shown in the HTCA
that there is no evidence of tumor colony-forming unit stimulation
with the addition of GM-CSF.

Utilizing the HTCA, we recently demonstrated that there was in
creased cytotoxicity against human tumor colony-forming units when
VP16and GM-CSF were combined. Asimilar increase in cytotoxicity

in the HTCA using tumors from the same patients was not seen when
GM-CSF was added to either doxorubicin, cyclophosphamide, or

vinblastine (11).
Recently, it was suggested that 48-96 h after the discontinuation of

GM-CSF there is a period of partial refractoriness of bone marrow
cells to the cytoreductive effects of cell cycle-specific chemothera-
peutic agents (12). Vadhan-Raj et al. (13) also suggested that pretreat
ment with GM-CSF may be myeloprotective and allow intensification

of chemotherapy. On the other hand, Morstyn et al. ( 14) suggested that
pretreatment with GM-CSF would not reduce chemotherapy-induced

neutropenia.
Therefore, to fully evaluate the effects of VP 16 and GM-CSF, we

designed a randomized, prospective trial in the phase I setting with the
following objectives: (a) to determine the toxicity of GM-CSF given

concomitantly with VP16 and (b) to evaluate whether pretreatment
with GM-CSF would improve subsequent myelosuppression.

PATIENTS AND METHODS

Patients who had solid tumors with either microscopically diagnosed meta-

static or locally advanced disease that was refractory to conventional therapy
or for which no effective therapy was known were candidates for entry into the
study. Prior to enrollment, patients underwent a complete history and physical
examination. Prestudy evaluation included assessment of performance status,
radiographie evaluation of the tumor, a complete blood count with differential,
and a serum chemistry profile. A chest radiograph, electrocardiogram, urinaly-

sis, and tumor markers (if appropriate) were also performed. Eligibility criteria
included (a) age 18 years or older; (b) performance status of 2 or better using
Southwest Oncology Group criteria; (c) a life expectancy of at least 12 weeks;
(d) no anticancer therapy for at least 3 weeks (6 weeks if prior nitrosourea or
mitomycin C) and complete recovery from the toxic effects of that treatment;
(e) adequate bone marrow as determined by a WBC >30(X)/mm\ hemoglobin
&9 g/dl, platelets > 100,000, renal function (creatinine Â£2.0 mg% or creati-

nine clearance a6() ml/min and urinalysis without an active sediment), and
hepatic function (bilirubin S2.0 mg%, serum aspartate aminotransferase Â£3-

fold the upper limits of normal); (/) serum electrolytes within 10% of normal
and blood glucose <299 mg%; (g) no serious preexisting medical conditions

that would interfere with full compliance of the study; and (It) no prior
exposure to oral VP 16 or GM-CSF. Two patients were granted exceptions. One
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patient had a hepatoma and an aspartate aminotransferase of 140 units/liter, and
another patient with extensive stage small cell lung cancer had a stable chronic
creatinine of 2.2 mg/dl. All patients signed an informed consent indicating that
they were aware of the investigational nature of the study. The protocol and
consent form were reviewed and approved by the Investigational Review

Boards of each of the participating hospitals.
Study Design. Patients were randomized to one of three arms. The three

arms were: arm A, oral VP16 daily for up to 21 days (control arm); arm B, oral
VP16 daily for up to 21 days with GM-CSF s.c. daily for the first 10 days
(concomitant arm); arm C, GM-CSF daily s.c. for 5 days (days -6 to -2), 2

days rest, and then oral VP 16 daily for up to 21 days beginning on day 0

(pretreatment arm).
The dose of VP 16 was 25 mg/m-Vday on level 1, with subsequent escalation

up to 50 mg/m2/day on level 2. No intrapatient dose escalation was allowed.

Since VP 16 capsules are 50 mg, all patients on level 1 received a single capsule
daily for 21 days. On level 2, doses were averaged over 3 days to approximate
50 mg/m2/day. Dose intensity was defined as the number of days patients

received VP 16. GM-CSF was administered s.c. at a fixed dose of 5 (Â¿g/kg/day.

All patients with a history of pulmonary disease were given the first dose of
GM-CSF in the clinic with the patient supine for 90 min after administration.
Cycles were repeated every 35 days. Thirty-five-day cycles were selected (as
opposed to 28-day cycles) to allow an adequate recovery time for blood counts,

because the nadir for VP 16 typically occurs between days 21 and 28 (4). In a
28-day cycle GM-CSF therapy would have been initiated on day 21 (day -6 of

the next cycle).
Follow-up. All patients were seen at least weekly and a history and physi

cal examination were performed. Weekly weights and toxicity notations were
made, and a serum chemistry profile was obtained. A complete blood count
with differential was obtained at least twice a week. Tumor markers, if fol
lowed, were obtained monthly. Disease evaluation was done every other cycle
or sooner if clinically indicated. If the patient's WBC was Â£2000 or the platelet

count was s75,(KX). VP 16 was held for the remainder ofthat cycle. Subsequent

cycles were at the same dose at level 1, but for level 2 doses were reduced by
25% for subsequent cycles (i.e., 37.5 mg/m2). Toxicity was evaluated accord

ing to the National Cancer Institute common toxicity criteria.
The plan was to enroll a cohort of three patients on each arm at the initial

dose level (level 1). When significant toxicity (grade 4 hematological or grade
3 nonhematological) was observed in a single patient, three additional patients
were to be enrolled on each arm. The maximum tolerated dose was defined
when two of three (or six) patients experienced significant toxicity on a

particular dose level.
GM-CSF. Recombinant human GM-CSF (mammalian glycosylated; SCH-

39300) was provided by the Schering-Plough Corporation (Kenilworth, NJ). It

was stored as a sterile lyophilized powder and was reconstituted with 0.5 ml
sterile water and administered s.c.

Etoposide (VP16). VP16 (Bristol-Myers, Evansville, IN) was administered

orally in the form of soft gelatin capsules. VP16 was obtained through com
mercial sources.

Response Criteria. A complete response was defined as a disappearance of
all measurable tumor for a duration of at least 1 month. A partial response
represented a >50% reduction in measurable disease as defined as the sum of
the products of the greatest perpendicular diameters of all measured lesions
without the appearance of new lesions and lasting for 1 month. A minor
response was a 25-50% regression of measurable disease. Progressive disease

was defined as a >25% increase of measurable tumor compared with baseline
or the appearance of new lesions. Stable disease represented a <25% increase
or decrease in disease without the appearance of new lesions.

Pharmacokinetics. Plasma samples were collected at baseline and prior to
the dose on days 7, 14, and 21 during the first treatment cycle. The samples
were analyzed by the method described by Littlewood et al. (15) using high-

performance liquid chromatography with electrochemical detection. Briefly,
teniposide was added as the internal standard, and the samples were extracted
with 1,2-dichloroethane. Following evaporation to dryness with nitrogen the
samples were reconstituted with 0.2 ml of the mobile phase (60:40 methanol-
:phosphate buffer), and 10-/il aliquots were injected onto the column.

Statistical Analysis. Nonparametric Wilcoxan rank sum tests were used to
compare nadirs and days of nadirs of neutrophils and platelets and to compare
pharmacokinetic parameters between treatment groups. / tests were used to
compare dose intensity.

RESULTS

From April 1991 through March 1992, 31 patients were randomized
to arm A (11 patients), arm B (10 patients), or arm C (10 patients) of
the study and received 49 courses of therapy. The patient character
istics are shown in Table 1. The mean durations of VP 16 treatment
were: arm A, 19.1 days (range, 11-21 days); arm B, 16.9 days (range,
12-21 days); arm C, 18.7 days (range, 13-21 days). Therapy was

discontinued for 16 patients because of progressive disease after re
ceiving only one cycle of therapy, and it was stopped for 10 additional
patients because of progressive disease after receiving two or more
cycles. Five patients did not continue in the study because of toxicity.
Four of these patients were on arm B. Two of these four patients
discontinued therapy because of febrile neutropenia (one associated
with pneumococcal sepsis and death), and the other two patients
stopped treatment because of malaise and anorexia. Finally one pa
tient (arm C) attributed his "severe nausea and vomiting" to GM-CSF

and discontinued the study after 2 days of GM-CSF alone. His symp

toms improved several days later.
Neutropenia. Twenty-seven patients were Ã©valuablefor hemato

logical toxicity. Four patients (two on arm A, one on arm B, and one
on arm C) received therapy for only 2 days and were not Ã©valuable.
For each arm there were six Ã©valuablepatients on level 1 and three
Ã©valuablepatients on level 2. The grade of neutropenia and the median
absolute neutrophil count and median day of nadir are detailed in
Table 2. A statistically significant difference in ANC was noted only
when patients were on level 2 (50 mg/m2 of VP16). At that dose level

ANC nadirs were statistically significantly lower for arms B and C
when they were compared to arm A (P = 0.05). In addition, the

median day of nadir for arm B (day 15) was significantly sooner than
the median day of nadir for arm A (day 24) or C (day 26) (P = 0.01).

The ANC returned to baseline in all patients by day 28, indicating that
all patients could possibly be retreated on day 28 as opposed to day 35.

The daily median ANCs for each arm and level are shown in Fig.
1, A, B, and C (for arms A, B, and C, respectively). As previously
mentioned, arm B was associated with earlier and more pronounced
neutropenia. The nine patients on arm B demonstrated a median
increase of 44% in their ANC (range, 0-245%) by day 5 (Fig. IB).
Within 4 days of stopping the GM-CSF (day 10) while continuing

daily oral VP16, the median ANC in arm B decreased 86% (day 14)
and then slowly returned to near baseline.

Three patients experienced febrile neutropenia (two patients on arm
B, one patient on arm C). With empiric i.v. antibiotic support the two
patients on level 1 (one each on arms B and C) recovered without

Table 1 Patient characteristics

No. ofpatientsNo.
of courses oftherapySex

(M/F)Median
age (yr)(range)Performance

status012Prior

therapyChemotherapyRadiationChemotherapy

andradiationNoneTumor

typesLungNon-small

cellSmall
cellSarcomaOther"A11157/463011060505123B10137/35324441323223ArmC10215/56118160131216All314919/1259(18-78)32351619595512

" Other tumor types included colon, hepatoma, gastric, pancreas, ovarian, and osteo-

sarcoma.
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Table 2 Grades of neulropenia and thrombocytopenia for each arm and dose level

ArmA

(VP 16alone)B

(VP16 +GM-CSF)C

(GM-CSF â€”VP16)Level121212No.

of
patients636363Neutropenia05320401000010200110131020014001211Median

ANC/mm3

(median day ofnadir)356822750'61066351Â°3056544*(22)(24)^(14)(15)c(25)(2dfThrombocytopenia04362511100000200000031000114000101Median

platelet nadir X 10-Vmm3

(median day ofnadir)224.5159.0238.5142.0261.026.0(16.0)(21.5)(14.5)(14.0)(18.5)(15.5)

" Statistically significantly different, P = 0.05.
h Statistically significantly different, P = 0.05.
"Statistically significantly different, P = 0.01.
d Statistically significantly different, P = 0.01.

complications. The arm B patient on level 2 developed pneumococcal
sepsis and died on day 17 despite vigorous intensive care support.

Thrombocytopenia. Thrombocytopenia was uncommon (Table
2). Of the 27 patients Ã©valuablefor myelosuppression, 21 maintained
their platelet count above 100,000/mm3. Three of the six patients at

level 2 on arms B and C had grade 3 or worse thrombocytopenia. The
platelet counts of all patients recovered without sequelae, with the
exception of the patient on arm B, level 2 who died of sepsis. The
median day of platelet nadir for the entire study was day 16 (range,
10-33 days) and did not significantly vary among arms. The median
degree of thrombocytopenia seen on arm C, level 2 was 26,000/mm3
(range, 14,000-254,000/mm3) and was unexpectedly profound. With

the severe neutropenia (and thrombocytopenia noted with GM-CSF +
VP16 or GM-CSF -+ VP16) the maximally tolerated dose for all

VP16 was defined as 50 mg/rrr/day for 14 days, while the recom
mended dose for phase II studies would be 25 mg/m2/day for 21 days.

Nonhematological Toxicities. In general, the nonhematological
toxicity from VP16 was mild and tolerable. However, the constitu
tional symptoms from GM-CSF did result in one patient withdrawing

from the study after 2 days (on arm C) and two patients with stable
disease refusing to proceed with additional therapy.

On arm A, only one patient complained of mild nausea. One other
patient had an increase in his total bilirubin from 0.4 to 1.9 mg/dl by
day 14 (that patient also had grade 3 neutropenia and grade 1 throm
bocytopenia on day 14), which normalized when VP16 was stopped.
Arm B was associated with the worst nonhematological toxicity. Six
of 10 patients (60%) complained of nausea (two grade 2), and three
complained of occasional vomiting. Two patients experienced muco-

sitis (one patient had grade 2), and one patient had mild diarrhea. Arm
C was associated with mild diarrhea and grade 2 nausea in one patient
and mucositis in two patients (one grade 2). Two patients had hyper-

bilirubinemia (bilirubin levels, 3.9 and 4.4 mg/dl) which improved
off-study after completion of the VP16 course. These two patients and

the patient on arm A who had hyperbilirubinemia had the three highest
prestudy serum glutamic-oxalacetic transaminase (SGOT) levels and

had significant liver involvement with tumor. The hyperbilirubinemia
was transient and began to improve when VP16 was stopped. Their
respective SGOT levels did not significantly change.

When viewed in another way, on arm A, 10 patients (91%) had no
complaints referable to VP16 (alopecia excluded). On arm B, there
were no patients without some (usually mild) drug-related symptoms.
On arm C, 44% of the patients were without drug-related symptoms.

Subsequent Cycles. Eleven patients received two or more courses
of therapy (three patients on arm A, three patients on arm B, and five
patients on arm C). There were no significant differences in the degree
of hematological or nonhematological toxicities compared with their
respective initial cycles. One patient who had seven cycles of therapy
(arm C) showed no evidence of cumulative toxicities (data not
shown). One patient on arm B who experienced only malaise on cycle
1 had fever and a 5-cm, red, and indurated rash at the site of a

subsequent s.c. GM-CSF injection. The rash resolved 1 week after
stopping GM-CSF.

Antineoplastic Activity. Thirty patients were Ã©valuablefor disease
response. One patient (arm C) was not Ã©valuablefor response because
he withdrew from the study prior to beginning VP 16. One partial
response was seen in a previously untreated patient with metastatic
non-small cell lung cancer which was maintained for 5 months off-

study (arm B, level 1). A patient with small cell lung cancer (arm B,
level 2) had a 30% shrinkage in her skin nodules noted prior to her
death because of sepsis.

Dose Intensity. Dose intensity was defined by the number of days
VP 16 was taken per cycle (Table 3). All patients were projected to
take VP16 for 21 days. The mean days of VP16 taken was 19.1 days
(range, 11-21 days) for arm A, 16.9 days (range, 10-21 days) for arm
B, and 18.7 days (range, 13-21 days) for arm C. When the patients are

separated by treatment levels (Table 3), the data show that the nominal
dose intensity advantage seen for arm C, level 1 was lost when
patients were treated on level 2 due to the unexpected degree of
thrombocytopenia.

Pharmacokinetics. Serum samples obtained from 17 patients were
analyzed. The VP 16 concentrations demonstrated significant intrapa-
tient and interpatient variability (range, 68-1562 ng/ml). Based on

these data there was no correlation between hematological or nonhe
matological toxicity and the concentration of VP16 (data not shown).
As stated previously, the patients treated on arm B experienced more
hematological and nonhematological toxicities than the patients on
arms A and C. These toxicities are probably not attributable to higher
VP16 concentrations because the range of trough concentrations for
the patients on arm B is comparable to, if not lower than, the con
centration ranges on the other two arms (arm B, 68-963 ng/ml; arm A,
69-1102 ng/ml; arm C, 85-1652 ng/ml). However, since only a lim

ited number of patients were involved in this data analysis, a more
definitive statement regarding toxicities of the combination of GM-

CSF + VP16 versus the serum concentrations of VP16 awaits clinical
trials with larger numbers of patients.

DISCUSSION

The design of a three-arm randomized trial allowed us to fully
evaluate the impact of two different sequences of GM-CSF with VP 16

compared to a control arm (arm A). The nine patients on arm A
experienced similar hematological and nonhematological toxicities as
reported by others (3). The use of GM-CSF with concomitant daily

oral VP 16 (arm B) caused significant neutropenia as well as increased
nausea, vomiting, and mucositis. Our data suggest that GM-CSF

increases the sensitivity of the granulocyte precursors to VP16. When
GM-CSF was terminated on day 10, there was a rapid and significant

neutropenia. This phenomenon is consistent with results noted with
protocols used to treat patients with acute myelocytic leukemia (which
has receptors for GM-CSF) with GM-CSF beginning just prior to and
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Fig. 1. The median ANC by level. A, arm A (VP16 alone); B, arm B (VP16 +

simultaneous GM-CSF); C, arm C (pretreated with GM-CSF, followed by VP16). O, level

1; â€¢level 2.

continuing through induction (16, 17). The in vitro data (18, 19)
suggest that GM-CSF is capable of stimulating some blast cells to
become more sensitive to cell cycle-specific drugs by increasing the
fraction in S-phase. Our study suggests that the concomitant use of a
cell cycle-specific chemotherapy agent with GM-CSF is likely to

result in similar enhanced myelosuppression.
In our study, pretreatment with GM-CSF did not allow improve

ment in dose intensity and, in fact, resulted in more profound throm-

bocytopenia and neutropenia at the higher VP16 dose level. The
median ANC for arm C was less then for arm A, although not statis
tically significant. Our study does not disprove the possibility that a
relative refractoriness of the bone marrow may be induced by pre
treatment with GM-CSF, since the protracted daily VP 16 regimen may
have overcome that advantage. Pretreatment with GM-CSF might be

myeloprotective if followed by brief intensive chemotherapy (7, 13).
Morstyn et al. (14) examined melphalan at a dose of 25 mg/m2 on day

1 either alone (schedule 1) or with G-CSF (schedules 2-5). Their

schedule 5 was different from the control group (schedule 1) only by
the addition of pretreatment with G-CSF for 8 days (days -9 to -2).

In contrast to the other reports (7, 13), they noted no difference in the
timing, depth, or duration of the nadir with pretreatment by G-CSF.

Multiple recent studies have reported thrombocytopenia with GM-
CSF (20-22) or G-CSF (23, 24). In these studies all of the patients
who developed thrombocytopenia received GM-CSF or G-CSF for
>10 days (20-25). Bunn et al. (20) randomized 213 patients to receive
GM-CSF for 15 days (days 4-18) versus no colony-stimulating factor.

They noted a significant increase in thrombocytopenia in patients who
received GM-CSF for 14 days. Bishop et al. (21) noted significantly
worse thrombocytopenia with prolonged administration of GM-CSF,

while Luikart et al. (22) noted significant thrombocytopenia in pa
tients who received 20 jug/kg/day of GM-CSF compared with 5 ftg/kg
twice/day for 11 days (days 4-14). Momin et al. (23) in a nonran-

domized trial noted a consistent thrombocytopenia in patients who
received G-CSF for 14 days (days 4-17) compared to patients on the
same protocol who did not receive G-CSF. Green et al. (24) treated
101 patients randomized to receive G-CSF or placebo for 15 days
(days 4â€”18)after chemotherapy. Lower platelet counts were seen in
the group that received G-CSF. In contrast, patients treated with either
GM-CSF (25) or G-CSF (26, 27) following high-dose chemotherapy

have failed to show a delay in platelet recovery compared to either
historical (25, 26) or randomized (27) controls.

The thrombocytopenia that has been seen with GM-CSF is poorly

understood but appears to be related to duration of therapy with
GM-CSF in patients who have not received marrow-ablative doses of
chemotherapy. GM-CSF receptors have been identified on mega-
karyocytes (28). GM-CSF has been shown to affect megakaryocyte

production (29) but has infrequently increased the platelet count clini
cally (30). Most published trials of GM-CSF have failed to show a
significant improvement in platelet count (31-33). On arm C, signifi

cant thrombocytopenia was seen at level 2 (Table 2). This finding is
difficult to explain but may represent enhanced megakaryocytic tox-
icity due to pretreatment with GM-CSF.

Previous reports have suggested that the bioavailability of oral
etoposide when administered in doses of 350-450 mg is approxi

mately 50% (34). Alternately, Harvey et al. (35) and Slevin (36)
presented evidence that the absorption of oral etoposide varies with
the etoposide dose, which may account for the variability of myelo
suppression often seen with etoposide. Most recently, Hande et al.
(37) reported that the bioavailability following a 100-mg oral dose of

etoposide was significantly greater than the bioavailability following
a 400-mg oral dose of etoposide (76 Â±22% versus 48 Â±18%, mean

Â±SE; P < 0.01). Although the reason for this finding is unclear, it was
postulated that the decreased bioavailability may be related to satu
ration of a transport system in the gut at doses >300 mg. In the present
study, patients receiving VP16 + GM-CSF concomitantly clearly

experienced more hematological and nonhematological toxicities.
Since these patients received lower oral etoposide doses, the possi
bility exists that they may have had an increased bioavailability of the
VP16. However, there did not appear to be a direct correlation be
tween toxicities and serum etoposide concentrations. This lack of
correlation between toxicities and serum etoposide concentrations
could be due to the small sample size of our study. Clearly, this
question needs to be answered in expanded clinical trials with the
combination.

Table 3 Dose intensity defined as the mean number of days VP16 was taken during
cycle 1

25 mg/m;
50mg/m2AllVP16alone18.2 21.019.1VP16

+GM-CSF18.0

14.716.9GM-CSF-Â»VP1620.714.718.7Total19.0 16.818.2
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Stewart et al. (38-40) showed that patients with an elevated total

bilirubin or decreased albumin concentration may experience a greater
degree of myelosuppression with VP16. The only patient that expe
rienced neutropenia (grade 3) on arm A had an increase in total
bilirubin from 0.4 to 1.9 mg/dl and severe ascites. However, the
myelosuppression did not correlate with serum VP16 concentrations
because this patient had extremely low concentrations on days 7 and
14 (105 and 69 ng/ml, respectively). However, an area under the curve
effect of the drug can not be excluded. Similarly, a single patient on
arm C with hyperbilirubinemia also had low VP16 concentrations (85
ng/ml on days 7, 14, and 21).

In an effort to explore the possible in vivo antitumor synergy with
VP16 and GM-CSF, we have begun a new study. In this study we are

continuing with VP16 orally for 21 days. On level 1 we will begin
GM-CSF on day 17 and continue to day 23. If this is well tolerated we
will increase the number of days GM-CSF is given concomitantly
with VP16 (i.e., level 2 will begin GM-CSF on day 12). Our goal will

be to continue to explore possible in vivo synergy and avoid the
precipitous myelosuppression of arm B. Patients will not receive
VP16 for 2 weeks before beginning a subsequent cycle.
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