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                      Background:   Dietary modifi cations and supplements are used 
widely by patients with cancer and preinvasive lesions as an 
adjunct to standard treatment. Given the widespread use of 
nutritional modifi cations and supplements by such patients 
and concerns about the lack of benefi t and possible harm, 
we conducted a systematic review of randomized controlled 
trials to examine the effect of nutritional interventions on 
patients with cancer or preinvasive lesions.   Methods:   We 
searched electronic databases and reference lists to locate all 
eligible trials and analyzed trial quality. Outcome measures 
were all-cause and cancer mortality, disease-free survival, can-
cer recurrence, second primary cancer, recurrence of a prein-
vasive lesion, or progression to cancer. Results of individual 
trials were combined by use of random-effects meta-analyses. 
  Results:   We identifi ed 59 eligible trials, 25 in patients with can-
cer and 34 in patients with preinvasive lesions, respectively. 
Trial quality was generally low; only three trials (two of cancer 
and one of preinvasive lesions) had adequate methods for gen-
erating the allocation sequence, allocation concealment, and 
masking both outcome assessors and participants. The com-
bined odds ratio (OR) for the effect of a healthy diet — given 
alone or with dietary supplements, weight loss, or exercise — on 
all-cause mortality was 0.90 (95% confi dence interval [CI] = 
0.46 to 1.77). There was no evidence of an association between 
the use of antioxidant (OR = 1.01, 95% CI = 0.88 to 1.15) or 
retinol (OR = 0.97, 95% CI = 0.83 to 1.13) supplements and 
all-cause mortality. Meta-analyses of all other outcomes did 
not show clear evidence of benefi t or harm.   Conclusions:   The 
impact of most nutritional interventions cannot be reliably 
estimated because of the limited number of trials, many of 
which were of low quality. There is no evidence that dietary 
modifi cation by cancer patients improves survival and benefi ts 
disease prognosis.   [J Natl Cancer Inst 2006;98: 961  –  73 ]   

  Food supplements and vitamins are widely used by patients 
with cancer as an adjunct to conventional treatment. The personal 
expenditure on dietary supplements and megavitamins by pa-
tients with cancer in the United States was estimated to be $60 
million per annum in 1990 and is growing  ( 1 ) . Diet was one of 
the most frequently discussed treatments in a review of 32 Web 
sites for complementary and alternative medicine likely to be vis-
ited by cancer patients  ( 2 ) . These Web sites were selected by use 
of a predesigned search strategy as follows: from December 2002 
to January 2003 eight popular search engines (http://www.about.
com, http://www.altavista.com, http://ask.co.uk, http://search.
msn.com, http://www.google.com, http://www.lycos.co.uk, http://
search.aol.com, and http://www.yahoo.com) were searched for 

  Affi liations of authors:  Department of Social Medicine (AAD, GDS, RH, 
GEB, JACS, RB), Division of Maxillofacial Surgery (ST), University of Bristol, 
Bristol, UK. 

  Correspondence to:  Steven Thomas, MD, PhD, Division of Maxillofacial 
 Surgery,  University of Bristol, Lower Maudlin St., Bristol BS1 2LY, U.K. 
(e-mail:  steve.thomas@bristol.ac.uk ). 

   See   “ Notes ”  following  “ References. ”   

  DOI: 10.1093/jnci/djj263  
  © The Author 2006. Published by Oxford University Press. All rights reserved. 
For Permissions, please e-mail: journals.permissions@oxfordjournals.org.  

 ARTICLES 
 Nutritional Interventions and Outcome in Patients With 
Cancer or Preinvasive Lesions: Systematic Review 
   Anna A.     Davies   ,    George Davey     Smith   ,    Roger     Harbord   ,    Geertruida E.   
  Bekkering   ,    Jonathan A. C.     Sterne   ,    Rebecca     Beynon   ,    Steven     Thomas   

the terms  “ complementary ”  or  “ alternative medicine ”  and  “ cancer. ”  
Only Web sites in the English language were explored. The 
fi rst 50 Web sites that appeared on each search engine were in-
cluded. These were the sites most visited for this specifi c search 
query, at that point in time, according to each search engine’s 
ranking system. Only those sites in the top 50 hits of at least three 
of the eight preselected search engines were included.  

 Concern about the dose and use of food supplements and vita-
mins in general has led to the introduction of a European Union 
Directive to tighten rules on sale of these products  ( 3 ) . Worries 
about the nature of these remedies and their possible interaction 
with drug regimens during cancer treatment have also been high-
lighted  ( 4 ) . 

 A recent narrative review  ( 5 )  concluded that there was no con-
vincing evidence that nutrition interventions are benefi cial for 
 survivors of the four major cancers — breast, colorectal, lung, and 
prostate. Moreover, the authors found no evidence of harm to can-
cer survivors. This review, however, was limited in its scope and 
was not systematic. Recent experience suggests that not all dietary 
modifi cations and supplements are harmless. For example, fi nd-
ings from two large-scale randomized controlled trials in subjects 
at high risk of lung cancer have suggested that  β -carotene interven-
tions increase the incidence of lung cancer and overall mortality in 
smokers  ( 6 , 7 ) . A recent meta-analysis suggested that high-dose 
 vitamin E supplements may increase all-cause mortality  ( 8 ) . 

 Given the widespread use of nutritional remedies by patients 
with cancer and concerns about lack of benefi t and possible harm it 
is important that the use of these diets and supplements is sup-
ported by evidence. We therefore conducted a systematic  review of 
randomized controlled trials that examined the effect of nutritional 
interventions in patients with cancer or preinvasive lesions. 

  P ATIENTS AND  M ETHODS  

  Search Strategy 

 We carried out this review as part of a larger review that was 
designed to examine the role of both diet and physical activity 
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on outcome among patients with cancer or preinvasive lesions. 
The search strategies and initial inclusion criteria refl ect this 
goal. We searched for literature published through September 30, 
2003, by standard systematic review methods  ( 9 , 10 ) . We searched 
four online databases: Cochrane Library, MEDLINE, EMBASE, 
and AMED. We used Medical Subject Headings (MeSH terms) 
and title and/or abstract words to identify the following: cancer 
or precancer, survivors, nutrition or physical activity, and ran-
domized controlled trials. The search strategies were adapted for 
each electronic database (see Supplemental Tables 1–4, available 
at:  http://jncicancerspectrum.oxfordjournals.org/jnci/content/
vol98/issue14 ). We sought to iden  tify additional publications 
by searching the reference lists of the relevant books, reviews, 
and publications that we located.  

  Inclusion Criteria 

 We considered studies to be eligible for inclusion if they re-
ported on a randomized controlled trial, recruited patients with 
cancer or preinvasive lesions, and included a nutritional or phys-
ical activity intervention. We defi ned a patient with cancer or a 
preinvasive lesion as anyone who had been diagnosed with can-
cer (or preinvasive lesion) from the time of diagnosis through the 
rest of life  ( 5 ) . We considered a nutritional intervention to be one 
that altered the intake of foods or dietary constituents either 
directly (e.g., giving vitamin supplements) or indirectly (e.g., 
through nutrition education). We defi ned food as beverages, con-
fectionary, ingredients in preparation of foods, and advertised 
dietary supplements that contained added vitamins  ( 11 ) . We also 
included micronutrients in our defi nition of food. We included 
trials that reported on one or more of the following outcomes: 
all-cause mortality, cancer mortality, disease-free survival, can-
cer recurrence, second primary cancer, number of days in hospi-
tal, recurrence of preinvasive lesions, and progression from 
preinvasive lesions to cancer. There were no restrictions accord-
ing to language of publication, ethnicity, sex, age of the patients, 
or type or stage of cancer.  

  Exclusion Criteria 

 Our defi nition of nutritional intervention excluded interven-
tions that were used perioperatively or in combination with 
 chemotherapy or radiotherapy, in which outcomes were related 
to treatment complications and not cancer survival. We included 
one study that used a sip feed (a nutritional liquid taken by mouth 
and used to meet optimal protein and calorie requirements) at the 
time of radiotherapy and continued use of the feed for 12 months 
 ( 12 ) . We also excluded studies that used synthetic retinoids, vita-
min analogues, herbal supplements, and polysaccharide K (a 
 protein-bound polysaccharide that is extracted from the mycelia 
of the mushroom  Coriolus versicolor ) because they did not meet 
our defi nition of a nutritional intervention.  

  Trial Quality Assessment 

 We assessed three aspects of trial quality: generation of the 
allocation sequence, concealment of allocation, and masking of 
outcome assessors and participants to treatment allocation during 
the trial. We considered generation of allocation sequence and 
concealment of allocation to be adequate if the resulting se-
quences were random and if participants and enrolling investiga-

tors could not predict the assignment  ( 9 ) . We categorized trials 
stating that subjects were blinded or including an identical 
 placebo as trials that had masked the participant to their treat-
ment allocation. For trials that reported being double blind, we 
assumed that both the participants and the outcome assessors had 
been masked to the participant’s treatment allocation.  

  Statistical Methods 

 We analyzed trials that recruited patients with cancer sepa-
rately from those that recruited patients with preinvasive lesions. 
In trials that recruited patients with cancer at more than one ana-
tomic site, site-specifi c outcome data were extracted whenever 
possible. The overall lack of data for any particular cancer or 
preinvasive lesion meant that anatomic sites were combined for 
all analyses. Additional cancer-specifi c fi ndings were reported if 
data were available. When outcomes were reported at more than 
one time point within a trial, the outcomes nearest the end of the 
active intervention period were extracted. Odds ratios (ORs) 
were used to quantify intervention effects. 

 If studies had multiple intervention arms and interventions of 
different types (e.g., one multivitamin supplement and one di-
etary counseling intervention), each arm was compared with the 
usual treatment group (or specifi c placebo group) and analyzed 
separately. Consequently, some studies could contribute data to 
more than one analysis and were thus treated as separate trials 
when the results were pooled. When multiple interventions within 
a study were of the same type, data from the intervention arms 
were treated as one group: this method avoided the control groups 
being included twice in the same meta- analysis but was per-
formed only after fi rst comparing the results from each arm with 
the results from the control data arm separately to make sure that 
they were consistent in size and direction of effect. Factorial trials 
were analyzed by assuming no interaction between interventions. 
Random-effects meta-analysis was conducted by the method of 
der Simonian and Laird  ( 9 ) . We derived tests for  heterogeneity by 
referring the heterogeneity statistic  Q  to the  chi-squared distribu-
tion, and we quantifi ed the amount of heterogeneity in each meta-
analysis by use of the  I  2  statistic  ( 13 ) , which gives the percentage 
of variance in the meta-analysis from heterogeneity. All analyses 
were performed in Stata 8 (StataCorp, College Station, TX;  http://
www.stata.com ) and Comprehensive Meta-Analysis (Biostat, 
Englewood, NJ;  http://www.meta- analysis.com ).   

  R ESULTS  

 The numbers of studies that we included or excluded at each 
stage of the review process are listed in  Fig. 1 ; a total of 47 pub-
lications met the full inclusion criteria. Of the 22 publications 
reporting trials on patients with cancer  ( 12 , 14  –  34 ) , three reported 
outcome data from more than one comparison, so that 25 trials 
were available for analysis. DeWaard et al.  ( 18 )  reported out-
comes from the same trial in two different populations (Dutch 
and Polish), Evans et al.  ( 20 )  reported outcomes for lung and 
colorectal cancer patients separately, and van Zandwijk et al.  ( 34 )  
reported outcomes for a factorial trial in which the associations 
of both vitamin A and  N -acetylcysteine with outcome variables 
could be independently assessed. Seven of the 25 publications 
 ( 35  –  59 )  in patients with preinvasive lesions contained trials with 
two  ( 39 , 41 , 51 , 53 , 57 , 58 )  or three  ( 46 )  different interventions, and 
one of the 25 publications reported data from two separate trials 
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 ( 51 ) , resulting in 34 trials of preinvasive lesions from 25 publica-
tions. Data from four trials were reported in more than one pub-
lication: Nutritional Prevention of Cancer trial  ( 16 , 19 ) , Calcium 
Polyp Prevention Study  ( 36 , 37 ) , the Linxian Dysplasia Trial  
( 45 , 47 ) , and a calcium and green tea trial conducted in China 
 ( 56 , 57 ) . The general characteristics of the 25 cancer trials and 34 
preinvasive lesion trials are summarized separately in  Tables 1  
and  2 , respectively.             

  General Characteristics of Trials that Evaluated 
Patients With Cancer 

 Eighteen of the 25 trials in patients with cancer were cancer 
site specifi c [four for skin  ( 16 , 19 , 21 , 27 ) , three for bladder 
 ( 15 , 25 , 30 ) , four for breast  ( 12 , 18 , 33 ) , two for head and neck 
 ( 22 , 26 ) , two for lung  ( 23 , 32  ), one for cervix  ( 24 ) , one for leuke-
mia  ( 28 ) , one for colorectum  ( 29 ) ] and seven of the 25 trials 
 included multiple sites  ( 14 , 17 , 20 , 31 , 34 ) . Cancer stage was 
 described in 19 of the 25 trials, of which six were in advanced 
disease  ( 17 , 20 , 23 , 24 , 29   ) . Reported duration of the interventions 
ranged from 4 weeks  ( 24 )  to fi ve years  ( 21 ) . Of those trials that 
reported therapeutic treatment at time of intervention  ( 12 , 14     , 
15,  18 , 20 ,     22–28 ,   30–34 ) , only one  (   28 )  began the intervention 
 before treatment had begun. 

 The interventions among patients with cancer could be broadly 
categorized into two types: healthy diet and micronutrients. 
Healthy diet interventions, which were reported in eight trials 
 ( 12 , 14 , 18 , 20 , 31 , 33 ) , were those that advised one or more of the 
following: a balanced healthy diet, weight loss in overweight 
women, a general reduction in fat intake (as a percentage of total 
calories), increased intake of fi ber or of fruit and vegetables, or 

an optimal calorie or protein diet. Micronutrient trials were 
 predominately of antioxidants [two selenium  ( 16 , 19 ) , two  β -
 carotene  ( 21 , 26 ) , two vitamin C  ( 17 , 29 ) , one multivitamin that 
included an antioxidant  ( 25 ) , and one  N -acetylcysteine  ( 34 ) ] 
or retinol  ( 22  –  24 , 27 , 28 , 32 , 34 ) , with a few vitamin B6 trials 
 ( 15 , 30 ) .  

  General Characteristics of Trials that Evaluated Patients 
With Preinvasive Lesions 

 All 34 interventions in people with preinvasive lesions were 
site specifi c: 19 colorectal  ( 35  –  37 , 39 , 41 , 43 , 44 , 46 , 48  –  51 , 54 ) , fi ve 
esophageal  ( 45 , 47 , 56 , 57 ) , three mouth  ( 53 , 55 ) , three stomach 
 ( 58 , 59 ) , two cervical  ( 40 , 52 ) , one lung  ( 42 ) , and one skin  ( 38 ) . 
The duration of the interventions in trials evaluating effects 
associated with preinvasive lesions ranged from 4 months  ( 42 )  
to 6 years  ( 45 , 47 ) . The trials included the following numbers 
of interventions: six healthy diet  ( 35 , 39 , 46 , 49 , 54 ) , 14 antioxi-
dant [seven multivitamin  ( 41 , 43 , 45 , 47 , 48 , 51 ) , six  β -carotene, 
 ( 38 , 41 , 46 , 52 , 53 , 58 ) , and one  N -acetylcysteine  ( 51 ) ], fi ve calcium 
 ( 36 , 37 , 39 , 56 , 57 ) , fi ve folate  ( 40 , 42 , 44 , 50 , 58 ) , two retinol  ( 53 , 55 ) , 
one green tea  ( 57 ) , and one vitamin C  ( 59 ) . Most trials compared 
the nutritional intervention with placebo. However, two trials of 
fi ber also used low-fi ber supplements in the comparison groups 
 ( 35 , 49 ) , and seven trials used general dietary guidelines  ( 54 )  or 
usual treatment  ( 46 , 51 , 59 ) , as the comparison group.  

  Quality of Trials 

 We assessed three aspects of trial quality: generation of allo-
cation sequence, concealment of allocation, and masking of out-
come assessors and participants to treatment allocation during 
the trial ( Table 3 ). In 12 (48%) of 25 cancer trials and 30 (88%) 
of 34 preinvasive lesion trials, methods used to conceal alloca-
tion were not reported. Three trials [two cancer  ( 21 , 26 )  and one 
preinvasive lesion  ( 42 ) ] had adequate methods for generating the 
allocation sequence, allocation concealment, and masking both 
outcome assessors and participants. In most trials, the methods 
used to generate the allocation sequence and conceal allocation 
were not reported.      

  Outcomes 

 The following outcomes were reported in nutritional trials: 
26 reported all-cause mortality [19 cancer  ( 12 , 14 , 16  –  18 , 20 , 21 , 
23 , 25  –  29 , 31 , 32 , 34 )  and seven preinvasive lesion  ( 35 , 36 , 39 ,
 45 , 48 , 54 ) ], 15 reported disease-free survival [six cancer  ( 20 , 27 ,
 28 , 34 )  and nine preinvasive lesion  ( 40 , 42 , 47 , 52 , 53 , 56 , 57 , 59 ) ], 
and 11 reported cancer mortality [nine cancer  ( 12 , 15 , 18 , 19 ,
 24 , 26 , 27 , 32 )  and two preinvasive lesion  ( 38 , 45 ) ]. Thirteen 
 nutritional trials also reported cancer recurrence  ( 12 , 15 , 16 ,
 18 , 22 , 24  –  27 , 30 , 32 , 33 ) , and seven reported second primary can-
cer  ( 18 , 19 , 21 , 22 , 26 , 32 )  in  patients with cancer. Recurrence of 
preinvasive lesions and  development of cancer from preinvasive 
lesions was reported in 19  ( 35 , 36 , 39 , 41 , 43 , 44 , 46 , 48  –  51 , 54 , 55 ) , 
and seven preinvasive lesion trials  ( 35 , 37 , 45 , 54 , 57 , 58 ) . No trials 
reported the number of days in hospital. Supplemental Tables 5 
and 6, detailing the odds ratios (95% confi dence intervals 
[CIs]) for the effect of interventions on individual outcomes, 
are available at  http://jncicancerspectrum.oxfordjournals.org/jnci/
content/vol98/issue14 .  

  Fig. 1.     Review process of publications included in this study. Summary of the 
number of publications included at each stage.    

7061 publications identified through search strategies and screened for retrieval

6518 publications failed to meet inclusion criteria based on title 
and abstract alone

543 publications retrieved for more detailed evaluation

170 potentially appropriate publications to be included in the review

110 publications excluded because they did not report relevant, 
new or extractable outcome data

22 publications reporting outcome data from 25 nutrition intervention trials in people 
with cancer
25 publications reporting outcome data from 34 nutrition intervention trials in people 
with preinvasive lesions 

373 publications failed to meet the inclusion criteria after reading 
the full paper

223 did not include a nutrition or physical activity intervention
121 were not randomized controlled trials
15 did not include people with cancer or preinvasive lesions
6 reported interim findings or were abstracts superseded by end 
of trial reports
5 did not report individually randomized data
2 had no suitable control group
1 included healthy participants and participants with preinvasive
lesions but did not analyze the data for preinvasive groups
separately

60 publications with relevant and useable outcome data 

13 publications reported physical activity only interventions
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  All-Cause Mortality and Cancer-Specifi c Mortality in 
Patients With Cancer 

 The 19 trials reporting analyzable data on all-cause mor-
tality included the following interventions: seven healthy diet 
 ( 12 , 14 , 18 , 20 , 31 ) , four retinol  ( 27 , 28 , 32 , 34 )  [one retinol trial was 
not analyzable because all participants died  ( 23 ) ], two  β -carotene 
 ( 21 , 26 ) , two vitamin C  ( 17 , 29 ) , one multivitamin  ( 25 ) , one  N -
acetylcysteine  ( 34 ) , and one selenium  ( 16 ) . Eight trials reported 
data on cancer-specifi c mortality and included the following 
interventions: three healthy diet  ( 12 , 18 ) , one  β -carotene  ( 26 ) , 
one selenium  ( 19 ) ; three retinol  ( 24 , 27 , 32 ) , and one vitamin 
B6  ( 15 ) . 

 As shown in  Fig. 2 , there was little evidence that a healthy 
diet, given as dietary advice separately or in specifi c com-
binations with supplements, weight loss, or exercise  ( 12 ,
 14 , 18 , 20 , 31 ) , was associated with a reduction in all-cause 
mortality (pooled OR = 0.90, 95% CI = 0.46 to 1.77). When 
we combined results from the three breast cancer trials only 
 ( 12 , 18 )  (results not shown in fi gure), the pooled odds ratio was 
0.70 (95% CI = 0.26 to 1.87). Data from these three small 
breast cancer studies also suggested a reduction in cancer-spe-
cifi c mortality (pooled OR = 0.53) with healthy diet interven-
tions, although the  confi dence interval was wide (95% CI = 
0.16 to 1.79). There was little evidence of between-trial het-
erogeneity. The seven interventions  ( 16 , 17 , 21 , 25 , 26 , 29 , 34 )  

  Table 3.       Design quality of the 47 trials (22 of cancer and 25 of preinvasive lesions) that met inclusion criteria for this systematic review *   

Trial reference, y
Generation of 

allocation sequence Allocation concealment Assessors blinded Participants blinded

Cancer trials
    Berglund et al.  ( 14 ) , 1994 Adequate NR NR No
    Byar et al.  ( 15 ) , 1977 NR NR NR NR
    Clark et al.  ( 16 ) , 1996 NR Adequate Yes Yes
    Creagan et al.  ( 17 ) , 1979 NR NR Yes Yes
    de Waard et al.  ( 18 ) , 1993  †  NR NR NR No
    Duffi eld-Lillico et al.  ( 19 ) , 2002 NR Adequate Yes Yes
    Elkort et al.  ( 12 ) , 1980 NR NR NR No
    Evans et al.  ( 20 ) , 1987  †  NR Adequate NR No
    Greenberg et al.  ( 21 ) , 1990  ‡  Adequate Adequate Yes Yes
    Jyothirmayi et al.  ( 22 ) , 1996 NR NR Yes NR
    Kokron et al.  ( 23 ) , 1982 NR NR NR No
    Kucera et al.  ( 24 ) , 1980 NR NR NR NR
    Lamm et al.  ( 25 ) , 1994 NR Adequate Yes Yes
    Mayne et al.  ( 26 ) , 2001 Adequate Adequate Yes Yes
    Meyskens et al.  ( 27 ) , 1994 NR NR NR NR
    Meyskens et al.  ( 28 ) , 1995 NR NR NR NR
    Moertel et al.  ( 29 ) , 1985 NR Adequate Yes Yes
    Newling et al.  ( 30 ) , 1995 NR Adequate Yes Yes
    Ovesen et al.  ( 31 ) , 1993 Adequate Adequate NR No
    Pastorino et al.  ( 32 ) , 1993 NR Adequate NR NR
    Sopotsinskaya et al.  ( 33 ) , 1992 NR NR NR No
    van Zandwijk et al.  ( 34 ) , 2000  †  Adequate Adequate NR No
Preinvasive lesion trials
    Alberts et al.  ( 35 ) , 2000  ‡  NR NR Yes Yes
    Baron et al.  ( 36 ) , 1999 Adequate NR Yes Yes
    Baron et al.  ( 37 ) , 1999 Adequate NR Yes Yes
    Bayrel et al.  ( 38 ) , 2003 Adequate NR Yes Yes
    Bonithon-Kopp et al.  ( 39 ) , 2000  †  NR Adequate Yes Yes
    Childers et al.  ( 40 ) , 1995 NR NR Yes NR
    Greenberg et al.  ( 41 ) , 1994  †  NR NR Yes Yes
    Heimburger et al.  ( 42 ) , 1988 Adequate Adequate Yes Yes
    Hofstad et al.  ( 43 ) , 1998 NR NR Yes Yes
    Kim et al.  ( 44 ) , 2001 Adequate NR Yes Yes
    Li et al.  ( 45 ) , 1993 NR NR Yes NR
    MacLennan et al.  ( 46 ) , 1995 § NR NR Yes No
    Mark et al.  ( 47 ) , 1994 NR NR Yes NR
    McKeown-Eyssen et al.  ( 48 ) , 1988 NR NR Yes NR
    McKeown-Eyssen et al.  ( 49 ) , 1994 NR NR Yes No
    Paspatis et al.  ( 50 ) , 1994 NR NR Yes Yes
    Ponz de Leon et al.  ( 51 ) , 1997 § NR NR NR NR
    Romney et al.  ( 52 ) , 1997 NR NR Yes NR
    Sankaranarayanan et al.  ( 53 ) , 1997  †  NR NR Yes Yes
    Schatzkin et al.  ( 54 ) , 2000  ‡  Adequate Adequate Yes No
    Stich et al.  ( 55 ) , 1988 NR NR Yes NR
    Wang et al.  ( 56 ) , 1993 NR NR Yes Yes
    Wang et al.  ( 57 ) , 2002  †  NR NR Yes Yes
    Zhu et al.  ( 58 ) , 2002  †  NR NR Yes Yes
    Zullo et al.  ( 59 ) , 2000 NR NR Yes NR

  *  NR = not reported.  
   †   Both nutritional trials reported in this publication had identical design quality.  
   ‡   Design publications were used to extract data on trial design quality.  
  §  All three nutritional trials reported in this publication had identical design quality.  
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that included an antioxidant supplement found no evidence of 
an association between this intervention and all-cause mortal-
ity, compared with placebo or usual treatment (OR = 1.01, 
95% CI = 0.88 to 1.15), with no heterogeneity ( I  2  = 0%). When 
we combined data from only the two skin cancer trials  ( 16 , 21 )  
(data not shown), we also obtained a similar result (pooled 
OR = 0.92, 95% CI = 0.70 to 1.22). Although a large selenium 
trial in skin cancer patients  ( 19 )  showed a 41% (95% CI = 
61% to 12%) reduction in cancer mortality in the intervention 

group, the only other trial  ( 26 )  reporting the effect of antioxi-
dants on cancer mortality found no evidence of a protective 
effect of  β -carotene on head and neck cancer mortality 
(OR = 1.26, 95% CI = 0.62 to 2.56). Retinol showed no evi-
dence of effect on all-cause mortality [four trials  ( 27 , 28 , 32 , 34 ) : 
OR = 0.97, 95% CI = 0.83 to 1.13], cancer mortality [three 
trials  ( 24 , 27 , 32 ) ], or disease-free survival [three trials 
 ( 27 , 28 , 34 ) ; data not shown in  Fig. 2 ], compared with usual 
treatment.      

  Fig. 2.     Meta-analyses examining the effect of dietary interventions on all-cause 
and cancer mortality in trials of patients with cancer. Int. = intervention; CI = 
confi dence interval. *DA = dietary advice toward a healthier optimal diet; LDS = 
liquid diet supplement; MV = multivitamins; NAC =  N -acetylcysteine; 
Se = selenium; Zn = zinc.  † P = placebo; UT = usual treatment.  ‡ Bl = bladder; 
Br = breast; Cer = cervix; Col = colorectal; H&N = head and neck; Leu = 
leukemia; Lu = lung; Oth = other (not specifi ed in text); Ov = ovary; Sk = skin; 
UGI = upper gastrointestinal; Ur = urological. §A = advanced; E = early; UC = 
unclear.  || One-third of control subjects were offered dietary advice, and two-
thirds of control subjects were offered usual treatment. ¶In De Waard et al. (a) 
 ( 18 ) , locoregional disease was present in 28% of the study population. Numbers 
were not reported separately for intervention arms. In De Waard et al. (b)  ( 18 ) , 
locoregional disease was present in 94% of the study population. Numbers were 
not reported separately for intervention arms. In Lamm et al.  ( 25 ) , the percentages 

of participants with Ta, T1, and T2 disease were 66%, 23%, 11% (intervention 
arm) and 67%, 20%, 13% (control arm), respectively. In Ovesen et al.  ( 31 ) , the 
percentage ratio of local/extensive cancer was 56   :   44 (intervention arm) and 
63   :   37 (control arm). #This trial contained the following two intervention arms: 
1) dietary advice + liquid diet supplement + zinc + magnesium and 2) dietary 
advice + liquid diet supplement. To get the most accurate estimate of the effect 
of dietary advice on all-cause mortality, only intervention arm 2 was compared 
with usual treatment. **Depending on the calorie intake and patient tolerance, 
the liquid dietary supplement was administered enterally or parenterally.  †  † A 
factorial trial included the following arms: 1) vitamin A, 2)  N -acetylcysteine 
(NAC), 3) vitamin A + NAC, and 4) usual treatment. The effect of vitamin A was 
assessed by comparing arms 1 and 3 versus arms 2 and 4, and the effect of NAC 
was assessed by comparing arms 2 and 3 versus arms 1 and 4.    
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  Cancer Recurrence and Second Primary Cancers in 
Patients With Cancer 

 Thirteen trials reported data on cancer recurrence and in-
cluded the following interventions: four healthy diet  ( 12 , 18 , 33 ) , 
four retinol  ( 22 , 24 , 27 , 32 ) , two vitamin B6  ( 15 , 30 ) , one  β -
 carotene  ( 26 ) , one selenium  ( 16 ) , and one multivitamin  ( 25 ) . 
Seven trials reported data on second primary cancer occurrence 
and included the following interventions: two healthy diet  ( 18 ) , 
two  β -carotene  ( 21 , 26 ) , two retinol  ( 22 , 32 ) , and one selenium 
 ( 19 ) . As indicated in  Fig. 3 , there was considerable heterogene-
ity in the results of four trials, all of which included breast can-
cer survivors only, that examined the effect of healthy diet 
compared with usual treatment on cancer recurrence. Although 

all these trials were small, there was evidence of a protective 
effect (OR = 0.20, 95% CI = 0.06 to 0.65) in the largest (110 
patients, 19 events)  ( 33 ) . There was little overall evidence of an 
effect of antioxidant, retinol, or vitamin B6 interventions on 
cancer recurrence; however, the trials estimating antioxidant 
 effects included a diverse range of cancer sites and had widely 
varying results ( I   2  = 86.6). Results from two trials  ( 22 , 32 )  of 
the effect of retinol on second primary cancers also suggested 
a reduction in the risk of second primary cancers (summary 
OR = 0.57), although the confi dence interval was wide (95% 
CI = 0.31 to 1.07), and a meta-analysis of three trials [one of 
selenium  ( 19 )  and two of  β -carotene  ( 21 , 26 ) ] —  including two of 
the largest interventions in the review  ( 19 , 21 )  — provided little 
evidence of a reduced risk with antioxidant supplementation, 

  Fig. 3.     Meta-analyses examining the effect of dietary interventions on cancer 
recurrence and second primary cancer occurrence in trials of patients with cancer. 
Int. = intervention; CI = confi dence interval. *DA = dietary advice toward 
a healthier optimal diet; LDS = liquid diet supplement; MV = multivitamins; 
Se = selenium; Zn = zinc.  † UT = usual treatment; P = placebo.  ‡ Bl = bladder; 
Br = breast; Cer = cervix; H&N = head & neck; Lu = lung; Sk = skin. §A = 
advanced; E = early; UC = unclear.  || In De Waard et al. (a)  ( 18 ) , locoregional 
disease was present in 28% of the study population. Numbers were not reported 

separately for intervention arms. In De Waard et al. (b)  ( 18 ) , locoregional disease 
was present in 94% of the study population. Numbers were not reported separately 
for intervention arms. In Jyothirmayi et al.  ( 22 ) , participants were already treated 
and in complete remission of lesions. In Lamm et al.  ( 25 ) , the percentages of 
participants with Ta, T1, and T2 disease were 66%, 23%, 11% (intervention arm) 
and 67%, 20%, 13% (control arm), respectively. In Sopotsinskaya et al.  ( 33 ) , 
participants had to have suffi ciently high levels of blood leukocytes to suggest 
that they had successfully recovered from six months of chemotherapy.    
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compared with placebo (OR = 0.93, 95% CI = 0.69 to 1.25). 
When we combined data from the two large skin cancer trials 
 ( 19 , 21 )  only (data not shown), we found some  evidence of a 
small reduction in the risk of second primary cancer associated 
with the antioxidant intervention (pooled OR = 0.89, 95% 
CI = 0.62 to 1.27), although there was also evidence of between-
trial heterogeneity ( I   2  = 77.1 %). We found no  consistent 
effect of healthy diet interventions on second primary cancer 
occurrence.      

  Development of Cancer in Patients With Preinvasive Lesions 

 The following seven trials reported data on the development 
of invasive cancer from preinvasive lesions: two healthy diet 
 ( 35 , 54 ) , two calcium  ( 37 , 57 ) , one  β -carotene  ( 58 ) , one folate 
 ( 58 ) , and one multivitamin  ( 45 ) . Both healthy diet interventions 
included a fi ber component, and the combined effect estimate 
suggested an increased risk of progression from colorectal ade-
nomas to malignancy (OR = 2.64, 95% CI = 1.04 to 6.73). We 
combined data from the multivitamin and  β -carotene trials to 
 investigate the effect of antioxidants on the development of inva-
sive cancer from preinvasive lesions and found little evidence of 
reduced risk of malignant change in the esophagus or stomach 
(OR = 0.76, 95% CI = 0.30 to 1.92). Two trials in patients with 
colorectal and esophageal preinvasive lesions evaluating the ef-
fect of calcium versus placebo on the risk of developing cancer 
also found little evidence of effect.  

  Recurrence of Preinvasive Lesions 

 Nineteen trials reported data on the recurrence of preinvasive 
lesions: six healthy diet  ( 35 , 39 , 46 , 49 , 54 ) , two  β -carotene  ( 41 , 46 ) , 
two calcium  ( 36 , 39 ) , two folate  ( 44 , 50 ) , fi ve multivitamin 
 ( 41 , 43 , 48 , 51 ) , one retinol  ( 55 ) , and one  N -acetylcysteine  ( 51 )  
( Fig. 4 ). Three trials  ( 41 , 46 , 51 )  included multiple interventions 
that were combined for all analyses. These were healthy diet in-
terventions [dietary counseling to reduce fat intake and fi ber 
 supplementation (46)], and antioxidant interventions [vitamins 
C + E and  β -carotene  ( 41 )  and vitamins A + C + E and N-acetyl-
cysteine (51)]. Five healthy diet interventions  ( 35 , 39 , 46 , 49 , 54 )  
(all included participants with colorectal preinvasive lesions and 
aimed to increase fi ber intake) showed little evidence of an effect 
on the risk of recurrence of colorectal polyps (OR = 1.03, 95% 
CI = 0.85 to 1.26) ( I  2  = 40.1%). After combining data from 
the two  β -carotene trials  ( 41 , 46 ) , four multivitamin trials 
 ( 41 , 43 , 48 , 51 ) , and the trial  ( 51 )  containing a multivitamin arm 
and a  N -acetylcysteine arm, there was weak evidence of a reduc-
tion in risk of colorectal polyps with these antioxidant interven-
tions (OR = 0.63, 95% CI = 0.36 to 1.12) ( I  2  = 78.2%), and smaller 
studies reported extreme effects. Two calcium interventions 
 ( 36 , 39 )  showed some evidence of a reduced risk of recurrence of 
colorectal polyps (OR = 0.74, 95% CI = 0.59 to 0.94). The two 
folate trials  ( 44 , 50 )  were too small to allow treatment effects to be 
estimated with precision (OR = 0.58, 95% CI = 0.19 to 1.81).       

  D ISCUSSION  

 Several trials have investigated the effects of a diverse range 
of nutritional interventions in patients with a previous diagnosis 
of cancer or preinvasive lesions. These trials provide little evi-
dence that specifi c interventions, or groups of interventions, have 

any effect, either benefi cial or harmful. The impact of most nutri-
tional interventions cannot be estimated reliably because of the 
limited number of trials, many of which are small and/or of low 
quality. However, there were enough data to exclude substantial 
effects of antioxidants or retinol on all-cause mortality in patients 
with cancer. Two trials reported an adverse effect of healthy diet 
on development of colorectal cancer from preinvasive lesions, 
although the number of events detected in the trials was small. 
We were able to exclude any substantial protective association 
between fi ber interventions and recurrence of colorectal adeno-
mas, but two trials  ( 36 , 39 )  suggested a possible protective asso-
ciation between calcium and recurrence. 

 Our study had several limitations. Although our review was 
systematic and used extensive searches of several databases and 
inclusive search terms, it did not include unpublished results. We 
think it is implausible, however, that there are large unpublished 
trials that demonstrate a protective association between nutri-
tional interventions and cancer. Inclusion of unpublished results 
in systematic reviews typically has only a modest impact on in-
tervention effect estimates, which tend to move toward the null. 
We did not exclude trials on the basis of methodologic quality, 
but exclusion of poor-quality trials would also tend to move ef-
fect estimates toward the null  ( 60 , 61 ) . The major limitations of 
our review related to the limitations of the relevant literature. The 
diversity of the interventions and the cancers that have been stud-
ied mean that decisions on when it is appropriate to use meta-
analysis to combine results are diffi cult. Although most of the 
meta-analyses that we included were cancer specifi c, the limited 
trial data on any specifi c nutritional intervention forced some 
grouping of trials from different cancer sites. However, different 
dietary interventions may not have equal effects, or even effects 
in the same direction, for different cancer types with different 
causes and biology. Cancer stage, timing of the intervention in 
relation to treatment, and the duration of the intervention varied 
between trials. It may be diffi cult to detect any effects on cancer 
incidence — benefi cial or harmful — in trials conducted at a late 
stage of disease. The interventions included in our meta-analysis 
lasted between 4 weeks and 6 years, and the study period of 
many, therefore, may not have been long enough for effects to 
develop. 

 Most trials had methodologic limitations. The aspects of trial 
quality that have been demonstrated consistently to be associated 
with treatment effect estimates in randomized controlled trials 
are concealment of the allocation sequence and double blinding 
 ( 60 , 61 ) . We found that only a few trials reported the methods 
used to conceal allocation in suffi cient detail to allow us to assess 
their adequacy by use of standard criteria  ( 9 ) . Even when alloca-
tion concealment was assessed as adequate, there is no guarantee 
that bias was prevented, because most concealment processes 
can be subverted  ( 62 ) . Similarly, we assumed that a trial that was 
reported as double-blind successfully blinded both patients and 
outcome assessors. In most trials reported as double-blind, no 
further detail on methods of blinding was given. 

 Although previous reviews examining the role of dietary 
modifi cation and supplements in patients with cancer have been 
nonsystematic, they reached broadly similar conclusions to those 
in our study. Norman et al.  ( 63 )  concluded that patients with can-
cer should take only moderate doses of supplements because 
 evidence of their safety or benefi t is limited. Brown et al.  ( 5 )  
concluded that there was no convincing evidence that nutrition 
interventions were benefi cial among survivors of four major 
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 cancers — breast, colorectal, lung, and prostate cancer. Two pre-
vious meta-analyses  ( 64 , 65 )  have investigated the specifi c role of 
dietary fi ber and calcium on cancer incidence in people with 
colorectal polyps. In their review, Asano et al.  ( 64 )  concluded 
that the apparent increased risk of colorectal cancer observed in 
dietary fi ber trials may be due to chance because 11 of the 23 
cases of colorectal cancer were diagnosed within the fi rst year of 
the study, suggesting that they may have been missed by the 
baseline colonoscopy. The meta-analysis of calcium supplemen-

tation  ( 65 ) , which used the same trials and reached the same con-
clusions as we did in this systematic review, suggested that trial 
effi ciency might be improved by identifying subgroups with in-
creased susceptibility to colorectal cancer who may benefi t most 
from calcium supplements  ( 65 ) . 

 Thus, those planning future studies face challenges. A prior-
ity should be given to large-scale, high-quality trials evaluating 
the most promising interventions. Unfortunately, there is little 
evidence from the randomized controlled trials that we have 

  Fig. 4.     Meta-analyses examining the effect of dietary interventions on recurrence 
of preinvasive lesions and development from preinvasive lesions to cancer in 
trials of patients with preinvasive lesions. Int. = intervention; CI = confi dence in-
terval. *DA = Dietary advice toward a healthier optimal diet; Ca = calcium; MV = 
multivitamins; NAC =  N -acetylcysteine.  † P = placebo; UT = usual treatment. 
 ‡ Col = colorectal; Es = esophagus; Sto = stomach. §A 2 ´ 2 ´ 2 factorial trial of 
 β -carotene, dietary advice, and high fi ber. In this comparison, arms including 

dietary advice or high fi ber or both were combined and compared with those 
receiving neither. ||A 2 ´ 2 factorial trial of vitamin C + E and  β -carotene. We 
combined the three active interventions arms and compared with placebo. ¶ This 
trial contained the following two antioxidant intervention arms: 1) vitamin 
A+ C + E; 2)  N -acetylcysteine, which were combined and compared with 
usual treatment.    
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reviewed to guide the choice of either the intervention or the 
patient groups. The available evidence suggests that large trials 
of calorie and fat restriction in breast cancer and calcium in 
colorectal preinvasive lesions are most likely to be successful. 
Recent results from the Women’s Intervention Nutrition Study 
 ( 66 )  — a large-scale randomized controlled trial investigating 
the role of dietary fat reduction on relapse-free survival in post-
menopausal women with early-stage resected breast cancer —
 found that women on the reduced-fat diet had a lower risk of 
recurrence (hazard ratio [HR] = 0.76, 95% CI = 0.60 to 0.98) 
than women on the standard diet; the risk was reduced further 
(HR = 0.58, 95% CI = 0.37 to 0.91) in those women whose 
cancers were estrogen receptor negative  ( 67 ) . A further large-
scale trial that was aimed primarily at increasing vegetable in-
take in women diagnosed with breast cancer is currently ongoing 
 ( 68 ) . More information from a range of study types could be 
used to provide information for the design of randomized con-
trolled trials: epidemiologic studies remain important for iden-
tifying potential diets associated with mortality, although 
studies in animal models and genetics are also critical for im-
proving our understanding of the mechanisms of cancer biol-
ogy, and, therefore, the potential relevance of interventions. 
Finally, identifi cation of reliable biomarkers would improve 
trial effi ciency. 

 Nutritional interventions should not be assumed to be benign. 
Such interventions, notably antioxidant supplementation in the 
primary prevention setting, have yielded unexpected adverse ef-
fects, particularly with respect to  β -carotene supplementation 
and lung cancer in smokers  ( 6 , 7 ) . As previously noted, fi ber in-
terventions with colorectal polyps have also produced a worry-
ing, if imprecisely estimated, adverse effect. Therefore, we 
should not maintain the notion that nutritional interventions can 
be promoted because at least they will do no harm. 

 There is little current evidence that specifi c dietary interven-
tions work, and thus we cannot recommend the widespread use 
of dietary modifi cations and supplements in cancer management. 
Encouraging a healthy diet is certainly important because many 
patients with cancer and preinvasive lesions will live a long time 
and may die of other diseases related to diet. Until there is more 
evidence that nutritional interventions improve cancer survival, 
clinicians should counsel their patients to consume a healthy diet 
but should not state that it is a priority in management of cancer 
itself. Clinicians need to be clear about the lack of evidence and 
give reliable advice, in particular on Internet sites from which 
many patients with cancer, and their companions, may seek in-
formation  ( 69 , 70 ) . 

 Evidence is lacking to support the hypothesis that dietary 
modifi cation by cancer patients improves survival and benefi ts 
disease prognosis. The large personal expenditure on supple-
ments and dietary modifi cations by patients with cancer demon-
strates an urgent need to understand their effects on cancer 
outcomes. This vulnerable group of people needs to be better in-
formed, as diet is one of the few areas of their lives where they 
may feel that they have some control.    

  REFERENCES 

   (1)   Eisenberg DM, Kessler RC, Foster C, Norlock FE, Calkins DR, Delbanco 
TL. Unconventional medicine in the United States. Prevalence, costs, and 
patterns of use.  N Engl J Med   1993 ; 328 : 246  – 52.  

   (2)   Schmidt K, Ernst E. Assessing websites on complementary and alternative 
medicine for cancer.  Ann Oncol   2004 ; 15 : 733  – 42.  

   (3)   European Commission. Food Supplements Directive: European Court of 
Justice rules in favour of the Commission. Brussels (Belgium): European 
Commission;  2005 .  

   (4)   Baum M. An open letter to the Prince of Wales: with respect, your highness, 
you’ve got it wrong.  BMJ   2004 ; 329 : 118 .  

   (5)   Brown JK, Byers T, Doyle C, Courneya KS, Demark-Wahnefried W, Kushi 
LH, et al. Nutrition and physical activity during and after cancer treatment: 
an American Cancer Society guide for informed choices.  CA Cancer J Clin  
 2003 ; 53 : 268  – 91.  

   (6)   The effect of vitamin E and beta carotene on the incidence of lung 
cancer and other cancers in male smokers. [The Alpha-Tocopherol, Beta 
Carotene Cancer Prevention Study Group].  N Engl J Med   1994 ; 330 : 
1029  – 35.  

   (7)   Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass A, 
et al. Risk factors for lung cancer and for intervention effects in CARET, 
the Beta-Carotene and Retinol Effi cacy Trial.  J Natl Cancer Inst   1996 ; 88 :
 1550  – 9.  

   (8)   Miller ER 3rd, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel LJ, 
 Guallar E. Meta-analysis: high-dosage vitamin E supplementation may 
increase all-cause mortality.  Ann Intern Med   2005 ; 142 : 37  – 46.  

   (9)   Egger M, Davey Smith G, Altman DG, eds. Systematic reviews in health 
care. Meta-analysis in context. 2nd ed. London (UK): BMJ Publishing 
Group;  2001 .  

   (10)   Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF. Improv-
ing the quality of reports of meta-analyses of randomised controlled trials: 
the QUOROM statement. Quality of Reporting of Meta-analyses.  Lancet  
 1999 ; 354 : 1896  – 900.  

   (11)   Applebe GE, Wingfi eld J, eds. Pharmacy Law and Ethics. 6th edition. 
 London (UK): Pharmaceutical Press;  1999 .  

   (12)   Elkort RJ, Baker FL, Vitale JJ, Cordano A. Long-term nutritional support 
as an adjunct to chemotherapy for breast cancer.  J Parenter Enteral Nutr  
 1981 ; 5 : 385  – 90.  

   (13)   Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency 
in meta-analyses.  BMJ   2003 ; 327 : 557  – 60.  

   (14)   Berglund G, Bolund C, Gustafsson UL, Sjoden PO. One-year follow-up of 
the  ‘ Starting Again ’  group rehabilitation programme for cancer patients.  Eur 
J Cancer   1994 ; 30A : 1744  – 51.  

   (15)   Byar D, Blackard C. Comparisons of placebo, pyridoxine, and topical 
thiotepa in preventing recurrence of stage I bladder cancer.  Urology   1977 ;
 10 : 556  – 61.  

   (16)   Clark LC, Combs GF Jr, Turnbull BW, Slate EH, Chalker DK, Chow J, et al. 
Effects of selenium supplementation for cancer prevention in patients with 
carcinoma of the skin. A randomized controlled trial. Nutritional Prevention 
of Cancer Study Group.  JAMA   1996 ; 276 : 1957  – 63.  

   (17)   Creagan ET, Moertel CG, O’Fallon JR, Schutt AJ, O’Connell MJ, Rubin J, 
et al. Failure of high-dose vitamin C (ascorbic acid) therapy to benefi t 
patients with advanced cancer. A controlled trial.  N Engl J Med   1979 ; 301 :
 687  – 90.  

   (18)   de Waard F, Ramlau R, Mulders Y, de Vries T, van Waveren S. A feasibility 
study on weight reduction in obese postmenopausal breast cancer patients. 
 Eur J Cancer Prev   1993 ; 2 : 233  – 8.  

   (19)   Duffi eld-Lillico AJ, Reid ME, Turnbull BW, Combs GF Jr, Slate EH, 
Fischbach LA, et al. Baseline characteristics and the effect of selenium 
supplementation on cancer incidence in a randomized clinical trial: a sum-
mary report of the Nutritional Prevention of Cancer Trial.  Cancer Epidemiol 
Biomarkers Prev   2002 ; 11 : 630  – 9.  

   (20)   Evans WK, Nixon DW, Daly JM, Ellenberg SS, Gardner L, Wolfe E, et al. 
A randomized study of oral nutritional support versus ad lib nutritional in-
take during chemotherapy for advanced colorectal and non-small-cell lung 
cancer.  J Clin Oncol   1987 ; 5 : 113  – 24.  

   (21)   Greenberg ER, Baron JA, Stukel TA, Stevens MM, Mandel JS, Spencer SK, 
et al. A clinical trial of beta carotene to prevent basal-cell and squamous-cell 
cancers of the skin. The Skin Cancer Prevention Study Group.  N Engl J Med  
 1990 ; 323 : 789  – 95.  

   (22)   Jyothirmayi R, Ramadas K, Varghese C, Jacob R, Nair MK,  Sankaranarayanan 
R. Effi cacy of vitamin A in the prevention of loco-regional recurrence and 
second primaries in head and neck cancer.  Oral Oncol Eur J Cancer   1996 ; 
 32B : 373  – 6.  

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/98/14/961/2521699 by guest on 20 April 2024



972 ARTICLES Journal of the National Cancer Institute, Vol. 98, No. 14, July 19, 2006

   (23)   Kokron O, Alth G, Cerni C, Denck H, Fischer M, Karrer K, et al. Results 
of a comparative therapy study for inoperable lung cancer.  Onkologie  
 1982 ; 5 : 20  – 2.  

   (24)   Kucera H. Adjuvanticity of vitamin A in advanced irradiated cervical cancer. 
 Wien Klin Wochenschr Suppl   1980 ; 118 : 1  – 20.  

   (25)   Lamm DL, Riggs DR, Shriver JS, vanGilder PF, Rach JF, DeHaven JI. 
Megadose vitamins in bladder cancer: a double-blind clinical trial.  J Urol  
 1994 ; 151 : 21  – 6.  

   (26)   Mayne ST, Cartmel B, Baum M, Shor-Posner G, Fallon BG, Briskin K, et al. 
Randomized trial of supplemental beta-carotene to prevent second head and 
neck cancer.  Cancer Res   2001 ; 61 : 1457  – 63.  

   (27)   Meyskens FL Jr, Liu PY, Tuthill RJ, Sondak VK, Fletcher WS, Jewell WR, 
et al. Randomized trial of vitamin A versus observation as adjuvant therapy 
in high-risk primary malignant melanoma: a Southwest Oncology Group 
study.  J Clin Oncol   1994 ; 12 : 2060  – 5.  

   (28)   Meyskens FL Jr, Kopecky KJ, Appelbaum FR, Balcerzak SP, 
Samlowski W, Hynes H. Effects of vitamin A on survival in patients with 
chronic myelogenous leukemia: a SWOG randomized trial.  Leuk Res  
 1995 ; 19 : 605  – 12.  

   (29)   Moertel CG, Fleming TR, Creagan ET, Rubin J, O’Connell MJ, Ames MM. 
High-dose vitamin C versus placebo in the treatment of patients with ad-
vanced cancer who have had no prior chemotherapy. A randomized double-
blind comparison.  N Engl J Med   1985 ; 312 : 137  – 41.  

   (30)   Newling DW, Robinson MR, Smith PH, Byar D, Lockwood R, Stevens I, 
et al. Tryptophan metabolites, pyridoxine (vitamin B6) and their 
infl uence on the recurrence rate of superfi cial bladder cancer. Results of 
a prospective, randomised phase III study performed by the EORTC GU 
Group. EORTC Genito-Urinary Tract Cancer Cooperative Group.  Eur Urol  
 1995 ; 27 : 110  – 6.  

   (31)   Ovesen L, Allingstrup L, Hannibal J, Mortensen EL, Hansen OP. Effect of 
dietary counseling on food intake, body weight, response rate, survival, and 
quality of life in cancer patients undergoing chemotherapy: a prospective, 
randomized study.  J Clin Oncol   1993 ; 11 : 2043  – 9.  

   (32)   Pastorino U, Infante M, Maioli M, Chiesa G, Buyse M, Firket P, et al. 
 Adjuvant treatment of stage I lung cancer with high-dose vitamin A.  J Clin 
Oncol   1993 ; 11 : 1216  – 22.  

   (33)   Sopotsinsaya YP, Balitsky KP, Tarutinov VI, Zhukova VM, Semenchuk DD, 
Kozlovskaya SG, et al. Experience with the use of a low-calorie diet to pre-
vent dissemination of breast cancer.  Vopr Onkol   1992 ; 38 : 592  – 9.  

   (34)   van Zandwijk N, Dalesio O, Pastorino U, de Vries N, van Tinteren H. 
 EUROSCAN, a randomized trial of vitamin A and N-acetylcysteine in 
 patients with head and neck cancer or lung cancer. For the European 
 Organization for Research and Treatment of Cancer Head and Neck and 
Lung Cancer Cooperative Groups.  J Natl Cancer Inst   2000 ; 92 : 977  – 86.  

   (35)   Alberts DS, Martinez ME, Roe DJ, Guillen-Rodriguez JM, Marshall JR, 
van Leeuwen JB, et al. Lack of effect of a high-fi ber cereal supplement on 
the recurrence of colorectal adenomas. Phoenix Colon Cancer Prevention 
Physicians’ Network.  N Engl J Med   2000 ; 342 : 1156  – 62.  

   (36)   Baron JA, Beach M, Mandel JS, Van Stolk RU, Haile RW, Sandler RS, et al. 
Calcium supplements and colorectal adenomas. Polyp Prevention Study 
Group.  Ann N Y Acad Sci   1999 ; 889 : 138  – 45.  

   (37)   Baron JA, Beach M, Mandel JS, Van Stolk RU, Haile RW, Sandler RS, et al. 
Calcium supplements for the prevention of colorectal adenomas. Calcium 
Polyp Prevention Study Group.  N Engl J Med   1999 ; 340 : 101  – 7.  

   (38)   Bayerl C, Schwarz B, Jung EG. A three-year randomized trial in patients 
with dysplastic naevi treated with oral beta-carotene.  Acta Derm Venereol  
 2003 ; 83 : 277  – 81.  

   (39)   Bonithon-Kopp C, Kronborg O, Giacosa A, Rath U, Faivre J. Calcium and 
fi bre supplementation in prevention of colorectal adenoma recurrence: A 
randomised intervention trial.  Lancet   2000 ; 356 : 1300  – 6.  

   (40)   Childers JM, Chu J, Voigt LF, Feigl P, Tamimi HK, Franklin EW, et al. Chemo-
prevention of cervical cancer with folic acid: a phase III Southwest Oncology 
Group Intergroup study.  Cancer Epidemiol Biomarkers Prev   1995 ; 4 : 155  – 9.  

   (41)   Greenberg ER, Baron JA, Tosteson TD, Freeman DH Jr, Beck GJ, Bond JH, 
et al. A clinical trial of antioxidant vitamins to prevent colorectal adenoma. 
Polyp Prevention Study Group.  N Engl J Med   1994 ; 331 : 141  – 7.  

   (42)   Heimburger DC, Alexander CB, Birch R, Butterworth CE Jr, Bailey WC, 
Krumdieck CL. Improvement in bronchial squamous metaplasia in smokers 
treated with folate and vitamin B12. Report of a preliminary randomized, 
double-blind intervention trial.  JAMA   1988 ; 259 : 1525  – 30.  

   (43)   Hofstad B, Almendingen K, Vatn M, Andersen SN, Owen RW, 
Larsen S, et al. Growth and recurrence of colorectal polyps: a double-blind 
3-year intervention with calcium and antioxidants.  Digestion   1998 ; 59 :
 148  – 56.  

   (44)   Kim YI, Baik HW, Fawaz K, Knox T, Lee YM, Norton R, et al. Effects 
of folate supplementation on two provisional molecular markers of co-
lon cancer: a prospective, randomized trial.  Am J Gastroenterol   2001 ; 96 : 
184  – 95.  

   (45)   Li JY, Taylor PR, Li B, Dawsey S, Wang GQ, Ershow AG, et al. Nutrition 
intervention trials in Linxian, China: multiple vitamin/mineral supplemen-
tation, cancer incidence, and disease-specifi c mortality among adults with 
esophageal dysplasia.  J Natl Cancer Inst   1993 ; 85 : 1492  – 8.  

   (46)   MacLennan R, Macrae F, Bain C, Battistutta D, Chapuis P, Gratten H, et al. 
Randomized trial of intake of fat, fi ber, and  beta  carotene to prevent 
colorectal adenomas. J Natl Cancer Inst 1995;87:1760–6.   

   (47)   Mark SD, Liu SF, Li JY, Gail MH, Shen Q, Dawsey SM, et al. The effect of 
vitamin and mineral supplementation on esophageal cytology: results from 
the Linxian Dysplasia Trial.  Int J Cancer   1994 ; 57 : 162  – 6.  

   (48)   McKeown-Eyssen G, Holloway C, Jazmaji V, Bright-See E, Dion P, Bruce 
WR. A randomized trial of vitamins C and E in the prevention of recurrence 
of colorectal polyps.  Cancer Res   1988 ; 48 : 4701  – 5.  

   (49)   McKeown-Eyssen GE, Bright-See E, Bruce WR, Jazmaji V, Cohen LB, 
Pappas SC, et al. A randomized trial of a low fat high fi bre diet in the recur-
rence of colorectal polyps. Toronto Polyp Prevention Group.  J Clin Epide-
miol   1994 ; 47 : 525  – 36.  

   (50)   Paspatis GA, Karamanolis DG. Folate supplementation and adenomatous 
colonic polyps.  Dis Colon Rectum   1994 ; 37 : 1340  – 1.  

   (51)   Ponz de Leon M, Roncucci L. Chemoprevention of colorectal tumors: 
role of lactulose and of other agents.  Scand J Gastroenterol Suppl   1997 ;
 222 : 72  – 5.  

   (52)   Romney SL, Ho GY, Palan PR, Basu J, Kadish AS, Klein S, et al. Effects of 
beta-carotene and other factors on outcome of cervical dysplasia and human 
papillomavirus infection.  Gynecol Oncol   1997 ; 65 : 483  – 92.  

   (53)   Sankaranarayanan R, Mathew B, Varghese C, Sudhakaran PR, Menon V, 
Jayadeep A, et al. Chemoprevention of oral leukoplakia with vitamin A and 
beta carotene: an assessment.  Oral Oncol   1997 ; 33 : 231  – 6.  

   (54)   Schatzkin A, Lanza E, Corle D, Lance P, Iber F, Caan B, et al. Lack of effect 
of a low-fat, high-fi ber diet on the recurrence of colorectal adenomas. Polyp 
Prevention Trial Study Group.  N Engl J Med   2000 ; 342 : 1149  – 55.  

   (55)   Stich HF, Hornby AP, Mathew B, Sankaranarayanan R, Nair MK. Re-
sponse of oral leukoplakias to the administration of vitamin A.  Cancer Lett  
 1988 ; 40 : 93  – 101.  

   (56)   Wang LD, Qiu S-L, Yang G-R, Lipkin M, Newmark HL, Yang CS. A ran-
domized double-blind intervention study on the effect of calcium supple-
mentation on esophageal precancerous lesions in a high-risk population in 
China.  Cancer Epidemiol Biomarkers Prev   1993 ; 2 : 71  – 8.  

   (57)   Wang LD, Zhou Q, Feng CW, Liu B, Qi YJ, Zhang YR, et al. Interven-
tion and follow-up on human esophageal precancerous lesions in Henan, 
northern China, a high-incidence area for esophageal cancer.  Gan to Kagaku 
Ryoho [Jpn J Cancer Chemother]   2002 ; 29  Suppl 1: 159  – 72.  

   (58)   Zhu S, Mason J, Shi Y, Hu Y, Li R, Wang M, et al. The interventional ef-
fect of folic acid on the development of gastric and other gastrointestinal 
cancers — clinical trial and follow-up for seven years.  Chinese J Gastroen-
terol   2002 ; 7 : 73  – 8.  

   (59)   Zullo A, Rinaldi V, Hassan C, Diana F, Winn S, Castagna G, et al. Ascorbic 
acid and intestinal metaplasia in the stomach: a prospective, randomized 
study.  Aliment Pharmacol Ther   2000 ; 14 : 1303  – 9.  

   (60)   Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical evidence of bias. 
Dimensions of methodological quality associated with estimates of treat-
ment effects in controlled trials.  JAMA   1995 ; 273 : 408  – 12.  

   (61)   Egger M, Juni P, Bartlett C, Holenstein F, Sterne JA. How important are 
comprehensive literature searches and the assessment of trial quality in 
systematic reviews? Empirical study.  Health Technol Assess   2003 ; 7 :
 1  – 76.  

   (62)   Berger VW, Ivanova A, Knoll MD. Minimizing predictability while retain-
ing balance through the use of less restrictive randomisation procedures. 
 Stat Med   2003 ; 22 : 3017  – 28.  

   (63)   Norman HA, Butrum RR, Feldman E, Heber D, Nixon D, Picciano MF, et al. 
The role of dietary supplements during cancer therapy.  J Nutr   2003 ; 133 :
 3794S  – 99S.  

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/98/14/961/2521699 by guest on 20 April 2024



Journal of the National Cancer Institute, Vol. 98, No. 14, July 19, 2006 ARTICLES 973

   (64)   Asano T, McLeod RS. Dietary fi bre for the prevention of colorectal adeno-
mas and carcinomas. Cochrane Database Syst Rev  2002 ;CD003430.  

   (65)   Weingarten MA, Zalmanovici A, Yaphe J. Dietary calcium supplementation 
for preventing colorectal cancer and adenomatous polyps. Cochrane Data-
base Syst Rev  2005 ;CD003548.  

   (66)   Chlebowski RT, Blackburn GL, Buzzard IM, Rose DP, Martino S, 
Khandekar JD, et al. Adherence to a dietary fat intake reduction program 
in postmenopausal women receiving therapy for early breast cancer. The 
Women’s Intervention Nutrition Study.  J Clin Oncol   1993 ; 11 : 2072  – 80.  

   (67)   Chlebowski RT, Blackburn GL, Elashoff RE, Thomson C, Goodman MT, 
Shapiro A, et al. Dietary fat reduction in postmenopausal women with 
primary breast cancer: Phase III Women’s Intervention Nutrition Study 
(WINS).  J Clin Oncol   2005 ; 23 :Abstract 10.  

   (68)   Pierce JP, Faerber S, Wright FA, Rock CL, Newman V, Flatt SW, et al. 
A randomized trial of the effect of a plant-based dietary pattern on additional 
breast cancer events and survival: the Women’s Healthy Eating and Living 
(WHEL) Study.  Control Clin Trials   2002 ; 23 : 728  – 56.  

   (69)   Yakren S, Shi W, Thaler H, Agre P, Bach PB, Schrag D. Use of internet and 
other information resources among adult cancer patients and their compan-
ions.  Proc ASCO   2001 ; 20 : 398 .  

   (70)   Metz JM, Devine P, DeNittis A, Stambaugh M, Jones H, Goldwein J, 
et al. Utilization of the internet by oncology patients to obtain cancer related 
information.  Proc ASCO   2001 ; 20 : 395 .  

   NOTES  

   Funded by a grant from the World Cancer Research Fund, who also provided 
assistance with protocol design and translation of research papers. The funding 
source had no involvement in the collection, analysis, or interpretation of the 
data; in the writing of the report; and in the decision to submit the paper for 
publication.  

  A. A. Davies, S. Thomas, R. Harbord, G. E. Bekkering, J. A. C. Sterne, 
R. Beynon, and G. Davey Smith have no confl icts of interest. The correspond-
ing author (S. Thomas) had full access to all the data in the study and had fi nal 
 responsibility for the decision to submit for publication.  

  A. A. Davies and S. Thomas designed the review, extracted the data, interpreted 
the results, and drafted the article for publication. J. A. C. Sterne drafted the 
article for publication, advised on the study protocol, and interpreted the results. 
G. Davey Smith advised on the study protocol, interpreted the results, and com-
mented on manuscript drafts. R. Harbord analyzed and interpreted the results, 
G. E. Bekkering assisted in data extraction, and R. Beynon retrieved the review 
publications and entered the extracted data. All authors commented on the fi nal 
draft.  

  We are grateful to Professor G. McVay for translating a research article.   
  Manuscript received October 19, 2005  ; revised April 20, 2006     ; accepted 

June 1, 2006.     

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/98/14/961/2521699 by guest on 20 April 2024


