
0021-972x/93/7604-1019$03.00/0 
Journal of Clinical Endocrinology and Metabolism 
Copyright 0 1993 by The Endocrine Society 

Vol. 16, No. 4 
Printed in U.S.A. 

Oral Gossypol in the Treatment of Metastatic Adrenal 
Cancer* 

MARY R. FLACK, ROBERT G. PYLE, NANCY M. MULLEN, BEVERLY LORENZO, 
YAN W. WU, RICHARD A. KNAZEK, BRUCE C. NISULA AND 

MARCUS M. REIDENBERG 

Developmental Endocrinology Branch (M.B.F., R.G.P., N.M.M., X. W. W., B.C.N.); National Institute of 
Child Health and Human Development, Bethesda, Maryland; Departments of Pharmacology and Medicine 
(B.Z., N.M.) Cornell University Medical College, New York, New York; and Cellco Bioreactors, Incorporated 
(R.A.K.) Gaithersburg, Maryland 

ABSTRACT 
Medical treatment of metastatic adrenal cancer is largely unsuc- 

cessful and has considerable toxicity. We previously demonstrated the 
activity of the plant toxin gossypol against human adrenal cancers in 
nude mice. We therefore examined the efficacy and toxicity of oral 
gossypol as a treatment for adrenal cancer in humans. Twenty-one 
patients with metastatic adrenal cancer received oral gossypol at doses 
of 30-70 mg/day. Patients were monitored for side effects of gossypol, 
changes in hormone secretion, and tumor response. Eighteen patients 
completed at least 6 weeks of gossypol treatment. Three of these 
patients, whose tumors were refractory to other chemotherapeutic 
agents, had partial tumor responses (250% decrease in tumor volume) 
that lasted from several months to over 1 yr. One patient had a minor 
response followed by resection of her remaining disease, 1 patient had 

stable disease, and 13 patients had disease progression. Three patients 
died of their disease without receiving sufficient gossypol to achieve 
detectable drug levels, and were eliminated from the final analysis. The 
side effects of gossypol were generally well tolerated; the only serious 
side effect was abdominal ileus that resolved when the drug was 
temporarily withheld and restarted at a lower dose. We conclude that 
oral gossypol can be used relatively safely on an outpatient basis for 
the treatment of metastatic adrenal cancer. The response rate is similar 
to the other agents currently available for adrenal cancer, and responses 
were seen in patients who had failed other chemotherapeutic regimens. 
This study provides the first indication that gossypol may have activity 
against cancer in humans, suggesting the need for further investigation 
of gossypol as an antitumor agent. (J Clin Endocrinol Metab 76: 1019- 
1024, 1993) 

A DRENAL cancer is a rare, fatal malignancy for which 
medical therapy is largely unsuccessful. Ortho-para 

DDT (mitotane) and other chemotherapeutic regimens have 
partial response rates of only lo-20%, serious side effects, 
and do not prolong survival (1, 2). Thus, new medical 
therapies for metastatic adrenal cancer are needed. We have 
previously shown that gossypol, a spermatotoxin derived 
from crude cottonseed oil, inhibits the growth of human 
adrenocortical tumors in nude mice (3). Other animal studies 
demonstrate the activity of ip gossypol against Ehrlich ascites 
tumor and mouse mammary carcinoma, but with consider- 
able drug toxicity (4, 5). With oral gossypol, however, we did 
not observe any adverse drug effect and the survival of 
treated animals was improved over non-treated controls. In 
addition, large numbers of normal men in China have taken 
oral gossypol for contraception with relatively few side ef- 
fects (6, 7). Thus, we examined the efficacy and toxicity of 
oral gossypol as a treatment for metastatic adrenal cancer in 
humans. 
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Patients and Methods 

Patient selection 

Twenty-one patients were evaluated at the clinical center of the 
National Institutes of Health or the New York Hospital-Cornell Medical 
Center from September 1989 to May 1991. Patients underwent a com- 
plete history and physical exam, routine blood studies for electrolytes, 
liver and kidney function, 24-h urine collections for measurement of 
urine free cortisol and 17-hydroxysteroid excretion, and computed to- 
mography (CT) and/or magnetic resonance imaging (MRI) of the chest 
and abdomen. Measurements of plasma estradiol, testosterone, dehy- 
droepiandrosterone-sulfate, and 11 -deoxycorticosterone (DOC) were 
performed as indicated. All patients had adrenal cancer confirmed by 
examination of their original pathology specimens, and had clearly 
visible metastatic disease on CT and/or MRI. All had normal electrolytes, 
all but one had normal renal function, and 11 patients with liver 
metastases had stable elevations of hepatic transaminases to twice 
normal levels. Ten patients had secretory tumors; 8 secreting cortisol, 1 
secreting testosterone, and 1 secreting DOC. Nineteen patients were 
previously treated with mitotane at doses of 2-8 g/day for 6-24 months. 
Mitotane was discontinued due to tumor progression at least 3 months 
before starting gossypol. Three patients received suramin and/or adria- 
mycin and etoposide (VP-16), in addition to mitotane. Two patients 
refused prior treatment with available chemotherapeutic agents. 

Gossypol administration, drug concentrations, hormone levels, 
and tumor response 

Patients received oral gossypol (racemic gossypol acetic acid, 10 mg 
compressed tablets, Chinese Academy of Medical Sciences, Beijing, 
China) beginning at 20 mg/day and increasing by 10 mg/day every 2 
days to 30-70 mg/day in divided doses. The first nine patients were 
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seen daily during the loading phase, and every 1-2 weeks thereafter, to 
monitor side effects, routine blood chemistries, steroid excretion, and 
gossypol levels. The following patients were seen weekly during the 
loading phase, and were then seen by their referring physicians, retum- 
ing every 6 weeks for follow-up. Side effects were monitored by flow 
sheets, where the presence and severity of side effects were rated from 
0 (not present) to 5 (intolerable), and/or patient interviews. 

Gossypol concentrations were determined by HPLC on an ESA 
Coulochem detector (Bedford, MA), in comparison with known gossypol 
standards (8). Aliquots of 24-h urine collections were sent for measure- 
ment of free cortisol by RIA (Smith Kline Bioscience Laboratories, King 
of Prussia, PA) and 17-hydroxy-steroid excretion by a modification of 
the Porter-Silber method (Clinical Center Laboratory, NIH, Bethesda, 
MD). CT and/or MRI scans were done every 6 weeks and tumor volume 
calculated from the dimensions of each lesion on CT or MRI. More than 
50% reduction in tumor volume was considered a partial response, a 
lo-40% reduction was considered a minor response, and less than 10% 
change in tumor volume was considered stable disease. 

Results 

Eighteen patients completed at least 6 weeks of treatment 
and had detectable gossypol levels where measurements 
were available. Three of these 18 patients, who had previ- 
ously failed other chemotherapeutic regimens, had partial 
tumor responses that will be described below. One patient 
had stable disease at the end of 6 weeks, 1 patient had a 
minor response followed by surgical resection of the all 
remaining lung nodules, and 13 patients had tumor progres- 
sion (Table 1). None of the patients had any significant 
decrease in steroid excretion directly related to gossypol, but 
1 patient had a decrease in urine free cortisol coincident with 
a tumor response. Three patients received gossypol for less 
than 4 weeks due to the terminal nature of their illness. 
These patients had undetectable gossypol levels indicating 
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an inadequate trial of gossypol and were thus eliminated 
from the final analysis. 

Partial responses 

The first response was in a 36-yr-old man with a cortisol- 
secreting tumor metastatic to the liver and lung (patient 4, 
Table 1). The tumor had progressed despite treatment with 
mitotane (3 g/day for 6 months), suramin (350 mg/M’.day) 
and a combination of adriamycin and VP-16. Mitotane, 
suramin, and adriamycin/VP-16 were discontinued 2 yr, 1 
yr, and 6 months before starting gossypol, respectively. At 
the start of treatment, he had shortness of breath, abdominal 
pain, marked ascites, lower extremity edema, and a urine 
free cortisol of 1374 nmol/day (normal 30-300 nmol/day). 
After 4 weeks of oral gossypol(50 mg/day), he had transient 
right upper quadrant pain and a CT scan showed greater 
than 90% reduction in the size of the multiple lung metas- 
tases, and 80-90% reduction in the volume of multiple 
hepatic lesions (Fig. 1). He had a marked improvement in 
exercise tolerance, decreased abdominal pain and ascites, 
and a urine free cortisol of 132 nmol/day (Fig. 2). While the 
clinical improvement lasted for 8 months, the plasma gos- 
sypol concentrations gradually declined and the lesions be- 
gan to regrow. Gossypol was discontinued after a total of 9 
months of treatment. 

The second response was seen in a 54-yr-old woman with 
a clinically nonsecreting abdominal tumor recurrence (patient 
5, Table 1). The tumor failed to respond to treatment with 
mitotane (2 g/day for 1 yr) and suramin (350 mg/M’/day). 
Mitotane was discontinued 18 months, and suramin 9 
months before starting gossypol. After 4 weeks of oral gos- 
sypol(40 mg/day), she had sharp right upper quadrant and 

TABLE 1. Clinical characteristics and tumor response in 21 patients with metastatic adrenal cancer on oral gossypol 

Disease 
Pt Age/sex duration Hormone Gossypol dose Treatment Max. gossypol 

(yd 
secretion Metastases Prior treatment 

bg/dw) duration (weeks) level (ng/mL) Tumor response 

4 None Lung. liver Mitotane 30 3” <50 Progression 1 55/M 
2 17/F 
3 28/M 
4 36/M 

5 52/F 
6 34/M 
7 35/M 
8 23/F 
9 23/F 

10 16/F 
11 23/F 
12 30/M 
13 22/F 
14 48/M 
15 67/F 
16 82/F 
17 73/F 
18 30/M 
19 51/F 
20 28/F 
21 52/M 

1.5 
1.5 
3.5 

4 
2 
1 

Cortisol 
Cortisol 
Cortisol 

None 
Cortisol 
Cortisol 

Lung; liver Mitotane 
Lung, liver, abd Mitotane 
Lung, liver Mitotane, Suramin 

Adriamycin, VP-16 
Abd, liver Mitotane, Suramin 
Lung, liver, abd Mitotane, Suramin 
Abd, liver Mitotane 

40 3.5” 
70 6 
50 36 

c50 
1142 

547 

Pro&ession 
Progression 
Partial response 

20 465 
16 344 

Cortisol 
Cortisol 

Lung, abd 
Lune. liver 
Liver 
Abd, liver 
Liver 
Liver 

Mitotane 
Mitotane 

40 
50 
60 
40 
50 
50 
50 
50 
50 
50 
40 
40 
40 
40 
40 
40 
40 

12 
3” 
6 
6 
6 

12 
12 
6 

52 
6 
6 
6 
6 
6 
6 

508 
c50 

1.5 
1 
2.5 
2 
3 
3 
8 

Cortisol 
None 
None 
None 

131 
266 

N/A 

None 
None 

None 
Mitotane 
Mitotane 
Mitotane 

Lung, liver Mitotane 
Vertebral bone Mitotane 

i42 
175 
95 
83 

2 
552 
39* 

4 
9 
2 
1.5 

None Liver 
Testosterone Abd, liver 
None Liver 
DOC’ Liver 
None Liver, abd 
None Liver, abd 

Mitotane 
Mitotane 
Mitotane 
Mitotane 
Mitotane 
None 

449 

NE 
6 

559 

Partial response 
Progression 
Progression 
Progression 
Progression 
Progression 
Progression 
Progression 
Minor response 
Stabilization 
Partial response 
Progression 
Progression 
Progression 
Progression 
Progression 
Progression 

a Patients (Pt) eliminated from the final analysis due to insufficient trial of gossypol. 
* Maximum (max) gossypol levels not available, values are those obtained during the leading phase. 
c Deoxycorticosterone. 
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GOSSYPOL IN ADRENAL CANCER 

FIG. 1. A, CT of the chest before (a) and during (b) treatment with gossypol (50 mg/day) in a 36-yr-old male with metastatic adrenal cancer. B, 
CT of the liver before (a) and during (b) gossypol treatment in the same patient. 
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FIG. 2. Urine free cortisol levels during gossypol treatment (50 mg/ 
day) in a 36-yr-old male with metastatic adrenal cancer. The patient 
had an SO-90% reduction in tumor size at week 4. 

right-sided pleuritic pain that resolved over a l-week period. 
CT scans after this episode showed complete central necrosis 
of the abdominal tumor with an 80% reduction in tumor 

volume, associated with decreased abdominal pain and dis- 
tention (Fig. 3A). Despite continuation of gossypol at doses 
of 40-50 mg/day, her plasma gossypol level declined over 
the next 4 months and gossypol was discontinued due to 
growth of a retroperitoneal lesion. 

The third response was seen in a 67-yr-old woman with a 
nonsecreting T12 paraspinal metastasis causing severe lower 
back and leg pain (patient 15, Table 1). The tumor had 
previously failed to respond to treatment with mitotane (2 
g/day for 1 yr), that was discontinued 1 yr before gossypol 
treatment. After 20 weeks of oral gossypol (40 mg/day), 
there was a 50% reduction in the volume of the paraspinal 
lesion associated with a dramatic improvement in her back 
and leg pain (Fig. 3B). The size of the lesion and the patients 
symptoms remain stable after 1 yr on oral gossypol at a dose 
of 30 mg/day. 

Gossypol levels and toxicity 

The highest plasma gossypol levels achieved in the pa- 
tients who received an adequate trial of gossypol ranged 
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FIG. 3. A, CT of the abdomen before (a) and during (b) treatment with gossypol(40 mg/day) in a 54-yr-old woman with metastatic adrenal cancer. 
B, MRI of the T12 vertebra before (a) and during (b) treatment with gossypol (40 mg/day) in a 67-yr-old woman with metastatic adrenal cancer. 

from 83 to 1,025 ng/dL (Table 1). In general, plasma gossypol 
levels correlated only roughly with the prescribed gossypol 
dose. The plasma gossypol levels in patients who had tumor 
responses were 547, 465, and 83 ng/dL, respectively, at the 
time of their responses. The plasma gossypol levels in pa- 
tients who had tumor responses were indistinguishable from 
the gossypol levels in patients who did not respond. In four 
patients who were followed after discontinuation of gossy- 
pol, the estimated half-time of disappearance was 2.9 +/- 
0.9 weeks (Fig. 4). 

The side effects of gossypol (and their incidence in the 
NIH patients) were xerostomia (93%), transient transaminitis 
(93%), dry skin (71%), fatigue (64%), intermittent nausea 
(36%), vomiting (21%), transient ileus (21%), and minor hair 
thinning (14%). In addition, one patient with preexisting 
gynecomastia had increased size and tenderness of breast 
tissue while on gossypol therapy. Of the 18 patients who 
had measurable gossypol levels, no patient had to perma- 
nently discontinue gossypol due to its side effects. Four 

patients had abdominal ileus after receiving gossypol contin- 
uously for 3 months at doses of 40 mg/day or more. The 
plasma gossypol levels in these patients at the time of the 
ileus were 244, 351, 444, and 554 ng/dL. In all patients, the 
ileus resolved within l-2 weeks when the drug was withheld 
and did not reoccur when the drug was restarted at a lower 
dose. Two of the patients who did not respond to gossypol 
developed hypokalemia 2-3 weeks after discontinuation of 
gossypol. The serum potassium levels in these patients were 
2.3 and 2.6 mmol/L (normal range, 3.5-4.0 mmol/L) and 
their urine free cortisol levels were 1850 and 11,800 nmol/ 
day, respectively (normal 30-300 pmol/day). Ketoconozole 
was started at this time to decrease the cortisol secretion and 
the hypokalemia resolved with correction of the hypercorti- 
solism. 

Discussion 

The prognosis for patients with adrenal cancer is dismal. 
The majority of patients present with advanced disease at 
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FIG. 4. Plasma gossypol concentrations after discontinuation of gos- 
sypol in four patients with metastatic adrenal cancer. The mean half- 
time of disappearance (+SD) was 2.9 + 0.9 weeks (range, 2.5-4.0 weeks). 

the time of diagnosis. Whereas surgical resection can prolong 
survival in some patients, most will eventually have inoper- 
able disease and a 5-yr survival less than 20%. In these 
patients, medical therapy is generally disappointing. Mito- 
tane can induce biochemical remissions in 60-70% of pa- 
tients with hypercortisolism, but only lo-20% of patients 
have any objective decrease in tumor size (1,9). The amount 
of tumor shrinkage with mitotane varies from lo-80% and 
these responses are generally short-lived, lasting 6-9 months. 
The side effects of mitotane include fatigue, anorexia, nausea, 
vomiting, ataxia, dizziness, confusion, and memory loss. 
Various conventional chemotherapeutic agents have also 
been used for adrenal cancer including cisplatin, 5-fluorour- 
acil, cytoxan, adriamycin, vincristine, and VP- 16. The partial 
response rates for these regimens are only lo-20% and the 
duration of response is 1 yr on average (2, 10-13). The side 
effects associated with these chemotherapeutic regimens in- 
clude myelosuppression, nausea, vomiting, alopecia, and 
cardiotoxicity. Thus, a drug with greater efficacy and less 
toxicity would be desirable for the treatment of metastatic 
adrenal cancer. 

Gossypol, a naturally occurring biphenolic compound de- 
rived from cottonseed, first came to attention as a cause of 
infertility in Chinese villages using crude cottonseed oil for 
cooking during times of economic deprivation, Subsequently, 
it has been shown to be a potent spermatotoxic agent and 
general antimetabolite (14-16). Gossypol has in vitro activity 
against several tumor cell lines derived from mouse mam- 
mary carcinoma, and human melanoma, colon, and adrenal 
carcinomas (3, 17). Tso and colleagues (4) demonstrated the 
in vivo antitumor activity of ip gossypol against Ehrlich 
ascites tumors in nude mice. The therapeutic dose range, 
however, was quite narrow and several animals died from 
the toxic effects of gossypol. Similarly, Rao and colleagues 
(5) demonstrated the activity of ip gossypol against mouse 
mammary tumors. Although 66% of the treated animals were 
tumor free, 34% died of drug toxicity. When we used oral 
gossypol, however, in nude mice bearing SW-13 human 

adrenal cancers, we did not observe any morbidity or mor- 
tality related to gossypol. On the contrary, we found that 
gossypol inhibited the growth of human adrenal tumors and 
enhanced the survival of the gossypol-treated mice compared 
to untreated controls (3). These observations led us to ex- 
amine oral gossypol as a treatment for adrenal cancer in 
humans. 

The largest studies using oral gossypol in humans are 
those from China where it has been studied extensively as a 
potential male contraceptive agent (6, 7, 15). In these studies, 
over 8000 normal men received oral gossypol at loading 
doses of 20 mg/day for several weeks followed by mainte- 
nance doses of 50-60 mg/week. The side effects were gen- 
erally minor, with the only serious side effect being profound 
hypokalemia in less that 1% patients, with hypokalemic 
paralysis in a few patients. The paralysis was reversible, but 
required administration of iv potassium in some cases. Since 
idiopathic hypokalemia also occurs in the normal population 
in China, the role of gossypol in hypokalemia is unclear. 
Hypokalemia was not noted in a subsequent series of patients 
receiving gossypol in South America (18). 

Based on these contraceptive trials, we initiated our trial 
of gossypol at a dose of 20 mg/day. Since there are no 
human studies using larger doses of gossypol, one of our 
objectives was to determine a safe dosage range. The maxi- 
mum tolerated gossypol dose in our patients was 0.8 mg/kg 
day (50-60 mg/day). Doses above this were associated with 
excessive nausea, anorexia, and fatigue. None of our patients 
experienced hypokalemia directly related to gossypol. Two 
patients had hypokalemia after stopping gossypol, that was 
related to excessive cortisol secretion. None of the patients 
had to discontinue gossypol because of side effects. The only 
severe side effect was an abdominal ileus that occurred in 
four patients treated for an extended period of time at doses 
over 40 mg/day. This responded to withholding gossypol for 
l-2 weeks and did not reoccur when gossypol was restarted 
at a lower dose. 

The plasma gossypol levels in our patients correlated only 
roughly with the prescribed dose. There are several possible 
explanations for this finding. Since the half-life of gossypol 
is quite long, a true steady-state may not have been achieved 
in some patients leading to inconsistent plasma gossypol 
concentrations. In addition, the lipophilic nature of gossypol 
would cause it to accumulate in the body fat such that plasma 
gossypol levels would not reflect the body content of the 
drug. Finally, patient noncompliance may have been a factor, 
as we were able to document at least one case where the 
prescribed dose was 40 mg/day and the patient was routinely 
taking only 30 mg/day. 

Partial tumor responses were seen at gossypol doses of 
0.6-0.8 mg/kg.day (40-60 mg/day). The plasma gossypol 
levels at the time of these tumor responses, however, were 
quite variable, ranging from 83-547 ng/dL. Our data do not 
give a clear indication of the minimum effective plasma 
gossypol concentration, because the plasma concentrations 
in patients who responded were indistinguishable from those 
in patients who did not respond. Again, the plasma concen- 
trations may not accurately reflect the concentration of gos- 
sypol in the tumor. In our experience, higher doses of gos- 
sypol and higher plasma gossypol concentrations did not 
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correlate with increased tumor response. We are unable to 
fully explain why, in two patients who initially had tumor 
shrinkage, the plasma gossypol levels progressively declined 
despite continued prescription of gossypol at doses equal to 
or greater than those at the time of their response. 

Overall, we observed a partial tumor response rate of 17% 
with a duration of response of several months to over 1 yr. 
The response rate with gossypol treatment was similar to 
that seen with the other chemotherapeutic agents available 
for adrenal cancer, consistent with the generally poor re- 
sponse of adrenal cancer to medical therapies. The tumor 
responses seen during gossypol treatment, however, occurred 
in patients who were refractory to other chemotherapeutic 
modalities. Thus, the response rate of gossypol should be 
viewed in the setting of a second line, salvage agent. As with 
other chemotherapeutic trials in adrenal cancer we were 
unable to include a placebo arm in our study. Thus, we 
cannot determine the effect of gossypol on patient survival. 
We also cannot definitely rule out spontaneous tumor necro- 
sis as a factor in the tumor responses. The lack of sponta- 
neous responses in historical series, however, and the timing 
of the responses in relation to gossypol administration, make 
this possibility unlikely (1, 9). There was no definite effect 
of gossypol on hormone synthesis. One patient who had a 
tumor response during gossypol treatment also had lower 
free cortisol excretion, but there were no hormonal responses 
in the other patients with secretory tumors. This suggests 
that the reduction in cortisol excretion seen during gossypol 
administration was due to decreased tumor mass, rather than 
a direct effect on the cortisol synthetic pathway. 

The mechanism of action of gossypol in our patients with 
adrenal cancer is unknown. Recently, Benz and colleagues 
(19) studied the in vitro tumoricidal effects of gossypol on 
breast, ovarian, colon, and pancreatic cancer cell lines dem- 
onstrating selective destruction of mitochondria, accom- 
panied by a decrease in intracellular ATP. Thus, gossypol 
may exert its cytotoxic effects by uncoupling oxidative phos- 
phorylation. It is unclear, however, how this activity could 
specifically target tumor cells in viva. Another potential 
mechanism of gossypol action stems from its ability to inhibit 
endothelial-derived relaxing factor (nitrous oxide), an agent 
responsible for blood vessel dilatation (20, 21). It is possible 
that, through this mechanism, gossypol interferes with tumor 
blood supply causing tumor necrosis. This could explain why 
one of our patients had nearly complete necrosis of a large 
abdominal lesion, but no effect on a small retroperitoneal 
lesion. 

We conclude that oral gossypol can be used daily on an 
outpatient basis for the treatment of metastatic adrenal can- 
cer. Although the partial response rate is low, it is comparable 
to the other medical therapies available, and it can be used 
as a salvage agent when other treatments for adrenal cancer 
have failed. This is the first indication that gossypol may 
have activity against cancer in humans and suggests the need 

for further studies to elucidate its mechanism of action and 
explore its role in the treatment of other human cancers. 
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