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ABSTRACT

Background: Recent posttrial analysis of a completed randomized
trial found an increased risk of prostate cancer among healthy men
taking high-dose vitamin E supplements. Trials that examined the
effect of vitamin C supplements on cancer risk are few.
Objective: We examined whether vitamin E or vitamin C supple-
mentation affects the risk of cancer events during posttrial follow-up
of the Physicians’ Health Study II.

Design: Beginning in 1997, a total of 14,641 US male physicians
aged =50 y were randomly assigned to receive 400 IU of vitamin E
every other day, 500 mg of vitamin C daily, or their respective
placebos. The vitamin E and vitamin C treatment ended in 2007,
and observational follow-up continued through June 2011.
Results: This study included an additional 356 cases of incident
prostate cancer and 771 total cancers that developed during a mean
(maximum) of 2.8 (3.8) y of posttrial observation. During an overall
mean of 10.3 (13.8) y, there were a total of 1373 incident prostate
cancers and 2669 total cancers documented. In comparison with
placebo, vitamin E supplementation had no effect on the incidence
of prostate cancer (HR: 0.99; 95% CI: 0.89, 1.10) or total cancers
(HR: 1.02; 95% CI: 0.95, 1.10). There was also no effect of vitamin
C supplementation on total cancers (HR: 1.02; 95% CI: 0.94, 1.10)
or incident prostate cancer (HR: 1.03; 95% CI: 0.93, 1.15). Neither
vitamin E nor vitamin C supplementation had effects on other site-
specific cancers overall. Stratification by known cancer risk factors,
history of cancer, other randomized treatment, and follow-up time
showed no significant interactions.

Conclusion: In this large-scale randomized trial in men, vitamin E and
C supplementation had no immediate or long-term effects on the risk of
total cancers, prostate cancer, or other site-specific cancers. This trial was
registered at clinicaltrials.gov as NCT00270647. Am J Clin Nutr
2014;100:915-23.

INTRODUCTION

Antioxidant micronutrients such as vitamin E and vitamin C
are hypothesized to protect against carcinogenesis (1, 2). Nev-
ertheless, randomized trials of vitamin supplements have pro-
vided little evidence for major effects of high-dose vitamin E on
the risk of total or site-specific cancers (3—8), except for one trial
that suggested a possible benefit for prostate (9) and colorectal
(10) cancers. Vitamin C is less well studied in randomized trials,
with current evidence showing neither benefit nor harm for total
or site-specific cancers (5, 7).

Cancer is a multistage process that takes years to develop and
progress (11, 12). Both carcinogenic and potential chemo-
preventive factors require a long exposure period for the effects to
emerge. However, randomized trials typically have limited du-
ration of intervention because of cost constraints and challenges
of long-term adherence. As a result, a latent effect of treatment
may not be detected during the intervention period but could
appear with additional posttrial follow-up. Of note, the Selenium
and Vitamin E Cancer Prevention Trial (SELECT)’, which ex-
amined the effect of selenium and vitamin E on prostate cancer
prevention, initially reported that the HRs of prostate cancer
were 1.13 for vitamin E, 1.04 for selenium, and 1.05 for vitamin
E plus selenium supplementation (all P > 0.05) over a median
treatment and follow-up of 5.5 y (4). A recent study in the
SELECT added 54,464 person-years of posttrial follow-up and
found a significant increase in the risk of prostate cancer with
vitamin E supplementation (HR: 1.17; 99% CI: 1.004, 1.36)
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(13). This finding raised questions about long-term safety of
vitamin E supplement use.

The Physicians’ Health Study (PHS) II was a randomized trial
that examined, in part, the effects of vitamin E and vitamin C
supplementation on total and prostate cancer in men (14). The
primary report of the trial period showed no effect of vitamin E
or C supplementation on total or site-specific cancers during
a mean treatment and follow-up of 8 y (5). Since the end of
vitamin E and C components on 31 August 2007, follow-up of
the PHS II continued in parallel with the recently completed
multivitamin component (15). In this report, we extend analyses
to posttrial follow-up and further examine the effects of vitamin
E and C supplementation on the risk of total, prostate, and other
site-specific cancers.

SUBJECTS AND METHODS

Study design

The PHS II was a randomized, double-blind, placebo-controlled
2 X 2 X 2 X 2 factorial trial evaluating the risks and benefits of
vitamin E (400 IU synthetic a-tocopherol on alternate days;
BASF Corporation), vitamin C (500 mg synthetic ascorbic acid
daily; BASF Corporation), and a multivitamin (Centrum Silver
daily; Wyeth Pharmaceuticals) in the prevention of cancer and
cardiovascular disease among 14,641 male physicians aged =50
y. Vitamin E and C components ended as scheduled on 31
August 2007. The multivitamin component ended as scheduled
on 1 June 2011. A fourth randomized component, 3-carotene
(50 mg Lurotin on alternate days; BASF Corporation), ended as
scheduled in 2003.

The design of the PHS II has been described previously (14). In
brief, recruitment, enrollment, and randomization of men into the
PHS I occurred in 2 phases. First, starting in July 1997, par-
ticipants in the PHS I (16, 17) were invited to participate in the
PHS II. Men had to be willing to forgo any use of multivitamins or
individual supplements containing =100% of the recommended
daily allowance of vitamins E, C, or A or B-carotene during the
course of the trial. Men with a history of cancer, myocardial
infarction, or stroke remained eligible to enroll. Of 18,763 PHS I
participants invited, 7641 (41%) willing and eligible men were
randomly assigned and retained their original 3-carotene treat-
ment assignment. Second, invitational letters and baseline ques-
tionnaires were mailed to 254,597 US male physicians aged
=50 y identified from a mailing list provided by the American
Medical Association. Between July 1999 and July 2001, 42,165
men completed a baseline questionnaire, of which 11,128 were
willing and eligible to participate in the PHS II. After a placebo
run-in period, 7000 willing and eligible men (63%) who took at
least two-thirds of the run-in pills were randomly assigned.

In total, 14,641 men were randomly assigned into the PHS Il in
blocks of 16 and stratified by age, previous diagnosis of cancer,
previous diagnosis of cardiovascular disease, and, for the 7641
PHS T participants, by their original B-carotene treatment as-
signment. Men were randomly assigned to receive vitamin E,
vitamin C, B-carotene, multivitamin, or their respective place-
bos. All participants provided written informed consent. The
institutional review board at Brigham and Women’s Hospital
approved the research protocol.
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Study treatment, follow-up, and confirmation of endpoints

Study treatment and follow-up were reported previously (5).
Every 6 mo in the first year and annually thereafter, the par-
ticipants received monthly calendar packs containing the study
interventions and questionnaires asking about adherence to the
assigned regimen, potential adverse events, occurrence of new
endpoints, and updated risk factors. Follow-up and validation of
reported cancer endpoints continued by using the same methods
during the vitamin E and C intervention (through August 2007)
and the multivitamin intervention (through June 2011). Mor-
bidity and mortality follow-ups were 98.2% and 99.9% complete,
respectively.

For each reported cancer endpoint, we obtained relevant
medical records after the participant provided consent. Records
were reviewed by the Endpoints Committee of physicians blinded
to the treatment assignment. The vast majority (96.9%) of cancers
were confirmed with pathology or cytology reports. Rarely,
a reported cancer was confirmed on the basis of strong clinical
and radiologic or laboratory evidence. Mortality was confirmed
by the Endpoints Committee or by obtaining a death certificate. A
National Death Index search was performed for the participants
with unknown vital status.

For the vitamin E component, the primary endpoint was
prostate cancer, with total cancers (excluding nonmelanoma skin
cancer) and colorectal cancer as prespecified secondary end-
points. For the vitamin C component, total cancers was the pri-
mary endpoint. Other site-specific cancers and cancer mortality
were also assessed and confirmed.

Statistical analyses

All analyses were conducted on the basis of an intention-to
treat principle, in which the participants were classified according
to their treatment assignments and followed up until occurrence
of a confirmed cancer endpoint, death, or 1 June 2011, whichever
came first. SAS version 9.1 (SAS Institute) was used for all
analyses, with significance set at P << 0.05 for 2-sided tests.

We first compared participant baseline characteristics by
treatment assignment. We then used Cox proportional hazards
models to calculate HRs and 95% CIs of cancer in treatment
groups compared with their respective placebo groups. The
proportional hazards assumption was tested by modeling in-
teraction terms with the logarithm of time and was not violated (P
> 0.05). For each prespecified endpoint, models were stratified
on the presence of cancer at randomization and adjusted for the
following study design variables: age, PHS cohort (PHS I par-
ticipants, new participants), and other randomized assignments.
For analyses of total cancers, all new cancers were included,
regardless of whether or not the participant had a history of
cancer at baseline. For analyses of each site-specific cancer, the
participants were excluded if they had a history of cancer of the
same site at baseline. For analyses of total mortality, any cancer
mortality, and site-specific cancer mortality, we included all par-
ticipants. Analyses were repeated for 3 time periods: intervention,
posttrial observation, and overall. For analyses of site-specific
cancers during posttrial observation, the participants were excluded
if they developed cancer of the same site that was confirmed or
unrefuted by the end of intervention. To explore possible effect
modifiers for vitamins E and C, we stratified analyses by known
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cancer risk factors (age, BMI, smoking status, exercise, alcohol
consumption, aspirin use, parental history of cancer), history of
cancer, other randomized treatment, and follow-up time and as-
sessed the interaction by using product terms between subgroup
indicators and treatment assignment.

RESULTS

The 14,641 men who were randomly assigned into the PHS II
had a mean (£SD) age of 64.3 £ 9.2 y. All baseline charac-
teristics were equally distributed between the vitamin E or vi-
tamin C groups and their placebo groups (all P > 0.05) (Table
1). Active vitamin E and C treatments lasted for a mean (max-
imum) of 7.6 (10.0) y, and posttrial observation continued for
a mean of 2.8 (3.8) additional years. The numbers of confirmed
posttrial cancers were 771 for total cancers, 356 for incident

TABLE 1

prostate cancer, 46 for incident colorectal cancer, and 53 for
incident lung cancer. The flow diagram of the PHS II from
randomization through the end of intervention and posttrial
observation is shown in Figure 1.

Vitamin E and cancer

During a mean (maximum) of 10.3 (13.8) y total follow-up,
there were 680 incident prostate cancers (9.10 per 1000 person-
years) in the active vitamin E group and 693 (9.25 per 1000
person-years) in the placebo group. Compared with placebo,
vitamin E had no effect on the incidence of prostate cancer during
the intervention (HR: 0.96; 95% CI: 0.85, 1.09), during posttrial
observation (HR: 1.06; 95% CI: 0.86, 1.30), or overall (HR: 0.99;
95% CI: 0.89, 1.10) (Table 2). The cumulative incidence curves
indicate the lack of effect over the intervention as well as the

Baseline characteristics according to vitamin E and vitamin C treatment assignment in 14,641 men from the Physicians’ Health Study II’

Vitamin E

Vitamin C

Self-reported baseline characteristics Active (n = 7315)

Placebo (n = 7326) Active (n = 7329) Placebo (n = 7312)

Age (y) 64.2 + 9.1°
Age [n (%)]

50-59 y 2940 (40.2)

60-69 y 2349 (32.1)

=70y 2026 (27.7)
BMI (kg/m?) 26.0 + 3.6
Cigarette smoking [n (%)]

Never 4104 (56.1)

Former 2967 (40.6)

Current 239 (3.3)
Exercise =1 time/wk [n (%)]

No 2739 (38.4)

Yes 4389 (61.6)
Alcohol consumption [n (%)]

Rarely/never 1372 (18.9)

=1 drink/mo 5893 (81.1)
Current aspirin use [n (%)]

No 1627 (22.6)

Yes 5578 (77.4)
Parental history of cancers’ [n (%)]

No 2906 (46.5)

Yes 3344 (53.5)
Parental history of prostate cancer® [n (%)]

No 5713 (89.6)

Yes 663 (10.4)
Parental history of colorectal cancer’ [n (%)]

No 5492 (88.0)

Yes 748 (12.0)
Self-reported history of cancers’ [n (%)]

No 6678 (91.3)

Yes 637 (8.7)
Self-reported history of prostate cancer [n (%)]

No 6983 (95.5)

Yes 332 (4.5)
Self-reported history of colorectal cancer [n (%)]

No 7252 (99.1)

Yes 63 (0.9)

64.3 + 92 643 + 92 643 + 9.1
2951 (40.3) 2953 (40.3) 2938 (40.2)
2346 (32.0) 2347 (32.0) 2348 (32.1)
2029 (27.7) 2029 (27.7) 2026 (27.7)
26.0 = 3.7 26.0 * 3.7 26.0 + 3.7
4148 (56.7) 4135 (56.5) 4117 (56.4)
2885 (39.4) 2908 (39.7) 2944 (40.3)
285 (3.9) 280 (3.8) 244 (3.3)
2766 (38.7) 2759 (38.5) 2746 (38.6)
4383 (61.3) 4408 (61.5) 4364 (61.4)
1358 (18.7) 1364 (18.7) 1366 (18.8)
5923 (81.4) 5920 (81.3) 5896 (81.2)
1634 (22.6) 1638 (22.6) 1623 (22.6)
5589 (77.4) 5605 (77.4) 5562 (77.4)
2931 (46.5) 2927 (46.5) 2910 (46.5)
3377 (53.5) 3371 (53.5) 3350 (53.5)
5792 (89.8) 5755 (89.5) 5750 (89.9)
661 (10.2) 678 (10.5) 646 (10.1)
5552 (88.5) 5535 (88.5) 5509 (88.1)
719 (11.5) 721 (11.5) 746 (11.9)
6689 (91.3) 6691 (91.3) 6676 (91.3)
637 (8.7) 638 (8.7) 636 (8.7)
6997 (95.5) 7005 (95.6) 6975 (95.4)
329 (4.5) 324 (4.4) 337 (4.6)
7267 (99.2) 7270 (99.2) 7249 (99.1)
59 (0.8) 59 (0.8) 63 (0.9)

" The numbers of subgroups do not always sum to totals because of missing information for some variables. P > 0.05 for all comparisons between active
and placebo groups of vitamin E and vitamin C, with chi-square tests used for categorical variables and ¢ tests used for continuous variables.

?Mean =+ SD (all such values).

3 . .. . . .
Excludes men with missing information on parental history of cancer, prostate cancer, and colorectal cancer.



918

WANG ET AL

14,641 Randomly assigned into the Physicians’ Health Study Il

y

7315 randomly assigned to active vitamin E
(400 IU every other day)

l

‘ 7326 randomly assigned to placebo vitamin E

3656 randomly assigned to active
vitamin E and active vitamin C
(500 mg/d)

3659 randomly assigned to
active vitamin E and placebo
vitamin C

Primary analysis included
3497 for prostate cancer
3656 for total cancers

Primary analysis included
3486 for prostate cancer
3659 for total cancers

3673 randomly assigned to placebo
vitamin E and active vitamin C
(500 mg/d)

3653 randomly assigned to
placebo vitamin E and placebo
vitamin C

Primary analysis included
3508 for prostate cancer
3673 for total cancers

Primary analysis included
3489 for prostate cancer
3653 for total cancers

As of trial end on 31 August 2007 As of trial end on 31 August 2007

Vital status Vital status
3216 alive 3262 alive
440 dead 397 dead

Cancer endpoint status
240 incident prostate cancer
504 total cancers

Cancer endpoint status
257 incident prostate cancer
497 total cancers

As of trial end on 31 August 2007 As of trial end on 31 August 2007

Vital status Vital status
3259 alive 3247 alive
414 dead 406 dead

Cancer endpoint status
271 incident prostate cancer
484 total cancers

Cancer endpoint status
356 prostate cancer
486 total cancers

As of posttrial observation
to 1June 2011

As of posttrial observation
to 1June 2011

Vital status Vital status
2983 alive 2994 alive
673 dead 665 dead

Cancer endpoint status
436 prostate cancer
678 total cancers

Cancer endpoint status
445 prostate cancer
664 total cancers

As of posttrial observation
to 1June 2011

As of posttrial observation
to 1June 2011

Vital status Vital status
3013 alive 2995 alive
660 dead 658 dead

Cancer endpoint status
458 prostate cancer
664 total cancers

Cancer endpoint status
442 prostate cancer
663 total cancers

FIGURE 1. Flow diagram of participants from random assignment through the end of the vitamin E and vitamin C interventions and posttrial observation in

the Physicians’ Health Study II.

posttrial observation period (overall crude log-rank P = 0.77)
(Figure 2A). For total cancers, the overall rates were 17.8 and
17.5 per 1000 person-years in the active and placebo vitamin E
groups, respectively. There was no effect of vitamin E on total
cancer risk during the intervention (HR: 1.04; 95% CI: 0.96, 1.14),
during posttrial observation (HR: 0.98; 95% CI: 0.85, 1.13), or
overall (HR: 1.02; 95% CI: 0.95, 1.10). We also found no effect of
vitamin E on any site-specific cancers, including colorectal (overall
HR: 0.92), lung (HR: 0.92), bladder (HR: 1.15), and pancreatic
(HR: 1.22) cancer, and total cancer mortality (see Supplemental
Figure 1 under “Supplemental data” in the online issue) and site-
specific cancer mortality (all P > 0.05). We found no significant
effect modification of vitamin E on prostate cancer and total
cancers by cancer risk factors, other PHS II randomized treatment,
or periods of follow-up (all P-interaction > 0.05) (see Supple-
mental Table 1 under “Supplemental data” in the online issue).

Vitamin C and cancer

During the total follow-up period, there were 1342 confirmed
total cancers (17.8 per 1000 person-years) in the active vitamin C
group and 1327 (17.5 per 1000 person-years) in the placebo
group. There was no effect of vitamin C on the risk of total
cancers during the intervention (HR: 1.01; 95% CI: 0.92, 1.10),

during posttrial observation (HR: 1.05; 95% CI: 0.91, 1.21), or
overall (HR: 1.02; 95% CI: 0.94, 1.10) (Table 3). The cumulative
incidence curves showed no difference in total cancer risk be-
tween vitamin C treatment groups during the intervention and
posttrial observation (overall crude log-rank P = 0.73) (Figure
2B). There was a marginally significant reduction in incidence
of colorectal cancer in the active vitamin C group compared
with the placebo group during the posttrial observation (n = 46;
HR: 0.54; 95% CI: 0.29, 0.99; P = 0.045), but the risk reduction
was not significant during the intervention (HR: 0.88; 95% CI:
0.65, 1.20) or overall (HR: 0.79; 95% CI: 0.61, 1.04) (see
Supplemental Figure 2 under “Supplemental data” in the online
issue). Vitamin C had no effect on other site-specific cancers
during all time periods, including prostate (overall HR: 1.03),
lung (HR: 1.00), bladder (HR: 1.05), and pancreatic (HR: 0.89)
cancers (all P > 0.05). In addition, vitamin C had no effect on
total cancer mortality or site-specific cancer mortality. We also
found no effect modification of vitamin C on total cancers by
cancer risk factors, other randomized treatment, or periods of
follow-up time (all P-interaction > 0.05) (see Supplemental
Table 2 under “Supplemental data” in the online issue).
Finally, we conducted 2 sensitivity analyses. First, we censored
participants at the last date of follow-up. Second, we examined
site-specific cancers during posttrial observation by excluding only
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Association between randomly assigned vitamin E supplementation and the risks of total cancers, site-specific cancers, and mortality in the PHS 11’

Outcome

No. in analysis? Active/placebo

Intervention

Posttrial observation’

Overall?

HR (95% CI)

Active/placebo

HR (95% CI)

Active/placebo

HR (95% CI)

No. of events

No. of events

No. of events

Total cancers 14,641 1001/970 1.04 (0.96, 1.14) 381/390 0.98 (0.85, 1.13) 1342/1327 1.02 (0.95, 1.10)
Total epithelial cell cancers’ 14,641 892/887 1.02 (0.93, 1.12) 344/347 1.00 (0.86, 1.16) 1198/1204 1.01 (0.93, 1.09)
Prostate cancer 13,980 497/520 0.96 (0.85, 1.09) 183/173 1.06 (0.86, 1.30) 680/693 0.99 (0.89, 1.10)
Prostate cancer deaths 14,641 40/40 1.03 (0.66, 1.60) 37/31 1.27 (0.78, 2.04) 7771 1.13 (0.82, 1.56)
Colorectal cancer 14,519 76/38 0.88 (0.64, 1.19) 24/22 1.11 (0.62, 1.97) 100/110 0.92 (0.70, 1.21)
Colorectal cancer deaths 14,641 22/33 0.69 (0.40, 1.18) 13/8 1.67 (0.69, 4.03) 35/41 0.88 (0.56, 1.38)
Lung cancer 14,610 50/59 0.86 (0.59, 1.26) 27/26 1.06 (0.62, 1.82) 77185 0.92 (0.68, 1.26)
Lung cancer deaths 14,641 46/48 0.98 (0.65, 1.47) 22/22 1.04 (0.57, 1.87) 68/70 1.00 (0.71, 1.39)
Bladder cancer 14,570 38/33 1.16 (0.73, 1.85) 14/13 1.10 (0.52, 2.34) 52/46 1.15 (0.77, 1.70)
Bladder cancer deaths 14,641 9/14 0.66 (0.28, 1.52) 5/5 1.08 (0.31, 3.75) 14/19 0.76 (0.38, 1.52)
Pancreatic cancer 14,638 32/25 1.30 (0.77, 2.20) 11/11 1.02 (0.44, 2.35) 43/36 1.22 (0.78, 1.90)
Pancreatic cancer deaths 14,641 31/23 1.38 (0.80, 2.36) 11/13 0.87 (0.39, 1.93) 42/36 1.20 (0.77, 1.87)
Lymphoma 14,595 74/61 1.23 (0.88, 1.73) 22/31 0.72 (0.41, 1.24) 96/92 1.06 (0.79, 1.41)
Lymphoma deaths 14,641 25/21 1.23 (0.69, 2.20) 9/16 0.58 (0.26, 1.31) 34/37 0.95 (0.60, 1.51)
Leukemia 14,612 46/34 1.38 (0.88, 2.14) 15/15 1.01 (0.50, 2.07) 61/49 1.26 (0.87, 1.84)
Leukemia deaths 14,641 22/12 1.87 (0.93, 3.79) 12/13 0.95 (0.43, 2.08) 34/25 1.38 (0.83, 2.32)
Melanoma 14,483 75163 1.20 (0.86, 1.68) 32/34 0.95 (0.59, 1.54) 107/97 1.11 (0.85, 1.46)
Melanoma deaths 14,641 711 1.04 (0.36, 2.95) 32 1.57 (0.26, 9.40) 10/9 1.15 (0.47, 2.83)
Total mortality 14,641 843/823 1.07 (0.97, 1.18) 540/551 1.03 (0.92, 1.16) 1383/1374 1.06 (0.98, 1.14)
Cancer mortality 14,641 295/265 1.14 (0.97, 1.35) 151/148 1.05 (0.84, 1.32) 446/413 1.11 (0.97, 1.27)

"HRs (95% Cls) were obtained from Cox proportional hazards models that adjusted for age, the PHS cohort (original PHS 1 participant, new PHS II
participant), and randomized treatment assignment (S3-carotene, multivitamin, and either vitamin E or vitamin C) and stratified on baseline cancer. PHS,

Physicians’ Health Study.

2 For total cancers, site-specific mortality, total mortality, and cancer mortality, analyses included all 14,641 participants. For the incidence of site-specific
cancers, analyses were restricted to men without that site-specific cancer at baseline.
*For analyses of site-specific cancers during posttrial observation, participants were excluded if they developed cancer of the same site that was

confirmed or unrefuted by the end of intervention.

#The sum of the number of total cancers during the intervention and posttrial observation periods may exceed the number of total cancers overall because

of multiple cancers in the same individual.

? Epithelial cell cancers were limited to carcinomas, which included all cancers except for lymphoma and leukemia.

participants who developed confirmed cancer of the same site by
the end of the intervention. The results did not materially change
(see Supplemental Tables 3—5 under “Supplemental data” in the
online issue).

DISCUSSION

In this analysis of PHS II with an additional 3.8 y of posttrial
observation beyond 8 y of intervention, there remained no effect
of vitamin E or C supplementation on prostate cancer, total
cancers, or other cancer endpoints. We also did not find modi-
fication of the treatment effect by participant baseline character-
istics, concurrent randomized treatment, or duration of follow-up
time. Our findings contrast with those from the SELECT, which
reported an increased risk of prostate cancer in men randomly
assigned to receive vitamin E supplementation that emerged during
posttrial follow-up.

Given the widespread use of vitamin supplements in the United
States (18), knowledge of their benefits and risks remains of
paramount public health importance. Cancer development is a
prolonged process (11, 12). Carcinogenic factors such as smok-
ing cause residual excess risk of lung and other cancers decades
after cessation. Potential chemopreventive factors such as aspirin
show similar latent beneficial effect (19, 20). The plausible latent

effect provides an alternative explanation for discrepant findings
from observational studies and randomized trials, in which the
former usually examine exposures lasting years or even a lifetime
whereas the latter evaluate intervention effects during relatively
short period of time. Because of the long developing period
for many cancers, continued posttrial follow-up is necessary in
cancer prevention trials to assess long-term treatment effects,
either beneficial or harmful, that may emerge after the inter-
vention ends.

The hypothesis that high intake of vitamin E may lower the risk
of cancer was initially suggested by observations from epide-
miologic studies (21, 22) and also supported by laboratory study
findings (2, 23). Evaluation of the chemopreventive potential of
vitamin E in randomized trials obtained largely null results. Early
trials (24, 25) found that antioxidant combinations including
vitamin E significantly reduced cancer incidence, particularly in
men. However, the effect of each individual agent in the com-
bined supplement could not be separated in these trials. The
Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC)
study examined a-tocopherol (50 mg/d) and B-carotene (20 mg/
d) on lung cancer risk in 29,133 Finnish male smokers (26).
After 6.1 y of treatment, vitamin E supplementation had no
effect on the primary endpoint of lung cancer (27) but was
associated with a significant 34% reduction in the secondary
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FIGURE 2. Cumulative incidence rate of cancer by random assignment during overall follow-up (active intervention plus posttrial observation) in the
Physicians’ Health Study II. A: Cumulative incidence rate of prostate cancer by randomized vitamin E assignment. B: Cumulative incidence rate of total

cancer by randomized vitamin C assignment.

endpoint of prostate cancer (9). The beneficial effect appeared
~18 mo after the start of the treatment and was substantially
attenuated during posttrial follow-up (28). A nonsignificant re-
duction in colorectal cancer with vitamin E supplementation
was also found in the ATBC study (10). In contrast to the ATBC
trial, the Heart Outcomes Protection Evaluation (HOPE) and
HOPE-The Ongoing Outcomes trials found no effect of long-
term vitamin E supplementation of 400 IU/d on cancer in 9541
UK men aged 40-80 y with vascular disease or diabetes (3).
Over 7 y of follow-up, the RRs of total cancers, prostate cancer,
and cancer deaths in the vitamin E group compared with the
placebo group were 0.94, 0.98, and 0.88, respectively (all P >
0.05) (8). Two trials in US women, the Women’s Health Study
(6) and the Women’s Antioxidant Cardiovascular Study (WACS)
(7), also found no effect of vitamin E (600 IU every other day)
on total cancers, site-specific cancers, or cancer deaths. Of note,
posttrial follow-up of the vitamin E component in the HOPE,
Women’s Health Study, and WACS has yet to be reported.
The SELECT tested vitamin E supplementation of 400 IU/d on
the prevention of prostate cancer in 35,533 men and initially
reported no effect (HR: 1.13; 95% CI: 0.95, 1.35) during 5.5 y of

treatment (4). The recent report of the SELECT added 54,464
person-years of posttrial follow-up and found that men randomly
assigned to take active vitamin E developed significantly more
prostate cancer compared with placebo (HR: 1.17; 99% CI:
1.004, 1.36) (13). The increased prostate cancer appeared ~3 y
after randomization and continued throughout follow-up. Al-
though there is no known biological mechanism for this effect,
this finding raised concerns about the safety of long-term vita-
min E supplementation in generally healthy men. The PHS II
findings of no effect for vitamin E supplementation on the risk
of prostate cancer during the intervention and posttrial obser-
vation contrast with the findings of the SELECT. Several notable
differences between the 2 trials should be considered. First,
the PHS II randomly assigned participants with previously di-
agnosed cancers; we excluded those who reported prostate
cancer at baseline in analyses of the incident prostate cancer
endpoint. In contrast, the SELECT screened for and excluded
men with prostate cancer before randomization. Second, the
vitamin E dose tested in the SELECT (400 IU daily) is higher
than in the PHS II (400 IU every other day). Third, the PHS II
was designed and analyzed as a factorial trial; the effect of
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Association between randomized vitamin C supplementation and the risks of total cancers, site-specific cancers, and mortality in the PHS 11’

Outcome

No. in analysis? Active/placebo

Intervention

Posttrial observation’

Overall?

HR (95% CI)

Active/placebo

HR (95% CI)

Active/placebo

HR (95% CI)

No. of events

No. of events

No. of events

Total cancers 14,641 988/983 1.01 (0.92, 1.10) 394/377 1.05 (0.91, 1.21) 1342/1327 1.02 (0.94, 1.10)
Total epithelial cell cancers’ 14,641 887/892 1.00 (0.91, 1.10) 353/338 1.05 (0.90, 1.22) 1203/1199 1.01 (0.93, 1.09)
Prostate cancer 13,980 511/506 1.01 (0.89, 1.14) 186/170 1.09 (0.89, 1.35) 697/676 1.03 (0.93, 1.15)
Prostate cancer deaths 14,641 47/33 1.40 (0.90, 2.19) 33/35 0.95 (0.59, 1.53) 80/68 1.17 (0.84, 1.61)
Colorectal cancer 14,519 77187 0.88 (0.65, 1.20) 16/30 0.54 (0.29, 0.99) 93/117 0.79 (0.61, 1.04)
Colorectal cancer deaths 14,641 28/27 1.03 (0.61, 1.76) 6/15 0.40 (0.16, 1.04) 34/42 0.81 (0.52, 1.27)
Lung cancer 14,610 53/56 0.95 (0.65, 1.38) 28/25 1.12 (0.66, 1.93) 81/81 1.00 (0.74, 1.36)
Lung cancer deaths 14,641 41/53 0.77 (0.52, 1.16) 25/19 1.32 (0.73, 2.40) 66/72 0.92 (0.66, 1.28)
Bladder cancer 14,570 33/38 0.87 (0.55, 1.39) 17/10 1.71 (0.78, 3.73) 50/48 1.05 (0.70, 1.56)
Bladder cancer deaths 14,641 10/13 0.76 (0.33, 1.74) 4/6 0.67 (0.19, 2.36) 14/19 0.73 (0.37, 1.46)
Pancreatic cancer 14,638 28/29 0.97 (0.58, 1.63) 9/13 0.70 (0.30, 1.64) 37/42 0.89 (0.57, 1.38)
Pancreatic cancer deaths 14,641 25/29 0.87 (0.51, 1.49) 8/16 0.50 (0.22, 1.18) 33/45 0.74 (0.47, 1.16)
Lymphoma 14,595 70/65 1.08 (0.77, 1.52) 27126 1.04 (0.61, 1.78) 97/91 1.07 (0.80, 1.42)
Lymphoma deaths 14,641 21725 0.84 (0.47, 1.51) 12/13 0.92 (0.42, 2.02) 33/38 0.87 (0.55, 1.39)
Leukemia 14,612 44/36 1.23 (0.79, 1.91) 15/15 1.01 (0.49, 2.06) 59/51 1.16 (0.80, 1.69)
Leukemia deaths 14,641 18/16 1.13 (0.58, 2.21) 11/14 0.79 (0.36, 1.74) 29/30 0.97 (0.58, 1.61)
Melanoma 14,483 63/75 0.84 (0.60, 1.18) 35/31 1.13 (0.70, 1.83) 98/106 0.93 (0.70, 1.22)
Melanoma deaths 14,641 10/4 2.50 (0.78, 7.96) 32 1.52 (0.25, 9.10) 13/6 2.17 (0.83, 5.72)
Total mortality 14,641 858/808 1.06 (0.97, 1.17) 526/565 0.93 (0.83, 1.05) 1384/1373 1.01 (0.94, 1.09)
Cancer mortality 14,641 286/274 1.04 (0.89, 1.23) 142/157 0.91 (0.73, 1.14) 428/431 1.00 (0.87, 1.14)

"HRs (95% Cls) were obtained from Cox proportional hazards models that adjusted for age, the PHS cohort (original PHS 1 participant, new PHS II
participant), and randomized treatment assignment (S3-carotene, multivitamin, and either vitamin E or vitamin C) and stratified on baseline cancer. PHS,

Physicians’ Health Study.

2 For total cancers, site-specific mortality, total mortality, and cancer mortality, analyses included all 14,641 participants. For the incidence of site-specific
cancers, analyses were restricted to men without that site-specific cancer at baseline.
*For analyses of site-specific cancers during posttrial observation, participants were excluded if they developed cancer of the same site that was

confirmed or unrefuted by the end of intervention.

#The sum of the number of total cancers during the intervention and posttrial observation periods may exceed the number of total cancers overall because

of multiple cancers in the same individual.

? Epithelial cell cancers were limited to carcinomas, which included all cancers except for lymphoma and leukemia.

vitamin E was estimated after stratifying by the other in-
tervention components. The SELECT, on the other hand, was
a parallel-arm trial with 4 treatment groups analyzed separately;
the increased rate of prostate cancer was observed in vitamin E
alone but not in the vitamin E plus selenium group (13). Finally,
the PHS II included US male physicians who had an overall high
socioeconomic level, healthy lifestyle, and favorable nutritional
status, whereas the SELECT enrolled men from the general
population.

Epidemiologic studies have shown an inverse association
between dietary intake of vitamin C and the risk of various
cancers (29, 30). However, the evidence for any effect of vitamin
C supplementation on cancer in randomized trials remains limited.
Several primary (3, 6, 25) and secondary (31-34) prevention
trials evaluated combined antioxidant supplements that included
vitamin C for cancer prevention. The results did not support
a beneficial effect, particularly in women. The WACS trial tested
individual vitamin C supplementation of 500 mg/d in 8171
women initially free of cancer and found RRs of 1.11 for total
cancers and 1.28 for cancer mortality (both P > 0.05) (7). To
our knowledge, the PHS II remains the only cancer prevention
trial of individual vitamin C supplementation in men. The
present study confirms our previous finding of no effect of long-
term vitamin C supplementation on total and major site-specific

cancers (5) with extended follow-up. Our finding of a significant
reduction in colorectal cancer with active vitamin C supple-
mentation during the posttrial observation period is intriguing.
During the intervention period, there was a 21% nonsignificant
reduction in colorectal cancer in the active vitamin C group
compared with the placebo group. The reduction in colorectal
cancer with vitamin C supplementation increased to 46% and
became statistically significant during the posttrial observation,
suggesting a possible late effect of vitamin C supplementation.
These findings warrant additional studies to confirm or refute
and highlight the importance of continued posttrial observation
to detect any potential latent effects for vitamin C and other
nutritional interventions.

The PHS II has many strengths, including a large number of
accrued cancer cases, cumulative follow-up of more than a de-
cade, and excellent adherence of participants to the study regi-
men. However, the PHS II also has notable limitations. First, the
PHS II did not perform a standardized screening for cancers at
baseline, and thus some participants may have had subclinical
cancers before the intervention. Second, the PHS 1I tested only
a single dosage of vitamin E and C supplements and a selected
form of vitamin E (synthetic a-tocopherol). It is possible that
other supplement dosages and forms may have different effects.
Third, the PHS II is a well-nourished, predominantly white,
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highly educated cohort. The results of PHS II may not be gen-
eralizable to other populations of different socioeconomic and
nutritional status. Finally, our study included a relatively short
posttrial observation period. We will continue to follow up the
PHS 1I participants to identify any possible late effects of the
randomly assigned supplementations.

In conclusion, additional posttrial follow-up of the PHS II did
not show any overall or late treatment effect of vitamin E or C
supplementation on prostate cancer, other site-specific cancers, or
total cancers. These findings confirm our initial trial results and
indicate that vitamin E and C supplement use has no immediate or
long-term effects on cancer risk.
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