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Summary. A total o f  34 patients with advanced cancer 
were given weekly or daily escalating doses o f  oral gossy- 
pol, a cottonseed-oil constituent showing evidence of  anti- 
neoplastic activity in pre-clinical studies. No  major  ad- 
verse events occurred and there was no evidence o f  hae- 
matological  or biochemical  disturbance. As determined by 
dose escalation in 17 patients, the dose-limiting toxicity 
was emesis in 16 patients. There was no evidence o f  
tumour regression in any of  the 20 patients assessed for 
response. We conclude that gossypol  is safe but unlikely to 
be clinically useful in patients with advanced cancer. 

Introduction 

Gossypol,  a phenolic compound (Fig. 1), occurs in racemic 
form in parts o f  the cotton plant and in raw cottonseed oil. 
The compound  has undergone extensive clinical trials in 
China as a male antifertility agent [19]. Although the 
mechanism of  action is unknown,  gossypol  disrupts a vari- 
ety of  cellular processes. These disruptions include inhibi- 
tion of  cytoplasmic and mitochondrial  enzymes involved 
in energy production [9, 17] and uncoupling of  oxidative 
phosphorylat ion [1, 15]; depletion of  cellular adenosine 
triphosphate (ATP) has been demonstrated in cultured 
tumour cells [8]. Gossypol  also inhibits key nuclear 
enzymes responsible for D N A  replication and repair, in- 
cluding D N A  polymerase  alpha [13] and topoisomerase II  
[2], and blocks D N A  synthesis in HeLa  cells [18]. These 
properties make gossypol  a potential antineoplastic agent. 
Gossypol  is capable of  inhibiting the growth of  a variety of  
cell lines derived f rom epithelial tumours [3, 4, 16, 22] as 
well as that o f  several transplantable tumours [12, 14]. We 
therefore performed a phase I study of  this drug in ad- 
vanced human cancer. 
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Patients and methods 

A total of 34 patients with histologically proven advanced cancer that 
had ceased to respond to conventional systemic treatment or for which no 
effective systemic treatment was available were entered into a phase I 
study of oral gossypol. The median age of the patients enrolled in the 
study was 64 years (range, 40-82 years); 19 of the subjects were wo- 
men. The median Karnofsky score of patients was 70; individuals with a 
score of less than 50 were excluded. Details of patients' primary tumour, 
disease sites and previous treatment are shown in Table 1. Patients gave 
informed consent and the study was approved by St. George's Hospital 
Ethics Committee. 

Racemic gossypol acetic acid was purified to standard pharmacologi- 
cal levels of purity (Palmer Research Laboratories) and packaged in solid 
form into gelatin capsules in 30-mg doses. The study consisted of two 
parts. In the first part, 20 subjects in groups of 3-4  patients each re- 
ceived weekly escalating doses of gossypol ranging from 30 to 180 mg. 
In the second part, 14 subjects, again in groups of 3-4  patients each, 
were treated with repeat doses, which were given initially twice weekly, 
then daily and, finally, twice daily. 

Patients were fully staged on entry by clinical examination, chest 
radiograph, measurement of complete blood count and serum biochemi- 
cal parameters and, when clinically appropriate, by ultrasonography, 
computed tomographic (CT) scanning and bone radiology. Response to 
treatment was assessed according to International Union Against Cancer 
(UICC) criteria [ 11] at the end of the 6- to 10-week course of treatment. 
All treatments were carried out on an outpatient basis. During the initial 
stages of their treatment, patients were monitored weekly; the intervals 
between assessments were subsequently extended to 2 weeks. At each 
visit, patients were assessed for gossypol toxicity using a standard ques- 
tionnaire. Complete blood counts, levels of serum urea and electrolytes, 
and liver-function tests were monitored weekly. Serum gossypol levels 
were measured in some patients at approximately 24 h after dosing; (+) 
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Fig. 1. Structure of gossypol 



Table 1. Details of patients 
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Primary site Number Number previously Sites of disease 
treated with chemotherapy 
(number responding) Local Visceral Bone Soft tissue 

Oesophagus 1 1 (0) 1 1 
(squamous) 
Upper GI tract 5 5 (2) 2 0 
Cholangiocarcinoma 1 1 (1) 1 0 
Colorectal 7 7 (1) 1 7 
Lung (small-cell) 4 4 (3) 4 3 
Lung (non-small-cell) 6 1 (0) 6 0 
Breast 7 6 (1) a 1 3 
Penis l 1 (1) 0 1 
Ovary l 1 (1) 1 1 
Myeloma 1 1 (1) 1 0 

Totals 34 28 (11) 

a AlI 7 breast-cancer patients had also previously received endocrine therapy, to which 2 responded 

and (-)-enantiomers were determined by derivatisation with phenylala- 
nine methylester prior to extraction and reverse-phase high-performance 
liquid chromatography (HPLC) according to published methods [ l 0]. 

Results 

In all, 20 patients were treated once weekly with gossypol 
at doses ranging from 30 to 180 mg. The duration of treat- 
ment varied from 1 to 21 (median, 4) weeks. Subsequently, 
14 patients were treated with escalating daily doses of 
gossypol; the initial dose was progressively increased from 
30 mg twice weekly to 30 mg twice daily. Toxicity data 
were available for 28 patients; the remaining 5 subjects 
were lost to follow-up. 

Serum gossypol levels were measured at approximately 
24 h after dosing in 7 patients receiving weekly treatment. 
Gossypo! was detectable in ~ e  serum (>50 mg/ml) of 
6 patients, with levels varying between 77 and 625 mg/ml. 
The ratio of (-)- to (+)-enantiomers varied both between 
patients and within individuals in whom more than one 
measurement was made, but it tended to be less than 1 
(median, 0.8). In this small group of patients, no clear 
correlation was found between serum drug levels and the 
gossypol dose. 

Toxicity 

The maximum tolerable dose of gossypoi was determined 
in 17 patients by dose escalation. The median limiting dose 
for patients receiving daily treatment was 30 mg, and that 
for patients receiving weekly gossypol was 120 rag. Toxic 
side effects encountered included emesis (n -- 16), diar- 
rhoea (n = 3) and lethargy (n = 1). Emesis was recorded as 
being severe in 13/16 patients and was only partly con- 
trolled by the administration of domperidone and pro- 
chlorperazine. However, despite the use of anti-emetics, 
most of these patients felt unable to continue the study. 
Liver metastases did not appear to predispose patients to 
gossypol-induced emesis. No disturbance in haematologi- 

cal or biochemical parameters other than those related to 
the underlying disease was noted during the study. In par- 
ticular, there was no evidence of drug-related bone marrow 
toxicity or hypokalaemia. 

Therapeutic effect 

Overall, 23 patients completed 3 or more weeks of treat- 
ment, of whom 13 received gossypol daily. In all, 
20 patients were assessable for response, 2 were lost to 
follow-up and 1 was withdrawn because of intolerance. No 
patient showed any evidence of tumour regression during 
treatment. In 2 patients with squamous-cell lung carcino- 
ma and 1 with metastatic breast cancer, the disease re- 
mained stable for 16, 23, and 19 weeks, respectively. All 
other assessable patients developed progressive disease 
during the treatment period. 

Discussion 

In this preliminary clinical study, we found that oral gossy- 
pol can safely be given to patients with advanced cancer. 
Emesis, the main subjective toxicity, appeared to be dose- 
related. The doses we used are comparable with the 20-mg 
daily dose that was widely given in the Chinese contracep- 
tive studies [19]. The lack of myelotoxicity in our patients 
is consistent with the findings of  previous animal studies 
and clinical trials [19] and with the observation that cul- 
tured human bone marrow is relatively more resistant to 
the growth-inhibitory actions of gossypol than cultured 
tumour cell lines [4]. The complete lack of clinical activity 
in the present study suggests that gossypol is unlikely to 
prove to be of great utility in the treatment of cancer. 
However, due to the adverse clinical features of the patient 
population investigated in our study, we cannot exclude 
clinical activity in patients with more favourable disease. 
Gossypol has recently been reported to cause turnout re- 
gression in a case of advanced adrenocortical cancer [5]. 
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We used the racemic form of gossypol in our study. 
Gossypol is known to be heavily protein-bound, especially 
the (+)-enantiomer, and previous systematic pharma- 
cokinetics studies have shown that this binding results in 
significantly slower excretion of the (+)-enantiomer 
[20, 21]. Although we did not perform systematic pharma- 
cokinetics studies since these have previously been carried 
out [20], we detected a preponderance of the (+)-enan- 
tiomer in serum samples obtained from our patients, which 
is consistent with the aforementioned observation. 

The levels of gossypol that we found in serum samples 
were generally rather lower than those that have been used 
in growth-inhibitory studies in tissue-culture models. 
Furthermore, the role of protein binding in reducing the 
proportion of free gossypol to total drug is likely to be 
greater in human serum, which contains higher total pro- 
tein levels than do tissue-culture media. It has previously 
been noted that the cytotoxicity of gossypol may be re- 
duced by increasing the serum content of tissue-culture 
media [6, 7]. It may therefore be of considerable therapeu- 
tic significance that the less tightly protein-bound (-)- 
enantiomer is more cytotoxic in vitro [3, 7]. We suggest 
that any further clinical trials of gossypol should use the 
(-)-enantiomer, whose therapeutic index may well be sub- 
stantially greater than that of the racemic mixture. 
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