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EXECUTIVE SUMMARY 

Selenium (Se) is an essential nonmetallic trace 
element with a nutritional intake of 50-350 pg/day 
[ 11 and an estimated dietary MTD of 8 19 pg Se/day 
(0.15 pnolkg-bw/day) [23]. Organic Se compounds, 
primarily selenomethionine and selenocysteine, in- 
gested in grains, meat, yeast, and certain vegetables 
are the major source for humans [4]. Low Se status 
has been linked epidemiologically to increased inci- 
dence of cardiovascular disease [4] and increased 
incidence or mortality from cancers in various or- 
gans, such as bladder, breast, colon and rectum, lung, 

and prostate [e.g., 121, although these relationships 
are very inconsistent. For example, seven of 14 ret- 
rospective breast cancer studies found significantly 
lower serum Se in cases compared with controls 
[5,13]; however, this may result from the fact that 
certain tumors concentrate Se at the expense of the 
host [14]. Out of 12 prospective studies using serum 
or toenail measurements to determine Se status, the 
only one showing an inverse correlation between 
serum Se and breast cancer risk lacked statistical 
significance (trendp=0.45) [5,15,16]. This study, and 
several others associating increased risk for cancer of 
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the stomach, esophagus, lung, and all sites with low 
serum Se levels, were conducted in Finland, where 
subjects had substantially lower Se status than other 
populations before the addition of Se to fertilizers 
began in 1985 [ 171. The association between cancer 
risk and tissue Se levels, especially in the breast, may 
be nonlinear, with the chemopreventive effect of 
supplementation limited to deficient or marginal 
populations. In contrast, the most consistent inverse 
associations between cancer risk and Se in prospec- 
tive studies have been observed in populations with 
concomitant low levels of serum a-tocopherol, reti- 
no1 and p-carotene, and in males (e.g., stomach, pan- 
creas, all sites) [5]. 

In animal studies, pharmacological levels of inor- 
ganic or organic Se compounds have inhibited chemi- 
cally and virally induced tumors in mammary glands, 
colon, skin, lung, trachea, liver, stomach and pan- 
creas, as well as the development of transplanted 
tumors [ 18,191. Published animal chemoprevention 
studies with all Se compounds indicate that Se inhib- 
its the postinitiation phase of mammary carcinogene- 
sis and the initiation phase of colon carcinogenesis, 
the inhibitory effect is reversible, and chemopreven- 
tive doses approach toxic levels [18]. I-Se- 
lenomethionine, specifically, was ineffective in 
mouse colon and lung carcinogenesis models; how- 
ever, racemic or unspecified enantiomers inhibited 
mammary tumor development in several rat models. 
The combination of a-tocopherol acetate with d,I-se- 
lenomethionine slightly improved the efficacy of the 
latter in rat mammary glands. Two on-going NCI, 
Chemoprevention Branch-sponsored preclinical 
studies with I-selenomethionine are evaluating 
modulation of biomarkers of prostate cancer in the 
estrogedtestosterone-exposed Noble rat and the ef- 
fect on prostate cancer in CA/TP/MNU/TP-exposed 
Wistar rats in combination with a-tocopherol acetate. 

The only well-defined function for Se in animals 
is as a constituent of the Se-dependent form of glu- 
tathione peroxidase (GSH-Px) [20], where it is incor- 
porated into the active site of the enzyme as the 
substituted amino acid, selenocysteine. GSH-Px is a 
cytosolic enzyme that reduces both hydrogen perox- 
ide and organic hydroperoxides, providing potential 
antioxidant activity; however, other chemopreven- 
tive mechanisms may exist, since GSH-Px activity 
plateaus in blood and plasma and does not always 
correlate to tissue Se levels at cancer inhibitory doses. 
Besides the antioxidant activity of GSH-Px, Se com- 

pounds have other antiinitiation effects through al- 
tered carcinogen metabolism (by affecting heme me- 
tabolism), as well as antiproliferative effects 
resulting from inhibition of DNA [21] and protein 
synthesis [22,23], and altered immune function 
[24,25]. 

Some evidence suggests that the chemopreventive 
activity of both inorganic and organic Se compounds 
may depend on conversion to selenide though differ- 
ent pathways and on the subsequent generation of 
monomethylselenonium metabolites (as shown in 
Figure 1). However, other mammalian Se-containing 
proteins may contribute to these activities. For exam- 
ple, selenoprotein P (found in plasma, kidney, and 
lung) is hypothesized to have antioxidant activity 
W I .  

In contrast to inorganic Se, I-selenomethionine can 
be converted directly to selenocy steine for incorpor- 
ation into GSH-Px [27], iodothyronine 5’-deiodinase 
[23] and other selenoproteins, or used to synthesize 
Se-adenosyl-I-methionine [22,26,28]. Another im- 
portant difference is that it can be incorporated non- 
specifically into proteins in place of I-methionine 
when levels of dietary methionine are low [4]. Be- 
cause of this, selenomethionine is sequestered and 
accumulates in tissues to a greater extent than inor- 
ganic forms of Se, especially in pancreas, kidneys, 
liver, gastrointestinal (GI) tract, muscle and mam- 
mary glands of rats and mice; therefore, the elimina- 
tion phase is extended [26,28,29]. Macaque monkeys 
chronically treated with I-selenomethionine showed 
a similar pattern of distribution with a total tissue Se 
increase of 13-28-fold. These characteristics suggest 
that the potency of I-selenomethionine as a chemo- 
preventive agent depends on the level of dietary 
methionine, a concept which was confirmed in a rat 
chemoprevention experiment where suboptimal levels 
of dietary methionine significantly reduced the protec- 
tive effect of d,I-selenomethionine 1301. 

Most animal studies specifically evaluating the 
anticarcinogenic or toxic effects of selenomethionine 
have used racemic mixtures of d- and I-enantiomers, 
both of which can be metabolized by rodents [e.g., 
31-33]. The d-enantiomer is not normally found in 
nature except in certain bacteria and is not metabo- 
lized or incorporated into proteins by humans. Since 
it may have different biologicaVtoxicologica1 proper- 
ties than the l-enantiomer [34], the latter was chosen 
for potential development. Some clinical trials have 
administered Se-enriched brewer’s yeast, in which 
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Figure 1. Pathways of Se metabolism leading to the synthesis of selenoproteins in animals [22,26] 

approximately 50% of the Se is in the form of Z-se- 
lenomethionine. 

Chronic exposure of experimental animals to in- 
organic or organic Se has resulted in growth failure 
and weight loss, as well as liver damage, 
splenomegaly, pancreatic enlargement, anemia, der- 
matitis, skeletal muscle atrophy, hair loss, and abnor- 
mal nails. In NCI, Chemoprevention 
Branch-sponsored preclinical studies, I-se- 
lenomethionine produced decreased weight gain, ele- 
vated liver enzymes, and liver pathology, as well as 
altered hematopoiesis in rats and dogs. Non-human 
primates appear to be more sensitive to l-se- 
lenomethionine toxicity than rodents or dogs. Any 
difference in toxicity between inorganic and organic 
Se compounds due to the difference in fate is unclear, 
although rats consuming organic Se compounds 
showed a trend toward less growth inhibition com- 
pared with inorganic Se compounds [33]. Although 
inorganic Se has been shown to impair reproduction 
in birds and fish, l-selenomethionine was not terato- 
genic in non-human primates except at doses associ- 
ated with significant maternal toxicity. 

In humans, Se appears to have only a 10- fold range 
of safety between physiological and toxic levels [ 35 J . 
Since the tv2 of 1-selenomethionine in himans has 
been estimated at 200-300 days, there is a potential 
for accumulation. No specific reports on human tox- 
icity of selenomethionine (NOS) were found in the 
literature. Based on a Chinese survey, a conservative 
RDA of 70 and 50 pg Se (NOS) (ca. 0.013 and 0.01 
pnoRg-bw/day) was estimated for American men 
and women, respectively [36]. In another Chinese 
study, adverse effects following ingestion of ca. 
5,OOO pg Se/day (ca. 0.9 pmoVkg-bw/day) as or- 
ganoselenium compounds in local produce were de- 
scribed as garlic breath, nausea, fatigue, imtability, 
dermatitis, hair loss, and nail tenderness or loss [37]. 
Recently, an oral Reference Dose (RfP) of 350 pg Se 
(NOS)/day (ca. 0.06 pmol/kg-bw/day) was publish- 
ed, which represents a safe intake meant to protect 
populations at highest risk, and could be loosely 
interpreted as the NOEL [l]. The human MTD of 
dietary Se is estimated to be 8 19 pg Se/day (ca. 0.15 
pnoVkg-bw/day) [3], or about 15 times the RDA for 
women. 
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Although no trials with I-selenomethionine spe- 
cifically were identified, three Phase I11 trials with 
Se-enriched yeast or Se (NOS) have been initiated or 
completed. The NCI-funded Nutritional Prevention 
of Cancer Project (Dr. Larry Clark, University of 
Arizona) is assessing the chemopreventive effect of 
supplementation with 200 pg or 400 pg Se/day (ca. 
0.04 or 0.07 pmolkg-bw/day) as Se-enriched 
brewer’s yeast (ca. 50% of the Se as I-selenomethio- 
nine) for at least two years on patients at high risk for 
skin cancer living in relatively low Se areas of the 
US. (selenomethionine (NOS) was provided as an 
alternative for those intolerant to brewer’s yeast). 
Additional endpoints include total mortality, cancer 
mortality, incidence of lung, prostate, and colorectal 
cancer, incidence of colorectal polyps, and incidence 
of elevated PSA. Long-term safety is also being 
assessed by plasma Se levels, clinical chemistry, and 
hair and nail changes. 

In collaboration with the Cancer Institute of the 
Chinese Academy of Medical Sciences, the NCI, 
Cancer Prevention Studies Branch (Dr. Philip Taylor, 
CPSB) evaluated the effect of supplementation with 
Se in combination with other agents in a completed 
Phase I11 trial in Linxian, China, the area with the 
world’s highest mortality rate from esophageallgas- 
tric cardia cancer. Following daily treatment with 50 
pg Se (ca. 9 nmollkg-bw/day) as Se-enriched 
brewer’s yeast plus 15 mg p-carotene and 30 mg 
vitamin E (a-tocopherol) or placebo for 51/4 years, 
total mortality rate was significantly decreased (9%), 
primarily the result of lower total and stomach cancer 
rates. A 42% reduction in esophageal cancer risk in 
a subset of subjects was not statistically significant. 

Finally, an independent Phase I11 trial in Norway 
(Norwegian Cancer Society) is evaluating the effect 
of a daily combination dose of 101 pg Se (NOS) (0.02 
Fmolkg-bw/day), 15 mg p-carotene, 1,600 mg Ca2’ 
(NOS), 75 mg vitamin E, and 150 mg vitamin C for 
three years on incidence and size of colon polyps and 
incidence of colon cancer. No results have been pub- 
lished to date. 

E-Selenomethionine is under clinical development 
by the NCI, Chemoprevention Branch based on the 
inverse epidemiological association between breast 
and prostate cancer risk and Se status (primarily from 
ingestion of organoselenium compounds in food) and 
the suggested reduction in esophageal cancer risk 
seen in the Chinese Phase I11 trial (Dr. P. Taylor). In 
support of these studies, selenomethionine (NOS) has 

shown chemopreventive efficacy in animals and is 
credited with at least five chemopreventive mecha- 
nisms. Of equal importance is the brief report from 
the NCI-funded Phase I11 clinical trial (Dr. L. Clark) 
that daily ingestion of 200 or 400 pg Se (0.04 or 0.07 
pmolkg-bw) as Se-enriched brewer’s yeast (ca. 50% 
of Se as I-selenomethionine) for two years has not 
caused changes in hair and nails or clinical chemistry 
associated with Se toxicity. The NCI, Chemopreven- 
tion Branch is planning a short-term, double-blind 
Phase I/IIa trial to study the safety and pharmacody- 
namics of I-selenomethionine in combination with 
d-a-tocopherol acetate. The agents will be adminis- 
tered to patients with breast DCIS for a period of 1 4  
weeks between biopsy and surgery to evaluate modu- 
lation of intermediate biomarkers such as prolifera- 
tion, DNA ploidy, and nuclear pleomorphism. A 
second Phase I1 trial is being considered to evaluate 
the effect of the I-selenomethionineld-a-tocopherol 
acetate combination on intermediate biornarkers in 
esophageal dysplasia. 

1-Selenomethionine was chosen in preference to 
Se-enriched yeast for these trials because purity and 
stability of the single-agent formulation can be better 
controlled; the amount of I-selenomethionine and the 
composition of Se-enriched yeast may vary from lot 
to lot. Clinical supplies of the agent and one-year 
stability test data are available. 

PRECLINICAL EFFICACY STUDIES 
Epidemiological studies have shown inconsistent 

relationships between Se levels in serum, plasma, or 
tissue and cancer incidence or risk for specific targets 
such as breast, lung, colorectal, hematological, blad- 
der, and prostate [7] .  Preclinical studies of both inor- 
ganic and organic Se have shown efficacy in some of 
the same organs, including mammary glands, colon, 
skin, and lung. However, the major human dietary 
source of Se is from organic compounds (primarily 
selenomethionine and selenocysteine), and preclini- 
cal studies with selenomethionine have demonstrated 
efficacy only in mammary models. 

NCI, Chemoprevention Branch-funded preclini- 
cal efficacy studies of I-selenomethionine and d,I-se- 
lenomethionine have shown a lack of effect in mouse 
colon and lung carcinogenesis models, respectively. 
Dietary E-selenomethionine was not effective in the 
MAM acetate-induced mouse colon at 2 ppm Se (ca. 
3.3 pmolkg-bw/day) and d, I-selenomethionine was 
ineffective in MCA-induced mouse lung at 4 ppm Se 
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(ca. 6.5 pmolkg-bw/day); however, inorganic forms 
of Se were also inactive in these models (sodium 
selenite and selenate). Inappropriate doses or models 
may have been the cause, or, as suggested previously, 
effects may only be seen in Se-deficient or marginally 
adequate populations. An ongoing Chemoprevention 
Branch-sponsored study is evaluating the effect of 
I-selenomethionine on prostate cancer in the 
CA/TP/MNU/TP-exposed Wistar rat model. 

In contrast, more than 60 published animal studies 
have shown inhibition of tumorigenesis in ten organ 
systems by various forms of Se [18]. Inhibition of 
mammary gland tumors in rodents was achieved by 
various forms of Se at nontoxic doses in 20 out of the 
24 studies reviewed. For selenomethionine specifi- 
cally, the racemic mixture inhibited DMBA-induced 
rat mammary tumor multiplicity, incidence, and 
number [3 1,32,34,38,39], in addition to increasing 
latency in the MNU-induced model [39]. However, 
it should be noted that the mammary cancer chemo- 
preventive efficacy of the inorganic forms, selenate 
and selenite, appeared to be somewhat greater than 
d, I-selenomethionine administered to rats at compa- 
rable doses of 3 ppm Se in the diet (ca. 1.9 pmolkg- 
bw/day) during the promotional phase [32]. Finally, 
an unspecified enantiomer of selenomethionine was 
effective against both DMBA-induced rat mammary 
carcinogenesis in vivo [30,38] and DMBA-induced 
mutagenesis in the standard Ames Salmonella assay 
in vitro [40,41]. Chemopreventive efficacy was 
slightly improved in vivo by combining 3 ppm Se as 
d, I-selenomethionine (ca. 1.9 pmoVkg-bw/day) with 
500 ppm a-tocopherol acetate. In this study, DMBA- 
induced tumor incidence in rats was significantly 
inhibited by 32%, compared with 22% for d,Z-se- 
lenomethionine alone [32]. In the same study, se- 
lenite plus a-tocopherol acetate significantly 
inhibited tumor incidence by 55%. 

A significant effort in the NCI, Chemoprevention 
Branch program is focused on the identification and 
validation of intermediate biomarkers of cancer and 
the evaluation of the potential for chernopreventive 
agents to modulate these markers. Such studies in 
animals contribute to the development of more effi- 
cient screens for identifying new chemopreventive 
agents, as well as identifying biomarkers to be used 
as surrogate endpoints in clinical trials [42]. Cur- 
rently, modulation of biomarkers of prostate cancer 
by l-selenomethionine, a-tocopherol acetate and the 
combination is being evaluated in the estrogetdtestos- 

terone-induced Noble rat model. Endpoints include 
histological biomarkers such as number and grade of 
dysplastic lesions, nuclear and nucleolar mor- 
phometry (measured by computer-assisted image 
analysis), DNA ploidy and proliferative biomarkers 
(PCNA and BrdU labelling). 

PRECLl N l C A L  SAFETY STUD I ES 

Chronic exposure of experimental animals to high 
doses of organic or inorganic Se has resulted in 
growth failure and weight loss, as well as liver dam- 
age, splenomegaly , pancreatic enlargement, anemia, 
dermatitis, hair loss, and abnormal nails [43]. In 
general, it appears that males are more sensitive than 
females and non-human primates are more sensitive 
than rodents or dogs. Selenate, selenite and se- 
lenomethionine were toxic at similar Se levels in the 
diet [33,44]. In an NCI, Chemoprevention Branch- 
sponsored acute toxicity study, the LD50 for Z-se- 
lenomethionine in rats was estimated to be 26 
mgkg-bw (133 pmolkg-bw). In a 90-day study, 
chronic administration resulted in decreased weight 
gain, elevated liver enzymes, liver pathology, and 
altered hematopoiesis in rats and dogs. Se (both inor- 
ganic and organic) is recognized as a teratogen in 
birds, fish, and crustaceans; however, l-se- 
lenomethionine was only teratogenic in non-human 
primates and hamsters at doses associated with sig- 
nificant maternal toxicity [45,46]. ADME studies in 
rats show that selenomethionine administration re- 
sults in greater tissue accumulation in rats than inor- 
ganic forms of Se, especially in kidney, liver, and 
muscle; a similar response was seen in non-human 
primates. 

Safety: The NCI, Chemoprevention Branch has 
completed an acute toxicity study of l-se- 
lenomethionine in Fischer 344 rats, and 28- and 90- 
day oral toxicity studies of I-selenomethionine in 
Fischer 344 rats and Beagle dogs. In the acute toxicity 
study, doses ranged from 10-80 m a g - b w  (5  1 4 0 8  
pmolkg-bw); signs were decreased activity, ataxia, 
abnormal defecation, and body weight loss, with 
observations of clear fluid in the thoracic cavity and 
pulmonary congestion in the higher dose groups at 
necropsy. In the 90-day rat study of 0.5-4.5 mg 
I-selenomethioninekg-bw/day (2.5-22.9 pmolkg- 
bw/day) ig, sex differences were observed even 
though plasma Se levels were equivalent. The NOELS 
were 1 .O and 0.5 mg l-selenomethioninekg- 
bw/day (5.1 and 2.5 mmol/kg-bw/day) for males and 
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females, respectively. At higher doses, reduced body 
weight gain, elevated liver enzymes, toxic hepatitis, 
pancreatic inflammationldegradation, and extra- 
medullary hematopoiesis in the spleen were ob- 
served, with 100% mortality at the highest dose in 
females. In the 28-day toxicity study, ig doses ranged 
from 0.75-6.0 mg Z-selenomethioninekg-bw/day 
(3.8-30.6 pmoVkg-bw/day). Observations were 
similar to those seen in the 90-day study; doses of 
0.75 and 1.5 mg Z-selenomethioninekg-bw/day (3.8 
and 7.6 pmoVkg-bwlday) had no effect except for an 
increase in liver weight. 

When Beagle dogs were exposed to oral Z-se- 
lenomethionine doses of 0.1-3.0 mgkg-bw/day 
(0.5-15.3 pmolkg-bw/day) for 28 days, there were 
no survivors in the high-dose group and no deaths in 
the low-dose group. Males were more sensitive than 
females. Hematology and clinical chemistry tests 
showed reduced platelets and leukocytes and ele- 
vated liver enzymes. Microscopic pathological 
changes indicated toxic hepatitis and hypocellular 
bone marrow. After 90-day exposure of Beagle dogs 
to doses of 0.1, 0.3, and 1.0 mg Z-selenomethio- 
ninekg-bw/day (0.5, 1.5, and 5.1 pmoVkg-bwlday) 
by capsule, males were again more sensitive than 
females; only 1/3 survived in the high-dose group. 
Clinical signs of reduced body weight gain, emesis, 
elevated hepatic enzymes, hemorrhage, and lympho- 
cyte depletion were supported by microscopic obser- 
vations of inflammation, telangiectasis, hemorrhage, 
vacuolar changes and brown pigment in liver hepato- 
cytes, thymic atrophy, and GI hemorrhages. The 
NOEL was 0.3 mg Z-selenomethioninekg-bw/day 
(1 .5 pmoVkg-bw/day) in this study. 

In published studies, male rats administered 10 
pprn Se (ca. 6.3 pmolkg-bw/day) in a semipurified 
diet for six weeks as sodium selenite, sodium se- 
lenate, d- or Z-selenomethionine experienced severe 
growth depression and total mortality [33]. The 
NOEL for all compounds appeared to be 2.5 ppm Se 
(ca. 1.6 Fmolkg-bw/day). In contrast, a second study 
comparing selenite with both selenomethionine en- 
antiomers found no toxic effects in rats given 10 ppm 
Se in a commercial diet for 12 weeks. However, 
l-selenomethionine produced a greater weight reduc- 
tion at 16 ppm Se (10.1 pmoVkg-bw/day) than the 
d-enantiomer or sodium selenite [47]. The lack of 
agreement between the two studies may have resulted 
from differences in the basal diet. The commercial 
chow used in the second study appears to have attenu- 

ated the toxicity of Se; adequate methionine content 
is believed to be the protective factor. 

Non-human primates appear to be more sensitive 
to 2-selenomethionine toxicity than rodents or dogs. 
In female macaque monkeys given time-weighted 
average doses of up to 300 pg I-selenomethioninelkg- 
bw/day (1.5 pmoVkg-bw/day) ig for 30 days, a dose- 
related decrease in body weight was observed [34]. 
Based on these data and the occurrence of hypother- 
mia, dermatitis, xerosis, cheilitis, menstrual distur- 
bances and GI distress, the MTD was estimated at 150 
pgkg-bw/day (0.8 pmolkg-bw/day) in this species. 
One female macaque treated with 600 pg l-se- 
lenomethioninekg-bw/day (3.0 pmolkg-bw/day) ig 
for 15 days developed severe body weight loss and a 
seven-fold increase in polychromatic erythrocyte mi- 
cronucleus frequency over control values [48]. 

Embryolethality and teratogenicity have been re- 
ported primarily in birds and fish following inorganic 
or organic Se exposure. However, total doses of 75 
and 100 ymol Z-selenomethionine/kg-bw/day ig ad- 
ministered to hamsters over gestation days 5-8 did 
not produce teratogenic effects [46]. The resorption 
rate increased at both doses, but it was associated with 
severe maternal body weight loss. When given as a 
single dose of 75, 88 or 100 pmol l-selenomethio- 
ninekg-bw ig on gestation day eight, the incidence 
of abnormal litters significantly increased in the 
lower dose group; however, all dose regimens re- 
sulted in severe maternal toxicity. 

No teratogenic effects from 2-selenomet hionine 
were found in female macaque monkeys adminis- 
tered 25, 150 or 300 pgkg-bw/day ig (0.13-1.5 
pmoVkg-bw/day) during organogenesis (gestation 
days 20-50) 1451. One embryonic and two fetal 
deaths in the high-dose group were not significantly 
different from concurrent or historical controls. No 
negative effects were found in the neonates, despite 
increased Se levels in fetal tissues [49]. 

ADME: In published studies, the plasma Se con- 
centration in male rats given 2.5 ppm Se as Z-se- 
lenomethionine in the diet (ca. 1.6 pmoVkg-bwlday) 
€or six weeks was 0.56 pg/ml (7 pM) 1331. It is 
important to note that the increased body burden of 
Se resulting from feeding 5.0 ppm Se as l-se- 
lenomethionine (ca. 3.2 pmoVkg-bw/day) did not 
correlate to increased plasma Se levels [33]. In rats, 
plasma levels plateaued at 7.3 JLM Se from dietary 
doses of I-selenomethionine greater than 2.5 ppm Se, 
while the skeletal muscle burden doubled between 



Clinical Development Plans 208 

2.5 and 5.0 ppm Se [33]. In the same study, erythro- 
cyte Se levels did reflect a proportionate increase 
between doses of 2.5 and 5.0 ppm I-selenomethio- 
nine. 

In rats fed 3 ppm Se as selenomethionine (NOS) 
(ca. 1.9 pmol/kg-bw/day) in AIN-76A diet for up to 
30 weeks [38], tissue concentrations of Se (pg/g) 
after eight weeks were as follows: kidney, 29.3k2.5 
(0.37 pmoVg); liver, 17.0H.61 (0.22 pmoVg); mus- 
cle, 4.1H.24 (0.052 pmoVg); plasma, 0.93kO.04 (12 
pM); and mammary glands, 0.57H.05 (0.007 
pmoVg). The estimated body burden and the mam- 
mary gland levels of Se were higher than those from 
selenite and three high-Se food sources; however, 
this high level of Se did not correlate to increased 
chemopreventive efficacy. GSH levels in liver were 
not affected by selenomethionine, although they were 
raised significantly by selenite, which is a more po- 
tent chemopreventive agent in rat mammary glands 
[38]. In this study, the carcinogen was DMBA, which 
must be activated by the liver before reaching its 
target; the outcome might have been different with 
MNU, a direct-acting carcinogen. 

The distribution of 4 pCi 75Se-Z-selenomethionine 
was studied in mice after a single iv administration 
[29]. The elimination tv2 was seven days; the agent 
was incorporated rapidly into pancreas, but the high- 
est levels of 7SSe throughout the study were in liver, 
kidneys, and GI tract. The levels remained fairly 
constant in liver for the seven days of the experiment, 
but decreased in most other tissues. 

The pharmacokinetics of I-selenomethionine in 
adult female macaque monkeys was investigated in 
a published study. At 25, 150, 300 or 600 pg Se as 
Z-selenomethionine (ca. 0.3-7.6 pmolkg-bw/day) 
for 30 days, plasma, hair and urinary Se levels were 
dependent on the dose [50]. Erythrocyte Se was 
slower to respond and often continued to increase 
after dose interruption. Two monkeys died after 10- 
15 days on the high dose; total tissue Se increased 
13-28-fold, with the liver and kidneys showing the 
highest levels. 

CLINICAL SAFETY: PHASE I STUDIES 

No Phase I clinical trials of I-selenomethionine 
have been conducted to date. The NCI, Chemopre- 
vention Branch is planning a short-term multidose 
double-blinded Phase I/IIa trial to study the safety 
and pharmacodynamics of Z-selenomethionine in 
combination with d-a-tocopherol acetate in patients 

with DCIS. Z-Selenomethionine (400 pg Se/day or ca. 
0.07 pmoVkg-bw/day) and d-a-tocopherol acetate 
will be administered for of one week or more in the 
period between biopsy and surgery. Modulation of 
intermediate biomarkers such as proliferative index, 
DNA ploidy, and nuclear pleomorphism index will 
be evaluated. 

An ongoing NCI-funded Phase I11 clinical trial 
(Dr. L. Clark, University of Arizona) is assessing 
both efficacy and long-term safety of Se-enriched 
brewer’s yeast (50% Z-selenomethionine) in humans 
at 200 and 400 pg Se/day (ca. 0.04 and 0.07 pmolkg- 
bwlday). It should be noted that Se-enriched brewer’s 
yeast has not been analytically characterized except 
for Se content. 

Drug Effect Measurement: The most commonly 
used index of Se status is the plasma or serum con- 
centration [51]. In humans, as in rats, these measures 
respond rapidly to depletion or supplementation; 
however, increased body burden of Se caused by high 
intake of 1-selenomethionine may not correlate to a 
proportionate increase in plasma Se. In subjects in- 
gesting 200 pg Se/day as I-selenomethionine (cu. 
0.04 pmolkg-bw/day), plasma levels plateaued be- 
tween l l  and 16 weeks at 2.4 pM Se, and erythrocyte 
levels plateaued at 0.4 ng Se/g Hb (0.005 nmoVg Hb) 
by 28 weeks [17,52]. These parameters are appar- 
ently not useful for measuring incream in body 
burden over long periods of time, but can register 
intake changes over several weeks [5,33]. Toenail Se 
content may be a more reliable indicator of body 
burden for long-term chronic studies, although the 
correlation coefficient is only 0.48 [5,53]; hair can 
also reflect Se intake but it is subject to superficial 
contamination by Se-containing dandruff shampoos 
and may not be reliable. 

For assessment of functional Se status, GSH-Px 
activity has been evaluated in whole blood, plasma, 
erythrocytes, and platelets. Interestingly, a saturation 
point (plateau) for GSH-Px activity was reached at 
the same concentration of Se for all blood compo- 
nents [52]. In women treated with 200 pg Se/day (ca. 
0.04 pmol/kg-bw/day) as I-selenomethionine, GSH- 
Px activity plateaued at plasma concentrations of 
98.7-1 14.5 pg SeA (1.25-1.46 pM) after cu. 14 days 
[52]. The rate of GSH-Px activity response to in- 
creased serum levels of Se depends on the chemical 
form of Se [17]; dietary inorganic Se intake shows a 
rapid response while organic forms, including se- 
lenomethionine, are incorporated into non-GSH-Px 
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protein to a greater extent [54] by direct replacement 
of methionine in the polypeptide chain, resulting in a 
slower GSH-Px response. 

Safety: A nutritionally adequate daily intake rang- 
ing up to 350 pg Se (ca. 0.06 pmoI/kg-bw) has been 
proposed for humans [3], although the RDA for 
North American males and females is 70 and 50 pg 
Se (ca. 0.013 and 0.01 1 pmolkg-bw), respectively 
[36]. The recently published oral RfP of 350 pg Se 
(NOS)/day (0.06 pmolkg-bw) represents a safe in- 
take meant to protect populations at highest risk [l]. 
No specific reports of human toxicity from l-se- 
lenomethionine were found in the literature. In Enshi 
County, China, adverse effects following daily inges- 
tion of 5,000 pg Se (ca. 0.9 pmoVkg-bw/day) as 
nonspecific organoselenium compounds in local pro- 
duce included garlic breath, nausea, fatigue, irritabil- 
ity, dermatitis, hair loss, and nail changes and loss 
[37]. A low level of adverse effects is observed at an 
estimated dietary intake of 1,540 pg Se/day (ca. 0.28 
pmolkg-bw/day) [3]. In the Phase I11 clinical trial 
studying the effects of 200 and 400 pg Se/day (cu. 
0.04 and 0.07 pmol/kg-bw/day) as Se-enriched yeast 
(ca. 50% I-selenomethionine), changes in hair, nails 
and liver and kidney function tests did not suggest 
clinical differences between the placebo and high- 
dose groups [55]. 

ADME: A model to describe the kinetics of sodium 
selenite in humans has been developed based on a 
single oral dose of 200 pg Se (2.5 pmol) enriched 
with 75Se [56]. Approximately 84% of the dose was 
absorbed, with 65% remaining in the body after 12 
days. The model consists of four plasma components, 
a tissue component representing the liver and pan- 
creas, and a longer residence tissue component. The 
ADME of Z-selenomethionine may differ somewhat. 
Selenite is absorbed passively, and metabolized into 
selenodiglutathione (GSSeSG) before incorporation 
into proteins or methylation for excretion. In contrast, 
about 75% of a selenomethionine dose is actively 
transported from the intestine by the methionine car- 
rier in humans [4]. It may then be incorporated di- 
rectly into proteins in place of I-methionine when 
levels of dietary methionine are low [4], catabolized 
to selenocysteine for incorporation into GSH-Px [27] 
and other selenoproteins [21,28], or released into the 
Se pool by further catabolism or transsulfuration to 
be metabolized to trimethylselenonium and excreted 
in the urine, but this is a minor pathway in rats at 
nontoxic doses (34% of total) [22,57] (see Fig. 1). 

Organic Se compounds such as selenomethionine are 
sequestered and accumulate in tissues [26] to a 
greater extent than inorganic forms of Se, especially 
in kidney, liver, and muscle [29] of rats, mice, and 
monkeys. For example, 211 pCi 75Se-I-se- 
lenomethionine iv is rapidly incorporated into pan- 
creatic proteins, which is the basis of its use as a 
radiological diagnostic [58]. The elimination tv2 for 
this agent has been reported to be 70 days in humans 
[cited in 591. In another pharmacokinetic study, a 
single 200 pg (2.5 pmol) dose of 75Se as Z-se- 
lenomethionine administered to healthy males had a 
whole-body residence time approximately five times 
longer than the turnover time in the slowest tissue 
pool (61-86 days), suggesting considerable recycling 
of Se [60]. This time frame was confirmed in two 
different reports, which estimated a t% of 200-300 
days [58,61]. 

The kinetics of a single higher oral dose of 540 pg 
Se (cu. 0.1 pmolkg-bw) as 1-selenomethionine has 
been evaluated in healthy male volunteers. The rate 
of urinary Se excretion reached a maximum within 
only four hours [62], with approximately 26% of the 
dose recovered in the urine within 24 hours. In two 
chronic (16 and 32 weeks) human studies, subjects 
received daily doses of 200 pg Se (ca. 0.04 pmolkg- 
bw/day) as l-selenomethionine; plasma Se levels pla- 
teaued at week 11 and 16 at 2.1 and 2.4 pM, 
respectively. In humans, GSH-Px accounts for only 
10% of erythrocyte Se, indicating that GSH-Px activ- 
ity may not be a reliable measure of l-selenomethio- 
nine burden. In the 32-week study, GSH-Px activity 
plateaued in blood after ca. 12 weeks of treatment 
[ 17,521; erythrocyte levels of Se appeared to plateau 
later at ca. 28 weeks and continued to rise after dosing 
was discontinued. 

CLINICAL EFFICACY: PHASE 11/111 STUDIES 

Epidemiological data showing an inverse associa- 
tion between Se status and cancer are inconsistent for 
several reasons. In retrospective studies, the presence 
of cancer may decrease plasma Se; in prospective 
studies, the chemopreventive effect may be limited to 
marginally deficient populations, or the measure- 
ments of Se status may be inaccurate, especially in 
dietary studies [5,10,53]. The most consistent asso- 
ciations are in males and in populations with con- 
comitantly low vitamin E, retinol and p-carotene 
intake [5,7,12]. Randomized, placebo-controlled tri- 
als of Se-enriched brewer's yeast alone and in com- 
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bination with other nutrients have been undertaken to 
clarify the cancer chemopreventive effects. How- 
ever, Se-enriched brewer’s yeast contains organic 
compounds in which Se has been substituted for 
sulfur during growth in Se-enriched media; the result 
is that ca. 50% of the Se is in the form of Z-se- 
lenomethionine in addition to unknown amounts of 
selenoglutathione, selenodiglutathione, selenocy steine, 
unidentified Se-containing compounds, and analyti- 
cally undefined non-selenium products [63]. One 
NCI-funded Phase I11 trial (Dr. L. Clark, University 
of Arizona) of Se-enriched brewer’s yeast is in pro- 
gress; a second completed trial, funded by the NCI, 
CPSB (Dr. P. Taylor) in collaboration with the Chi- 
nese Academy of Medical Sciences, evaluated the 
effect of Se-enriched brewer’s yeast in combination 
with other nutrients on esophageallgastric cardia can- 
cer incidence and mortality. Finally, the effect of a 
combination of Se (NOS) with other nutrients on 
colon polyps has been assessed in an independent 
trial in Norway. No Phase I1 Se trials have been 
funded by the Chemoprevention Branch, but a Phase 
I1 trial is being considered to evaluate the effect of 
the I-selenomethionineld-a-tocopherol acetate com- 
bination on intermediate biomarkers in esophageal 
d y splasia. 

The NCI, CPSB (Dr. P. Taylor) collaborated with 
the Cancer Institute of the Chinese Academy of 
Medical Sciences to evaluate the effect of Se in 
combination with other agents in a completed Phase 
I11 trial in Linxian, China, the area with the world’s 
highest mortality rate from esophageallgastric cardia 
cancer [61,64]. Participants (n=29,584) from the gen- 
eral population were treated daily with 50 pg Se (ca. 
9 nmol/kg-bw/day) as Se-enriched brewer’s yeast 
plus 15 mg p-carotene and 30 mg vitamin E (a-toco- 
pherol) or placebo for 51/4 years. Endoscopy per- 
formed on a sample of subjects found a 42% 
reduction in esophageal cancer risk compared with 
the placebo group, but the difference was not statis- 
tically significant. However, total mortality was sig- 
nificantly decreased 9% in this group (p=0.03), and 
was attributed to lower total and stomach cancer 
rates. It should be noted that this population had 
subclinical deficiencies in several nutrients, includ- 
ing vitamin E, although levels of Se were near normal 
(according to Western standards). 

The ongoing NCI-funded placebo-controlled 
Phase I11 Nutritional Prevention of Cancer Project 
(Dr. L. Clark, University of Arizona) is assessing the 

effect of 200 and 400 pg Se/day (ca. 0.04 and 0.07 
pmol/kg-bw/day) as Se-enriched brewer’s yeast on 
multiple forms of cancer. Since the study was origi- 
nally intended to evaluate the effect of Se on non- 
melanoma skin cancer, participant selection was 
based on high risk for this condition, but 1.he objec- 
tives were expanded in later years to include multiple 
retrospective endpoints such as mortality, cancer 
mortality, incidence of lung, prostate, colorectal, and 
skin cancer, incidence of colorectal polyps, and effect 
on PSA. Long-term safety is also being assessed by 
plasma Se levels, clinical chemistry, and hair and nail 
changes. The project was initiated in 1983, but no 
interim data are available. 

An independent double-blind, placebo-controlled 
colon trial in Norway (Norwegian Cancer Society) of 
a daily combination of 101 pg Se (NOS) (1.3 pmol), 
15 mg p-carotene, 1,600 mg Ca2+ (NOS), 75 mg 
vitamin E, and 150 mg vitamin C administered for 
three years began in July 1989 [65]. Over a period of 
18 months, a total of 116 patients with colon polyps 
were accrued and allocated to separate groups based 
on the size of the largest polyp (4 mm, 5-9 mm, >9 
mm); each group was then randomized to the placebo 
or treatment arm. The endpoints were modulation of 
histological biomarkers (e.g. changes in polyp di- 
ameter, number of polyps reaching 5 or 10 mm, new 
polyp incidence) and colon cancer incidence. No 
results have been published to date. 

PHARMACODY NAMlCS 

In animal models, pharmacological doses of Se 
appear to be necessary to inhibit carcinogenesis. In 
rats, the effective oral dose of d, Z-selenoniethionine 
against mammary cancer (3 ppm Se, or ca. 1.9 
pmol/kg-bw/day) [32] is 15-30-fold higher than the 
nutritional requirement for Se in this species (0.1-0.2 
ppm Se, or ca. 0.06-0.13 pmolkg-bw/day) [re- 
viewed in 371. The chemopreventive dose is also 
within the range (2.5-5 ppm Se or cu. 1.6-3.2 
prnoykglday) at which rat plasma Se and GSH-Px 
activity plateau and skeletal muscle burden doubles 
[33]. Using the MTD from the NCI-funded 90-day 
toxicity study in rats (2.5 pmol Sekg-bw/day), the 
calculated chemopreventive index (MTD divided by 
effective dose) is only 1.32. 

In humans, the dose calculated directly from the 
rat mammary study would be 10,500 pg Se, or 26,078 
pg 1-selenomethionine/day (ca. 1.9 pmovkg- 
bw/day). However, if the estimated human MTD of 
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819 pg Se/day (ca. 0.15 pmol/kg-bw/day) and rat 
chemopreventive index (1.32) are used to calculate 
the approximate effective human dose of I-se- 
lenomethionine, the result is ca. 620 pdday (ca. 0.1 
pmol/kg-bw Se/day). Although the pharmacokinet- 
ics/dynamics of Cselenomethionine appear to be 
similar inhumans and animals-plasma Se andGSH- 
Px activity plateau while tissue levels increase-the 
plateau occurs in humans at a dose (200 pg Se/day or 
ca. 0.04 pmoVkg-bw/day) [ 17,521 which is within the 
nutritional range for daily intake (50-350 pg Se, or 
ca. 0.01-0.06 pnol/kg-bw [1,36]). ?his suggests that 
chemopreventive efficacy may be obtained at lower 
doses in clinical trials if the mechanism is antioxida- 
tion and/or a specific selenoprotein is present in the 
target tissue. The safety of chronic doses up to 400 
pglday Se (ca. 0.07 mol/kg-bw/day) as I-se- 
lenomethionine has been suggested by preliminary 
results from the ongoing NCI-funded Phase III trial 
(Dr. L. Clark, University of Arizona) of Se-enriched 
brewer’s yeast. This dose is well below the estimated 
human MTD of 819 pg Se/day (0.15 pnolkg- 
bw/day), a value which is -16-fold greater than the 
lowest nutritional dose (50 pg Se/day, or cu. 0.02 
pnol/kg-bw/day) [36], -6-fold lower than the toxic 
levels observed in China (5,000 pg Se/day or ca. 0.9 
pnol/kg-bw/day) [37], and -2-fold lower than the 
estimated LOAEL (1,540 pg Se/day or ca. 0.28 
WoVkg-bw/day) [31. 

PROPOSED STRATEGY FOR CLINICAL 
DEVELOPMENT 

Drug Effect Measurement 
Se availability from I-selenomethionine may be 

lower than for other forms of the element because of 
its ability to replace methionine in proteins; protein- 
bound Se is unavailable to undergo the transsulfura- 
tion necessary for release into the main Se pool [52]. 
For this reason, specific drug effect measurements for 
selenomethionine intake should be given careful con- 
sideration, since it appears that misclassification of 
Se status may result from reliance on a single meas- 
urement [53]. For short-term Phase I1 trials, urinary 
and plasma levels of Se may be usefut however, 
these measures are indicative of only recent I-se- 
lenomethionine intake and should be compared with 
tissue Se levels. 

Plasmalevels in long-term selenomethionine trials 
may be inaccurate measures of Se status. Based on 

two human studies of chronic I-selenomethionine 
administration at 200 pg Se (in the form of Se-en- 
riched yeast), plasma Se levels plateaued at cu. 2.2 
p M  between weeks 11 and 16 [ 17,521. Thus, plasma 
levels might be an appropriate measure of human 
intake for short-term studies (up to 16 weeks) at that 
dose; however, the plateau may occur earlier at a 
higher dose. Erythrocyte Se appeared to plateau later 
(ca. 28 weeks), but continued to rise after dosing was 
discontinued. In epidemiological studies, the Se con- 
tent of hair and nails has been used as an indicator of 
body burden [%I. Hair levels of Se are subject to 
superficial contamination, but nail levels can register 
Se intake over the previous several months [5]. For 
long-term studies at doses above 200 pg Se/day (ca. 
0.04 pmol/kg-bw/day) as I-selenomethionine, toenail 
Se may be the most accurate measurement of status; 
however, this only has a correlation coefficient of 
0.48 with intake [53]. Since none of these parameters 
appear to provide accurate information which could 
reflect chemopreventive activity, it might be useful 
to investigate blood levels of monomethylse- 
lenonium, which may be an active chemopreventive 
metabolite [66]. 

Safety Issues 
At chemopreventive dietary I-selenomethionine 

doses (3 ppm Se or ca. 1.9 pmoVkg-bw/day) in rats, 
tissue Se concentrations were highest in the kidney, 
liver, and muscle. Since I-selenomethionine can be 
nonspecifically incorporated into proteins in place of 
methionine, chronic or high doses could potentially 
produce tissue accumulation, inhibition of protein 
and DNA synthesis and toxicity, especially in these 
organs. For example, adverse hepatic effects were 
observed in both rats and dogs in the Chemopreven- 
tion Branch-funded 90-day toxicity studies. In rats, 
doses of 24 .5  mag-bw/day (10-23 pmovkg- 
bw/day) decreased body weight, elevated liver en- 
zymes and caused toxic hepatitis, pancreatic 
inflammation, and extramedullary hematopoiesis. 
Similar responses occumng in dogs at a lower dose 
(5.1 pmoVkg-bw/day) included decreased weight 
gain, elevated liver enzymes, hemorrhage, lympho- 
cyte depletion, and liver lesions. Since non-human 
primates also accumulate Se in the liver [50], liver 
enzymes may be appropriate indicators of toxicity in 
future clinical trials. 

The estimated whole body residence time of 430 
days for I-selenomethionine in humans [58] suggests 
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that chronic dosing will result in tissue accumulation, 
presumably in protein. A brief report on the Phase 111 
cancer prevention trial with Se-enriched brewer’ s 
yeast (ca. 50% I-selenomethionine) (Dr. L. Clark, 
University of Arizona) indicates that cases of hair, 
nail, or liver and kidney enzyme changes indicative 
of Se toxicity have not been identified in cohorts 
receiving either 200 or 400 pg Se/day (ca. 0.04 or 
0.07 pmoVkg-bw/day) for up to two years [55]; how- 
ever, the data are not available from the blinded study. 
It is not known if these are appropriate indicators of 
I-selenomethionine toxicity at these dose levels; se- 
rum hepatic and kidney enzyme concentrations in the 
plasma may be the most sensitive. 

The proposed Phase II trial of I-selenomethionine 
plus d-a-tocopherol acetate has a duration of 1-4 
weeks which should not impose any risk of toxicity. 
For longer term studies, the tendency of l-se- 
lenomethionine to accumulate nonspecifically in 
body proteins could be hazardous, particularly in 
subjects with a dietary deficiency of I-methionine. In 
order to minimize nonspecific protein deposition and 
the potential for accumulation, a dietary supplement 
of methionine should be considered. The estimated 
daily requirement of methionine plus cysteine (cys- 
teine can replace methionine) for an adult is 13 
mg/kg-bw/day (910 mg/day) [67].  

Pharmacodynamics Issues 

As noted above, determining appropriate biologi- 
cal indicators of effective doses may require signifi- 
cant developmental effort, since neither body burden 
of Se, GSH-Px activity nor GSH levels appear to 
correlate to the chemopreventive activity of se- 
lenomethionine in rat mammary glands. 
Epidemiological studies have relied on plasma or 
serum levels of Se as indicators of cancer protection; 
however, studies in rats show that plasma Se levels 
plateau at doses below effective chemopreventive 
levels following dietary exposure to selenate or I-se- 
lenomethionine [ 3 3 ] .  

Regulatory Issues 

The dose of 400 pg Se/day as I-selenomethionine 
(ca. 0.7 pmoVkg-bw/day) proposed in the NCI, 
Chemoprevention Branch planned Phase YIIa trial is 
less than half of the estimated MTD for Se (819 
@day, or ca. 0.15 pmoVkg-bw/day) and should 
therefore not be a safety risk in view of the short 

duration of exposure ( 1 4  weeks). 

Intermediate Biomarker Issues 

An NCI, Chemoprevention Branch short-term 
Phase YIIa clinical trial is planned to study the effect 
of I-selenomethione in combination with d-a-toco- 
pherol acetate in presurgical breast cancer patients. 
Suggested intermediate biomarker endpoints are 
DNA ploidy, nuclear and nucleolar polymorphism, 
and proliferation. 

Supply and Formulation Issues 

Clinical supplies for the planned Phase I1 studies 
and one-year stability data are available. Capsules 
containing 25, 50, 100, 200, and 400 pg Se as l-se- 
lenomethionine have been formulated. I-Se- 
lenomethionine was chosen in preference to 
Se-enriched yeast because of the difficulty in estab- 
lishing l-selenomethionine content, stability, and 
composition of the latter and the inherent variability 
of natural products between lots. 

Clinical Studies Issues 

In prospective epidemiological studies, inconsis- 
tent results were be obtained possibly because the 
inverse association between Se levels and cancer risk 
is nonlinear, with the chemopreventive effect of sup- 
plementation limited to deficient or marginal popula- 
tions. The ongoing NCI-funded Phase 111 trial (Dr. L. 
Clark, University of Arizona) is assessing the effect 
of 200 pg and 400 pg Se/day (ca. 0.04 and 0.07 
pmoykg-bw/day) as Se-enriched brewer’s yeast (ca. 
50% of Se as I-selenomethionine) on mortality and 
multiple cancer endpoints in subjects at high risk for 
skin cancer. Subjects are stratified by entering plasma 
Se ievels to determine efficacy at marginal vs. ade- 
quate status. The results of this study should provide 
valuable safety and efficacy information which could 
be used to plan future NCI, Chemoprevention Branch 
clinical trials with I-selenomethionine. 

The NCI, Chemoprevention Branch is planning a 
short-term Phase YIIa trial of 1-selenomethionine in 
combination with d-a-tocopherol acetate in presurgi- 
cal breast cancer patients. Epidemiological evidence 
of the interaction of low Se status with low vitamin 
E status in increasing cancer risk, as well as the 
increased efficacy of racemic selenomethionine plus 
vitamin E acetate against rat mammary gland car- 
cinogenesis, suggest that these agents might have 
synergistic activity in the breast. Mechanistically, the 
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antioxidant activities of GSH-Px in the cytosol would 
be combined with those of vitamin E in membrane 
lipids. Thus, the planned Phase MIa trial is a four-arm 
study to determine if I-selenomethionine with or 
without d-a-tocopherol acetate administered be- 
tween biopsy and surgery can modulate intermediate 
biomarkers (proliferative index, DNA ploidy, and 
nuclear pleomorphism index) in patients with breast 
DCIS. 

In the NCI, Cancer Prevention Studies Branch- 
sponsored trial in Linxian, China, the combination of 
high Se brewer’s yeast, vitamin E, and p-carotene 
significantly reduced totaI mortality, which was at- 
tributed to decreased total and stomach cancer rates. 
A 42% decrease in esophageal cancer rates was not 
statistically significant. A Phase I1 trial is being con- 
sidered to evaluate the effect of the Z-selenomethio- 
nineld-a-tocopherol acetate combination on 
intermediate biomarkers in esophageal dysplasia. 
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