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Abstract: Cancer survival continues to improve in high-income countries, partly explained by ad-
vances in screening and treatment. Previous studies have mainly examined the relationship be-
tween individual dietary components and cancer prognosis in tumours with good therapeutic re-
sponse (breast, colon and prostate cancers). The aim of this review was to assess qualitatively (and
quantitatively where appropriate) the associations of dietary patterns and cancer prognosis from
published prospective cohort studies, as well as the effect of diet interventions by means of ran-
domized controlled trials (RCT). A systematic search was conducted in PubMed, and a total of 35
prospective cohort studies and 14 RCT published between 2011 and 2021 were selected. Better
overall diet quality was associated with improved survival among breast and colorectal cancer
survivors; adherence to the Mediterranean diet was associated to lower risk of mortality in colo-
rectal and prostate cancer survivors. A meta-analysis using a random-effects model showed that
higher versus lower diet quality was associated with a 23% reduction in overall mortality in breast
cancer survivors. There was evidence that dietary interventions, generally combined with physical
activity, improved overall quality of life, though most studies were in breast cancer survivors.
Further cohort and intervention studies in other cancers are needed to make more specific recom-
mendations.

Keywords: systematic review; meta-analysis; dietary pattern; prospective cohort; randomized

controlled trial; cancer prognosis; cancer survival; dietary intervention.

1. Introduction

The term cancer survivor is generically applied to people living with a cancer diagnosis,
including those who have been cured or recovered from the disease [1]. Although this
definition includes people who have been diagnosed but have not yet started treatment,
as well as patients being treated, and those who are at an advanced stage of the disease,
in the present review we refer specifically to people who have been treated and have had
a satisfactory response to treatment. For cancer survivors the main threat to their health
in the short and medium term is the reappearance of the disease (recurrence), which can
be local or distant (metastasis); the latter is, in turn, a strong determinant of survival.
According to the most recent estimates, there were 44 million persons living with cancer
in 2020 who had been diagnosed within the last 5 years [2]. That is, the high prevalence
of cancer survivors is becoming a major health and social problem.

The diagnosis and treatment of cancer have experienced important advances in recent

decades. Especially in the most developed countries, the practice of screening for breast
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cancer, and to a lesser extent for colon and rectal cancer, has spread. In addition,
opportunistic screening for prostate cancer and some other tumors (thyroid, lung) is
assiduously practiced. Furthermore, there have been substantial advances in the
management and treatment of many tumors. As a result of these improvements, 5-year
survival from colon, rectal, and breast cancers has increased steadily in most developed
countries for patients diagnosed during 2005-09 [3]; survival for colon and rectal cancer
reached 60% or more in 22 countries around the world, while for breast cancer, survival
rose to 85% or higher in 17 countries worldwide. Striking increases in prostate cancer
survival have occurred in many countries, reaching 95% in most developed countries,

but trends vary widely.

Although the factors associated with higher or lower cancer incidence (risk or protective
factors) do not necessarily must have prognostic value, it seems quite straightforward to
think that determinants of the occurrence of a tumor may have some effect on the
progression or recurrence of the disease, including the occurrence of a second tumor.
Thus, the interest in the possible role of diet in cancer prognosis has been mostly focused
on tumors for which diet is a widely recognized risk or protective factor. On the other
hand, this area of research has been directed towards frequent tumors for which
therapeutic alternatives with good response are available. Therefore, the results on the
possible role of nutrition and related factors in the prognosis are concentrated mainly in

breast, colon, and prostate cancers [1].

Despite the apparent similarity or parallelism between the studies on the determinants of
risk and prognosis, there are important differences in their research framework. First of
all, the design option: although case-control studies are less and less used in nutritional
epidemiology oriented to etiological research, in the case of prognostic determinants,
where the outcome is often mortality, this option is not suitable. Only well-designed
prospective cohorts are a suitable design for observational studies aimed to assess
prognosis in this setting. On the other hand, intervention studies (i.e. randomized
controlled trials, RCT) are needed and always preferred to establish the prognostic value
of dietary factors with a high degree of evidence. The RCT are always complex and
expensive; however, as they can be conducted in the clinical setting and the expected
events are relatively common (at least compared with population studies looking for
incidence), they should be, at least in theory, more prevalent than in etiological research.
An additional problem has to do with the outcome, or rather, the variability in the
possible outcomes. Indeed, while in the studies on risk factors the result is unique
(diagnosis of an incident case of the disease), in the evaluation of the prognosis we can
consider several outcomes: mortality (overall), death by a specific cause, recurrence,
occurrence of a second tumor, a surrogate or marker of progression, or quality of life.
Finally, there is the time frame of exposure (diet) assessment. Time-to-event analyses
when the outcome is mortality (or recurrence) take the date at diagnosis as the entry time;
therefore, ideally the dietary assessment should be as close to that date as possible. Two
main time frames are considered when assessing prognosis: dietary factors collected pre-

or post-diagnostic. Moreover, the time from dietary assessment to diagnosis, or
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conversely, from diagnosis to dietary assessment, must be considered. If this period is
too long, it may call into question the validity of the study. Although there is not a clear
consensus about this issue, most studies tend to restrict the dietary assessment to one

year prior or after the date of diagnosis.

A comprehensive review [4] reported that physical activity after treatment may confer a
number of health benefits to cancer patients, and that there is evidence to suggest that
elevated body fatness is a predictor of poor outcome in breast cancer survivors. With
regard to diet, this review reported that there is evidence of links between better survival
after breast cancer and eating foods containing fiber, foods containing soya, and lower
intakes of total and saturated fats. However, due to limitations of much of the existing
research, the evidence is not strong enough to make specific recommendations. Several
reviews summarizing the observational evidence from prospective cohorts of cancer
survivors have been published in the last ten years [5-7]. All of them reported
associations between mortality and some foods or groups of foods among survivors of
several common cancers. On the other hand, a recent review of the quality of five
evidence-based nutrition guidelines for cancer survivors [8] reported that limited
information on nutrition was available in these guidelines, with the focus being on the
promotion of fruit, vegetables and wholegrains and reducing fat, red meat, and alcohol.
There was also a tendency to recommend cancer prevention guidelines be used for

cancer survivors rather than developing specific guidance for this group.

A couple of issues about the major conclusions of these reviews are worth considering.
First, as already noted, most of the observational evidence summarized concerns
individual foods, food groups or single nutrients. However, food consumption cannot be
considered in isolation, but in combination with others. Therefore, examination of the
survivor’s diet as a whole, by means of dietary patterns, could be more readily translated
into dietary guidelines. This seems particularly relevant for assessing protective effects:
while there are several examples of dietary components that can increase the risk of
cancer (e.g. alcohol) there are few (if any) examples of single nutrients or components
that directly decrease cancer risk. And this can translate into disease progression, risk of
recurrence or death. By means of dietary patterns assessment, studies may try to look at
the whole diet, which is likely to have interactive, synergistic, and combined effects on

disease risk and progression [9].

On the other hand, in reviews discussed above [4,8], a claim was made that more and
better research, mainly from intervention studies, is needed to make specific
recommendations for cancer survivors. In fact, it is not entirely true that clinical trials on
the effect of diet as a prognostic factor in cancer survivors are lacking: during the first
decade of this century, results of two large RCT evaluating the effect of dietary
intervention on the risk of recurrence of breast cancer were published [10,11]. However,
they did not provide clear support for a role of diet owing to their discrepant results. The
Women’s Intervention Nutrition Study (WINS) [10] assigned 2437 women with

early-stage breast cancer to either a low-fat or standard diet. After approximately five
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years of follow up the intervention group had a significant 24% lower risk of recurrence
compared to the control group. In contrast, the Women’s Healthy Eating and Living
Study (WHEL) [11], including 3088 breast cancer patients, found that an intervention diet
rich in vegetables, fruit and fiber, and low in fat compared to a control diet did not
reduce risk of recurrence or mortality after a 7-year follow-up. Several reasons have been
put forward to explain these discrepancies; however, the most remarkable difference is
that in WHEL there was no significant weight modification in either the control or
intervention group, whereas in WINS there was a significant, though unplanned, weight
reduction in the intervention arm [12]. These results suggest that energy balance may
play a significant role in breast cancer prognosis and may be more important than the
modest effects of reducing total fat intake or modifying other dietary factors. The
growing evidence suggesting the relevant role of weight control on breast cancer
recurrence, together with evidence of the beneficial effects of physical activity among
cancer patients [13,14], led to the development of lifestyle interventions combining
dietary and physical activity components as the best strategy to improve prognosis and

quality of life among survivors of breast and other cancers.

Keeping in mind the issues discussed above, the aim of this study was to conduct a
systematic review and meta-analysis of prospective cohort studies and randomized
controlled trials that investigated the effects of dietary patterns and dietary interventions
on the prognosis among cancer survivors. We adopted a broad definition of prognosis,
including all the events and outcomes with prognostic significance: overall and

cancer-specific mortality, recurrence, markers of disease progression, and quality of life.

2. Materials and Methods
This systematic review adhered to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [15] and followed a pre-planned unpublished

protocol that can be requested by contacting the corresponding author.

2.1. Search strategy

The authors conducted a total of seven literature searches using combinations of several
key words related to diet and cancer prognosis in PubMed database, from 1 January 2011
until 31 August 2021. No restriction on language was made and only peer reviewed
sources limited to human adult studies were included. When articles were reviews
and/or meta-analyses only those published on the previous five years were included to
further explore other relevant references. The following search strategy was used: (cancer
OR neoplasm) AND (dietary pattern OR food-stuff OR food nutrients OR diet) AND
(mortality OR prognosis OR cancer mortality OR cancer survival OR cancer prognosis
OR cancer outcomes OR cancer recurrence OR cancer survivors) AND intervention.
Further exploration of the reference lists of the identified papers complemented these

searches. Any disagreement was resolved through discussion between the two authors.
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2.2. Study selection

The authors reviewed the titles and abstracts of all articles and selected studies that met
the following criteria: 1) prospective cohort or randomized controlled trial (RCT) design,
2) available in full-text, and 3) assessing the relationship between dietary patterns (in
cohorts) or dietary intervention (in trials) and prognostic-related outcomes (i.e. all-cause
mortality, cancer-specific mortality, recurrence, and quality of life (QoL)). For RCT,
studies including dietary interventions either alone or in combination with physical
activity were considered. We excluded feasibility, cross-sectional, case-series or
case-control studies, retrospective cohorts, studies focused on the rationale and design
presenting no results, any study whose population is not clearly defined as cancer
survivors, as well as reviews or meta-analysis published before 01/01/2016 and exposure

considering only alcohol (Figure 1).
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356 publications identified through Publded search

Filters: humans and 10 years from publication date

38 duplicates excluded from 7
different key searches
318 abstracts screened
182 publications excuded:
* Feasibility studies
" Case-seriesfoase-control studies
* Retrospective cohortstudies
*  Cross-sectonal studies
* Studies with rationale and design
presenting no results
"  Outcomes: incidence or risk of owerall
mortality among general population
* Rewiews/meta-analysis published
before 01/01/2016
® Alcohel as unique dietary exposure
R
135 full texts screened
86 papers excluded: exposure were
indiwidual foods or nutrients
> 31 Reviews d Meta-Analysis
18 articles selected Secondary publications: 30 articles
selected
103 prospective & intervention studies
59 duplicates excluded
Y

49 papers included in the systematic review:
25 cohort studies and 14 randomized controlled trials

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow

diagram.

2.3. Data extraction
The following information was extracted from each selected study: reference (author,
year), country, population details (clinical features, sample size, age, and follow-up time

of the cohort or trial), dietary assessment tool with its main relevant features, outcomes,
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results and observations (e.g. adjustment for confounders). For the RCT we included a
description of the intervention and the methods used for the assessment of quality of life,
as many of them investigated this outcome. Where multivariable models were reported,
the model including the set of potential confounders judged as the most adequate was

selected.

2.4. Outcomes

The primary outcome usually was of time-to-event type. Survival was mostly measured
as overall or cancer-specific mortality, as well as disease-free survival (or risk of
recurrence). Other selected outcomes related to prognosis were different dimensions of

quality of life.

2.5. Bias assessment

The risk of bias was assessed by means of the Newcastle-Ottawa Scale (NOS) for cohort
studies [16]. The NOS contains eight items, categorized into 3 dimensions including
selection, comparability, and outcome (Table Al). For each item a series of response
options is provided and a star system is used, whereby the highest quality studies are
awarded with a maximum of one star for each item with the exception of the item related
to comparability, which allows the assignment of two stars. Therefore, the NOS score

ranges from zero to nine.

2.6. Meta-analysis

Eligible studies for meta-analysis were those that studied the same outcome, same
exposure and same cancer type; a meta-analysis was performed only for sets of three or
more studies that fulfilled the above-mentioned criteria. According to this, we conducted
a meta-analysis of four cohort studies on breast cancer survivors, looking at overall and
specific mortality in relation to dietary patterns reflecting diet quality [17-20].

We used the adjusted hazard ratio (HR) as an estimate of the relative risk of each study
to calculate a summary effect estimate applying two different approaches. First, we used
estimates for the fourth quartile [18-20] or the fifth quintile [17] as compared with the
reference (first quartile or quintile) to calculate the effect of the highest versus the lowest
level of the diet quality index. On the other hand, we calculated an estimate of the effect
(with its corresponding 95% confidence interval) associated with each 10-unit increase of
the index using the mean or the midpoint of each category, by means of a method based
upon generalized least squares [21]. The overall HRs were estimated by means of a
random effect model [22,23]. Heterogeneity across studies was assessed by means of the
I? statistic [24], together with a prediction interval [25]. All the data used to perform the

meta-analysis can be found in Table A2.

3. Results

3.1. Identified studies

From the initial search, 356 records were identified (Figure 1) of which 318 were selected
for title and abstract screen after removing duplicates. Of these, 183 were excluded,

leaving 135 full-text articles for review. Additionally, prospective cohort studies where
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exposure was a single food, nutrient or food group were excluded, leaving 18 articles.
Moreover, 90 new articles were identified through the systematic screening of references
in reviews and meta-analyses found in the previous step, resulting in 108 articles selected.
After removing duplicates, 49 papers in total were ultimately retained for the present

review.

3.2. Prospective cohort studies

A total of 35 prospective cohorts were identified. Details of these studies are shown in Table 1.
The majority of studies were conducted in North America (26 in the US, including one that
combined data from Mexico, and two from Canada); four were conducted in Europe, two in Asia,
and one in Australia. Most cohorts included breast and colorectal cancer survivors (13 and 11
studies respectively), followed by three studies of survivors of prostate cancer, two studies of head
and neck cancers, two studies of ovarian cancer, and one study each of bladder cancer and
multiple myeloma. The two remaining studies included survivors of a combination of several

tumours.


https://doi.org/10.20944/preprints202112.0278.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 December 2021

d0i:10.20944/preprints202112.0278.v1

Table 1. Characteristics of the included prospective cohort studies (n=35) examining the association between dietary patterns and prognosis in 1

cancer survivors.

2

Author, year

Country

Population, Cohort

Dietary as-

sessment

Dietary

patterns

Outcomes

Results - Multivariate adjusted RR/HR(95% CI)

Observations

19), cervical (n = 54),
and uterine cancer (n
=47), NHANES 111,
mean follow-up 12.4

years.

recall.

Inoue-Choi, USA IWHS, 2,017 cancer Post-diagnostic | WCRF/AICR | All-cause mortal- | Q4 vs. Q1. All survivors: All-cause mortality: HR=0.67 | Gynaecologic included cervical, endometrial,
2013 cases: breast (n =938), | 127-items FFQ. | guidelines ity, can- (0.49-0.90), p-trend=0.03; Cancer-specific mortality ovarian, and other female genital organ
colorectal (n = 380), scores. cer-specific mor- | HR=0.63 (0.39-1.04), p-trend=0.21; CVD-specific mor- | cancers. 'Other cancer' category was not
gynaecologic (n =262) tality, tality: HR=0.92 (0.57-1.47), p-trend=0.40. Gynaecolog- | further defined. Models adjusted for age,
and other cancer (n= CVD-specific ical cancers: All-cause mortality: HR=0.96 (0.34-2.69), | total number of comorbid conditions (accu-
437), mean age 78.9 mortality. p-trend=0.94; Gynaecological cancer-specific mortali- | mulated, 1986-2004), perceived general
years, mean fol- ty: NA; CVD-specific mortality: HR=1.05 (0.27-4.15), | health and current smoking, cancer stage,
low-up 5.4 years. p-trend=0.83. Other cancer: All-cause mortality: cancer type, cancer treatment (surgery,
HR=0.55 (0.30-1.01), p-trend=0.12. chemotherapy), subsequent cancer diagnosis
before 2004, current cancer treatment, and
person-years since cancer diagnosis. Mean
time since cancer diagnosis is 8.6 years
(SD=4.8 years).
Karava- USA 120 gynaecological Post-diagnostic | HEI and All-cause mortal- | By 1-unit increase, HEL: HR=0.92 (0.89-0.96). MDS: Usual variables of adjustment; alcohol was
siloglou, 2019 cancers: ovarian (n= | 24-hour dietary | MDS. ity. HR=0.77 (0.57-1.04). Good (=70) vs. Poor (<70) HEIL: not included in the adjustment of the MDS

0.20 (0.10-0.43). Adherers (5-9) vs. Non-adherers (0-4)
MDS: HR=0.49 (0.18-1.37).

model (it is one of the MDS items). Infor-
mation regarding disease severity or treat-
ment was not available. Important: mean
time between diagnosis and completion of
the questionnaire is 10.4 years; therefore
these associations refer to long-term survi-

VOrs.
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Kim, 2011 USA 2,729 postmenopau- | Pre- and Diet quality | All-cause mortal- | Q5 vs. Q1 (post-diagnostic diet): All-cause mortality: | For pre-diagnosis diet, diet quality indices
sal BC stage I-III), post-diagnosis | indices: ity, BC-specific HEIL RR=0.85 (0.63-1.17); DQIR, RR=0.78 (0.58-1.07); based on a single dietary questionnaire were
NHS study, fol- FFQ every 4 AHEI, DQIR, | mortality and RFS, RR=1.03 (0.74-1.42); aMED, RR=0.87 (0.64, 1.17). | not associated with total mortality, breast
low-up 6 years. years (initially | RFS,aMED | non-BC mortality, | BC-specific mortality: RFS, RR=1.54 (0.95-2.47) cancer mortality, distant recurrences or
61-items, until BC-recurrence p-trend=0.02. Distant recurrences: RFS, RR=1.45 non-breast cancer mortality (data not re-
130-items). (0.94-2.23) p-trend=0.001. Pre-diagnostic diet quality | ported). Adjustment for relevant variables.
indices were not associated with outcomes.
George, 2011 | Mexico, | HEAL Study; 670 Post-diagnostic | HEI-2005. All-cause and Q4 vs.Q1: all-cause mortality HR=0.40 (0.17-0.94), Adjusted for energy, physical activity, race,
USA local or regional BC | 122-items BC-specific mor- | BC-specific mortality HR=0.12 (0.02-0.99). All-cause stage, and tamoxifen use.
survivors, follow-up | self-administer tality. mortality in active-higher HEI-2005 vs. inac-
6 years. ed FFQ 6 and tive-lowest HEI-2005: HR=0.11 (0.04-0.36); BC-specific
30-month. mortality in active-higher vs. inactive-lowest
HEI-2005: HR=0.09 (0.01-0.89).
Vrieling, 2013 | Germany | 2,522 postmenopau- | 1-year Dietary Overall mortality, | Q4 vs.Q1 'unhealthy' pattern: HR=3.69 (1.66-8.17) BMI and physical activity not included in
sal BC stage I-IV, pre-diagnostic | patterns: BC-specificand | p-trend<0.001 (non-BC mortality), HR=1.34 (0.93-1.94) | multivariate models.

median follow-up 5.5

years, MARIE study.

176-item FFQ.

'healthy' and
‘unhealthy’;
defined by
principal
components
and factor

analysis.

non-BC mortality;
recurrence of

breast cancer.

p-trend=0.03 (overall mortality), HR=0.99 (0.64-1.52)
p-trend=0.59 (BC-mortality). Within cases stage I-IIla,
'healthy' pattern HR=0.74 (0.47-1.15) p-trend=0.02
(overall mortality), HR=0.71 (0.48-1.06) p-trend=0.02

(recurrence).
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Inoue-Choi, USA IWHS, 938 BC cases. | Post-diagnostic | WCRF/AICR | all-cause mortal- | Q4 vs. Q1. All-cause mortality: HR=0.61 (0.39-0.96), Models adjusted for age, total number of
2013 127-items FFQ. | guidelines ity, BC-specific p-trend=0.01. BC-specific mortality: HR=0.88 comorbid conditions (accumulated, 1986—
scores. mortality, (0.41-1.91), p-trend=0.65. CVD-specific mortality: 2004), perceived general health and current
CVD-specific HR=0.67 (0.33-1.37), p-trend=0.10. smoking, cancer stage, cancer type, cancer
mortality treatment (surgery, chemotherapy), subse-
quent cancer diagnosis before 2004, current
cancer treatment, and person-years since
cancer diagnosis. No data on cancer stage,
mean age of cases and mean/median fol-
low-up time. See note in 'Several tumour
sites' section for this article.

Izano, 2013 USA NHS, 4,103 BC cases | Atleast 12 DASH, Primary: Q5 vs.Q1 dietary pattern; BC mortality, DASH No association with BC recurrence (data not
stages I-III, median months after AHEI-2010. | BC-mortality; RR=0.85 (0.61-1.19) p-trend=0.47; AHEI-2010 RR=1.07 | shown) in multivariate models. Results for
follow-up 9.3 years. | diagnostic, FFQ Secondary: dis- (0.77-1.49) p-trend=0.95. Non-BC mortality, DASH total mortality (one of the secondary end-

tant BC recur- RR=0.72 (0.53-0.99) p-trend=0.03; AHEI-2010 RR=0.57 | points) not reported, only mentioned in
rence, non-BC (0.42-0.77) p-trend<0.0001. methods. Adjustment: age at diagnosis,
mortality, total energy intake, BMI, smoking, and physical
mortality. activity.

George, 2014 | USA 2,317 postmenopau- | Post-diagnostic, | HEI-2005 All-cause and Q4 v5.Q1 HEI score; all-cause mortality HR=0.74 Multivariate model not adjusted for BMI and
sal women invasive | self-administer | scores. cause-specific (0.55-0.99) p-trend=0.04; non-BC mortality HR=0.58 smoking status. Further adjustment for BMI
BC (localized, region- | ed FFQ at mortality. (0.38-0.87) p-trend=0.01; BC mortality HR=0.91 (did not modify HRs (data not reported).
al, distant, unknown), | baseline and at (0.60-1.40) p-trend=0.63.

(50-79y), WHI Dietary | 3-year of fol-
Modification Trial low-up.
(n=1,205) and Obser-

vational Study

(n=1,112), follow-up

9.6 years.
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McCullough, | USA 4,452 cases (40-93 Pre- and Dietary All-cause mortal- | Highest vs. Lowest post-diagnostic dietary pattern: Adjustment for usual variables; alcohol not

2016 years), CPS-II Nutri- | post-diagnostic | pattern scores | ity and deaths BC-mortality RR=1.44 (0.90-2.30); CVD mortality included in the final model since it did not
tion Cohort, mean 68-item Block | based on ACS | from BC, non-BC | RR=0.81 (0.47-1.39); Non-BC mortality RR=0.78 change the estimated RRs.
follow-up 9.8 years. | FFQ (baseline), | dietary and CVD. (0.56-1.07) p-trend=0.03 & per 2-point increase

152-item Har- | guidelines. RR=0.88 (0.79-0.99). Pre-diagnostic diet score was not
vard FFQ twice associated with all-cause mortality.

during fol-

low-up.

Jang, 2018 Korea 511 cases (mean age | Post-diagnostic | DII (34 items). | BC recurrence Q4 vs. Q1; BC recurrence HR=2.3 (1.17-4.71) Not adjusted for physical activity, alcohol
51.9 years), mean 24-h diet recall. and overall mor- | p-trend=0.019; overall mortality HR=3.0 (1.08-8.83) and smoking status. Associations were also
follow-up 69 months, tality. p-trend=0.041. significant among women<50y, premeno-
Hanyang University pausal, BMI>25 kg/m?, HR+ tumours, tumour
Seoul Hospital. size>2 cm, and lymph node metastasis (strata

of prognostic factors).

Sun, 2018 USA 2,295 postmenopau- | Pre- and HEI-2010 All-cause mortal- | Compared with women with stable diet quality, Adjustment for relevant variables.
sal women (50-79 post-diagnostic | score. ity, BC-mortality, | women who decreased >15% HEI-2010, HR=1.66
years at recruitment), | FFQ, HEI-2010 non-BC mortality. | (1.09-2.52) for BC-mortality. Women who increased
invasive BC, 12 years | based on 12 >15% HEI-2010 vs. stable diet quality HR=1.00
follow-up, WHI components. (0.81-1.23) for all-cause mortality, HR=0.98 (0.67-1.44)
study. for BC-mortality and HR=0.96 (0.74-1.23) for other

causes.

Zheng, 2018 | USA 2,150 postmenopau- | 1.5 years E-DII (32 All-cause, Q1 vs.Q4 E-DII; HR=0.96 (0.62-1.49) p-trend=0.96 (BC | Adjustment for usual variables except for
sal women (age post-diagnostic: | components). | BC-specific, and | mortality); HR=0.82 (0.63-1.05) p-trend=0.17 (all-cause | alcohol (probably because alcohol is one of
50-79y), 13.3 years FFQ 120-items CVD mortality. mortality); HR=0.44 (0.24-0.82) p-trend=0.005 (CVD the DII's items). Stratified analyses for hor-
follow-up, WHIL plus other mortality). monal receptors (ER, PR and combined

related ques- ER-PR status) with no significant interac-
tions. tions.

Karava- USA 110 women, Post-diagnostic | HEIL, MDS. All-cause mortal- | By 1-unit increase, HEI: HR=0.97 (0.95-0.99); MDS: Usual variables of adjustment; alcohol was

siloglou, 2019 NHANES III, mean 24-hour dietary ity. HR=0.97 (0.82-1.16). Good (=70) vs. Poor (<70) HEL: not included in the adjustment of the MDS

follow-up 8.6 years.

recall.

0.49 (0.25-0.97). Adherers (5-9) vs. Non-adherers (0-4)
MDS: HR=0.78 (0.47-1.32).

model (it is one of the MDS items). Infor-

mation regarding disease severity or treat-
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ment was not available. See note in 'Several

tumour sites' section for this article.

low-up 14 years, NHS
and NHSIL

ve FFQ every 4

years.

mortality.

Wang, 2020 China 3,450 cases stage I-IV, | Post-diagnostic: | CHFP-2007, All-cause mortal- | Q1 v5.Q4 dietary pattern; all-cause mortality: BC-specific events defined as recurrence or
SBCSS, follow-up 93-item CHFP-2016, ity, BC-specific CHFP-2007 HR=0.66 (0.48-0.89), CHFP-2016 HR=0.75 | metastasis of BC and deaths from BC. Usual
time 8 years. semi-quantitati | modified mortality, (0.55-1.01), DASH HR=0.66 (0.49-0.91). BC-specific variables of adjustment except for alcohol

ve FFQ at 5 DASH, BC-specific events: CHFP-2007 HR=0.64 (0.44-0.93), CHFP-2016 (not included). Information on outcomes
years. HEI-2015. events. HR=0.67 (0.45-0.99), DASH HR=0.60 (0.40-0.90). Simi- | collected during the 10-year post-diagnosis
lar association patterns observed for BC-specific by means on in-person survey.
mortality.

Wang, 2021 USA 8,482 BC cases stage | Post-diagnostic | DRRD (9 All-cause mortal- | Q5 v5.Q1 DRRD; BC-mortality: HR=0.80 (0.65-0.97) Multivariate model adjusted for key con-

I-III, median fol- semi-quantitati | components). | ity, BC-specific p-trend=0.02; all-cause mortality HR=0.66 (0.58-0.76) | founders. Included change in BMI from pre-

p-trend<0.0001. Compared with lower score
(smedian) before & after diagnosis, women whose
score improved from low to high: HR=0.77 (0.62-0.95)
for BC-specific mortality; HR=0.85 (0.74-0.97) for

overall mortality.

to post-diagnostic in adjustments.

Inoue-Choi, USA IWHS, 380 CRC cases, | Post-diagnostic | WCRF/AICR | All-cause mortal- | Q4 vs. Q1. All-cause mortality: HR=1.19 (0.59-2.43), Models adjusted for age, total number of
2013 older female survi- 127-items FFQ. | guidelines ity, CRC-specific | p-trend=0.64. CRC-specific mortality: HR=1.16 comorbid conditions (accumulated, 1986—
vors (no age speci- scores. mortality. (0.33-4.12), p-trend=0.84. CVD-specific mortality: 2004), perceived general health and current
fied). HR=2.61 (0.78-8.71), p-trend=0.19. smoking, cancer stage, cancer type, cancer
treatment (surgery, chemotherapy), subse-
quent cancer diagnosis before 2004, current
cancer treatment, and person-years since
cancer diagnosis. No data on cancer stage,
mean age of cases and mean/median fol-
low-up time. See note in 'Several tumour
sites' section for this article.
Zhu, 2013 Canada | 529 invasive CRC, Pre-diagnostic | Dietary Disease-free Q4 vs.Q1: processed meat pattern CRC HR=1.82 Physical activity, alcohol and smoking status
Newfoundland Fa- semi-quantitati | patterns survival (DFS) (1.07-3.09), p-trend=0.09 for DFS. Colon HR=2.29 not included in the adjustment.
milial Colorectal ve 170-items extracted: and overall sur- | (1.19-4.40) & rectum HR=0.97 (0.38-2.45) for DFS.
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tary question-
naires and
standardized
EPIC Nutrient

Data Base.

0-6 in men,
0-7 in wom-
en; higher
scores: great-

er adherence.

HR4:=0.70 (0.56-0.89); p-trend<0.0001. Similar results

for overall survival (p-trend 0.004).

Cancer Registry, FFQ (including | “processed vival (OS). Colon HR=2.13(1.03-4.43) for OS.
median follow-up 6.4 | vitamin and meat pattern’,
years. dietary sup- ‘prudent

plements). vegetable

Principal factor | pattern” and

analysis (39 ‘high-sugar

food groups). pattern’.

Pelser, 2014 | USA NIH-AARP Diet and | Pre-diagnostic | HEI-2005. All-cause, Q5 vs. Q1; Colon cancer: all-cause mortality: RR=0.95 | Variables of adjustment usually used except
Health study, 4,213 124-item FFQ. CRC-mortality (0.78-1.16), p-trend=0.22; CRC-mortality RR=0.99 for socioeconomic status.
colon and 1,514 rectal and (0.77-1.27), p-trend=0.41; CVD-mortality RR=0.45
cancer cases, 5 years CVD-mortality. (0.23-0.87), p-trend=0.01. Rectal cancer: all-cause
follow-up. mortality: RR=0.60 (0.42-0.86), p-trend=0.04;

CRC-mortality RR=0.64 (0.41-0.99), p-trend=0.05;
CVD-mortality RR=0.28 (0.06-1.43).

Fung, 2014 USA 1,201 stage I-Ill CRC | Post-diagnostic: | AHEI-2010, Overall and Q5 vs. Q1; AHEI-2010: Overall mortality: HR=0.71 No other diet quality score or dietary pattern
cases (women only), |FFQatleast6 |aMED and CRC-specific (0.52-0.98), p-trend=0.01; CRC mortality: HR=0.72 was associated with overall or CRC-specific
median follow-up months after DASHand 2 | mortality. (0.43-1.21), p-trend=0.07. mortality.

11.2 years, NHS. diagnostic; derived
principal com- | dietary pat-
ponent analy- terns: western
sis. and prudent

diet.

Romaguera, | Europe EPIC, 3,292 CRC Pre-diagnostic | WCRF/AICR | CRC-specificand | CRC-specific mortality: 2nd, 3rd and 4th concordance | Adjusted by usual variables including

2015 (10 coun- | cases, mean fol- country-specific | guidelines. overall mortality. | with recommendations vs. lowest concordance: smoking. Body fatness, PA and alcohol were

tries) low-up 4.2 years. validated die- | Score range HR2na=0.87 (0.72-1.06), HR3ra=0.74 (0.61-0.90), part of the WCRE score so these were not

included in the adjustment.
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Jacobs, 2016 | USA MEC study, 4,204 Pre-diagnostic | 4 diet quality | CRC-specificand | African-American women: aMED, CRC-specific Usual variables of adjustment used except for
cases (men and FFQ (>180 food | indexes: all-cause mortal- | mortality: HR1sp=0.86 (0.77-0.96); aMED, all-cause alcohol since it is part of some scores.
women aged 45-75 items). HEI-2010, ity. mortality: HRisp=0.88 (0.81-0.96). No significant for
years), stage: local- AHEI-2010, men in either case. HEI-2010, AHEI-2010, and DASH
ized, regional, distant aMED and no significantly associated with CRC-specific or
or unknown, mean DASH. all-cause mortality.
follow-up 6.0 years.

Yuan, 2017 USA 2,006 cases from 2 Post-diagnostic | Two dietary | CRC-specific Q5 vs.Q1. CRC-specific mortality: DI-load HR=1.82 Usual variables of adjustment used (BMIL, PA,
cohorts: NHS, and FFQ every 4 insulin (DI) mortality and (1.20-2.75), p-trend=0.006 & DI-index HR=1.66 alcohol, smoking status).

HPFS, 12.7 years years scores: overall mortality. | (1.10-2.50), p-trend=0.004. Overall mortality: HR=1.33
median follow-up DI-index and (1.03-1.72), p-trend=0.03 for DI-load & HR=1.32 (1.02—
DI-load. 1.71), p-trend=0.02 for DI-index. In BMI>25 HR=2.32
(1.21-4.46) for higher DI-index; BMI>25 kg vs. BMI<25
(p-interaction=0.01).
Ratjen, 2017 | Northern | 1,404 CRC cases, Post-diagnostic, | Two a pri- All-cause mortal- | MMDS: HRa4-01=0.48 (0.32-0.74) & HRi-point increment=0.88 | Usual variables of adjustment used. No
Germany | median follow-up 7 | 112-item ori-defined ity. (0.81-0.96), p-trend=0.003. HNFI: HRa+q:=0.63 information available for CRC-specific mor-
years, median age 69 | semi-quantitati | dietary pat- (0.39-1.04) and HR1-point increment=0.90 (0.82-0.99), tality.
years, 56% men, ve FFQ. terns: MMDS p-trend=0.04.
PopGen biobank. and HNFL
Sharma, 2018 | Canada | 532 CRC (meanage | Pre-diagnostic | Cluster Overall mortality | For cMRM: PCA-processed meats HR=1.82 (1.07-3.09); | Usual variables of adjustment used.
60 years), mean 169-item FFQ. | Analysis (OM) and com- CA-meat & dairy products HR=2.19 (1.03-4.67);

follow-up 6.27 years,
Newfoundland Fa-
milial Colorectal
Cancer Registry
(NFCCR).

(CA), Princi-
pal Compo-
nent Analysis
(PCA), alt-
MED, RFS
and DII

scores.

bined Mortality,
Recurrence or
Metastasis

(cMRM).

CA-total grains, sugar, soft drinks HR=1.95 (1.13-3.37).
For OM: Poor adherence aMED HR=1.62 (1.04-2.56).
No association with OM/cMRM with prudent vege-
table, high sugar pattern, RFS and DIIL
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NHS and HPFS
cohorts, follow-up 9.9

years.

post-diagnostic
FFQ (number of
items not re-

ported).

mortality and

all-cause mortal-

ity.

Zheng, 2020 | USA WHI, 463 CRC cases | Post-diagnostic | E-DII (31 All-cause, total T1 vs.T3: E-DII (diet + supplements) HR=0.49 (0.31- Most pro-inflammatory E-DII (T3) as ref.
postmenopausal FFQ (number of | components); | cancer, and 0.79) for all-cause mortality; HR=0.57 (0.29-1.10) for E-DII score from diet plus supplements and
women (aged 50-79 | items not re- DII calculated | CRC-specific total cancer mortality; HR=0.58 (0.28-1.22) for from diet only were both examined. Models
years), 11.6 years ported). from diet mortality. CRC-specific mortality. E-DII (diet only) HR=0.72 not adjusted for alcohol consumption proba-
follow-up plus supple- (0.46-1.12) for all-cause mortality. bly because alcohol is one of the items of DI

ments and
from diet
only.
Tabung, 2020 | USA 1,718 stage I-IIl CRC, | Pre- and EDIH score. CRC-specific Q5 vs. Q1; Pre-diagnostic EDIH: HR=1.66 (1.03-2.69) Usual variables of adjustment used.

for CRC-mortality & HR=1.24 (0.97-1.58) for all-cause
mortality. Higher EDIH pre- & post-diagnostic
HR=1.51 (0.98-2.32) for CRC-mortality & HR=1.31
(1.04, 1.64) for all-cause mortality.

follow-up 12.7 years,
cohort study from a

case-control study.

common Italian

recipes FFQ.

vival.

Kenfied, 2014 | USA 4,538 non-metastatic | Post-diagnostic | Med-Diet PC-specificand | High vs. low adherence: HR=0.98 (0.75-1.29) for lethal | Assessed traditional and alternative Medi-
PC, HPFS, median 130-items FFQ. | adherence. overall mortality. | disease; HE=1.01 (0.75-1.38) for fatal disease; HR=0.78 | terranean diet pattern. Usual variables of
follow-up (8.9 years (0.67-0.90), p-trend=0.0007 for overall survival. adjustment used.
for lethal and 9.1
years for fatal out-
comes).

Yang M, 2015 | USA 926 cases Post-diagnostic | Prudentand | PC-specificand | Q4 vs. Q1: Western HR=2.53(1.00-6.42), p-trend=0.02 | Usual variables of adjustment used.
non-metastatic PC, FFQ (number of | Western overall mortality. | for PC-mortality & HR=1.67 (1.16-2.42), p-trend=0.01
PHS I orII, follow-up | items not re- pattern. for all-cause mortality. Prudent HR=0.64 (0.44-0.93)
median 13.8 years. ported). p-trend=0.02 for all cause-mortality.

Zucchetto, Italy 726 cases (median age | Pre-diagnostic | DII (31 items). | All-cause and T3 vs.T1: DII HR=1.25 (0.86-1.83) for all-cause mortal- | Model adjusted for area of residence, calen-

2016 66 years), median 78-items + PC-specific sur- | ity. Heterogeneity to Gleason score p<0.01. Gleason dar period of diagnosis, age at diagnosis,

score 7-10 Pca, DII HR=2.78(1.41-5.48) for all-cause &
HR=4.01 (1.25-12.86) for PC-specific mortality.

education, smoking habits, abdominal obe-

sity, alcohol intake, and energy intake.
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Thomson,

2014

USA

636 cases (postmen-
opausal, mean age 63
years), WHI, fol-
low-up time not

found or not clear.

Pre-diagnostic
FFQ (number of
items un-

known).

HEI-2005

score.

phagia-solids

foods, mucositis.

Overall and
OC-specific

mortality.

Arthur, 2013 | USA 542 cases head and Pre-treatment | Two dietary | Recurrence and | Most adherence to the whole-foods pattern HRasvsqi= | Limitation: the heterogeneous nature of the
neck squamous cell self-administer | patterns: all-cause survival. | 0.56 (0.34-0.92), p-trend =0.01. study population regarding tumour site.
carcinoma (HNSCC); | ed, semi quan- | whole-foods Multivariate models adjusted for age, sex,
mean age 59 years, titative Har- pattern, tumour site, cancer stage, treatment, ACE-27
mean follow-up vard FFQ western comorbidities, smoking, BMI, and total
~byears. (131-item); pattern. energy intake.

principal com-
ponent analy-
sis.

Crowder, USA 336 cases, University | Pre-treatment | Principal Nutrition impact | Prudent pattern: difficulty chewing OR=0.44 NIS were measured using the UM Head and

2019 of Michigan Head self-administer | component symptoms (NIS) | (0.21-0.93), p-trend=0.03; dysphagia liquids OR=0.38 | Neck Quality of Life questionnaire. Final
and Neck Specialized | ed 2007 Har- analysis, 2 1-year (0.18-0.79), p-trend=0.009; dysphagia solid foods multivariable models not adjusted for PA or
Program of Research | vard FFQ. dietary pat- | post-diagnostic: | OR=0.46 (0.22-0.96), p-trend=0.03; mucositis OR=0.48 | alcohol.

Excellence, follow-up terns: pru- difficulty chew- | (0.24-0.96), p-trend=0.03, NIS summary score OR=0.45
1 year. dent and ing, dyspha- (0.22-0.94), p-trend=0.03.
western. gia-liquids, dys-

For all-cause mortality: HEI-2005 HR13-11=0.73
(0.55-0.97), p-trend=0.03. For OC-mortality: HEI-2005
HR13-11=0.75 (0.55-1.01), p-trend=0.06. Women with
waist <88cm and no history of diabetes: HR=0.73
(0.54-0.98).

No adjustments for smoking status, alcohol

and BML
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Hansen, 2020

Westhoff,
2018

Lee, 2020

Australia

USA

USA

OPAL study, 958
cases before diagnosis
(n = 678) median
follow-up 3.9 years
and post-diagnosis
(n=512), median

follow-up 3.5 years.

595
non-muscle-invasive
cancer (non-Hispanic
white), University of
Texas M.D. Anderson
Cancer Center, Scott
Department of Urol-
ogy, median fol-

low-up 65.7 months.

423 cases (mean age
70-72 years wom-
en-men), NHS and
HPFS, follow-up

median 3.5 years.

Collected at
baseline, 12 and
24 months
using a vali-
dated semi
quantitative

FFQ.

Pre-diagnostic
semi-quantitati
ve 181-items
FFQ, explora-
tory factor
analysis (in-
cluded 135

items).

Pre-diagnostic
130-items FFQ.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 December 2021

Pre- and
post-diagnost
ic Healthy
lifestyle index
(HLI): in-
cluding:
smoking
status, phys-
ical activity,
BMI, alcohol,
diet quality

score.

4 dietary
patterns
derived:
fruits and
vegetables,
western,
low-fat, and

Tex-Mex.

AHEI-2010,
aMED,
DASH, Pru-
dent, Western
and
EDIR/EDIP/E
DIH.

Opverall survival.

Recurrence or
progression to
muscle-invasive
bladder cancer or
metastatic tu-

mours.

Multiple myelo-
ma-specific mor-
tality, all-cause

mortality.

doi:10.20944/pre

rints202112.0278.v1

HLI pre-diagnostic: HR most vs. least healthy
HR=0.79 (0.59-1.04). HLI Post-diagnosis most vs. least
healthy HR=0.61 (0.40-0.93). Diet quality score
Pre-diagnostic HRrs11i=0.99 (0.76-1.31) p-trend=0.9.
Post-diagnostic diet quality score HRts-11 (best quality
vs. worst) =1.01 (0.63-1.60), p-trend=0.9.

T3 vs. T1; Recurrence, Western HR=1.48 (1.06-2.06),
p-trend=0.03. Progression, Western HR=1.56

(0.91-2.65) p-trend=0.10. No significant associations
with risk of recurrence or progression found for the

other patterns.

1-SD increase; Specific mortality: AHEI-2010 HR=0.76
(0.67-0.87), p<0.001; aMED HR=0.85 (0.75-0.97),
p=0.01; DASH HR=0.85 (0.76-0.95), p=0.006; Prudent
pattern HR=0.76 (0.66-0.87), p<0.001; Western pattern
HR=1.24 (1.07-1.44), p=0.005; EDIR HR=1.16 (1.02—
1.33), p=0.03; EDIH HR=1.17 (1.01-1.35), p=0.03. Simi-

lar results for all-cause mortality.

Pre-diagnostic models: adjusted for age,
education and comorbidities.Post-diagnostic
models: adjusted for age, education, comor-
bidities, stage of disease at diagnosis, histo-
logical subgroup and residual disease re-
maining after surgery. Diet quality score
based on WCRF/AICR guidelines (excluding
alcohol).

Models adjusted for age, sex, education,
income, BMI, smoking status and intensity,
total energy intake, grade, tumour multiplic-
ity, concomitant carcinoma in situ, and

treatment.

No adjustments for smoking status, alcohol

and physical activity.
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Abbreviations: WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research; ACS, American Cancer Society; RR, relative risk; HR, Hazard Ratio; ER, estrogen receptor; PR, progesterone
receptor; CVD, cardiovascular. Study names: WHI,Women's Health Initiative; UM HN-SPORE, University of Michigan Head and Neck Specialized Program of Research Excellence; CPS-II, Cancer Prevention
Study II; CALGB, National Cancer Institute—sponsored Cancer and Leukemia Group B; SBCSS, Shanghai Breast Cancer Survival Study; LACE, Life After Cancer Epidemiology; NHS, Nurses' Health Study;
MEC, Multiethnic Cohort; IWHS, Iowa Women's Health Study; WHS, Women's Health Study; HPFS, Health Professionals Follow-up Study; NCI, National Cancer Institute; CWLS, Collaborative Women’s
Longevity Study; HEAL, Health, Eating, Activity, and Lifestyle; LIBCSP, Long Island Breast Cancer Study Project; CBCS, Carolina Breast Cancer Study; AOCS, Australian Ovarian Cancer Study; CaPSURE,
Cancer of the Prostate Strategic Urologic Research Endeavor; RFS, Recommended Food Score; OPAL, Ovarian cancer Prognosis And Lifestyle; NSHD, Northern Sweden Health and Disease Study; DDCH,
Danish Diet, Cancer and Health Study; NOWAC, Norwegian Women and Cancer; PHS, Physicians' Health Study; DACHS, Darmkrebs: Chancen der Verhiitung durch Screening; BCPP, Bladder Cancer
Prognosis Programme. Dietary patterns: HEI, Healthy Eating Index; DASH, Dietary Approaches to Stop Hypertension; AHEI, Alternative Healthy Eating Index; DII, Dietary Inflammatory Index; E-DII, Ener-
gy-Adjusted Dietary Inflammatory index; DQIR, Diet Quality Index-Revised; RFS, Recommended Food Score; EDIR, Empirical Dietary Index for Insulin Resistance; EDIP, Empirical Dietary Inflammatory
Pattern; EDIH, Empirical Dietary Index for Hyperinsulinemia; MMDS, Modified Mediterranean Diet Score; HNFI, Healthy Nordic Food Index; CHFP, Chinese Food Pagoda.
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All but six studies used a food frequency questionnaire (FFQ) to assess diet intake. Ten
studies collected dietary data before diagnosis, twenty after diagnosis, and five assessed
diet both before and after diagnosis. Six studies built a diet pattern by means of
statistically derived methods (i.e., Prudent/Western pattern; Healthy/Unhealthy pattern);
most of the remaining studies (n=26) used a priori defined indices, for example, based on
dietary guidelines (i.e,, Healthy Eating Index [HEI]-2005; Alternative Healthy Eating
Index [AHEI]-2010; Mediterranean Diet Score [MDS]), and three studies included both

approaches.

Overall, the cohort studies had a good quality as measured by the NOS Quality
Assessment Scale (Table A1), with an average score of 7.8 (scale with range 0-9). Seven
studies graded the maximum 9 points of the scale, seventeen graded 8 points, seven

graded 7 points and the remaining three graded 6 or 5 points.

3.2.1. Breast cancer (BC)

Five out of thirteen prospective studies focused on postmenopausal BC patients and
eleven studies included overall mortality and breast cancer-specific mortality as
outcomes. Other outcomes of interest were recurrences [17,26-28] and breast
cancer-specific events, defined as recurrence or metastasis of breast cancer and breast

cancer deaths, which was only reported in one study [20].

A total of seven studies assessed diet using the HEI or AHEI indices. The HEI is a
measure of diet quality in relation to the Dietary Guidelines for Americans (DGA) with
different versions updated over the years; the AHEI captures evidence-based
recommendations that incorporate additional food- and nutrient-focused components to
predict chronic disease risk [29]. For instance, the DGA 2015 has moved in the direction
of the AHEI and the HEI-2015 has included new components present in the AHEIL The

different versions of HEI and the AHEI-2010 are similar in several aspects.

A study based on the Nurses” Health Study (NHS) [17] found no association between
four different diet quality indices, including the AHEI, and breast cancer survival among
postmenopausal survivors. The same cohort examined the association with AHEI for all
survivors with an extended follow-up, and only found a significant reduced risk (43%) of
non-breast cancer-related mortality [27]. In contrast, the remaining two studies that
assessed different versions of the HEI index, reported significant lower risk for all-cause
mortality with higher adherence to the score [18,30] though the smaller sample size.
When restricted to postmenopausal women, the Women’s Health Initiative (WHI) study
also observed a reduction in risk (36%) of all-cause and (42%) non-breast cancer-related
mortality according to greater HEI-2005 scores [19]. Updated versions of the HEI score in
more recent publications showed an increase risk (66%) of breast cancer mortality for
women who decreased their diet quality compared to women with stable diet quality
[31], however increased adherence to the HEI-2015 in a large Chinese cohort showed no

significant association with breast cancer mortality.
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For the two studies that assessed the DASH diet in relation to breast cancer survival, only
one reported a significant protective effect (34% reduction) against all-cause mortality
and breast cancer-specific events (40% reduction), although the cohort included
survivors with I to IV stages [20]. By contrast, previous findings in the NHS only

observed a significant protective effect for non-breast cancer-related mortality [27].

Two different cohorts assessed the inflammatory potential of the diet. One cohort based
in Korea found that greater adherence to a more inflammatory diet as measured by the
Dietary Inflammatory Index (DII) was associated with an increased risk of recurrence
and all-cause mortality [28]. In the same direction, restricted to postmenopausal
survivors in a larger US cohort, adherence to a more anti-inflammatory diet was

associated with a protective effect (66% reduction) against all-cause mortality [32].

The Diabetes Reduction Risk Diet (DRRD), which comprises 9 dietary components
associated with 40% lower type II diabetes risk, showed a significant reduced BC-specific
mortality (20%) and all-cause mortality (34%) comparing highest versus lowest quintile
of adherence from a large US cohort study [33]. Conversely, two different versions of the
Mediterranean Diet Score were found to be no significantly associated with all-cause
mortality [17,30].

Among data-driven dietary patterns, only the ‘Unhealthy’ pattern assessed before
diagnosis was associated with an increased risk of non-breast cancer-related mortality
among postmenopausal women [26]. This study included survivors with advanced
(stage IV) tumours; furthermore, multivariable models were not adjusted for body mass

index and physical activity.

For scores based on dietary guidelines for health across different populations, adherence
scores to the Chinese Food Pagoda (CHFP) in a large Chinese cohort showed decreased
risk of all-cause mortality (34%) according to the CHFP-2007 version and a 33-36%
reduced risk of breast cancer-specific events (i.e., recurrence, metastasis, or death related
to breast cancer) according to CHFP-2007 and CHFP-2016 [20]. Conversely, dietary scores
based on the American Cancer Society (ACS) recommendations were not significantly
associated with better breast cancer survival [34] but scores that underline the
WCREF/AICR guidelines showed a significant lower risk (39%) of all-cause mortality

among breast cancer survivors [35].

3.2.1.1. Meta-analysis of cohort studies on breast cancer survivors

Candidate studies for meta-analysis were those assessing common outcomes (i.e.,
all-cause mortality and breast cancer-specific mortality) in relation to a dietary pattern
reflecting the quality of diet. The diet quality index indices selected were the HEI-2005
[18,19], the HEI-2015 [20] and the AHEI [17]. They have a common background, are close
to each other, and are similarly associated with chronic disease risk [36]. All of them have

a scale from 0 to100.
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Regarding all-cause mortality, the summary HR of the highest quality diet versus the
lowest was 0.77 (95% CI, 0.64 to 0.91), based on estimates from four studies (Figure 2).
Similarly, per each 10-points increase in the score (increasing overall diet quality), which
is equivalent to a jump from one quartile to the next, was associated with a significant 9%
reduction of mortality (HR 0.91, 95% CI, 0.85 to 0.98). In neither case was there evidence
of heterogeneity. For breast cancer-specific mortality (Figure 3) the summary HR was
0.82 (95% CI, 0.36 to 1.90) when comparing the highest versus lowest categories of diet
quality, whereas no significant decrease in BC-mortality was found for each 10-point
increase in the score. Potential heterogeneity was present (I>= 66%, p = 0.03) for the
highest ve rsus lowest diet quality score. This is also reflected in the wide prediction
interval, which indicates the uncertainty we could expect in the summary effect if a new
study is included. Indeed, a meta-analysis with few studies is usually expected to report

an imprecise prediction interval [37].

A Study reference HR 95%-Cl Weight
George, 2011 + 040 [0.17,084] 42%
George, 2014 B R 0.74 [0.55 088 355%
Wang, 2020 — = 0.79 [057,1.10] 284%
Kim, 2011 —'—— 0.85 [0.62;1.16] 32.0%
Random effects model *-* 0.77 [0.64;0.91] 100.0%
Prediction interval [0.52; 1.13]
Heterogeneity: 12 = 0%, f T !
p=043 03 0.75 1 15

B Study reference HR 95%-Cl Weight
George, 2011 —P—— 0.80 [0.6O; 105 6B5%
Wang, 2020 —-'-—— 081 [0.79;1.08) 252%
George, 2014 | 092 [0.85 1.01] 68.3%
Random effects model ’ 0.91 [0.85;0.98] 100.0%
Prediction interval [0.57; 1.45]
Heterogeneity: 12 = 0%, f T 1
p=061 03 075 1 1.5

Figure 2. Meta-analysis of prospective cohort studies on the association between quality diet score
and overall mortality among breast cancer survivors. A, forest plot showing pooled hazard ratios
(HRs) with 95% CI for the highest diet quality (Healthy Eating Index [HEI], Alternate Health
Eating Index [AHEI]) vs lowest diet quality category for overall mortality. B, forest plot showing
pooled HRs with 95% CI for 10-point increase in the quality diet score and overall mortality.
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I T 1
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Wang, 2020 + 093 [0.79;, 1.11] 412%
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Random effects model 0.87 [0.65; 1.17] 100.0%

Prediction interval [0.03; 23.71]"
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Figure 3. Meta-analysis of prospective cohort studies on the association between quality diet score
and breast cancer-specific mortality among breast cancer survivors. A, forest plot showing pooled
hazard ratios (HRs) with 95% CI for the highest diet quality (Healthy Eating Index [HEI], Alternate
Health Eating Index [AHEI]) vs lowest diet quality category for breast cancer-specific mortality. B,
forest plot showing pooled HRs with 95% CI for 10-point increase in the quality diet score and
breast cancer-specific mortality. *Prediction interval lines are not represented in this figure because

intervals are too wide.

3.2.1. Colorectal cancer (CRC)

Most of the eleven studies selected used a priori dietary indices based on literature or
derived from guidelines (e.g. WCRF/AICR guidelines, HEI score) to assess overall
dietary intake. Only three studies, two from Canada [38,39] and one from US [40],
examined data-driven dietary patterns. A higher adherence to the pre-diagnosis
‘processed meat pattern’, characterised by a high intake of processed meat, red meat, fish
and processed fish, was associated with worse disease-free survival (defined as first
occurrence of death, recurrence or metastasis) among all CRC survivors, especially for
colon cancers, and with an increased risk of overall mortality in colon cancer survivors
[38]. Further analyses in the same cohort [39] found that clusters characterized by high
intake of meat and dairy products and high intake of refined grains, sugar and soft
drinks, compared with a reference cluster characterized by higher intake of fruits,
vegetables, whole grains and wine, showed poorer survival (higher risk of mortality,
recurrence and metastasis). On the other hand, a pattern high in refined grains and
sugar/soft drinks was also associated with an increased risk of overall mortality. In
contrast, the "Prudent” (healthy) and "Western" (unhealthy) patterns were not associated

with overall or CRC-specific mortality in women in a different study [40].
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The most common a priori pattern used to study overall and CRC-specific mortality was
the Mediterranean Diet, present in a total of four studies. For pre-diagnosis assessments,
lower adherence to the Alternate Mediterranean Diet Score (altMED) was significantly
associated with 62% increase in overall mortality [39]. In addition, results from the large
Multiethnic Cohort study (MEC) also reported a protective effect when moving from
lower adherence to higher in the score for both CRC and all-cause deaths but limited to
African-American women [41]. Similarly, in post-diagnosis assessment in a large German
cohort, a lower overall mortality risk was found among men and women comparing
extreme quartiles for higher adherence to the Modified Mediterranean Diet (MDD) score
(adapted to non-Mediterranean countries) and also for a 1-point increase in score [42].
These findings, however, were not supported by results in other large cohort and no

association was found for overall or specific mortality in women survivors of CRC [40].

Higher compared to lower adherence to the HEI-2005 dietary pattern before diagnosis
showed a significant protective effect both for CRC-specific and overall mortality (36 and
40% reduction respectively, limited to rectal cancer survivors) [43]. Conversely, results
from the MEC study found no association when all CRC survivors were analyzed [41].
Among women CRC survivors from the NHS, a significant inverse association was
found between the highest versus lowest quintiles of the AHEI-2010 assessed after

diagnosis and overall mortality [40].

Two studies reported no association between the DASH diet and overall and specific
CRC mortality [40,41]. On the other hand, higher adherence to the Healthy Nordic Food
Index (HNFI) was inversely associated with all-cause mortality (37% reduction as
compared to lower adherence) and a significant 10% reduction for each 1-point increase

in the score [42].

A Canadian study [39] examined the association between the inflammatory potential of
diet after diagnosis and all-cause and specific mortality, but no association was found.
However, the WHI cohort, including only women, using a modified version of the same
index (E-DII) taking into account diet plus supplements intake, reported a lower
all-cause mortality for those following the most anti-inflammatory diets (51% significant

reduction compared to the most pro-inflammatory diets) [44].

Another study conducted within the NHS and Health Professionals Follow-up Study
(HPFS) cohorts revealed that higher adherence to the empirical dietary index for
hyperinsulinaemia (EDIH) had a 66% increased risk of dying from CRC and a 24%

increased risk of death from all causes [45].

Finally, results from the European Prospective Investigation into Cancer and Nutrition
(EPIC) study indicated that higher concordance with the WCRF/AICR recommendations
on diet, physical activity, and body fatness prior CRC diagnosis was associated with
improved overall and specific survival among CRC patients [46]. A previous study with
a much smaller number of survivors who were asked to follow the same

recommendations after diagnosis report non-significant results [35]. It is worth
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mentioning, however, that this study did not reported details of cancer stage of

participants and did not include specific adjustment for lifestyle confounders.

3.2.1. Other cancers
This section includes studies that examine several types of cancers together, as well as
studies dealing with survivors of cancers of the prostate, head and neck, ovary, urinary

bladder, and multiple myeloma.

Two studies included several cancers, both conducted in two large cohorts of women
[30,35]. The first one, from the lowa Women's Health Study (IWHS), examined adherence
to the WCRF/AICR guidelines among older women survivors of breast cancer, colorectal
cancer, gynaecologic cancers (including cervical, endometrial, ovarian and related
cancers) and other cancers [35]. The results showed that women with the highest versus
the lowest adherence to guidelines of WCRF/AICR after diagnosis had a significantly
better overall survival. The second analysed the HEI and Mediterranean Diet scores on
the following gynaecological cancers: ovarian, cervical and uterine cancer [30]. Of the
two dietary patterns assessed, only the HEI score was significantly associated with
all-cause mortality, both for each unit increase in the score and also comparing good

versus poor adherence.

Three cohorts examined different dietary patterns in relation to prostate cancer prognosis,
two based in the US [47,48] and one in Italy [49]. All but one [49] accounted for key
variables of adjustment (obesity, physical activity, alcohol consumption and smoking
habit). Only one of the three studies used data-driven dietary patterns and found that
higher adherence to a “Western’ dietary pattern was borderline associated with higher
prostate-specific mortality and significantly associated with all-cause mortality, while a
‘Prudent’ dietary pattern was significantly related to lower all-cause mortality [48]. In a
large cohort of prostate cancer survivors a higher adherence to a Mediterranean diet
score was significantly associated with a 22% lower risk of overall survival [47]. On the
other hand, a strong (and significant) relationship was observed in patients with Gleason
7-10 (more aggressive, poor-prognosis cancers) following more pro-inflammatory diets

for prostate cancer-specific mortality [49].

Two studies on head and neck cancers survivors from the US used pre-treatment
data-derived dietary patterns [50,51]. There was a significant inverse association between
better adherence to a ‘whole-foods’ pattern (characterized by high intakes of vegetables,
fruit, fish, poultry, and whole grains) and a decrease (44%) in overall mortality [50]. The
second study, which examined the nutrition impact symptoms burden among head and
neck cancer survivors, reported that a "Prudent” pattern prior to treatment was
significantly associated with a reduction in these symptoms (i.e. difficulty chewing,
dysphagia of liquids and solid foods, and mucositis) [51]. The assessment of potential

confounders was incomplete and inconsistent in both studies.

For ovarian cancer, two studies assessed the effect of different diet patterns in relation to

cancer survival. In a study based in the US [52], survivors with a higher quality diet prior
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to diagnosis according to the HEI-2005 score presented lower risk (27%) of all-cause
mortality, not significant for ovarian cancer-specific mortality. On the other hand, in a
study conducted in Australia [53], the Healthy Lifestyle Index (HLI) (that included
smoking status, height, weight, physical activity, diet quality score and alcohol) after
diagnosis was inversely associated with lower overall mortality; however, when its
components were analysed individually, a higher adherence to the diet quality score
(defined and quantified using the WCRF/AICR score) was not associated with overall

better survival.

Finally, a positive association was observed between the data-driven ‘Western’ pattern
and risk of recurrence (48% increased risk) compared to the lowest adherence for urinary
bladder cancer survivors [54]. Similarly for multiple myeloma survivors, a study within
the NHS and HPFS cohorts found that the 'Western' dietary pattern was significantly
associated with an increased risk of specific and overall mortality. In addition, survivors
with healthier pre-diagnosis dietary patterns, specifically AHEI-2010, aMED, DASH, and

the Prudent’ pattern, reported better overall and specific survival [55].

3.3. Randomized controlled trials (RCT)

A total of fourteen RCT were identified; the details and main features of these studies are
shown in Table 2. Clinical trials were mostly from Europe (six studies) and the US (six
studies, including a RCT conducted in the US and Canada); the remaining two RCT were
carried out in Asia (South Korea and China). Eight studies focused on breast cancer
survivors, three on colorectal cancers (including one exclusively on colon cancer), one on
prostate cancer survivors, one study on endometrial cancer survivors, and finally one
study that targeted survivors from several cancer subtypes (i.e., breast, stomach, colon,
and lung cancer). Three of the fourteen studies were randomized controlled pilot trials
[56-58] and hence included a small number of participants. The remaining RCT included
a number of participants on the order of a few hundred, with a range from 38 to 3374.
The primary outcome of three RCT was survival or cancer progression, but the most
common outcomes were quality of life dimensions (i.e., fatigue, sleep quality, physical

and mental function).
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Table 2. Characteristics of the included randomized controlled trials (n=14) examining the association between dietary interventions and prognosis 1

in cancer survivors.

2

Author,

year

Yun, 2017

Scott, 2013

Country

South

Korea

UK

Population (clinical features,

sample size, age, follow-up)

Cancer survivors who had
completed primary cancer
treatment within the last
18-24 months. 248 partici-
pants randomized: 88 allo-
cated to usual care, 166 to

intervention.

90 women with early stage
cancer (stage I-III), treated
within the previous 3-18
months; mean age 56 years. 47
intervention, 43 controls;
completed assessment at

6-month: 41 and 48.

Intervention description

LEACH program: first 1-h health education
workshop (physical activity, dietary habits, and
distress management) and a 3-h leadership
workshop. Next individual coaching by tele-
phone for a 24-week period; overall 16 sessions
of tele-coaching were conducted: 30 min per
week for 12 sessions, 30 min per 2 weeks for 2
sessions, and 30 min per month for 2 sessions.

Total duration: 1 year.

6-month lifestyle intervention: exercise + hy-
pocaloric healthy eating program: 3 supervised
exercise sessions/week and individualized
dietary advice + weekly nutrition seminars. Diet
sessions: information on portion sizes from
common foods and healthy eating plan. Goal: to
reduce 600 kcal of daily calorie intake of their

calculated energy requirements.

Outcome (primary,

secondary)

Primary: changes in
physical activity,
diet, and in PTGI.
Secondary: quality
of life (QoL).

Primary: body
weight, body com-
position. Second-
ary: quality of life
(QoL).

QoL assess-

ment

HADS, EORTC
QLQ-C30.

FACT-B as-
sessed at base-
line and at

6-month.

Results: effect parameter (CI

or p-value)

Assessment at 12-month,
adjusted means intervention
group vs control group
(p-value): PTGI: 66.3 vs 61.2
(p=0.065). HADS: 5,2 vs 5,7
(p=0,23). EORTC (global
health): 69,0 vs 66,0 (p=0,27).
EORTC (fatigue): 34,8 vs 41,9
(p=0,01).

FACT-B QoL: significant
improvement in the interven-
tion group: >6 points (p =
0.004) in FACT-B score and >2
points (p = 0.007) in the breast
cancer subscale. Also reduc-
tion in the intervention group
of waist circumference
(p<0,001) and waist-to-hip
ratio (p<0,005).

Observations

Included in situ, localized,
or regional with a favoura-
ble prognosis of cancers of
the breast, stomach, colon,
and lung. The assessment at
12-months was carried out
over 72 subjects (control
group) and 134 (interven-

tion group).
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Goodwin, | USA and |LISA Study. Multicentre Both arms received information on healthy Primary: dis- QoL: EORTC Weight: mean weight loss was | Accrual was terminated at
2014 Canada | randomized trial in post- lifestyle at baseline and at 1-year. Individual- ease-free survival. | QLQ-C30 significantly (p<0,001) greater | 338 of 2150 planned patients
menopausal women with ized LI: 2-year telephone-based intervention on | Secondary: overall | (physical con- | in the LI arm vs. comparison | because of loss of funding.
tumours stage T1-3N0-3MO, | the diabetes prevention program. Goal: 10% survival, dis- dition and arm: 5.3% v 0.7% at 6 months, | Therefore, only intermedi-
BMI> 24. Lifestyle interven- | weight loss to a BMI not less than 21; calorie tant-disease-free overall QoL 3.6% v 0.4% at 24 months. ate (24-month) secondary
tion (up to 24mo) diet + reduction to attain 500-1,000 kcal daily deficit, survival, weight score); SF-36 QoL: mean change in outcomes are presented.
physical activity counselling, | and reduction in fat to 20% of kcal, and in- loss, quality of life | (PCS and MCS); | SFS6-PCS from baseline, LI
evaluating secondary out- creased intake of fruits, vegetables, and grains; | (QoL). Fatigue Symp- | arm vs. comparison arm: 4.2
comes. Groups: (n=167) gradual increase in moderate-intensity aerobic tom Inventory; | vs.2.3 at 6 months, 4.4 vs. 2.9
mail-based intervention and | physical activity to 150-200min/week. Breast Symp- at 12 months, 4.1 vs. 4.4 at 24
(n=171) individual lifestyle tom Checklist. | months; p=0.005. No signifi-
intervention (LI). cant changes in SF36-MCS.
EORTC QLQ-C30 physical
condition score (p<0.001). No
significant improvement in
EORTC QLQ-C30 Quality of
Life Score (p=0.062). All
p-values are adjusted for time
period of assessment.
Swisher, USA Survivors triple-negative BC | Moderate-intensity aerobic exercise (150 min Primary outcome: | FACT-B. Weight: subject in the inter- Assessment based upon
2015 (stage I- I1I), BMI>25, age per week, for 12 weeks) and diet counselling, weight loss. Sec- vention lost more body fat women who completed the
<80y, average time at enrol- | compared to usual care. Dietary counselling ondary: physical (2.4 % loss vs 0.4 % gain, trial (12 weeks): 18 in the
ment in the study after diag- | based on 2 individual sessions with the study function, quality of p<0.05) than the control intervention group and 10
nosis 4-5 years. 28 women dietitian; goal: to decrease dietary fat intake by | life (QoL). group. from the control group.
enrolled: 20 allocated to 200 kcal per week. QoL (FACT-B): improve-
control group, 18 to the in- ments in physical well-being
tervention. (p<0.05) and BC-specific items
(p<0.05).
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De- USA The ENERGY trial: sin- Intervention: group-based, semi-structured Primary outcome: | SF-36; refined | Assessment at 12 and The SE36 only included
mark-Wahn gle-blinded randomized weight loss program + telephone counseling quality of life Impact of 24-month. Non-significant specific scales for vitality
efried, 2015 phase 3 trial. Participants: and tailored newsletters, according to ACS (QoL). Cancer Scale changes for SF36 vitality and physical functioning;
women diagnosed within the | guidelines. 4 months, 1h group session/week + 1 (IOCv2); BCPT | subscale score (p- values 0.509 | the IOCv2 measures impact
previous 5 years on cancer session/week for 2 months and 1session/week Symptom and 0.185). Improvement of cancer on QoL; the BCPT
stage-I-III, aged >21 years and | during 6-12 months + personalised guidance in Scales; CES-D. | (p=0.051) of SF-36 physical Symptom Scales measures
BMI 25-45. Intensive inter- between the sessions. + mailed newsletter on a function at 12 months and no | side effects of medical
vention (n=344) or less inten- | quarterly basis from 6-24 months (individually significant change at 24 interventions; the CES-D
sive intervention (control tailored). Control group received two contacts: months (p=0.185); Greater measures depressive
arm) (n=348). at baseline and at 6 months. positive impact of cancer symptoms. Unexpected
(p=0.046) at 12 months. De- findings related to depres-
pressive symptoms (CES-D) | sive symptoms.
increased at 24 moths
(p=0.03).
Kwiatkow- | France PACThe trial. Patients en- 2-week intervention in hydrothermal centres Primary outcome: | SF36 (global Effect-sizes (difference be- Secondary endpoints: anxi-
ski, 2017 rolled within 9 months after | including APANE (adapted physical activity long-term (6-month | score). tween means of the two ety/depression (HAD),
chemotherapy or radiotheray | and nutritional education). Energy intake: 1200 | to 5-years) quality groups divided by the com- | sleep (adapted from Leeds
completion. 251 participants | kcal/day. Diet program based on Four-Group of life. mon standard deviation) for | sleep evaluation question-
randomized: 117 interven- Point Method. Control group: individual the SF36 score at different naire), physical/sedentary
tion,115 control group. standard recommendations at home. time periods: 6 months 0.63 activity scores.
(0.37, 0.89); 1 year 0.29 (0.03,
0.55); 2 years 0.27 (-0.01, 0.56).
Effect-size over the whole
follow-up period 0.33 (0.23,
0.43), p<0.01.
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Zick, 2017 | USA Pilot study, 30 breast cancer | FRD: rich in fruits, vegetables, whole grains, Primary outcome: | BFIL, PSQI Adjusted means (difference Intention-to-treat (ITT)
patients stage 0-IIla (15 in- and omega-3 fatty acid-rich foods. 3-months, fatigue. Secondary: between baseline and analysis. Dietary assess-
tervention, 15 control group) | phone counselling. Control: 8 sessions general | sleep quality. 3-months). BFI decreased by | ment: at baseline and 3
health topics excluding diet). 2.4 in the FRD group vs. months by means of day
controls (p=0.01). PSQI score | food records and 24-h
decreased by 2.5t in FRD recalls.
group and increased by 0.9 in
the control group (p=0.03).
Chle- USA WHI-DM trial. 3,374 breast Low-fat dietary pattern: the goals were to re- Overall mortality, - Mortality: HR 0.85 Intention-to-treat, second-
bowski, cancer survivors (1,299 inter- | duce fat intake to 20% of energy and increase breast cancer spe- (0.74-0.96), p=0.01. Breast ary analysis (the primary
2020 vention, 2,075 controls) me- vegetable, fruit, and grain intake. Intervention | cific mortality. cancer mortality: HR 0.79 outcome was recurrence).
dian follow-up 19.6-year. period: 8.5-years. (0.64-0.97), p=0.02. Lack of breast cancer ther-
apy information.
Ruiz-Vozm | Spain 72 women stage IIA-IIB with | Intervention (6-month); diet: three 5-hour Primary outcome: | EORTC Comparison of means (inter- | only 15 patients completed
ediano, treatment completed within | workshops on healthy eating patterns and quality of life QLQ-C30,5 vention vs. control at at least 75% of program
2020 previous 12 months. Ran- information on risk factors and prevention; (QoL). Secondary functional 6-month: significant im- sessions.

domized to intervention
(n=36) and control group

(n=36), completion of treat-

exercise: 7-week period, 60-minute class,
3/week, and mindfulness program (4-week ,

2/week, 90 minutes. Control group: usual care.

outcome: change in

weight.

domains: phys-
ical, role, cog-

nitive, emo-

provements in physical func-
tioning (p=0.027), role func-
tioning (p=0.028), dyspnea

ment 12mo earlier. Follow-up: tional, and symptoms (p=0.066). No
6 month after intervention. social. significant changes in global
health and fatigue.
Colorectal cancer (CRC)
Bourke, UK Pilot trial;18 colon cancer Intervention: 12-week program of home-based | Exercice and die- FACT-F (fa- Intervention vs control: im-
2011 survivors, mean age 69 years, | exercise sessions and dietary advice (n=9); tary behaviors, tigue) and proved fatigue (FACT-F
Dukes stage A-C, recruited controls: standard care. fatigue, and quality | FACT-C score) p=0.005 and no change

months post-surgery; 9 in-

tervention, 9 controls.

of life (QoL).

(CRC-specific
QoL).

in QoL (FACT-C score)
p=0.80.
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Parsons,

2020

Us

(Diet + PA), Group B (Diet
only), Group C (PA only),

Group D (control group).

Men's Eating and Living
(MEAL) study, 478 men, 50-80
years, with biopsy-proven
prostate adenocarcinoma
early-stage (cT2a or less and
PSA <10ng/mL). Intervention
(n =237), controls (n = 241).

refined grains to 2 servings/ day. Overall
12-month, with decreasing frequency on con-

tacts along the year. Control: usual care.

MEAL intervention: counselling behavioural
intervention by telephone promoting consump-
tion of 7 or more vegetable servings daily;
duration 24 months. Control group: written

information about diet and prostate cancer.

months.

Primary: time to
progression (by
biopsy and PSA
changes). Second-
ary: health related
quality of life
(QoL).

utility index,
FACT-C
(CRC-health
related QoL),
FACT-G (ex-
cluding dis-
ease-specific
items), HADS
(anxiety and

depression).

Several func-
tional and
health prostate
cancer- related

QoL scores.

vention: At 12-mont, SF-6D
utility index scores 0.042
(0.003-0.081) and FACT-G
total score 3.09(0.13-6.04). At
24-month, SF-12 PCS scores
(2.57 (0.69-4.45) and the
FACT-G total scores 3.14
(0.23-6.04). Overall, reduction
in HADS-depression 0.71
(1.28-0.14).

No significant difference in
time to progression (interven-
tion vs control: adjusted HR

0.97 (0.76-1.25), p=0.84.

Bonelli, Italy Double-blind, phase III, Active compound (200 pg selenium, 30 mg zinc, | Primary: recurrent - Recurrent adenomas (inter- Intention-to-treat analysis

2013 randomized, place- 2 mg vitamin A, 180 mg vitamin C, 30 mg adenomas or inci- vention vs.placebo): HR=0.61 | in 330 (out of 411) partici-
bo-controlled trial. 411 vitamin E) vs. placebo; daily, 5 years. dent colorectal (0.41-0.92); for small tubular | pants with follow-up co-
post-polypectomy (within 6 cancer. Secondary: adenomas HR=0.61 lonoscopy (164 intervention
months from enrolment). 200 advanced adenoma. (0.37-0.99); advanced adeno- | and 166 placebo group).
intervention, 211 placebo mas HR=0.50 (0.24-1.01).
group. Median follow-up 4
years.

Ho, 2020 China 223 colorectal cancer survi- Intervention: "Moving Bright, Eating Smart". Quality of life SF-12 Mean difference between Intention-to-treat principle.
vors (82 women), mean age 65 | Reduce red/processed meat to <5 servings/ week | (QoL); assessment | (health-related | groups, dietary intervention | Results on physical activity
years. 4 groups: Group A (<2 servings of processed meat) and to limit at6,12,18,and 24 | QoL), SF-6D vs. not receiving diet inter- intervention available, but

no results on combined

intervention.

Results on QoL no reported.



https://doi.org/10.20944/preprints202112.0278.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 December 2021 d0i:10.20944/preprints202112.0278.v1

Koutoukidi | UK DEUS pilot trial: parallel, Intervention : the “Shape-Up following cancer | Diet, physical EORTC Core 30 | Change (mean) from baseline | Intention-to-treat analysis
s, 2019 randomised, treatment”; 8 weeks, group-based weekly 1.5h | activity, body and Endome- | to 8 weeks: EORTC QLQ-C30, | in participants with com-
controlled pilot trial; 54 sessions on healthy eating and physical activity | composition, and trial Cancer 5.0 (-3.4-13.3), p=0.24; at 24 plete data at 24 weeks (24
survivors stage I-IVA endo- | based on Social Cognitive Theory and Control | health-related Module weeks 8.9 (0.9-16.8), p=0.029. | intervention, 25 controls)
metrial cancer; allocation to Theory. Control group: usual care. quality of life (QoL) | (QLQ-EN24)
either intervention (n=26) or
usual care (n=28).

Abbreviations: BMI, Body Mass Index, PACThe, programme of Accompanying women after breast Cancer treatment completion in Thermal resorts; WHI-DM, Women'’s Health Initiative
- Dietary Modification; LEACH, Leadership and Coaching for Health program; LISA, Lifestyle Intervention in Adjuvant Treatment of Early Breast Cancer Study; HADS, Hospital Anxiety
and Depression scale; EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire; SF36, Short Form Health Survey; Physical compo-
nent scale (PCS) and Mental Component Scale (MCS); FACT-B, Function After Cancer Therapy-Breast; FACT-C, Function After Cancer Therapy-Colorectal; FACT-G, Function After
Cancer Therapy- excluding the colorectal cancer-specific items; BCPT, Breast Cancer Prevention Trial; BFI, Brief fatigue inventory; PSQI, Pittsburgh sleep quality index; PTGI,

post-traumatic growth inventory; PA, physical activity; mo, months; FRD, fatigue reduction diet; APANE, adapted physical activity and nutritional education.
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3.3.1 Randomized controlled trials on breast cancer survivors
Two out of the eight RCT included only breast cancer survivors who were overweight or
obese at start of the intervention [59,60] and one study focused exclusively on

triple-negative BC survivors [61]. A total of four studies included interventions

O o NN o G

combining nutritional counselling and physical activity programme, targeting
participants in the intervention groups generally with the primary goal of reducing 10
energy intake [62,63], dietary fat [61] or weight change [64]. All but two studies [59,65] 11
had as primary or secondary outcomes changes in quality of life assessed by means of 12
different questionnaires (i.e., Function After Cancer Therapy [FACT], European 13
Organization for Research and Treatment of Cancer Quality of Life Questionnaire 14
[EORTC QLQ-C30], Short Form Health Survey [SF-36]). Some RCT defined outcomes as 15
changes in the lifestyle components of the intervention (i.e. foods, groups of foods or 16
nutrients, physical activity) or intervention-related parameters (i.e. weight, body mass 17
index). We did not take into account these outcomes in our review as they donot havea 18

clear prognostic meaning or cannot be considered as surrogates or prognosis. 19

Quality of life, as measured by the FACT-B (specific scale for breast cancer), showed 20
significant improvements in the intervention group for survivors that followed a 21
6-month individualized exercise and a hypocaloric healthy eating programme [62]. 22
Similarly, a shorter intervention that combined moderate physical activity and nutrition 23
advice with the goal to decrease dietary fat by 200 kcal weekly, improved quality of life 24
(measured by the FACT-B total score) among triple-negative BC survivors [61]. In 25
addition, mean change in EORTC QLQ-C30 physical condition score was significantly 26
greater for women in the telephone-based weight loss intervention (versus the 27
mail-based arm) among postmenopausal BC survivors in the LISA study [59]. actually 28
the LISA study had disease-free survival and overall survival as primary outcomes, but 29
the results were not reported due to lack of financial support to reach the sample size 30
initially planned. In a large study, the ENERGY trial (344 participants in intervention arm, 31
328 in the control arm) reported a weak or null associations after a 24-months 32
intervention assessing specific items of the SF-36 with a nutritional weight loss 33

programme among breast cancer survivors with overweight or obesity (BMI>25) [60]. 34

A unique 2-week intervention in hydrothermal centres that included physical activity 35
and nutritional education with calorie restriction (1200 kcal/day) reported improvements 36
on breast cancer patients’ quality of life according to the SF-36 global score at several 37
times of follow-up, with the highest difference between group arms at 6 months [63]. Ina 38
randomized pilot trial investigating the effect of a 3-month ‘fatigue reduction diet” 39
(defined as a diet rich in fruit, vegetables, whole grains, and foods rich in omega-3 fatty 40
acids) revealed an improvement in fatigue and sleep quality in 15 breast cancer survivors 41
compared to thel5 participants from the control group. In contrast, in a RCT with 72 42
cases (36 in each study group) there was no significant change in global health and 43
fatigue with a 6-month intervention including dietary counselling and physical activity 44
sessions, although only half of the participants in the intervention group completed at 45

least 75% of the programme sessions [64]. 46
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Finally, the Women's Health Initiative (WHI) Dietary Modification (DM) clinical trial, 47
with a long dietary intervention (8.5 years) and extended follow-up (median 19.6 years), 48
reported that the adoption of a low-fat dietary pattern (characterized by increased 49

vegetable, fruit, and grain intake) reduced significantly the risk of overall (15%) and 50

breast cancer-specific mortality (21%) among postmenopausal women [65]. 51
52
3.2.1 Randomized controlled trials on other cancers 53

The Leadership and Coaching for Health (LEACH) program, a 12-month intervention 54
based on counselling for balanced dietary habits, physical activity and distress 55
management, improved anxiety according to the Hospital Anxiety and Depression Scale 56
(HADS), social functioning and appetite loss scores from baseline to 3 months in 57
survivors of several tumour sites (breast, stomach, colon, lung) with favourable 58
prognosis (non-metastatic cases with treatment completed within the last two years). In 59
addition, from baseline to 12 months, the intervention group showed a significantly 60
greater decrease in the EORTC QLQ-C30 (European Organization for Research and 61
Treatment of Cancer Quality of Life Questionnaire) fatigue score [66]. 62
Three RCT were conducted on CRC survivors, including a small (18 participants, 9 per 63
arm) randomized pilot study [57]. An improvement on fatigue score after a 12-week 64
program of home-based exercise and dietary advice in the intervention versus control 65
group was reported, but no change in cancer-specific quality of life according to the 66
FACT-C (Function After Cancer Therapy-Colorectal) was observed. A recent study in 67
China reported that participants receiving a 12-month dietary intervention (aimed to 68
reduce red/processed meat to less than 5 servings/week [with processed meat less than 2] 69
and limiting refined grains to 2 servings/day) experienced a significant improvement in 70
generic and CRC-specific QoL, and reduced levels of depression at 12 and 24 month of 71
follow-up [67]. On the other hand, the double-blind, phase III, randomized, 72
placebo-controlled trial providing daily antioxidant supplementation (active compound 73
of 200 ug selenium, 30 mg zinc, 2 mg vitamin A, 180 mg vitamin C, 30 mg vitamin E) for =~ 74
5 years reported a significant 39% reduction of recurrence risk in the intervention 75
compared to the placebo group in CRC patients post-polypectomy [68]. 76
Regarding prostate cancer survivors, there were no significant differences in time to 77
progression for participants of the MEAL (Men’s Eating and Living) study that received 78
a telephone-counselling intervention addressed to increase vegetables consumption over 79
a 24-month period compared to the control group, which received written information 80

on diet and prostate cancer [69]. 81

Finally, in a randomized pilot study in endometrial cancer survivors, an 8-week 82
intervention based on healthy eating and physical activity sessions was associated with 83
an improvement in global quality of life (as measured by the EORTC QLQ-C30) in the 84

intervention arm at 24 weeks compared to the control group [58]. 85

4. Discussion 36
This systematic review summarizes the evidence of the impact of diet, as measured by 87

dietary patterns and nutritional interventions, on cancer prognosis, based upon 88
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thirty-five prospective cohort studies and fourteen randomized controlled trials. As 89
expected, the vast majority of the articles focused on breast and colorectal cancer 90

Survivors. 91

A Dbetter overall diet (i.e, with a high diet quality index) may improve survival after 92
breast cancer diagnosis. The evidence is rather limited to draw conclusions about breast 93
cancer specific-mortality and recurrence. A meta-analysis of four prospective cohort 94
studies including over 9,200 breast cancer survivors estimated that women in the highest 95
versus the lowest category of diet quality index had a significant 23% lower mortality. 9
Moreover, for a 10-point increase in the score, which is equivalent to moving from one 97
quartile to the next, there was a significant 9% reduction in mortality. Although the point 98
estimates were similar for breast cancer-specific survival, the association with a better 99

diet quality turned out to be non-significant. 100

We identified evidence of an increased risk of overall mortality for breast cancer 101
survivors following more pro-inflammatory diets. However, the effect of the 102
inflammatory potential of diet on breast cancer progression needs to be confirmed in 103
larger studies. In fact these findings are in good agreement with previous studies 104
showing an association between better post-diagnosis diet quality and lower levels of 105
chronic inflammation, as measured by C-reactive protein, independent of body mass 106

index or physical activity [70]. 107

A wide variety of dietary patterns have been assessed for their prognostic value in 108
colorectal cancer survivors. A potential protective effect for overall mortality was 109
identified with Mediterranean dietary pattern, although the results need to be confirmed 110
in other large cohorts and trials. In contrast, the DASH diet (a dietary pattern in principle 111
intended to reduce hypertension) revealed no association with colorectal cancer survival, 112

based on results from two large cohorts. 113

The ‘processed meat’ pattern and two other clusters, the first characterized by meat and 114
dairy intake, and another one characterized by intake of total grains, sugar and soft 115
drinks, were associated with worse overall prognosis (combined mortality, recurrence, or 116
metastasis). Instead, other derived patterns, the ‘Prudent’ and the ‘Western’ dietary 117
patterns showed no associations with mortality outcomes in a different study [40]. The 118
finding of a potential role in disease progression for processed meat is in good agreement 119

with previous evidence confirming its role as a cause of colorectal cancer [71]. 120

A better post-diagnostic diet quality, assessed by the HEI, was associated with lower 121
mortality among female breast and gynaecological cancers. A potential mechanism 122
explaining these findings could be mediated through inflammation since higher quality 123
diets after diagnosis exhibited lower C-reactive protein levels in cancer patients [72] and 124
diets corresponding to higher adherence to HEI score are considered diets with low 125
inflammatory potential [70]. Moreover, a higher adherence to the WCRF/AICR 126

guidelines showed a better overall survival among older female cancers [35]. 127
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There seems not be enough evidence to draw conclusions on the prognosis of cancers 128
other than breast and colorectal cancer, but according to three studies in prostate cancer 129
survivors, a "Western" dietary pattern and a diet with higher inflammatory potential 130
were associated with higher overall and cancer-specific mortality, respectively. In 131
contrast, the Mediterranean diet, which is attributed with an anti-inflammatory potential, 132

was associated with lower overall mortality. 133

The randomized clinical trials included in this review evaluated the effect of a dietary 134
intervention, often in combination with physical activity, on cancer prognosis. Despite 135
most of the studies focused on quality of life as primary or secondary outcome, 136
differences in study design and tools used for QoL assessment did not allow us to 137
calculate an overall estimate for each specific cancer. Three studies on breast cancer 138
survivors reported significant improvement in quality of life following interventions 139
aimed at weight loss or energy reduction, combined with physical activity advice 140
[59,61,62]. However, a large study in overweight or obese patients reported no effect on 141
quality of life after a long 24-month nutritional weight loss program [60]. Inconsistent 142
results were found between two small trials on breast cancer survivors investigating 143
fatigue, which is one of the most researched aspects of quality of life among cancer 144
survivors; one was a pilot study, randomized and controlled, that reported improvement 145
on fatigue after a 3-month diet rich in fruit, vegetables, whole grains and foods rich in 146
omega-3 fatty acids [56], and the other did not see changes in fatigue after a 6-month 147
intervention based on dietary counselling and physical activity sessions [64]. Key 148
differences in the design of the studies may partly explain inconsistencies in results when 149

examining the same outcome in the same type of cancer. 150

As for other cancers, generally, interventions that combined dietary counselling and 151

physical activity improved overall quality of life among survivors, although evidence 152

was limited to draw precise conclusions or make recommendations. 153
154
4.1. Study strengths and limitations 155

Strengths of this systematic review are the inclusion of dietary patterns instead of 156
individual foods, food groups or nutrients, as well as the restricted inclusion of only 157
prospective cohort studies and randomized controlled trials. Furthermore, probably 158
because of strict application of the selection criteria, the studies included in the review 159
had good validity, according to the high score achieved on a scale designed to assess the 160
risk of bias. In addition, examining the diet as a whole provides a quick translation into 161
real-life scenarios that can be used to derive recommendations for cancer survivors. 162
Moreover, we assessed studies conducted in a wide variety of settings, and hence we 163
were able to summarize and report associations between dietary patterns and different 164

cancer prognostic outcomes separately, by specific dietary pattern, outcome and cancer 165
type. 166

A limitation of this systematic review and meta-analysis was that eligible studies were 167

predominantly observational, including, in some instances, several publications based on 168
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the same cohort. In general, most studies derived dietary intake from a single FFQ, 169
although a few used data accumulated from multiple dietary assessments. Additionally, 170
the small number of studies that investigated a common dietary pattern and outcome in 171
a cohort of survivors of the same cancer type limited our ability to conduct meta-analyses 172
to estimate the pooled effect across included studies for tumours other than breast cancer. 173
Similarly, we were unable to perform a meta-analysis across randomised controlled trials, 174
including three pilot studies, owing to heterogeneity between the instruments used for 175

quality of life assessment, which was the most common outcome. 176

5. Conclusions and final remarks 177
An overview of the results reveals that the majority of dietary patterns characterized by a 178
‘high quality’ diet, often defined according to existing guidelines, as well as a priori 179
patterns defined as nutritionally ‘healthy’, can be associated with improved survival in 180
breast and colon cancer survivors. Despite the assumption that dietary patterns are 181
intended to evaluate diet quality as a whole and are a holistic approach to nutrition, this 182
is to some extent, an expected result, which basically leaves us in the same situation 183
already pointed out for nutritional recommendations [8]: we may end up with a 184
tendency to use cancer prevention guidelines for cancer survivors. In this context, a 185
promising approach could be the assessment of dietary patterns directly related to 186
underlying mechanisms linking nutrition factors to cancer progression [9]. Dietary 187
patterns based on biological processes assume that mechanisms underlying the 188
associations between a dietary pattern and cancer are likely due to the individual or 189
synergistic effects of the various dietary components of this pattern. Indeed, 190
accumulating evidence suggests that diet can modulate these mechanisms. Several 191
interrelated biological processes have been proposed, including antioxidant capacity, 192
hyperinsulinemic potential, metabolic or hormonal disruption, and inflammation and 193

immune function. 194

Most randomized trials included in this review evaluated quality of life as primary or 195
secondary outcome related to prognosis. Overall, we may conclude that most dietary 196
interventions tend to improve quality of life and some specific quality of life components 197
among breast cancer survivors. It must be kept in mind, however, that in many instances 198
the effect of diet cannot be assessed independently, as most interventions combined diet 199
and physical activity. However, differences in study design and tools used for quality of 200
life assessment did not allow us to calculate an overall estimate for each specific cancer. 201
Therefore, one of the key issues arising from of this review is the recommendation that 202
future trials evaluating quality of life always include one of the questionnaires widely 203
validated and accepted by most researchers, regardless of the specific aspects and 204
dimensions of quality of life of interest in this particular investigation. On the other hand, 205
there is still need of large, prospective, randomized intervention trials to generate data 206
demonstrating improvements in cancer-specific outcomes (recurrence, disease-free 207
survival) as a result of these dietary (and other lifestyle) interventions. It has long been 208
recognized that such kind of trials are resource- and time-intensive [73]. Since evaluating 209

the impact of lifestyle interventions on survival and cancer-related events requires long 210
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follow-up of participants, usually accompanied by a high economic burden, a potential 211
alternative is the assessment of short- and medium-term outcomes of changes in 212
prognostic-related markers. This needs, additionally, further research addressed to assess 213

biomarkers with potential prognostic value (epigenetic, metabolic, and molecular) 214

susceptible to modification by diet and other lifestyle factors. 215
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Appendix A 233
Table A1. Risk of bias assessment according to the Newcastle-Ottawa Scale (NOS) for cohort studies. 234
Study reference Selection | Comparability | Outcome | Total score
(0-4) (0-2) (0-3) (0-9)
(a) Several cancers
Inoue-Choi, 2013 4 2 3 9
Karavasiloglou, 2019 4 2 2 8
(b) Breast cancer
Kim, 2011 4 2 2 8
George, 2011 4 1 2 7
Vrieling, 2013 4 1 2 7
Inoue-Choi, 2013 4 2 3 9
Izano, 2013 4 2 2 8
George, 2014 4 2 2 8
McCullough, 2016 4 2 2 8
Jang, 2018 3 1 1 5
Sun, 2018 4 2 3 9
Zheng, 2018 4 2 3 9
Karavasiloglou, 2019 4 2 2 8
Wang, 2020 4 2 3 9
Wang, 2021 4 2 2 8
(c) Colorectal cancer
Inoue-Choi, 2013 4 2 3 9
Zhu, 2013 4 2 2 8
Pelser, 2014 4 2 2 8
Fung, 2014 4 2 3 9
Romaguera, 2015 4 2 1 7
Jacobs, 2016 4 2 2 8
Yuan, 2017 4 2 2 8
Ratjen, 2017 4 2 2 8
Sharma, 2018 4 2 2 8
Zheng, 2020 4 2 2 8
Tabung, 2020 4 2 2 8
(d) Prostate cancer
Kenfied, 2014 4 2 2 8
Yang M (1), 2015 4 2 3 9
Zucchetto, 2016 4 1 2 7
(f) Head and Neck cancer
Arthur, 2013 4 1 2 7
Crowder, 2019 4 1 1 6
(g) Ovarian cancer
Thomson, 2014 4 1 1 6
Hansen, 2020 4 1 2 7
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(h) Bladder cancer

Westhoff, 2018 4 1 2 7
(i) Multiple myeloma (MM)

Lee, 2020 4 1 3 8

Each item included the following subcategories: Selection (0-4 points): Representa-
tiveness of the exposed cohort, Selection of the non-exposed cohort, Ascertainment of
exposure, Demonstration that outcome of interest was not present at start of study;
Comparability (0-2 points): Comparability of cohorts on the basis of the design or
analysis; Outcome (0-3): Assessment of outcome, Was follow-up long enough for

outcomes to occur, Adequacy of follow-up of cohorts.
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HR (95% CI)
Study refer-
Diet Quality Index Q1 Q2 Q3 Q4 Q5 10-unit increase
ence, Cohort
Kim, 2011 AHEI
NHS -
Overall mortality 1.00 0.82 (0.61-1.10) 0.83 (0.62-1.12) 0.98 (0.73-1.32) 0.85 (0.63-1.17) -
BC-specific mortality 1.00 1.06 (0.68-1.66) 1.12 (0.72-1.74) 1.28 (0.83-1.98) 1.53 (0.98-2.39) -
George, 2011 | HEI-2005
HEAL Mean 50.10 62.90 70.80 79.00 -
Overall mortality 1.00 0.39 (0.18-0.85) 0.85 (0.43-1.71) 0.40 (0.17-0.94) - 0.80 (0.60-1.05)
BC-specific mortality 1.00 0.65 (0.23-1.86) 0.70 (0.24-2.06) 0.12 (0.02-0.99) - 0.53 (0.28-0.99)
George 2014 | HEI-2005
WHI Range (Midpoint) 34-63 (48.5) 63-71 (67) 71-77 (74) 77-91 (84) -
Overall mortality 1.00 0.93 (0.71-1.22) 0.86 (0.65-1.14) 0.74 (0.55-0.99) - 0.92 (0.85-1.01)
BC-specific mortality 1.00 0.99 (0.66-1.50) 0.93 (0.61-1.43) 0.91 (0.60-1.40) - 0.97 (0.86-1.10)
Wang 2020 HEI-2015
SBCSS Range (Midpoint) 38.0-58.7 (48.35) | 58.7-61.9 (60.3) 61.9-65.8 (63.85) 65.8-78.5 (72.15) -

Overall mortality

BC-specific mortality

1.00
1.00

1.08 (0.82-1.42)
1.10 (0.79-1.53)

1.01 (0.76-1.36)
0.91 (0.63-1.31)

0.79 (0.57-1.10)
0.86 (0.58-1.27)

0.91 (0.79-1.05)
0.93 (0.79-1.11)

NHS, Nurses' Health Study; HEAL, Health, Eating, Activity, and Lifestyle Study; WHI, Women’s Health Initiative; SBCSS, Shanghai Breast Cancer Survival
Study; AHEI, Alternative Healthy Eating Index; HEI, Healthy Eating Index; BC, Breast Cancer; HR, hazard ratio; CI, confidence interval.
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