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Hydrazine sulfate was evaluated using 24-hour dietary recalls and body weight determinations before and 
after 30 days of either placebo or hydrazine (60 mg, 3 times/d) oral administration in 101 heavily pretreated 
cancer patients with weight loss. After 1 month, 83% of hydrazine and only 53% of placebo patients 
completing repeat evaluation maintained or increased their weight (P < 0.05). In addition, appetite im- 
provement was more frequent in the hydrazine group (63% versus 25%, P < 0.05). Although caloric intake 
was only slightly greater in hydrazine-treated patients, an increased caloric intake was more commonly 
associated with weight gain in patients receiving hydrazine compared with those receiving placebo (81 % 
versus 53%, respectively). Hydrazine toxicity was mild, with 71% of patients reporting no toxic effects. 
Hydrazine sulfate circulatory levels were obtained from a subset of 14 patients who completed 30 days 
of treatment, with a single sample obtained in the morning at least 9 hours after the last dose. Mean 
maintenance hydrazine sulfate levels, determined using a spectrofluorometric assay, ranged from 0 to 89 
ng/ml (mean 45 ? 16 ng/ml). These data, which demonstrate an association between 1 month of hydrazine 
sulfate administration and body weight maintenance in patients with cancer, suggest future clinical trials 
of hydrazine sulfate are indicated to definitively assess its long-term impact on important clinical outcome 
parameters in defined cancer populations. 
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EIGHT LOSS commonly accompanies cancer de- 
velopment and is associated with an adverse 

prognosis. 1-3 Although intensive caloric support now can 
be provided such patients, clinical trials evaluating caloric 
provision alone have not reported improved outcome for 
chemotherapy-treated populations with advanced can- 
~ e r . ~ - ~  As a result, consideration of potential mechanisms 
underlying the development of weight loss in the cancer 
population has led to development of alternative strategies 
for clinical intervention in these patients. Altered glucose 
metabolism is a common metabolic abnormality in cancer 
patients with weight and it has been suggested 
that the inappropriate activation of pathways of glucose 
metabolism leads to futile cycling and cachexia devel- 
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opment in this p0pu1ation.l~ If this hypothesis is correct, 
amelioration of the abnormal carbohydrate metabolism 
could provide a therapeutic approach to the adverse out- 
come associated with cachexia development in the cancer- 
bearing host. 

We previously demonstrated that hydrazine sulfate is 
metabolically active, improving the abnormal glucose 
tolerance and reducing the increased glucose production 
rates seen in cancer patients with weight l 0 ~ s . l ~  We now 
report clinical observations on short-term hydrazine sul- 
fate use in a cancer population with weight loss using a 
prospective placebo-controlled study design. 

Materials and Methods 

The criteria for inclusion in this trial were: a diagnosis 
of advanced cancer; weight loss greater than 10% from 
usual body weight; absence of severe hepatic or renal dys- 
function (bilirubin greater than 3 mg/dl and/or creatinine 
greater than 2 mg/dl); and normal mental status. Patients 
with a known history of diabetes mellitus or those receiv- 
ing corticosteroid therapy were ineligible. Patients with 
ascites or clinically significant edema were not entered to 
avoid confounding weight determinations. Patients were 
entered either prior to receiving systemic chemotherapy 
or when a new systemic therapy program was initiated 
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for disease progression. Measurable disease parameters 
were not required, and concurrent chemotherapy was 
permitted. Both initial and repeat assessment of all study 
parameters, however, were conducted at least 2 days be- 
fore and 4 weeks after chemotherapy administration. 

After informed consent was obtained, patients under- 
went an initial assessment of nutritional parameters, in- 
cluding caloric intake as described below. Patients sub- 
sequently were treated with capsules containing hydrazine 
sulfate (60 mg) or placebo which were prepared by Ana- 
bolic, Inc. (Irvine, California). Hydrazine sulfate was given 
under IND 17, 67 1 from the Food and Drug Adminis- 
tration (FDA) (obtained by Dr. Chlebowski). All insti- 
tutional requirements for human subjects review were 
met. The treatment program consisted of an escalating 
schedule of capsules containing either hydrazine sulfate 
or placebo until the full dosage of 60 mg, 3 times/d given 
before meals, was reached beginning on the 8th day. This 
program was based on the extensive Russian experience. l 5  
Patients were contacted weekly to assess compliance and 
kept daily compliance diaries. The validity of daily com- 
pliance diaries was checked against intake based on re- 
turned prescription bottles. Following 30 days of either 
agent, the assessment of body weight, caloric intake, and 
other parameters was repeated. 

During the initial and repeat evaluation, all patients 
received determination of body weight measured on the 
same printing scale; anthropometrics, including tricep 
skinfold thickness, mid-arm muscle circumference, and 
serum albumin; caloric intake using a 24-hour dietary 
recall history obtained by nutritionists and computer an- 
alyzed to give protein, carbohydrate, fat, and energy con- 
tents of the diet. Expected caloric intake was normalized 
for each patient by weight based on a calculated recom- 
mended daily allowance (RDA). Toxic effects of treatment 
and influence on appetite were determined by question- 
naire. 

In a subset of 14 patients, blood samples for hydrazine 
sulfate circulatory levels were obtained as a morning sam- 
ple taken at least 9 hours from the last oral dose following 
30 days of treatment. Hydrazine sulfate levels were mea- 
sured using a definedl6.l7 spectrofluorometric assay in 
which reaction of hydrazine sulfate with dimethylami- 
nobenzaldehyde produces a colored derivative. Huores- 
cence was subsequently determined in an Aminco Bow- 
man (Silver Spring, MD) spectrophotofluorometer with 
an excitation wavelength of 466 nm and emission wave- 
length of 546 nm. 

All patients were given defined, uniform dietary coun- 
selling based on nutritional status at entry to insure com- 
parability of dietary information available to patients on 
hydrazine or placebo treatment. The nutritional guidelines 
all patients were provided with were designed to duplicate 
a routine clinical dietary assessment that would be ex- 
pected to be a component of a cancer patient's standard 

TABLE 1 .  Pretreatment Characteristics of Cancer Patients Receiving 
Hydrazine Sulfate or Placebo 

Treatment received 

Placebo Hydrazine 

Number entered 

Age in years 
Median 
Range 

Sex ('YO Male) 

Disease type 
Lung 
Colon 
Other breast 
Esophagus 
Nasopharyngeal 
Hepatocellular 
Ovarian 
Prostate 

Performance score 
(0 or 1) 
(2 or 3) 

% Weight loss (mean) 

290% of RDA 
190% of RDA 

Nutritional status 

Caloric intake 

Albumin gm/dl (Mean) 

Concurrent chemotherapy 

71 

56 
32-77 

61% 

46 
13 
4 
2 
3 
1 
2 
0 

14% 
86% 

17% 

39% 
61% 

3.4 

78% 

30 

59 
36-77 

65% 

15 
4 
3 
3 
1 
2 
1 
1 

23% 
77% 

14% 

41% 
59% 

3.3 

74% 

RDA: recommended daily allowance. 

clinical management. Enteral tube feedings or parenteral 
nutritional support was not given any patient while on 
study. 

A total of 10 1 patients with advanced cancer underwent 
initial evaluation. Sixty-one consecutive patients (includ- 
ing all 30 patients given placebo and 3 1 given hydrazine) 
were randomly assigned treatment in a double-blind fash- 
ion with treatment assignment based on published ran- 
dom-number tables. An additional 40 patients received 
hydrazine sulfate and represented a consecutive series of 
patients seen in the Clinical Research Center meeting en- 
try criteria for the trial. Statistically significant differences 
between hydrazine and placebo groups relative to pre- 
treatment clinical factors were sought using chi square 
contingency table analyses and Student's t test. The sta- 
tistical differences between hydrazine and placebo treat- 
ment were determined using the two-group t test. 

Results 
A total of 101 patients with a variety of advanced can- 

cers underwent initial evaluation. Patients receiving hy- 
drazine sulfate or placebo were comparable with respect 
to tumor type, age, sex, performance score, nutritional 
parameters and chemotherapy experience (Tables 1 and 
2). The compromised nutritional status of the study pop- 
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TABLE 2. Concurrent Chemotherapy of Cancer Patients Receiving 
Hydrazine Sulfate or Placebo According to Disease. Type 

Study arm 

Chemotherapy given Hydrazine Placebo 

Lung cancer (n) 
PACcO 
PVB 
ACcO 
ACO 
No chemotherapy 

5-FU 
5-FU + vitamin K 
No chemotherapy 

Other disease sites (n)* 
No chemotheraov 

Colon cancer (n) 

46 
15 
12 
9 
2 
8 

13 
2 
7 
4 

12 
4 

15 
4 
7 
2 
0 
2 

4 
1 
1 
2 

I 1  
3 

P cisplatin (Platinol); A: doxorubicin, (Adriamycin); C: cyclophos- 
phamide; c: CCNU; 0: vincristine (Oncovin); 5-FU: 5-fluorouracil; V: 
vinblastine; B: bleomycin; 5-FU + vit K 5-fluorouracil plus vitamin K3 
(Synkavite). 

* The patients with other disease sites received a variety of regimens 
which included cisplatin in 62% and 50% of instances for the hydrazine 
and placebo group, respectively. 

ulation is demonstrated by the 16% average weight loss 
experienced by the overall population. Of this advanced 
disease population with weight loss, 58 patients were able 
to complete repeat evaluations after 30 days of treatment 
(41 were given hydrazine; 17, placebo). Early disease pro- 
gression and/or death accounted for almost all cases not 
having repeat study. Only two patients refused repeat 
evaluation. 

The influence of 30 days of hydrazine sulfate or placebo 
therapy on study parameters for all entered patients who 
underwent repeat evaluation is outlined in Table 3. Weight 
was maintained or increased in a higher proportion of 
patients receiving hydrazine sulfate compared to placebo 
therapy (83% versus 53%, respectively; P < 0.05). The use 
of weight loss as a study parameter was not compromised 
by the development of ascites or significant edema, as this 
did not occur in any patient over the 30 day period of 

TABLE 3. Influence of 30 Days of Hydrazine Sulfate or Placebo on 
Nutritional Status of Cancer Patients With Weight Loss 

Hydrazine Placebo 
n = 41’ n =  17 

Weight maintained or 

Improvement in appetite 63%t 25% 
Caloric intake increased 

Increased caloric intake 

increased (>2.5 kg) 83%t 53% 

(> 10% over baseline) 51% 37% 

gain (>2.5 kg) 8l%t 53% 
associated with weight 

* Number completing initial and repeat study. 
t P < 0.05 hydrazine compared to placebo group. 

observation. Anthropometrics were unchanged over the 
30-day study period. Caloric intake was only slightly 
higher in the hydrazine treated population. When all pa- 
tients experiencing an increase in caloric intake were con- 
sidered, however, weight gain was seen in a significantly 
higher proportion of patients receiving hydrazine sulfate 
while increasing caloric intake compared with those who 
increased caloric intake while receiving placebo. The re- 
sults using hydrazine sulfate were closely comparable in 
the 31 patients entered as part of the randomized trial 
when compared with the 40 patients added as a consec- 
utive series. The results for the patients receiving hydrazine 
or placebo who were entered as part of the randomized 
trial were: weight maintained or increased, 71% versus 
53%; improvement in appetite, 63% versus 25%; caloric 
intake increased, 69% versus 37%; and increased caloric 
intake associated with weight gain, 77% versus 53% for 
the hydrazine versus placebo patients respectively. In ad- 
dition, results in groups receiving or not receiving con- 
current chemotherapy reflected those obtained in the en- 
tire group. 

Thirty-five patients with cancer other than small cell 
lung cancer (the predominant tumor type studied) com- 
pleted serial evaluation, with 26 receiving hydrazine sul- 
fate and nine receiving a placebo. In the lung cancer pa- 
tients, weight maintenance or increase was achieved in 
83% of those receiving hydrazine sulfate compared with 
33% of those receiving the placebo. 

The short term hydrazine sulfate regimen used in this 
trial was well tolerated by study participants. Compliance 
forms were returned by 90% of patients who completed 
repeat evaluations, and indicated that 95% of the sched- 
uled dose was taken by the study population completing 
30 days of therapy. The mean maintenance plasma hy- 
drazine sulfate levels obtained from a subset of 14 patients 
ranged from 0 to 89 ng/ml with a mean value of 45 * 16 
ng/ml. Clinical toxicity of patients receiving hydrazine 
sulfate was limited largely to mild to moderate nausea 
and lightheadedness with 7 1 % of patients reporting no 
toxic effects from hydrazine use (Table 4). Treatment was 
discontinued for toxic effects in 10% of patients receiving 
hydrazine; while 6% of patients receiving placebo had 
treatment stopped for “toxic effects.” Significantly, par- 
asthesias or hypoglycemic symptoms were not reported 
by any patient receiving hydrazine in this trial. 

Discussion 

Short-term administration of hydrazine sulfate was 
better than a placebo in maintaining body weight and 
improving appetite in patients with advanced cancer in 
the current clinical experience. The weight effect appar- 
ently resulted from an increase in the effectiveness of the 
ingested calories, since a higher proportion of patients 
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who increased their caloric intake on hydrazine were able 
to maintain or improve their body weight. The association 
that we have reported" between weight maintenance and 
improved glucose metabolism in hydrazine-treated cancer 
patients suggests that interruption of abnormal metabolic 
pathway function may underlie the improved nutritional 
status seen with hydrazine sulfate in the current trial. If 
this hypothesis can be confirmed, hydrazine sulfate could 
represent one of a new class of metabolic/hormonal 

directed at influencing the abnormal metab- 
olism seen frequently in patients with cancer. 

No prior clinical experience with hydrazine sulfate in 
cancer patients has prospectively evaluated caloric intake 
or included a placebo control population. Single-arm 
studies involving 348 Russian and 84 American patients 
with cancer have emphasized subjective parameters.'5322 
In the American experience, Gold22 reported that 70% of 
the treatment group demonstrated subjective improve- 
ment, including increased appetite with either weight gain 
or cessation of weight loss, increased strength and im- 
proved performance status, or decreased pain, as measured 
by need for analgesics. In the Russian experience, 
Ger shon~v ich '~ ,~~  reported that 50% of patients receiving 
hydrazine sulfate as their sole therapeutic intervention 
achieved moderate or marked improvement in cachexia 
with associated favorable symptomatic effects on appetite 
and pain. Not all clinical studies of hydrazine sulfate have 
shown benefit. In three small trials of hydrazine sulfate 
(all entering less than 30 patients) where reduction in tu- 
mor size was used as a major therapeutic endpoint, little 
benefit was r e p ~ r t e d . ~ ~ - ~ ~  The clinical effects of hydrazine 
sulfate on body weight observed in the current study in 
conjunction with the metabolic effects of hydrazine that 
we reported in 1984'* now provides a strong rationale for 
further studies designed to assess the impact of hydrazine 
sulfate on clinical outcome in defined cancer populations. 

Surprisingly, thirty-seven percent of weight-losing can- 
cer patients given placebo in this trial increased their ca- 
loric intake by more than 1096, and 53% of the placebo 
group maintained or increased their body weight over the 
1-month observation period. This result in the placebo 
population may have been related to the nutritional 
counseling that was given in identical fashion to patients 
on both treatment arms in this study. Placebo controls 
clearly are important in trials designed to alter and assess 
nutritional parameters in cancer populations. 

The study protocol employed in our trial was not de- 
signed to assess the influence of hydrazine sulfate on tumor 
growth characteristics. The short 30-day period of treat- 
ment and entry criteria preclude assessment of hydrazine 
sulfate influence on this parameter. Almost all of our pa- 
tients with advanced solid tumors refractory to initial 
therapy, however, demonstrated no change in tumor di- 
mensions during the 1 -month period of observation. 

TABLE 4. Patient Tolerance of Hydrazine 
Sulfate or Placebo Treatment 

% of Patients Treated 

Hydrazine Placebo 

No toxic effects 71% 84% 
Nausea and vomiting 

Mild 12% 12% 
Moderate 5% 0% 

Light-headedness 17% 6% 
Treatment discontinued for toxic effects 10% 690 

The relative lack of toxicity of short-term hydrazine 
sulfate administration in a 60 mg 3 times/d schedule to 
a large cancer population receiving other concurrent che- 
motherapy treatment was noteworthy. In the previous 
limited clinical e ~ p e r i e n c e , ' ~ , ~ ~ , ~ ~  only one report has em- 
phasized significant toxicity; Ochoa and coworkers24 re- 
ported a 50% incidence of polyneuritis associated with 
hydrazine sulfate use in a 29-patient experience. In three 
trials 15.22.25 and the present report, polyneuritis was seen 
in less than 1% of the more than 500-patient cumulative 
experience. The lack of toxicity in the current experience 
can be documented further by the good compliance re- 
ported by the patients in their diaries. The latter result is 
interesting considering the somewhat wide range of hy- 
drazine sulfate maintenance circulatory levels observed 
in the pharmacohnetic component of this trial. However, 
these results are consistent with developing pharmaco- 
kinetic information regarding the half-time of oral hy- 
drazine sulfate administration." These data suggest that 
future clinical trials involving hydrazine sulfate should 
include determination of chronic circulatory levels to as- 
sess hydrazine sulfate bioavailability and permit correla- 
tion with metabolic, nutritional and clinical endpoints. 

Conclusion 

This experience with hydrazine sulfate in an advanced 
cancer population points to a potential role for this agent 
in maintaining weight in patients with cancer cachexia. 
Whether maintenance of body weight under these con- 
ditions will be associated with improvement in important 
clinical outcome variables and overall survival will require 
future prospective, long-term, placebo-controlled evalu- 
ation in cancer populations with less advanced disease 
given defined systemic therapy. Such studies in the non- 
small cell lung cancer population are currently in progress. 
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