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DRUG IDENTIFICATION 

CAS Registry No.: 59-02-9 

CAS Name (9CI): (2R-(2R*(4R*,8R+)))-3,4-Dihydro-2,5,7,8-tetramethyl-2- 
(4,8,12-trimethyltridecyl)-2H-l -benzopyran-6-01 

Synonyms: a-Tocopherol 
d-a-Tocopherol 
RXR-a-Tocopherol 

Related Compounds: 
d,l-a-Tocopherol (CAS No. 10191-41-0) 

3,4-Dihydro-2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)- 

(+)-a-Tocopherol 
all-ruc-a-Tocopherol 

2H-1-benzopyran-6-01 (9CI) 

d-a-Tocopherol Acetate (CAS No. 58-95-7) 
(2R-(2R*(4R*,8R*)))-3,4-Dihydro-2,5,7,8-tetramethyl-2- 

(+)-a-Tocopherol Acetate 
d-a-Tocopheryl Acetate 
Tocopheryl Acetate 
Vitamin E Acetate 

(4,8,12-trimethyltridecy1)-2H-l-benzopyran-6-01 Acetate (9CI) 

d,l-a-Tocopheryl Acetate (CAS No. 52225-20-4) 
(2R"(4R*,sR*))-3,4-Dihydro-2,5,7,8- tetramethyl-2- 

all-ruc-a-Tocopheryl Acetate 

(2R-(2R*(4R*, 8R*)))-Mono(3,4-dihydro-2,5,7,8-tetramethyl-2- 

(4,8,12-trimethyltridecyl)-2H-l -benzopyran-6-01 Acetate (9CI) 

d-a-Tocopherol Succinate (CAS No. 4345-03-3) 

d-a-Tocopheryl Succinate 
Vitamin E Succinate 

d,l-a-Tocopheryl Succinate (CAS No. 17407-37-3) 

2H-1-benzopyran-6-y1)butanedioate (9CI) 
(3,4-Dihydro-2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)- 
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d-a-Tocopherol Succinate PEG 1,000 (CAS No. 9002-96-4) 
(2R-(2Re(4R*,8R*)))-a-(4-( (3,4-Dihydro-2,5,7,8-tetramethyl-2- 

(4,8,12-trimethyltridecyl)-2H-l -benzopyran-6-yl)oxy)-1,4- 
dioxobutyl)-w-hydroxy-poly(oxy-l,2-ethanediyl (9CI) 

Tocofersolano 
Vitamin E TPGS 

Structure: 
CH3 

CH, H CH, y 3  

d-a-Tocopherol 

EXECUTIVE SUMMARY 

Vitamin E is widely distributed in foods, with 
the highest concentrations in the oils of wheat 
germ, corn, sunflower seeds, rapeseeds and soy- 
beans, as well as in alfalfa and lettuce [1,2]. The 
lipid-soluble vitamin is generally considered an  
essential nutrient for higher animals, including 
humans [3], due to its function as the major anti- 
oxidant present in all cell membranes [4]. Eight 
related naturally occurring substances have vita- 
min E activity, including a-, p-, 6, and y-tocoph- 
erols (saturated side chains) and tocotrienols (un- 
saturated side chains) [5,6]. The most active form 
biologically of these is naturally occurring d-a-to- 
copherol (1.49 IU/mg); in comparison, synthetic, 
racemic d,l-a-tocopherol has lower biopotency 
(1.1 IU/mg). For drug use, vitamin E is available 
as d- or d,l-a-tocopherol, d- or d,l-a-tocopherol suc- 
cinate (1.8 and 0.89 IU/mg, respectively), and d- or 
d,l-a-tocopherol acetate (1.36 and 1 IU/mg, respec- 
tively) [6,7]. In the rest of this document, the 
enantiomer or conjugate under discussion will be 
specified, if known (in the literature, the form often 
is not designated). 

Vitamin E reacts with a variety of oxy-radicals 
and singlet oxygen [8,9]; thus, one of its main anti- 
oxidant functions is to prevent the peroxidation of 
polyunsaturated membrane lipids. Free radicals 
have been implicated in the etiology of a number 
of diseases including emphysema and cardiovas- 
cular and inflammatory diseases [81, as well as the 
initiation, promotion and progression of cancer 

[lo-131. Although animal studies have demon- 
strated inhibition of carcinogenesis with vitamin E 
supplementation, antioxidant activity is not a suffi- 
cient explanatory mechanism in some models (e.g., 
DMBA-induced rat mammary glands) [14]. Other 
properties that may contribute to the observed che- 
mopreventive activity include membrane-related 
effects (physicochemical stabilization of membranes 
[15], protection of cytochrome P-450 metabolism 
[e.g., 161); stimulation of the immune system [17, 
181; induction of differentiation [191 and gap junc- 
tional intercellular communication 1201; and inhibi- 
tion of proliferation [eg. ,  191, arachidonic acid me- 
tabolism [reviewed in 21 ], nitrosamine formation 
[e.g., 221, and ornithine decarboxylase (ODC) activ- 
ity [e.g., 23,241. Although epidemiological studies 
have shown lower serum vitamin E levels in peo- 
ple who subsequently developed cancer (especially 
pancreas, stomach, bladder, lung, and other smok- 
ing-related tissues) compared with controls [e.g., 
25-361, controversy exists as  to whether pharmaco- 
logical doses of vitamin E can be of chemopreven- 
tive or therapeutic value. The effect may be limited 
to increasing deficient or marginally normal serum 
vitamin levels to normal range. However, vita- 
min E may potentiate the efficacy of more toxic 
agents (eg. ,  selenium, 4-HPR) at lower doses. Sev- 
eral epidemiological studies found that higher risk 
for cancer development at several sites correlated 
with the combination of low serum vitamin E with 
low selenium status [37-391. Based on these obser- 
vations and the fact that vitamin E itself has low 
toxicity, the CB is developing d-a-tocopherol (also 
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as the acetate or succinate) alone and in combina- 
tion as cancer chemopreventive drugs. 

As single agents, d-a-tocopherol or the acetate 
inhibited tumorigenesis in preclinical oral cavity 
(hamster buccal pouch and tongue), skin (mouse), 
mammary gland (rat), liver (rat), colon (mouse) 
and small intestine (rat) models. Other enantiomers 
decreased tumor formation in the pancreas (ham- 
ster), esophagus (mouse), lung (rat), and ear duct 
(rat). In combination studies, the three-agent com- 
bination of vitamin E acetate with 4-HPR and so- 
dium selenite was most effective in the trachea/ 
lung (hamster) carcinogenesis model; d-a-tocoph- 
erol acetate alone at the same dose was ineffective. 
The same three-agent combination and the two- 
agent combination of d-a-tocopherol acetate plus 
selenite also inhibited mammary gland carcin- 
ogenesis (rat). 

Two recently completed international Phase I11 
trials were funded in part by NCI. d,l-a-Tocopherol 
acetate decreased the incidence of prostate and 
colorectal cancer in Finnish male smokers. In the 
second trial, the combination of vitamin E, sele- 
nium and p-carotene reduced the overall mortality 
rate in Linxian, China; a reduced risk for esopha- 
geal cancer was a contributing factor, although it 
was not statistically significant. An ongoing NCI- 
funded Phase I11 trial in collaboration with the Na- 
tional Heart, Lung and Blood Institute is assessing 
the effect of vitamin E on epithelial cancer inci- 
dence in female health professionals. One NCI- 
funded Phase I1 trial on prevention of oral cavity 
and skin cancer by vitamin E is in progress. 
Finally, two additional completed trials assessed 
the effect of the vitamin on intermediate biomark- 
ers. A Phase I1 trial demonstrated primarily clinical 
modulation of dysplastic oral leukoplakia, and a 
Phase I11 study found no effect on the prevention 
of colonic polyps. 

Vitamin E is considered to have low toxicity. 
The most serious side effect is antagonism of vita- 
min K activity, which has been demonstrated in 
both preclinical and clinical studies. Although this 
requires high doses in both rats and humans 
M O O  IU), it could be a potentially serious compli- 
cation in combination with anticoagulant therapy 
or vitamin K malabsorption syndrome. Potential 
trial subjects with these conditions or a low platelet 
count should be excluded. 

The pharmacokinetics of vitamin E appear to be 
similar in rats and humans. As with other fat- 
soluble vitamins, maximal absorption requires the 
presence of bile, incorporation into micelles, uptake 
by the lymph, and transportation to the circulation. 

In blood, most tocopherol is associated with low- 
density lipoproteins. It is stored in several organs, 
especially the adipose tissue, liver and muscle. 
Vitamin E is metabolized only to a small extent, 
except for oxidation-reduction. The major route of 
elimination is in the bile. 

The United States Pharmacopeia (USP) mono- 
graph [401 defined vitamin E for drug use as d- or 
d,l-a-tocopherol, d- or d,l-a-tocopherol succinate, 
and d- or d,l-a-tocopherol acetate [6,7]. d- and d,l-a- 
Tocopherol and a-tocopherol acetate are also 
recognized dietary supplements, and d- and d,l-a- 
tocopherol have GRAS status as  food additives. 
Thus, no supply problems are anticipated in devel- 
opment of d-a-tocopherol (as the acetate or succi- 
nate) as a cancer chemopreventive drug. Water- 
soluble d-a-tocopherol succinate PEG 1,000 will not 
be developed due to poor absorption in normal 
individuals; this form also was not efficacious in 
preclinical cancer models. 

Because of the reduction in prostate cancer 
incidence in the Finnish smokers study, the CB 
plans to fund a Phase I1 trial of d-a-tocopherol (as 
the acetate or succinate) in a prostate cohort in 
1995. Although the protocol has not been designed, 
modulation of histological and other biomarkers 
will be considered due to the preclinical study 
data. A second Phase I1 trial is planned in a breast 
cohort because of both efficacy in preclinical 
models of mammary carcinogenesis and inhibition 
of hormone-dependent cancer in the Finnish trial. 
Future trials may also investigate the Combination 
of vitamin E with selenium in breast or lung 
cohorts. 

PRECLINICAL EFFICACY STUDIES 

Published in vivo studies have demonstrated the 
chemopreventive efficacy of d-a-tocopherol against 
hamster buccal pouch and tongue, mouse colon 
and skin, and rat mammary gland and liver 
tumorigenesis; the acetate inhibited rat mammary 
gland, colon and small intestine, and mouse skin 
tumorigenesis. Closely related compounds (a-to- 
copherol (NOS), d,l-a-tocopherol, a-tocopherol ace- 
tate, d,l-a-tocopherol acetate) inhibited hamster 
pancreas and buccal pouch; mouse skin and 
esophagus; and rat lung, mammary gland and ear 
duct tumorigenesis. The results, however, tend to 
be inconsistent, suggesting the presence of mod- 
ifying factors (e.g., fat, selenium status). In CB- 
funded studies, the three-agent combination of d-a- 
tocopherol acetate with 4-HPR and sodium selenite 
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had additive effects against MNU-induced tracheal 
carcinogenesis in the hamster, although the vitamin 
alone was ineffective even at higher doses. Other 
chemopreventive combinations with d-a-tocopherol 
acetate include sodium selenite in the DEN- 
induced hamster lung and DMBA-induced rat 
mammary gland models, and the three-agent 
combination with 4-HPR and sodium selenite in 
the same models. 

Since the CB has concentrated on agent com- 
binations in preclinical testing, much of the evi- 
dence for the efficacy of vitamin E alone has come 
from published reports. d-a-Tocopherol inhibited 
hamster buccal pouch and tongue (DMBA), rat 
mammary (daunomycin) and liver (AFB,), and 
mouse colon (DMH) carcinogenesis [41-471. The 
racemic mixture (d,Z-a-tocopherol) also inhibited 
the formation of hamster buccal pouch carcinomas 
(DMBA) [48-501; unspecified enantiomers were 
effective against hamster buccal pouch (DMN, 
DMBA) and mouse esophagus (MBN) tumors, and 
rat lung carcinomas (DHPN) [51-541. In contrast, 
d-a-tocopherol succinate PEG 1,000 was not effec- 
tive in CB-funded lung/trachea (hamster), mam- 
mary gland (rat), or bladder (mouse) studies. 

Acetate derivatives of vitamin E have demon- 
strated chemopreventive activity in several models. 
d-a-Tocopherol acetate was effective against rat 
mammary gland carcinomas (DMBA, MNU) [55, 
561, and mouse skin (DMBA/croton oil) [571 and 
rat colon (DMH) tumors [581. a-Tocopherol acetate 
(NOS) inhibited formation of rat mammary (daun- 
omycin) carcinomas [591; the racemic acetate was 
effective against rat ear duct (DMBA) carcinogene- 
sis 1601. 

Intermediate biomarkers are an important aspect 
of preclinical efficacy testing. They serve as meas- 
ures of efficacy in both clinical and preclinical test- 
ing, and as potential surrogate endpoints in clinical 
trials. In published studies, d-a-tocopherol decreas- 
ed the incidence and multiplicity of DMBA-initi- 
ated/croton oil-promoted mouse skin papillomas, 
a histological intermediate biomarker [45,61 I. In 
TPA-induced mouse skin, the vitamin also inhib- 
ited induction of ODC activity, a proliferation bio- 
marker [62-641. a-Tocopherol (NOS) has been 
extensively tested for prevention of precancerous 
lesions. The agent decreased the appearance of 
pancreatic ductular hyperplasia in hamsters 
(DOPN) [65], papillomas (DMBA/TPA) in mouse 
skin [23,62,63], atypical tubules in mouse kidney 
(multiple-carcinogen model) [66] and lung adeno- 
mas in rats (DHPN) [54], as  well as the putative 
premalignant lesion, GGT-positive altered foci, in 

rat liver (DOPN, DEN/partial hepatectomy) [60, 
651. 

In CB-funded preclinical studies, two combi- 
nations with d-a-tocopherol acetate have been 
effective in three models of carcinogenesis: the 
three-agent combination of the acetate (1 g/kg 
diet), 4-HPR and selenite; and the two-agent com- 
bination of d-a-tocopherol acetate and selenite. In 
the MNU-induced tracheal model in the hamster, 
the three-agent combination resulted in additive 
inhibition (30%) of lung carcinomas and pap- 
illomas; however, esophageal tumorigenesis was 
enhanced. Neither d-a-tocopherol acetate alone or 
in two-agent combinations had any substantial 
chemopreventive effect. In the DEN-induced ham- 
ster lung carcinogenesis model, the three-agent 
combination was most effective. It significantly 
inhibited lung adenocarcinomas (32%), but not 
total tumors (carcinomas and papillomas). The 
combination of d-a-tocopherol acetate and selenite 
significantly decreased both total lung tumors 
(28%) and papillomas. 

In the CB-funded rat mammary gland model, 
the same two- and three-agent combinations of 
d-a-tocopherol acetate, selenite and 4-HPR de- 
creased the multiplicity and increased the latency 
of DMBA-induced carcinogenesis. The two-agent 
combination was not more effective than selenite 
alone, but decreased weight gain was not observ- 
ed. A published report has confirmed inhibition of 
tumor formation in the same model after dietary 
supplementation with d-a-tocopherol (235 mg/kg 
diet, or cu. 0.03 mmol/kg-bw) plus selenite 
(0.6 mg/kg diet) 1671. Combinations of selenite 
with d-a-tocopherol are being evaluated by the CB 
because of the complementary actions of the two 
agents. Vitamin E is the primary membrane anti- 
oxidant, while selenium exerts its antioxidant effect 
as part of the cytosolic enzyme glutathione peroxi- 
dase. Thus, protection against both lipid and non- 
lipid radicals is obtained. 

PRECLINICAL SAFETY STUDIES 

Safety The CB has funded one-year toxicity 
studies of water-soluble vitamin E succinate PEG 
1,000 at doses of 100, 300 and 1,000 mg/kg-bw/ 
day (ig) in rats and dogs. The in-life phase has 
been completed, and no abnormalities were re- 
ported at necropsy, except for traces of blood in 
the feces of some dogs. The final report is in prepa- 
ration. 

In published studies, the toxicity of vitamin E in 
animals is low [reviewed in 71. Oral LD,,s in sev- 
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era1 species were 22 g/kg-bw for both d-a-tocoph- 
erol succinate and d-a-tocopherol succinate PEG 
1,000 in rats [68,69]. In subchronic studies, d-a-to- 
copherol succinate PEG 1,000 at doses of 0.002,0.2, 
and 2% in the diet for 90 days produced no ad- 
verse effects on growth, hematology, clinical chem- 
istry, or histology in male and female rats 1681. In 
two 2-year studies, d,l-a-tocopherol acetate was fed 
to rats at doses up to 2,000 mg/kg-bw/day [70,711. 
Growth and survival were unaffected, and incon- 
sistent hepatic changes were observed including 
alkaline phosphatase and alanine aminotransferase 
activities. The only carcinogenic effect was a trend 
to decreased mammary tumors in female rats. Al- 
though a few studies have reported enhanced 
DMH-induced colon tumorigenesis in mice [72-741, 
these results are in contrast to other studies dem- 
onstrating an inhibitory effect [43,561. Differences 
in species, dose, carcinogen, form of vitamin E and 
level of vitamin E in the basal diet could contribute 
to these disparate results. Finally, it should be 
noted that d-a-tocopherol succinate was nonmuta- 
genic in the Ames/Salmonella assay with or with- 
out metabolic activation 1751. 

The most serious toxicity related to vitamin E is 
antagonism of vitamin K activity. At doses of 
2,000 mg a-tocopherol acetate/kg-bw/day for 
90 days, longer prothrombin times and decreased 
hematocrit and hemoglobin were observed in rats; 
this effect has also been observed in dogs [re- 
viewed in 71. In one of the two-year rat studies, 
vitamin K supplementation was necessary to con- 
trol hemorrhage 1711. This could be a potentially 
serious complication in humans on anticoagulant 
therapy or with vitamin K malabsorption syn- 
drome. 

Although early reports suggested reproductive 
problems in rats given high doses of vitamin E, 
this has not been confirmed in subsequent studies 
[69]. In one of these, female rats were fed 22.5- 
2,252 mg a-tocopherol acetate/kg-bw/day during 
pregnancy and lactation [761. The pup survival 
rate, litter size, and pup weight were unaffected. 
No teratogenic effects were noted, although some 
eye abnormalities were observed in older offspring 
from rats fed the highest vitamin dose. A second 
two-litter reproductive and teratogenic study of d- 
a-tocopherol succinate PEG 1,000 found no adverse 
effects in rats. Males and females were fed 0.002, 
0.02 or 0.2% in the diet for 112 and 175 days, 
respectively, and their offspring were also fed the 
compound for 5 weeks after weaning (681. No dif- 
ferences in reproductive indices, mean gestational 
period, litter size, sex ratio and mortality of parents 

or pups were observed. No treatmentrelated 
morphological changes were found in pups 
necropsied at 8 weeks of age. Finally, a mouse 
study of 591 IU d-a-tocopherollanimal (ca. 
13,222 mg/kg-bw/day) on gestation days 7-11 pro- 
duced only one malformation among 91 fetuses 
[reviewed in 71. 

ADME In rats, absorption varies with bolus 
and infused administration of vitamin E into the 
duodenum [77]. For example, 15-20% of a bolus 
dose of a-tocopherol subsequently appeared in the 
lymph. In contrast, administration of a-tocopherol 
acetate as a slow infusion into the duodenum 
resulted in 65% absorption. Vitamin E is absorbed 
by passive diffusion from the small intestine to the 
enterocyte in the rat, but transport through the 
epithelial cell is not understood. The area of great- 
est uptake is at the junction between the upper and 
middle thirds of the small intestine. Reduced 
absorption has been observed with increasing 
doses of a-tocopherol. 

The vitamin is transported in the blood in 
association with lipoproteins. In rats, the liver, 
adipose tissue and skeletal muscle accumulate 90% 
of a-tocopherol recovered from 10 organs. The 
adrenal glands have the highest concentration per 
gram of tissue due to specific binding in this tissue; 
lung and spleen also have relatively high 
concentrations. The half-life in rat tissues after 
chronic feeding of deuterated a-tocopherol acetate 
ranged from 7.6 days in the lung to 76 days in the 
spinal cord [reviewed in 781. As in humans, the 
major route of excretion is fecal elimination. 

CLINICAL SAFETY: PHASE I STUDIES 

The CB has completed Phase I trials determining 
the pharmacokinetics of water-soluble vitamin E 
succinate PEG 1,000 and lipid-soluble a-tocopherol 
acetate. The latter appeared to be absorbed much 
more efficiently. Doses of each derivative up to 
1,200 IU qd for 28 days produced no toxicity. 
Information summarized from published reports 
confirms that the toxicity of vitamin E (NOS) is 
very low-up to 2,000 mg daily [reviewed in 71. 

Drug Effect Measurement A survey of meth- 
ods to assess vitamin E status evaluated static 
measurements (vitamin levels in plasma, erythro- 
cytes, platelets) and functional tests (e.g., per- 
oxidative index, erythrocyte hemolysis or malon- 
dialdehyde, breath pentane) [781. The authors con- 
cluded that because of the close association with 
lipids, plasma a-tocopherol expressed as a ratio to 
lipid (cholesterol plus triglycerides) was the best 
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measurement. An alternative is platelet a-tocoph- 
erol concentrations, which do not reflect changes in 
lipid; however, complex procedures are required 
for platelet isolation. 

Safety Relatively few side effects have been 
reported in double-blind studies of daily vitamin E 
supplementation as high as 3,200 IU [reviewed in 
71. In healthy female subjects receiving 600 IU d,l- 
a-tocopherol acetate daily (ca. 600 mg) for 4 weeks, 
serum triglycerides were significantly increased 
[79]. In both males and females, serum thyroid 
hormone levels (T-3, T-4) were significantly de- 
creased; however, this was not observed in women 
using oral contraceptives. In another study in 
adult-onset diabetics given daily 2,000 IU all-rac-a- 
tocopherol acetate supplements (2,000 mg) for 
6 weeks, thyroid levels were not altered 1801. An- 
gina pectoris patients receiving 3,200 IU d-a-to- 
copherol succinate daily (1,778 mg) reported a low 
incidence of intestinal cramps and diarrhea [Sl]. In 
a survey of trials and case reports, some symptoms 
have been inconsistently reported [69]. These in- 
clude breast symptoms, altered creatinine metabo- 
lism, fatigue and/or muscular weakness, depressed 
leukocyte function, hyperthermia, and thrombo- 
phlebitis. However, most of these cases were not 
observed in double-blinded, controlled trials. 

A significant concern after prolonged daily in- 
take of >800 IU vitamin E is bleeding in vitamin K- 
deficient patients [6,821. Subjects with decreased 
blood coagulation capacity secondary to vitamin K 
malabsorption or anticoagulant therapy should be 
excluded from clinical trials. 

ADME According to published information, 
absorption of vitamin E from the gastrointestinal 
(GI) tract is dependent on the ability to digest and 
absorb fat. As with other fat-soluble vitamins, 
maximal absorption requires the presence of bile 
and incorporation of the vitamin into micelles [4,61. 
After dietary administration, 25% absorption occurs 
when measured in the lymph and 35-85% when 
determined as fecal excretion [1,83]. When given as 
esters, a-tocopherol is hydrolyzed during absorp- 
tion. At high daily intake (>400 IU, or >268 mg 
d-a-tocopherol) this process appears to be rate- 
limiting, since higher plasma levels were obtained 
with free tocopherol [77]. After lymph uptake, 
tocopherol is transported to the circulation in 
chylomicrons, which equilibrate with other plasma 
proteins. No specific carrier or binding protein has 
been identified; most tocopherol is associated with 
low-density lipoproteins [1,77]. The normal range 
for plasma tocopherol is 6-14 mg/L 161. Vitamin E 
is stored in several organs; the highest absolute 

amounts occur in the adipose tissue, liver and 
muscle [ 1,771. With continued daily dosing, adi- 
pose concentration increases, but the content of 
most tissues increases very slowly or not at all 11, 
77,841. 

Vitamin E is metabolized only to a small extent, 
except for oxidation-reduction. In liver, the pri- 
mary metabolites are glucuronides of tocopheronic 
acid and its y-lactone [61. Quinone metabolites have 
also been identified. Fecal elimination via the bile 
is the major route of excretion (some enterohepatic 
circulation may occur); the rest appears as gluc- 
uronide conjugates in the urine [6,77]. 

The limited results from the Phase I trial of fat- 
soluble a-tocopherol acetate confirms the published 
information. After a single 400, 800 or 1,200 IU 
dose, the acetate was absorbed well, but interindi- 
vidual variation was evident. C,, did not differ 
significantly between doses; 800 IU approximately 
doubled the baseline plasma tocopherol level to 
20 mg/L. For all doses, t,,,=12-15 hr and baseline 
plasma levels were reached by 36-48 hours post- 
administration. With daily dosing for 28 days, a 
steady state was maintained. In contrast, the water- 
soluble succinate derivative was poorly absorbed 
after 1 or 28 daily doses, and produced minimal 
changes in plasma tocopherol levels. 

With longer administration of vitamin E, serum 
tocopherol levels appear to be maintained at the 
higher level. In a published randomized, double- 
blind trial, plasma levels approximately doubled to 
20.3 mg/L after ingestion of 800 IU d,Z-a-tocoph- 
erol (728 mg) for 8-16 weeks [85]. In the recently 
completed Phase I11 chemoprevention trial (Dr. E.R. 
Greenberg, Dartmouth College) of 400 mg d-a-to- 
coyherol + 1 g vitamin C qd or 400 mg d-a-tocoph- 
erol + 1 g vitamin C + 25 mg p-carotene qd, serum 
levels increased from 14 to 20 mg/L, which was 
maintained to the end of the four treatment years 
[%I. 

CLINICAL EFFICACY: PHASE 11/111 STUDIES 

Two international Phase I11 trials partially 
funded by NCI have recently been completed-the 
combination of vitamin E, selenium and p-carotene 
in esophageal cancer in China and the effect of 
d,Z-a-tocopherol acetate alone and in combination 
with p-carotene on Finnish male smokers. An 
ongoing Phase 111 trial in collaboration with the 
National Heart, Lung and Blood Institute is 
assessing the effect of vitamin E on epithelial 
cancer incidence in female health professionals. 



288 Kelloff et al. 

One NCI-funded Phase I1 trial on prevention of 
oral cavity and skin cancer by vitamin E is in 
progress. Finally, two additional completed trials 
have assessed the effects of the vitamin on inter- 
mediate biomarkers, i.e., a Phase I1 trial with 
modulation of dysplastic oral leukoplakia as the 
endpoint, and a Phase 111 study on prevention of 

The first complete Phase I11 trial was a collabo- 
ration between the Cancer Institute of the Chinese 
Academy of Medical Sciences and NCI, DCPC (Dr. 
P. Taylor, CPRP) to determine the effect of a vita- 
min E (30 mg a-tocopherol qd), selenium (50 pg qd 
as high selenium yeast) and p-carotene (15 mg qd) 
combination on esophageal cancer incidence in the 
population (n=29,584) of Linxian, China [87,88]. 
This area has the highest mortality rate from 
esophageal and gastric cardia cancer in the world. 
After 5.25 years of combination treatment, endo- 
scopy performed on a sample of the subjects found 
a 42% reduction in risk for esophageal cancer com- 
pared with untreated controls; however, this was 
not statistically significant [87]. In contrast, signifi- 
cantly lower total mortality occurred in the treat- 
ment group, which was mainly due to lower 
cancer rates [87]. It  should be noted that this 
population had subclinical deficiencies of several 
nutrients including vitamin E. 

A second completed Phase 111 trial of d,l-a- 
tocopherol acetate (50 mg qd) alone and in com- 
bination with p-carotene (20 mg qd) was a joint 
project of NCI, DCPC (Dr. D. Albanes) and the 
National Public Health Institute of Finland (Dr. 
O.P. Heinonen) [89]. The cancer incidence in Fin- 
nish male smokers aged 50-69 years was deter- 
mined after a median of 6.1 years on each regimen. 
In the groups receiving the vitamin, the incidence 
of lung cancer was unchanged; however, the inci- 
dence of prostate and colorectal cancer was 
reduced 34 and 16%, respectively. A concomitant 
increase in median serum a-tocopherol levels from 
12.4 to 17.3 mg/L was observed. These results are 
intriguing, since previous observational data sug- 
gesting efficacy at these target sites have been 
equivocal [reviewed in 89,901. However, the study 
was designed only to evaluate a treatment effect on 
lung cancer incidence. No statistics were reported, 
and the apparent decrease in prostate cancer may 
have been due to chance in light of the large num- 
ber of cancer sites analyzed. In addition, although 
mortality from ischemic heart disease and ischemic 
stroke decreased in the a-tocopherol group, deaths 
due to hemorrhagic stroke increased; however, the 
overall increase in mortality was not significant. 

colonic polyps. 

The cause may have been the reduction of platelet 
adhesion by vitamin E [91]. 

The third Phase 111 trial (Dr. J.E. Buring, Brig- 
ham and Women's Hospital) on prevention of can- 
cer is in progress. This large trial in female health 
professionals 245 years of age, which is similar in 
design to the Physicians' Health trial, has been 
funded by the NCI and the National Heart, Lung 
and Blood Institute 1921. The effect of vitamin E, 
p-carotene or aspirin on the incidence of epithelial 
cancers (especially breast, lung, colon) will be as- 
sessed. In the vitamin E arm, the endpoints also 
include effects on cardiovascular events. 

Recently, an epidemiological association 
between vitamin E supplement intake (=lo0 IU, or 
67-91 mg) and 50% reduction in oral cavity cancer 
incidence was reported [931. However, 95% of the 
subjects also took other multivitamin supplements, 
which may have had additive effects. The efficacy 
of vitamin E alone in prevention of oral cavity and 
skin cancer may be clarified in the NCI Phase I1 
Program Project trial in progress. 

Two completed NCI-funded clinical trials have 
assessed the effects of vitamin E on histological 
intermediate biomarkers. A Phase I1 trial under the 
Cooperative Community Oncology Program 
(CCOP; Dr. S.E. Benner) investigated modulation 
of oral leukoplakia and erythroplakia because of 
the preclinical data on d,l-a-tocopherol in the ham- 
ster buccal pouch model of carcinogenesis [48,50, 
511. Patients (n=58) were treated with 400 IU d-a- 
tocopherol bid (537 mg daily as the d-isomer) for 
24 weeks, with clinical and histopathologic 
response as endpoints. An interim report (n=43) 
found 46% histologic response and 21% clinical 
response [941; however, the clinical response rate 
increased to 65% if only subjects whose lesion 
measurements were taken at appropriate times 
(n=31) were considered [951. Scrapings of oral mu- 
cosa were also taken before and after treatment to 
evaluate the effect of vitamin E on a putative ge- 
netic biomarker, micronucleated cell frequency [96]. 
Although the frequency of micronucleated cells 
decreased in both visible lesions and normal mu- 
cosa, it did not correlate with the clinical or histo- 
logical response. 

Second, a recently completed Phase I11 trial (Dr. 
E.R. Greenberg, Dartmouth College) investigated 
antioxidant-mediated prevention of new colonic 
polyps, which are well-accepted precursors of ade- 
nocarcinomas [861. Patients (n=751) with a pre- 
viously resected polyp (FAP excluded) were ran- 
domized to four daily treatment groups: 400 mg 
vitamin E + 1 g vitamin C; 25 mg p-carotene; 
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400 mg vitamin E + 1 g vitamin C + 25 mg p-caro- 
tene; or placebo. After 4 years, no treatment effects 
on new polyp incidence, multiplicity, or size were 
observed, although serum a-tocopherol increased 
cu. 40%. A smaller published study also showed 
lack of significant effect of 400 mg vitamin E + 
400 mg vitamin C daily on colon polyps after two 
years [97]. In contrast, 70 mg d,l-a-tocopherol + 
30,000 IU vitamin A + 1,000 mg vitamin C daily for 
3-6 months modulated one of two proliferative 
intermediate biomarkers in patients with colorectal 
polyps [981. Abnormal expansion of the proli- 
fera tive compartment (measured as [3H]-thymidine 
labeling index in the upper 40% of rectal colon 
cryptsl-one of the earliest changes seen in DMH- 
induced mouse colon carcinogenesis-was signifi- 
cantly reduced [431; however, the overall crypt 
labeling index was unaltered. The reason for the 
lack of correspondence between the response of the 
proliferative biomarker and the histological bio- 
marker is unknown, although the Phase I11 trial 
may have been too short to demonstrate an effect 
on polyp recurrence. 

PHARMACODYNAMICS 

Although efficacy in preclinical models of oral 
cavity and skin carcinogenesis have generally been 
consistent, results with vitamin E in other target 
organs have been equivocal. However, more con- 
sistent results have been found in animals suffering 
from vitamin E deficiency, especially in combin- 
ation with high-fat diets. It is unclear whether nu- 
tritional or pharmacological doses of vitamin E 
alone inhibit cancer in humans, as demonstrated in 
the Finnish lung cancer study. The plasma levels of 
a-tocopherol achieved in this study with 50 mg 
vitamin E were only about one-third over baseline. 
Standard supplements of vitamin E contain a few 
hundred milligrams and one or two capsules daily 
can double blood levels [99]. Additionally, the 
Finnish cohort was treated for only six years. Thus 
the results of this study do not preclude the po- 
tential for significant chemopreventive activity of 
higher doses of vitamin E administered for longer 
periods of time. Although in this study the 
combination of vitamin E and p-carotene was also 
not efficacious, several preclinical studies have 
demonstrated enhanced chemopreventive activity 
of vitamin E in combination with other anti- 
oxidants, most notably sodium selenite and/or 
retinoids. In this regard, vitamin E is known to 
interact with other antioxidants: it complements the 
antioxidant activity of selenium and is also known 

to have a sparing effect on p-carotene 1991. Indeed, 
a combination of low levels of these three agents 
decreased total mortality in the Linxian, China 
cohort; this decrease was mainly due to lower 
cancer rates. Thus, the development of combina- 
tions of vitamin E with other antioxidants and or 
retinoids may be the most effective clinical strategy 
to pursue. 

Another consideration is the interindividual 
variability in serum vitamin E levels after supple- 
mentation. Pharmacokinetic studies have shown 
that absorption is variable, depending on fat diges- 
tion and absorption and the presence of bile. In 
addition, tissue levels increase very slowly or not 
at all with daily dosing. Vitamin E may only be 
effective in populations with subnormal vitamin 
status, such as smokers or in nutritionally deficient 
populations, such as the Linxian, China cohort. 

PROPOSED STRATEGY 
FOR CLINICAL DEVELOPMENT 

Drug Effect Measurement Issues 

A survey of methods to assess vitamin E status 
evaluated static measurements (vitamin levels in 
plasma, erythrocytes, platelets) and functional tests 
(eg., peroxidative index, erythrocyte hemolysis or 
malondialdehyde, breath pentane) [781. The 
authors concluded that because of the close assoc- 
iation with lipids, plasma a-tocopherol expressed 
as a ratio to lipid (cholesterol plus triglycerides) 
was the best static measurement. A potentially 
useful functional test of vitamin E status is breath 
pentane excretion, which correlates with in vivo 
lipid peroxidation in rats. In humans, it was shown 
to decrease from baseline after daily supplemen- 
tation with 100 IU d-a-tocopherol acetate qd 
(73.5 mg) for 10 days. Although the method is sen- 
sitive and non-invasive, it may be of limited use as 
a routine test. An alternative is plasma total radi- 
cal-trapping antioxidant potential (TRAP), which 
measures the capacity of antioxidants to resist in 
vitro peroxidation [loo]. Daily supplementation 
with 1 g d,l-a-tocopherol for 28 days significantly 
increased TRAP values in normal subjects; how- 
ever, the relative contributions of other antioxi- 
dants would need to be determined. 

Safety Issues 

The recommended daily allowance of vitamin E 
is 10-20 IU (6.7-13.4 mg as d-a-tocopherol) [41. The 
only toxicology issue is hemorrhage at high doses 
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from vitamin K deficiency. Potential trial subjects 
on anticoagulant therapy, or with a vitamin K 
malabsorption syndrome or low platelet counts 
should be excluded. 

Pharmacodynamics Issues 

The positive clinical data generated to date for 
vitamin E have been in a nutritionally deficient 
population in China. The chemopreventive activity 
of the vitamin in healthy, well-nourished popula- 
tions has not been established. Possible interactions 
with dietary fat should also be examined. 

Although d-a-tocopherol succinate PEG 1,000 is 
well-absorbed in individuals with cholestatic liver 
disease or other malabsorption syndromes 1101, 
1021, it was poorly absorbed in the Phase I trial 
involving normal individuals. Because it also 
lacked efficacy in preclinical studies, there are no 
plans for further clinical development of the succi- 
nate PEG 1,000 derivative of vitamin E. 

Regulatory Issues 

No regulatory issues are anticipated in future 
planned clinical studies, assuming that the forms of 
vitamin E used are those defined in the USP 
monograph and that chronically administered daily 
doses do not exceed the accepted levels for other 
studies. New trials are planned for 1995 in prostate 
and breast cohorts. 

Supply and Formulation Issues 

Many commercial vitamin E products are legally 
marketed according to USP requirements without 
identification of the actual form included. The ma- 
jority of commercially marketed formulations in 
which the vitamin E component is identified are 
d-a-tocopherol succinate and d-a-tocopherol acetate 
in 100 to 1,000 IU capsules, d-a-tocopherol succi- 
nate in 100-1,000 IU tablets, or a water-miscible 
solution of d,l-a-tocopherol acetate at 50 IU/ml[6]. 
The drug supply for a study with placebo would 
probably require special formulation. 

Intermediate Biomarker Issues 

Intermediate biomarkers are an important aspect 
of preclinical efficacy testing. They serve as meas- 
ures of efficacy in both clinical and preclinical 
testing, and as potential surrogate endpoints in 
clinical trials. In preclinical testing, vitamin E has 
inhibited formation of histological biomarkers (pre- 

malignant lesions) in skin, pancreas, liver, kidney 
and lung, as well as induction of ODC activity, a 
proliferation biomarker, in skin. Because of these 
data, modulation of histological and other bio- 
markers will be considered a5 endpoints in the 
Phase I1 prostate trial under consideration (see 
below). 

Clinical Studies Issues 

Because of the reduction in prostate cancer inci- 
dence in the Finnish smokers study, the CB plans 
to fund a Phase I1 trial of d-a-tocopherol (as the 
acetate or succinate) in a prostate cohort in 1995. 
Although the protocol has not been designed, mo- 
dulation of histological and other biomarkers will 
be considered due to the preclinical study data. A 
second Phase I1 trial is planned in a breast cohort 
because of both efficacy in preclinical models of 
mammary carcinogenesis and inhibition of 
hormone-dependent cancers in the Finnish trial. 

Combinations of agents with a-tocopherol are a 
priority for clinical chemoprevention development. 
In the recently completed study in Linxian, China, 
a-tocopherol combined with selenium (as high 
selenium yeast) and p-carotene decreased eso- 
phageal cancer by 42%. Although this was not 
statistically significant, the doses were very low- 
30 mg vitamin E, 15 mg p-carotene and 15 mg 
selenium. This is a nutrient-deficient population; it 
is unknown if higher doses would be effective in 
a U.S. cohort. This should be addressed in future 
Phase I1 or I1 trials. 
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