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Summary 

A Phase I study of caracemide evaluating a short intravenous infusion repeated every 21 days is presented. 
Patients were entered at 85 mg/m 2 with subsequent escalation levels of 170, 425,595, and 795 mg/m 2. Mild 
to moderate nausea and vomiting occurred at all dose levels. An apparent allergic reaction was observed at 
the 425 mg/m 2 level. A "burning pain"  originating in the mucosal areas of the head and neck, progressing 
to the chest and abdomen, was noted at the 425 rag/m-' level. Because of  this observation, the infusion time 
was extended to 4 h. At the 795 mg/m 2, this toxicity precluded completion of  the 4 h infusion. Pharmacoki- 
netic evaluation disclosed blood levels of  0.74-2.31 ~g/ml at the 425 mg/m 2 during the 0.5 h infusion. At 
the same dose for a 4 h infusion time, blood levels were 0.15-0.18 ~g/ml. At 595 mg/m 2 administered as 
a 4 h infusion, blood levels increased to 0.33 + 0.14 ~g/ml. The drug was cleared rapidly from the blood 
compartment with a half-life of 2.5 min and a total body clearance of 11.5 1/min/mL No partial or complete 
response was observed. However, an advanced colon carcinoma patient experienced subjective pain relief 
with a decrease in carcinoembryonic antigen. The dose-limiting toxicity of caracemide using the 4 h infusion 
was an intolerable "burning pain" with a maximum tolerated dose of  795 mg/mL Further characterization 
of this dose-limiting toxicity is required prior to further clinical evaluation of  caracemide. 

Introduction 

Caracemide (NSC 253272) is a novel antineoplastic 
agent synthesized by the Dow Chemical Company 
(Fig. 1). This drug is a nonspecific inhibitor of mac- 
romolecular synthesis with DNA synthesis being af- 
fected greater than RNA and protein synthesis [1]. 
Caracemide is an active inhibitor of ribonucleotide 
reductase as evidenced in the Novikoff  tumor 
model [2]. These inhibitory effects are 
concentration-dependent with 70 percent of  DNA 
synthesis inhibited by a drug concentration of  1/~M 
with a 4 h incubation. However, RNA and protein 
synthesis inhibition require a concentration of 
50-100 /zM. DNA strand breaks were observed 
only at high in vivo concentrations of 100/~M [1]. 

The antineoplastic activity of  caracemide was ob- 
served in the P388 murine model and in mammary 
(MX-I) and colon (CX-1) human tumor xeno- 
graphs implanted in the subrenal capsules of  
athymic mice. In the MX-1 mammary tumor, a sin- 
gle daily injection provided greater activity than an 
intermittent schedule. Caracemide was inactive 
against murine L1210 leukemia, B16 melanoma, 
Lewis lung carcinoma, CD8FI mammary carcino- 
ma and Colon 38 [11. 

Preclinical toxicology studies in mice and dogs 
treated with single dose and daily • 5 schedule 
revealed acute central nervous system toxicities and 
possible cholinergic-mediated peripheral neurolog- 
ic reactions. Seizures, tremors, ataxia, ptyalism and 
hypothermia were observed at doses greater than 
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Fig. 1. Chemical structure of caracemide (NSC 253272; N- 
Acetyl-N-(methylcarbamoyloxy)-N ' -methylurea). 

the LDt0. At lower doses reversible gastrointestinal 
toxicities of  anorexia, diarrhea and vomiting were 
noted. Myelosuppression was not consistently ob- 
served [1]. 

The present Phase I study was designed to deter- 

mine the tolerance of  patients with advanced carci- 
nomas to escalating doses of  caracemide ad- 
ministered as a short intravenous infusion repeated 
every 21 days. In this paper,  we report the toxicities, 
pharmacokinetics,  and antineoplastic activity of  

caracemide. 

Materials and methods 

Study design 

The study was designed as a Phase I trial starting 
at a dose " N "  and escalating it according to the 
modified Fibonacci method as outlined by Carter 
[3]. The Phase I study was initiated at a dose of  85 

m g / m  2 (1/10 of murine LD10) administered as a 15 
min intravenous infusion every 21 days. The infu- 
sion time was increased f rom 15 min to 30 min, 
and finally to 4 h because of  the observed toxicity 
described below. Planned escalation scheme was 
the following: 85, 170, 280, 425,595,795 and 1020 

m g / m L  Three patients were to be entered at each 
level and followed for 20 days prior to dose es- 
calation. Patients completing two non-toxic 
courses at a given dose level with no evidence of 
tumor progression were escalated to the higher cur- 
rent dosing level in which 3 patients previously un- 
treated with caracemide were entered. 

Patient selection 

After informed consent was obtained, patients with 

histologically-proven advanced carcinomas were 
entered on the study. All patients were required to 
have recovered f rom any acute toxicities of  prior 
therapy. Adequate marrow reserves (white blood 
counts > 4000/ram ~ and platelets > 100,000/mm3), . 
and serum creatinine less than 2.0 mg/dl ,  total 

bilirubin less than 2.0 mg/d l  were required for pa- 
tient entry. A Karnofsky performance status of  

50% or greater was prerequisite. Patients with a 
history of  acute myocardial  infarction, congestive 
heart failure, clinically significant arrhythmias or 

uncontrolled seizures were ineligible for this study. 

Drug preparation and administration 

Caracemide was supplied in 250 mg vials of  lyophi- 
lized white powder with 0.1 M sodium phosphate 

buffer  (Investigational Drug Branch, Division of  
Cancer Treatment,  National Cancer Institute). So- 
lution preparat ion was accomplished by reconstitu- 
tion in 4.7 ml of  sterile water for injection. The 
resultant solution contained 50 mg /ml  of  carace- 

mide in a 0.1 M sodium phosphate buffer,  p H  5. 
The drug was further diluted in 0.9~ sodium chlo- 
ride for injection at a final concentration of 2 - 5  
mg/ml .  Caracemide was administered immediately 

after preparat ion via a central venous line because 
of  previously reported phlebitis [1], using a cons- 
tant infusion pump (IVAC Corporat ion,  San Die- 
go, CA). In 0.9~ sodium chloride the resultant 
caracemide solution was stable at room tempera- 
ture during the 4 h infusion, exhibiting less than 5~ 

decomposit ion [4, 5]. 

Treatment evaluation 

Pretreatment included a complete history and phys- 
ical examination, lesion measurements,  complete 
blood counts, urinalysis, multichannel chemistry 
(serum creatinine, bilirubin, calcium, uric acid, 
SGOT, L D H  and alkaline phosphatase),  electro- 
cardiogram and chest X-ray. These studies were re- 



peated every 4 weeks or at the time of  off-study. 

Physical examinations, complete blood counts, and 

multichannel chemistries were performed weekly. 

Response criteria 

Patients were evaluated for toxicity after receiving 
a dose of  caracemide and manifesting toxic effects, 
or completing a course of  therapy (a drug dose with 
subsequent follow-up of  20 days). Maximum toler- 
ated dose was defined as that dose which produced 
predictable and reversible toxicity but did not in- 
capacitate or interfere with the patient 's  well-being 
or general function. Complete response required 
disappearance of  all evidence of disease. Patients 
designated as having a partial response had a 50~ 

or greater decrease in the sum of  the product of  the 

two greatest dimensions of  measurable lesions ac- 
companied by the stabilization or improvement in 
performance status for a minimum follow-up peri- 
od of  1 month.  Decrease in tumor size less than 
50~ was defined as stable disease. Patients deemed 

as having progressive disease demonstrated in- 
crease in the size of  measurable lesions or the ap- 
pearance of  new lesions or the appearance of  new 

lesions [6]. 

Caracemide blood level measurement 

Whole blood (0.5 ml), 2 drops of  1 N HC1 and 5 ml 
of  methylene chloride were added to a 10 ml glass 
centrifuge tube and capped. Since caracemide is un- 
stable at physiological pH,  this step was performed 

immediately upon collection. The tubes were 
shaken in a mechanical shaker for 10 min and the 
methylene chloride phase was transferred to a 1 ml 
conical tube. The organic phase was evaporated to 

dryness under a nitrogen stream at room tempera- 
ture. The samples were than dissolved in 0.5 ml of  
the mobile phase and 5 ~1 of this solution were chro- 
matographed.  The high-performance liquid chro- 
matography system consisted of a model M:45 
pump, a model 710-B WISP automatic injector, 
and a model M-730 data module (Waters Assoc., 
Milford, MA). Separation was accomplished with a 
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Ct8 Nova Pak  column, 5 t~, 15 x 0.39 cm (Waters 
Assoc.). The mobile phase consisted of  20% 

methanol in 0.1 M potassium phosphate buffer,  pH 
4.5. A Kratos 773 variable wavelength UV detector 
(Anspec Co., Ann Arbor ,  MI) set at 210 nm was 
used for detection. The chromatographic system 
was operated at room temperature with a flow rate 

of  0.5 ml /min.  The retention time of  caracemide 
was approximately 4.5 min. A calibration curve 

was prepared in freshly withdrawn whole blood 
from each patient prior to drug administration. The 
standard curves were linear within the range studied 
(25 to 5000 ng/ml)  and the limit of  sensitivity was 
approximately 25 ng/ml.  The drug recovery from 

blood was about 78%. 

Pharmacokinetics 

The pharmacokinetic parameters were determined 
employing standard formulae for the one-compart-  

ment model with intravenous infusion [7]. When 
the infusion time is equal to 7 half-lives, the plasma 

drug concentration is 99% of  the steady-state (Css). 
Since the mean half-life was about 2.5 min, the 30 
rain intravenous infusion corresponds to approxi- 
mately 12 half-lives, and the 4 hr infusion to 95 

half-lives. Consequently, the equation for the 
steady-state Css = ko/VK was used, where k o is the 
rate of  infusion, V is the volume of  distribution, 
and K is the first-order elimination rate constant. 

The total body clearance (C1 T) was calculated as 
ko/Css. The half-life was calculated by dividing 
0.693 by K. 

Results 

Patient characteristics 

Twenty patients were entered on the study. Patient 

characteristics are listed in Table 1. Table 2 pro- 
vides information regarding patient entry at specif- 
ic dose levels. 
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Table 1. Patients characteristics 

Number of patients entered 

Male/female 

Median age 

Previous therapy: 

Chemotherapy 

Radiation therapy 

Surgery 

Hormonal therapy 
Median performance status (Karnofsky) 

Disease category: 

Bronchogenic carcinoma 
Sarcoma 

Colorectal 

Breast 
Malignant melanoma 

20 

12/8 

56 

90% 

70% 

70% 

5% 
60 

5/20 

5/20 

8/20 

1/20 
1/20 

Table 2. Patient accrual and infusion times 

Dose level 

Entered 

Eligible 

15 min 

infusion 

30 rain 

infusion 

4 h infusion 

85 170 425 595 795 

4 1 8 5 2 

4 1 8 5 2 

4 1 

5 5 5 

Dose escalation 

The dose escalation scheme was modified due to 
higher doses employed in concurrent Phase I 
studies; the dose was escalated directly from 170 to 
425 mg/mL The original infusion,time (15 min) was 
increased to 30 rain and finally to 4 h because a 
"burning pa in"  toxicity (see below) was related to 
the rate of  infusion. 

Toxicities 

No hematological toxicities were observed at any 
dose levels studied. Gastrointestinal toxicity, mani- 
fested as mild to moderate nausea and vomiting, 
was observed in 1 patient at the 85 mg /m ~ level, 
4 patients at the 425 mg/m ~ level, and 1 patient at 
the 595 mg/m 2 level. The nausea and vomiting oc- 

curred during the infusion and lasted several hours 
post-infusion. Conventional anti-emetics (pro- 
chlorperazine, metoclopramide) controlled this 
toxicity. 

At the 425 mg/m 2 level, one patient experienced 
an apparent allergic reaction during the first drug 
administration. Three hours into the infusion this 
patient developed generalized hives and audible 
wheezing which abated after corticosteroid admin- 
istration and and discontinuation of caracemide. 

Starting at the 425 mg/m 2 level, a "burning 
pain"  toxicity was observed. This toxicity began 
within 15 min to 3 h of  the infusion and was as- 
sociated with excessive lacrimation and mild to 
moderate burning sensation. The pain frequently 
was associated with perioral mucosal burning 
which progressed to the neck, chest and abdomen. 
At 425 mg/m 2, this toxicity was observed in 4 of  the 
8 dose administrations. In the 5 patients entered at 
the 595 mg/m 2 dose level, the reproducibility and 
severity of  this "burning pain"  increased and oc- 
curred in all patients observed. Patients experienc- 
ing this pain would refuse subsequent doses of 
caracemide. At 795 mg/m 2, this toxicity was of  
sufficient severity to prevent completion of  the in- 
fusion. Therefore,  further patient entry was cur- 
tailed. 

The above toxicity consistently abated after ter- 
mination of  the infusion within 10 to 30 minutes. 
Pretreatment with antihistamines, corticosteroids, 
and anticholinergics did not prevent this toxicity. 
No residual sequelae were observed. Cardiac, neu- 
rological, gastro-intestinal and pulmonary evalua- 
tions failed to disclose the etiology. 

Pharmacokinetics 

Representative caracemide blood concentration 
versus time profiles are shown in Fig. 2. For the 0.5 
h infusion at the 425 mg/m 2 level, blood levels 
reached 0.74-2.31 k~g/ml (Table 3). When the infu- 
sion time was increased to 4 h (425 mg/m 2) the 
steady-state levels decreased to 0 .15-0.18 ~g/ml. 
At the 595 mg/m 2 dose level (4 h infusion), carace- 
mide blood levels reached 0.33 _+ 0.14 ~g/ml. The 
drug disappeared rapidly from the blood compart- 
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Fig. 2. Representative caracemide blood levels in two patients 

receiving the drug as a 0.5 hour intravenous infusion (425 

mg/m2). Caracemide was assayed by HPLC as described in 

"Materials and methods".  

Table 3. Caracemide pharmacokinetics a 

Infusion Dose Steady Half- V CI T 

duration (mg/m-') state life l /m 2 ( l /min/  

(hr) (/~g/ml) (min) m-') 

0.5 425 2.31 2.1 18 6.1 

0.5 425 0.74 3.5 68 19.1 
4.0 425 0.18 2.9 42 9.8 

4.0 425 0.15 1.6 28 12.0 

4.0 595 0.59 2.4 14 4.2 

4.0 595 0.28 2.3 30 8.8 

4.0 595 0.12 2.5 73 20.2 

Mean _+ SE 2.5_+0.2 39+9 11.5+2.3 

a Caracemide blood levels were determined by HPLC as de- 

scribed under Materials and methods. 

ment with a mean half-life of  2.5 min and a total 
body clearance of  11.5 1/min/mL Caracemide ap- 
peared to be distributed in the extracellular fluid 
with a mean volume of distribution of 39 1/m 2. 

Response 

No partial or complete response was observed. 
However, an advanced colon carcinoma patient ex- 
perienced subjective pain relief while on caracemide 
with a decrease in carcinoembryonic antigen from 
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1940 to 824 ng/ml.  The patient had stable disease 
on bi-dimensional measurable disease parameters. 
This patient received 4 doses at the 425 mg/m 2 level 
and remained on study for 18 weeks. 

D i s c u s s i o n  

Caracemide, an inhibitor of  macromolecular syn- 
thesis, was examined in a Phase I study using a 
short infusion repeated every 21 days. The original 
infusiontime (15 min) was increased to 30 min and 
finally to 4 h because of  a "burning pain"  toxicity 
related to the rate of  drug infusion. 

The "burning pain"  toxicity was characterized as 
a severe pain originating in the mucosal areas of  the 
head and neck, progressing to the chest and abdo- 
men, associated with excessive lacrimation. This 
pain began 15 min to 3 h into the infusion and abat- 
ed within 10-30 min after termination of  the infu- 
sion. The toxicity was encountered in patients en- 
tered at the 425 mg/m 2 and became progressively 
more severe at 595 and 795 mg/mL Patients ex- 
periencing this toxicity would refuse subsequent 
doses of  caracemide. At the 795 mg/m 2 level, pa- 
tients were unwilling to complete the 4 h infusion 
due to the intensity of  the pain; therefore, further 
patient entry was curtailed. Attempts to elucidate 
this toxicity were unsuccessful, including neurolog- 
ical, cardiac and gastrointestinal evaluations. Em- 
piric pretreatment with corticosteroids, anti-hista- 
mines, or anticholinergic agents failed to alter this 
toxicity. 

A similar toxicity was reported using a daily infu- 
sion • 5 days repeated every 21 days [8, 9]. The 
syndrome, including perioral burning, flushing and 
chest discomfort, was dose-limiting at 650 mg/m 2. 
Central nervous system dysfunction was dose- 
limiting when the infusion time was lengthened to 
a continuous infusion • 5 days (800 mg/m-' day). 
Patients experienced depression, lethargy, dis- 
orientation and confusion associated with EEG ab- 
normalities [10]. The preclinical studies employing 
beagle dogs and mice were predictive of  acute cen- 
tral nervous system toxicity and possible cho- 
linergic-mediated neurological reactions [1, 10]. 

In addition to the parent drug toxicity, the acute 
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toxici t ies  m a y  be a t t r i bu t ed  to d e g r a d a t i o n  p r o d -  

ucts.  Ca racemide  is uns tab le  under  phys io log ica l  

cond i t ions  o f  p H  and  t empera tu re ,  genera t ing  

m a n y  d e g r a d a t i o n  p roduc t s  [4, 5, 12]. Inves t iga tors  

f rom M D  A n d e r s o n  have r epor t ed  the de tec t ion  o f  

me thy l i socyna te  as a poss ib le  ca racemide  m e t a b o -  

lite or  d e g r a d a t i o n  p r o d u c t  in in vitro studies [13]. 

This  toxic i ty  and  its r ap id  reso lu t ion  at t e r m i n a t i o n  

o f  in fus ion  could  t e m p o r a l l y  re la te  to  ei ther  the 

pa ren t  c o m p o u n d  or  toxic d e g r a d a t i o n  p roduc t s  

and  their  r ap id  e l imina t ion .  Ca racemide  is c leared 

with a shor t  hal f - l i fe  o f  2.5 min  and  a to ta l  b o d y  

c learance  o f  11.5 1 / m i n / m  2. D e g r a d a t i o n  p roduc t s  

or  me tabo l i t e s  also a p p e a r  to be r ap id ly  c leared 

f rom the c i rcu la t ion  in dogs [12]. 

A d d i t i o n a l  toxici t ies  encoun te red  in this s tudy  

were mi ld  to m o d e r a t e  nausea  and  vomi t ing  which 

occur red  at all dose  levels. This  toxic i ty  was con-  

t ro l led  by conven t iona l  ant i -emet ics .  A n  a p p a r e n t  

al lergic reac t ion  was also no ted  which a b a t e d  af te r  

cor t i cos te ro id  a d m i n i s t r a t i o n  and  t e rmina t i on  o f  

the infus ion.  N o  evidence o f  toxic i ty  to r ap id ly  

p ro l i f e ra t ing  t issues (e.g. hema to log i ca l  toxic i ty ,  

a lopec ia ,  mucosi t i s )  was observed.  

A l t h o u g h  no par t i a l  or  comple te  response  was 

no ted ,  an advanced  co lon  c a r c i n o m a  pat ien t  ex- 

per ienced subjec t ive  re l ief  o f  pa in  assoc ia ted  with a 

decrease  in c a r c i n o e m b r y o n i c  ant igen .  This  pa t ien t  

r ema ined  on  s tudy  for  18 weeks with sa t i s fac to ry  

rel ief  o f  his cancer  pain .  

Li t t le  i n f o r m a t i o n  exists d e m o n s t r a t i n g  biologi-  

cal or  an t ip ro l i f e ra t ive  ac t iv i ty  o f  ca racemide  in this 

and  o ther  Phase  I s tudies.  In  precl in ical  s tudies ,  ac- 

t ivi ty was no ted  in the  P388 mur ine  mode l  which 

f requent ly  predic ts  for  hema to log ica l  toxic i ty .  

Howeve r ,  hemato log ica l  toxic i ty  was not  a 

r ep roduc ib l e  f inding  in precl in ical  dog  studies and 

was also not  ev idenced in this Phase  I s tudy.  
A l t h o u g h  gas t ro in tes t ina l  toxic i ty  a p p e a r e d  to be 

the  m a j o r  target  o rgan  o f  ca racemide  in dogs [1], 

we d id  not  observe  gas t ro in tes t ina l  toxic i ty  to be 

dose- l imi t ing .  Wi th  our  cl inical  schedule ,  the 

" b u r n i n g  p a i n "  toxic i ty  m a y  prec lude  the adminis -  

t r a t ion  o f  b io log ica l ly  active doses o f  the drug .  

The  in tensi ty ,  f requency,  and  r ep roduc ib i l i t y  o f  

this " b u r n i n g  p a i n "  was c lear ly  re la ted  to h igher  

doses.  Because the severi ty o f  this toxic i ty  prevent -  

ed c omple t i on  o f  the 4 h infus ion,  we repor t  the 

m a x i m u m  to le ra ted  dose as 795 m g / m  2. Fu r the r  

cha rac te r i za t ion  o f  the e t io logy  o f  these s y m p t o m s  

is requi red  be fore  Phase  II  test ing proceeds .  
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