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ABSTRACT

Colorectal cancer incidence (CRC) is influenced by dietary factors, yet the impact of diet on
CRC-specific mortality and recurrence-free survival (RFS) remains unclear. This review provides a
narrative summary of existing research on dietary factors affecting CRC-specific mortality, RFS, and
disease-free survival (DFS). This study searched electronic databases to identify cross-sectional/
prospective research investigating dietary intake on CRC-specific mortality, RFS, or DFS. Twenty-eight
studies were included in the corpus. Because of high study heterogeneity, we performed a narrative
synthesis of studies. Limited, but suggestive evidence indicates beneficial effects of adhering to the
American Cancer Society (ACS) guidelines and a plant rich low-carbohydrate diet on risk of
CRC-specific mortality, potentially driven by fiber from cereals, vegetables, and wholegrains, but not
fruit. For RFS and DFS, a Western dietary pattern, high intake of refined grains, and sugar sweetened
beverages correlated with increased risk of CRC recurrence and development of disease/death.
Conversely, greater adherence to the ACS dietary and alcohol guidelines, higher w-3 polyunsaturated
fatty acids, and dark fish consumption reduced risk. Our findings underscore the need for (i)
standardized investigations into diet’s role in CRC survivorship, including endpoints, and (ii)
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comprehensive analyses to isolate specific effects within correlated lifestyle components.

Background

Colorectal cancer (CRC) is the 3rd most common cancer
worldwide (Morgan et al. 2023; Sung et al. 2021) and the
second-leading cause of cancer mortality (Morgan et al. 2023).
Additionally, CRC incidence is rising in younger patients (The
Lancet Oncology 2017). In 2020, there were 1.93 million new
CRC cases and 940,000 CRC deaths globally (Morgan et al.
2023). This is estimated to reach 3.2 million new cases, and
1.6 million CRC deaths per annum by 2040 (Morgan et al.
2023). Despite these statistics, advances in our understanding
of the pathophysiology of CRC has led to improved screen-
ing programs, earlier detection rates and treatments that
can inhibit cancer progression and prolong overall survival
(Dekker et al. 2019). Subsequently, more people are surviving
CRC. In 2020, more than 5.25 million individuals were living
beyond CRC diagnosis (5-year prevalence) (Xi and Xu 2021).
However, approximately 32% of CRC patients that undergo
surgery will have recurrent disease within 2years, and 40%
within 5years (Augestad, Merok, and Ignatovic 2017).

The etiology of CRC is multifactorial, influenced by
both genetic and environmental factors (Veettil et al. 2021).
Epidemiological and interventional evidence supports the role
of dietary intake in the primary prevention of CRC (Veettil
et al. 2021). There is convincing evidence of an increased
risk of CRC incidence with high intakes of red meat and
alcohol, and lower risk associated with higher intakes of
dietary fiber, calcium, and yoghurt (Veettil et al. 2021).

National Institute of Health and Care Excellence recom-
mends that lifestyle advice, including dietary and physical
activity guidance, is given to CRC patients post-diagnosis
(Matsell et al. 2020). However, several studies have high-
lighted a gap in the implementation of this guidance, report-
ing that guidance is either not being given or is inconsistent
(Beeken et al. 2016; Matsell et al. 2020). Furthermore, guid-
ance provided to CRC survivors is based on research aimed
at prevention, which may not be suitable for those
post-diagnosis (Ford et al. 2022; Keaver et al. 2022; Rock
et al. 2022; Schlesinger et al. 2014; Schwedhelm et al. 2016).
For instance, there is convincing evidence that high red
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meat intake increases CRC risk (Veettil et al. 2021). CRC
survivors are therefore given the same advice and recom-
mended to reduce their intake. However, reducing meat
intake may adversely impact CRC survivors’ treatment effi-
cacy and outcomes; evidence suggests that the protein intake
of CRC survivors should be around 1-1.5g/kg of bodyweight
(Arends et al. 2017; Borloni, Huettner, and Schuerholz 2019;
Lewandowska et al. 2022) to achieve optimal treatment suc-
cess, with some experts advocating that up to 65% of this
should come from animal sources (Ford et al. 2022).

One reason for basing dietary guidance on prevention
research may be the scarcity of robust, high-quality evidence
to formulate recommendations aimed at reducing
CRC-specific mortality, CRC recurrence-free survival (RFS),
and overall disease-free survival (DFS).

In pursuit of a more comprehensive understanding and to
address these gaps and limitations, this systematic literature
review was conducted with the primary objective of summa-
rizing and critically evaluating the available evidence regard-
ing the impact of dietary factors on CRC-specific mortality,
RFS, and overall DFS in CRC survivors' post-treatment.

Materials and methods

This systematic review was conducted in line with PRISMA
guidance (Page et al. 2021).

CRC survivor definition

Although cancer survivorship starts at diagnosis (Institute of
Medicine and National Research Council 2006), for the pur-
pose of this review, we defined a cancer survivor as an indi-
vidual who had completed primary treatment. The rationale
for this is two-fold (i) at, and immediately after diagnosis,
patients will undergo physical, mental, or psychosocial changes,
and (ii) post-primary treatment (i.e., after completion of sur-
geries, and immune-, radio- or chemo- therapy, as prescribed)
is considered a stable phase in the patients treatment, where
they will be rehabilitating, or will have recuperated (Institute
of Medicine and National Research Council 2006).

Search strategy and study selection

Five authors searched for original research articles exploring
dietary intake in CRC survivors, published up to March
2023, within the following electronic databases: MEDLINE
(OVID), EMBASE (OVID), Web of Science and Scopus.
Additionally, reference lists of included studies were screened
for additional studies not captured by the search criteria. See
Supplementary methods for search strings.

Eligibility criteria

Inclusion criteria

We included original cross-sectional/prospective research
articles that fulfilled all the following characteristics: human
study recruiting CRC survivors (>18years of age) as defined
above; participants who had completed CRC treatment; full

text available in English; outcomes related to CRC-specific
mortality, RFS or DFS; and investigated dietary intake as an
exposure, including metrics/indices of dietary patterns, indi-
vidual food components or beverages, or individual nutrient
intakes.

Exclusion criteria

Studies were excluded if they: were animal studies; recruited
individuals diagnosed with genetic forms of cancer, such as
Lynch syndrome; did not assess CRC-specific mortality, RFS,
or DFS as independent variables; only compared dietary
intake pre-diagnosis to post-diagnosis; used empirical dietary
pattern scores that were developed as linear combinations of
food - biochemical marker associations within a single
study, (e.g., Holt, Miller, and Petocz 1997; Tabung et al
2016); or used dietary indices or dietary components for
prediction, because this lacks generalizability across different
age groups, ethnicities, and sexes, and is often blind to val-
ues outside of those observed in the specific study popula-
tion (Wang, Chaudhari, and Davatzikos 2023).

If multiple versions of the same publication were identi-
fied, outdated publications were discarded and the publica-
tions containing the most complete or most recently updated
dataset was included. Conference abstracts were discarded,
and the main publication included.

Data extraction

Data was extracted independently by five authors. Differences
identified were discussed and agreed to finalize data docu-
mentation. Extracted data included: author, title, year, coun-
try, journal, group characteristics, exposure details, study
period, and inclusion/exclusion criteria. Study sample demo-
graphics (total sample size, average age (mean or median),
and percentage male) were also extracted. Where demo-
graphic characteristics were reported per group, characteris-
tics were aggregated and weighted by the relative sample size
of each group. For study outcomes (CRC-specific mortality,
CRC RFS, and DEFS), effect estimates (hazard ratio (HR), rel-
ative risk (RR), 95% confidence intervals (95% CI), and
pvalue) were extracted. Both RFS and DFS are measures of
time-to-event and defined as the time from initial contact to
the time of recurrence or disease/death, respectively. As such
HR >1 indicate an increased risk of the event (CRC recur-
rence or disease/death), while the opposite is true for HR <I.

Assessment of studies

Risk of bias was assessed using the Effective Public Health
Practice Project tool (EPHPP) (Berghs et al. 2016). Several
domains, including adjustments for confounding factors,
data collection methods, missing outcome data, and devia-
tions from intended protocol were assessed. For each domain,
studies were evaluated independently by the five authors,
and a judgment of ‘low) ‘moderate; or ‘high’ risk of bias was
assigned based on predefined criteria. A study was catego-
rized as having a ‘low’ risk of bias in a particular domain if
it met all or most of the criteria specified by the EPHPP
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tool (Berghs et al. 2016). Studies that failed to meet several
criteria, indicating a significant concern for bias within that
domain, were assigned a ‘high’ risk of bias. Studies falling
between these extremes, where some but not all criteria
were met, were categorized as having a ‘moderate’ risk of
bias in that specific domain.

Between-study homogeneity was also assessed across sev-
eral criteria including, study design, participant population,
exposures, outcomes, and statistical approach.

Data synthesis

Studies were reviewed using the criteria above, however
meta-analyses could not be undertaken due to considerable
clinical, methodological, and statistical heterogeneity.
Therefore, we provide a narrative synthesis of results.
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Results and discussion
Search results and description of included studies

The searches were completed in March 2023. A total of 3,014
publications were identified and screened, see Figure 1.
Following screening, 1,059 duplicates were removed. A further
1,867 records were excluded following title and abstract screen-
ing. Full text screening was performed on 58 papers which
were assessed for eligibility. A total of 28 papers, published
between 2007 and 2022, were included in the final corpus.

Included studies

Included studies spanned 40,061 participants with an aver-
age age ranging from 59.8 to 78.9years. On average, 44% of
participants were male (Table 1). In cases where ethnicity

[ Database search ]

Records identified
(March 2023)
(n =3,014)

MEDLINE: 325

Excluded (n = 1,059): Duplicated
records

EMBASE: 1515
Scopus: 591

Web of Science: 571
Reference screening: 12

IDENTIFICATION

\i

EMBASE: 961
Web of Science: 45
Scopus: 53

Titles screened
(n = 1,955)

Abstracts screened
(n = 340)

Reports sought for retrievel
(n =58)

Eligibility assessment
(n =58)

Excluded (n = 1,615)

Excluded (n = 282)

Excluded (n = 30):

Empirical dietary pattern scores: 7
Pre-diagnostic: 9

Relevant outcomes not reported: 3
Review: 11

\/

Included studies
(n = 28)

INCLUDED

Figure 1. Flow diagram of the systematic search following PRISMA-P guidelines.



4 A.FRETWELL ET AL.

Table 1. Characteristics of included studies.

Age
Study Cohort n (years) Male (%) Exposures Primary outcome Secondary outcome(s)
Studies recruiting in the US
(Brown et al. 2018)  CALGB 89803/ Alliance 1,024 60.2 56.3 Refined grain intake DFS RFS, 0OS
Trial
(Fadelu et al. 2018)  CALGB 89803/ Alliance 826 60.3 56.4 Nut consumption DFS RFS, 0OS
Trial
(Figueiredo et al. CPS-Il Nutrition Cohort 3,176 73.8 54.0 Multivitamin, Vitamin C, 0s CRC-specific mortality,
2022) Vitamin E non-CRC-specific
mortality
(Fuchs et al. 2014) CALGB 89803/ Alliance 1,011 60.2 56.3 SSB DFS RFS, OS
Trial
(Fung et al. 2014) NHS 1,201 66.5 0 Dietary patterns (aHEl, CRC-specific mortality, OS n/a
aMED, DASH, Western,
Prudent)
(Guercio et al. 2015) CALGB 89803/ Alliance 953 60.4 56.0 Coffee, Non-herbal tea, DFS RFS, 0OS
Trial Caffeine
(Guercio et al. 2018) CALGB 89803/ Alliance 1,018 60.4 56.4 ASB DFS RFS, 0OS
Trial
(Guinter et al. 2018)  CPS-Il Nutrition Cohort 1,321 64.1 54 Dietary patterns (DASH, ACS, 0OS CRC-specific mortality
Western, Prudent)
(Hu et al. 2018) NHS & HPFS 1,599 68.6 35.7 Coffee CRC-specific mortality, OS n/a
(Inoue-Choi, Robien, lowa Women’s Health 2,017 789 0 Dietary patterns (WCRF/ CRC-specific mortality, OS, n/a
and Lazovich Study AICR) CVD-specific mortality
2013)
(Liu et al. 2021) NHS & HPFS 1,753 68.1 38.7 Dairy CRC-specific mortality, OS n/a
(Lochhead et al. NHS & HPFS 1,550 66.1 31.0 Folate, Vitamin B6, Vitamin ~ CRC-specific mortality, OS n/a
2015) V12
(Long et al. 2021) NHS & HPFS 1,674 68.1 Not BCAA, Valine, Leucine, CRC-specific mortality, OS, n/a
reported Isoleucine CVD-specific mortality
(Mccullough et al. CPS-II Nutrition Cohort 2,315 64 55.4 Red and processed meat oS CRC-specific mortality,
2013) CVD-specific
mortality
(Meyerhardt et al. CALGB 89803/ Alliance 1,009 60.6 56.3 Dietary pattern (Western, DFS RSF, OS
2007) Trial Prudent)
(Meyerhardt et al. CALGB 89803/ Alliance 1,011 59.8 56.3 Total carbohydrates DFS RFS, 0OS
2012) Trial Fructose
(Ng et al. 2010) CALGB 89803/ Alliance 1038 60.5 56.0 Multivitamin DFS RFS, OS
Trial
(Song et al. 2017) NHS & HPFS 1,659 68.7 40.1 Marine w-3 CRC-specific mortality 0S
(Song et al. 2018) NHS & HPFS 1,575 68.6 39.0 Fiber CRC-specific mortality 0S
(Song et al. 2019) NHS & HPFS 1,542 68 40.0 Dietary patterns (plant-rich ~ CRC-specific mortality, OS n/a
low-carb, animal-rich
low-carb)
(Song et al. 2021) NHS & HPFS 1,491 69.2 42.3 Dietary pattern (WCRF) CRC-specific mortality, OS n/a
(Van Blarigan et al. ~ CALGB 89803/ Alliance 1,011 60.3 56.3 Marine w-3 PUFA, Dark fish  OS DFS, RFS
2018a) Trial
(Van Blarigan et al. ~ CALGB 89803/ Alliance 992 60.3 56.7 Dietary pattern (ACS). 0s DFS, RFS
2018b) Trial
(Yang et al. 2014) CPS-Il Nutrition Cohort 2,284 64 56 Calcium, Vitamin D, Dairy 0s CRC-specific mortality
(Yang et al. 2019) NHS & HPFS 1,660 68 384 Calcium CRC-specific mortality 0S
(Zheng et al. 2020) Women’s Health 463 67.8 0 Dietary pattern (DII) CRC-specific mortality, OS, n/a
Initiative all-cancer
(Zoltick et al. 2021)  NHS & HPFS 1,463 68.6 315 SSB, ASB, sugars CRC-specific mortality 0S, non-CRCM
Studies recruiting in the Netherlands
(Van Zutphen et al.  COLON/EnCoRe study 1,425 66 64 Dietary pattern (WCRF/ACS) CRC-specific mortality, OS n/a

2021)

was reported, no less than 95% of participants were identi-
fied as of White European descent.

Twenty-seven of the 28 included studies were based in
the US and one in the Netherlands. Eighteen studies included
participants who had been diagnosed with stage I-III CRC.
All included studies assessed dietary intake using a food fre-
quency questionnaire (FFQ) except for van Zutphen et al
(Van Zutphen et al. 2021), which used either a FFQ or a
7-day food diary.

Eleven of the included studies utilized data from the
Nurses Health Study (NHS) & Health Professionals
Follow-Up Study (HPES), 10 investigated associations in the
Cancer and Leukemia Group B (CALGB) 89803/Alliance

Trial, and 4 used data from the Cancer Prevention Study II
(CPS-1I) Nutrition Cohort. See Supplementary Table 1 for a
brief description of these cohorts.

Fourteen studies focussed on CRC-specific mortality as a
primary outcome, eight studies included DFS, and no study
explored RFS as a primary outcome (Table 1).

Nine studies explored the role of dietary patterns/indices;
a brief description of these patterns/indices is included in
Supplementary Table 2, (Blarigan and Meyerhardt 2015;
Fung et al. 2014; Guinter et al. 2018; Inoue-Choi, Robien,
and Lazovich 2013; Meyerhardt et al. 2007; Meyerhardt et al.
2012; Song et al. 2018; Song et al. 2021; Zheng et al. 2020),
and 19 studies reported on individual dietary factors.
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Figures 2 and 3 visually illustrate results of included stud-
ies that assessed associations between exposure (high vs low,
yes vs no) and CRC-specific mortality, and RFS/DEFS, respec-
tively. It is important to note that although risk of bias
between studies was low-moderate (Supplementary Table 3),
there was considerable clinical, methodological, and statisti-
cal heterogeneity. Accordingly, inter-study comparisons
should be done so with caution.

Dietary patterns
WCRF/AICR
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Dietary patterns

World Cancer Research Fund (WCRF)/American Institute of
Cancer Research (AICR)

The lack of sufficient evidence to provide dietary guidance
for cancer survivors has led the WCRF/AICR to recom-
mend following their Cancer Prevention Recommendations
after a cancer diagnosis, if they are able to Clinton,

WCRF

WCRF With BMI
ACS ——C—————

Overall low-carb diet

Animal rich low-carb diet

Plant rich low-carb diet ——

Western

Prudent = —

DASH

DIl

DIl plus supplements
aMED

aHEI

Red and processed meat
Red and processed meat

Total BCAA

Valine

Leucine

Isoleucine

Fibre and grains

Total fibre —_———
Cereal fibre ———
Vegetable fibre e

Fruit fibre
Wholegrain —_——————

Calcium and dairy products
Total calcium ®

Dietary calcium
Supplementary calcium
Total dairy
High fat dairy
Low-fat dairy
Milk
Whole milk
Skim or low-fat milk
Total cheese
Cottage or ricotta cheese

Vitamin D

Dietary vitamin D
Total vitamin D

Marine w-3 PUFA

Marine w-3 PUFA

Supplement use
Multivitamin
Vitamin C
Vitamin E
Folate ©
Vitamin B6
Vitamin B12 ©
Methionine

2
Effect size (95% Cl)
Figueiredo et al. (2022) @) Inoue-Choi etal. (2013) @) Long etal. (2021) @ songetal. (2018)

@ Mcculiough et al. (2013) @) Song et al. (2019)

Yang et al. (2014)

@ Fungetal (2014) ) Yangetal. (2019)

@ Guinteretal. (2018)

Liu et al. (2021)

@ Lochheadetal. 2015) @ Song etal. (2017) @ songetal. (2021) @ Zheng etal. (2020)

Figure 2. Forest plot to visualize effect sizes, represented as relative risk or hazard ratio, with corresponding 95% confidence intervals (95% Cl) for studies included

in the systematic review. Only studies examining colorectal cancer-specific mortality as an outcome are represented. Non-filled points are non-significant. It is

important to note that due to high heterogeneity between studies, direct comparisons between individual studies should be interpreted with caution.
Abbreviations: World Cancer Research Fund guidelines; AICR, American Institute for Cancer Research guidelines; BMI, body mass index; ACS, American Cancer Society guidelines; DASH,
dietary approaches to stop hypertension score; DII, dietary inflammatory index; aMED, alternate Mediterranean diet score; aHEl, alternate Healthy Eating Index; BCAA, branched chain
amino acids; PUFA, polyunsaturated fatty acids.
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A)

Dietary patterns

ACS —
ACS inc. alcohol =
Western
Prudent
Carbohydrates

RFS

Total carbohydrate |

Total fructose

Fibre and grains

Whole grain intake l
Refined grain intake

Sweetened beverages

X nglar sweetened beverages I
Artificially sweetened beverages

Nut consumption

Total nut intake
TrPee nuts e

eanuts t

Coffee

Total coffee intake
Caffeinated coffee o ————
Decaffeinated coffee
Caffeine intake ——
Non-herbal tea =

Marine w-3 PUFA

————
———————.

Marine w-3 PUFA
Dark fish

Supplement use
Multivitamin use C te

Brown etal. (2018) @) Fuchs etal. (2014)

. Fadelu et al. (2018) . Guercio et al. (2015) . Meyerhardt et al. (2007) ’ Ng et al. (2010)

B)

Dietary patterns

X ACS =
ACS inc, alcohol ==
Western
Prudent ——
Carbohydrates
Total_ carbohydrate

otal fructose

Fibre and grains

Whole grain intake
Reaned gragn =nta e ’

Sweetened beverages

Guercio et al. (2018)

2
Effect size (95% Cl)

@ Meyerhardtetal. (2012) @ Van Blarigan et al. (2018)a
. Van Blarigan et al. (2018)b

DFS

Sugar sweetened beverages -
Artificiglfy sweetened Bevera es |
Nut consumption
Total nut intake
Tree nuts

eanuts
Coffee
Total coffee intake ———
Caﬁe;nate co&ee [ e— —
Decaffeinated coffee s [ —
Caffeine intake — ——.
Non-herbal tea &

Marine w-3 PUFA

———————
—————

Marine w-3 PUFA
ark fish

Supplement use
Multivitamin use f=e

3
Effect size (95% Cl)

Figure 3. Forest plot to visualize effect sizes, represented as relative risk or hazard ratio, with corresponding 95% confidence intervals (95% Cl) for studies included
in the systematic review. Panel A) Only studies examining disease recurrence free survival as an outcome are represented. Panel B) Only studies examining disease
free survival as an outcome are shown. Non-filled points are non-significant. It is important to note that due to high heterogeneity between studies, direct com-

parisons between individual studies should be interpreted with caution.

Abbreviations: ACS, American Cancer Society guidelines; PUFA, polyunsaturated fatty acids.

Giovannucci, and Hursting (2020). In a study involving
over 2,000 cancer patients, including 380 with CRC,
Inoue-Choi et al.(Inoue-Choi, Robien, and Lazovich 2013)
investigated the relationship between adherence to the
WCRF/AICR 2007 advice and CRC-specific mortality, but
found no correlation. Incorporating updated guidance from
2018, Song et al. (Song et al. 2021) conducted an additional

analysis of 1,491 patients with stage I-III CRC, reinforcing
the findings of Inoue-Choi and colleagues that adherence
to the WCRF/AICR 2007 advice showed no correlation
with CRC-specific mortality. Furthermore, van Zutphen
et al. (Van Zutphen et al. 2021) explored the association
between the 2018 WCRF/AICR guidelines and RFS using
pooled data from two prospective cohort studies of CRC



patients from the Netherlands, revealing no significant rela-
tionship (HR [95%CI] 0.99 [0.84, 1.17], p=0.85).
Interestingly, van Zutphen at el. (Van Zutphen et al. 2021)
did not detect any associations with specific components of
the WCRF/AICR guidelines (bodyweight, physical activity,
dietary, or alcohol) and RFS. On the other hand, both Song
et al. (Song et al. 2021) and Inoue-Choi et al. (Inoue-Choi,
Robien, and Lazovich 2013) emphasized the crucial role of
BMI and physical activity in the relationship between
dietary intake and CRC-specific mortality. The exact influ-
ence of these factors remains challenging to disentangle, as
there is a complex interaction between the two, which war-
rants further exploration.

American Cancer Society guideline (ACS)

In 2022 the ACS released general dietary recommendations
for cancer survivors, although not CRC specific recommen-
dations (Rock et al. 2022). Van Blarigan et al. (Van Blarigan
et al. 2018b) investigated the impact of adherence to these
guidelines on RFS and DFS. Their findings revealed no
effect on RFS when comparing individuals with the greatest
adherence to those with the lowest adherence (HR [95%CI]
0.78 [0.51, 1.2], p=0.11). However, when considering both
dietary and alcohol intake guidance, relative risk of recur-
rence decreased by 36% (RFS: HR [95%CI] 0.64 [0.44, 0.94],
p=0.05). Similarly, for DFS, adherence to dietary and alco-
hol guidelines decreased relative risk of development of dis-
ease/death (DFS: HR [95%CI] 0.58 [0.4, 0.84], p=0.009).
These findings align with those of Guinter and colleagues
(Guinter et al. 2018) who also investigated the influence of
adherence to ACS guidelines and found that higher adher-
ence was associated with a 65% lower relative risk of
CRC-specific mortality compared to those with the lowest
adherence (HR [95%CI] 0.35 [0.17, 0.73], p=0.01).
Furthermore, van Zutphen and collaborators (Van Zutphen
et al. 2021) similarly did not detect any association between
ACS score and RFS (HR [95%CI] 0.94 [0.81, 1.11], p=0.41).

Western dietary pattern

A dietary pattern characterized by high consumption of red
and processed meat, refined grains, fats, salts, and sugars is
commonly referred to as Western dietary pattern (Strate
et al. 2017). A meta-analysis found a Western dietary pat-
tern to associate with CRC incidence (Magalhdes, Peleteiro,
and Lunet 2012). Among the 28 included studies, three
investigated the impact of Western dietary patterns (Fung
et al. 2014; Guinter et al. 2018; Meyerhardt et al. 2007).
While no associations with CRC-specific mortality were
identified, adherence to a Western dietary pattern was linked
to a more than two-fold and three-fold increased risk of
recurrence and development of disease/death, respectively
(RFS: HR [95%CI] 2.85 [1.75, 4.63], p = < 0.001, DFS: HR
[95%CI] 3.25 [2.04, 5.19], p=0.001) (Meyerhardt et al. 2007).

Dietary approaches to stop hypertension (DASH)
The DASH diet, designed to incorporate beneficial foods and
nutrients for blood pressure regulation, shares similarities
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with a typical “healthy dietary pattern”. The DASH diet
emphasizes fruits, vegetables, wholegrains, fish, nuts, and
low-fat dairy products, while limiting red meat and full-fat
dairy (Fung et al. 2008), and has been associated with posi-
tive effects on various cardiovascular diseases and CRC
(Jones-Mclean et al. 2015). Guinter and colleagues (Guinter
et al. 2018) investigated the association of the DASH dietary
pattern with CRC-specific mortality, identifying a 44% reduc-
tion in relative risk in those with the greatest adherence to
the DASH diet (HR [95%CI] 0.56 [0.35, 0.89], p=0.01)
Moreover, a 46% reduction in risk of CRC-specific mortality
was observed in those who improved their adherence to the
DASH diet pre- vs post-diagnosis (HR [95%CI] 0.54 [0.31,
0.92]). However, in another study using a sample of 1,201
women with stage I-III CRC, no association was detected
between the DASH diet and CRC-specific mortality (HR
[95%CI] 0.87 [0.52, 1.45], p=0.35) (Fung et al. 2014).

Dietary inflammation index

Inflammation plays a significant role in tumorigenesis, par-
ticularly when chronic (Zhang and Qiao 2022). The Dietary
Inflammation Index (DII), a score used to capture the
inflammatory potential of a dietary pattern, has been found
to positively associate with the risk of CRC (Tabung et al.
2015). Using the same score, and data from a prospective
study of postmenopausal women, Zheng and colleagues
aimed to investigate if the DII was linked to CRC-specific
mortality (Zheng et al. 2020). However, no associations were
observed (HR [95%CI] 0.75 [0.36, 1.57]) (Zheng et al. 2020).

Healthy dietary patterns

Fung et al. (2014) assessed the correlation between several
indices of a healthy diet including the alternate Mediterranean
diet (aMED) and the alternate Healthy Eating Index (aHEI),
and CRC-specific mortality, however neither were found to
associate (aMED: HR [95%CI] 0.84 [0.5, 1.42], p=0.19;
HEL: HR [95%CI] 0.72 [0.43, 1.21], p=0.07) (Fung et al
2014). Three other studies (Fung et al. 2014; Guinter et al.
2018; Meyerhardt et al. 2007) investigated the role of a pru-
dent diet, a diet high in fruit, vegetables, wholegrains,
legumes poultry and fish (Strate et al. 2017), on CRC out-
comes, but no associations were detected.

Red and processed meats

The WCREF classifies the current evidence on processed meat
intake as convincingly linked to an increased risk of CRC
incidence, while red meat intake is probably associated with
an elevated risk (World Cancer Research Fund and American
Institute for Cancer Research 2018).

Red and processed meat is an integral component of the
Western dietary pattern, which has been associated with an
increased risk of both RFS and DFS, as discussed earlier.
McCullough and colleagues (Mccullough et al. 2013) con-
ducted a study to untangle the specific components of the
Western dietary pattern contributing to its connection with
CRC, specifically investigating associations with red and
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processed meat intake. Post-diagnosis intake alone did not
show an independent link to CRC-specific mortality (RR
[95%CI] 1.28 [0.74, 2.21], p=0.46). However, maintaining
consistently high intake both pre- and post-diagnosis cor-
related with a 79% higher risk (RR [95%CI] 1.79 [1.11,
2.89]). However, this link may be affected by residual con-
founders, as individuals reporting more frequent red or pro-
cessed meat consumption tended to have lifestyle habits
independently associated with increased CRC-specific mor-
tality, including having obesity and an overall less healthy
diet (Mccullough et al. 2013).

Red and processed meat is key dietary sources rich in
branched chain amino acids (BCAA). BCAA have been
linked to CRC, and are thought to act via several pathways
including enhanced tumor growth, which is hypothesized to
be a driving factor in the red and processed meat - CRC
relationship (Hole¢ek 2018). One study, by Long and col-
leagues (Long et al. 2021) investigated the relationship
between BCAA intake and CRC-specific mortality using
data from 1,674 patients from the NHS and HPES.
Interestingly, no such relationship was observed (HR [95%ClI]
1.09 [0.92, 1.29], p=0.46).

Carbohydrates

Meyerhardt and collaborators (Meyerhardt et al. 2012) inves-
tigated the impact of total carbohydrate intake, and total
fructose intake on RFS and DFS rates. For total carbohy-
drate intake, there was an increased risk associated with RFS
(HR [95%CI] 2.05 [1.45, 2.88], p=0.001), and DFS (HR
[95%CI] 1.80 [1.61, 2.48], p=0.001). While for total fructose
intake, the authors reported an increased risk with RFS (HR
[95%CI] 1.42 [1.02, 1.97], p=0.01), but no significant effect
on the risk of DFS (HR [95%CI] 1.28 [0.94, 1.73], p=0.06)
(Meyerhardt et al. 2012). In another study, Song et al. (Song
et al. 2019) investigated the impact of a low carbohydrate
diet and found no association with CRC-specific mortality.
Similarly, no association was observed with an animal-rich
low-carbohydrate diet. However, a 63% reduction in the rel-
ative risk of CRC-specific mortality was identified for a
plant-rich low-carbohydrate diet (HR [95%CI] 0.37 [0.25,
0.57], p=0.001) (Song et al. 2019).

Fiber and grains

Dietary fiber, predominantly found in wholegrains, fruits,
vegetables, and legumes, plays a crucial role in maintaining
a healthy digestive system and has been associated with a
decreased risk of CRC (Oh et al. 2019). Song and colleagues
(Song et al. 2018) investigated the relationship between
dietary fiber intake and CRC-specific mortality, identifying
an association between higher dietary fiber intake and a
22% decreased risk of CRC-specific mortality (HR [95%CI],
0.78 [0.65, 0.93]. Moreover, in patients who increased fiber
intake post-diagnosis, there was an 18% reduction in
CRC-specific mortality risk (HR [95%CI] 0.82 [0.72, 0.93]),
emphasizing the importance of dietary fiber intake
post-diagnosis (Song et al. 2018). In a sub-analysis of major

dietary sources of fiber, Song et al. identified a reduction in
risk with fiber from cereals (HR [95%CI] 0.67 [0.5, 0.9]),
but no associations were detected for vegetable fiber or
fruit fiber.

In a separate study evaluating wholegrain intake (Brown
et al. 2018), wholegrain consumption was not associated with
either RFS or DFS, however, a higher intake of refined grains
was linked to an increased risk for recurrence and develop-
ment of disease/death (RFS: HR [95%CI] 1.57 [1.08, 2.3],
p<0.03, DES: HR [95%CI] [1.56 [1.09, 2.24], p=0.005). In a
substitution analysis, Brown and colleagues identified a posi-
tive effect of replacing refined grains with wholegrains, where
each serving replaced led to a 14% reduction in relative risk
of RFS (HR 0.86 [0.77, 0.96], p=0.006) and a 13% reduction
in DFS risk (HR [95%CI] 0.87 [0.79, 0.96], p=0.007).

Sweetened beverages (sugar-sweetened and artificially
sweetened)

Sweetened beverages, including sugar-sweetened beverages
(SSBs) and artificially sweetened beverages (ASBs), have
been hypothesized to impact the risk of CRC (Pacheco
et al. 2019).

In a multicenter study including 1,011 stage III CRC
patients, Fuchs and collaborators (Fuchs et al. 2014) investi-
gated the association between SSBs and RFS, and DFS. They
identified a 84% increased risk for RFS (HR [95%CI] 1.84
[1.12, 3.04]), and a 67% increase in relative risk of DFS (HR
[95%CI] 1.67 [1.04, 2.68]). This relationship was particularly
evident in overweight patients, where risk for DFS increased
by 106% (HR [95%CI] 2.06 [1.28, 3.32]) and in those that
were less physically active, where there was a 97% increase
in risk (HR [95%CI] 1.97 [1.22, 3.38]) (Fuchs et al. 2014).
On the other hand, a study by Zoltick et al.(Zoltick et al.
2021) identified no association between SSB intake and
CRC-specific mortality.

ASBs are frequently used as an alternative to SSBs. In one
study, Guercio et al. (Guercio et al. 2018) explored the rela-
tionship between ASBs and RFS in 1,018 patients with stage
III CRC. They identified a relationship where risk for RFS
and DFS decreased in individuals consuming more than
120z of ASBs/day (RFS: HR [95%CI] 0.53 [0.35, 0.81], DFS:
HR [95%CI] 0.54 [0.36, 0.8]) (Guercio et al. 2018). Notably,
this relationship may be confounded by the fact that ASBs
are used in substitution of SSBs, and Guercio and colleagues
report that patients reporting higher intakes of ASBs were
less likely to consume SSB. Indeed, in a substitution analysis
a 26% reduction in relative risk of recurrence was observed
(HR [95%CI] 0.74 [0.59, 0.93]) (Guercio et al. 2018). Results
are supported by that of Zoltick et al.(Zoltick et al. 2021),
which also identified a 56% decrease in rates of CRC-specific
mortality (HR [95%CI] 0.44 [0.26, 0.75]).

Calcium and dairy products

Calcium is an essential mineral for health. The WCRF sug-
gests that calcium supplements (200 mg/day) probably protect



against CRC. However, supplementation is not advised;
instead, calcium intake should be sourced by diet, e.g., dairy
products (milk, cheese, yoghurt), leafy green vegetables (kale,
broccoli), and fortified foods (cereals, juices) (World Cancer
Research Fund and American Institute for Cancer Research
2018). Calcium’s potential protective mechanisms include
binding to unconjugated bile acids and free fatty acids
(Newmark, Wargovich, and Bruce 1984), reducing cell prolif-
eration, promoting cell differentiation, and inhibiting colonic
KRAS mutations and haem-induced colonic carcinogenesis
(Fedirko et al. 2009).

Yang et al. (2014), did not detect any association between
post-diagnosis total calcium intake and risk of CRC-specific
mortality (RR [95% CI] 0.59 [0.33, 1.05), although a linear
trend between exposure and outcomes was observed (p=0.01).

In an updated analysis, Yang et al. (2019) utilized a
cohort with longer follow-up periods, and reported a 44%
reduction in risk of CRC-specific mortality (HR [95%CI]
0.56 [0.32, 0.96]) with higher total calcium intake, but this
was not observed for calcium supplementation (HR [95%CI]
0.67 [0.42, 1,06]). Nevertheless, authors acknowledge linear
trends for both dietary (Ptrend = 0.04) and supplemental
calcium (Ptrend = 0.047) (Yang et al. 2019).

As dairy products and milk are key dietary sources of cal-
cium intake, Yang et al. (2014) explored links to CRC-specific
mortality using data from 2,284 patients, but no such links
were detected. These findings between dairy, and milk were
supported by that of Liu et al. (2021), where an analysis of
1,753 patients with stage I-III CRC did not reveal any asso-
ciation between total dairy, or any individual dairy food
item, and CRC-specific mortality (Liu et al. 2021). However,
Liu et al. did identify increased risks of CRC-specific mortal-
ity with total dairy intake (>21 servings/week) in individuals
under 65years of age (HR [95%CI] 2.42 [1.23, 4.78]), in
those with greater adherence to the aHEI (HR [95%CI] 1.83
[1.02, 3.25]), those that were less physically active (<9 meta-
bolic equivalent h/week) (HR [95%CI] 1.98 [1.03, 3.81]), and
those with more advanced CRC (stage III CRC compared to
stage I-II) (HR [95%CI] 3.26 [1.83,5.83]).

Vitamin D

Vitamin D is a fat-soluble vitamin that plays a vital role in the
maintenance of bone health, and immune function. The pri-
mary sources of vitamin D are via sunlight and dietary
sources, with the main dietary sources being oily fish, fortified
foods, and dietary supplements. Yang and collaborators (Yang
et al. 2014) explored the role of vitamin D intake in CRC
survivors and found no links with CRC-specific mortality.

Nut consumption

Nuts are rich in nutrients and have anti-carcinogenic, anti-
oxidant and anti-inflammatory properties (Gonzalez and
Salas-Salvadé 2006). Previous studies report inconsistent
results around the links between nut consumption and
CRC. Only one of the included studies explored nut
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consumption and rates of RFS and DFS in a cohort of
patients with stage III CRC patients. Fadelu et al. (Fadelu
et al. 2018) identified a 42% reduction in relative risk of
DES (HR [95%CI] 0.58 [037, 0.92], p=0.03), but no effect
on risk for RFS was observed. Moreover, in a subgroup
analysis, stratifying nut consumption into tree nuts, and
peanuts, the effects appear to be driven by tree nuts. Where,
tree nuts were associated with a reduced risk of both RFS
and DFS (RFS: HR [95%CI] 0.56 [0.33, 0.94], DFS: 0.54
[0.34, 0.85], respectively). Peanuts were not associated with
risk of either RFS or DFS.

Coffee

Coffee consumption has been the subject of extensive
research due to its potential impact on the risk of CRC.
Studies have reported both anti-inflammatory and insulin-
sensitising properties of coffee, which may play a role in the
progression or recurrence of CRC. Hu (Hu et al. 2018)
investigated links between coffee consumption and CRC-
specific mortality, reporting a 52% decreased relative risk in
patients consuming 4 or more cups/day (HR [95%CI] 0.48
[0.28, 0.83], p=0.003). This was consistent when stratifying
by caffeinated and decaffeinated coffee, with a 39% reduced
risk in patients consuming 2 or more cups/day (caffeinated:
HR [95%CI] 0.61 [0.4, 0.91], p=0.02; decaffeinated: 0.61
[0.4, 0.91], p=0.04]. In a dose analysis in patients with stage
III CRC, each additional cup of coffee associated with a 37%
decreased risk for CRC-specific mortality when intake was
consistent both pre- and post-diagnosis (Hu et al. 2018).
These results are consistent with that of Guercio et al.
(Guercio et al. 2015) who also reported a decreased risk for
DES (HR [95% CI] 0.49 [0.26, 0.92]), but no association was
observed for RFS.

Marine w-3 polyunsaturated fatty acids (PUFAs)

Marine w-3 PUFAs have been shown to influence the pro-
gression of CRC by impacting mechanisms such as increased
apoptosis and reduced cell proliferation in pre-clinical stud-
ies (Calder 2015). Additionally, randomized control trials
have reported improved survival in patients supplemented
with marine w-3 PUFAs (Gogos et al. 1998).

Two of the included studies explored the association
between marine w-3 PUFAs and CRC outcomes. Song et al.
(Song et al. 2017) explored CRC-specific mortality and
reported no association. Although, in patients increasing
intake post-diagnosis a 70% reduction in risk of CRC-specific
mortality was observed (HR [95%CI] 0.3 [0.14, 0.64],
p=0.001). Van Blarigan et al. (Van Blarigan et al. 2018a)
explored both marine w-3 PUFAs, and dark fish intake, a
key source of marine w-3 PUFAs, and survival rates. They
found that higher intakes of marine w-3 PUFAs were asso-
ciated with a reduction in risk for DFS (HR [95%CI] 0.72
[0.54, 0.97], p=0.03). Additionally, compared to individuals
who did not consume dark fish those that had more than 1
serving/day experienced reductions in DFS (HR [95%CI]
0.65 [0.48, 0.87], p=0.007) (Van Blarigan et al. 2018a).
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Supplement use

Supplements, including multivitamins and specific nutrients,
have been extensively studied in relation to CRC (Heine-
Broring et al. 2015).

Two studies assessed the use of supplements in the con-
text of CRC patients (Figueiredo et al. 2022; Ng et al. 2010).
Figueiredo et al. (2022) found that 58.5% of CRC patients
reported multivitamin use post-diagnosis, 28.1% took vita-
min C and 29.4% took vitamin E supplements. However, no
significant association was found between CRC-specific
mortality and use of multivitamins, vitamin C supplements,
or vitamin E supplements. Ng et al. (2010) observed multi-
vitamin use in an adjuvant setting and also reported no
association with risk for DFS or RFS. A third study explored
one-carbon nutrient supplementation (folate, vitamin B6,
vitamin B12, or methionine) and found no links with risk of
CRC-specific mortality (Lochhead et al. 2015).

Conclusion

This systematic literature review provides valuable insights
into the role of dietary intake in CRC survivors following
treatment. Despite a considerable overlap in the cohorts
used by the included studies, there was substantial hetero-
geneity between reports and no consistent outcomes
emerged. Results suggest a potential beneficial effect of
adherence to the ACS guidelines and plant-rich low-
carbohydrate diets on risk of CRC-specific mortality.
Interestingly, fiber from cereals, vegetables, and wholegrains
may potentially drive this effect, but this warrants further
investigation. Reduced risk of CRC-recurrence and devel-
opment of disease/death (RFS and DFS) were also reported
for adherence to ACS dietary and alcohol guidelines and
higher intakes of marine w-3 PUFAs. On the contrary, a
Western dietary pattern, a diet that is high in refined
grains, and high consumption of SSBs may increase risk of
both RFS and DFS. Despite the WCRF/AICR providing
dietary recommendations for CRC prevention based on
the evidence base, the results of this systematic review
suggest that results are not robust for CRC-specific mor-
tality, RFS, or DFS. During manuscript revision, a pre-print
of a similar review was released (Chan et al. 2024), which,
despite methodological differences, shares overlapping
findings regarding dietary factors and CRC outcomes
(Chan et al. 2024). Both Chan’s study and ours acknowl-
edge significant heterogeneity in studies investigating CRC
RES and DFS, highlighting the challenges in synthesizing
evidence in this field. Integrating multiple perspectives is
crucial in informing clinical practice and guiding future
research directions.

The results reported in this systematic review have sev-
eral strengths, including stringent inclusion and exclusion
criteria, but also must be appreciated in the context of
some limitations. Firstly, dietary intake is composed of a
multitude of components that are poorly characterized
individually (Leeming et al. 2021). Although, some of the
included studies (32%, 9/28) attempted to capture dietary
patterns, these indices can introduce several biases and

inconsistencies because of the cutoff points or scoring sys-
tems used, or the dietary features included (Wingrove,
Lawrence, and Mcnaughton 2022). Additionally, the dura-
tion and variations in duration between post-treatment
follow-up and dietary assessment in the reviewed manu-
scripts raises pertinent questions regarding the long-term
implications and sustainability of the observed effects.
Prolonged intervals between these assessments could poten-
tially mask or underestimate the true impact of diet on
CRC-specific outcomes. Secondly, the existing literature-base
is built on studies primarily exploring the relationship
between diet and CRC incidence, while CRC-specific mor-
tality, RFS, and DEFS are considered as secondary outcomes,
if considered at all. Thus, studies may not be powered to
detect relationships with CRC-specific mortality, RFS, and
DES. Third, patients may have made other lifestyle changes
post-diagnosis that are unaccounted for, thus resulting in
residual confounding effects. Fourth, dietary intake was
mostly measured using FFQs, which have inherent biases,
including selective recall, and often have poor portion size
estimations (Wingrove, Lawrence, and Mcnaughton 2022).
Thus, future studies should seek to integrate objective mea-
surement technologies to better capture dietary intake, e.g.,
wearable hardware such as sensors and cameras, designed
to overcome this limitation, and generate more accurate,
and reliable data. Although, these technologies are still in
their infancy and face several challenges before they can be
employed in research settings (Rantala et al. 2022). Fifth,
included studies mostly report hazard ratios, which describe
the relative risk based on comparison of event rates between
groups, rather than absolute risk.

To overcome the heterogeneity observed, the limitations
listed, and untangle the specific influence of dietary intake
on CRC-specific mortality, and CRC recurrence, we need to
push for standardized outcomes and gold-standard
approaches both to study design and to analyses. Although
we note that this endeavor would raise significant logistical,
and methodological challenges; we envision gold-standard
approaches as comprehensive analyses using a top-down or
bottom-up approach within a single sufficiently powered
cohort using improved measurement techniques to mitigate
error. Additional further investigation via mendelian ran-
domization, randomized control trials, and mechanistic stud-
ies would also greatly benefit our understanding. Only then
can a robust evidence-base facilitate actionable dietary rec-
ommendations to be made that are tailored for CRC
survivors.
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