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ABSTRACT

We performed a phase I trial of CI-937 (DUP937), an anthrapyrazole,
with the following objectives: (a) to determine the maximally tolerated
dose in humans; (b) to define the toxicity spectrum of this agent; (c) to
describe the pharmacokinetics of the drug; (</)to test a pharmacokinetics
based hypothesis of dose escalation; and (<â€¢)to relate drug pharmacoki
netics to pharmacodynamics. CI-937 was administered as a single bolus
injection every 3-4 weeks at doses ranging from 3.6 to 25.2 mg/m2.

Thirty-two patients and 57 courses were Ã©valuablefor toxicity. Pharma
cokinetic analysis was performed in 30 patients on the first course using
a sensitive and selective radioimmunoassay. The maximally tolerated
dose in patients with no prior therapy was 25.2 mg/m2 and dose-limiting

toxicity was neutropenia. I hrombocytopenia, nausea, vomiting, stomati
tis, and alopecia were mild. A partial response was recorded in a patient
with mesothelioma. The area under the curve increased linearly with
dose, and total body clearance of CI-937 was independent of dose. The
mean total body clearance was 107 Â±55.8 ml/min/m2, mean steady state
volume of distribution was 492 Â±469 liters/in7, and terminal half-life

was 3.78 Â±2.86 days. The extended factors of 2 methods of pharmaco
logically guided dose escalation were intended for use but ultimately were
equivalent to that of the modified Fibonacci dose escalation method. Dose
and the area under the curve were significant predictors of a percentage
change in WBC and neutrophil count in a univariate analysis. Only dose
and baseline neutrophil count predicted a percentage change in WBCs in
a multifactor analysis. Dose and prior chemotherapy predicted percentage
change in neutrophil count in a multifactor analysis. We conclude that
the dose-limiting toxicity of CI-937 is neutropenia and that the recom
mended phase II starting dose is 22 mg/m2.

INTRODUCTION

The anthrapyrazoles are a new class of agents which act
through intercalation with DNA and subsequent inhibition of
DNA synthesis (1-3). CI-937 (Fig. 1) is an anthrapyrazole
which has a high level of antitumor activity in a broad spectrum
of experimental tumor models. It causes DNA single and double
strand breaks and is a more potent inhibitor of DNA than RNA
synthesis. In experimental studies, its propensity to produce
free radicals was less than that of doxorubicin (4, 5). Although
the exact mechanism of doxorubicin cardiotoxicity is unclear,
the formation of free radicals is believed to be a contributing
factor. These results suggest that this drug may cause less
cardiotoxicity than doxorubicin.

Acute toxicology in beagle dogs (6, 7) revealed that diarrhea,
weight loss, myelosuppression, and congestion or hemorrhage
in lymphoid organs, heart, lungs, and intestine occurred at the
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mouse equivalent LD|03 (36 mg/m2) in the single i.v. bolus

studies. Therefore, the starting dose selected for a single bolus
i.v. infusion every 21 days in humans was 3.6 mg/m2.

We undertook this phase I pharmacokinetic/pharmacody-
namic study of CI-937 with 5 objectives: (a) to determine the
MTD of CI-937 when administered as a single i.v. infusion
every 3 weeks; (b) to describe and quantitate the clinical toxicity
of CI-937; (c) to define the clinical pharmacokinetic character
istics of CI-937; (d) to use the "extended factor of 2" pharma

cologically guided dose escalation procedure proposed by Col
lins et al. (8); and (e) to assess the relationship between the
pharmacokinetic and clinical parameters of CI-937 pharmaco-
dynamic characteristics, i.e., hematological toxicity.

MATERIALS AND METHODS

Eligibility criteria included histologically documented advanced or
metastatic solid tumor refractory to standard therapy or for which no
conventional therapy was available, 18 years or older, and Eastern
Oncology Cooperative Group performance status 0, 1, or 2. Prior
radiotherapy and chemotherapy had to be completed at least 3 weeks
(6 weeks for nitrosoureas and mitomycin C) prior to entry into the
trial, and recovery from toxicity of prior therapy had to be complete
before study entry. Patients with adequate organ function were eligible:
granulocytes, si.5 x lO'/liter; platelets, >100 x 10'/uter; creatinine,
normal; bilirubin, normal; AST, <2-fold normal; and LVEF, >50% as
determined by MUGA scan. Written informed consent according to
institutional and regulatory requirements was obtained prior to therapy.
Ineligibility criteria included treatment with more than one prior an
thracycline or intercalator, cumulative doses of doxorubicin >300 mg/
m2, mitoxantrone >125 mg/m2 or epirubicin >500 mg/m2, a history of

myocardial infarction within 1 year prior to entry, congestive heart
failure, angina, uncontrolled hypertension, active cardiomyopathy or
ventricular arrhythmias, prior therapy with a phase I agent, radiother
apy to the left hemithorax or mediastinum >4000 cGy or to >30% of
the marrow-bearing skeleton, surgery during the previous 14 days, more
than one primary malignancy (except non-melanoma skin cancer and
in situ carcinoma of the cervix), and pregnancy.

Prior to therapy a complete history, physical examination, tumor
measurement, height, weight, and performance status were recorded.
The following baseline values were obtained: complete blood count with
differential, platelet count, creatinine, uric acid, calcium, phosphorus,
total protein, albumin, AST, alkaline phosphatase, bilirubin, and elec
trolytes. Urinalysis, electrocardiogram, MUGA scan, chest X-ray, and
other imaging procedures to document measurable or Ã©valuabledisease
were undertaken prior to initiation of therapy.

CI-937 was supplied by Warner-Lambert Co., Parke-Davis Phar
maceutical Research Division, Ann Arbor, MI, in 15-mg preservative-
free vials. The drug was reconstituted with 3 ml of water and used
within 8 h of reconstitution. The first 3 patients received 3.6 mg/m2

3The abbreviations used are: LD,0, 10% lethal dose; MTD, maximally toler

ated dose; Va, volume of distribution at steady state; CL,S, total body clearance;
f'/2, terminal half-life; AUC, area under the concentration x time curve; HPLC,
high-pressure liquid chromatography; RIA, radioimmunoassay: AUCw area un
der the concentration x time cune which results in 50% of maximum effect;
AST, aspartate aminotransferase: LVEF, left ventricular ejection fraction: C.I.,confidence interval: MUGA, Multiple Gated Acquisition: /',â€ž.,..maximum effect.
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and Vâ€žwas calculated as

â€¢¿�2HOL

NHCH2CH2NHCH3

Fig. 1. Chemical structure of CI-937.

administered as a IOâ€¢¿�mininfusion in 50 ml of 5% dextrose solution at
the time of entry. According to the extended factors of 2 method of
dose escalation, doses were to be doubled at subsequent dose levels
until the CI-937 AUC in patients was 40% of the CI-937 AUC in mice
at the I.I),,, or until clinically significant drug-attributable toxicity
occurred. Thereafter, dose escalation was to proceed according to the
modified Fibonacci method. The target AUC corresponding to 40% of
the murine AUC was 1258 ng-h/ml. At least 3 new patients were
treated at each dose level. Patients were entered on the next dose level
only after 3 patients were treated and followed for 3 weeks at each new
dose level and no evidence of dose-limiting toxicity was seen. Patients
were escalated to the next dose level provided that the individual did
not experience greater than grade 2 toxicity (using the National Cancer
Institute common toxicity criteria). Dose-limiting toxicity was defined
as a granulocyte nadir <0.5 x lO'/'iter and/or platelet count <50 x
10'/liter and/or grade 3 or 4 other toxicity and/or a decrease in LVEF
>10% from baseline. The MTD was that dose of CI-937 which pro
duced dose-limiting toxicity in at least one-half of the patients treated
at that dose level.

History, physical examination, clinical tumor measurement, and
toxicity assessment were performed prior to each course. Complete
blood count, creatinine, AST, and bilirubin were determined weekly.
Complete blood counts were determined twice weekly when the close
escalation resulted in myelosuppression. The baseline biochemistry
evaluation, urinalysis, and electrocardiogram were repeated prior to
each course. MUGA scan was performed after every cycle in patients
with prior anthracycline or intercalator therapy or baseline LVEF
<55% and after every third cycle in other patients. Complete response
was defined as complete disappearance of disease for a minimum of 4
weeks. Partial response was a 50% or greater decrease in the sum of
the products of measured lesions for a minimum of 4 weeks with no
increase in the size of other lesions or the development of new lesions.
Patients were withdrawn from study if disease progressed, disease was
stable for 4 cycles of therapy, or if patients had grade 3 or 4 hemato-
logical toxicity or nausea or vomiting in spite treatment with
antiemetics.

Each new patient at each new dose level underwent plasma sampling
for pharmacokinetic evaluation. Blood was obtained from the arm
opposite that used for drug administration prior to drug infusion and
at 5, 10, 15, 20, 30, 45, and 60 min; 1.5, 2, 3, 4, 6, 8, 12, 18, 24, 36,
48, 72, 96, and 144 h; and days 7, 14, and 21 after the infusion. Because
of nonspecific binding of CI-937 to glass and instability in plasma,
blood was collected in plastic syringes containing 50 >/l of an acid
citrate/ascorbate solution/ml of blood. The acid citrate/ascorbate prep
aration was a freshly prepared solution of 1.2 M citrate buffer (pH 3.0)
containing 25 mg/ml of sodium ascorbate as anticoagulant and antiox-
idant, respectively. Blood was transferred to plastic tubes and was
centrifuged at 4Â°C.Plasma was transferred to a polyethylene tube using

plastic pipettes. Urine was collected in the same acid citrate/ascorbate
solution at intervals of 0-6, 6-12, 12-18, 18-24, 24-48, 48-72, and
72-96 h. All samples were frozen at -20Â°C. CI-937 concentrations in

plasma and urine were determined using a sensitive radioimmunoassay
reported previously (9). The lower limit of sensitivity was 40 pg/ml,
and cross-reactivity with other anthrapyrazoles was <0.4%.

The LACRAN program was used to calculate the AUC and area
under the time x plasma concentration-time curve [AUMC (0-infmity)]
by LaGrange interpolation with extrapolation to infinite time (10). CLlh
was calculated as

CL,b = dose

Dose x AUMC (0-Â°c)
AUC(O-oo)2 (B)

Univariate analysis was performed using 2 methods. Linear regres
sion was used to test whether the clinical and pharmacokinetic param
eters were significantly related to the percentage decrease in WBC or
granulocyte count where

% decrease in WBC =
Pretreatment WBC - Nadir WBC

Pretreatment WBC
x 100

and the Em^ model (11) was used to relate percentage decrease in WBC
or granulocyte count to AUC as follows:

100 (AUCf
+ AUC"

/4i/C(0-infinity) (A)

% decrease in WBC (granulocytes)

A multifactor analysis was performed using a stepwise regression
and all-subset regression techniques (12). The stepwise procedure al
lowed a factor to enter into the model when the significance level of
that factor was <0.15. The all-subset regression was developed using
the Akaike's Information Criterion and the coefficient of multiple

determination (R statistic).

RESULTS

Thirty-two patients were entered in the trial and 57 cycles
were Ã©valuablefor toxicity. Pharmacokinetic parameters were
determined during 30 courses. The patient characteristics are
listed in Table 1. The dose levels ranged from 3.6 to 25.2 mg/
m2. Dose level and the number of patients entered at each dose

level, number of cycles administered, and the number of cycles
Ã©valuablefor toxicity are listed in Table 2. Dose escalation from
18 to 25.2 mg/m2 was performed according to protocol and
then decreased to 22 mg/m2 when it was determined that 25.2
mg/m2 was the MTD. Doses were escalated in 6 patients who

had minimal or no toxicity at the initial doses. Dose reductions
were required in 4 patients at 3 dose levels. Fifteen patients
received one course of therapy only, 12 received 2 courses, 2
received 3 courses, and 3 received 4 courses. The cumulative
dose ranged from 3.6 to 78.6 with a median of 24.4 mg/m2.

One partial response was observed in a patient with
mesothelioma.

Hematological toxicity is summarized in Table 3 and non-
hematological toxicity is listed in Table 4. There was a decrease
in median nadir granulocyte count with increasing dose. Platelet
counts were not depressed consistently by dose escalations. No
evidence of increased hematological toxicity in previously
treated patients could be identified in the univariate analysis.
In the multifactor analysis, the prior chemotherapy approached
significance (P = 0.0889) as a predictor of granulocytopenia.
Median time to neutrophil nadir was 14 days with a range of
8-22 days. Dose-limiting toxicity was neutropenia at the max

imally tolerated dose. Serious infections were observed in 6
cycles of therapy at 12-, 22-, and 25.2-g/m2 dose levels. Nausea,

vomiting, stomatitis, and alopecia were minimal to mild. Fif
teen cycles of therapy in 10 patients were associated with
transient elevation of bilirubin. These occurred at all dose levels.
Seven patients had mÃ©tastasesto the liver at the time of treat
ment. In five cases the elevations were not associated with
disease progression. Nonhematological toxicity did not appear
until the dose level of 12 mg/m2 was reached but was not dose

related at the higher doses.
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Table 1 Patient characteristics (n = 32)

Median age(range)Sex
(M/F)Primary
siteColorectalBreastMesotheliomaPancreasEsophagusLungProstateOtherUnknownPerformance

status0123Prior

chemotherapyPrior
radiotherapyPrior
chemotherapy/radiotherapyNo

priortherapyDisease
sitesLiverLungSoft

tissueBoneEffusionsOther60(26-71)15/17103443243331810114121171616143813

Table 2 Dose level and courses of treatment

Dose level
(mg/m!)3.6

7.2
12.0
18.0
22.0
25.2No.

of patients
(newpatients)5(4)

7(4)
5(4)
6(3)
7(7)

10(10)No.

of cycles
(Ã©valuablefortoxicity)5(5)

11 (11)
7(7)

10(10)
10(10)
14(14)

plasma for up to 20 days postdose. Urinary excretion data
(Table 6) indicate that 22% of the CI-937 dose was recovered

in urine in the first 6 h postdose with 29.1 % recovered during
the next 4 days.

The results of the univariate analysis using linear regression
with percentage change in WBC and neutrophil counts as the
dependent variables, respectively, are summarized in Table 7.
There was a significant association between these measures of
myelosuppression with dose and AUC in this analysis. The
other pharmacokinetic parameters, the clinical parameters, and
baseline neutrophil and WBC counts were not significant pre
dictive variables. When the Emâ€žmodel was fit to the percentage
change in WBC or neutrophil count, k was estimated to be 1.05
(95% C.I. 0.29-1.81) for WBC count and 1.08 (95% C.I. 0.22-
1.94) for neutrophil count. The AUCÃ•Owas estimated as 2032
ng-h/ml (95% C.I. 1062-3002) for WBC count and 1664
ng-h/ml (95% C.I. 782-2546) for neutrophil count. The mul-
tifactor analysis (Table 7) revealed that dose and age were
significant predictors of a change in WBC and neutrophil
counts. Baseline granulocyte count approached significance as
a predictor of percentage change in WBC count, and liver
mÃ©tastasesand prior chemotherapy did so for percentage
change in neutrophil count. However, one patient 25.7 years of
age had a marked influence on age and liver as factors in the
model even though he had no toxicity. If he is excluded from
the analysis, only dose is a strong predictor of changes in WBC
or neutrophil count. Baseline granulocyte counts were of bor
derline significance in determining a change in WBC counts,
and prior chemotherapy was of secondary importance in pre
dicting a change in neutrophil counts.

Table 3 Hematological toxicity

Doselevel3.67.212182225.2Cycles(Ã©valuable/total)5/511/116/78/1010/1014/14Median

nadir
of granulocytes

(xlO'/Hter)3.7(1.7-6.2)Â°5.0(0.5-12)1.8(0.4-9.0)1.3(0.7-2.9)1.1(0.4-2.1)0.9(0.1-7.3)Median

nadir
of platelets
(xlO'/Hter)277(98-416)404(117-741)152(99-183)278(10-421)221(114-345)215(22-312)

Table 4 Nonhematological toxicity

Â°Numbers in parentheses, range.

The dose escalation used Â¡nthis study was based on AUC
data from the first treatment course and was designed to test
the proposal of Collins et al. (8). Because of rapid increases in
AUC of CI-937, the escalation was converted to the traditional
modified Fibonacci scheme. CI-937 pharmacokinetic parame
ters are summarized in Table 5. Typical plasma disposition
curves for patients treated at the 3.6- and 25.2-mg/m2 dose

levels are shown in Fig. 2. Plasma disposition curves were
polyexponential in form. AUC varied from 650 Â±422 ng/h/ml
at the 3.6-mg/m2 dose to 5271 Â±2695 ng/h/ml at the 25.2-
mg/m2 dose. Mean AUC values generally increased in propor

tion to dose over the dose range studied. Consistent with linear
pharmacokinetics, CLltn VDSS,and f'/2 values were independent
of dose. Mean CÂ¿,*,VDSS,and tl/2 values were 107 Â±55.8 ml/
min/m2, 492 Â±469 liters/m2, and 3.78 Â±2.86 days, respec
tively. Consistent with the long f'/2 values, drug was detected in

6319

No. ofÃ©valuableToxicityNauseaVomitingStomatitisAlopeciaConstipationDiarrheaInfectionCardiacAlkaline

phosphataseBilirubinAST*

Number of cycles.cycles5757575757575757575757Toxicity

grade1

210"
103

85
16
31
01
00
10

012
50

614
73

43

02
01
00
00
00
01
41
01
04
53

1Table

5 PharmacokineticparametersDose

levelAUC(mg/m2)
(ng-h/ml)3.6

(4)Â°650*(422)'7.2(4)

1569(238)12(4)

2215(895)18(3)

4762(1842)22

(9)2745(823)25.2(5)

5271(2695)Overall

(30)Mean
(55.8)CLa,

(ml/min/m2)131(90)77.8(10.6)101(35)69.9(27.9)149(62)96.8(45.9)107(2.86)<w(days)1.82(0.67)5.8(2.6)4.0(2.7)3.2(1.1)4.1(5.3)3.7(1.6)3.78(469)K,(liters/m2)294(100)643(348)506(440)283(149)650(876)474(354)492

* Number in parentheses, number of patients.
* Mean.
' Number in parentheses, SD.
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1000

96 192 288 384

Time (hours)
480 576

Fig. 2. Plot of area under the concentration curve versus dose administered for
2 patients treated with 3.6 (a) and 25 mg/m2 (ft).

Table 6 Mean urinary excretion ofCI-937

Collection interval(h)0-66-1212-1818-2424-4848-7272-96Amount
excreted

(mg)10.11.00.260.670.740.140.17Cumulative
recovery

(% ofdose)22.524.725.326.828.428.729.1

Table7FactorUnivariate

analysisDoseAUCClearanceV*tÂ»Performance

statusAgeSexPrior

chemotherapyPrior
radiationLiver
metastasisAlbuminWBC

baselineGranulocyte
baselineMultifactor

analysisDoseAgeGranulocyte

baselineIf
one patient isexcluded:DoseGranulocyte

baselineDoseAgeLiver

metastasisPrior
chemotherapyIf

one patient isexcluded:DosePrior

chemotherapyPrognostic

factoranalysis%

decrease WBC % decrease granulocytes
significance level significancelevels0.00010.02210.53150.96610.66880.21740.13090.33450.33160.22530.78270.30180.14440.13850.00010.02070.08960.00010.05640.00010.03950.70820.84640.95660.29660.12300.42590.25880.36330.37630.46690.20550.19430.00010.00150.06510.10770.00090.0889

DISCUSSION

CI-937 is one of 3 anthrapyrazoles to undergo clinical devel
opment. CI-941 differs in the hydroxylation of the A ring with
an -OH at the 7 position, and CI-942 differs only in that a
primary amine -CH2NH2 replaces the secondary amine -
NHCH, on the lower side chain. Each of these compounds has

similar preclinical antitumor and toxicology profiles with a
decreased potential for free radical formation. We defined the
maximally tolerated dose, clinical toxicity, and pharmacoki-
netics of CI-937 (DUP937) in this phase I trial. We also
evaluated the proposal of Collins et al. (8) for dose escalation
in phase I trials and examined the relationship between phar-
macokinetic parameters of CI-937 and other potential predictor
variables and the observed hematological toxicity.

The dose-limiting toxicity of CI-937 given as a single injec
tion every 3-4 weeks is neutropenia. The CI-937 hematological
toxicity pattern is similar to that seen with anthracyclines and
anthracenediones with nadirs being dose dependent and occur
ring at a median of 14 days (range, 8-22 days) after treatment.
Thrombocytopenia was mild. The identification of prior chemo
therapy as a predictor for a change in neutrophil count in the
multifactor analysis raises the possibility that the dose for such
patients may require a dose reduction. Nonhematological tox
icity was mild and consisted of lethargy, mild nausea and
vomiting, and occasional stomatitis. Only one case of phlebitis
was observed when a patient received a repeat course in a vein
used for the initial treatment course. A decrease in ejection
fraction was observed in one patient after the third dose. How
ever, the patient's disease was progressing and we could not

rule out other causes for this decline. No other evidence for
cardiotoxicity was found. The small number of patients receiv
ing >2 courses and a large cumulative dose limited the evalua
tion of cardiotoxicity in this trial. Fifteen episodes of elevation
of bilirubin and AST with treatment which were reversible in 7
courses were documented in 10 patients. This raises the possi
bility that this drug is hepatotoxic or causes cholestasis. How
ever, in most cases, patients had liver mÃ©tastasesor infections
which might have caused or contributed to this elevation. Fur
thermore, there did not appear to be a dose dependency in this
observation. Close monitoring of liver function tests in phase
II trials will be necessary to clarify whether there is a causal
relationship between these changes and CI-937 therapy.

The pharmacokinetics of CI-937 were determined using a
sensitive RIA. The assay permitted the quantification of CI-
937 in plasma up to 21 days after administration which, in
turn, resulted in excellent characterization of the terminal elim
ination phase of the plasma concentration-time profile. The
terminal phase is particularly important since it represents the
majority of the AUC. Although it is possible that the long
terminal phase may have resulted from unknown CI-937 me
tabolites that may have interfered with CI-937 quantification
at later time, the very low cross-reactivity of the antibody with
other analogues and possible metabolites makes this less likely.
CI-937 plasma concentration-time curves are polyexponential
in form and the pharmacokinetics are linear over the dose range
studied. The mean ys, value is 10-fold greater than total body
water which is consistent with significant tissue binding. The
long-term half-life of CI-937 may also be attributable to exten
sive tissue binding (13). Extensive tissue binding is a character
istic similar to that of the anthracycline derivatives which
accumulate in fat (14). Data from the quantitative autoradi-
ographic analysis of [MC]CI-937 distribution in male rats show
that CI-937 uptake in fat is minimal.4 Recovery of only 30% of
a dose in urine as parent drug in the 4-day postdose period
shows that renal elimination is not the major elimination path
way. Other routes of excretion such as hepatic metabolism and/
or biliary excretion are likely avenues of elimination. Biliary
excretion is an elimination pathway for [l4C]CI-937 in rats (15).

' L. R. Whitfield, unpublished observation.
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The pharmacokinetics of CI-937 differ considerably from
those of CI-941 and CI-942 (16-18). The rapid clearance of the
latter two compounds may be a reflection of differences in assay
methods. Unlike the current RIA method which had a limit of
quantification of 40 pg/ml, the sensitivity of the HPLC methods
for the other two compounds was considerably less. The lack
of assay sensitivity may have resulted in the inability to detect
a long terminal elimination phase which, in turn, may have
resulted in the underestimation of AUC and the overestimation
of total body elimination phase of CI-941 and C-942. Con
versely, the long terminal elimination phase of CI-937 may be
due to interference with the RIA by long-lived CI-937 metabo
lites. As stated previously, we think that this is unlikely. Com
parison of the CI-937 RIA with an HPLC method could address
this possibility. However, ubiquitous nonspecific binding of CI-
937 and the lack of quantitative and reproducible extraction
from plasma has made it difficult to establish a suitable HPLC
assay for CI-937.

One of the objectives of this study was to utilize the extended
factors of 2 method of pharmacologically guided dose escalation
as proposed by Collins et al. (8) in an effort to expedite phase
I clinical development of CI-937. According to this method,
doses were to be doubled until the AL/C in patients was equal
to 40% of the CI-937 AUC in mice at the LD,0. An additional
condition should be that the doubling of the dose may continue
as long as no significant drug-attributable toxicity is observed.
Thereafter, dose escalation proceeds according to the modified
Fibonacci method until the MTD is reached. The CI-937 AUC
in mice at the LDto was 3145 ngâ€¢h/ml ( 19), and the correspond
ing target AUC was 1258 ng-h/ml. Mean AUC in patients at
the 3.6-mg/m2 dose level was less than the target AUC and,

thus, the starting dose was doubled for the second dose level.
Mean patient AUC at the 7.2-mg/m2 dose level was 1569 ng-
h/ml and was greater than the 1258-ng-h/ml target AUC value.
Therefore, dose escalation was changed to the modified Fibon
acci scheme, and the third and subsequent dose levels were
determined accordingly. The ratio of CI-937 AUC in patients
to that in mice at the LD,0 was 1.67. Since there were no
differences between the extended factor of 2 and modified
Fibonacci dose escalation schemes, pharmacologically guided
dose escalation was no more efficient or expeditious than the
classical method of dose escalation. On the other hand, it is
noteworthy that the pharmacologically guided dose escalation
method was conservative in that it did not recommend inappro
priately aggressive dose escalations. Pharmacologically guided
dose escalation generally will not be beneficial in phase I studies
of drugs whose CL,bK more rapid in mice than in humans, e.g.,
CI-937. However, this dose escalation procedure may help
expedite phase I studies of drugs which are cleared more rapidly
by humans than mice. In this case there may be a considerable
distance between the AUC at the starting dose and murine
target AUC.

Pharmacokinetic-pharmacodynamic relationships were ex
amined in this trial also. The primary end points for evaluation
were dose-limiting toxicity of leukopenia and neutropenia. The
univariate relationship between pharmacodynamic end points
and predictor variables was assessed by linear regression analy
sis and by fitting the /:',â€ž.â€žmodel to the data (11). In addition,

a multifactor analysis was performed. The univariate analysis
indicated that dose and AUC were strongly correlated with
percentage change in WBC and neutrophil counts. Fitting the
/-"â€ž,axmodel to the data defined a relationship between the

myelosuppression end points ana AUC, but the 95% confidence

limits were broad for both k and AUC<,0.Hantel et al. (17)
reported that AUC of CI-942 could predict a percentage change
in neutrophils using the Emm model with a lesser degree of
variability than our data. These investigators did not perform a
multifactor analysis. When we performed a multifactor analysis,
AUC was not retained in the model. This unexpected finding
may be due to several factors. There was a considerable inter-
patient variability in AUC over the dose range studied which
may have masked the importance of the AUC in the 30 courses
of treatment evaluated. The RIA may have detected a non-
myelosuppressive metabolite at later times which might be
reflected in a higher AUC than that which causes myelosuppres
sion. Alternatively, the RIA may not have detected active me
tabolites which would be reflected in a low AUC. Although the
assay did not distinguish between total and free CI-937, the
primary determinant of myelosuppression protein binding was
independent of concentration over the range detected in patient
plasma. Thus, free and total AUC should be equal as predictors
of myelosuppression. Finally, the multifactor analysis would
suggest that patient factors other than those which are reflected
in the classical pharmacokinetic parameters of a drug may have
greater influence on the pharmacodynamic end points. Specif
ically, biological factors which determine the patient's baseline

WBC count or the pretreatment history may be more important.
It would be advisable to evaluate prospectively the results of
this exploratory analysis in the phase II development of CI-
937.

In conclusion, we have performed a phase I trial of CI-937
which identified neutropenia as the dose-limiting toxicity at the
maximally tolerated dose of 25.2 mg/m2. The recommended
phase II dose is 22 mg/m2.
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