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Phase I Trial of the Anthrapyrazole CI,941: 
Prospective Evaluation of a Pharmacokinetically 

Guided Dose-escalation 
Brenda J. Foster, David R. Newell, Martin A. Graham, Lindsey A. Gumbrell, 

Karen E. Jenns, Stanley B. Kaye and A. Hilary Calvert 

The development of new drugs in early clinical trials is currently based upon the results of preclinieal antitumour 
and toxicity studies in animals. More recently, the use of preclinical pharmacokinetic information in mice has 
been proposed to also provide information that might expedite early clinical trials and more specifically phase I 
studies. The anthrapyrazole CI-941 was one of three chosen for phase I anticancer drug development. In addition, 
because of the predictability of the preclinical dose limiting toxicity and linear CI-941 pharmacokinetics in mice; 
a pharmacokinetically guided dose escalation scheme was attempted during the phase I trial, but had to be 
abandoned. 44 patients were entered who received 95 courses of treatment using a bolus injection every 21 days. 
The dose range was 5-55 mg/m z. The dose limiting toxicity was leucopenia and other toxicities, which included 
nausea and vomiting, mucositis, diarrhoea, alopecia and skin discolouration were either mild or manageable. 
Pharmacokinetic studies were performed with 27 courses. There were wide interpatient variations in the dose- 
AUC relationship (r = 0.7496) that hampered application of the proposed pharmacokinetically guided dose 
escalation scheme as planned. No complete or partial responses were observed. The recommended phase II 
dose using this schedule is 50 mg/m ~. 
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INTRODUCTION 
THE CURRENT conventional method of phase I cytotoxic drug 
development has at least three central dilemmas. Firstly, the 
phase I starting dose is deliberately chosen to provide an 
initial margin of safety [1]. Thus, the starting dose is usually 
substantially less than the projected optimal dose, based on 
toxicity and activity data from preclinical models. This results 
in patients being treated at subtherapeutic doses. The quick 
solution to patients being treated at subtherapeutic doses, i.e. 
rapid dose escalations, creates the second dilemma in phase I 
studies. Thus, escalating doses too rapidly may cause unaccept- 
able results which include severe, irreversible toxicity or even 
patient deaths. The third problem involves conserving medical 
resources (patient, hospital and staff). Conservation of resources 
should be maintained while obtaining sufficient information to 
allow completion of the phase I endpoints, which include drug 
tolerance and antitumour results, and allow for planning of 
phase II (disease specific) trials [2]. 

The traditional approach to solving these phase I trial 
dilemmas has included a starting dose that is 1/10th of the dose 
that produces lethality in 10% of mice (L9~o) normalised for 
surface area and expressed in mg/mZ; provided that dose was 

Correspondence to B.J. Foster. 
B.J. Foster is at the Wayne State University School of Medicine, Division 
of Hematology and Oncology, P.O. Box 02188 Detroit, Michigan 48202- 
0188, U.S.A.; D.R. Newell, L.A. Gumbrell and A.H. Calvert are at 
the University of Newcastle Upon Tyne, Division of Oncology, Cancer 
Research Unit, Newcastle Upon Tyne; M.A. Graham and S.B. Kaye are 
at the University of Glasgow, Cancer Research Campaign Department of 
Medical Oncology, Glasgow; and K.E. Jenns is at the Imperial Cancer 
Research Fund Clinical Oncology Unit, Churchill Hospital, Oxford, 
U.K. 
Revised 20 Sep. 1991; accepted 10 Oct. 1991. 

not significantly toxic to another species [1]. Dose escalations 
have been based mostly on arithmetically derived schema with 
the steepest steps occurring initially and then tapering as the 
maximum tolerated dose (MTD) is approached [2]. Smaller 
numbers of patients are entered at the lower dose levels with 
more patients entered after toxicity is encountered. In addition, 
dose escalations can be made within the same patient, particu- 
larly if no significant toxicity has occurred at lower doses. 

Collins et al. [3] proposed a possible alternative approach 
using pharmacokinetic studies and toxicity information for the 
bridge spanning from the preclinical results across the start of 
the phase I trial to the predicted end-result of the phase I trial. 
The hypothesis in this approach assumes that the area under 
the plasma concentration versus time curve, i.e. AUC or C x T, 
at the mouse LDto is equal to the AUC at the human MTD. This 
assumption is based on a retrospective analysis of the results 
from the phase I evaluations of a number of drugs. The LOto in 
mice and the associated pharmacokinetic results along with 
pharmacokinetic results at the starting dose in patients are 
required to evaluate this hypothesis prospectively. The pharma- 
cokinetic results (at the mouse LDto and the phase I starting 
dose) allows calculation of the ratio of drug exposure in the two 
species. The initial, and possibly subsequent, escalation(s) is 
based on the drug exposure ratio; provided no unacceptable 
toxicity is encountered in the early stages of the Phase I trial. In 
addition to AUC-toxicity relationships, other pharmacokinetic 
variables such as AUC versus dose linearity, protein binding, 
sexual influences on drug toxicity, species dependent metab- 
olism and drug elimination should be investigated [4]. It was 
proposed that by using pharmacokinetic information to guide 
phase I dose escalations the number of escalation steps might be 
reduced by 20-50% [3]. However, major caveats to using 
this proposed hypothesis for pharmacokinetically guided dose 
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Fig. 1. CI-941. 

escalations are that it may not be able to compensate for 
drugs with species variations in metabolism (where the drug 
administered is metabolised in vivo to one or more active 
species), binding, or target cell sensitivities [4]. The proposed 
scheme also may not compensate for highly schedule dependant 
toxicities unless the toxic effects are observed with one of 
the more easily translatable schedules, e.g. single injection, 
continuous infusion. However, if the toxic effects are only 
observed with an unusual schedule, e.g. day 1, 3 and 5 in 
mice; it may be difficult to translate the pharmacokinetic and 
toxicology results to an appropriate schedule in humans. A very 
practical point is that a sensitive method to measure the drug at 
low concentrations (likely to be encountered at the phase I 
starting dose) and in small samples (likely to be encountered 
using mice plasma samples) is required. 

The synthetic DNA intercalator CI-941 [5], structure shown 
in Fig. 1, has a broad antitumour spectrum, similar to that 
of doxorubicin, in animals [6], but shows less potential for 
cardiotoxicity [7] based on free radical mediated mechanisms 
[8]. Preclinical toxicity and pharmacokinetic results with CI- 
941 were performed in mice as a prelude to the phase I trial 
[9]. The LD,o in mice was 20 mg/kg (60 mg/m z) of CI-941. 
Pharmacokinetic studies were performed at doses of 1.5, 10, 15 
and 20 mg/kg (4.5, 30, 45 and 60 mg/m2; respectively). A linear 
relationship between dose and AUC was observed over the range 
of 1.5-15 mg/kg. However, at the 20 mg/kg dose there was a 
non-linear increase in AUC, i.e. the AUC at 20 mg/kg was 2.5- 
fold higher than the AUC at 15 mg/kg. As a result, the AUC of 
CI-941 in mice treated with 15 mg/kg (110 Ixmol/ml × rain) was 
chosen as the target AUC value. CI-941 showed antitumour 
activity in preclinical models using intermittent as well as daily 
treatment schedules [6]. Therefore, the simplest and least costly 
schedule with regards to patient and staff resources, i.e. single 
injection every 3 weeks, was studied in this initial phase I trial. 
In accord with the scheme proposed by Collins et al. [3], 
pharmacokinetic studies were performed at the phase I starting 
dose as well as subsequent dose levels. 

This study reports the clinical toxicities, antitumour results 
and the CI-941 dose recommended for subsequent phase II 
trials. In addition, the difficulties encountered during the pro- 
spective use of the dose escalation strategy proposed by Collins 
et al. [3] are presented. 

PATIENTS AND METHODS 
Drug 

CI-941 was a generous gift from Warner Lambert Pharmaceut- 
ical Research, Usk Road, Pontypool, UK. The drug was sup- 
plied in vials as a freeze-dried solid, containing 25 mg of CI- 
941. The preservative-free lyophilised powder was reconstituted 
in 0.9% NaCI and used within 24 h. 

Patient eligibility and evaluation 
All patients had metastatic disease either refractory to at 

least one conventional treatment, or for which no standard 
conventional treatment exists, and performance status of better 
than or equal to 2 by WHO criteria [10]. Adequate haematolog- 
ical studies (haemoglobin >~ I0.0 g/dl, leucocyte count I>3.0 × 
109/1), normal renal (serum urea and creatinine) and hepatic 
(serum liver enzymes, and bilirubin unless related to liver 
involvement with metastatic disease) function were required. In 
addition, adequate cardiac function (normal left ventricular 
ejection fraction [LVEF] corrected for age and sex, no evidence 
of recent myocardial infarct on electrocardiogram; and stable 
non-life threatening arrhythrnias, if present) was required. A 
baseline physical examination, chest X-ray as well as other 
radiological studies to document extent of disease were required 
within 1 week of entering the study. Informed consent was 
obtained folowing the guidelines of the local Ethical Committee 
and the London Royal College of Physicians. 

Weekly follow up with physical examination, blood or serum 
studies to evaluate possible bone marrow, renal and hepatic 
toxicity were performed. Repeat of previously positive radiologi- 
cal studies were performed every 6-9 weeks or sooner when 
indicated. LVEF was repeated when the patients went off 
study whenever possible. Response and toxicity were graded by 
standard WHO criteria [10]. The leucopenia data were analysed 
by a computer generated non-linear least squares regression 
(sigmoidal curve) using the assumption that no leukopenia 
occurred if no CI-941 was given. 

Phase I treatment 
CI-941 was reconstituted in 0.9% NaCI and given by intra- 

venous injection over approximately 5 min. The starting dose 
was 5 mg/m 2 (approximately 1/10th the mouse LDlo, expressed 
as mg/m2). It was intended to make the initial escalation level a 
2-fold increase over the starting dose. S-:bsequent escalations 
would also be 2-fold until the mean CI-941 AUC in patients/tar- 
get AUC determined in mice ratio was 0.4, provided no unac- 
ceptable toxicity was observed. After reaching the mean pati- 
ent/target AUC ratio of 0.4, further escalations of 30-35% over 
the previous dose level would be made until grade 3 toxicity was 
observed in 2/3 of patients treated at the same dose level. Intra- 
patient escalations were allowed. Treatment was repeated every 
21 days or when the white blood cell (WBC) count was i>3.0 × 
109/1. Patients received two or more courses unless obvious 
progressive disease was present after the first course. 

Pharmacokinetic analyses 
All solvents and reagents were either analytical-reagent grade 

or high performance liquid chromatography (HPLC) grade and 
obtained from standard suppliers. Plasma samples were obtained 
from heparinised blood taken prior to treatment and 5, 10, 15, 
20, 45, 60, 120, 180, 240, 300, 480, 720, 1080 and 1440 min 
following treatment. Urine was collected for the first 24 h 
following treatment when possible. Patient samples were ana- 
lysed using the method described previously by Graham et al. 
[11]. In brief, aliquots (1-2 ml) of plasma or urine were passed 
through 200 mg/3 ml C2 Bond Elut columns (Jones Chromato- 
graphy Ltd). Drug standards were prepared at 50 and 500 ng/ml 
in pooled human plasma or urine from healthy volunteers 
and similarly passed through the columns. The columns were 
solvated prior to use with approximately 3 ml methanol followed 
by 10 ml deionised water. Plasma or urine contaminants were 
eluted in 10 ml deionised water prior to eluting the analyte in a 
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mixture of 2 ml methanol/hydrochloric acid 10.2 mol/1 (19:1 
v/v). The patient samples or standards were evaporated to 
dryness under a stream of nitrogen at 45°C, reconstituted in 
200 Ixl H P L C  mobile phase, vortexed and centrifuged at 1000 g 
for 5 min prior to analysis. The reconstituted fractions were 
analysed by H P L C  using a 15 cm x 0.46 cm Spherisorb C6 
analytical column (5 p.mol/l particle size) (Phase Separations, 
Queensferry, UK.)  fitted with a C O : P E L L  ODS (Cjg) precol- 
umn (Whatman). The analyte was eluted isocratically at a flow 
rate of 1.5 ml/min at ambient temperature. The mobile phase 
consisted of acetonitrile/methanol/0.25 mol/l ammonium for- 
mate (adjusted to pH 3.0 with 98% formic acid) (1:1:8 v/v). CI- 
941 present in the H P L C  effluent was detected by ultraviolet 
absorbance at 492 and 385 nm. The standards (plasma and 
urine) were analysed before and after each set of samples 
and quantitation achieved by external standardisation. The 
minimum detection limit of the assay was 1 ng/ml for a 2 ml 
sample. The standard curve was linear over the concentration 
range detected in patients plasma and urine samples. Intra- and 
interassay coefficients of variation for plasma and urine were 
~<10%. 

The pharmacokinetic data were analysed by a computer 
generated non-linear least squares regression analysis with a 
weighting of 1/(y +.9) 2 [12, 13]. The best estimates were 
obtained by fitting a triexponential model to the data points 
using the equation 

C = A e  " ' + B e  I:~+Ze ~,t 

where C is the plasma CI-941 concentration at time t. A,  B,  and 
Z are the concentration constants for the 1st, 2rid, and 3rd 
phases, respectively and ~, 13 and "y are the 1st order rate 
constants for the three respective phases [14]. The area under 
the plasma CI-941 concentration versus time curve (AUC) was 
determined using the equation 

AUC = A/c~ + B/13 + Z/~, 

and plasma clearance 

CI = Dose/AUC. 

The Ist, 2nd and 3rd phase half lives (q2) were calculated from 
the 1st order rate constants, i.e. 

tl/2 = 0.693/lst order rate constant. 

R E S U L T S  
Patients' characteristics 

44 patients (31 females, 13 males) entered the study. Details 
of patient characteristics are shown in Table 1. The numbers of 
patients treated per dose level and courses administered with 
pharmacokinetics are shown in Table 2. Twelve dose levels 
(5-55 mg/m 2) were studied. 6 or more new patients were treated 
at three of the top 4 dose levels. 27 of the 95 courses administered 
were subject to pharmacokinetic studies. Although the intent 
was to use the mean AUC at each dose level to determine 
subsequent dose levels to reach the target AUC (110 ~.mol/l x 
min), this approach was abandoned because ofinterpatient AUC 
variability (see pharmacokinetics). 

Table 1. CI-941 phase I trial patient characteristics 

No. of patients entered 44 
Patients lost to follow-up or early deaths 3 
Females 31 
Males 13 
Median age (range 23-69) 54 
Performance status (WHO) 

0-1 20 
2 20 
3 4 

Diagnosis 
Ovarian carcinoma 8 
Breast carcinoma 11 
Other 25 

Prior therapy 
None 7 
Doxorubicin and/or mitozantrone 6 
Other chemotherapy 35 
Radiotherapy 19 

Table 2. CI-941 dose levels, No. of patients treated and courses 
administered with pharmacokinetics 

Dose No. of courses 
(mg/m 2) No. new* Total pharmacokinetics Total 

5 3 3 3 3 
7.5 - -  1 1 1 

10 1 3 2 4 
15 3 3 2 3 
20 3 6 3 7 
25 3 4 3 9 
30 4 6 2 7 
35 5 5 3 10 
40 6 7 4 20 
45 6 6 2 7 
50 7 7 1 17 
55 3 3 1 7 

~ Patients previously untreated with CI-941 

CI-941 toxicities 
Leukopenia. The phase I starting dose was 5 mg/m 2 (near 

1/10th the mouse LD~o). Escalations of 5 mg/m 2 were used to 
55 mg/m 2. The dose limiting toxicity (DLT)  was leukopenia 
and is shown in Table 3. W H O  grade 3 leukopenia was initially 
observed at 35 mg/m 2. Leukopenia >/grade 3 was observed in 2 
of 3 patients (4 of 7 courses) at 55 mg/m 2. The leukopenia 
generally occurred during the second week following therapy 
and reversed by day 21. There was no marked evidence of 
cumulative leukopenia as shown in Fig. 2a and b at doses of 40, 
50 and 55 mg/m 2 in patients who received 3-6 courses. 2 patients 
had dose reductions (35 decreased to 30 mg/m 2, 45 decreased to 
40 mg/m 2) and 1 patient had treatment delay (45 mg/m 2) due to 
leukopenia. 2 patients (35 mg/m 2 and 55 mg/m 2) developed 
infections during drug induced W H O  grade 4 leukopenia. Both 
of these patients had metastatic colon carcinoma and infection 
entry sites at the skin from metastatic disease. Although the 
sepsis in one patient (35 mg/m 2) was successfully treated, the 
other patient (55 mg/m 2) died 11 days after treatment during 
the sepsis. The other early death that occurred on study was in 
a patient with metastatic lung carcinoma treated at 20 mg/m 2, 

EJC 28:2/3-G 
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Table 3. CI-941 toxicities: leukopenia (95 courses 
evaluated) 

Table 4. CI-941 toxicities : nausea and vomiting 
(73 courses evaluated) 

WHO grade WHO grade 

Dose mg/m 2 0 1 2 3 4 Dose mg/m 2 0 1 2 3 4 

5 1 2 - -  
7.5 l - -  - -  

10 - -  3 1 - -  - -  
15 2 1 - -  
20 2 4 1 - -  - -  
25 - -  4 5 - -  - -  
30 1 1 5 - -  - -  
35 - -  2 5 2 1 
40 5 4 9 2 - -  
45 1 2 2 2 - -  
50 - -  2 7 8 - -  
55 1 1 1 3 1 
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Fig. 2. Leukopenia vs. CI-941 treatment c o u r s e  in p a t i e n t s  t r e a t e d  
w i t h  (11 • . - - ,  [ ]  - - . - - )  40 m g / m Z ;  ( O - - - ,  C) ) 50  m g / m Z ;  
( A  . . .)  55 mg/mL Values o n  e a c h  l ine  are  f r o m  o n e  patient. (a) 
Leukopenia expressed as a percentage of the WBC decrease. (b) 

Leukopenia expressed as absolute WBC count nadir. 

5-15 9 1 - -  
20 2 - -  3 - -  - -  
25 2 4 - -  3 - -  
30 3 1 2 1 - -  
35 2 3 2 2 
40 3 6 6 1 - -  
45 1 2 1 - -  - -  
50 1 3 3 3 - -  
55 - -  1 1 2 

Table 5. CI-941 toxicities: other 
(courses evaluated) 

Gastrointestinal 
Mucositis (73) 

Grade 1 * 5 
Grade 2 9 

Diarrhoea (75) 
Grade 2 1 
Grade 3 2 

Alopecia (74) 
Grade 1 12 
Grade 2 16 

Skirt (73) 
Vein discoloration 2 
Grade 2 1 

Cardiac (74) None 

:'WHO grade 

repor ted  in 38% of  the eva lua ted  courses ,  the m a x i m u m  was 

revers ib le  W H O  grade  2. Of ten  these pa t i en t s  had  a h i s to ry  of  
p r ior  alopecia.  O f  pa r t i cu la r  not ice  was tha t  no ev idence  of  

cardiac toxici ty  (measured  by  p r e t r e a t m e n t  and  off-s tudy L V E F )  

or renal  toxici ty  (measured  by  s e r u m  urea  and  crea t in ine)  was 
de tec ted .  A l t h o u g h  the major i ty  of pa t i en t s  rece ived a low 
cumula t i ve  dose,  L V E F  m e a s u r e d  at the t ime  they wen t  off  

CI-941 t r ea tmen t  r ema ined  no rma l  af ter  c u m u l a t i v e  doses  of  
205-300  m g / m  2 in 5 pat ients .  

Recommended phase I I  dose 
No comple te  or par t ia l  responses  were  observed .  T h e  M T D  

was 55 m g / m  2 and the r e c o m m e n d e d  phase  II  dose  us ing  this  

schedule  is 50 m g / m  2. 

who  died  3 days  af ter  t r ea tmen t  of  a p u l m o n a r y  embo lus  

(conf i rmed by autopsy) .  His  dea th  was cons idered  to be disease 
ra ther  than  d r u g  related.  

Other toxicities. The  occur rence  of nausea  and v o m i t i n g  is 
shown in Tab le  4. A l though  the major i ty  of  t r ea tmen t  courses  
were associated wi th  some degree  of nausea  wi th  or w i thou t  

vomi t ing ,  the sever i ty  d id  not  c lear ly  increase  wi th  dose. O the r  
CI-941 toxici t ies  are s u m m a r i s e d  in Tab le  5. Mucos i t i s ,  diar-  
rhoea and sk in  toxici t ies  occur red  in 19, 4 and  4%, respect ively ,  
of  the courses  eva lua ted .  A l t h o u g h  some form of  alopecia was 

Pharmacokinetics 
Plasma pha rmacok ine t i c s  were  s tud ied  at all  dose levels (27 

of 95 courses) .  T h e  dec l ine  in CI-941 concen t ra t ion  in p lasma 
was t r i exponen t ia l  wi th  m e a n  (S .D. )  t~2 c~ = 8(2) ra in  (range 

5-13) ,  t l2  13 = 65(27) m in  (range 25-135)  and  tv2 7 = 20(8) h 
( range 6-35).  T h e  A U C  values  of  the 3 pa t ien ts  t rea ted at the 
ini t ia l  dose level (5 m g / m  2) were  17, 23 and  54 ~mol / l  × min .  
A l t h o u g h  the A U C  in one  of  these pa t ien ts  was approx ima te ly  
twice the A U C  in the o thers  and  ha l f  the ta rge t  AUC,  none  

exh ib i t ed  toxici ty .  T h i s  var iab i l i ty  in A U C  values  [31(20)] 
p reven ted  the use of  A U C ' s  at  the s t a r t ing  dose to calcula te  
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Fig. 3. CI-941 plasma A U C  vs. dose in patients who had pharmacoki- 
netic studies. The  solid line ( - - )  is the linear regression of all points. 

The  dashed line ( -  - )  is the target AUC of l l 0  ~mol/ l  × min. 

the interspecies drug exposure ratio necessary to allow dose 
escalations based on AUC values. Pharmacokinetic studies per- 
formed at subsequent dose levels confirmed the initial obser- 
vations of interpatient AUC variability and lack of any clear 
correlation between AUC and toxicity severity. The AUC levels 
at the 12 dose levels are shown in Fig. 3 and the linear regression 
coefficient (r) was 0.7496 (P < 0.001). 

As stated above, the DLT was leukopenia. The leukopenia 
associated with the first course of CI-941 treatment in patients 
who had pharmacokinetic studies is shown in Fig. 4 (r = 0.745, 
P < 0.001). By comparison, the leukopenia associated with the 
first course AUC of CI-941 is shown in Fig. 5 (same group of 
patients as shown in Fig. 4). In the latter case (Fig. 5) the r value 
was 0.682 (P < 0.001). Therefore, the leucopenia correlated no 
better with CI-941 AUC than with dose expressed as mg/m 2. 

The wide variations in AUC values are a reflection of the wide 
variation in CI-941 clearance in patients which was not readily 
explained by renal, hepatic or cardiac function; or by sex, age, 
malignant disease type or performance status. One of the initial 
dose level AUC values was at least half-way to the target 
AUC of 110 p.mol/l × min. Thus, in view of the nonlinear 
pharmacokinetics observed in mice treated at higher doses and 
the steep dose-toxicity curve observed in mice [9], cautious 
increments of 5 mg/m z were used. The one exception was the 
patient with a AUC of 54 ~mol/l × min without toxicity at the 
starting level. The dose escalation in this instance was 2.5 mg/m-' 
over the previous level. 
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Fig. 4. First course leukopenia (expressed as a percentage of the 
WBC decrease)  in patients who had pharmacokinetic studies. The  
line is the nonlinear least squares regression (sigmoid curve) of  all 
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Fig. 5. First course leukopenia (expressed as a percentage of the 
WBC decrease) vs. CI-941 plasma AUC in patients who had pharma- 
cokinetic studies. The  line is the nonlinear least squares regression 

(sigmoid curve) of  all points. 

CI-941 renal excretion was < 10%. No evidence of significant 
CI-941 metabolism was observed as assessed by the lack of 
significant components other than CI-941 in the patient samples 
when analysed by HPLC. 

DISCUSSION 
There have always been efforts to improve methods of drug 

development in phase I trials. In 1966 Freireich et al. published 
results that established interspecies relationships between dose 
(normalised for surface area and expressed as mg/m 2) and 
toxicity [15]. This provided a rationale, that was substantiated 
with data for numerous drugs, on the use of preclinical studies 
in mice to provide toxicity predictions for phase I trials. The 
results of Freireich et al. were based on a retrospective analysis. 
However, subsequent independent retrospective analyses on the 
use of preclinical toxicity data, as well as clinical experience, 
has confirmed that a safe phase I starting dose is provided by 
mouse toxicity results for the majority of cytotoxic drugs [1, 
16-18]. Based on retrospective analysis of a variety of drugs, 
Collins et al. proposed dose escalations based on pharmacokinetic 
data generated at the mouse LDto and the starting dose of the 
Phase I trial [3]. Implicit in the use of the dose escalation scheme 
proposed by Collins et al. is the concept that the DLT will be 
the same in mice and patients or that the dose limiting normal 
tissues will have the same quantitative drug exposure-toxicity 
relationship. Furthermore, the availability of a sensitive assay 
method to measure the drug both at low concentrations (as 
expected at the phase I trial starting dose) and in limited volume 
samples (such as mouse plasma samples), is a requirement. 

A variety of anthrapyrazoles have been synthesised in the 
search for a DNA binding agent with an antitumour spectrum 
similar or superior to doxorubicin without cardiotoxic potential 
[19]. CI-941 is one such candidate [6, 20] and was chosen for 
clinical development. CI-941 was selected as a candidate for 
prospective evaluation of pharmacokinetically guided dose esca- 
lation for the following reasons: (a) a sensitive method for the 
measurement of CI-941 had been developed [11]; (b) preclinical 
results indicated similar protein binding in mice and human 
plasma [9]; (c) pharmacokinetic studies analysed by HPLC in 
mice indicated a lack of significant in v ivo metabolism [9] and in 

vitro studies with anthrapyrazoles indicated that the parent drug 
was the active species [5]; (d) linear pharmacokinetics were 
observed in mice over a 10-fold dose range that included the 
equivalent of the phase 1 starting dose (expressed as mg/m 2) and 
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allowed the selection of a target AUC [9]; and (e) the DLT in mice 
was leukopenia which was predicted to be similarly observed in 
patients based on the predictability of bone marrow toxicity [21, 
22] as well as its prevalence associated with the use of cytotoxic 
drugs with similar structure characteristics as the anthrapyra- 
zoles, i.e. anthracyclines and anthraquinones [23, 24]. 

In practice, the DLT in patients was leucopenia (as in mice) 
and the MTD was 55 mg/m 2 (LOgo in mice was 60 mg/m2). 
However, due to the interpatient AUC variability as shown in 
Fig. 3, it was not possible to use the mean AUC at any dose 
level to guide escalations at subsequent levels. The AUC range 
was very broad and often (21 of 26) included AUC values that 
were half or more of the target AUC value. Furthermore, the 
correlation between the DLT (leukopenia) and AUC was no 
better than the correlation between the phase I dose level 
(mg/m 2) and leukopenia, r = 0.682 (P < 0.001) and 0.745 
(P < 0.001), respectively (figures 5 and 4). Obviously, a very 
important key is to identify the mechanism(s) responsible for 
the variations in plasma clearance, such as was done with 
carboplatin [25] because this would allow accurate AUC predic- 
tions. Another study of CI-941 using a weekly x3 schedule 
every 6 weeks also observed interpatient variations of the AUC 
and the DLT was leukopenia with few other side effects [26]. 
To date, the aetiology of the variations in CI-941 plasma 
clearance that resulted in AUC variations has not been defined. 

Additional studies (preclinical and phase I) are needed to 
assess further whether the problem of inter patient AUC varia- 
bility encountered was peculiar to CI-941 and whether dose 
escalation schemes can be based on AUC values. One approach 
would be to determine the likelihood of AUC variation in 
preclinical studies prior to phase I trials. For example, in 
addition to studies in mice, pharmacokinetic and toxicity studies 
might be assessed in larger animals, e.g. rats and/or dogs. 
Other species are already often used to check the safety of 
the recommended phase I starting dose [1]. The addition of 
pharmacokinetics to toxicity studies in larger animal species 
would not only allow inter-species comparisons, but also further 
intra-species and intra-animal comparisons at equivalent and 
varying dose levels. However, the addition of more preclinical 
studies might delay the start of phase I trials, escalate the cost of 
preclinical drug development, and suggest toxicities that are 
later shown to be species specific and not of clinical importance. 
To illustrate the latter issue, nephrotoxicity has been reported 
in rats treated with doxorubicin [27], but has not surfaced as 
being clinically relevant [28]. A similar renal lesion has recently 
been reported in rats treated with CI-941 [29]. Although CI- 
941 associated nephrotoxicity is of interest, particularly since 
preclinical studies demonstrated a high CI-941 concentration in 
mice kidneys [9], it was not observed in the phase I trial of 
CI-941. In spite of the possible drawbacks (delayed clinical 
development, higher preclinical costs, false positive toxicity 
predictions); the additional pharmacokinetic studies with tox- 
icity evaluation would still provide useful additional information 
for deciding which drugs might be favourable candidates for 
pharmacokinetically guided dose escalation during phase I stud- 
ies. 

Other investigators have also prospectively evaluated the dose 
escalation scheme proposed by Collins et al. [3]. Two were 
results from phase I trials by separate institutions of another 
anthrapyrazole, oxantrazole or piroxantrone [30, 31]. In both 
studies, too few samples from patients treated at the starting 
and first escalation doses had detectable plasma levels of drug to 
allow for accurate calculation of AUC. However, in one study 

Table 6. Comparative CI-941 phase I 
dose escalations 

Dose levels (mg/m 2) 
Modified Fibonacci Actual 

5 5 
10 7.5 
16.5 10 
25 15 
35 20 
45 25 
60 30 

(50) 35 
(55) 4O 

45 
50 
55 

(Probable levels) 

AUC determinations at the third and fourth dose level (despite 
interpatient variations) allowed a 2-fold escalation to the fifth 
level [30]. It was estimated by the authors that this 2-fold 
escalation allowed 6-9 fewer patients to be treated in this phase 
I study. The other study found that the estimated AUC at the 
third dose level was equal to or greater than the target AUC and 
further escalations were made using a modified Fibonacci scheme 
[31 ]. Thus, one oxantrazole study used the proposed pharmacok- 
inetically guided dose escalation scheme and one did not. 

Other results from a phase I trial of a new anthracycline, iodo- 
doxorubicin, reported marked pharmacokinetic and metabolism 
differences in mice and humans [32]. These differences pre- 
vented use of pharmacokinetically guided dose escalations in 
the initial stages of the trial. Yet, through very careful pharmaco- 
kinetic and toxicity studies during these earlier stages of the 
trial, the reasons for the species differences were identified. 
This allowed the determination of the critical interspecies drug 
exposure ratio; which in turn allowed a 2-fold escalation between 
dose levels 6 and 7. Thus, a pharmacokinetically guided dose 
escalation was possible during the latter portion of this phase I 
trial. This iodo-doxorubicin study demonstrated one of the main 
caveats to the use or pharmacokinetically guided dose escalations 
in phase I trials based on mice results previously expressed 
[4], i.e. species specific metabolism. Clearly, more prospective 
evaluations of the escalation scheme as proposed by Collins et 
al. are necessary before recommendations concerning its utility 
may be suggested. 

The CI-941 clinical evaluation showed that the pharmacoki- 
netically guided dose escalation scheme as proposed by Collins 
et al. [3] could not be successfully applied. This lack of success 
occurred even though problems of metabolism, protein binding, 
end organ toxicity and drug measurement were not present. 
Although the proposed pharmacokinetically guided dose escal- 
ation scheme was not used in the Phase ! trial of CI-941, the 
pharmacokinetics were helpful in the decision to make cautious 
fixed escalations of 5 mg/mL If the more traditional modified 
Fibonacci dose escalation scheme had been used, the MTD 
would have been reached in six steps instead of 11 as shown in 
Table 6. However, the dose of 60 mg/m 2 would have exceeded 
the MTD. Probably the intervening levels of 50 and 55 mg/m 2 
would have still been studied had the modified Fibonacci scheme 
been used, resulting in a possible total of nine levels. Thus, 
overall the attempted use of a pharmacokinetically guided dose 
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escalation strategy probably did not overly compromise the 
phase I evaluation of CI-941. 

In summary, the phase I study of CI-941 was straightforward 
and phase I endpoints were successfully accomplished. The 
recommended phase II dose of CI-941 with this schedule is 50 
mg/m 2. The myelosuppression was predictable and readily 
reversible. No significant other toxicities were seen. In particu- 
lar, it is encouraging that no evidence of cardiotoxicity was 
elicited despite the fact that several patients received multiple 
courses. Therefore,  it seems that CI-941 has fulfilled its preclini- 
cal promise of  being an extremely well-tolerated D N A  binding 
agent. Early phase II studies in breast cancer have already been 
published in abstract form and suggest a high response rate of 
about 60% [33]. Although no complete or partial responses were 
observed in the phase I study reported herein, these preliminary 
phase II results were obtained in a different population of 
patients, i.e. those not previously treated with anthracycline- 
like drugs. If  these preliminary phase II results are maintained, 
CI-941 would clearly be a good candidate both for the adjuvant 
therapy of breast cancer and for use at high doses in combination 
with haematopoietic growth factors. In addition, phase II studies 
should be performed in other histologies sensitive to doxorubicin 
and mitozantrone, e.g. small cell lung cancer. 
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