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OBJECTIVE: To evaluate the evidence of the supplements vitamin C

and vitamin E for treatment and prevention of cancer.

METHODS: Systematic review of trials and meta-analysis.

DATA SOURCES AND MAIN RESULTS: Thirty-eight studies showed

scant evidence that vitamin C or vitamin E beneficially affects survival.

In the ATBC Cancer Prevention Study Group, no statistically significant

effect of treatment was seen for any cancer individually, and our pooled

relative risk (regardless of tumor type) for a-tocopherol alone was 0.91

(95% confidence interval [CI]: 0.74, 1.12). All cause mortality was not

significant. In the Linxian General Population Trial, the relative risks

for cancer death for vitamin C (combined with molybdenum) was 1.06

(95% CI: 0.92, 1.21) and for vitamin E (combined with b-carotene and

selenium) was 0.87 (95% CI: 0.76, 1.00). We identified only 3 studies

that reported statistically significant beneficial results: vitamin C (in

combination with BCG) was found to be beneficial in a single trial of

bladder cancer and vitamin E (in combination with o-3 fatty acid) in-

creased survival in patients with advanced cancer. In the ATBC trial, in

analyses of 6 individual cancers, the prevention of prostate cancer in

subjects treated with a-tocopherol was statistically significant

(RR=0.64, 95% CI: 0.44, 0.94).

CONCLUSIONS: The systematic review of the literature does not support

the hypothesis that the use of supplements of vitamin C or vitamin E in the

doses tested helps prevent and/or treat cancer in the populations tested.

There were isolated findings of benefit, which require confirmation.
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T he April 2000 National Academy of Sciences/Institute of

Medicine/Food and Nutrition Board report entitled Die-

tary Reference Intakes for Vitamin C, Vitamin E, Selenium, and

Carotenoids defined the term dietary antioxidant, provided Di-

etary Reference Intakes (DRIs) for the antioxidant vitamins

and minerals, and reviewed the evidence supporting a role for

these nutrients in preventing or treating a variety of chronic

diseases. A dietary antioxidant is a substance in foods that

significantly decreases the adverse effects of reactive species,

such as reactive oxygen and nitrogen species, on normal phys-

iological functions in humans.1 The discovery of the vitamins

and their requirements in human nutrition were based on

findings that the omission of these substances from the diet

resulted in the acute appearance of constellations of symp-

toms. It has long been argued that the adequacy of the vitamin

supply to cells and tissues influences the development, pro-

gress, and outcome of cancers.2

The committee that authored the report found laboratory

and epidemiological evidence that diets rich in fruits and veg-

etables (foods that are high in antioxidants) may be associated

with the prevention of certain types of cancer, but found a lack

of scientific basis for recommendations regarding any specific

nutrient supplement.3 However, supplemental antioxidants

have been promoted to help prevent cancer. A recent review

concluded that vitamin supplementation ‘‘may contribute to a

reduced risk of cancer.’’4 To help inform primary care physi-

cians on this topic we performed a systematic review and

meta-analysis to assess the evidence regarding the use of sup-

plemental vitamin C and/or vitamin E to prevent and treat

cancer.

DATA SOURCES

Potential evidence for the article came from several sources: on-

line library databases, the reference lists of all relevant articles,

and experts and the personal libraries of project staff and their

associates. ‘‘Grey’’ literature was included (abstracts, etc.) but

we did not specifically search for unpublished data. The team

also reviewed meta-analyses and systematic reviews. Limiting

the output to human studies, we searched using the terms

vitamin E, vitamin C, and their many pharmacological syno-

nyms. The synonyms and databases utilized are displayed in

Table 1.

REVIEW METHODS

This article is part of a larger review of the literature regarding

the antioxidants vitamin C, vitamin E, and coenzyme Q10.5

This article reports on findings of vitamin C and vitamin E for

cancer. No trials were found for coenzyme Q10 and cancer.

Two reviewers independently evaluated and removed duplicat-

ed titles. One reviewer is a medical sociologist at RAND with 30

years of CAM research and an expert on systematic reviews

and the other reviewer is a physician and director of the Ce-

dars–Sinai Integrative Medicine Medical Group and a CAM ex-

pert. Language was not considered a barrier to inclusion. To be

clear about our terminology: a ‘‘trial’’ refers to a controlled

clinical trial; a ‘‘study’’ refers to a presentation of a specific
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portion of a trial’s results, e.g., focused on 1 outcome or at a

particular follow-up time; and a ‘‘published article’’ refers to a

published document. Some published articles may contain

more than 1 study, particularly if they contain results from

more than 1 trial. Some trials, especially large ones, have

many associated studies and articles.

Data Extraction

Two individuals independently reviewed each article, abstract-

ed data regarding design, population, intervention and out-

comes, and resolved disagreement by consensus.

To evaluate the quality of the trials, we collected information

on the study design, appropriateness of randomization, blinding,

description of withdrawals and dropouts and concealment of al-

location.6 A score for quality was calculated for each trial using a

system developed by Jadad et al.7 Empirical evidence in other

settings has shown that studies scoring 2 or less report exagger-

ated results compared with studies scoring 3 or more.8 All Jadad

scores are displayed in the evidence table in Appendix A.

Choice of Outcomes

The grouping of treatments and the appropriate comparison

group, e.g., any combination of vitamins with vitamin E versus

placebo, was based on clinical knowledge and was decided a

priori. The 4 clinically relevant dichotomous outcomes that

were reported in sufficient quantity to justify data synthesis

were death, development of new tumors in subjects with no

prior tumor history, progression of existing tumors, and de-

velopment of new adenomatous colonic polyps with vitamin E.

Data Synthesis

For each of the above outcomes, we estimated the log risk ratio

comparing the relevant treatment group to either placebo or

another comparison group as appropriate. We estimated the

standard error of the log risk ratio and constructed a 95%

confidence interval (CI). We conducted the analysis on the log

scale to stabilize the variance, and present the results on the

risk ratio scale for interpretability. A risk ratio smaller than 1

indicates that a lower risk of the outcome is associated with

the treatment of interest as compared with the comparison

treatment, e.g., placebo. For death and new tumors, the trials

were too heterogeneous to pool meta-analytically.

Three large trials11–13 were too different in terms of study

population and length of follow-up both from each other and

from the other small trials and were not included in our meta-

analysis, nor did we aggregate related outcomes within them.

For the other small trials, we aggregated deaths because of

different types of cancers and conducted a risk ratio analysis

as described above.

We estimated a DerSimonian and Laird14 random effects

pooled log risk ratio for any subgroup of 3 or more trials that

had similar designs and comparison groups, and that meas-

ured colonic polyps for a particular cancer over similar follow-

up periods. We present the pooled result on the risk ratio scale

for interpretation, the w2 test for heterogeneity P-value,15 and a

forest plot. In this plot, each individual risk ratio is shown with

its CI as a box whose area is inversely proportional to the es-

timated study variance. The pooled risk ratio and its CI are

shown as a diamond at that bottom of the plot with a dotted

vertical line indicating the pooled estimate. A vertical solid line

at a risk ratio of 1 indicates no treatment effect.

For each subgroup of studies for which we conducted a

meta-analysis, we assessed the possibility of publication bias

by evaluating a funnel plot of the log risk ratios graphically for

asymmetry resulting from the nonpublication of small, nega-

tive studies. Because graphical evaluation can be subjective,

we also conducted an adjusted rank correlation test16 and a

regression asymmetry test17 as formal statistical tests for pos-

sible publication bias.

RESULTS

The flow of articles is displayed in Figure 1. From 357 articles

accepted after the initial title screening, we identified 36 arti-

cles for further review. Two articles18,19 described 2 different

studies, so a total of 38 unique studies were referred for de-

tailed review. Many of these published articles reported on the

a-tocopherol, b-carotene Cancer Prevention Study Group

(ATBC Trial), the Linxian General Population Trial, and the

Table 1. Data Sources and Search Strategy

Terms Used

Vitamin C Ascorbic acid (exploded) from Medline, Embase OR ascorbic acid from all other databases OR
dehydroascorbic acid� OR ascorbate OR vitamin C OR antiscorbutic vitamin� OR cevitamic acid� AND
neoplasms (exploded) from Medline OR malignant neoplastic disease (exploded) from Embase OR
(cancer OR neoplasm�) in subject heading field from BIOSIS OR cancer� in title or subject heading field
from all other databases OR neoplasm� from all other databases (exception—in CancerLit the terms for
cancer were omitted and just the total of the ‘‘vitamin C’’ terms were used) AND (prevention OR
preventive OR therapy OR therapeutic OR treatment) in title, subject heading fields AND human

Vitamin E (Exploded) from Medline OR vitamin E OR a tocopherol�OR D1 a tocopherol�OR d a tocopherol OR rrr a
tocopherol� OR all rac a tocopherol� AND neoplasms (exploded) from Medline OR malignant neoplastic
disease (exploded) from Embase OR (cancer OR neoplasm�) in subject heading field from BIOSIS OR
cancer� in title or subject heading field from all other databases OR neoplasm� from all other databases
(exception—in CancerLit the terms for cancer were omitted and just the total of the ‘‘vitamin E’’ terms
were used) AND (prevention OR preventive OR therapy OR therapeutic OR treatment) in title, subject
heading fields AND human

Thirteen biomedical databases were
searched through early 2002

Allied and Complementary Medicine, BIOSIS Previewss, CAB HEALTHs, CANCER LITs, Cochrane
Library, Elsevier Biobase, EMBASE, MANTISTM, MEDLINEs, SciSearchs Cited Ref Sci 1974 to 1989,
Social SciSearchs 1972 to 2002, SciSearchs Cited Ref Sci. Languages other than English were included
in the search and the review
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Linxian Dysplasia Group Trial. The key features of these large

trials are provided in Table 2.

Description of the Evidence

We identified 21 studies that reported death as a primary out-

come; 16 that reported on new tumor development; 8 studies

focused on the development of colonic polyps; and 7 studies

reported on a variety of intermediate outcomes. An individual

study may have contributed to more than 1 analysis.

Analysis of Studies Reporting on Death

Twenty-one studies reported the outcome of cancer-related

death12,18,19,21–34 (with some articles reporting on more than

1 study). Twelve studies discussed below contributed to the

analyses. Nine were excluded because they did not report

deaths by group or only reported survival curves.18,19,24–26,29

Descriptions of these studies can be seen in the evidence table

in Appendix A. Descriptions of these studies can also be ob-

tained at http://www.ahrq.gov/clinic/evrptpdfs.htm under

the title: Antioxidant Supplements, Prevention and Treatment

of Cancer. Of the excluded studies, only the study by Gogos

et al.26 reported a benefit: the group receiving vitamin E in

*Studies may be included in more than one analysis

137 articles not on antixodiants

Reasons for rejection:
Topic - 2
Subject/Design - 283
Population - 28
Other reasons - 1

Article ordering

Screening

Long form review

Statistical
Analysis

Death*
n=21

Death 
pooled
n=12

Death 
rejected

n=9

Polyps 
pooled

n=4

Polyps*
n=8

Polyps 
rejected

n=4

Tumors*
n=16

Tumors 
pooled
n=12

Tumors 
rejected

n=4

Rejected for 
no outcomes 

of interest
n=7

200 articles not found

644 articles not on cancer

Other sources; experts, 
professional libraries:

58

On-line databases:
1,080

Reference-mining
200

1,338 Antioxidant articles requested

357 Antioxidants for cancer articles screened

36 articles representing 38 studies

FIGURE 1. Literature flow.
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combination with fish oil had prolonged survival (Po.03) com-

pared with placebo.

Death Analysis from the ATBC Trial

From published articles from the ATBC Trial, risk ratios were

calculated for lung,11,21 prostate,27 colorectal,22 urothelial,34

and renal cell cancers.34 Death from prostate cancer had the

greatest relative risk reduction in the groups receiving a-to-

copherol alone and in combination with b-carotene, although

statistically insignificant.27 None of the studies individually

showed a statistically significant effect. We calculated risk

ratios for a combined death outcome, regardless of tumor type,

for the 3 ATBC studies that reported their results for all 4 arms

(we do not consider this a meta-analysis because results are

not pooled across trials).21,22,34 Again these results are not

statistically significant. The principal report from the ATBC

Trial combined arms so that results for all cause death were

reported as all arms using a-tocopherol versus arms without

a-tocopherol.11 This risk ratio was statistically insignificant.

A single additional study,33 which reported on mortality from

pancreatic cancer, likewise did not show statistical signifi-

cance when risk ratios were calculated. The results of

the ATBC cancer death outcomes risk ratio calculations are

summarized in Table 3.

Death Analysis from the Linxian Trials

In the Linxian General Population Trial the intervention was

placebo or 1 or more of the following formulas: A=retinol

(5,000 IU), zinc oxide (22.5 mg), B=riboflavin (3.2mg), niacin

(40 mg), C=ascorbic acid (120 mg), molybdenum (30mg), and

D=selenium (50mg), b-carotene (15 mg), a-tocopherol (30 mg).

For the Linxian Dysplasia Subgroup the intervention was

placebo or a supplement of b-carotene (15 mg), vitamin A

(10,000 IU), vitamin E (60 IU), vitamin C (180mg), and multi-

ple minerals.

Two studies from the Linxian Trials had adequate statis-

tics for further analysis. Blot et al.13 report on the general

Linxian population and Li et al.12 reported on the effect of the

supplement intervention in the Dysplasia Group. The risk ra-

tios calculated for all outcome for these studies are displayed

in Table 4. In this trial, there is no evidence of a benefit for

survival.

Death Analysis from Trials Using Vitamin C for
Cancer

Four studies, including Lamm et al.,28 the Heart Protection

Study Collaboration Group,30 Nutrition Review,31 and Poulter

et al.,32 tested the efficacy of vitamin C for treatment and/

or prevention of patients with cancer and had sufficient statis-

tics to proceed for further analysis. However, these trials were

not pooled because of the heterogeneous nature of their

populations and interventions. The results of this analysis

are summarized in Table 5. For the interventions tested, in

the populations described, there is no evidence for a benefit for

survival.

Analysis of Studies Reporting on New Tumor
Development

Sixteen studies, corresponding to 14 published articles, were

considered for further analysis of the development of new

tumors or recurrence of tumors.11,13,18,19,21,27–30,33–36 Four

studies from the Linxian trials were excluded for inadequate

statistics because the relative risks were reported as adjusted

risk ratios and insufficient data were given to be able to convert

them to unadjusted risk ratios and make the results compa-

rable with those reported for other trials.13,18,19

New Tumors Analysis from the ATBC Trial

Seven studies of the ATBC trial reported on the development of

a variety of new tumors. Results of this analysis are summa-

rized in Table 6. As with studies of death from cancer, 7 studies

reported on the development of new specific tumors: lung,11,21

colorectal,22 prostate,27 pancreas,33 urothelial,34 and renal

cell cancers.34 Only the analysis of new prostate cancer re-

ported a statistically significant association in the study by

Heinonen.27 However, there was no statistically significant

Table 2. Summary of Large Clinical Trials Included in Pooled Analyses�

Trial Name Design, Duration, Sample Size Population
Characteristics

Intervention and Dosage by Group

a Tocopheral b Carotene (ATBC)
Study11,21,22,27,33–34

RCT, 5–8 y, N=29,133 Placebo
Male L-a-tocopherol acetate (50 mg/day)
Smokers b-carotene (20 mg/d)
Finland L-a-tocopherol acetate (50 mg/day) and b-carotene (20 mg/

day)
Linxian Nutrition Intervention
Trial (Linxian)13

RCT, 5.2 y, N= � 30,000 Placebo
Healthy, vitamin-deficient population Formula Aw: retinol (5000 IU), zinc oxide (22.5 mg)

Formula Bw: riboflavin (3.2 mg), niacin (40 mg)
Geographic region had very high incidence of
carcinoma of the esophagus and stomach

Formula Cw: ascorbic acid (120 mg), molybdenum (30mg)
Formula Dw: selenium (50 mg), b-carotene (15 mg), a-
tocopherol (30 mg)

Linxian Dysplasia (subgroup)12 RCT, 6 y, N=3,318 Placebo
Dysplasia of the stomach and/or esophagus in
population

b-carotene (15 mg), vitamin A (10,000 IU), vitamin E (60 IU),
vitamin C (180 mg), and multiple minerals.

�Data on vitamin E dosages, which were often in the form of a -tocopherol, are sometimes reported in milligrams and sometimes in international units (IU).

One milligram of a -tocopherol is approximately equal to 1.5 IU of vitamin E.
wEach of these formulas was given alone and in combination with the other formulas.
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association reported in the reduction of new prostate cancer in

the patients taking vitamin E and b-carotene, or a reduction in

death from prostate cancer in either group.

We combined the tumor outcomes of the 5 studies that

reported on results by separate arms21,22,27,33,34 regardless of

tumor type. For a-tocopherol versus placebo and for a-tocop-

Table 3. Risk Ratios for Death Outcome from the ATBC Trial�

Author (Year) Type of death Interventionw Sample
Size

Follow
up (y)

Total
Deaths

RR (95% CI)

ATBC Trial (1994)11 Lung cancer AT 14,564 6.1 285 1.02 (0.87, 1.20)
No AT 14,569 279

Albanes (1996)21 Lung cancer AT 7,286 6.1 125 0.93 (0.73, 1.19)
AT1BC 7,278 154 1.15 (0.91, 1.45)
Placebo 7,287 134

Heinonen (1998)27 Prostate cancer AT 7,286 6.1 11 0.61 (0.29, 1.29)
AT1BC 7,278 12 0.67 (0.32, 1.38)
Placebo 7,287 18

Albanes (2000)22 Colorectal cancer AT 7,286 6.1 12 1.09 (0.48, 2.47)
AT1BC 7,278 13 1.18 (0.53, 2.64)
Placebo 7,287 11

Virtamo (2000)34 Urothelial cancer AT 7,286 6.1 6 1.20 (0.37, 3.93)
AT1BC 7,278 8 1.60 (0.52, 4.89)
Placebo 7287 5

Virtamo (2000)34 Renal cell cancer AT 7286 6.1 11 0.79 (0.36, 1.73)
AT1BC 7,278 10 0.72 (0.32, 1.61)
Placebo 7,287 14

Pooled analysis Albanes (1996, 2000)21,22

Virtamo (2000)34
Combined cancer (lung, colorectal,
urothelial, and renal cell)

AT 7,286 6.1 165 0.91 (0.74, 1.12)
AT1BC 7,278 197 1.08 (0.89, 1.32)
Placebo 7,287 182

ATBC Trial (1994)11 All cause AT 14,564 6.1 1798 1.02 (0.96, 1.08)
No AT 14,569 1768

Rautalahti (1999)33 Pancreas AT 14,564 6.1 49 1.44 (0.93, 2.23)
Cancer No AT 14569 34

�Additional studies for which RR could not be calculated are discussed in the text and displayed in the Evidence Table in Appendix A.
wAT, a-tocopherol; BC, b-carotene; RR, risk ratios; CI, confidence interval.

Table 4. Risk Ratios for Death Outcome from Linxian Trials�

Study Author (Year) Type of Death Interventionw Sample Size Follow up (y) # of Deaths RR (95% CI)

Linxian Dysplasia Li (1993)12 All cause Supplement 1,657 6 157 0.94 (0.77, 1.16)
Placebo 1,661 167

Li (1993)12 cancer Supplement 1,657 87 0.98 (0.74, 1.31)
Placebo 1,661 89

Li (1993)12 Esophageal Supplement 1,657 38 0.87 (0.56, 1.33)
cancer Placebo 1,661 44

Linxian General Population Blot (1993)13 All cause A1B 3,701 5.25 265 0.94 (0.80, 1.11)
A1C 3,694 296 1.05 (0.90, 1.23)
A1D 3,703 250 0.89 (0.75, 1.05)
B1C 3,691 268 0.95 (0.81, 1.12)
B1D 3,699 263 0.93 (0.79, 1.10)
C1D 3,705 249 0.88 (0.75, 1.04)
A1B1C1D 3,712 256 0.91 (0.77, 1.07)
Placebo 3,679 280
C 14,802 1,069 1.01 (0.93, 1.10)
No C 14,782 1,058
D 14,819 1,018 0.91 (0.84, 0.99)
No D 14,765 1,109

Blot (1993)13 Cancer death A1B 3,701 5.25 94 0.87 (0.66, 1.15)
A1C 3,694 121 1.13 (0.87, 1.45)
A1D 3,703 81 0.75 (0.57, 1.00)
B1C 3,691 101 0.94 (0.72, 1.23)
B1D 3,699 103 0.96 (0.73, 1.25)
C1D 3,705 90 0.84 (0.63, 1.10)
A1B1C1D 3,712 95 0.88 (0.67, 1.16)
Placebo 3,679 107
C 14,802 407 1.06 (0.92, 1.21)
No C 14,782 385
D 14,819 369 0.87 (0.76, 1.00)
No D 14,765 423

�Additional studies for which RR could not be calculated are discussed in the text and displayed in the Evidence Table in Appendix A.
A, retinol plus zinc; B, riboflavin plus niacin; C, vitamin C (ascorbic acid) plus molybdenum; D, b-carotene plus vitamin E and selenium, RR, risk ratio.
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herol with b-carotene versus placebo the results were not sta-

tistically significant.

Finally, Varis et al. reported on the risk of developing car-

cinoma (all cell types). For developing a new carcinoma the

interventions a-tocopherol alone and in combination with

b-carotene showed no significant results.

New Tumors Analysis from the Linxian Trial and
Other Trials

Three published articles from the Linxian Trials reported on

the outcome of new tumor development.12,19,35 The General

Population portion of the article by Li et al.19 reported on the

development of new gastric and esophageal cancers, but could

not be included in analysis because of insufficient statistics.

Three studies12,19,35 reported data for similar outcomes from

the Dysplasia portion of the Linxian Trial. No analysis reported

a statistically significant benefit for reducing new tumor de-

velopment (Table 7).

Two more published articles not connected to the ATBC or

Linxian trials reported on the outcome of new tumor develop-

ment. The study by Lamm et al.28 was a secondary prevention

trial. It tested the effect of vitamin supplementation on the

development of new bladder tumors in patients previously

treated for transitional cell carcinoma of the bladder. The rel-

ative risk for the development of new bladder tumors was 0.50

(95% confidence interval [CI]: 0.32, 0.78) favoring treatment

with megadose vitamins compared with the recommended

daily amount of vitamins. However, potentially confoun-

ding this result was that all groups also received BCG, which

is known to promote the immune response to some

other tumors. For the Heart Protection Study Collaboration

Group30 we calculated a relative risk which was statistically

insignificant (Table 7).

Table 5. Risk Ratios for Death Outcome from Trials Using Vitamin C

Study Author (Year) Type of death Intervention Sample Size Follow up (y) # of Deaths RR (95% CI)

Other trials Lamm (1994)28 All cause Megadose vitamins 35 3.75 8 0.86 (0.37, 2.01)
RDA 30 8

Heart Protection Study, 200230 Vitamins 10,269 5 1,446 1.04 (0.97, 1.11)
Nutr Rev (1985)31 All cause C 25 1 51 1.04 (0.69, 1.57)

Placebo 23 49
Poulter (1984)32 All cause C 27 5 12 1.52 (0.72, 3.23)

Control 24 7

�Additional studies for which RR could not be calculated are discussed in the text and displayed in the Evidence Table in Appendix A.
A, retinol plus zinc; B, riboflavin plus niacin; C, vitamin C (ascorbic acid) plus molybdenum; D, b-carotene plus vitamin E and selenium.

Table 6. Risk Ratios for New Tumors from ATBC Trial�

Author (Year) Type of Tumor InterventionwSample
size

Follow-
up (y)

Total New
Tumor

RR (95% CI)

ATBC (1994)11 Lung cancer AT 14,564 6.1 433 0.98 (0.86, 1.11)
No AT 14,569 443

Albanes (1996)21 Lung cancer AT 7,286 6.1 204 0.98 (0.81, 1.19)
AT1BC 7,278 240 1.16 (0.96, 1.39)
Placebo 7,287 208

Albanes (2000)22 Colorectal cancer AT 7,286 6.1 29 0.78 (0.48, 1.27)
AT1BC 7,278 30 0.81 (0.50, 1.31)
Placebo 7,287 37

Heinonen (1998)27 Prostate cancer AT 7,286 6.1 43 0.64 (0.44, 0.94)
AT1BC 7,278 56 0.84 (0.59, 1.19)
Placebo 7,287 67

Rautalahti (1999)33 Pancreas cancer AT 7,286 6.1 25 0.96 (0.56, 1.66)
AT1BC 7,278 26 1.00 (0.58, 1.72)
Placebo 7,287 26
AT 14,564 51 1.34 (0.88, 2.04)
no AT 14,569 38

Virtamo (2000)34 Urothelial cancer AT 7,286 6.1 47 1.27 (0.83, 1.95)
AT1BC 7,278 42 1.14 (0.73, 1.77)
Placebo 7,287 37

Virtamo (2000)34 Renal cell cancer AT 7,286 6.1 27 1.00 (0.59, 1.70)
AT1BC 7,278 27 1.00 (0.59, 1.71)
Placebo 7,287 27

Pooled analysis Combined types: AT 7,286 6.1 375 0.93 (0.81, 1.07)
Albanes (1996, 2000),21,22 Heinonen (1998),27

Rautalahti (1999),33 Virtamo (2000)34
(lung, colorectal, prostate, pancreas,
urothelial, and renal cell)

AT1BC 7,278 421 1.05 (0.92, 1.20
Placebo 7,287 402

Varis (1998)36 Carcinoma AT 321 6.1 2 1.04 (0.15, 7.32)
BC 329 3 1.52 (0.26, 9.03)
AT1BC 361 4 1.84 (0.34, 10.01)
Placebo 333 2

�Additional studies for which risk ratios could not be calculated are discussed in the text and displayed in the evidence table in Appendix A.
AT, a-tocopherol; BC, b-carotene.
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Analysis of Studies Reporting on Colonic Polyps
Development

Eight studies were considered for further analysis of the de-

velopment of colonic polyps.37–44 Four studies were rejected

because of insufficient statistics,42,44 heterogeneous out-

comes,43 and duplicate data from another study already in-

cluded.41 Therefore, 4 studies37–40 were eligible for pooled

analysis as described below.

Combinations of Vitamin C and Vitamin E for Secondary Pre-
vention of Polyp Formation. Two trials37,38 of the 4 considered

for pooled analysis had treatment arms that involved the com-

bination of vitamin C and vitamin E without b-carotene or vi-

tamin A. Because there were only 2 trials, a pooled analysis

was not performed. The risk ratios and 95% CIs are reported in

Table 8. Neither study reported results significantly different

from 1; therefore, there is no evidence that the combinations of

vitamin C and vitamin E tested are more effective than placebo

in the secondary prevention of recurrent adenomatous polyps

of the colon.

Trials Featuring Combinations of Vitamin C and Vitamin E with b-
Carotene or Vitamin A for Secondary Prevention of Polyp For-
mation: Meta-Analysis for the Colonic Polyps Outcome. Three

trials37,39,40 used combinations of vitamin C and vitamin E with

carotenoids compared with a placebo. The 3 interventions were

considered sufficiently equivalent to allow pooling—even

though calcium, which was included in the intervention used

in the Hofstad et al.39 trial, has activity of its own in prevention

of polyp formation, and vitamin A (not b-carotene) was used in

the Roncucci et al.40 trial. The estimated relative risks for these

3 studies, along with their 95% CIs and the pooled estimate, are

summarized in Table 9 and in Figure 2.

The pooled estimate yields a relative risk of 0.6, which is

clinically important but not statistically significant (P=.13).

The clinically significant results that lack statistical power

suggest that more research is needed with larger samples of

patients. In addition, the w2 test of heterogeneity is significant

(P=.001), indicating a high degree of heterogeneity among

these trials. Sensitivity analyses to account for heterogeneity

could not be performed because of the small number of trials,

but a visual inspection of Figure 2 suggests that heterogeneity

may be because of the differences in patient population selec-

tion, in that the baseline rate of new colonic polyps varies

greatly between studies. Assessing publication bias with so

few trials is difficult at best. The funnel plot showed no obvious

bias and formal statistical tests revealed no evidence of a sta-

tistically significant bias.

Table 7. Risk Ratios for New Tumors from Linxian and Other Trials�

Study Lead Author (Year) Type of Tumor Interventionw Sample Size Follow-up (y) Total New Tumor RR (95% CI)

Linxian Dawsey (1994)35 Esophageal Supplement 392 2.5 16 0.78 (0.41, 1.49)
Dysplasia cancer Placebo 362 19

Supplement 195 6 8 1.53 (0.51, 4.58)
Placebo 186 5

Dawsey (1994)35 Gastric cancer Supplement 43 2.5 13 1.63 (0.75, 3.52)
Placebo 43 8
Supplement 202 6 18 0.91 (0.49, 1.68)
Placebo 194 19

Dawsey (1994)35 Overall biopsy Supplement 400 2.5 29 0.99 (0.60, 1.64)
Placebo 368 27
Supplement 202 6 23 0.92 (0.54, 1.57)
Placebo 194 24

Li (1993)12 All cancer Supplement 1,657 6 227 1.03 (0.87, 1.22)
Placebo 1,661 221

Li (1993)12 Esophageal Supplement 1,657 6 123 0.96 (0.76, 1.22)
cancer Placebo 1,661 128

Li (1993)12 Stomach Supplement 1,657 6 96 1.19 (0.89, 1.58)
cancer Placebo 1,661 81

General Taylor (1994)19 Esophageal C 201 6 4 1.18 (0.27, 5.20)
cancer No C 178 3

D 173 3 0.71 (0.17, 2.95)
No D 206 5

Taylor (1994)19 Gastric cancer C 205 6 6 2.71 (0.5 5, 13.25)
No C 185 2
D 176 4 1.22 (0.31, 4.79)
No D 214 4

Other trials Lamm (1994)28 Megadose 35 6 14 0.50 (0.32, 0.78)
Vitamins 30 24
RDA

Heart Protection Study (2002)30 Vitamins 10,269 5 800 0.98 (0.89, 1.08)
Placebo 10,267 817

�Additional studies for which risk ratios could not be calculated are discussed in the text and displayed in the Evidence Table in Appendix A.
C, vitamin C (ascorbic acid) plus additional vitamins; D, vitamin D.

Table 8. Risk Ratios for Polyps for Vitamins C 1 E vs. Placebo

Author (Year) Interventionw Total n RR (95% CI)

Greenberg (1994)37 C1E only 751 1.06 (0.82, 1.37)
McKeown-Eyssen (1988)38 C1E only 137 0.82 (0.57, 1.18)

C, vitamin C (ascorbic acid); E, vitamin E (a-tocopherol).
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CONCLUSIONS

The results of our literature synthesis show generally disap-

pointing results for the efficacy of these antioxidant supple-

ments in these doses to prevent, modify risks or treat cancer in

these populations. The exceptions to this conclusion are a

study in which vitamin C (along with other vitamins) was found

to be beneficial in preventing new tumors in a single trial of

bladder cancer when used in conjunction with BCG28; a study

in which vitamin E when used in combination with o-3 fatty

acid increased survival in patients with advanced cancer26;

and a study in which vitamin E for prevention of new tumors in

subjects with prostate cancer.27 But, in the same study on re-

duction in new prostate cancer, no effect was seen when vita-

min E and b-carotene were given together, and there was no

effect on death from prostate cancer.

A number of issues potentially limit the effectiveness of

this review. Methodologically, there was marked heterogeneity

in the size of the population, the intent of the trial, the types of

outcomes, and follow-up times. We identified a number of large

primary prevention trials (a-Tocopherol, b-Carotene Group,

Linxian General Population and Linxian Dysplasia Trials and

the Heart Protection Study Collaborative Group) that each re-

ported on a number of separate outcomes. The majority of re-

maining trials were studies of much smaller numbers of

people. They included not only secondary prevention trials

but also treatment trials. In addition, the populations varied

greatly. The observed heterogeneity in study populations and

designs deterred us from conducting a meta-analysis in 2 of

our outcome domains—death and new tumors—and also ex-

cluded some studies from our colonic polyps analysis. In the

face of this heterogeneity, we provide individual study risk ra-

tios and discuss the studies descriptively. With only 2 studies

in our primary analysis reporting statistically significant ben-

eficial results, we could not perform any meaningful sensitivity

analysis using study quality. Similarly, we cannot assess the

relationship between the possible heterogeneity in treatment

effects and study or population characteristics with such small

numbers of studies available.

Clinically, a number of potential limitations could be iden-

tified as well. Few studies evaluated single agents for efficacy.

There was no standard amount of vitamin C or E given, nor

were the multivitamin formulas consistent from study to

study. Some of this variation may be because of differences

in the populations assessed; however, it also reflects lack of

consensus on recommended doses of these vitamins to be used

therapeutically. Given the small number of studies and the

differences in doses and formulas, no assessment could be

made regarding effectiveness of varying dosage levels or com-

binations of individual supplements.

During the submission and review of this paper, 2 new

major randomized-controlled trials (RCTs) have been pub-

lished. The first was a study by Lonn et al.45 of more than

4,000 patients randomized to receive a daily dose of 400 IU of

vitamin E or placebo and followed for a median of 7 years. No

evidence of beneficial effect was observed (incidence RR=0.94,

95% CI: 0.84–1.06; death RR=0.88, 95% CI: 0.71–1.09).

The second paper was part of the Women’s Health Study

by Lee et al.46 in which 40,000 women were randomized to re-

ceive vitamin E (600 IU on alternative days), aspirin or placebo

in a factorial design trial. There was no significant effect on the

incidence of total cancer (RR=1.01), or for breast cancer

(RR=1.00), lung cancer (RR=1.09), or colon cancers

(RR=1.00). These findings support the results of our review

and metaanalysis.

In trying to resolve the randomized trial results with the

cellular/molecular and the epidemiologic data there are sev-

eral possible explanations: the type of antioxidants used in the

trials was different (synthetic vs natural); the dose used was

wrong; the results were because of something other than the

single antioxidants or combinations that were tested in the

trials; the duration of treatment was too short; and unaccount-

ed for confounding means the observed epidemiologic associ-

ation is not causal.

We conclude that there is no evidence that the antioxi-

dants tested, in the doses tested, and for the populations test-

ed, help prevent cancer. This does not constitute ‘‘proof’’ that

antioxidants do not influence cancer, especially in light of the

fact that some of the risk ratios were clinically significant but

lacked power. This suggests, for these outcomes at least, fur-

ther studies are needed. However, the generally negative re-

sults from the randomized trials do place the burden of proof

on the proponents of antioxidant supplements to identify the

specific supplement, the dosage, and the population combina-

tion that is efficacious.

Table 9. Pooled Results of Risk Ratios for Polyps Formation for Vitamins C1E with Carotenoids Vs. Placebo

Author (Year) Intervention� Total n RR (95% CI)

Greenberg (1994)37 C1AT1BC 751 1.04 (0.79, 1.36)
Hofstad (1998)39 C1AT1BC1Ca 93 0.71 (0.50, 1.01)
Roncucci (1993)40 C1AT1A 209 0.16 (0.06, 0.43)
Pooled Random Effects Estimate 0.60w (0.31, 1.16)

�w2test of heterogeneity P-value=.001.

A, vitamin A; AT, a-tocopherol; BC, b-carotene; C, vitamin C (ascorbic acid); Ca, calcium.

Greenberg (37)

Hofstad (39)

Roncucci (40)

Combined

.06 .6 1 1.36
Risk Ratio

FIGURE 2. Metaanalysis for polyps outcome.
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