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IMPORTANCE The American Cancer Society Nutrition and Physical Activity Guidelines for
Cancer Survivors (ACS guidelines) include maintaining (1) a healthy body weight; (2) physical
activity; and (3) a diet that includes vegetables, fruits, and whole grains. It is not known
whether patients with colon cancer who follow these guidelines have improved survival.

OBJECTIVE To examine whether a lifestyle consistent with the ACS guidelines is associated
with improved survival rates after colon cancer.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study included 992 patients
with stage III colon cancer who were enrolled in the CALGB 89803 randomized adjuvant
chemotherapy trial from 1999 through 2001. Data for the present study were analyzed
between November 2016 and December 2017.

EXPOSURES We assigned an ACS guidelines score for each included patient based on body
mass index; physical activity; and intake of vegetables, fruits, whole grains, and
red/processed meats (score range, 0-6, with higher score indicating healthier behaviors).
Secondarily, we examined a score that also included alcohol intake in addition to the other
factors (range, 0-8). Lifestyle was assessed during and 6 months after chemotherapy.

MAIN OUTCOMES AND MEASURES Hazard ratios (HRs) and 95% confidence intervals (CIs) for
disease-free, recurrence-free, and overall survival.

RESULTS Of the 992 patients enrolled in the study, 430 (43%) were women, and the mean
(SD) age was 59.6 (11.2) years (range, 21-85 years). Over a 7-year median follow-up, we
observed 335 recurrences and 299 deaths (43 deaths without recurrence). Compared with
patients with a 0 to 1 ACS guidelines score (n = 262; 26%), patients with a 5 to 6 score
(n = 91; 9%) had a 42% lower risk of death during the study period (HR, 0.58; 95% CI,
0.34-0.99; P = .01 for trend) and improved disease-free survival (HR, 0.69; 95% CI,
0.45-1.06; P = .03 for trend). When alcohol consumption was included in the score, the
adjusted HRs comparing patients with scores of 6 to 8 (n = 162; 16%) vs those with scores of
0 to 2 (187; 91%) were 0.49 for overall survival (95% CI, 0.32-0.76; P = .002 for trend), 0.58
for disease-free survival (95% CI, 0.40, 0.84; P = .01 for trend), and 0.64 for recurrence-free
survival (95% CI, 0.44-0.94; P = .05 for trend).

CONCLUSIONS AND RELEVANCE Having a healthy body weight, being physically active, and
eating a diet rich in vegetables, fruits, and whole grains after diagnosis of stage III colon
cancer was associated with a longer survival.
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C olorectal cancer affects over 1.3 million individuals in the
United States.1 In response to the need for improved sur-
vivorship care, the American Cancer Society (ACS) pub-

lished guidelines for nutrition during and after cancer treat-
ment in 2001.2-5 The current guidelines are to (1) achieve and
maintain a healthy body weight; (2) engage in regular physical
activity; and (3) achieve a dietary pattern high in vegetables,
fruits, and whole grains.3 A lifestyle consistent with the ACS
guidelines in healthy people is associated with lower risk of can-
cer mortality and overall mortality.6-8 Guideline adherence has
also been correlated with higher quality of life among survi-
vors of colorectal cancer.9 It is not known, however, whether
following the guidelines after colorectal cancer diagnosis is as-
sociated with reduced risk of recurrence or mortality.

Data suggest that lifestyle may have an impact on colo-
rectal cancer outcomes.10 Our group reported that a western
dietary pattern was associated with a 3-fold increased risk of
colon cancer recurrence and death,11 and physical activity af-
ter diagnosis was associated with a 50% lower risk of recur-
rence and death.12 Additionally, our group and others have re-
ported that body size is associated with colorectal cancer
recurrence and death, although the body mass index (BMI; cal-
culated as weight in kilograms divided by height in meters
squared) associated with the lowest mortality rate may be
higher in patients with cancer than in healthy individuals.13

No study has looked at the combined effect of BMI, physical
activity, and diet after colorectal cancer diagnosis.

We sought to determine whether patients with colon can-
cer who had a lifestyle consistent with the ACS Nutrition and
Physical Activity Guidelines for Cancer Survivors (hereafter
referred to as the ACS guidelines) had longer disease-free,
recurrence-free, and overall survival.

Methods
Study Population
This prospective study was conducted among 1264 patients with
stage III colon cancer enrolled in the Cancer and Leukemia Group
B(CALGB)89803study,anadjuvantchemotherapytrial,between
1999and2001.CALGBisnowpartoftheAllianceforClinicalTrials
in Oncology. Patients were randomized within 8 weeks of can-
cer resection. A lifestyle survey was administered in the clinic
midway through, and 6 months after, chemotherapy; 1095 (87%)
patients completed survey 1, and 981 (78%) patients completed
survey 2.14 We excluded 8 patients whose cancer recurred before
the survey and 57 patients for inadequate survey responses
(dietary intake of >3500 or <500 kcal/d for women; >4200 or
<600 kcal/d for men; or ≥70 items missing). We also excluded 19
individuals who experienced an event within 90 days of survey
1and12individualswithaBMIlowerthan18.5tolimitreversecau-
sationduetounderlyingdisease.Finally,weexcluded1individual
with missing BMI and 6 individuals with missing physical activ-
ity on both surveys. After exclusions, there were 992 patients
eligible for analysis. The study was approved by the institutional
review boards of all participating institutions, and each partici-
pant signed an informed consent statement in accordance with
federal and institutional guidelines.

Dietary Assessment
Patients completed a validated food frequency questionnaire
(FFQ) that queried intake of 131 items over the past 3 months
in up to 9 frequency options ranging from never to 6 or more
times per day, as previously described.15-18 Items of interest in-
cluded fruits, vegetables, whole grains, refined grains, red and
processed meats, and alcohol (eTable 1 in the Supplement).

Physical Activity Assessment
Patients reported average time per week over the past 2 months
performing 9 common leisure-time activities, as previously
described.12 Ten response options ranged from 0 to 11 or more
hours per week for each activity. To calculate total metabolic
equivalent task (MET) hours per week (MET-h/wk) of physi-
cal activity, we assigned each activity a MET value, multi-
plied the activity-specific MET value by the amount of time
the participant engaged in that activity, and summed across
all activities.19

ACS Guidelines Score
We quantified the degree of concordance between patients’
lifestyles and the ACS guidelines using a score developed by
McCullough et al.8 The score included BMI, physical activity,
and intake of vegetables and fruits, proportion of total grains
consumed that were whole grains, and intake of red and pro-
cessed meat (eTable 2 in the Supplement).3,6 The overall score
ranged from 0 to 6, with higher scores indicating behavior more
consistent with the guidelines. In our primary analysis, we cal-
culated the cumulative average ACS guidelines score using data
from both surveys weighted to follow-up time, as previously
described.11,14,15

We considered alternative scoring for BMI in an a priori sec-
ondary analysis. The ACS guidelines recommend a BMI of 18.5
to 24.9. However, a BMI of 23.0 to 29.9 has been associated
with lower risk of recurrence or death among patients with co-
lorectal cancer.20 Therefore, we examined alternative cut
points for BMI: 0 points for 35.0 or higher; 1 point for 18.5 to
22.9 or 30.0 to 34.9; and 2 points for 23.0 to 29.9.

In addition, alcohol consumption is included in the ACS
guidelines for Cancer Prevention, but not among cancer sur-
vivors. Given patient interest and a possible benefit of low to
moderate alcohol consumption for colon cancer survivors,21

Key Points
Question Do patients with colon cancer who follow the American
Cancer Society’s Nutrition and Physical Activity Guidelines for
Cancer Survivors (ACS guidelines) have better survival rates than
those who do not follow these guidelines?

Findings In this cohort study of 992 patients with colon cancer, a
lifestyle consistent with the ACS guidelines was associated with a
42% lower risk of death during the study period. The 5-year survival
probability was 85% for patients with high concordance with the
guidelines and 76% for patients with low concordance with the
guidelines, a 9% absolute reduction in risk of death at 5 years.

Meaning Patients with colon cancer who follow the ACS guidelines
during and after treatment may have a higher 5-year survival rate.
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we conducted a secondary analysis including alcohol intake
in the score. For this analysis, we applied the cut points de-
scribed by McCullough et al8: 0 points for more than 1 drink
per day for women, or more than 2 drinks per day for men;
1 point for no drinks, both men and women; and 2 points for
more than 0 but 1 or fewer drinks per day for women, or more
than 0 but 2 or fewer drinks per day for men. A score using these
cut points was more strongly associated with all-cause and
cancer-specific mortality in healthy individuals compared with
a score that assigned 2 points for no alcohol.8 The ACS guide-
lines score including alcohol ranged from 0 to 8, with a score
of 8 indicating complete concordance with the ACS guide-
lines plus low to moderate alcohol consumption.

Outcome Assessment
Our primary outcome for this analysis was overall survival, de-
fined as time from survey 1 to death. We also examined disease-
free and recurrence-free survival. Disease-free survival was de-
fined as time to tumor recurrence, occurrence of a new primary
colon tumor, or death from any cause. Recurrence-free
survival was defined as time to tumor recurrence or new
primary colon tumor; patients who died without recurrence
were censored. Follow-up included nearly 100% of enrollees.

Statistical Analysis
There was no difference in survival between treatment arms in
CALGB 89803, so we analyzed all patients as a prospective
cohort.22 We used Cox proportional hazards regression to cal-
culate hazard ratios (HRs) and 95% confidence intervals (CIs).
We combined patients with ACS guidelines scores of 0 and 1 and
patients with scores of 5 and 6 owing to low numbers in both
categories (6% had 0 points [n = 61]; 20% had 1 point [n = 201];
7% had 5 points [n = 72]; and 2% had 6 points [n = 19]). Our first
model was adjusted for total caloric intake, age, and sex. Our
multivariate model was additionally adjusted for T stage (T1-
T2, T3-T4, missing), number of positive lymph nodes (1-3, ≥4,
missing), Zubrod performance status (0, 1-2, missing), treat-
ment arm, smoking status (never, past, current, missing), and
aspirin use (yes, no, missing). Adjustment for race; median
household income by zip code; glycemic load; and intake of long-
chain ω3 fatty acids, nuts, coffee, or sugar-sweetened bever-
ages did not change our results, and these variables were omit-
ted from our final models. We confirmed that the proportional
hazards assumption was valid by including a cross-product be-
tween the score and time in our multivariate model and using
a Wald test.23 We also examined whether age, sex, race, perfor-
mance status, or treatment arm modified our results by includ-
ing the cross-product between the score and potential effect
modifier in our model and using a Wald test.

The Alliance Statistics and Data Center collected the data
following strict policies for data quality. All analyses were based
on the study database frozen on November 9, 2009.

Absolute Risk Difference, Number Needed to Treat, and PAR
We estimated the absolute risk difference of death at 5 years,
the number needed to treat for 5 years to prevent 1 death, and
the population-attributable risk (PAR) between patients with ACS
guidelines scores of 4 or higher and 5 or higher vs lower scores.

There were only 19 individuals with a score of 6, so we were
unable to examine this group. The Cox proportional hazards
model does not estimate the baseline hazard; therefore, we fit
a Weibull survival model with proportional hazards to esti-
mate the risk difference.24 To calculate the number needed to
treat, we divided 100 by the absolute risk difference. The num-
ber needed to treat represents the number of patients with stage
III colon cancer and lower ACS guideline scores who would need
to achieve the specified score for 5 years to prevent 1 death. For
all analyses, we assumed that the patients’ lifestyle measured
at 2 time points approximately 1 year apart was a measure of their
long-term lifestyle as a cancer survivor. The PAR is the percent-
age of deaths occurring among patients with stage III colon can-
cer that hypothetically could be prevented if all patients fol-
lowed the ACS guidelines. We calculated the PAR based on the
proportion of exposed individuals (Pe) and the HR using the fol-
lowing equation25: PAR = [(HR−1−1) × Pe] ÷ ([(HR−1−1) × Pe] + 1).
The HR in the original equation assumes that the desirable be-
havior is the reference, so we used the inverse of the HR when
estimating the PAR.

Sensitivity Analyses
We performed several sensitivity analyses. First, we excluded 43
individuals who experienced an event 90 to 180 days after sur-
vey 1 to further evaluate reverse causation (individuals who ex-
perienced an event within 90 days were excluded in our primary
analysis). Second, we were concerned that patients’ lifestyle as
reported on survey 1 might have been influenced by treatment,
so we used survey 2 to classify patients’ adherence to the guide-
linesandstartedfollow-upatsurvey2.Third,weexploredchange
in the ACS guidelines score between survey 1 and survey 2 in re-
lation to overall survival. We combined patients who increased
their score by 2 (n = 81, 8%) or 3 (n = 18, 2%) points and patients
who decreased their score by 2 (n = 69, 7%), 3 (n = 17, 2%), or 4
(n = 1, 0%) points. This model was adjusted for the factors in our
multivariate model plus patients’ score on survey 1. Finally, we
examined whether results differed with 2 alternative diet sub-
scores, one omitting variety of fruits and vegetables and the other
omitting red and processed meats.

All statistical analyses were performed using SAS soft-
ware, version 9.4, and 2-sided P < .05 was considered statis-
tically significant.

Results
We observed 378 events of cancer recurrence or death among the
992 study patients with colon cancer (median follow-up, 7 years).
There were 335 recurrences and 299 deaths; 256 deaths occurred
(86%) after cancer recurrence. Patients whose lifestyle was con-
sistentwiththeACSguidelinesweremorelikelytobewhite,wom-
en, and never smokers; there were no differences in age, aspirin
use, performance status, or clinical factors (Table 1).

A lifestyle consistent with the ACS guidelines after colon
cancer diagnosis was associated with longer survival (Table 2).
Compared with patients with a score of 0 or 1, patients with a
score of 5 or 6 had an adjusted HR for overall survival of 0.58
(95% CI, 0.34-0.99; P = .01 for trend). There was a statistically
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Table 1. Characteristics of the 992 Patients With Stage III Colon Cancer by ACS Guidelines Score

Characteristic

ACS Guidelines Score

P Valuea
0-1
(n = 262)

2
(n = 248)

3
(n = 251)

4
(n = 140)

5-6
(n = 91)

Age, median (IQR), y 59 (52-67) 61 (52-69) 61 (51-70) 61 (49-70) 59 (53-67) .73

Male, No. (%) 135 (52) 151 (61) 142 (57) 91 (65) 43 (47) .02

White race 218 (83) 227 (92) 224 (89) 129 (92) 85 (93) .02

Performance status, No. (%) .23

Fully active 173 (66) 184 (74) 189 (75) 109 (78) 71 (78)

Restricted in strenuous activity 82 (31) 59 (24) 58 (23) 28 (20) 18 (20)

Unknown 7 (3) 5 (2) 4 (2) 3 (2) 2 (2)

Bowel wall invasion, No. (%) .69

T1-T2 36 (14) 31 (13) 31 (12) 23 (16) 11 (12)

T3-T4 212 (81) 201 (81) 202 (80) 103 (74) 75 (82)

Unknown 14 (5) 16 (6) 18 (7) 14 (10) 5 (5)

Positive lymph nodes, No. (%) .95

1-3 (N1) 167 (64) 156 (63) 157 (63) 86 (61) 55 (60)

≥4 (N2) 88 (34) 88 (35) 91 (36) 50 (36) 34 (37)

Unknown 7 (3) 4 (2) 3 (1) 4 (3) 2 (2)

Bowel abnormality, No. (%)

Perforation 12 (5) 12 (5) 10 (4) 7 (5) 1 (1) .57

Obstruction 48 (18) 49 (20) 56 (22) 34 (24) 30 (33) .13

Grade of differentiation, No. (%) .89

Well 15 (6) 11 (4) 14 (6) 9 (6) 4 (4)

Moderate 188 (72) 172 (69) 177 (71) 91 (65) 65 (71)

Poor 51 (19) 61 (25) 57 (23) 36 (26) 20 (22)

Unknown 8 (3) 4 (2) 3 (1) 4 (3) 2 (2)

Treatment arm, No. (%) .17

Fluorouracil and leucovorin 134 (51) 112 (45) 125 (50) 79 (56) 52 (57)

Irinotecan, fluorouracil, leucovorin 128 (49) 136 (55) 126 (50) 61 (44) 39 (43)

Smoking status, No. (%) .02

Current 16 (6) 36 (15) 32 (13) 13 (9) 5 (5)

Past 126 (48) 116 (47) 95 (38) 61 (44) 40 (44)

Never 118 (45) 96 (39) 121 (48) 66 (47) 46 (51)

Unknown 2 (1) 0 3 (1) 0 0

Regular aspirin use, No. (%) .22

Yes 28 (11) 18 (7) 14 (6) 16 (11) 4 (4)

No 217 (83) 216 (87) 225 (90) 119 (85) 83 (91)

Unknown 17 (6) 14 (6) 12 (5) 5 (4) 4 (4)

Total caloric intake,
median (IQR), kcal/d

1874 (1461-2317) 1905 (1535-2321) 1912 (1498-2353) 1825 (1471-2362) 1905 (1549-2239) .72

BMI, median (IQR) 33 (30-36) 29 (26-32) 26 (23-29) 25 (23-28) 23 (22-25) <.001

Physical activity,
median (IQR), MET-h/wk

2 (1-5) 6 (2-10) 9 (3-18) 22 (12-37) 31 (21-46) <.001

Fruits and vegetables, median (IQR),
servings/d

1.6 (0.9-2.9) 1.6 (1.0-2.9) 1.8 (1.1-3.3) 2.3 (1.2-3.5) 3.4 (1.8-5.0) <.001

No. of unique fruits and vegetables
consumed per month, median (IQR)

27 (22-30) 27 (24-31) 29 (24-33) 30 (26-32) 31 (27-34) <.001

Total grains that are whole,
median (IQR), %

30 (14-50) 46 (22-65) 50 (31-65) 56 (37-69) 62 (51-78) <.001

Red meat and processed meat,
median (IQR), servings/wk

7.2 (5.0-9.8) 6.1 (4.1-8.9) 5.3 (3.5-9.4) 4.9 (3.3-7.5) 3.9 (2.7-6.4) <.001

Alcoholic drinks,
median (IQR), drinks/wk

0.2 (0-1.6) 0.5 (0-3.6) 0.6 (0-3.5) 0.9 (0-3.8) 1.5 (0.2-6.0) <.001

Abbreviations: ACS Guidelines, American Cancer Society Nutrition and Physical
Activity Guidelines for Cancer Survivors2-5; BMI, body mass index (calculated as
weight in kilograms divided by height in meters squared); IQR, interquartile
range; MET, metabolic equivalent task.

a P values calculated using a χ2 test for categorical measures and a
Kruskal-Wallis test for continuous measures.

Research Original Investigation Association of Colon Cancer Survival With ACS Guideline Adherence

E4 JAMA Oncology Published online April 12, 2018 (Reprinted) jamaoncology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  on 04/12/2018

http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.0126


significant trend toward improved disease-free survival (ACS
guidelines score of 5-6 vs 0-1, HR, 0.69; 95% CI, 0.45-1.06;
P = .03 for trend) and a nonstatistically significant trend for im-
proved recurrence-free survival (ACS guidelines score of 5-6 vs
0-1, HR, 0.78; 95% CI, 0.51-1.20; P = .11 for trend). There was no
evidence of effect modification by age, sex, race, performance
status, or treatment. As hypothesized, the association ap-
peared stronger when we assigned 2 points in the ACS guide-
lines score to patients with a BMI of 23.0 to 29.9 (eTable 3 in the
Supplement).

The results were strengthened and statistically signifi-
cant for all outcomes when we included alcohol use in the ACS
guidelines score (all supporting data reported in Table 2). The
adjusted HRs comparing patients with a score of 6 to 8 vs those

with a score of 0 to 2 were 0.49 (95% CI, 0.32-0.76; P = .002
for trend) for overall survival; 0.58 (95% CI, 0.40-0.84; P = .01
for trend) for disease-free survival; and 0.64 (95% CI, 0.44-
0.94; P = .05 for trend) for recurrence-free survival.

Absolute Risk Difference, Number Needed to Treat, and PAR
Adherence to the ACS guidelines (score of 5-6) was associ-
ated with a 9.0% absolute reduction in the risk of death at 5
years (95% CI, 2.2%-15.9%) compared with a score of 0 to 4
(Table 3). Assuming a causal association, 12 patients with stage
III colon cancer would need to adopt a lifestyle consistent with
the ACS guidelines for 5 years to prevent 1 death. Applying the
data from our study population, Pe = 0.09 (proportion of
patients with 5-6 points), and HR = 0.6; hypothetically, 38%

Table 2. Cancer Recurrence and Mortality Among the 992 Patients With Stage III Colon Cancer by ACS Guidelines Score

Outcome

ACS Guidelines Score (0-6) P Value
for Trenda0-1 2 3 4 5-6

No. at risk 262 248 251 140 91 NA

Overall Mortality

Events 92 80 70 39 18 NA

Person-years 1485 1364 1397 853 552 NA

Model 1 HR (95% CI)b 1.00 0.94 (0.68-1.29) 0.78 (0.56-1.10) 0.73 (0.49-1.08) 0.56 (0.33-0.96) .01

Model 2 HR (95% CI)c 1.00 0.96 (0.69-1.33) 0.78 (0.55-1.10) 0.73 (0.49-1.10) 0.58 (0.34-0.99) .01

Cancer Recurrence or Death From Any Cause (Disease-Free Survival)

Events 110 102 91 48 27 NA

Person-years 1292 1195 1234 770 496 NA

Model 1 HR (95% CI)b 1.00 0.99 (0.76-1.30) 0.88 (0.67-1.16) 0.75 (0.54-1.06) 0.69 (0.45-1.05) .02

Model 2 HR (95% CI)c 1.00 1.01 (0.76-1.33) 0.88 (0.66-1.17) 0.78 (0.55-1.10) 0.69 (0.45-1.06) .03

Cancer Recurrence (Recurrence-Free Survival)

Events 97 88 80 43 27 NA

Person-years 1292 1195 1232 770 496 NA

Model 1 HR (95% CI)b 1.00 0.99 (0.74-1.32) 0.88 (0.66-1.19) 0.79 (0.55-1.13) 0.80 (0.52-1.22) .11

Model 2 HR (95% CI)c 1.00 0.99 (0.74-1.33) 0.86 (0.64-1.17) 0.80 (0.56-1.16) 0.78 (0.51-1.20) .11

ACS Guidelines Score Including Alcohol Consumption (0-8)

Characteristic 0-2 3 4 5 6-8 NA

No. at risk 187 199 240 204 162 NA

Overall Mortality

Events 72 63 73 55 36 NA

Person-years 1009 1139 1356 1151 995 NA

Model 1 HR (95% CI)b 1.00 0.70 (0.49-1.01) 0.72 (0.51-1.03) 0.70 (0.48-1.01) 0.49 (0.32-0.75) .002

Model 2 HR (95% CI)c 1.00 0.70 (0.48-1.01) 0.71 (0.50-1.02) 0.67 (0.46-0.97) 0.49 (0.32-0.76) .002

Cancer Recurrence or Death From Any Cause (Disease-Free Survival)

Events 84 77 96 75 46 NA

Person-years 886 985 1177 1028 910 NA

Model 1 HR (95% CI)b 1.00 0.81 (0.60-1.11) 0.87 (0.65-1.17) 0.79 (0.58-1.07) 0.57 (0.40-0.82) .01

Model 2 HR (95% CI)c 1.00 0.82 (0.60-1.12) 0.86 (0.64-1.16) 0.76 (0.56-1.05) 0.58 (0.40-0.84) .009

Cancer Recurrence (Recurrence-Free Survival)

Events 71 69 84 68 43 NA

Person-years 886 985 1177 1025 910 NA

Model 1 HR (95% CI)b 1.00 0.89 (0.63-1.23) 0.92 (0.67-1.26) 0.85 (0.61-1.18) 0.65 (0.44-0.95) .07

Model 2 HR (95% CI)c 1.00 0.87 (0.63-1.22) 0.87 (0.63-1.20) 0.80 (0.57-1.13) 0.64 (0.44-0.94) .05

Abbreviations: ACS Guidelines, American Cancer Society Nutrition and Physical
Activity Guidelines for Cancer Survivors2-5; HR, hazard ratio; NA, not applicable.
a P value for trend calculated by modeling the median of each category as a

continuous term.
b Cox proportional hazards regression model adjusted for age, sex, and total

caloric intake.

c Cox proportional hazards regression model adjusted for variables in model 1
plus indicator variables for T-stage (T1-T2, T3-T4, missing), number of positive
lymph nodes (1-3, �4, missing), baseline performance status (0, 1-2, missing),
treatment arm, smoking status (never, past, current, missing), and aspirin use
(yes, no, missing).
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of deaths among those with stage III colon cancer could be pre-
vented if all patients followed the ACS guidelines.

Individual Score Components
The score components had independent, but not all statisti-
cally significant, associations with death after colon cancer
(eTable 4 in the Supplement). Patients with a BMI of 25.0 to
29.9 had lower risk of death than patients with BMI 30 or higher
(HR, 0.59; 95% CI, 0.44-0.80). A survival benefit was appar-
ent starting at 8.75 MET-h/wk of physical activity (8.75-17.4 vs
<8.75 MET-h/wk, HR, 0.64; 95% CI, 0.45-0.92). Consuming 5
or more servings per day of vegetables and fruits (HR, 0.60;
95% CI, 0.38-0.94) and choosing whole over refined grains (HR
quartile [Q]4 vs Q1, 0.65; 95% CI, 0.45-0.94) were important
dietary factors. Contrary to the guidelines, low intake of red
and processed meat after colon cancer was associated with an
increased risk of death (HR Q1 vs Q4, 1.72; 95% CI, 1.15-2.58).
Finally, compared with abstainers, heavy drinkers had a non-
statistically significant increased risk of death (HR, 1.28; 95%
CI, 0.81-2.01), while patients consuming low to moderate
amounts of alcohol had a nonstatistically significant de-
creased risk of death (HR, 0.87; 95% CI, 0.66-1.14).

Sensitivity Analyses
Our results were unchanged when we started follow-up at sur-
vey 2 (HR for ACS guidelines score of 5-6 vs 0-1, 0.23; 95% CI,
0.08-0.63) or excluded 43 patients whose cancer recurred or
who died 90 to 180 days after the survey (HR for score of 5-6
vs 0-1, 0.49; 95% CI, 0.27-0.88). Compared with the 356 pa-
tients who did not change their lifestyle from survey 1 to sur-
vey 2 (36%), patients who increased their ACS guidelines score
by 2 or 3 points (n = 99; 10%) had an HR for overall survival of
0.67 (95% CI, 0.41-1.08; P = .10). The HR for overall survival
remained essentially unchanged when omitting variety of fruits
and vegetables (HR for score of 5-6 vs 0-1, 0.59; 95% CI, 0.35-
1.00) or red and processed meats (HR for score of 5-6 vs 0-1,
0.63; 95% CI, 0.38-1.05) from the diet subscore.

Discussion
In this prospective study, patients with stage III colon cancer
and a lifestyle consistent with the ACS guidelines (score, 5-6)

had a 42% lower risk of death compared with patients who did
not (score, 0-1). The absolute reduction in risk of death at 5 years
was 9% comparing patients with a score of 5 or 6 vs those with
a score of 0 to 4.

To our knowledge, no prior study has evaluated the ACS
guidelines after colon cancer in relation to survival. Among
65 838 women without cancer, the ACS guidelines were asso-
ciated with a 61% lower risk of colorectal cancer–specific
mortality (HR, 0.39; 95% CI, 0.24-0.63; P < .001).6 Among 2017
female cancer survivors, women with diets consistent with the
American Institute for Cancer Research guidelines (similar to
the ACS guidelines) had a 20% lower risk of death during the
study period (HR, 0.80; 95% CI, 0.64-1.00; P = .05).26 No
association was observed among the 380 women with colo-
rectal cancer in that study, but there were few events among
those patients (n = 82), and diet was assessed approximately
9 years after diagnosis (after most events of colorectal cancer
recurrence and death would have occurred). In 1 of the only
other studies to examine a diet quality score after diagnosis,
women with diets consistent with the Health Eating Index af-
ter breast cancer had a 26% lower risk of death during the study
period (HR, 0.74; 95% CI, 0.55-0.99; P = .04).27

It is plausible that following the ACS guidelines after co-
lon cancer diagnosis inhibits recurrence and death. Exten-
sive data suggest that a healthy body size, physical activity,
and diet rich in vegetables, fruits, and whole grains improves
insulin sensitivity, decreases inflammation, and increases
vitamin D levels.28 These biomarkers have all been consis-
tently associated with colorectal cancer survival.28,29

Each component of the score (BMI, physical activity, diet)
was independently associated with survival after colon can-
cer. However, as previously reported, the BMI associated with
the lowest risk of death for patients with colon cancer was
higher than the ACS guidelines recommendation (23.0-29.9 vs
18.5-24.9).20 This may reflect reverse causation, since weight
loss commonly occurs as cancer progresses. Alternatively, it
is possible that a BMI of 23.0 to 29.9 reflects an optimal muscle
mass to fat ratio for patients with colon cancer.30 For physical
activity, we observed a benefit at 8.75 MET-h/week, approxi-
mately 150 minutes per week of moderate activity such as
brisk walking. For diet, choosing whole over refined grains and
eating 5 or more servings per day of vegetables and fruits were
associated with improved colon cancer survival. Low intake

Table 3. Hypothesized Absolute RD, NNT, and PAR of Death Among the 992 Patients With Stage III Colon Cancer by ACS Guidelines Score

ACS Guidelines
Score

Patients,
No. (%)

Deaths,
No. HR (95% CI)a

Hypothesized Values

RD (95% CI)b NNT for 5 yc PAR, %d

≥4 231 (23) 57 0.72 (0.54-0.96) 6.4 (1.4-11.5) 16 23.0

≥5 91 (9) 18 0.60 (0.37-0.97) 9.0 (2.2-15.9) 12 37.7

Abbreviations: ACS Guidelines, American Cancer Society Nutrition and Physical
Activity Guidelines for Cancer Survivors2-5; HR, hazard ratio; NNT, needed to
treat; PAR, population attributable risk; RD, risk difference.
a Cox proportional hazards model comparing patients with the score of interest

vs patients with all lower scores. Adjustment for age, sex, total caloric intake,
and clinical factors did not change the estimates, so these variables were
omitted owing to the small number of events in the higher categories.

b Difference in probability of survival at 5 years in patients with the score of
interest minus probability of survival at 5 years in patients with all lower scores

calculated using a Weibull survival model with proportional hazards.
c The number of patients with lower scores who would need to achieve the

specified score for 5 years to prevent 1 death. Estimated by 100 ÷ RD and
rounded up to the nearest whole number.

d The percentage of deaths among patients with stage III colon cancer that
would hypothetically not have occurred if all patients had the specified ACS
guidelines score or higher. Estimated using the equation
PAR = [(HR−1−1) × Pe] ÷ ([(HR−1−1) × Pe] + 1).
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of red and processed meat did not appear to contribute to the
benefit of the ACS guidelines, consistent with data from the
Cancer Prevention Study II Nutrition Cohort.31 Higher pro-
tein intake may be beneficial for cancer survivors.32 Thus, it
is possible that red meat is inversely associated with colon
cancer mortality, despite being positively associated with co-
lon cancer incidence. Further research is needed to inform
guidelines regarding meat intake for patients with cancer.

Limitations
Our study has a number of strengths, including many events,
standardized cancer treatment, repeated lifestyle assess-
ments, and complete follow-up. However, there were several
limitations. First, there was the potential for reverse causa-
tion. To limit reverse causation, we excluded patients whose
cancer recurred or who died within 90 days of the survey and
within up to 180 days of the survey in a sensitivity analysis.
Additionally, all of the patients had comprehensive staging and
good performance status when they completed survey 1.
Second, we cannot conclude that the associations we ob-
served are independent of patients’ prediagnosis lifestyle or

that changing behaviors after diagnosis will achieve the ob-
served results. Third, there is measurement error in lifestyle
assessments, but the error is likely nondifferential in our analy-
sis owing to our prospective data. Fourth, our study popula-
tion was predominantly white, and patients in trials may not
be representative of all patients with colon cancer. We did not
observe evidence of effect modification by race, but future
studies in more diverse cohorts are needed. Finally, while ad-
justment for risk factors for cancer recurrence and death had
little impact on our effect estimates, we cannot exclude the pos-
sibility of confounding or prove causation.

Conclusions
In conclusion, patients with colon cancer who had a healthy
body weight, were physically active, and ate a diet rich in veg-
etables and fruits and chose whole over refined grains had a
42% lower risk of death during the study period than patients
who did not engage in these behaviors. Clinical trials of life-
style change in colon cancer are needed.
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