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BACKGROUND: Inflammatory, insulin and oestrogenic pathways have been linked to breast cancer (BC). We aimed to examine the
relationship between pre-diagnostic dietary patterns related to these mechanisms and BC survival.

METHODS: The diabetes risk reduction diet (DRRD), inflammatory score of diet (ISD) and oestrogen-related dietary pattern (ERDP)
were calculated using dietary data from the European Prospective Investigation into Cancer and Nutrition (EPIC) study. Cox
proportional hazards models were used to assess associations between dietary patterns and overall mortality and competing risk
models for associations with BC-specific mortality.

RESULTS: We included 13,270 BC cases with a mean follow-up after diagnosis of 8.6 years, representing 2340 total deaths,
including 1475 BC deaths. Higher adherence to the DRRD score was associated with lower overall mortality (HR;_sp 0.92; 95%Cl
0.87-0.96). Greater adherence to pro-inflammatory diets was borderline associated with 6% higher mortality HR;_sp 1.06; 95%Cl
1.00-1.12. No significant association with the oestrogen-related dietary pattern was observed. None of the dietary patterns were
associated with BC-specific mortality.

CONCLUSIONS: Greater adherence to an anti-diabetic and anti-inflammatory diet prior to diagnosis is associated with lower overall
mortality among BC survivors. Long-term adherence to these dietary patterns could be a means to improve the prognosis of BC
survivors.
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INTRODUCTION income countries, likely due to the combined effects of earlier
Breast cancer (BC) accounts for one in four cancer cases and one detection by screening and improvements in treatment. As a
in six cancer deaths among women worldwide [1]. Declines in result, 5-year survival after breast cancer diagnosis has increased
breast cancer mortality rates have been reported in many high- steadily, reaching 90% in North American countries, Australia, New
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Zealand, and in many European countries, although with large
differences across countries and world regions [2]. Despite the
relatively high survival rates, large differences are still observed
across age and stage at diagnosis [2, 3]. Therefore, for the effective
management of BC, there is a need to investigate modifiable
factors that could impact long-term prognosis.

A comprehensive review of the literature concluded that the
current evidence suggests that excess body fatness is a predictor
of poor survival, while physical activity may be associated with
better prognosis among BC survivors [4]. The same review
reported that there is evidence of links between better survival
after BC diagnosis and some foods or dietary components.
However, the evidence is not strong enough to make specific
recommendations. Most previous research looked at individual
foods, food groups or individual nutrients. More recently, dietary
patterns have been used to better capture the complexity of
dietary intake in contrast to single foods or nutrients. Accordingly,
several epidemiological studies have investigated the possible
role of diet through dietary patterns in BC survivors [5].

Prospective observational studies have found that dietary
patterns defined as “healthy” or based on dietary guidelines
(e.g., the Healthy Eating Index) are associated with better survival
among breast cancer survivors [6-8]. Although the current trend
of recommending cancer survivors to follow cancer prevention
guidelines seems prudent, having specific recommendations for
breast cancer survivors could have an important impact on
prognosis. In relation to this, a promising approach is the study of
dietary patterns based on the underlying biological processes or
mechanisms of the relationship between diet and breast cancer
prognosis [9].

Breast cancer is strongly influenced by hormones, especially
oestrogens, which are involved in the aetiology of this disease
[10]. High levels of endogenous sex hormones, especially
oestrogens, are associated with postmenopausal breast cancer
risk and current research suggests that diet influences endogen-
ous hormone levels [11]. In addition, insulin resistance and
hyperinsulinaemia, as well as chronic low-grade inflammation, are
associated with obesity, which is a strong predictor of mortality,
and sedentary behaviours, which are both linked to breast cancer
risk and prognosis [12, 13]. Moreover, breast cancer survivors with
type 2 diabetes (T2D) seem to have poor breast cancer prognosis,
including increased risk of recurrence [14], and some of the
mechanisms that may influence the neoplastic process include
hyperinsulinemia and chronic inflammation [15-17]. A few dietary
patterns have recently emerged in nutritional research aimed at
assessing the biological mechanisms underlying associations
between diet and breast cancer [18-20].

Herein, we examined the associations between adherence to
three previously developed dietary patterns—the diabetes risk
reduction diet (DRRD), the inflammatory score of diet (ISD), and
the oestrogen-related dietary pattern (ERDP)—and breast cancer-
specific and all-cause mortality among breast cancer survivors
identified in the European Prospective Investigation into Cancer
and Nutrition (EPIC) study. We hypothesised that greater
adherence to a low-risk diet for T2D, an anti-inflammatory diet,
and a more anti-oestrogenic diet, may be associated with better
prognosis outcomes in breast cancer survivors.

METHODS

Study population and case ascertainment

We used data from EPIC, a collaborative cohort study of more than half a
million middle-aged adults recruited between 1992 and 2000. The
methods have been previously described in further detail [21]. Briefly, at
recruitment participants completed questionnaires on diet, lifestyle, and
medical history, anthropometric parameters were measured, and a blood
sample was drawn. All participants provided informed consent and EPIC
was approved by the Ethics Committee of the International Agency for

Research on Cancer (IARC), Lyon, France, as well as the local ethics
committees of the study centres.

After excluding participants with prevalent tumours at recruitment,
subjects without information on follow-up, lifestyle, and diet, as well those
with implausible diet (extreme values of ratio between energy intake and
energy requirement), a total of 318,686 women from nine countries
participated in this study (Denmark, France, Germany, Italy, The Nether-
lands, Norway, Spain, Sweden, and the United Kingdom).

Incident breast cancer cases and vital status were identified through
population-based cancer registries in Denmark, Italy, the Netherlands,
Spain, Sweden, and the United Kingdom. In France and Germany, a
combination of follow-up methods was used including health insurance
records, cancer pathology registries and active follow-up of study
participants and their next of kin. Follow-up for cancer endpoints, vital
status, and causes of death was available until 2015.

We used the International Classification of Diseases for Oncology (ICD-O-
2) and breast cancer coded as C50-50.9 to define breast cancer cases. A
total of 13,320 incident primary malignant breast cancer cases were
identified; after excluding 7 cases with unknown vital status, 12 with
inconsistent follow-up data, and 31 with non-epithelial morphology, a total
of 13,270 breast cancer cases (of which 14 in situ) were included in the
present analysis. During the follow-up 2,340 cases died, of which 1475 due
to breast cancer. Specific causes of death of women included in this
analysis are shown in Table S1. Available information on the tumour
receptor status of breast cancer cases, obtained from pathology reports, is
generally limited varying by country and receptor type (Table S2).

Dietary assessment and derivation of dietary patterns
Lifestyle data collected at recruitment included questions on education,
occupation, history of previous illness, lifetime history of smoking habit
and alcohol consumption, and physical activity level. Usual diet during the
previous 12 months was assessed at recruitment using validated country/
centre-specific dietary questionnaires, mainly food frequency question-
naires and, to a lesser extent, diet history questionnaires [21, 22]. The
participants’ nutrient intakes were calculated by multiplying the daily
amount consumed of each food item by its nutrient content using country-
specific food composition tables [23].

The three dietary patterns used have been previously described in detail
[18, 24, 25]. The DRRD is an a priori defined dietary pattern and the ISD and
ERDP are data-driven. The three indices include food groups, individual
foods or nutrients and use two different scoring systems. Intakes of the
dietary components used in the DRRD and ERDP were expressed as food or
nutrient density per 2000 kcal (intake in g/day, divided by the subject’s
energy intake and multiplied by 2000 kcal). On the other hand, energy is
one of the components in the ISD.

The DRRD, developed by Rhee et al. [24] and further adapted by Kang
et al. [19], includes 9 dietary components (Table S3), scored between one
and five according to the distribution in quintiles of the intake. This value is
assigned in ascending order for components whose consumption is
consistent with low risk of T2D (cereal fibre, coffee (caffeinated and
decaffeinated), nuts, ratio of polyunsaturated-saturated fats, whole fruits),
and in descending order for components associated with high T2D risk
(glycemic index, trans-fat, sugar-sweetened beverages and fruit juices, and
red and processed meat). Thus, the DRRD score ranges from 9 (lowest
adherence) to 45 (highest adherence), with higher scores indicating lower
risk of T2D.

The ISD was initially based on the Dietary Inflammatory Index (DII) [26]. A
modified version of the original ISD that includes 27 dietary components
and excludes alcohol is used in this study (Table S4) [20]. Detailed methods
to calculate the ISD have been described elsewhere [25]. Briefly, each
component of the ISD, mainly nutrients, is assigned an inflammatory
weight based on its association with six known inflammatory biomarkers
(interleukin-1b (IL-1b), IL-4, IL-6, IL-10, tumour necrosis factor alpha (TNFa)
and C-reactive protein (CRP)) [26]. The intake of each component is
standardised using the mean and standard deviation (SD) from the EPIC
population. The z scores were converted to percentile scores and then
centred on 0 (by doubling each percentile score and subtracting 1); these
values were then multiplied by the respective inflammatory weight to
obtain the food item-specific I1SD, which were summed to produce the
overall ISD for each participant. The value of the ISD for an individual is a
relative index that allows the diets of individuals to be categorised on a
continuum from maximally anti-inflammatory to maximally pro-
inflammatory. Adherence to the ISD resulted in a score between -4.7
(lowest adherence) and 5.4 (highest adherence).
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Similarly, the ERDP score is comprised of foods with assigned weights
according to levels of unconjugated oestradiol and the ratio of 2- and 16-
hydroxylated oestrogen metabolites [18]. To calculate the ERDP in the
present study we used the weights as reported in reference [18] for a total
of 11 food items included in the original pattern and available in the EPIC
databases (Table S5). Positively weighted intakes were assigned to refined
grains, tomatoes, cruciferous vegetables, cheese, fish/shellfish high in w-3
fatty acids, processed meats (frankfurters/luncheon meats in the original
ERDP) and negatively weighted intakes were assigned to nuts/seeds, other
vegetables, fish/shellfish low in w-3 fatty acids, yogurt, and coffee.
Adherence to the ERDP score ranged from -1.8 (lowest adherence) and
1.2 (highest adherence).

Statistical analysis

We used Cox proportional hazards models to prospectively analyse the
association between the exposures (dietary patterns) and overall mortality.
Fine-Grey competing risks models [27], considering other causes of death
as a competing event, were applied for breast cancer-specific mortality.
Entry time was considered as the date of diagnosis of primary breast
cancer, and exit time was the date of death or end of follow-up.

All survival models were stratified by country and menopausal status at
diagnosis (women aged =55 years at diagnosis were considered
postmenopausal regardless of the baseline information). Multivariable-
adjustment for potential confounders included age at diagnosis (5-years
categories), attained level of education (none, primary school, secondary
school, technical/professional school, longer education, unknown), body
mass index (underweight, normal-weight, overweight, obese), physical
activity (inactive, moderately inactive, moderately active, active, unknown),
alcohol consumption reported at recruitment (non-drinker, >0-3, >3-12,
>12-24,>24 g/day, unknown), smoking habits and intensity as cigarettes
per day (cig/day) at recruitment (never, current 1-15cig/day, current
16-25 cig/day, current >25 cig/day, former quit <10 years before recruit-
ment, former quit 11-20 years before recruitment, former quit more than
20 years before recruitment, current smoker of cigars, pipes and occasional
current smokers, current smokers with missing information on the
intensity, unknown), ever use of hormone replacement therapy for
menopause at diagnosis (yes, no, unknown), tumour stage (0/1, Il, lll, 1V,
non-metastatic but unknown specific stage, unknown), tumour grade
(well-differentiated, moderately differentiated, poorly differentiated or
undifferentiated, not determined), and tumour receptor status (positive,
negative, unknown) for: oestrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor 2 (HER2).

The proportional hazards assumption was evaluated checking the
graphs of the scaled Schoenfeld residuals. To further assess the
association of mortality outcomes with dietary patterns on a continuous
scale, restricted cubic spline models were used (Fig. S1), and non-linearity
was tested using the Likelihood (LR) ratio test. Moreover, mutually
adjusted models were performed for the three dietary patterns
after testing for interaction between dietary patterns using pairwise
interaction terms.

We fitted different models as follows: first, each dietary pattern was
introduced independently as a categorical variable in quartiles, with the
first quartile as the reference category. Tests for linear trend were
performed using median value for each quartile of dietary patterns.
Second, dietary patterns were used as continuous variables by 1-SD
increase in the scores. On the other hand, mutually adjusted models were
fitted by including the three dietary patterns as quartiles. The scores of the
three dietary patterns were correlated; the Pearson correlation coefficients
of DRRD with ISD and ERDP were -0.36 and -0.23, respectively, and the
coefficient between ISD and ERDP was 0.12. Therefore, the residuals for
each dietary pattern from a separate multiple regression model for each,
including the other two patterns, were used as continuous variables to
assess the association of mortality with a 1 SD increase in score.

Furthermore, we also dichotomised DRRD and ISD (below or equal to
and above the median) and assessed the cross-classification of these
patterns according to low-low, high-high, high-low DRRD and ISD
categories, respectively, compared to the reference category (low-DRRD,
high-ISD) in relation to overall mortality. We assumed that the mechanisms
by which a low score of DRRD is associated with high risk of T2D is insulin
resistance (IR). We used the label high-IR for women with DRRD below the
median, and low-IR for those with DRRD score equal or above the median.
Direct-adjusted survival curves by DRRD-ISD categories were derived from
the multivariable Cox model with country and menopausal status as
adjustment variables, followed by the rest of the covariates [28].
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Subgroup analyses by menopausal status, body mass index (BMI),
physical activity, stage of tumour, and hormone receptor status, were
performed for DRRD, ISD and ERDP scores (mutually adjusted models).
Heterogeneity across groups was determined using the LR test.

Sensitivity analyses were performed by additionally adjusting the
survival models for time from recruitment to diagnosis, to check the
assumption of stability of dietary assessment, and for the period of
diagnosis to check potential influence of improvements in treatment and
diagnosis over time. Stratified analyses were explored by categories of
these two variables: time from diet measurement to diagnosis (<5 years, 5
to <8 years, 8 to <12 years, =12 years); period of diagnosis (before 2000,
between 2000 to <2004, between 2004 to <2008, 2008 onwards). The cut-
off points for both variables were based on the distribution of quartiles 1, 2
and 3 of breast cancer cases. Additionally, multivariable models further
adjusted by these two variables (time from diet measurement to diagnosis
as continuous; period of diagnosis as categorical) were performed. An
additional adjustment was made for the presence of co-morbidities
(separate variables: reported cardiovascular (CVD) problem and diabetes)
given the outcome is overall survival. Other models excluding diabetic BC
survivors to assess the effect of the low-insulin diet in women without pre-
existing influence on this pathway were performed. We finally excluded
breast cancer survivors with unknown tumour stage and unknown status
of HER2 receptor, in separate models, to test whether treatment
differences associated with these characteristics might modify the
magnitude of the associations.

RESULTS

Our study included 13,270 incident breast cancer cases with a
mean follow-up of 8.6 years from diagnosis (SD 4.9 years), of
whom 2340 died and 1475 due to breast cancer. Breast cancer
cases were predominantly 55-65 years old, non-smokers, moder-
ate alcohol consumers, in the normal-weight range (mean BMI
24.9) and physically inactive. The majority were postmenopausal
(77%) and had non-metastatic tumours (82%) (Table 1).

Results from the time-to-event analyses are shown in Table 2.
Breast cancer survivors in the fourth quartile of the DRRD score
had a 20% lower risk of overall mortality compared to the first
quartile (reference), and a 7% decrease for each SD increase in the
score. The ISD was borderline associated with an increased risk of
overall mortality when assessed continuously: HRsp 1.06; 95% Cl
1.00, 1.12. Mutually adjusted models including the scores as
residuals showed higher association for DRRDq4ysq1 HR 0.78 95%
Cl 0.68, 0.90; p-trend <0.001 and HRsp 0.92 (0.87-0.96), remaining
the same for ISD. The ERDP score, however, was not associated
with survival outcomes. The assessment of associations of dietary
patterns and overall mortality by means of restricted cubic splines
(Fig. S1) showed no statistically significant deviation from linearity.
For breast cancer-specific mortality, no associations were
observed with any of the three dietary patterns, either indepen-
dently or mutually adjusted (Table 2).

To further explore the observed association between DRRD and
overall mortality, we performed models using different versions of
the DRRD without a food item each time to see if there were any
components driving the effect (Table S6). The HRs remained stable
without pointing to any specific component leading the
association.

Associations between DRRD and ISD and overall mortality (as
continuous variables, adjusted for each other) were more
apparent for postmenopausal, physically inactive women, with
metastatic tumours, and in those with PR+, ER+ and HER2- (with
DRRD), and ER- tumours (with ISD) (Table 3). Women presenting
overweight or obesity, an important predictor of breast cancer
prognosis, did not show a stronger effect on the association with
dietary patterns. Instead, it was women of normal-weight who
appeared to show a more evident effect (DRRDsp=HR
0.91(0.85-0.97; I1SDsp =1.10 (1.01-1.20), presumably because it
was not masked by obesity. However, none of the interaction
terms were statistically significant, suggesting that there is no
strong evidence for differential effects of these dietary patterns on
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Table 1. Baseline and tumour characteristics of breast cancer survivors
in the EPIC cohort.
All breast
cancer
survivors
N=13,270
n %
Age at diagnosis (years) <50 1342 10.1
50-<55 2049 154
55-<60 2671 20.1
60-<65 2878 21.7
65-<70 2332 17.6
270 1998 15.1
Educational level None/primary 3281 24.7
Technical/ 3035 229
professional
Secondary 3200 24.1
Longer education 3143 23.7
Unknown 611 46
Smoking status and intensity Never 5940 44.8
(cig/day or years) Current, 1-15 cig/ 1593 12.0
day
Current, 16-25 749 5.6
cig/day
Current, 26+ cig/ 134 1.0
day
Former, 1063 8.0
quit <10 years
Former, quit 977 74
11-20 years
Former, quit 1099 83
20+ years
Miscellaneous® 1487 11.2
Unknown 228 1.7
Alcohol consumption g/day Non-drinker 1774 134
>0-3 3820 28.8
>3-12 4066 30.6
>12-24 2069 15.6
>24 1541 11.6
BMI (kg/m?) Underweight <18 206 1.6
Normal-weight 18 7612 57.4
to <25
Overweight 25 3943 29.7
to <30
Obesity 230 1509 114
Physical activity Inactive 2673 20.1
Moderate inactive 4720 356
Moderate active 3606 27.2
Active 2076 15.6
Unknown 195 1.5
Menopausal status at diagnosis Premenopausal 3070 23.1
Postmenopausal 10,200 76.9
Ever use of menopause No 7487 56.4
hormone replacement Yes 5323 40.1
treatment
Unknown 460 35
Grade of tumour Well- 1298 9.8
differentiated
Moderately 2917 22.0
differentiated
Poorly diff/Undiff 2503 189
Not determined 6552 49.4

Table 1. continued
All breast
cancer
survivors
N=13,270
n %
Stage of tumour Stage 0/I 1954 14.7
Stage |l 1593 12.0
Stage I 303 23
Non-metastatic 3984 30.0
unk. stage
Stage IV 1777 134
Unknown 3659 276
ER status Negative 1678 12.6
Positive 7500 56.5
Unknown 4092 30.8
PR status Negative 2612 19.7
Positive 5072 38.2
Unknown 5586 42.1
HER2 status Negative 3587 27
Positive 856 6.5
Unknown 8827 66.5

BMI body mass index, cig cigarette, diff differentiated, Undiff undifferen-
tiated, ER oestrogen receptor, PR progesterone receptor, HER2 human
epidermal growth factor receptor 2.

@Current smoker of cigars, pipes and occasional current smokers, current
smokers with missing information on the intensity.

mortality in subgroups of breast cancer survivors according to
potential determinants of prognosis or features of the tumour.
Since DRRD and ISD appeared to show independent effects on
overall mortality, a dichotomised version of each score (above and
below median) was computed to assess their combined effect
(Fig. 1). Compared to women with high-IR and a pro-inflammatory
diet (reference categories), higher adherence to a low-IR diet
together with an anti-inflammatory diet was associated with a
17% lower risk of overall mortality (HR 0.83; 95% Cl: 0.73-0.93).
Intermediate diets (high-IR and anti-inflammatory diet, or low-IR
and pro-inflammatory diet) showed better survival than the
reference (high-IR and pro-inflammatory), but the associations did
not reach statistical significance. There was no statistically
significant interaction between the two dichotomised variables
(DRRD and ISD scores). The adjusted survival curves for overall
mortality by the four groups based on the combination of the two
scores (DRRD and ISD) were consistent with the findings from the
multivariable Cox model. The adjusted 5-year survival (and 95% Cl)
for women with high-IR and pro-inflammatory diet was 89%
(88-90%) and 91% (90-92%) for those with low-IR and anti-
inflammatory diet. The corresponding values for the 15-year
survival were 69% (67-71%) and 73% (71-75%), respectively.
Sensitivity analyses were performed to assess the potential
influence of two aspects: a possible modification of diet between
the time of recruitment and diagnosis, and the period time of
diagnosis (i.e, more recently diagnosed women may have
received better treatments). Overall, the main results of DRRD
and ISD scores, which were inversely and positively associated
with all-cause mortality, respectively, remained stable (Table 4). On
the other hand, analyses excluding BC survivors with diabetes or
CVD reported at recruitment showed a slightly higher effect with
DRRD (10% lower risk of overall mortality) compared to results
including all survivors (8%). Further exclusions of breast cancer
survivors  with unknown tumour stage and unknown HER2
receptor status showed no attenuation of the previously observed
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Table 3. Associations between DRRD, ISD and ERDP mutually adjusted and overall mortality by subgroups of BC survivors.

N cases (events)

All breast cancer survivors 13,270 (2340)
Menopausal status at diagnosis

Premenopausal 3070 (527)
Postmenopausal 10,200 (1813)

P-value for heterogeneity®
BMI

Normal-weight 7612 (1193)
Overweight- obesity 5452 (1113)

P-value for heterogeneity®
Physical activity level

Inactive 7393 (1468)

Active 5682 (837)

P-value for heterogeneity®

Stage of tumour

Metastatic (stage 1V) 1777 (585)
Non-metastatic 7834 (968)
P-value for heterogeneity®

Non-metastatic tumours
Stage I° 1940 (108)
Stage Il 1593 (250)
Stage Il 303 (79)
P-value for heterogeneity®

Oestrogen receptor status
ER(+) 7500 (1071)
ER(-) 1678 (426)
P-value for heterogeneity®

Progesterone receptor status
PR(+) 5072 (620)
PR(-) 2612 (515)
P-value for heterogeneity®

HER2 status
HER2(+) 856 (166)
HER2(-) 3587 (473)

P-value for heterogeneity®

HR (95%Cl)

DRRD?
0.92 (0.87-0.96)

0.97 (0.87-1.07)
0.91 (0.86-0.95)
0.951

0.91 (0.85-0.97)
0.93 (0.87-1.00)
0.950

0.90 (0.85-0.96)
0.94 (0.87-1.01)
0.716

0.89 (0.81-0.99)
0.95 (0.88-1.02)
0.261

0.93 (0.74-1.18)
0.95 (0.81-1.12)
1.17 (0.84-1.63)
0.269

0.91 (0.85-0.97)
0.93 (0.84-1.05)
0.764

0.88 (0.80-0.96)
0.92 (0.83-1.03)
0.819

1.07 (0.87-1.31)
0.88 (0.79-0.98)
0.956

Isp*
1.06 (1.00-1.12)

0.95 (0.83-1.08)
1.09 (1.02-1.16)
0.074

1.10 (1.01-1.20)
1.03 (0.95-1.12)
0.773

1.07 (0.99- 1.16)
1.02 (0.92-1.12)
0.970

1.17 (1.04-1.33)
1.02 (0.93-1.12)
0.795

1.13 (0.85-1.50)
0.99 (0.82-1.20)
0.82 (0.56-1.19)
0.716

1.04 (0.95-1.13)
1.17 (1.01-1.34)
0.402

1.14 (1.02-1.29)
1.08 (0.95-1.24)
0.169

0.99 (0.78-1.25)
1.12 (0.98- 1.28)
0.631

ERDP®
0.97 (0.92-1.03)

0.94 (0.83-1.06)
0.99 (0.93-1.05)
0.693

1.04 (0.96-1.12)
0.93 (0.86-1.01)
0.104

1.00 (0.93-1.07)
0.93 (0.85-1.02)
0.464

1.02 (0.91-1.14)
0.99 (0.91-1.08)
0.089

1.14 (0.87-1.50)
0.90 (0.76-1.07)
0.93 (0.65-1.34)
0.131

1.01 (0.93-1.09)
1.04 (0.91-1.19)
0.244

0.98 (0.88-1.09)
1.07 (0.95-1.20)
0.980

1.09 (0.86-1.36)
0.99 (0.87-1.12)
0.934

All models were stratified by country and menopausal status at diagnosis and adjusted for age at diagnosis, attained level of education, physical activity, body
mass index, alcohol consumption reported at recruitment, smoking habit and intensity as cigarettes per day at recruitment, ever use of hormone for
menopause at diagnosis, cancer stage at diagnosis, cancer grade, and tumour receptor status: ER, PR, HER2.
BMI body mass index, HER2 human epidermal receptor status 2, HR, Hazard Ratio; Cl, Confidence Interval; DRRD, Diabetes risk reduction diet; ISD, Inflammatory

score of diet; ERDP, Oestrogen-related dietary pattern.

2Using the scores as residuals of multiple regression model including DRRD, I1SD and ERDP.
Pp-values for heterogeneity by introducing interaction terms in the multivariable models between the dietary pattern and the variable containing the

subgroups using likelihood ratio tests.

“In situ BC cases are not included in these analyses since they are only 14 with 1 single event (death).

Dietary components that constitute to the ISD are associated with
well-known inflammatory biomarkers, including IL-1, IL-6, TNFa
and CRP [25, 26]. Previous studies have reported inverse
associations between healthy dietary patterns and inflammatory
cytokines, but positive with Western dietary patterns [34, 35]. To
the best of our knowledge, only a few studies have prospectively
investigated the association between inflammatory potential of
diet and survival in breast cancer patients [36, 371. In line with our
results, one of these cohort studies found that DIl was positively
associated with higher overall mortality and recurrence among BC

survivors [36], while in the other study [37] the association was
limited to cardiovascular mortality. However, these studies had a
smaller number of survivors and assessed the inflammatory
potential of diet using the DI, whereas we used the ISD; in the
latter, intakes were standardised using the mean and SD of the
EPIC population instead of a global regional database [26].
According to our results, it appears that dietary patterns related
to mechanisms of insulin resistance and inflammation may have a
more evident effect in postmenopausal, normal-weight, physically
inactive women. This could be partially explained by the potential

British Journal of Cancer (2023) 128:1301-1310
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Dietary patterns groups HR (95% Cl)

= Low IR/anti-inflammatory ~ 0.83 (0.73-0.93)

Adjusted survival probability

Low IR/pro-inflammatory ~ 0.91 (0.81-1.02)
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Overall survival

0.7 High IR/anti-inflammatory  0.97 (0.85-1.11) R
= High IR/pro-inflammatory 1 (Reference) -
0 3 6 9 12 15
Time in years
Number at risk

o = 4444 3887 3067 2162 1313 643
% 2906 2424 1810 1209 699 273
<) 2191 1897 1458 1020 613 284
O = 3729 3042 2309 1552 885 371

0 3 6 9 12 15

Fig. 1

Time in years

Adjusted survival curves for the four groups of the cross-classification of DRRD and ISD in relation to overall mortality in breast

cancer survivors. HR hazard ratio, Cl confidence interval, DRRD diabetes risk reduction diet, ISD inflammatory score of diet, IR insulin
resistance. Combined variable of DRRD and ISD (dichotomised above and below median) creating a 4-level variable (low IR-anti-inflammatory,
low IR-pro-inflammatory, high IR-anti-inflammatory, high IR-pro-inflammatory. HRs and Cl 95% from multivariable Cox models stratified by
country and menopausal status at diagnosis and adjusted for age at diagnosis, attained level of education, physical activity, body mass index,
alcohol consumption reported at recruitment, smoking habit and intensity as cigarettes per day at recruitment, ever use of hormone for
menopause at diagnosis, cancer stage at diagnosis, cancer grade, and tumour receptor status: ER, PR, HER2.

effects of a low-insulin resistance diet and an anti-inflammatory
diet becoming evident only among women for whom hormonal
pathways are less relevant and without other strong determinants
of these mechanisms such as obesity and physical activity. In
addition, previous studies have consistently reported that
inflammatory cytokines and higher insulin levels increased
oestrogen synthesis by aromatase activation [32, 38, 39]. Con-
sistent with our results, a recent study [40] concluded that a more
anti-inflammatory diet after breast cancer diagnosis was asso-
ciated with better overall survival among postmenopausal BC
survivors.

On the other hand, breast cancer hormone receptor status is
considered a predictor of prognosis, and diet might have
differential effects on overall survival depending on this. In
stratified analysis by hormone receptor status, associations
between DRRD and ISD with overall mortality were observed
among PR+ subtype tumours, although interactions were not
statistically significant. Owing to the high proportion of missing
data on hormone receptor status we had limited power to detect
differences in overall mortality between these subtypes. Indeed,
we found no association with the oestrogenic dietary pattern,
which is an unexpected result; we have no explanation for it.

Given the potential inter-relationship between the pathways
represented by the DRRD and ISD scores, it was worth exploring
the combination of DRRD and ISD on mortality among breast
cancer survivors. Survivors following a low-IR and anti-
inflammatory diet had a 17% lower risk of all-cause mortality
compared to those following a high-IR and pro-inflammatory diet.
The combination of these two dietary patterns that previously
showed an individual effect on mortality is of interest to explore
new dietary strategies to improve survival after breast cancer. The
adjusted mean intakes (Table S7) indicated that the foods most
associated with a low-IR and anti-inflammatory diet, were
vegetables, legumes, fruits, nuts and seeds, yogurt, non-white
bread, fish and shellfish, fruit and vegetable juices, coffee, and tea.

British Journal of Cancer (2023) 128:1301-1310

On the contrary, higher means in the group of high-IR and a pro-
inflammatory diet were seen for milk, cheese, fresh and processed
meat, butter, the sugar and confectionery group, cakes, and
alcoholic beverages.

Strengths of this study include its prospective design, the large
number of breast cancer survivors and events (deaths), the long
follow-up from the date of diagnosis, and detailed information on
potential confounders. Furthermore, the availability of dietary
components from which dietary patterns are derived from
standardised dietary intake using means and standard deviations
derived from EPIC captures the main food groups consumed by
the European population.

One important limitation of our study is the lack of information
on treatment, which is a strong determinant of prognosis and
survival. To mitigate this issue, at least partially, we used the
available information on tumour stage at diagnosis, grade of
tumour differentiation and receptor status as a potential surrogate
for treatment, since these characteristics often determine the
therapeutic approach in these patients. In addition, we also
considered the hypothesis that patients with an older diagnosis
would have a worse prognosis than newly diagnosed patients due
to advances in treatment. However, the effect estimates remained
similar in sensitivity analyses for different time periods. Secondly,
dietary intakes were measured only once at baseline, which may
not be sufficient in determining the patient’s usual intake over the
years and after diagnosis. Despite this, sensitivity analyses
concluded that the association for high adherence to DRRD and
to a lesser extent to ISD was maintained across the different time
periods from diet measurement to diagnosis. Finally, as in every
observational study, residual confounding is possible, although we
controlled for a wide range of predictors of diet and breast cancer
mortality.

In conclusion, our findings from a large prospective cohort
study suggest that anti-diabetic (or low insulin resistance) and
anti-inflammatory diets prior to breast cancer diagnosis are
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Table 4. Sensitivity analyses: mutually adjusted models with the three dietary patterns and overall mortality.

N (events)

Multivariable model®
Time from diet measurement to diagnosis

<5 years
5 to <8 years
8 to <12 years

12 years or more
Period of diagnosis (year)

Before 2000
2001-2003
2004-2007
2008 or later

N cases
(events)

13,270 (2340)

3842 (1086)
2712 (528)
3671 (489)
3045 (237)

3491 (987)
3512 (680)
3470 (459)
2797 (214)

HR (95% CI)?
DRRD

0.92 (0.87-0.96)

0.92 (0.86-0.98)
0.92 (0.83-1.01)
0.92 (0.83-1.02)
0.85 (0.73-0.99)

0.92 (0.85-0.99)
0.90 (0.83-0.98)
0.93 (0.84-1.04)
0.87 (0.75-1.02)

ISD

1.06 (1.00-1.12)

1.00 (0.92-1.1)
1.05 (0.92-1.2)
1.13 (0.99-1.28)
1.14 (0.94-1.38)

1.02 (0.93-1.12)
1.03 (0.93-1.15)
1.07 (0.93-1.23)
1.18 (0.97-1.44)

ERDP

0.97 (0.92-1.03)

0.96 (0.89-1.04)
0.96 (0.85-1.09)
1.00 (0.89-1.14)
1.06 (0.88-1.26)

0.98 (0.90-1.07)
0.89 (0.80-0.99)
1.04 (0.91-1.18)
1.06 (0.88-1.29)

Excluding BC survivors
With T2D or CVD
With unknown stage of tumour
With unknown HER2 status
Additional adjustments®
By time from diet measurement to diagnosis (continuous)
By period of diagnosis (categorical)
By co-morbidities®

10,697 (1758)
5627 (1023)
4443 (639)

13,270 (2340)
13,270 (2340)
13,270 (2340)

0.90 (0.86-0.95)
0.92 (0.86-0.99)
0.89 (0.81-0.98)

1.06 (0.99-1.14)
1.10 (1.00-1.20)
1.10 (0.98-1.23)

1.02 (0.95-1.08)
0.98 (0.90-1.06)
1.00 (0.90-1.12)

0.91 (0.87-0.96)
0.92 (0.87-0.96)
0.91 (0.87-0.96)

1.05 (0.99-1.12)
1.05 (0.99-1.12)
1.06 (1.00-1.13)

0.98 (0.92-1.03)
0.98 (0.93-1.03)
0.97 (0.92-1.02)

2All models are mutually adjusted with DRRD, ISD and ERDP by adding the residuals of the two remaining scores from the multiple regression models.
PModel from Table 2: stratified by country and menopausal status at diagnosis and adjusted for age at diagnosis, attained level of education, physical activity,
body mass index, alcohol consumption reported at recruitment, smoking habit and intensity as cigarettes per day at recruitment, ever use of hormone for
menopause at diagnosis, cancer stage at diagnosis, cancer grade, and tumour receptor status: ER, PR, HER2.

“New variables added in the multivariable model.

dIncluding 2 co-morbidities: diabetes and a cardiovascular problem reported at recruitment.

associated with mortality among breast cancer survivors. This may
be tempered by the fact that we did not see a clear association
with improved breast cancer outcomes; moreover chronic
inflammation and hyperinsulinemia maybe be related to a variety
of causes of death. Nevertheless, although we do not fully
understand the pathways and mechanisms, the long-term
adherence to anti-diabetic and anti-inflammatory dietary patterns
could be a means to improve the prognosis of breast cancer
survivors, and hence could help provide dietary recommenda-
tions. Further studies using dietary patterns related to biological
mechanisms, especially nutritional intervention studies, are
warranted.
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