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polyunsaturated fatty acids, supplemental calcium, circulating 25-hydroxyvitamin D
(25[OH]D) and all-cause mortality; for alcohol, supplemental calcium, circulating
25(OH)D and colorectal cancer-specific mortality; and for circulating 25(0OH)D and
recurrence/disease-free survival. The overall evidence was graded as ‘limited’. The
inverse associations between healthy dietary and/or lifestyle patterns (including diets
that comprised plant-based foods), whole grains, total, caffeinated, or decaffeinated
coffee and all-cause mortality and the positive associations between unhealthy die-
tary patterns, sugary drinks and all-cause mortality provided ‘limited—suggestive’ evi-
dence. All other exposure-outcome associations provided ‘limited—no conclusion’
evidence. Additional, well-conducted cohort studies and carefully designed RCTs are

needed to develop specific lifestyle recommendations for colorectal cancer survivors.
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What's new?

The role of diet in colorectal cancer prognosis is not well understood. As part of CUP Global,
here the authors systematically reviewed, meta-analysed, and independently graded the quality
of evidence on the associations of post-diagnosis dietary intake, dietary patterns, and supple-
ment use with colorectal cancer prognosis. Whilst the overall evidence was graded as ‘limited’,
it suggested that consuming a healthy diet, including diet patterns with plant-based foods, and
avoiding sugary drinks may be associated with improved overall survival after colorectal cancer
diagnosis. The study calls for well-designed cohort and intervention studies to help develop life-

style recommendations for colorectal cancer survivors.

Prevention strategies through lifestyle modifications may improve

cancer survivorship. Numerous lifestyle factors have been identified

Colorectal cancer is the third most diagnosed malignancy after lung
and breast cancer,"? and ranks second in terms of cancer-related
deaths in men and women worldwide.* Globally, in 2020, there were
more than 1.9 million colorectal cancer cases and more than 0.9 mil-
lion colorectal cancer deaths.® By 2040, incident colorectal cancer
cases and colorectal cancer-related deaths are expected to reach 3.2
and 1.6 million, respectively.! Possible reasons for the rise in cases
include adoption of a westernised diet and lifestyle, population
growth and extended lifespan.*°

Colorectal cancer has an overall 5-year relative survival rate of at
least ~60% in higher income countries,® and a lower rate, on
average ~40%, in lower-income settings.”® Advancements in detec-

710 and treatment services'? have led to greater numbers of colo-

6,12

tion
rectal cancer survivors, especially in most developed countries.
There were an estimated 5.2 million colorectal cancer survivors living
within 5 years of diagnosis in 2020.% Extended survival, however,
co-exists with increased co-morbidities,*® including cardiovascular dis-
ease, the most common cause of non-cancer deaths.** Colorectal can-

1516 or second

cer survivors are at risk of recurrence, metastasis
primary cancers.?”:*® Colorectal cancer will continue posing an enor-
mous global health burden and financial challenge across health

systems.*>

for their involvement in colorectal cancer development. The World
Cancer Research Fund/American Institute for Cancer Research
(WCRF/AICR) Third Expert Report identified ‘strong—probable’ evi-
dence that consuming red meat increases, and consuming whole
grains, dietary fibre, dairy products, and calcium supplements reduces
the risk of colorectal cancer and ‘strong—convincing’ evidence that
consumption of processed meat and alcohol increases risk. Evidence
on other dietary factors was limited.?” A recent umbrella review also
reported strong meta-analytic evidence for alcohol intake and higher
risk of colorectal cancer and for calcium, whole grain, and dairy prod-
uct intake and lower risk of colorectal cancer.?® However, evidence
on how dietary factors could influence survival is currently limited.
Such knowledge is essential to develop targeted dietary guidance/
recommendations for colorectal cancer survivors. Currently, cancer
survivors are advised to follow general cancer and chronic disease
prevention guidelines.*”?! Various recent meta-analyses of observa-
tional studies have investigated associations between post-diagnosis
dietary exposures and colorectal cancer survival but included a gener-
ally low number of studies.?2"2> Categorical meta-analyses showed
inverse associations between post-diagnosis whole grain?® and cof-

23

fee intake, the American Cancer Society recommendations

(ACS-score)?® and all-cause mortality, between a prudent dietary
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3 calcium supplementation®® and colorectal cancer-specific

pattern,?
mortality. Positive associations were observed for an unhealthy die-
tary pattern and all-cause and colorectal cancer-specific mortality as
well as for the Dietary Inflammatory Index?® and all-cause mortality.
The most recent meta-analysis?® of circulating 25(OH)D concentra-
tions and colorectal cancer outcomes reported inverse associations
for all-cause and colorectal cancer-specific mortality but included a
mixture of studies with pre- or post-diagnosis 25(0OH)D assessment.
A meta-analysis of two randomised controlled trials (RCTs) on vitamin
D3 supplementation reported a favourable effect on colorectal cancer
progression or death.?” Most of the meta-analyses on dietary factors
to date focused on categorical analyses and did not explore non-
linearity. As part of the WCRF Global Cancer Update Programme
(CUP Global), formerly known as the WCRF/AICR Continuous Update
Project, we conducted comprehensive systematic literature reviews
(SLRs) and meta-analyses to evaluate the magnitude and the shape of
the associations of interest. The evidence was subsequently indepen-
dently interpreted and graded by the CUP Global Expert Committee
and Expert Panel.?® This paper presents the evidence on post-
diagnosis dietary factors, supplement use and colorectal cancer out-
comes. Evidence on body fatness, physical activity, and the overall

summary is presented in the accompanying papers.2?~3!

2 | METHODS

The present systematic review was conducted following a standard pre-
published CUP Global protocol.>? Details on the methods and the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist are available in Supplementary Text S1 and Table S1.

2.1 | Search strategy, selection criteria and data
extraction

We searched in PubMed and Embase from inception to 28th February
2022, and screened through relevant reference lists, for publications
that met the following inclusion criteria: (1) RCTs with at least
6 months duration, longitudinal observational studies, or pooled ana-
lyses of the aforementioned designs that (2) included at least 100 par-
ticipants; (3) examined dietary exposures which were assessed
at/after diagnosis (in a few studies diet was recalled shortly after diag-
nosis in some of their participants and the assessment may have

d33-%7) that is, dietary patterns, foods,

included the pre-diagnosis perio
circulating 25(0OH)D, beverages, macro- and micronutrients and die-
tary supplements (any vitamins, minerals, herbs or other botanicals,
amino acids, or other dietary substances or their constituents®®). All
exposures are being referred to as ‘post-diagnosis’ in the current
manuscript for brevity. The examined colorectal cancer outcomes
were all-cause mortality, cause-specific mortality, progression/recur-
rence/disease-free survival, any second primary cancers. In the case
of multiple publications by the same study on the same exposure-

outcome association, the publication with the greater number of

JOURNAL of CANCER

outcome events was used. Studies that examined solely nutrient-
based patterns or were lacking information on the foods and bever-
ages contributing to the dietary pattern were excluded because the
information could not be used towards the development of food-
based dietary recommendations. Study and participants' characteris-
tics and the results for each exposure-outcome association were
extracted into the CUP Global database.

2.2 | Systematic literature review
RCTs and observational studies were reviewed separately. Relevant
publications were meta-analysed when at least three studies were
available for a given exposure, or descriptively synthesised for the
studies that did not report sufficient information for a meta-analysis.
The RCTs and the publications on dietary exposures related to
the WCRF/AICR Cancer Prevention Recommendations'’ were
descriptively synthesised even when there were fewer than three
available studies. For descriptive synthesis, the results for each
exposure-outcome association reported in the individual studies were
summarised in text and the relative risks (RRs) comparing extreme
exposure categories were presented in forest plots. The various die-
tary and/or lifestyle patterns were grouped into ‘healthy’ and
‘unhealthy’ to explore if there was any tendency of associations.

2.3 | Statistical methods for meta-analysis

Linear dose-response meta-analyses were conducted to calculate
summary RRs and 95% confidence intervals (Cls) from multivariable
adjusted results for a continuous exposure or for exposures with at
least three categories reported in the individual studies. A Der
Simonian-Laird random-effects model was used.>? Heterogeneity was
assessed using the estimate of between study variance (tau?)*® and
reflected by the range of effect estimates provided in the forest plots.
The proportion of total variability in effect estimates due to between-
study heterogeneity was assessed using the [? statistic.* The 95%
predictive intervals (Pls) were used to estimate the range of values
that may contain the value of a new study.*? Sources of heterogeneity
were explored when there were at least three studies in pre-defined
subgroups (cancer subsite and subtype, exposure assessment time-
frame relative to cancer treatment, and risk of bias domains). Small-
study effects, a reason of which is publication bias, were examined

using the Egger's test*®

and by visually inspecting funnel plots with
10 or more studies. One-stage non-linear dose-response meta-
analysis was conducted using restricted cubic splines with three knots
placed at 10th, 50th, and 90th percentiles of the overall dose distribu-
tion (based on the estimated or reported category midpoints of the
included studies).** This was done when at least five studies with
three or more exposure categories were available. The likelihood ratio
test was used to compare the linear and non-linear models.*> Sensitiv-
ity meta-analyses, including leave-one-out analysis to examine the

influence from each study on the summary estimate*® and analyses
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excluding locally advanced and metastatic patients were conducted
when appropriate. Hypothesis testing and p-values reported are two-

tailed, unless otherwise mentioned.

24 | Risk of bias assessment

Version 2 of the Cochrane risk-of-bias tool for randomised trials (RoB 2)
was used to assess the risk of bias in individual RCTs,*” whereas a modi-
fied version of the Risk of Bias for Nutrition Observational Studies
(RoB-Nobs) tool*® was used to assess the risk of bias in observational
studies of dietary and/or lifestyle patterns and in other observational
studies included in the meta-analyses. The RoB-Nobs tool was originally
developed by the U.S. Department of Agriculture (USDA) Nutrition Evi-
dence Systematic Review after modifications to the Cochrane's collabora-
tion Risk Of Bias In Non-randomized Studies of Interventions
(ROBINS-I)** The Imperial College London (ICL) review team further
refined and tested the tool to ensure its suitability for investigating
exposure-outcome associations in cancer survivorship studies. This
involved adapting the tool's prompting questions and providing additional
guidance to encompass adiposity, physical activity, and dietary/nutritional
exposures (working document version dated 11/07/2023 can be found
in Supplementary Table S2). The tool consists of seven domains, including
confounding, participant selection, exposure classification, departures
from intended exposures, missing data, outcome measurement, and selec-
tive reporting. The studies not included in the meta-analyses were
assessed descriptively considering the most likely influential sources of
potential bias in survival studies™ (selection bias, information bias of

exposure and outcome assessment, and residual confounding).

2.5 | Quality control
Study selection, data extraction, and risk of bias assessment were
checked by a second reviewer. Any disagreements were resolved by

consensus with a third reviewer.

2.6 | Evidence grading criteria

The findings from the systematic review were interpreted by the CUP
Global independent Expert Committee on Cancer Survivorship and
the Expert Panel convened by WCRF International. The Expert Com-
mittee provided preliminary conclusions on the evidence, and these
were finalised by the Expert Panel independently of the ICL review
team. Pre-defined evidence grading criteria, covering the quantity,
consistency, magnitude and precision of the summary estimates, exis-
tence of a dose-response relationship, risk of bias, study design, gen-
eralisability and mechanistic plausibility of the results, were used to
assess the quality of the evidence evaluating likelihood of causality
into ‘strong (subgrades: convincing, probable, substantial effect on
risk unlikely)’ or ‘limited (subgrades: limited-suggestive or limited-no

conclusion)’ (Supplementary Table S3).

3 | RESULTS

3.1 | Literature search and study characteristics

Figure 1 shows the study selection process. There were 92 potentially
eligible publications investigating dietary factors and colorectal cancer
outcomes, 23 of which were excluded for not meeting inclusion

51-73 (Supplementary Table S4). The present systematic review

)74779

criteria

included 69 publications, from five RCTs (6 publications and

33-37,80-137

35 observational studies (63 publications), comprising

30,242 colorectal cancer cases and over 8700 all-cause deaths, 2100
colorectal cancer deaths, and 3700 progression, recurrence, or
disease-free events.

Fifteen studies (38%) (47 publications) were from North Amer-

ica33,36,75777,80,82787,89791,93,94,967 111,114-121,123,124,127,131,135,136 and eleven

(26%) (13 publications) were from Europe,>%77479818892125128130132-134

which included cancer survivors of mostly white race or ethnicity. Six
studies (15%) (6 publications) were from South-East Asia,”®7>113126129.137
one (3%) from East Africa (Ethiopia)*'? and seven (18%) (2 publications)
were international studies.>*12? Thirty-six studies (90%) (52 publications)

investigated colorectal ca ncer34737,74781,83785,87790,92,94,95,98,101,102,104,1067

108,110-115,117,120-122,124-126,128-137 and four (10%) (17 publications) onIy

colon ca ncer.33’82'86'91'93’%'97'99'100'103’105'109’116'118’119'123’127

Twenty-seven studies (67%) (42 publications) included individuals

with colorectal cancer at various stages3#3537.7478-81838587-

90,92,94,95,98,101,102,104,106,108,110-115,117,120,121,124-126,128-130,132,134,135,137

of which 17 publications included stage IV cancer survi-
VOr537,74,79,87,88,90,92,95,1127114,121,125,130,132,135,137 (median percent—
age [range] of stage IV: 16% [3.5%-29%]; five of the 17 publications
did not report % metastatic’47%:87:70:113)

One (2%) study included stage Il patients only,>® three (8%) (16 pub-
Iications) stage m onIy,82’86’91’93’%'97'99'100'103'105’109’116’118’119’123'127
two (5%) (5 publications) locally advanced or metastatic stage
0n|y,7f"77’84’107’131 and seven (18%) (5 pubIications)3""75'122’133’136 stage
IV only. Study size ranged from 100 to 2910 participants (median
611 participants). Most studies conducted dietary or blood measure-
ment once at various times up to a median of 6 years after cancer

diagnosis.2&72

3.2 | Randomised controlled trials
Five RCTs (6 publications) were identified, one of each on a nutritional
behavioural intervention and high-protein supplementation,”® omega-3

4 and vitamin C supplementation,”® and

fatty acid supplementation,”
two (3 publications) on vitamin D3 supplementation’"7® (Table 1,
Supplementary Figures S1 and S2). Two RCTs included unresectable
advanced/metastatic patients,”>””” two included stage I-IV patients
before resection,”*”? and one included stage I-Ill resected patients.”®
In the SUNSHINE trial,”®”” high-dose (n = 69; 4000 IU/day) versus
regular-dose (n = 70; 400 IU/day) vitamin D3 supplementation did
not affect overall survival (median 24.3 months for both) but sug-

gested improved progression-free survival (hazard ratio [HR] = 0.64,

85U801 SUOWWOD SAIERID 3(dedl|dde au Aq peusenob aJe oIl VO ‘88N JO S9|NJ 10} ARIq1T 8UIUO A8]IA UO (SUOTIPUOD-PUE-SWS) 00" A8 1M ATeIq 1jBulJuo//:SANY) SUORIPUOD Pue SWs 1 841 88S *[5202/S0/ET] Uo Ariqiauluo As|im ‘(-oujeande ) aqnopesy Aq 906vE 0(1/Z00T 0T/I0p/W0o" A3 1M AeIqpuljuo//:sdny Woly pepeojumod ‘s ‘vZ0Z ‘STZ0260T



CHAN ET AL.

FIGURE 1 Flowchart of study
selection process.

one-sided 95% Cl = 0.00-0.90). A similar but less precise estimate
was observed in the AMATERASU trial”® that compared high-dose
(n = 251; 2000 IU/day) versus placebo (n = 166) (HR = 0.69, 95%
Cl = 0.39-1.24). Vitamin C supplementation (n = 51; 10 g/day) ver-
sus placebo (n = 49) worsened both overall (HR = 1.25, one-sided

28,663 Unique publications identified through
database searching and other sources up to 28
February 2022:

20,854 from PubMed

7,795 from Embase

14 publications from handsearching

INTERNATIONAL 449
JOURNAL of CANCER | culcc

26,117 publications excluded based on
title and abstract

2,546 full texts retrieved and assessed for
inclusion.

v

\4

553 potentially relevant publications identified for
the review.

1,993 publications excluded:
1,566 Out of research topic
9 Case-control studies
10 Conference abstracts/symposiums
35 Cross-sectional studies
12 Ecological studies
47 Editorials/letters/commentaries
4 Less than 6 months follow-up
45 Meta-analyses
10 News articles
27 Not in English
188 Reviews
20 Study protocols
9 Systematic reviews
3 Umbrella reviews
8 Duplicates

A\ 4

97 publications excluded:
64 Pre-diagnosis exposure only
publications
12 Mix of pre and post diagnosis
20 <100 participants
5 multivariable adjusted results
15 unadjusted results
1 Cancer polyps as the outcome

\ 4

364 Publications on exposures other than
dietary factors

92 publications on dietary factors

A 4

69 publications on dietary factors, supplement
use were meta-analysed or descriptively
synthesised.

23 further excluded publications.
2 prognostic modelling studies
3 superseded publications
3 examined dietary patterns without clear
food item components.
5 examined other exposures.
10 on topic but not reviewed due to the
small number of cases.

p =.017) and progression-free survival (median 2.9 vs. 4.1 months,
one-sided p = .01).”° Use of omega-3 fatty acid enriched supplements
(n = 74; 2 g eicosapentaenoic acid [EPA]/day and 1 g docosahexae-
noic acid [DHA]/day) versus omega-3 fatty acid supplements without

fish ail (n = 74) resulted in worse 5-year overall survival (HR = 1.73,
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(Continued)

TABLE 1

Design,

Follow-up time,
compliance

Intervention and
timeframe

randomisation,
blinding

Author, year, study Characteristics of

Adjustments Risk of bias

RR (95% Cl)

Outcome

study population

name, country

status; >10% body

weight loss)

as possible or until

Stage: Advanced

INTERNATIONAL

JOURNAL of CANCER

evidence of marked
colorectal cancer
progression

(metastasis to lung,

liver, or other sites)

Age: Unknown

Race/Ethnicity:

Unknown

Abbreviations: Cl, confidence interval; DHA, docosahexaenoic acid; ECOG, Eastern Cooperative Oncology Group; EPA, eicosapentaenoic acid; NA, not applicable; P, probability value; PMID, PubMed ID; RCT,

randomised controlled trial; RR, relative risk.

CHAN ET AL.

95% Cl = 1.06-2.83) and 3-year recurrence-free survival of similar
size but with a wide 95% Cl crossing the null (HR = 1.66; 95%
Cl = 0.65-4.26).”* Colorectal cancer survivors who received indivi-
dualised nutritional counselling had the longest colorectal cancer-
specific survival and lowest number of recurrences compared with
those who received high-protein supplements (40 g/day) or usual diet
(median 7.3, 6.5, 4.9 years, respectively, p < 0.05 and n = 7/34, 9/29,
15/26, respectively, p < 0.01).”°

3.3 | Observational studies

Evidence on dietary and/or lifestyle patterns and colorectal cancer
outcomes were grouped to observe any tendency of associations
(Supplementary Tables S5 and Sé). Linear dose-response meta-ana-
lyses were possible for 21 dietary exposures-colorectal cancer survival
outcome associations investigated (Figure 2). All other associations
identified were descriptively reviewed. Subgroup analysis, sensitivity
analysis, and test of publication bias was not possible, except for the
few occasions as presented. Study and participants' characteristics
and the main results of the studies included are provided in Supple-
mentary Tables S7-541. An overview of the risk of bias assessment of
publications from observational studies is provided in Supplementary
Figures S3 and S4. A summary of the evidence grading conclusions is
provided in Table 2.

331 |
combined

Post-diagnosis dietary and lifestyle patterns

80,81

Two pooled analyses of two cohorts and two additional stud-

ies®®° (4 publications) (1187 deaths) investigated four a priori healthy
dietary and lifestyle patterns, defined based on recommendations for
cancer prevention or a healthy lifestyle, which included diet, physical
activity, and adiposity as components (Supplementary Tables S7-S9,
Figures S5 and S6). One pooled analysis investigated three patterns,®?

808690 investigated one pattern only, thus the four inde-

other studies
pendent study groups reported six dietary and lifestyle patterns and
all-cause mortality point estimates (Supplementary Table S5). The evi-
dence was descriptively reviewed. There was a consistent trend for an
inverse association between healthy dietary and lifestyle patterns and
all-cause mortality across the studies (HRs for high vs. low scores ran-
ged from 0.58 to 0.80, 3 out of 5 Cls crossing the null), apart from one
study that indicated a positive association (HR =1.19, 95%

Cl = 0.59-2.43) but with wide Cls crossing the null®® (Figure 3).

3.3.2 | Post-diagnosis dietary patterns

Two pooled analyses of two cohorts%818387 four additional

StUdieS,82'84'85’88’91’92

and one additional publication from one of the
pooled cohorts®? (11 publications) investigated 15 food-based dietary

patterns, broadly grouped into 11 healthy dietary patterns (dietary
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Exp Group - Exp e o) No. Unit i it RR (95% CI) P tau? Evidence grading
Foods
Wholegrains All-cause mortality 3/4 1 serving/day - 0.90 (0.83t00.97) 0%  0.000 Limited - suggestive
Nuts and peanuts All-cause mortality 3/3 0.5 servings/day ———®#—— 0.56 (0.27t0 1.17) 89% 0.354 Limited — no conclusion
Red and processed meat All-cause mortality 3/3 1 serving/day —a 0.87 (0.67t01.12) 71% 0.036 Limited - no conclusion
Dairy products All-cause mortality 2/3 1 serving/day - 1.08 (0.98t0 1.19) 26% 0.002 Limited — no conclusion
Beverages and alcohol
Sugary drinks All-cause mortality 3/4 1 serving/day - 1.20(1.08t01.33) 0%  0.000 Limited - suggestive
Artificially sweetened beverages All-cause mortality 2/3 1 serving/day —a— 0.71(0.60t00.84) 0%  0.000 Limited - no conclusion
Total coffee All-cause mortality 3/4 1 cup/day ] 0.92(0.89t00.95) 0% 0.000 Limited - suggestive
Caffeinated coffee All-cause mortality 3/4 1 cup/day - 0.91(0.861t00.97) 45% 0.002 Limited - suggestive
Decaffeinated coffee All-cause mortality 3/4 1 cup/day - 0.86 (0.80t00.92) 0%  0.000 Limited - suggestive
Alcohol All-cause mortality 5/7 10 g/day - 0.95(0.91t01.00) 0% 0.000 Limited — no conclusion
Alcohol Colorectal cancer-specific mortality 2/3 10 g/day —_—a 0.86 (0.57 t0 1.30) 81% 0.105 Limited - no conclusion
Dietary constituents
Dietary glycaemic load All-cause mortality 2/3 50 units/day ——&—— 1.45(0.96102.20) 83% 0.074 Limited - no conclusion
Dietary glycaemic index All-cause mortality 2/3 5 units/day —— 1.14(1.02t01.27) 0% 0.000 Limited — no conclusion
Dietary insulin load All-cause mortality 2/3 100 units/day ——=&——— 1.40(0.88t02.23) 96% 0.108 Limited — no conclusion
Dietary insulin index All-cause mortality 2/3 5 units/day —a— 1.17 (1.02t0 1.34) 53% 0.006 Limited — no conclusion
Marine omega-3 ted fatty acids Al mortality 3/4 0.1 g/day - 0.96 (0.91t01.01) 0% 0.000 Limited — no conclusion
Ci ing 25-hy yvitamin D
Circulating 25-hydroxyvitamin D All-cause mortality 911 10 nmol/L = 0.94 (0.91t00.97) 83% 0.002 Limited — no conclusion
Circulating 25-hydroxyvitamin D Colorectal cancer-specific mortality 4/5 10 nmol/L o 0.94 (0.91t00.97) 0% 0.000 Limited — no conclusion
Circulating 25-hydroxyvitamin D Colorectal cancer recurrence/disease—free survival 6/7 10 nmol/L. a 0.97 (0.93t01.00) 64% 0.001 Limited — no conclusion
Dietary supplementations
Supplemental calcium All-cause mortality 213 300 mg/day —a 0.93 (0.85t01.01)  40% 0.002 Limited — no conclusion
Supplemental calcium Colorectal cancer-specific mortality 2/3 300 mg/day —a— 0.88 (0.73t0 1.06) 28% 0.002 Limited — no conclusion
T T 1T 1

0.40 0.60 1.0 1.4 22

FIGURE 2 An overview of summary relative risks from linear dose-response meta-analyses of observational studies and the corresponding

evidence grading.

guidelines or recommendations, namely [modified] Mediterranean
diets, [healthy] plant-based foods/diet, prudent dietary patterns) and
four unhealthy dietary patterns (i.e., unhealthy plant-based foods/diet,
pro-hyperinsulinemia diet, western dietary patterns, pro-inflammatory
diet) (Supplementary Tables S10-5S21 and Figures S7-S10). Most
studies investigated multiple patterns, defined a priori, a posteriori or
using hybrid methods (Supplementary Table Sé and Figure S11). The
evidence was descriptively reviewed. Six independent study groups
reported 20 healthy dietary patterns and all-cause mortality point
estimates (8 publications) (3722 deaths)8081.84858889.91.92 \\hich
showed 18 inverse associations (HRs ranged from 0.46 to 0.98, 12 Cls
crossing the null), and two positive associations (HRs 1.07 and 1.32,
Cls crossing the null) (Figure 3). Five independent study groups
reported eight unhealthy dietary patterns and all-cause mortality point
estimates (8 publications) (4579 deaths),82-8>87:879192 ot \which six
showed positive associations (HRs ranged from 1.23 to 2.32, four Cls
crossing the null), and two inverse associations (HRs 0.77 and 0.85,

Cls crossing the null) (Figure 3).

3.3.3 | Post-diagnosis exposures with dose-
response meta-analysis

Post-diagnosis whole grain intake

Four studies (3 publications)’?~%4

were identified (Supplementary
Table S22 and Figures S12 and S13). Linear dose-response meta-
analysis showed a lower risk of all-cause mortality with post-diagnosis
whole grain intake (summary RR per 1 serving/day = 0.90, 95%
Cl = 0.83-0.97; I? = 0%, tau®=0.00, RRs range = 0.83-0.94) (1288

deaths) (Figure 4).

Post-diagnosis nut and peanut intake

)879296 \were identified (Supplementary

Three studies (3 publications,
Table S23, Figures S14 and S15). Linear dose-response meta-analysis
showed little evidence of an association between post-diagnosis nut
and peanut intake and all-cause mortality, with wide 95% Cls crossing
null (summary RR per 0.5 serving of nuts and peanuts/day = 0.56,
95% Cl = 0.27-1.17; I? = 89%, tau?=0.35, RRs range = 0.36-0.99)

(816 deaths) (Supplementary Figure S16).

Post-diagnosis red and processed meat, red meat, and processed
meat intake

Three studies (4 publications) were identified investigating post-

diagnosis intakes of red and processed meat,38%78 (

t97

unpro-
cessed) red mea and processed meat’’ (Supplementary
Table S24). Linear dose-response meta-analysis was possible for
studies that investigated post-diagnosis red and processed meat
intake. No association was observed with all-cause mortality
(summary RR per 1 serving/day = 0.87, 95% Cl=0.67-1.12;
I = 71%, tau?=0.04, RRs range = 0.65-1.07) (3 studies/publica-

tions)86,89.98 (

1700 deaths), and in the one study reporting results
for colorectal cancer-specific mortality (RR per 1 serving/
day = 1.22, 95% Cl = 0.90-1.67) (162 deaths)®? (Supplementary

Figures S17-519).

Post-diagnosis dairy product intake
Four studies (3 publications) were identified”?°*1%2 (Supplementary
Table S25). One study lacked sufficient information for inclusion in the

102 (Supplementary Figure $20). Linear dose-response

meta-analysis
meta-analysis showed little evidence for an association between post-

diagnosis dairy intake and risk of all-cause mortality (summary RR per
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Author Study Subsite  Stage StudySize RR (95% CI) Pattern Comparison
Dietary and lifestyle patterns combined
Inoue-Choi, 2013 IWHS CRC Any 380 R e ] 1.19(0.59, 2.43) 2007 WCRF/AICR 6-8vs 1.5-4
van Zutphen, 2021 COLON & EnCoRe CRC Stage I-1lI 1387 — 0.80 (0.52, 1.23)  National score 3.5-4vs 0-2
van Zutphen, 2021  COLON & EnCoRe CRC Stage I-lll 1391 —_— 0.75 (0.44,1.29) 2018 WCRF/AICR 4.5-7.0vs 0-2.5
Song, 2021 NHS & HPFS CRC Stage Il 1491 —— 0.74 (0.56,0.98) 2018 WCRF/AICR M/W median 2.39/2.36 vs 1.29/0.93
van Zutphen, 2021  COLON & EnCoRe CRC Stage I-ll 1385 —_——" 0.69 (0.44,1.06) ACS 6-8 vs 0-3
van Blarigan, 2018 CALGB 89803 CcoL Stage Il 992 — 0.58 (0.34,0.99) ACS 5-6 vs 0-1
Healthy dietary patterns
Meyerhardt, 2007  CALGB 89803 CcOoL Stage Il 1009 —t—— 1.32 (0.86, 2.04)  Prudent dietary pattern Q5vs Q1
van Zutphen, 2021  COLON & EnCoRe CRC Stage I-llI 1391 —_—— 1.07 (0.67,1.70) 2018 WCRF/AICR-diet sub-score ~ 2.25-4 vs 0-1
Fung, 2014 NHS CRC Stage I-Ill 1201 —p—— 0.98 (0.71,1.35) DASH Median 30 vs 17
Song, 2021 NHS & HPFS CRC Stage I-Ill 1491 —— 0.97 (0.73,1.28) 2018 WCRF/AICR-diet sub-score  M/W median 0.68/0.71 vs 0.32/0.39
Fung, 2014 NHS CRC Stage I-1ll 1201 —— 0.93 (0.65, 1.34)  Prudent dietary pattern Median 1.3 vs -1.1
van Blarigan, 2020 CALGB SWOG 80405 CRC Metastatic 1284 == 0.91(0.73,1.12) DASH Q5vs Q1
van Blarigan, 2020 CALGB SWOG 80405 CRC Metastatic 1284 == 0.88 (0.73,1.08) AHEI Q5vs Q1
Fung, 2014 NHS CRC Stage Il 1201 ——— 0.87 (0.63, 1.21) aMED Median 6 vs 2
van Zutphen, 2021  COLON & EnCoRe CRC Stage I-ll 1385 — 0.85 (0.45, 1.60)  ACS-diet sub-score 7-9vs 0-2
van Blarigan, 2020 CALGB SWOG 80405 CRC Metastatic 1284 ——t 0.83 (0.66, 1.04)  Prudent dietary pattern Q5vs Q1
van Blarigan, 2020 CALGB SWOG 80405 CRC Metastatic 1284 ——t 0.83(0.67,1.04) AMED Q5vs Q1
Guinter, 2018 CPS-IINC CRC Non-metastatic 1321 —— 0.79 (0.62,0.99) DASH 28-39 vs 10-20
Ratjen, 2021 PopGen Biobank CRC Any 1404 —_—— 0.76 (0.51, 1.14)  hPDI Median 62 vs 46
van Zutphen, 2021 COLON & EnCoRe CRC Stage I-Ill 1388 ——— 0.74 (0.47,1.16)  National score-diet sub-scale Q4 vs Q1
Guinter, 2018 CPS-IINC CRC Non-metastatic 1321 —— 0.72 (0.56, 0.93)  Prudent dietary pattern 0.49t0 5.4 vs -1.92t0 -0.7
Fung, 2014 NHS CRC Stage I-IIl 1201 ——]| 0.71(0.52,0.98) AHEI Median 68 vs 39
Ratjen, 2017 PopGen Biobank CRC Any 1404 ——t 0.63 (0.39, 1.04) HNFI Median 5 vs 1
Guinter, 2018 CPS-IINC CRC Non-metastatic 1321 —— 0.62 (0.47, 0.83) ACS-diet sub-score 7-9 vs 0-2
Ratjen, 2017 PopGen Biobank CRC Any 1404 —— 0.48 (0.32,0.74) MMDS Median 6 vs 3
Ratjen, 2021 PopGen Biobank CRC Any 1404 —— 0.46 (0.29, 0.75)  PDI Median 61 vs 47
Unhealthy dietary patterns
Meyerhardt, 2007 ~ CALGB 89803 coL Stage Il 1009 ——) 2.32(1.36,3.96) Western dietary pattern Q5vs Q1
Liu, 2017 NHS & HPFS CRC Not reported 1120 —— 1.43(1.15,1.77) EDIP T3vsT1
Fung, 2014 NHS CRC Stage I-Ill 1201 ——— 1.32(0.89,1.97) Western dietary pattern Median 1.3 vs -1.1
Ratjen, 2021 PopGen Biobank CRC Any 1404 —t—— 1.29 (0.84, 1.98) uPDI Median 62 vs 45
Tabung, 2020 NHS & HPFS CRC Stagel-Ill 1718 —— 1.24 (0.97,1.58) EDIH Q5vs Q1
Guinter, 2018 CPS-IINC CRC Non-metastatic 1321 —_ 1.23 (0.91, 1.65) Western dietary pattern 0.58t0 7.9 vs -2.2t0 -0.72
van Blarigan, 2020 CALGB SWOG 80405 CRC Metastatic 1284 ——= 0.85 (0.65, 1.10)  Western dietary pattern Q5vs Q1
Cheng, 2020 CALGB 89803 CcoL Stage Il 1024 —— 0.77 (0.52, 1.14) EDIH Q5vs Q1
1T L
3 4 5 7 1 14 18 25 35
Relative Risk (RR)
FIGURE 3 Forest plots showing the relative risks (RRs) with the 95% confidence intervals (95% Cls) for all-cause mortality associated with

the highest versus lowest scores for dietary and lifestyle patterns combined, healthy dietary patterns, and unhealthy dietary patterns. Forest plot
shows the results for the comparison of highest to lowest dietary and/or lifestyle adherence score. Each square and the horizontal line across the
square represents the RR estimate of the individual study and its 95% ClI. Cl, confidence interval; COL, colon cancer; CRC, colorectal cancer; M,
men; Q, quartile; RR, relative risk; T, tertile; W, women. Name of dietary and/or lifestyle patterns: 2007/2018 WCRF/AICR, 2007/2018 World
Cancer Research Fund/American Institute for Cancer Research Cancer Prevention Recommendations; ACS, American Cancer Society Nutrition
and Physical Activity Guideline for Cancer Survivors; AHEI, Alternative Healthy Eating Index; aMED, Alternative Mediterranean Diet; DASH,
Dietary Approaches to Stop Hypertension; EDIH, Empirical Dietary Index for Hyperinsulinemia; EDIP, Empirical Dietary Inflammatory Pattern;
HNFI, Healthy Nordic Food Index; National score (based on Dutch Healthy Diet index); MMDS, Modified Mediterranean Diet Score; h/uPDI,
Healthy/Unhealthy Plant-based Diet Index; Prudent dietary pattern; Western dietary pattern. Study abbreviations: CALGB 89803, Cancer And
Leukemia Group B 89803; CALGB SWOG 80405, Cancer And Leukemia Group B (Alliance) Southwest Oncology Group 80405; COLON,
COlorectal cancer: Longitudinal, Observational study on Nutritional and lifestyle factors that may influence colorectal tumour recurrence, survival
and quality of life; CPS-1l NC, Cancer Prevention Study-Il Nutrition Cohort; EnCoRe, Energy for life after ColoRectal cancer; HPFS, Health

Professionals Follow-Up Study; IWHS, lowa Women's Health Study; NHS, Nurses' Health Study.

1 serving/day = 1.08, 95% Cl = 0.98-1.19; > = 26%, tau®>=0.002, RRs
range = 0.98-1.15) (3 studies, 2 publications) (907 deaths)’%0!
(Supplementary Figures S21-523).

Post-diagnosis sugary drink, and artificially sweetened drink intake

The four identified studies on post-diagnosis sugary drinks (3 publi-

)92,103,104

cations and the three on post-diagnosis artificially sweet-

)104,105 (

ened drinks (2 publications Supplementary Table S26 and

Figures S$24-S527) were included in the linear dose-response
meta-analyses.

A higher risk of all-cause mortality (summary RR per 1 serving/
day = 1.20, 95% Cl = 1.08-1.33; I?> = 0%, tau?=0.00, RRs range = 1.06-
1.32) (1290 deaths) was observed for sugary drinks. (Figure 4). A lower risk
of all-cause mortality (summary RR per 1 serving/day =0.71, 95%
Cl = 0.60-0.84; I = 0%, tau?=0.00, RRs = 0.64 and 0.76) (1129 deaths)
was observed for artificially sweetened drinks (Supplementary Figure S28).
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%
Author Study Subsite Stage RR (95% CI) Weight
Whole grains
Ratjen, 2021 Biobank popgen CRC Any — 0.89 (0.74, 1.06) 17.46
Brown, 2018 CALGB 89803 coL Stage Il ﬁ— 0.94 (0.84, 1.04) 54.56
Song, 2018 NHS & HPFS CRC Stage I-I1I + 0.83 (0.72, 0.96) 27.98
Subtotal (2 =0.0%, p =.376) € < 0.90 (0.83, 0.97) 100.00
with estimated predictive interval (0.55, 1.47)
Sugary drinks
Ratjen, 2021 Biobank popgen CRC  Any —— 132(1.10,1.57) 33.11
Zoltick, 2021 NHS CRC Stage I-I1I ——.— 1.12(0.93, 1.36) 28.71
Zoltick, 2021 HPFS CRC Stage I-I1l L 1.06 (0.75, 1.49) 8.80
Fuchs, 2014 CALGB 89803 coL Stage Il $ 1.19 (0.99, 1.44) 29.38
Subtotal (P =0.0%, p =.561) - 1.20 (1.08, 1.33) 100.00
with estimated predictive interval (0.96, 1.50)
Total coffee intake
Mackintosh, 2020 CALGB SWOG 80405 CRC Locally advanced/metastatic _!- 0.93 (0.89, 0.98) 47.84
Hu, 2018 NHS CRC Stage I-I1I 0.91 (0.85, 0.97) 27.06
Hu, 2018 HPFS CRC Stage I-1ll — 0.95 (0.87, 1.03) 14.56
Guercio, 2015 CALGB 89803 coL Stage Il —i— 0.88 (0.80, 0.98) 10.54
Subtotal (P =0.0%, p =.697) > 0.92 (0.89, 0.95) 100.00
with estimated predictive interval (0.86, 0.99)
Caffeinated Coffee
Mackintosh, 2020 CALGB SWOG 80405 CRC Locally advanced/metastatic -.- 0.95 (0.90, 1.00) 40.29
Hu, 2018 NHS CRC Stage I-Ill + 0.86 (0.78, 0.95) 22.90
Hu, 2018 HPFS CRC Stage I-I1I —— 0.98 (0.85, 1.12) 15.58
Guercio, 2015 CALGB 89803 coL Stage Il —— 0.86 (0.77, 0.96) 21.24
Subtotal (P =44.9%, p =.142) e m— 0.91 (0.86, 0.97) 100.00
with estimated predictive interval (0.73, 1.15)
Decaffeinated coffee
Mackintosh, 2020 CALGB SWOG 80405 CRC Locally advanced/metastatic + 0.81(0.71, 0.93) 27.38
Hu, 2018 NHS CRC  Stage I-Ill _—._.— 0.88 (0.78, 1.00) 33.24
Hu, 2018 HPFS CRC Stage I-IlI 0.83 (0.71, 0.97) 20.90
Guercio, 2015 CALGB 89803 coL Stage Il ——— 0.92 (0.78, 1.08) 18.48
Subtotal (P =0.0%, p =.629) —_— 0.86 (0.80, 0.92) 100.00
with estimated predictive interval (0.73, 1.00)
NOTE: Weights are from random effects analysis
[ [ [ [ [ [ [
8 9 1 1.2 14 16

.6 7
Relative Risk (RR)

FIGURE 4

Linear dose-response meta-analyses of post-diagnosis intake of whole grains, sugary drinks, and total, caffeinated, and

decaffeinated coffee in relation to all-cause mortality (associations presented are those graded as ‘limited—suggestive’). Forest plot shows the
linear dose-response results (per 1 serving/day intake of whole grains and sugary drinks; and per 1 cup/day intake of coffee) from the inverse
variance DerSimonian-Laird random-effects model. Each diamond represents the summary relative risk (RR) estimate, the diamond's width is the
95% confidence interval (Cl), and the diamond's horizontal line is the 95% prediction interval (Pl). Each square and the horizontal line across the
square represents the RR estimate of the individual study and its 95% ClI. Cl, confidence interval; COL, colon cancer; CRC, colorectal cancer; RR,
relative risk. Study abbreviations: CALGB 89803, Cancer And Leukemia Group B 89803; CALGB SWOG 80405, Cancer And Leukemia Group B
(Alliance) Southwest Oncology Group 80405; HPFS, Health Professionals Follow-Up Study; NHS, Nurses' Health Study.

Post-diagnosis total coffee, caffeinated coffee, and decaffeinated
coffee intake

Four studies (3 publications)!®’"1%? (Supplementary Table $27,
Figures S29 and S30) were included in linear dose-response
meta-analysis, which showed lower risk of all-cause mortality with
total, post-diagnosis caffeinated and decaffeinated coffee intakes
(summary RR per 1 cup/day = 0.92, 95% Cl = 0.89-0.95, I?> = 0%,
tau?=0.00, RRs range = 0.88-0.95; summary RR =0.91, 95%
Cl = 0.86-0.97, I? = 45%, tau?=0.002, RRs range = 0.86-0.98; and
summary RR = 0.86, 95% Cl = 0.80-0.92, I* = 0%, tau?=0.00, RRs
range = 0.81-0.92, respectively) (2078 deaths) (Figure 4). The results
remained materially unchanged when excluding the study of locally

107

advanced or metastatic colorectal cancer patients, and also the

197 in sensitivity analyses (Supplementary

108

study of stage lll patients
Figure S31). The pooled analysis of two cohorts*** conducted sub-
group analyses for total coffee intake and all-cause mortality, observ-
ing little evidence of an association among stage | and Il (73%) cancer
survivors (RRs per 1 cup/day = 0.97, 95% Cl = 0.91-1.03), but an inverse
association among stage |Ill (27%) cancer survivors (RRs per
1 cup/day = 0.80, 95% Cl = 0.69-0.91) (Pinteraction = -02) (Supplementary

Table S27).

Post-diagnosis alcohol intake

81,86,95,110-114

Ten studies (8 publications) were identified (Supplementary

Table 528). Two studies lacked sufficient information for inclusion in the

112,114

meta-analysis (Supplementary  Figure S32). Seven studies
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(5 publications)€18425110111 (g nplementary Figures S33 and $34) were
included in the linear and non-linear dose-response meta-analyses of
post-diagnosis alcohol intake and all-cause mortality and three (2 publi-

cations)t10:111

in the linear dose-response meta-analysis of colorectal
cancer-specific mortality. There was an indication of an inverse associa-
tion between post-diagnosis alcohol and all-cause mortality (summary
RR per 10 g/day = 0.95, 95% Cl = 0.91-1.00; I> = 0%, tau®=0.00, RRs
range = 0.91-1.06), and some indication of a lower risk of all-cause
mortality with alcohol consumption up to ~20 g/day (Phon-iinearity = 0.23)
(2122 deaths), but with the 95% Cls crossing the null value. There was no
association between post-diagnosis alcohol and colorectal cancer-specific
mortality (summary RR per 10 g/day =0.86, 95% Cl = 0.57-1.30;
?=81%, tau?’=0.11, RRs range =0.60-1.10) (479 deaths)

(Supplementary Figures S35 and S36).

Post-diagnosis dietary glycaemic load, glycaemic index, insulin load,
and insulin index

117

The pooled analysis of two cohorts™*’ and one additional study (2 pub-

lications)t16:118

were included in the linear dose-response meta-
analyses of dietary glycaemic load, glycaemic index, insulin load, and
insulin index and all-cause mortality (Supplementary Table S29
and Figures S37-540).

The meta-analyses indicated positive associations, but the 95% CI
crossed the null value for glycaemic load and insulin load. The sum-
mary RR per 50 glycaemic load units/day was 1.45 (95% Cl = 0.96-
2.20, I? = 83%, tau?=0.07, RRs range = 1.19-1.82) and per 5 glycae-
mic index units/day was 1.14 (95% Cl=1.02-1.27, I*>=0%,
tau®=0.00, RRs range = 1.12-1.14) (1120 deaths).*****” The sum-
mary RR per 100 insulin load units/day was 1.40 (95% Cl = 0.88-
2.23, I = 96%, tau?=0.11, RRs range = 1.11-1.79) and per 5 insulin
index units/day was 1.17 (95% Cl = 1.02-1.34, I? = 53%, tau?=0.01,
RRs range =1.11-1.28) (1134 deaths)'*”**® (Supplementary
Figures S41 and S42).

Post-diagnosis dietary fat intake
Five studies (7 publications) were identified investigating post-

diagnosis intakes of total dietary fat,'*>'? specific dietary fatty

89,99,100,115,119,120 t89
’

acids, ratio of polyunsaturated-to-saturated fa

92115119 (Sypplementary

and fat from animal or plant sources
Table S30).
Linear dose-response meta-analysis was only possible for marine

n-3 PUFA intake and
)99,100,120

all-cause  mortality (4  studies,
3 publications, which showed a marginal inverse association
(summary RR per 0.1 g/day = 0.96, 95% Cl =0.91-1.01; 1> = 0%,
tau?=0.00, RRs range = 0.92-1.01) (1258 deaths) (Supplementary

Figures S43-545).

Post-diagnosis circulating 25-hydroxyvitamin D (25(OH)D)

Seventeen studies (17 publications) were identified (Supplementary
Table S32). Four studies?%127122133 |acked sufficient information for
inclusion in the meta-analyses (Supplementary Figure S46). One publica-
tion® was superseded by a more recent one.*** Linear dose-response

meta-analyses showed inverse associations with all-cause mortality

(summary RR per 10 nmol/L = 0.94, 95% Cl = 0.91-0.97; I> = 83%,
tau?=0.002, RRs range = 0.69-1.02) (11 studies, 9 publications) (3710
deaths)3>36125130131134-137 5nd  colorectal cancer-specific mortality
(0.94, 95% Cl = 0.91-0.97; I?> = 0%, tau®>=0.00, RRs range = 0.92-1.00)
(5 studies, 4 publications) (1293 deaths),*2>34135137 4nd marginally
improved recurrence/disease-free survival (0.97, 95% Cl = 0.93-1.00;
I? = 64%, tau?’=0.001, RRs range = 0.91-1.08) (7 studies, 6 publications)
(2564 events)®>127:131132136137 (g nnlementary  Figures S47-S51).
Between-study heterogeneity was partly reduced when advanced/
metastatic cancer survivors were excluded, when possible, from the ana-
lyses (Supplementary Figure S52). There was no indication of small-study
effects such as publication bias in the analysis of all-cause mortality
(Egger's test p =.76) (Supplementary Figure S53). Non-linear dose-
response meta-analysis indicated a higher risk of all-cause mortality at
lower levels of circulating 25(OH)D and the magnitude of risk gradually
decreased with higher levels of 25(OH)D up to ~70 nmol/L and
remained constant thereafter (pnon-inearity = -001) (9 studies, 7 publica-
tions) (3556 deaths>>12>131134-137) "Eqr recurrence/disease-free sur-
vival, there was little evidence of non-linearity, with wide 95% Cl and
limited data (Pnon-iinearity = -14) (5 studies, 4 publications) (2442
events)®>131:132.136 (g, nplementary Figures 549 and $51).

Post-diagnosis dietary and supplemental calcium

Four studies (3 publications) investigating post-diagnosis intakes of
dietary and supplemental calcium combined,'°%'?*  dietary
calcium, %124 dairy calcium,*?* and supplemental calcium?©2121.124
were identified (Supplementary Table S33). Linear dose-response
meta-analyses were possible for supplemental calcium intake and
all-cause and colorectal cancer-specific mortality. One study lacked
sufficient information for inclusion in the meta-analyses'?!
(Supplementary Figure S54). The meta-analyses showed a marginal
inverse association between supplemental calcium and all-cause mor-
tality (summary RR per 300 mg/day = 0.93, 95% Cl =0.85-1.01,
I? = 40%, tau?’=0.002, RRs range = 0.87-0.99) (1075 deaths) and
colorectal cancer-specific mortality (summary RR =0.88, 95%
Cl=0.73-1.06, > =28%, tau®’=0.002, RRs range = 0.72-1.09)
(353 colorectal cancer deaths) (3 studies, 2 publications)'®%124

(Supplementary Figures S55-S57).

3.3.4 | Other descriptive reviews

The associations for the above exposures in relation with other
investigated colorectal cancer outcomes, and for post-diagnosis
intakes of fruits and vegetables, (unprocessed) red meat, processed
meat, fish and seafoods, specific dairy products and milk, fruit
juices, beer, wine, liquor, carbohydrate, dietary fibre, total dietary
fat and specific fat types, dietary protein, dietary supplements, die-
tary and/or supplemental folate, and circulating concentrations of
folate or folic acid in relation to all colorectal cancer outcomes
were mostly investigated by few studies. These results were
descriptively reviewed and are presented in Supplementary
Text S2-S24 and Figures S58-578.
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3.4 | Risk of bias assessment

Three”¢787? of the five identified RCTs were overall at high risk of
bias, due to unblinded investigator and outcome assessor,”®”8 and the
inability to fully blind for whole food regimens’® (Supplementary
Figures S1 and S2). Across the 46 observational study publications
that investigated dietary and/or lifestyle patterns and other exposures
included in the meta-analyses (Supplementary Figures S3 and S4),
many had some degree of incomplete adjustment, mainly for critically
important confounders such as stage and/or treatment (47% moder-
ate, 9% serious, 45% critical risk of bias). Three publications (6% mod-

erate risk of bias)’#108125

used techniques that partially accounted
for selection bias, the rest (94%) had a serious risk of selection bias.
Most publications had moderate risk of exposure misclassification
(13% low, 70% moderate, 15% serious, 2% critical risk of bias). Only

seven publications (15% serious risk of bias)®%7193:105.109.116,118

par-
tially accounted for exposure changes across follow-up, the rest (85%)
had critical risk of bias due to departures from intended exposures.
About 38% of the publications had no/almost no missing data (low
risk of bias); the rest had different degrees of data missingness that
could be partially accounted for (19% moderate, 32% serious and 11%
with no information on missing data). Most publications had low or
moderate risk of bias in outcome measurement (55% low, 30% mod-
erate, 15% no information). Most publications (85%) had moderate
risk of selective reporting (85%); (11%) had serious and two (4%)2*7¢
had critical risk of bias due to selective reporting. The few publications
at critical risk of bias in any domain (Supplementary Figures S5, S7,
S9, S12, S14, S17, S21, S24, S26, S29, S33, S37, S39, S43, S47, and
S55) generally showed similar RR estimates and overlapping 95% Cls
compared to publications with less than critical risk of bias. For circu-
lating 25(0OH)D, it was possible to stratify the studies by moderate or
critical risk of bias from confounding. The summary RRs were similar

in direction and magnitude (Supplementary Figure S79).

3.5 | Overall evidence grading

Taking together the evidence from RCTs and observational studies,
eight associations received ‘limited-suggestive’ evidence grading in
relation to all-cause mortality, namely inverse associations for healthy
dietary and lifestyle patterns combined, healthy dietary patterns,
whole grains, total, caffeinated, or decaffeinated coffee, and the posi-
tive associations for unhealthy dietary patterns, and sugary drinks. All
other associations received ‘limited-no conclusion’ evidence grading.
More information on the associations and the reasoning behind the

evidence grading is provided in Table 2.

4 | DISCUSSION

Evidence from RCTs and longitudinal observational studies examining
the associations between post-diagnosis dietary factors, supplement

use and colorectal cancer survival outcomes were systematically

JOURNAL of CANCER

reviewed. Twenty-one of the investigated associations had sufficient
information for meta-analysis. Other associations, including those for
dietary and/or lifestyle patterns, were descriptively reviewed. The
quality of the evidence was then independently graded.

Several studies examined post-diagnosis dietary and/or lifestyle
patterns that varied in definitions and derivation methods that is, a
priori (hypothesis-driven methods) such as the Alternative Mediterra-
nean Diet (aMed), Dietary Approaches to Stop Hypertension (DASH),
or a posteriori (data-driven methods) such as prudent diet, western
diet or with hybrid methods such as the Empirical Dietary Inflamma-
tory Pattern (EDIP). We grouped the data broadly into ‘healthy’ and
‘unhealthy’ patterns and found generally consistent respective inverse
and positive associations with all-cause mortality. ‘Healthy’ dietary
patterns comprise mostly high intakes of fruits and vegetables, whole
grains, nuts and legumes, and low intakes of red and processed meat.
‘Unhealthy’ dietary patterns comprise mostly high intakes of refined
grains, red and processed meat, sugary drinks, and low coffee intakes.
The beneficial or detrimental association with these respective pat-
terns could be partly explained by the individual, cumulative or syner-
gistic effect of these components, as for other chronic diseases.?38137
Studies that included ‘healthy body weight” and high physical activity
as additional components of healthy dietary and lifestyle patterns,
reported inverse associations with all-cause mortality but the point
estimates were similar to patterns based solely on dietary compo-
nents. Studies have suggested that the association between healthy
patterns and lower risk of all-cause mortality could be attributed to

either the dietary and other lifestyle components®1-8¢

or driven pri-
marily by physical activity in the patterns.2° The cut-point and the cor-
responding scoring for ‘healthy body weight’ may affect the risk
estimation.8%8¢ In the present series of reviews, we found an inverted
J-shaped relationship between body mass index and all-cause mortal-
ity. The lowest risk was observed at 28 kg/mz,29 which is different to
the conventional healthy body weight of 18.5-24.9 kg/m2. Further
studies are needed to differentiate the associations according to the
pattern derivation and investigate whether the association could be
attributed to individual dietary or lifestyle components within the pat-
tern or potential interactions between dietary and other lifestyle com-
ponents. Future research on dietary patterns should involve
intervention studies that examine both survival outcomes and inter-
mediate omics outcomes (e.g., gut microbiota) that could inform on
potential mechanisms and potentially provide biomarkers of effect.
Biological mechanisms underlying the associations between dietary
patterns and cancer development, or progression, are poorly under-
stood. Adherence to healthy dietary patterns (e.g., Mediterranean diet
or predominantly plant-based diets) has been associated with reduced
circulating markers of inflammation, oxidative stress, insulin
resistance.'*°~14° Individuals (healthy or with chronic diseases) consum-
ing a ‘Western’ or unhealthy diet generally have higher levels of inflam-

140.143146,147 Gimjlarly, in colorectal cancer

mation and hyperinsulinemia.
patients, a Westernised diet and high glycaemic load can lead to chroni-
cally elevated insulin levels that could facilitate tumour recurrence,
micro-metastasis or development of co-morbidities (e.g., cardiovascular

diseases) and higher risk of mortality.**® Molecular epidemiology
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studies are required to elucidate the relevant proposed mechanisms**®
and clarify the influence of what dietary factors or modifications on risk
of cancer recurrence and survival.'*’ Future studies should examine if
associations of diet vary according to disease stage or treatment
phase® to establish actionable lifestyle factors that can impact treat-
ment response and/or survival.!®® The use of biomarkers and omics
approaches could also enable more objective characterisation of dietary
intake, considering the diversity of human tumours.2>°-152 Any relevant
markers with prognostic value could then be incorporated in trials with
surrogate disease end points.**® Evidence from Mendelian randomisa-
tion (MR) studies could assist in prioritising certain nutritional interven-
tions that are more likely to reduce cancer progression.'>

Higher intakes of individual food items, such as whole grains and
coffee, were associated with a lower risk of all-cause mortality in this
review. Whole grain intake was found to lower the risk of colorectal
cancer incidence and all-cause mortality in general population stud-
ies.t”1>% Whole grains are high in dietary fibre, which increases faecal
bulk and decreases transit time, minimising exposure to intestinal car-
cinogens.'>> Whole grains may be fermented by gut microbes!>® into
short-chain fatty acids that could facilitate normal colonocyte growth
and induce tumour cell apoptosis.'>” Clinical intervention studies in
healthy individuals or with various chronic diseases found that
substituting refined grains with whole grains reduced inflammation*>®
and insulin resistance,'®® possibly due to beneficial phytochemical
constituents. Future studies should evaluate whole grains as a propor-
tion of total grain consumption or a ratio to refined grain intake, in
addition to overall intake. Coffee contains various bioactive phyto-
chemicals that have antioxidant, anti-inflammatory, insulin-sensitising,
and anti-tumour properties.?®1é! The coffee polyphenol, caffeic acid,
may inhibit colon cancer metastasis.'®?71%* The association with cof-
fee was unlikely attributed to its caffeine content nor the avoidance
of consuming caffeinated drinks after diagnosis and any potential
influence from reverse causation, since the present meta-analyses and
sensitivity analyses showed consistent inverse associations with all-
cause mortality, overall and both for caffeinated and decaffeinated
coffee. The pooled analysis of two cohorts observed an inverse asso-
ciation between coffee and all-cause mortality among stage Ill but not
among stage |-1l cancer survivors when the analysis was stratified by
cancer stage.'®® The authors could not rule out chance findings due
to multiple comparisons for the stratified analysis, nevertheless, the
result was in line with our findings contributed primarily by studies of
advanced/metastatic/stage Il disease survivors.'°”1%? Liver metasta-
ses are common in colorectal cancer.®> An inverse association
between coffee consumption and liver cancer development has been
observed.?? Coffee consumption could improve survival by reducing
risk of liver metastases, but additional studies are required.

Higher sugary drink intake was associated with higher risk of all-
cause mortality. The finding is supported by plausible influences of
dietary sugar on energy metabolism, insulin resistance, lipid metabo-
lism, inflammation, and immune function that could drive cancer pro-
gression.}®® The result was unlikely influenced by whether fruit juice

103,104

was investigated as part of the sugary drinks or not,’? as the

evidence of an association with fruit juice intake is limited.”%%%

Caution is needed when interpreting the inverse association observed
for artificially sweetened beverages and all-cause mortality, as the
result was based on few studies. It is possible that the inverse associa-
tion was partly a result of higher uptake of drinks with sugar alterna-
tives/substitutes in individuals with highest risk for weight gain, a
possible indication of general health.!°> Better quantification and
characterisation of the drinks, including types of artificial sweeteners
which may have different chemical or biological properties and differ-
ent associations with cancer development®®” are needed in future
cancer survival studies.

The marginal inverse associations observed for higher post-
diagnosis alcohol consumption and higher at/post-diagnosis circulat-
ing 25(0OH)D with colorectal cancer outcomes may be partly explained
by reverse causation. Individuals who reported no alcohol consump-
tion showed a somewhat higher rate of all-cause mortality compared
with alcohol consumers. In the present non-linear analyses, individuals
with deficient circulating 25(0OH)D levels showed a higher rate of all-
cause mortality in comparison to those with normal circulating
25(OH)D levels. Cancer survivors with advanced disease may abstain
from drinking alcohol and may be more prone to 25(0OH)D defi-
ciency.?®! The included studies were rated as having moderate or seri-
ous risk of bias from confounding, since they did not account for
cancer treatment and other important variables (such as smoking, adi-
posity, physical activity). This led to little confidence in reaching a
stronger conclusion for the observed associations, despite vitamin D
has anticancer and antiproliferative effects.*¢®1¢?

The present systematic review on post-diagnosis intakes of nuts
and peanuts, red and processed meat, dairy products, marine n-3
PUFAs, dietary glycaemic load, glycaemic index, insulin load, and insu-
lin index included only a small number of studies and for most showed
null results. Findings on post-diagnosis dietary supplement use,
included supplemental calcium use that could lower the risk of colo-

t,2%2° were null or inconsistent in the limited

rectal cancer developmen
studies identified. Future investigations into the types, dosages, dura-
tion of use, and potential interactions with cancer treatment®’® are
needed to provide more definitive conclusions for cancer survivors
who often use dietary supplements.”* Few RCTs, primarily on dietary
supplementation, were identified that did not provide substantial
supporting data.

Cancer survival studies have inherent methodological

limitations,>172

and there are always challenges in their planning
and execution. Selection bias is highly likely since participation in
studies that investigate outcomes after cancer diagnosis depends on
survival time post-diagnosis. Individuals who participate in a survival
study could have a different risk profile for the outcome, as com-
pared to those who do not participate.>® Reverse causation is also
likely in cancer survival studies. Cancer recurrence or undetected
cancer progression could be a confounder in studies of mortality
outcomes. Associations could be biassed if undetected disease pro-
gression leads to diet alterations (e.g., malnutrition due to altered
nutrient absorption), weight loss!”® and hence worse outcomes after
diagnosis. Potential approaches to reduce such bias in future obser-

vational studies include performing lagged analyses or restricting
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study participation to recurrence-free individuals, but this informa-
tion is rarely available.>® Exposure measurement error and misclassi-
fication is possible, since dietary information is largely self-reported,
once at-diagnosis or at a non-clearly specified time after diagnosis,
during which diet might have been affected by disease progression
and/or cancer treatment. Future studies should report results in a
more standardised manner, including making clear statements of
when the exposure was assessed with respect to the diagnosis
and/or treatment and if possible, conduct subgroup analyses by the
timing of exposure assessment. A limited number of studies investi-
gated changes in dietary habits, over time, but these studies
reported results that generally agreed with results of studies that
performed single time-point assessments.81:85:98:120.128 gome styd-
ies reported that a substantial number of colorectal cancer survivors
(53%-85%) reduced post-diagnosis red meat, hamburger, and other
fast-food consumption.t’#17> It is possible that red and processed
meat consumption over time was misclassified, potentially resulting
in the null associations with colorectal cancer outcomes observed in
this review. A study on nut consumption reported somewhat stron-
ger associations between cumulative nut intake (weighted nut expo-
sure average between two assessments) and improved disease-free
and recurrence-free survival, versus a single baseline assessment.”®
When possible, investigators should capture repeated dietary
assessments across the cancer survivorship trajectory and perform
time-varying analyses. We were not able to conduct stratified analy-
sis because we lacked information for cancer characteristics, precise

% race/ethnicity, socio-

exposure timeframe, geographic location,*”
demographics.'””

Most meta-analyses performed in this review included studies
that looked at all-cause or cancer-specific mortality as the main out-
come. In general, such studies are simpler to conduct because infor-
mation on mortality can be easily captured through death certificates
and/or registries of vital status. Information on recurrence is usually
only captured in clinical trials or via time-consuming clinical record
review. A further limitation is that studies with ‘recurrence’ as out-
come have used heterogenous definitions (such as ‘disease-free sur-
vival’, ‘event-free survival’, etc.) making comparisons more difficult
and potential errors in outcome assessment more likely.2”® Future
studies should use standardised, cancer-specific recurrence definitions
to allow more consistent evaluation of this body of evidence and sub-
group analyses. Health related quality of life outcomes should also
receive more attention in future studies to support the design of suit-
able survivorship care/plans. An overview of limitations of cancer sur-
vival studies and future research recommendations is presented in the

13! of the current manuscript series on

summary manuscript, Box
colorectal cancer survivors.

This systematic review has enhanced the evidence on post-
diagnosis dietary factors and colorectal cancer outcomes through com-
prehensive collection, synthesis, and evaluation of findings, based to a
large extend on observational studies. Such findings will inform the
design and execution of carefully designed RCTs that are currently lim-
ited but also more challenging to perform particularly when investigat-

ing ‘hard’ endpoints including mortality.**®”? Certain limitations of
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such RCTs in nutritional epidemiology include the challenges of adher-
ing to particular dietary interventions (inclusive of economic burden),
and difficulties in recruiting participants for long-term follow-up and the
potential recruitment bias and threat to generalise that results. More-
over, identification of appropriate control diets and blinding of dietary
interventions is often challenging.”®**®'”? More personalised, multi-

component interventions would be also necessary.'8°-182

5 | CONCLUSIONS

There was ‘limited-suggestive’ evidence for the associations
between post-diagnosis healthy dietary and/or lifestyle patterns,
intake of whole grain, or coffee (total, caffeinated, decaffeinated)
with lower risk of all-cause mortality, and for the associations
between post-diagnosis unhealthy dietary patterns or intake of
sugary drinks with higher risk of all-cause mortality. The evidence
for other exposure-outcome associations received a ‘limited-no
conclusion’ grading.

Conclusions made by the CUP Global independent Expert Com-
mittee on Cancer Survivorship and the Expert Panel may contribute
towards future formulation of lifestyle guidance/recommendations
specific for colorectal cancer survivors. The current evidence is not
strong enough for the development of recommendations for cancer
survivors following the well-established CUP Global process but a
new complementary process, considering evidence which may be
more ‘limited’ alongside expert opinion would allow the development
of guidance, to provide cancer survivors with sound information
based on the best available evidence. To provide conclusions with a
higher level of certainty and develop specific lifestyle recommenda-
tions, additional evidence is needed from larger, well-designed obser-
vational studies in well-characterised populations, with repeated
exposure and confounder assessments. Mechanistic studies exploring
the biological pathways that underpin potential associations between
dietary exposures and colorectal cancer outcomes are crucial to
inform recommendations. RCTs,*8° that could possibly, evaluate the
effects of specific dietary patterns, or coffee®® that have shown sur-
vival benefits in this SLR would be informative. MR studies using
instrumental exposures to account for confounding and reverse cau-
sation®® could be used to clarify the results for circulating 25(0OH)D
or other biomarkers, and examine the role of diet and gut microbiome
on colorectal cancer prognosis.*®* Additional studies are also needed
in socio-demographically and ethnically diverse survivors, of different

cancer stages, and at different phases of the cancer continuum.
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