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1 | INTRODUCTION

TSILIDIS ET AL.

activity and lower risk of all-cause mortality (relative risk [RR] highest vs. lowest:
0.69, 95% confidence interval [Cl]: 0.62-0.77) and recurrence/disease-free survival
(RR: 0.80, 95% Cl: 0.70-0.92) was graded as limited-suggestive. There was limited-
suggestive evidence for the associations between healthy dietary and/or lifestyle
patterns (including diets that comprised plant-based foods), intake of whole grains
and coffee with lower risk of all-cause mortality, and between unhealthy dietary pat-
terns and intake of sugary drinks with higher risk of all-cause mortality. The evidence
for other exposures on colorectal cancer outcomes was sparse and graded as limited-
no conclusion. Analyses were conducted excluding cancer patients with metastases
without substantial changes in the findings. Well-designed intervention and cohort
studies are needed to support the development of lifestyle recommendations for

colorectal cancer patients.

KEYWORDS
adiposity, colorectal cancer, diet, evidence grading, physical activity, prognosis, sedentary
behaviour, survival, systematic review

What's new?

A better understanding of the associations of post-diagnosis modifiable lifestyle factors with
outcomes could inform tailored prevention strategies for colorectal cancer survivors. The Global
Cancer Update Programme (CUP Global) conducted systematic reviews, meta-analyses, and
independent quality of evidence grading on the associations of post-diagnosis adiposity, physi-
cal activity, sedentary behaviour, and dietary factors with colorectal cancer prognosis. Although
“limited,” the evidence suggested that a physically active lifestyle, a healthy diet, and avoidance
of sugary drinks or sedentary behaviour may be associated with longer overall survival. Well-
designed cohort and intervention studies are needed to further develop lifestyle recommenda-

tions for colorectal cancer survivors.

WCRF/American Institute for Cancer Research (AICR) Continuous

Update Project, we conducted comprehensive systematic literature

As colorectal cancer survival rates are improving over time,* there is
an urgent need to understand the relationship between modifiable
risk factors such as adiposity, physical activity, sedentary behaviour,
and diet assessed after colorectal cancer diagnosis with subsequent
outcomes to develop evidence-based lifestyle recommendations for
colorectal cancer survivors. To date, although there is a breadth of
knowledge on the relationship between modifiable lifestyle factors
and colorectal cancer incidence,>™> less is known about how they
might influence outcomes after colorectal cancer diagnosis.

Several meta-analyses of observational studies have investigated
associations of post-diagnosis adiposity, physical activity, sedentary
behaviour, and diet with colorectal cancer survival outcomes.®”? Most
papers performed categorical meta-analyses and did not explore
potential non-linearity. Formal evaluation of the quality of this evi-
dence has not been systematically performed. In addition, several
organisations have published physical activity guidelines for cancer
survivors,'°12 but only the Physical Activity Guidelines for Americans
in 2018, which largely focused on published evidence syntheses, for-
mally evaluated the evidence quality.

As part of the World Cancer Research Fund (WCRF) Global
Cancer Update Programme (CUP Global),’* formerly known as the

reviews and meta-analyses to evaluate the evidence on adiposity,
physical activity, sedentary behaviour, and diet with prognostic out-
comes after colorectal cancer diagnosis. Subsequently, the quality of
the evidence was independently interpreted and graded by the CUP
Global Expert Committee on Cancer Survivorship and Expert Panel.
This paper presents the summary of the quality of evidence grading,
and more details on the rationale, methods, and findings are provided

in the accompanied systematic review papers.>~”

2 | METHODS

2.1 | Structure of evidence synthesis team

This work involved four teams:

e The CUP Global Secretariat was responsible for coordinating the
project, drafting the research questions, facilitating the Committee
and Panel meetings, and summarising its main outputs.

e The CUP Global research team at Imperial College London (ICL)
drafted the systematic review protocols, completed the literature
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search and review for eligibility, extracted data into the CUP Global
database, conducted data analysis, assessed risk of bias, produced
and presented narrative, tabular and graphical summaries of the
results, and drafted manuscripts.

e The CUP Global Expert Committee on Cancer Survivorship com-
prised independent experts with expertise in medical and surgical
oncology, patient-oriented outcomes, clinical and nutritional epide-
miology, biostatistics, and behavioural science. The Committee
reviewed the research questions and protocols, interpreted the
systematic literature reviews, and provided preliminary grading of
the quality of the evidence.

e The CUP Global Expert Panel comprised independent experts with
expertise in nutrition, physical activity, adiposity, cancer biology,
epidemiology, cellular and other mechanisms of cancer develop-
ment and progression, genetic and epigenetic aspects of cancer
susceptibility and of tumour behaviour, gene-nutrient interactions,
public health, and cancer survivorship, as well as a public represen-
tative. The Panel reviewed the research questions and protocols,
interpreted the systematic literature reviews, and provided the
final grading of the quality of the evidence. The quality of evidence
was graded during a three-day in-person Panel meeting in
November-December 2022 in London, United Kingdom.

2.2 | Methods for systematic review

The systematic reviews were conducted following a pre-published pro-

1.8 We searched in PubMed and Embase for relevant publications

toco
from inception of these databases to 28th February, 2022. The refer-
ence lists of identified articles and relevant reviews and meta-analyses
were screened for additional publications. Eligible studies were random-
ised controlled trials (RCTs), longitudinal observational studies, and
pooled analyses of such studies evaluating post-diagnosis adiposity
(i.e., body mass index [BMI], waist circumference [WC], waist to hip cir-
cumference ratio [WHR], weight, or changes in these exposures), physi-
cal activity, sedentary behaviour, and dietary factors (i.e., dietary
patterns, foods, beverages, macro- and micro-nutrients, and dietary sup-
plements) in relation to colorectal cancer outcomes (i.e., all-cause mor-
tality, cause-specific mortality, progression/recurrence/disease-free
survival, and second primary cancers). Progression, recurrence and
disease-free survival were studied as an aggregate outcome, as hetero-
geneous definitions were used in the primary studies. Studies were
included if they had at least 100 participants, and RCTs also needed to
have at least 6 months duration of follow-up. Study and participants'
characteristics and results were extracted from each included publica-
tion into the CUP Global database. The quality of RCTs and observa-
tional studies was graded using version 2 of the Cochrane risk-of-bias
tool for randomised trials (RoB 2)*” and a modified version of the Risk
of Bias for Nutrition Observational Studies (RoB-NObs) tool, respec-
tively. The RoB-NObs tool was originally developed by the
U.S. Department of Agriculture Nutrition Evidence Systematic Review?®
after modifications to the Cochrane's collaboration Risk Of Bias In Non-
randomized Studies—of Interventions (ROBINS-I).2* The RoB-NObs tool
was further optimised and tested by the ICL review team.

2.3 | Methods for meta-analysis

We calculated summary relative risk (RR) estimates and their 95%
confidence intervals (Cls) using the inverse variance weighted
DerSimonian-Laird random-effects model.?? Multivariable adjusted
estimates were selected for the meta-analyses. Linear dose-response
meta-analyses were conducted when there were at least three studies
with sufficient data (effect size and measure of variability) using the

122 One-stage

generalised weighted least-squares regression mode!
non-linear meta-analyses were conducted using restricted cubic
splines with three knots placed at 10th, 50th and 90th percentiles of
the exposure distribution when five or more studies, each with data
for at least three exposure levels, were available.?* Categorical meta-
analyses were conducted in exceptional cases (i.e., for physical activ-
ity, where the format of information was often insufficient for esti-
mating a dose-response slope; and for BMI categories to further
evaluate the shape of the association by clinically defined subgroups).
Studies were descriptively synthesised when meta-analysis was not
possible. Heterogeneity was assessed using the estimate of between-
study variance (tau?).2> The proportion of total variability in effect
estimates due to between-study heterogeneity was assessed using
the I? statistic.?® Pre-defined subgroup meta-analyses stratified by
selected study and participants' characteristics were conducted to
explore potential sources of heterogeneity when at least three studies
were available in one of the subgroups. Approximately 30% of the
selected studies included colorectal cancer patients of mixed stage
with a median percentage of stage IV patients lower than 20%.1>-17
Most of these studies did not conduct analyses by stage or after
excluding stage IV patients. Our overall meta-analyses included
patients of all stages, but we conducted subgroup analyses by stage.
The Egger's regression asymmetry test and visual inspection of the
funnel plots were conducted to examine small study effects, such as

publication bias, when there were more than 10 studies.?”

2.4 | Grading the quality of evidence

The CUP Global Expert Committee on Cancer Survivorship and Expert
Panel graded the quality of the evidence as strong (subgrades
evaluating likelihood of causality: convincing or probable or substan-
tial effect on risk unlikely) or limited (subgrades evaluating likelihood
of causality: limited-suggestive or limited-no conclusion) according to
pre-defined criteria listed in Table 1, which evaluate the quantity, con-
sistency, magnitude and precision of the summary estimates, exis-
tence of a dose-response relationship, study design and risk of bias,

generalisability, and mechanistic plausibility of the results.

3 | RESULTS

Figure 1 shows the study selection process. Table 2 and Figure 2
show the summary findings and the judgement of the CUP Global
Expert Panel. Box 1 presents a summary of the limitations of current
research and suggestions for future research.
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BOX 1 Overview of limitations of current research (mostly observational studies) and suggestions for future

research

Limitations of current research
Exposure assessment and misclassification

e Measured exposures not fully representative of the intended

exposure, e.g., BMI > adiposity; various physical activity types >

total physical activity; Sitting/TV viewing time - total sedentary
behaviour; food frequency questionnaires - consumed diet

e Exposure assessment was frequently based on non-validated
tools for diet, physical activity, and sedentary behaviour

e Exposures are usually self-reported

e Exposures usually captured at a single time point
o Levels of exposure may differ across cancer continuum,
e.g., exposure fluctuations during or close to treatment

Confounders assessment/adjustment

e Incomplete assessment of measured and unmeasured
confounders

e Confounders usually captured at a single time point

Outcome measurement

e Definition and/or measurement of recurrence usually inconsistent

across studies

e Recurrence validation usually not clearly described

e Incomplete assessment of potential outcome-modifying variables,

e.g., cancer stage/treatment modality

e Many studies measure only main survival outcomes

Selection bias

e Healthier cancer survivors likely to be selectively included in the
study

Missing data

o Differential rates of missing data (exposure/confounders/
outcome) between the exposure groups

Suggestions for future research

Alternative and/or more comprehensive exposure assessment

o Central adiposity, body composition, fat/lean mass

o Better tools to capture the complete breadth of the exposure
(e.g., total physical activity and its dimensions—frequency,
duration, intensity, volume; total sedentary behaviour)

o Complementary dietary assessments (e.g., multiple 24-h recalls,
food images & image recognition software)

Use of validated tools for exposure measurement (if possible,
specifically on cancer survivors)

Exposure assessment enriched by objective measurements,
e.g., dual-energy x-ray absorptiometry, computed tomography,
magnetic resonance imaging, D3 creatine dilution, bioelectrical
impedance analysis for measuring body composition/adiposity;
wearables/activity trackers for measuring physical activity,
sedentary behaviour; Identification of additional biomarkers for
dietary intake using omics after validation in feeding studies

Repeated/longitudinal exposure measurements using time varying
analyses or analyses stratified by timing of exposure assessment
o Timing of exposure assessment should be accurately reported,
e.g., before, during, after treatment, long-term

Comprehensive assessment of confounders including cancer
stage, cancer treatment and related characteristics (type,
tolerance, completion), disease progression, comorbidities,
socioeconomic status, adiposity (where relevant), smoking, using,
if possible, objective or validated measures

Repeated/longitudinal confounders measurement using time-
varying analyses

Comprehensive assessment and consistent definition of
recurrence, progression-free survival, disease-free survival, time
to progression

If possible, assess all different definitions separately

If possible, use imaging, biochemistry or other objective measures

Use stratified analyses or introduce interaction terms for cancer
stage or treatment modality

Survivors with advanced and/or metastatic disease should not be
mixed with earlier disease stages

Complementary outcomes to support informed decisions,
e.g., quality of life, fatigue, treatment tolerance/completion

If possible, use of randomly sampled, or complete/consecutive
cases from registries from diagnosis onwards

If possible, compare distribution of characteristics of included and
excluded participants

If possible, compare the distributions and reasons of missing data
across exposure groups

Perform multiple imputation/sensitivity analyses to assess the
impact of missing data on observed association
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Limitations of current research
Reporting of the results

e Studies sometimes lacked necessary data for inclusion in the
meta-analyses

Generalisability and applicability of findings

o Generalisability of the findings is limited
o Included studies mostly focused on specific populations,
mainly affluent, western and white

e The applicability of lifestyle changes based on existing
recommendations is not extensively evaluated

Alternative/complementary/modern study designs

e “Traditional” observational studies have inherent limitations
e Only few lifestyle modification randomised controlled trials
(RCTs) on main cancer survival outcomes
o Small samples and short follow-up
o Blinding of participants often not possible
o Suboptimal fidelity to the allocated interventions

3.1 | Evidence summary for post-diagnosis
adiposity and colorectal cancer prognosis

We included 124 longitudinal observational studies in the systematic
review, which comprised more than 294,000 individuals with colorec-
tal cancer, of whom more than 43,900 died of any cause, approxi-
mately 16,000 died of colorectal cancer, and approximately 24,600
experienced an additional colorectal cancer event (e.g., recurrence).'®
No relevant RCT was identified.

The evidence on post-diagnosis BMI and risk of all-cause mortal-
ity, colorectal cancer-specific mortality, and recurrence/disease-free
survival was substantial, but showed signs of non-linear associations
and was limited in methodological quality (risk for reverse causation,
selection bias, residual confounding, and exposure measurement
error). The evidence was graded as limited (subgrade: limited-no con-
clusion). The shape of the associations appeared reverse J-shaped
with a common nadir across all outcomes at BMI of 28 kg/m?. A
higher risk of poor colorectal cancer outcomes, relative to the nadir,
was observed at the lowest and upper range of the BMI distribution.
For BMI 18 to 24 kg/m?, an 8% to 60% higher risk of all-cause mortal-
ity, a 15% to 95% higher risk of colorectal cancer-specific mortality,
and a 5% to 37% higher risk of recurrence/disease-free survival was
observed across the analyses. For BMI 32 to 38 kg/m?, a 7% to 23%
higher risk of all-cause mortality, a 6% to 26% higher risk of colorectal
cancer-specific mortality, and a 7% to 24% higher risk of recurrence/
disease-free survival was observed.

Suggestions for future research

Consistent and comprehensive reporting of all results to facilitate
future evidence assessment, including sample sizes (numbers of
events and non-events, overall and per exposure category for
categorial analysis), measures of association and variation, clearly
specified levels of exposure (for categorial analyses) or contrasts
(for continuous analyses)

Adhere to reporting guidelines

Share study data to open access repositories to facilitate
individual participant meta-analyses

More studies in socio-demographically and ethnically diverse
populations are warranted

Behavioural or other implementation research to inform on best
prevention strategy tailored to the specific context

Carefully designed modern RCTs, e.g., pragmatic trials with
focused personalised multi-component interventions

Use of objective surrogate measures (e.g., metabolomics,
microbiomics) as outcomes in RCTs

Mechanistic and molecular epidemiology studies to infer
mechanisms

Mendelian randomisation studies (adjusting for index event bias)
Target trial emulation observational studies

When the non-linear meta-analyses were performed in subgroups
according to anatomical cancer subsite, cancer stage, sex, geographic
location, study design (prospective vs. retrospective cohorts
vs. secondary analyses of clinical trials), length of follow-up, and risk
of bias in different RoB-NObs domains, the results were similar with
few exceptions that all reflected potentially stronger methodological
limitations or altered physiological state in certain subgroups.’® A
non-linear inverse association was observed for BMI and all-cause
mortality in colorectal cancer survivors with metastases (higher risk
for reverse causation and cancer-associated cachexia in this sub-
group), which included a gradual reduction in risk from the lowest
levels of BMI up to 28 kg/m? that reached a plateau above this point,
compared to a reverse J-shaped association observed in all other can-
cer stages. The association of BMI with all-cause mortality was
U-shaped in women and reverse J-shaped in men, reflecting a stron-
ger positive association of low BMI in men (potentially due to stronger
residual confounding by smoking) compared to women. Similarly, the
association was U-shaped in secondary analyses of RCTs (potentially
due to more standardised measurement of exposures, confounders
and outcomes) compared to reverse J-shaped in all other study
designs.

The evidence for post-diagnosis BMI with risk of second primary
cancer (two studies), non-colorectal cancer-related mortality (three
studies), and cardiovascular disease (CVD) mortality (one study) was
sparse, and subjected to the same methodological issues mentioned
previously, and therefore was graded as limited-no conclusion.
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TABLE 1
colorectal cancer prognosis.

TSILIDIS ET AL.

Grading criteria for evidence on adiposity, physical activity,

Grading criteria for evidence on post-diagnosis adiposity, physical activity, sedentary behaviour, dietary factors, supplement use and

Evidence grades sedentary behaviour, diet and cancer survival Het PB Mec
Strong evidence Convincing Evidence of an effect from at least two well-designed No No  Not required
independent RCTs
Probable Evidence from at least two well-designed independent RCTs Some No Not required
OR Evidence from one well-designed RCT plus evidence No No  Required
from well-designed cohort studies
OR Evidence from at least one well-designed pooling study No No  Required
(of cohort studies)
OR Evidence from at least three independent well-designed No No  Required
cohort studies
Limited Limited suggestive Evidence from at least two well-designed RCTs but the Some No Not required
evidence confidence interval may include the null
OR Evidence from one well-designed RCT but the No = Required
confidence interval may include the null
OR Evidence from a well-designed pooling study (of cohort Some No Not required
studies)
OR Evidence from a well-designed pooling study (of cohort Some No Required
studies) but the confidence interval may include the null
OR Evidence from at least two cohort studies No No  Not required
Limited—no conclusion Any of the following reasons: - - -
- Too few studies available
- Inconsistency of direction of effect
- Poor quality of studies
Strong evidence  Substantial effect on risk Evidence pointing to absence of an effect (a summary No - Absence

unlikely

estimate close to 1.0) from any of the following:

(a) At least two well-designed independent RCTs

(b) A well-designed pooling study (of cohort studies)

(c) At least two well-designed cohort studies

- Absence of a dose response relationship (in cohort studies)

Note: Het: Substantial unexplained heterogeneity or some unexplained heterogeneity. PB: Publication bias. Mec: Strong and plausible mechanistic
evidence is required, not required (but desired), or absent. Special upgrading factors: (a) Presence of a plausible biological gradient (‘dose-response’) in the
association. Such a gradient need not be linear or even in the same direction across the different levels of exposure, so long as this can be explained
plausibly. (b) A particularly large summary effect size (a relative risk of 2.0 or more, or 0.5 or less, depending on the unit of exposure), after appropriate
control for confounders. (c) Evidence from appropriately controlled experiments demonstrating one or more plausible and specific mechanisms. (d) All
plausible known residual confounders or biases including reverse causation would reduce a demonstrated effect, or suggest a spurious effect when results
show no effect. Special considerations important for evidence for colorectal cancer survivors including the following potential confounding variables—the
type of tumour, type of treatment, amount of treatment received, and the dissemination of the disease.

There was only one study on WC and disease-free survival, and the
evidence was graded as limited-no conclusion. No studies were identi-
fied for WHR. The evidence for body weight or BMI change and all
outcomes was again scarce (one to six studies) and subject to the
same methodological limitations, and no conclusions could be made.
In general, (unexplained) weight or BMI loss were associated with a
higher risk of all-cause and colorectal cancer-specific mortality. No

associations were observed for weight/BMI gain.
3.2 | Evidence summary for post-diagnosis
physical activity and colorectal cancer prognosis

We included 16 longitudinal observational studies in the systematic

review, which comprised 82,220 individuals with colorectal cancer, of

whom approximately 7800 died of any cause, approximately 1700
died of colorectal cancer, and approximately 2100 experienced an
additional colorectal cancer event.'” Most of these papers published
data on any recreational physical activity, but associations were also
reported by frequency, duration, intensity and volume, and few stud-
ies also included total physical activity of any type, change of physical
activity, and sedentary behaviour. No relevant primary RCT was
identified.

Post-diagnosis recreational physical activity was associated with a
lower risk of all-cause mortality (11 studies, summary RR highest
vs. lowest category: 0.69, 95% Cl: 0.62-0.77, tau? 0.01, I* 50%) and
cancer recurrence (3 studies, RR: 0.80, 95% Cl: 0.70-0.92, tau?:
0.002, % 14%), but the evidence was graded as limited (subgrade:
limited-suggestive) due to limitations in the methodological quality of

the included studies (risk for reverse causation, selection bias, residual
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FIGURE 1 Study selection process from
the systematic literature reviews on post-
diagnosis adiposity, physical activity, sedentary
behaviour, dietary factors, supplement use and
colorectal cancer prognosis.

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

20,854 from PubMed

7795 from Embase

14 publications from hand-searching

26,117 publications excluded
based on title and abstract

2546 full texts retrieved and
assessed for inclusion

1993 publications excluded:
1566 Out of research topic

9 Case-control studies

10 Conference abstracts/
symposiums

35 Cross-sectional studies

12 Ecological studies

v 47 Editorials/letters/commentaries

v

553 potentially relevant publications
identified for the review

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

72 publications excluded:
64 Pre-diagnosis exposure only
7 Unclear pre- and post-diagnosis
1 Colorectal polyps as the outcome

v

481 publications meeting eligibility criteria

314 publications excluded:
> 20 Small (<100) sample size
294 Other reasons

v

167 unique publications meta-analysed or
descriptively synthesised:
85 publications (124 studies) on post-

diagnosis or changes in adiposity measures
69 publications (40 studies) on post-
diagnosis dietary factors

20 publications (16 studies) on post-

behaviour

diagnosis physical activity and sedentary

confounding, and exposure measurement error). A limited-no conclu-
sion grading was given to recreational physical activity in relation to
colorectal cancer- and CVD-specific mortality, and to recreational
physical activity frequency, duration, intensity and volume, total phys-
ical activity and change of physical activity for all outcomes. This was
primarily due to high risk of biases and substantial between-study het-

erogeneity. Across analyses, physical activity consistently showed

evidence of inverse associations with all examined outcomes. Linear
and non-linear meta-analyses were only possible for volume of recrea-
tional physical activity. Potential non-linearity was suggested, namely
a linear lower risk of all-cause mortality with higher physical activity
volume from little activity up to 20 metabolic equivalents of task
[MET]-h/week (6 studies, RR at 20 MET-h/week: 0.56, 95% Cl: 0.41-
0.76), but with little data and no further reduction in risk at higher
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Summary. of evidence matrix All-cause Colorectal Czl;)nrz::al Sec ri Non-colorectal T
ry mortal cancer mortality 1 cancer cancer mortality
recurrence
Body mass index I N ] N R I
Waist circumference
] I

Weight/BMI change

Total physical activity

Recreational physical activity (any combined dimension?)
Recreational physical activity (specific dimensions?)
Physical activity change®

Sedentary behaviour

Healthy dietary and lifestyle patterns® ]

Healthy dietary patterns’ z _ - 1
Unhealthy dietary patterns® 2 I I
Whole grains I

Total coffee I

Caffeinated coffee ! ]

Decaffeinated coffee . |

Sugary drinks ] I

Atificially sweetened beverages I N |

Circulating 25-hydroxyvitamin D
Other diet®

Strong — Convi

Strong — Probable

Note: Empty cells included few or no studies and were not assigned an evidence grade.

' The definition of "recurrence” is heterogeneous, comprising a mixture of local, regional, or distant recurrence (metastasis), second primary cancer, any primary cancers, colorectal cancer-related deaths, and/or any causes of death.
2 No meta-analysis.

3 Non-linear association (reverse J-shaped).

4 Frequency, duration, intensity, volume.

5 Pre-to-post-diagnosis and post-diagnosis.

© Defined based on recommendations for cancer prevention or a healthy lifestyle including diet, physical activity, and adiposity as components.

7 Dietary guidelines or recommendations, namely (modified) Mediterranean diets, (healthy) plant-based diet, prudent dietary patterns.

£ Unhealthy plant-based diet, pro-hyperinsulinemia diet, western dietary patterns, pro-inflammatory diet

9 Other dietary exposures with or without meta-analysis:

Nuts and peanuts, fruits and vegetables, (unprocessed) red meat, processed meat, fish and seafoods, specific dairy products and milk, fruit juices, beer, wine, liquor, glycaemic load/index, insulin load/index, carbohydrate, dietary fibre, total dietary fat
and specific fat types, dietary protein, dietary supplements, dietary and/or supplemental folate, supplemental calcium, and circulating concentrations of folate or folic acid.

FIGURE 2 Summary quality of evidence matrix from the systematic literature reviews on post-diagnosis adiposity, physical activity, sedentary
behaviour, dietary factors, supplement use and colorectal cancer prognosis.

volumes. In a limited number of sensitivity and subgroup meta-
analyses that were possible based on the available study-specific data,
the results were not different after excluding patients with locally
advanced or metastatic tumours, and according to anatomical cancer
subsite and sex.

Sedentary behaviour measured as time sitting while watching TV
was positively associated with risk of all-cause (3 studies, RR highest
vs. lowest category: 1.28, 95% Cl: 1.06-1.55, tau? 0.00, 1% 0%) and
colorectal cancer-specific (2 studies, RR: 1.45, 95% Cl: 0.95-2.21, 1%
0%) mortality, but the evidence was judged as limited due to small
number of studies and/or methodological limitations, and no conclu-

sion could be drawn.

3.3 | Evidence summary for post-diagnosis dietary
factors and colorectal cancer prognosis

We included five RCTs and 35 longitudinal observational studies in the
systematic review,*> which comprised 30,242 individuals with colorec-
tal cancer, of whom over 8700 died of any cause, 2100 died of colorec-
tal cancer, and 3700 experienced an additional colorectal cancer event.
Meta-analyses were possible for intake of whole grains, nuts and pea-
nuts, red and processed meat, dairy products, sugary drinks, artificially
sweetened beverages, coffee, alcohol, dietary glycaemic load/index,
insulin load/index, marine omega-3 polyunsaturated fatty acids, supple-
mental calcium, and circulating 25-hydroxyvitamin D (25(OH)D)

concentrations. RCTs were identified only for supplementation of pro-
tein, omega-3 fatty acids, vitamin C (1 study each), and vitamin D3
(2 studies), which were descriptively synthesised.*”

The evidence was graded as limited-suggestive for healthy dietary
and lifestyle patterns, which included diet, physical activity, and adiposity
as components (e.g., WCRF/AICR, American Cancer Society scores), and
lower risk of all-cause mortality. Six observational studies investigated
four patterns, and results were generally consistent in the direction of an
inverse association (RRs for highest vs. lowest scores ranged from 0.58
to 0.80; 3 out of 5 Cls crossing the null), apart from one study that indi-
cated a positive association with Cls crossing the null. The evidence was
also graded as limited-suggestive for healthy dietary patterns (e.g., Medi-
terranean, Dietary Approaches to Stop Hypertension [DASH], plant-
based diets) and lower risk of all-cause mortality. Of 20 association esti-
mates, 18 showed inverse associations (RRs ranged from 0.46 to 0.98;
12 Cls crossing the null), and two positive associations with Cls crossing
the null. Similarly, 8 association estimates of unhealthy dietary patterns
(e.g., Western diet) showed generally consistent positive associations
(6 of 8 RRs were positive, 4 Cls of which crossed the null) with all-cause
mortality, which was graded as limited-suggestive evidence.

The evidence was graded as limited-suggestive for intake of
whole grains and total, caffeinated, and decaffeinated coffee with
lower risk of all-cause mortality. A one serving/day higher whole grain
intake yielded a 10% lower all-cause mortality risk (4 studies, RR:
0.90, 95% Cl: 0.83-0.97, tau?: 0.00; > 0%). A one cup/day higher
total (4 studies, RR: 0.92, 95% Cl: 0.89-0.95, tau® 0.00; % 0%),
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caffeinated (RR: 0.91, 95% Cl: 0.86-0.97, tau®: 0.002; 1% 45%), and
decaffeinated (RR: 0.86, 95% Cl: 0.80-0.92, t: 0.00; I* 0%) coffee
was inversely associated with risk of all-cause mortality. Intake of sug-
ary drinks was positively associated with risk of all-cause mortality
(4 studies, RR per 1 serving/day: 1.20, 95% Cl: 1.08-1.33, tau?: 0.00;
1% 0%), which was also graded as limited-suggestive evidence.

Intake of artificially sweetened beverages and circulating 25(0OH)
D concentrations were inversely associated with all-cause and colo-
rectal cancer-specific mortality, but the evidence was graded as
limited-no conclusion because of the high risk of potential biases
(e.g., reverse causation, residual confounding).

The evidence on other dietary factors and colorectal cancer out-
comes showed on average no association and/or was limited in meth-
odological quality (Table 2, Figure 2), thus it was graded as limited and

no conclusion could be made.

4 | DISCUSSION

As part of CUP Global, we conducted systematic reviews and meta-
analyses and graded the quality of the evidence for the association of
adiposity, physical activity, sedentary behaviour, and dietary factors
with colorectal cancer prognostic outcomes. A better understanding
of the association of modifiable lifestyle factors with outcomes after
colorectal cancer diagnosis can inform the development of tailored
prevention strategies for colorectal cancer survivors.

There was evidence of non-linearity in the associations between
post-diagnosis BMI and risk of all-cause mortality, colorectal cancer-
specific mortality, and recurrence/disease-free survival. The associa-
tions appeared reverse J-shaped with a common nadir at BMI of
28 kg/m2. A higher risk of these outcomes, relative to the point
of lowest risk on the curve, was observed at both ends of the BMI dis-
tribution (<24 and >32 kg/m?). The quality of this evidence was
graded as limited-no conclusion due to the high risk of several biases.
The results were similar in several subgroups. The evidence of other
adiposity indices (i.e., WC and weight/BMI change) on colorectal can-
cer outcomes was sparse, and also graded as limited-no conclusion.

The evidence for the association of post-diagnosis recreational
physical activity and lower risk of all-cause mortality and recurrence/
disease-free survival was rated as limited-suggestive. The association
with all-cause mortality appeared to decrease linearly with increasing
recreational physical activity levels from little activity up to around
20 MET-h/week (roughly equivalent to 5h of moderate-intensity
physical activity/week) without further risk reduction after that, sug-
gesting that even low physical activity might provide survival benefits.
Sedentary behaviour was positively associated with all-cause and
colorectal cancer-specific mortality, but only three studies were

28-30 and the evidence was rated as limited-no conclusion.

available,

There was limited-suggestive evidence for the associations
between healthy dietary and/or lifestyle patterns (including diets that
comprised plant-based foods), intake of whole grain and coffee (total,
caffeinated, decaffeinated) with lower risk of all-cause mortality, and

for the associations between unhealthy dietary patterns and intake of

sugary drinks with higher risk of all-cause mortality. The evidence for
other diet-outcome associations was graded as limited-no conclusion.

This evidence base has important limitations. The vast majority of
included studies were observational, and the findings are susceptible to
different biases (Box 1).3* All studies measured physical activity levels,
sedentary behaviour and dietary exposures using self-reported data,
introducing potential measurement error. TV viewing time was used as
a surrogate measure of sedentary behaviour, which does not capture
other aspects such as occupational sedentary time. Most studies used
BMI as a measure of adiposity, but BMI does not distinguish between
body fat and lean body mass and does not capture adiposity distribu-
tion.? In addition, most studies assessed all lifestyle exposures at one
point in time, and this assessment ranged from immediately after diag-
nosis to many years post-diagnosis, introducing heterogeneity and
inability to capture changes that are very likely to occur in the cancer
survival continuum. Many studies were not able to adequately adjust
for cancer treatment, disease progression, comorbidities, and pre-
cancer exposures that may confound the observed associations.
Another important limitation is the possibility of selection bias, because
inclusion of participants in the studies depends on survival time after
disease diagnosis. Several studies only reported analyses from a mix-
ture of patients with early and metastatic tumours. The potential risk
of bias and clinical context is very different in these patient groups.>®
However, when meta-analyses were conducted excluding patients with
metastases, substantial changes in the findings were not observed.
Other limitations of this work include the limited representation from
populations of non-white origin, not evaluating associations of lifestyle
factors with other oncological outcomes, such as cancer treatment tol-
erance and completion, and the potential missed studies published
after February 28, 2022. We conducted a literature search focusing on
RCTs published after this date until 31 August, 2023, but we did not
identify any related to our exposures of interest. Therefore, we antici-
pate that the conclusions on the present evidence would remain
unchanged given that RCTs are considered the most influential studies
in our evidence grading criteria. Considering the potential methodologi-
cal limitations, the independent Expert Panel graded the quality of the
evidence conservatively.

Despite the limitations of the evidence base, this programme of
work has several strengths. We conducted the most comprehensive
systematic literature search for adiposity, physical activity (overall and
by frequency, duration, intensity, and volume), sedentary behaviour,
and dietary factors in relation to prognostic outcomes after a colorec-
tal cancer diagnosis, which has enhanced the evidence base. We per-
formed both linear and non-linear dose-response meta-analyses to
avoid the limitations of categorical meta-analyses and to enable more
precise inference and potential recommendations regarding the effec-
tive dose of the modifiable lifestyle exposures. In addition, an inde-
pendent Expert Committee on Cancer Survivorship and Expert Panel
systematically graded the quality and uncertainty of the evidence
according to the pre-defined WCRF/AICR evidence grading criteria.

In conclusion, our systematic reviews and meta-analyses provide
limited but suggestive evidence for associations between post-

colorectal cancer diagnosis recreational physical activity, healthy dietary
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and/or lifestyle patterns, intake of whole grain and coffee with lower risk
of all-cause mortality, and for the associations between unhealthy die-
tary patterns and intake of sugary drinks with higher risk of all-cause
mortality. To strengthen the evidence that contributes towards the
development of tailored lifestyle recommendations for colorectal cancer
survivors (Box 1), there is a need for RCTs evaluating the effects of life-
style modifications that have shown survival benefits in the present
review, and large well-designed observational studies with more accu-
rate and repeated exposure and confounder information. Nevertheless,
even in the absence of stronger evidence, there is potential to use this
evidence as guidance for colorectal cancer patients and their health pro-
fessionals that a physically active lifestyle and consumption of a healthy
diet, including dietary patterns emphasising plant-based foods, and
avoidance of sugary drinks and sedentary behaviour may be associated

with longer overall survival after a colorectal cancer diagnosis.
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