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Association Between Inflammatory Diet Pattern and Risk
of Colorectal Carcinoma Subtypes Classified by Immune
Responses to Tumor
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BACKGROUND & AIMS: Dietary patterns affect systemic and
local intestinal inflammation, which have been linked to colo-
rectal carcinogenesis. Chronic inflammation can interfere with
the adaptive immune response. We investigated whether the
association of a diet that promotes intestinal inflammation with
risk of colorectal carcinoma was stronger for tumors with lower
lymphocytic reactions than tumors with higher lymphocytic re-
actions. METHODS: We collected data from the molecular path-
ological epidemiology databases of 2 prospective cohort studies:
theNurses’Health Study (since 1976) and theHealth Professionals
Follow-Up Study (since 1986). We used duplication-method time-
varying Cox proportional cause-specific hazards regression to
assess the association of empirical dietary inflammatory pattern
(EDIP) score (derived from food frequency questionnaire data)
with colorectal carcinoma subtype. Foods that contribute to high
EDIP scores include red and processed meats, refined grains,
carbonated beverages, and some vegetables; foods that contribute
to low EDIP scores include beer, wine, coffee, tea, yellow and leafy
vegetables, and fruit juice. Colorectal tissue sampleswere analyzed
histologically for patterns of lymphocytic reactions (Crohn’s-like
lymphoid reaction, peritumoral lymphocytic reaction, intra-
tumoral periglandular reaction, and tumor-infiltrating lympho-
cytes). RESULTS: During follow-up of 124,433 participants, we
documented 1311 incident colon and rectal cancer cases with
available tissue data. The association between the EDIP and
colorectal cancer riskwas significant (Ptrend¼ .02), and variedwith
degree of peritumoral lymphocytic reaction (Pheterogeneity < .001).
Higher EDIP scores were associated with increased risk of colo-
rectal cancer with an absent or low peritumoral lymphocytic re-
action (highest vs lowest EDIP score quintile hazard ratio, 2.60;
95% confidence interval, 1.60�4.23; Ptrend< .001), but not risk of
tumors with intermediate or high peritumoral lymphocytic reac-
tion (Ptrend > .80). CONCLUSIONS: In 2 prospective cohort
studies, we associated inflammatory diets with a higher risk of
colorectal cancer subtype that contains little or no peritumoral
lymphocytic reaction. These findings suggest that diet-related
inflammation might contribute to development of colorectal
cancer, by suppressing the adaptive anti-tumor immune response.
Keywords: Adaptive Immune Cells; BRAF; CpG Island
Methylator Phenotype; Cyclooxygenase-2.
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EDITOR’S NOTES

BACKGROUND AND CONTEXT

Inflammation and adaptive immune responses play
roles in colorectal carcinogenesis, but it is not
known whether pro-inflammatory diets are differentially
associated with risk of colorectal cancer subtypes
classified by lymphocytic reaction to tumor.

NEW FINDINGS

Higher intake of pro-inflammatory diets was associated
with increased risk of the colorectal cancer subtype with
absent/low peritumoral lymphocytic reactions, but not
risk of tumors with intermediate or high peritumoral
lymphocytic reactions.

LIMITATIONS

The number of colorectal cancer cases with absent/low
peritumoral lymphocytic reaction was relatively small.

IMPACT

This study shows not only the importance of diet-induced
inflammation in colorectal carcinogenesis but also the
power of a molecular pathological epidemiology
approach, which can link inflammatory diets to
specific pathologic features.
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ccumulating evidence indicates that inflammation
1
Aplays a critical role in colorectal carcinogenesis,

and that certain dietary components have demonstrable
influence on systemic and gastrointestinal inflammatory
status, consequently impacting colorectal carcinogenesis.2–4

In particular, diets that induce inflammation (referred
to as inflammatory diets) appear to exert their cancer-
promoting potential though the effects of pro-inflammatory
mediators, such as interleukin 1 (IL1), IL6, and tumor
necrosis factor (TNF)�a. These inflammatory mediators can
act as pro-oncogenic factors through activation of down-
stream oncogenic signaling pathways (including phosphati-
dylinositol-4,5-bisphosphonate 3-kinase, AKT, MTOR, and
mitogen-activated protein kinase/extracellular signal-
regulated kinase signaling cascades), enhancing cell growth,
proliferation, and migration.5–7 Epidemiologic studies have
shown that highly inflammatory diets are associated with
higher risk of colorectal cancer, especially proximal colon
cancer and tumors without lymph node metastasis, and
that the association appears to be stronger in males than
females.2–4 We have developed an empirical dietary
inflammatory pattern (EDIP) score based on 18 food groups
that correlate with concentrations of inflammatory plasma
biomarkers in the Nurses’ Health Study (NHS).6 The EDIP
score has been validated in 2 independent cohorts of men
and women, the Health Professionals Follow-Up Study
(HPFS) and the NHS II, respectively.6

It is widely recognized that immune response plays a
critical role in the host’s control or elimination of
neoplastic cells.8,9 During the processes of inflammation
and tumorigenesis, a neoplastic lesion recruits various
innate and adaptive immune cells. These immune cells
communicate with each other by means of direct contact or
cytokine and chemokine production to control and shape
tumor growth. The interactions of various immune and
inflammatory cells in the tumor microenvironment likely
influence the balance of the opposing effects of tumor-
promoting inflammation and antitumor immunity.10 Due
to the complex balance between inflammation and immune
modulation in tumorigenesis, pro-inflammatory diets may
exert different effects according to interactions of tumor
and immune cells. Such a variable risk modification by
tumor�immunity interactions has been shown in a recent
study on aspirin use in relation to incidence of colorectal
cancer subtypes classified by tumor-infiltrating lympho-
cytes (TILs). Specifically, aspirin use has been associated
with lower risk of colorectal cancer lacking abundant
TIL.11 Considering these findings, we hypothesized that the
association of pro-inflammatory dietary patterns with
colorectal cancer risk might be stronger for tumors that
lacked intense lymphocytic reaction than for tumors with
robust lymphocytic reaction.

To test this hypothesis, we utilized the database of the NHS
and HPFS cohorts, and prospectively examined EDIP scores
in relation to incidence of colorectal cancer subtypes classified
by the patterns and degrees of lymphocytic reaction.

Methods
Study Population

The study was based on participants in 2 ongoing pro-
spective cohort studies, the NHS and the HPFS. The NHS
recruited 121,701 registered female nurses aged 30�55 years
at baseline in 1976, and the HPFS enrolled 51,529 male health
professionals aged from 40 to 75 years at baseline in 1986 in
the United States.12 In both cohorts, questionnaires were sent
at baseline and every 2 years thereafter to collect and update
demographic, lifestyle, medical, and other health-related infor-
mation. Validated food frequency questionnaires were admin-
istrated in 1980, 1984, and 1986, and every 4 years thereafter
in the NHS, and in 1986 and every 4 years thereafter in the
HPFS to collect dietary data. We followed participants from the
date of return of the baseline questionnaire through June 30,
2012 in the NHS or January 31, 2012 in the HPFS. We obtained
written informed consent from all participants. This study was
approved by Human Subjects Committees at Harvard T.H. Chan
School of Public Health and Brigham and Women’s Hospital.

Assessment of Empirical Dietary Inflammatory
Pattern Scores and Other Covariates

The development of the EDIP score has been described
previously.6 The goal was to empirically create a score for overall
inflammatory potential of whole diets defined using food groups.
The investigators entered 39 predefined food groups in reduced
rank regression models followed by stepwise linear regression
analyses to identify a dietary pattern most predictive of 3 plasma
inflammatory biomarkers, IL6, C-reactive protein, and TNFRSF1B
(TNFa receptor 2).13 The EDIP score is the weighted sum of
18 food groups, with higher (more positive) scores indicating pro-
inflammatory diets and lower (more negative) scores indicating
anti-inflammatory diets.6 The detailed composition of the EDIP
food group components is listed in Supplementary Table 1 and the
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formula used to compute EDIP scores is listed in the
Supplementary Methods. The validity of the EDIP score has been
evaluated in2 independentUS-based cohorts ofwomenandmen.6

We calculated EDIP score for each participant based on food fre-
quency questionnaire data at each questionnaire cycle. Because
EDIP scores varied significantly between 1980 and thereafter in
the NHS, we set 1984 as the study baseline for the NHS. The
cumulative average EDIP score at each questionnaire cycle was
further computedbyaveragingEDIPscoresat all prior cycles up to
the then-latest questionnaire cycle, to best represent habitual
long-term dietary intake and reduce within-person variation.
Participants were categorized into quintiles or quartiles using
cohort-specific cutoff points of cumulative average EDIP scores at
each time interval. Information on lifestyles, including smoking,
physical activity, total energy intake, alcohol intake, multivitamin
use, endoscopy status, regular aspirin use, family history of colo-
rectal cancer, weight, height, and postmenopausal hormone use
(only for women), was assessed using biennial questionnaires in
both cohorts, as described previously.14,15

Ascertainment of Colorectal Cancer Cases
Incident colorectal cancer cases were identified using biennial

questionnaires. The time (in months) until colorectal cancer
diagnosis wasmeasured from the date of the questionnaire return
at the studybaseline,whichwas1984 for theNHS and1986 for the
HPFS. Lethal unreported colorectal cancer cases were identified
through the National Death Index and next of kin. Diagnosis of
colon or rectal carcinoma in participants was verified through
medical record review in all cases included in this study.

Analyses of Histopathologic Lymphocytic
Reaction and Tumor Characteristics

Paraffin-embedded archival tumor tissue blocks of
confirmed colorectal cancer cases were collected from hospitals
where the patients underwent tumor resection. A pathologist
(S.O.) evaluated H&E-stained tissue sections and scored them
(as absent/low, intermediate, or high) for 4 histopathologic
patterns of lymphocytic reaction, namely, Crohn’s-like
lymphoid reaction, peritumoral lymphocytic reaction, intra-
tumoral periglandular reaction, and TILs (Supplementary
Figure 1).16 Of the 1311 tumors, 5 or more sections of each
tumor were evaluated in 22 cases (2%), 4 sections in 57 cases
(4%), 3 sections in 318 cases (24%), 2 sections in 317 cases
(24%), and 1 section in 597 cases (46%). A subset of cases was
re-examined by a second pathologist to ensure good concor-
dance of histopathologic features, as described previously.16

WeextractedDNA from tumor andnormal tissue andassessed
for microsatellite instability (MSI),17 CpG island methylator
phenotype (CIMP),18,19 BRAF mutation,19 and PTGS2 (cyclo-
oxygenase-2) expression,20 as described previously. Further
detail on the assessments of tumor immunity and molecular
alterations is provided in the Supplementary Methods.

Statistical Analysis
Participants who died of causes other than colorectal cancer

and those who were free of colorectal cancer at the end of
follow-up were censored. In addition, colorectal cancer cases
with unknown immune status were censored at the time of
diagnosis. For each participant, we calculated follow-up time
(in months) from the date of the questionnaire return at the
study baseline until the date of death, colorectal cancer
diagnosis, or end of follow-up, whichever came first. We
used duplication-method time-varying Cox proportional
cause-specific hazards regression analysis weighted by inverse
probabilities for competing risks data21,22 to assess the asso-
ciations of EDIP scores with risks of colorectal cancer subtypes
classified by the degrees of lymphocytic reaction. Testing for
trend across quintiles of EDIP scores was performed using the
median value of each quintile group in the Cox regression
models. To examine the heterogeneity in the associations with
various colorectal cancer subtypes, we used a Wald test to
assess the null hypothesis that the association with EDIP is
equal for all subtypes. The primary hypothesis testing was set
as a heterogeneity test (with its significance measure being
Pheterogeneity) on the associations of EDIP scores with differential
cancer subtypes classified by 4 different lymphocytic reaction
markers.22,23 Hence, we adjusted the a-level to .01 (z.05/4) by
Bonferroni correction. All other analyses, including evaluation
of individual hazard ratios (HRs), represent secondary analyses.
Inverse probability weighting was used to reduce bias from
potentially varied tumor tissue data availability by calculation
of the predictive probability of observing a specific immune
marker for each case using multivariable logistic regression,
which initially included sex, tumor stage, tumor location, age at
diagnosis, year of diagnosis, body mass index, physical activity,
total energy intake, multivitamin use, regular aspirin use,
pack-years of smoking, family history of colorectal cancer, total
alcohol intake, and history of endoscopy. A backward elimination
with a threshold P value of .1 was used to select variables for the
final model. The weight of each case was set as 1 divided by the
probability (the “inverse probability”) of availability of specific
tumor marker data, while it was set as 1 for non-cases and cases
without data on the corresponding tissue marker in the weighted
Cox regressionmodels. Cox regression analyseswerebased on the
counting process data structure and were stratified by age in
months, calendar year of the questionnaire cycle, and sex (in the
combined analyses). We used the time-dependent Cox regression
model to get immediate effects of pro-inflammatory diets on the
risk of developing different subtypes of colorectal cancer
according to lymphocytic reaction by controlling for the recent
past potential confounders.24 Multivariable-adjusted Cox regres-
sion models were adjusted for time-varying covariates (most of
which were updated every 2 years), including family history of
colorectal cancer, history of endoscopy, multivitamin use, regular
aspirin use, pack-years of smoking, physical activity, total energy
intake, and alcohol intake (andpostmenopausal hormoneuseonly
in the NHS). All multicategorical covariates were treated as
nominal variables. To validate our results, we conducted multiple
sensitivity analyses. Given that overweight/obesity—a state of
low-grade chronic inflammation—has been shown to play both a
mediating and confounding role in associations between dietary
inflammation potential and inflammation markers,6 we further
adjusted for body mass index as a sensitivity analysis. We further
detected the association between quartiles of EDIP scores and risk
of colorectal cancer subtypes classified by lymphocytic reaction.
Because the time-dependent exposure (the EDIP score) and right
censoring of death from causes other than colorectal cancermight
be informed by time-dependent covariates, we further considered
marginal structural Cox proportional hazards models25,26 as a
sensitivity analysis to detect the association between EDIP scores
and risk of colorectal cancer subtypes according to immunity
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markers.Weused the product of the stabilized inverse probability
weights as the weights in the marginal structure model.25,26

Stabilized inverse probability weighting was estimated by
combining the stabilized inverse probability of treatment weights
and stabilized inverse probability of censoring weights.25,26 SAS,
version 9.4 (SAS Institute Inc, Cary, NC) was used for all statistical
analyses. All statistical tests were 2-sided.
Results
Characteristics of Study Participants

The baseline characteristics of study participants are
presented in Table 1 and Supplementary Table 2. In the
NHS, we excluded 35,955 women without diet data in 1984,
315 participants with ulcerative colitis, 188 participants
without birth dates, 6340 participants with any cancer
Table 1.Age-Adjusted Baseline Characteristics of Participants A
Scores in the Pooled Cohorts of the Nurses’ Health St
Study (Men, 1986)

Characteristic Q1 (lowest)

Participants, n 25,064 2
Age, ya 51.9 (7.9) 52.
Race (white), % 96
Body mass index, kg/m2 24.4 (3.5) 24.
Family history of colorectal cancer, % 8
Smoking, pack-years 15.9 (19.3) 13.
Waist to hip ratio 0.7 (0.3) 0.
Energy intake, kcal/d 1768 (539) 169
Total activity, METS-h/wkb 18.0 (25.5) 16.
Current multivitamin use, % 41
History of endoscopy, % 35
Total alcohol intake, g/d 15.8 (17.4) 8.
Regular aspirin use, %c 36
Food group components of the empirical dietary inflammatory pattern

Processed meat, serving/d 0.25 (0.27) 0.2
Red meat, serving/d 0.53 (0.36) 0.5
Organ meat, serving/d 0.02 (0.04) 0.0
Other fish, serving/d 0.27 (0.22) 0.2
Other vegetable, serving/d 0.79 (0.64) 0.7
Refined grain, serving/d 0.92 (0.74) 1.0
High-energy beverage, serving/d 0.15 (0.28) 0.1
Low-energy beverage, serving/d 0.36 (0.65) 0.4
Tomato, serving/d 0.51 (0.40) 0.5
Beer, serving/d 0.38 (0.92) 0.1
Wine, serving/d 0.66 (0.96) 0.2
Tea, serving/d 0.62 (1.15) 0.6
Coffee, serving/d 3.80 (2.08) 2.7
Dark yellow vegetable, serving/d 0.37 (0.48) 0.3
Green leafy vegetable, serving/d 1.04 (0.92) 0.8
Snack, serving/d 0.80 (1.23) 0.6
Fruit juice, serving/d 0.85 (1.03) 0.7
Pizza, serving/d 0.10 (0.13) 0.0

NOTE. Values are mean (SD) for continuous variables.
METS, metabolic equivalent task score.
aAll variables are age-standardized except age.
bPhysical activity is represented by the product sum of the METS
activity per week.
cA standard tablet contains 325 mg aspirin, and regular users w
diagnosed before 1984, and 1923 participants who died
before 1984. In the HPFS, we excluded 1508 men without
diet data in 1986, 509 participants with ulcerative colitis, 38
participants without birth dates, 2048 participants with any
cancer diagnosed before 1986, and 12 participantswho died in
1986. In total, 124,433 women and men were included in the
current analyses. During 2,998,258 person-years of follow-up,
we documented 1311 colorectal cancer cases with at least 1
tissue lymphocytic marker available. We did not observe evi-
dence of a violation of the proportionality of hazards assump-
tion on the basis of interaction terms between EDIP scores and
follow-up time (P ¼ .60). Excluding the colorectal cancer sub-
type with absent/low peritumoral lymphocytic reaction
(Pheterogeneity ¼ .02), we did not observe significant heteroge-
neity between cohorts for the associations of EDIP scores with
risk of any other colorectal cancer subtypes. In order to
cross Quintiles of the Empirical Dietary Inflammatory Pattern
udy (Women, 1984) and the Health Professionals Follow-Up

Quintiles of the EDIP Scores

Q2 Q3 Q4 Q5 (highest)

4,882 24,764 24,883 24,840
6 (8.3) 52.5 (8.5) 52.5 (8.7) 51.6 (8.7)
96 95 94 93
7 (3.7) 25.1 (4.0) 25.6 (4.4) 26.5 (5.1)
9 8 8 8

1 (17.9) 11.7 (17.3) 11.2 (17.4) 11.9 (18.2)
7 (0.3) 0.7 (0.3) 0.7 (0.3) 0.7 (0.4)
6 (510) 1697 (507) 1765 (531) 1994 (592)
7 (23.4) 15.8 (22.7) 15.2 (22.4) 14.5 (22.0)
40 39 38 36
35 34 35 34
8 (11.5) 6.7 (10.2) 5.6 (9.5) 5.1 (10.0)
35 35 35 37

6 (0.27) 0.29 (0.30) 0.34 (0.34) 0.51 (0.56)
5 (0.37) 0.58 (0.39) 0.65 (0.40) 0.82 (0.53)
2 (0.04) 0.02 (0.04) 0.02 (0.04) 0.03 (0.05)
8 (0.22) 0.28 (0.23) 0.31 (0.25) 0.36 (0.34)
7 (0.58) 0.78 (0.60) 0.82 (0.64) 0.98 (0.92)
0 (0.79) 1.12 (0.90) 1.33 (1.04) 1.88 (1.43)
9 (0.32) 0.24 (0.39) 0.32 (0.48) 0.69 (1.02)
0 (0.68) 0.45 (0.74) 0.58 (0.90) 1.07 (1.65)
1 (0.39) 0.53 (0.39) 0.58 (0.42) 0.73 (0.68)
7 (0.43) 0.11 (0.31) 0.08 (0.27) 0.07 (0.23)
6 (0.37) 0.17 (0.27) 0.12 (0.21) 0.09 (0.19)
2 (1.09) 0.60 (1.03) 0.58 (1.00) 0.55 (0.97)
6 (1.80) 2.04 (1.63) 1.58 (1.51) 1.25 (1.40)
2 (0.32) 0.30 (0.28) 0.29 (0.27) 0.28 (0.27)
3 (0.59) 0.74 (0.53) 0.69 (0.50) 0.67 (0.53)
1 (0.89) 0.54 (0.76) 0.52 (0.70) 0.56 (0.72)
9 (0.82) 0.74 (0.73) 0.71 (0.68) 0.69 (0.72)
7 (0.08) 0.07 (0.07) 0.06 (0.06) 0.06 (0.06)

of each specific recreational activity and hours spent on that

ere defined as those who used at least 2 tablets/wk.
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increase statisticalpower,we combined theNHSandHPFSdata
to perform pooled analyses stratified by age in months, calen-
dar year of the questionnaire cycle, and sex.
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Empirical Dietary Inflammatory Pattern and Risks
of Colorectal Cancer Subtypes Classified by
Lymphocytic Reaction to Tumor

We analyzed the associations between EDIP scores and
incidence of overall colorectal cancer. There were statistical
trends toward the associations of higher EDIP scores with
an increased risk of colorectal cancer (Ptrend ¼ .02, Table 2).
Among colorectal cancer patients, we observed higher
mortality in patients with higher EDIP scores compared
with those with lower scores (Ptrend ¼ .002, Supplementary
Table 3). We conducted our primary hypothesis testing, and
found that the association of EDIP scores with colorectal
cancer risk significantly differed by the degrees of peritu-
moral lymphocytic reaction (Pheterogeneity < .001, with the
adjusted a level of 0.01; Table 2). High EDIP scores were
associated with higher risk of the colorectal cancer subtype
with absent/low peritumoral lymphocytic reaction (highest
vs lowest EDIP score quintile multivariable-adjusted HR,
2.60; 95% confidence interval [CI], 1.60�4.23; Ptrend < .001),
but not with risk of tumors that showed intermediate or
high peritumoral lymphocytic reaction (Ptrend > .80).
The association of EDIP score with colorectal cancer risk did
not significantly differ by the degrees of Crohn’s-like
reaction, intratumoral periglandular reaction, or TIL
(Pheterogeneity > .03, with the adjusted a level of .01).
Nonetheless, there was a positive association between EDIP
scores and risk of the colorectal cancer subtype with
absent/low intratumoral periglandular reaction (highest vs
lowest EDIP score quintile multivariable-adjusted HR, 1.87;
95% CI, 1.15�3.05; Ptrend ¼ .003).

When the NHS and HPFS cohorts were analyzed sepa-
rately, we found a stronger association between high EDIP
scores and peritumoral lymphocytic reaction-absent/low
colorectal cancer. Though statistical power was limited in
these subgroup analyses, the differential association of EDIP
scores with colorectal cancer subtypes classified by peritu-
moral reaction appeared to have similar trends in the 2
cohorts (Supplementary Table 4).

Because of the association of tumor molecular features,
such as MSI and CIMP status with lymphocytic reaction,16 as
well as a plausible influence of anti-inflammatory drugs on
BRAF-wild-type or PTGS2-expressing colorectal cancers,20,27

we conducted secondary analyses that subclassified colo-
rectal cancer subtypes (by peritumoral reaction) further by
tumor MSI, CIMP, BRAF, or PTGS2 status (Table 3). Although
statistical power was limited, the differential association of
EDIP score with colorectal cancer subtypes classified by
peritumoral lymphocytic reaction appeared to be generally
consistent in non�MSI-high cases, CIMP-low/-negative
cases, BRAF�wild-type cases, PTGS2-negative cases, and
PTGS2-positive cases. There were small numbers of cases in
the other strata. Given the important role of MSI status in
colorectal cancer in both research and clinical practice, we
examined the associations of EDIP scores with risk of
colorectal cancer subtypes by MSI status, and did not
observe significant differential associations by MSI status
(Supplementary Table 5).
Sensitivity Analyses
In sensitivity analyses that further adjusted for body

mass index, we obtained similar results (Supplementary
Table 6). Association measures between the EDIP score
and risk of colorectal cancer subtypes classified by peritu-
moral lymphocytic reaction remained significant in models
that included each of the covariates in the multivariable-
adjusted model. In addition, the association measures did
not change materially, even after adding each of the inter-
action terms between the EDIP scores and individual po-
tential confounders (alcohol intake and body mass index)
into the multiple-adjusted model (Supplementary Table 7).

A sensitivity analysis was conducted to examine the
relationship of the EDIP score (quartile categories) with risk
of colorectal cancer subtypes classified by lymphocytic re-
action, and similar findings were observed (Supplementary
Table 8).

The findings from fitting marginal structural Cox propor-
tional hazards models did not suggest significant time-varying
confounding occurring after study enrollment. The fully
weighted Cox proportional hazards models revealed a differ-
ential association between EDIP scores and risk of colorectal
cancer subtypes according to peritumoral lymphocytic
reaction (Pheterogeneity ¼ .004; Supplementary Table 9).
Discussion
Based on data from 2 large prospective cohorts of

women and men, we found that high intakes of pro-
inflammatory diets (indicated by high EDIP scores) were
associated with a higher risk of developing colorectal cancer
with absent/low peritumoral lymphocytic reaction, but not
with risk of cancers that had intermediate or high peritu-
moral lymphocytic reaction. The positive associations
between EDIP scores and risk of the colorectal cancer
subtype with absent/low peritumoral lymphocytic
reaction appeared to be consistent in non�MSI-high,
CIMP-low/-negative, BRAF�wild-type, PTGS2-negative, or
PTGS2-positive colorectal cancer. The time-dependent Cox
regression analyses revealed an immediate effect of cumu-
lative average of EDIP scores on the development of colo-
rectal cancer subtype with absent or low lymphocytic
reaction. Although a validation in independent datasets is
needed, our findings provide the first line of population-
based evidence for the role of immunity in mediating the
effect of dietary inflammatory potential in colorectal carci-
nogenesis. Hence, the current study may be of use in
designing strategies for personalized immunoprevention
through dietary interventions.

Analysis of exposures and tumor characteristics is
increasingly important.28–31 The positive association be-
tween dietary inflammatory potential and risk of the colo-
rectal cancer subtype with absent/low peritumoral
lymphocytic reaction is biologically plausible. Dietary



Table 2.Empirical Dietary Inflammatory Pattern Scores and Risk of Colorectal Cancer by Components of Lymphocytic Reaction in the Pooled Cohorts of the Nurses’
Health Study (Women) and the Health Professionals Follow-Up Study (Men)

Analysis

Quintiles of the EDIP scores

Ptrend
a Pheterogeneity

b
Q1

(lowest) Q2 Q3 Q4 Q5 (highest)

Person-years 625,367 620,578 584,987 597,924 569,402
Overall colorectal cancer
No. of cases (n ¼ 1311) 277 248 259 257 270
Age-adjusted HR (95% CI)c 1 referent 0.82 (0.72�0.93) 0.88 (0.77�0.99) 0.92 (0.81�1.04) 1.06 (0.94�1.20) .17
Multivariable HR (95% CI)d 1 referent 0.86 (0.75�0.98) 0.93 (0.82�1.06) 0.99 (0.87�1.13) 1.14 (0.99�1.30) .02

Crohn’s-like lymphoid reaction .55
Absent/low

No. of cases (n ¼ 813) 168 157 164 163 161
Age-adjusted HR (95% CI)c 1 referent 0.85 (0.68�1.07) 0.89 (0.71�1.11) 0.95 (0.77�1.19) 1.02 (0.82�1.28) .65
Multivariable HR (95% CI)d 1 referent 0.90 (0.72�1.12) 0.95 (0.76�1.19) 1.02 (0.82�1.28) 1.10 (0.88�1.38) .28

Intermediate
No. of cases (n ¼ 183) 37 39 28 33 46
Age-adjusted HR (95% CI)c 1 referent 0.90 (0.57�1.42) 0.67 (0.41�1.10) 0.87 (0.54�1.40) 1.39 (0.90�2.16) .21
Multivariable HR (95% CI)d 1 referent 0.93 (0.59�1.47) 0.71 (0.43�1.17) 0.92 (0.57�1.50) 1.47 (0.94�2.30) .14

High
No. of cases (n ¼ 80) 20 13 18 13 16
Age-adjusted HR (95% CI)c 1 referent 0.54 (0.27�1.10) 0.83 (0.44�1.57) 0.60 (0.29�1.24) 0.92 (0.47�1.79) .74
Multivariable HR (95% CI)d 1 referent 0.57 (0.28�1.14) 0.88 (0.47�1.63) 0.65 (0.31�1.34) 0.98 (0.51�1.91) .87

Peritumoral lymphocytic reaction <.001
Absent/low

No. of cases (n ¼ 182) 27 31 32 41 51
Age-adjusted HR (95% CI)c 1 referent 1.25 (0.73�2.14) 1.20 (0.70�2.05) 1.59 (0.96�2.63) 2.41 (1.49�3.90) <.001
Multivariable HR (95% CI)d 1 referent 1.31 (0.77�2.25) 1.28 (0.74�2.19) 1.71 (1.03�2.84) 2.60 (1.60�4.23) <.001

Intermediate
No. of cases (n ¼ 907) 205 171 176 171 184
Age-adjusted HR (95% CI)c 1 referent 0.73 (0.59�0.91) 0.78 (0.63�0.96) 0.81 (0.66�1.00) 0.92 (0.75�1.13) .65
Multivariable HR (95% CI)d 1 referent 0.77 (0.62�0.95) 0.84 (0.68�1.03) 0.88 (0.71�1.09) 0.99 (0.80�1.22) .81

High
No. of cases (n ¼ 216) 44 43 50 45 34
Age-adjusted HR (95% CI)c 1 referent 0.92 (0.60�1.40) 1.10 (0.73�1.67) 1.06 (0.70�1.62) 0.86 (0.54�1.37) .79
Multivariable HR (95% CI)d 1 referent 0.95 (0.63�1.44) 1.16 (0.77�1.75) 1.11 (0.73�1.70) 0.91 (0.57�1.45) .99

Intratumoral periglandular reaction .04
Absent/low

No. of cases (n ¼ 164) 31 25 31 38 39
Age-adjusted HR (95% CI)c 1 referent 0.91 (0.53�1.58) 1.06 (0.63�1.80) 1.39 (0.84�2.28) 1.74 (1.07�2.84) .007
Multivariable HR (95% CI)d 1 referent 0.95 (0.55�1.65) 1.12 (0.66�1.90) 1.49 (0.91�2.46) 1.87 (1.15�3.05) .003
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Table 2.Continued

Analysis

Quintiles of the EDIP scores

Ptrend
a Pheterogeneity

b
Q1

(lowest) Q2 Q3 Q4 Q5 (highest)

Intermediate
No. of cases (n ¼ 976) 216 185 188 182 205
Age-adjusted HR (95% CI)c 1 referent 0.78 (0.63�0.95) 0.80 (0.65�0.97) 0.82 (0.67�1.00) 0.98 (0.81�1.20) .96
Multivariable HR (95% CI)d 1 referent 0.81 (0.66�1.00) 0.85 (0.69�1.04) 0.88 (0.72�1.08) 1.06 (0.86�1.30) .50

High
No. of cases (n ¼ 170) 30 37 40 37 26
Age-adjusted HR (95% CI)c 1 referent 1.01 (0.62�1.64) 1.26 (0.78�2.06) 1.23 (0.75�2.02) 0.90 (0.52�1.56) .94
Multivariable HR (95% CI)d 1 referent 1.04 (0.65�1.69) 1.34 (0.82�2.18) 1.30 (0.79�2.14) 0.96 (0.55�1.65) .72

Tumor-infiltrating lymphocytes .52
Absent/low
No. of cases (n ¼ 984) 207 187 200 189 201
Age-adjusted HR (95% CI)c 1 referent 0.83 (0.67�1.02) 0.89 (0.73�1.09) 0.89 (0.73�1.09) 1.02 (0.84�1.25) .69
Multivariable HR (95% CI)d 1 referent 0.86 (0.70�1.06) 0.95 (0.77�1.16) 0.96 (0.78�1.18) 1.10 (0.90�1.35) .27

Intermediate
No. of cases (n ¼ 199) 41 38 34 40 46
Age-adjusted HR (95% CI)c 1 referent 0.90 (0.57�1.42) 0.82 (0.51�1.32) 1.07 (0.68�1.67) 1.33 (0.85�2.06) .15
Multivariable HR (95% CI)d 1 referent 0.94 (0.59�1.47) 0.87 (0.54�1.41) 1.14 (0.73�1.78) 1.41 (0.91�2.19) .09

High
No. of cases (n ¼ 128) 29 23 25 28 23
Age-adjusted HR (95% CI)c 1 referent 0.65 (0.38�1.11) 0.83 (0.48�1.43) 0.95 (0.56�1.62) 0.95 (0.54�1.67) .83
Multivariable HR (95% CI)d 1 referent 0.68 (0.40�1.17) 0.88 (0.51�1.52) 1.02 (0.60�1.74) 1.03 (0.59�1.82) .63

aLinear trend test using the median value of each EDIP score quintile.
bThe Wald test was used to test for the heterogeneity of the associations between the EDIP scores and colorectal cancer risk according to the components of lymphocytic
reaction. The heterogeneity test was adjusted for time-varying pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal
cancer, endoscopy status, physical activity level (quintiles of mean metabolic equivalent task score (METS)-h/wk), total energy intake (quintiles of kcal/d), total alcohol
intake (0 vs 1�5 vs 6�15 vs >15 g/d), current multivitamin use, and regular aspirin use.
cDuplication-method Cox proportional cause-specific hazards regression weighted by inverse probabilities based on immune marker availability for competing risks data
was used to compute HRs and 95% CIs. All analyses were stratified by age (in months), year of questionnaire return, and sex.
dMultivariable HR was further adjusted for time-varying pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal cancer, endoscopy
status, physical activity level (quintiles of METS-h/wk), total energy intake (quintiles of kcal/d), total alcohol intake (0 vs 1�5 vs 6�15 vs >15 g/d), current multivitamin use,
and regular aspirin use.
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components exert diverse influences on inflammation.
Studies have shown that red meat intake can promote the
secretion of IL6 and C-reactive protein.32,33 Saturated fatty
acids can activate innate immune receptors, including Toll-
like receptors and nucleotide-binding oligomerization
domain proteins, to up-regulate pro-inflammatory cytokines
IL1, IL6, and TNF-a, whereas, polyunsaturated fatty acids
inhibit the secretion of these mediators.34 Short-chain fatty
acids, byproducts of fermentation of dietary fiber, may
reduce these pro-inflammatory cytokines and produce anti-
inflammatory mediator IL10 through activation of free fatty
acid receptors (FFAR2 and FFAR3) and inhibition of histone
deacetylase of macrophages.35,36 The tryptophan metabo-
lites derived from cruciferous vegetables and carotenoids
and flavonoids (which are abundant in yellow, orange, and
red vegetables) increase the secretion of IL22 to maintain
epithelial integrity through binding to the aryl hydrocarbon
receptor expressed on intestinal dendritic cells and lym-
phocytes.37 Studies have shown that pro-inflammatory di-
etary patterns, characterized by high saturated fatty acids,
high sugar, high red and processed meat, low dietary fiber,
and low green leafy and dark yellow vegetables, have been
associated with high levels of circulating pro-inflammatory
mediators.6,38,39 In the acute or early phase of local intes-
tinal inflammation, pro-inflammatory mediators mainly
secreted by macrophages and mast cells recruit natural
killer cells to eliminate pathogenic agents. Adaptive immune
cells (T and B lymphocytes) are further activated by mature
dendritic cells and undergo clonal expansion in order to
mount an “adaptive” response.40 Systemic and local intes-
tinal chronic inflammation caused by long-term intake of
pro-inflammatory diets may cause activation of cellular
signaling pathways related to phosphatidylinositol-4,5-
bisphosphonate 3-kinase, STAT3, and NFKB; all of these
pathways are crucial in the early stage of tumorigenesis due
to their ability to stimulate proliferation and suppress
apoptosis of premalignant cells.5,41,42 Furthermore, chronic
inflammation can dysregulate immune homeostasis and
suppress adaptive anti-tumor immune response. The
hyperactivation of phosphatidylinositol-4,5-bisphosphonate
3-kinase/MTOR signaling may skew differentiation of
CD8þ T cells to short-lived effector cells with severely
impaired development of B cells and memory T cells.43

TGFB1 and STAT3 signaling can enhance regulatory
T-cell�mediated immunosuppression and result in
impaired antigen-specific T-cell responses.44 Persistent
chronic inflammation can also result in deficient expression
of CD28 in both CD4þ and CD8þ T cells.45 CD4þ CD28null T
cells lose their capacity to help B cells due to the concom-
itant loss of CD40LG (CD154).46 As a major CD40 ligand,
CD40LG (CD154) is expressed by activated T lymphocytes.
The interaction between CD40 and CD40LG could promote
T-cell�dependent B-cell proliferation, regulate B-cell iso-
type switching and migration, and prolong the survival of
antigen-specific high-affinity memory B cells.47 A proportion
of CD8þ CD28null T cells lack perforin, which is an important
cytotoxic protein.48 The number of CD28null T cells has been
inversely correlated with protective immune responses.49

With regard to peritumoral immune reaction, it has been
shown that a strong in situ T-lymphocytic reaction in
invasive tumor margins correlated with a favorable prog-
nosis independent of cancer stage.50,51 Consistent with
these literature data, our findings suggest that inflammatory
diets can promote the development of colorectal carcinomas
with little or no peritumoral lymphocytic reaction. Whereas
colorectal cancer subtype with high lymphocytic reaction
shows its immunogenic property due to tumor-producing
neoantigens, and this immunogenic property of tumor may
cause insensitivity to inflammatory diets, which have been
shown to have suppressive effects on adaptive anti-tumor
immunity. Hence, it is conceivable that the association be-
tween pro-inflammatory diets and risk of colorectal cancer
differs among tumors subtypes with different degrees of
immune responses to tumor. Our data have clinical impli-
cations, especially in terms of prevention of colorectal can-
cer. Reduced intake of inflammatory diets appears to be
preventive against colorectal cancer subtype with absent/
low lymphocytic reaction, which has been shown to be a
clinically aggressive cancer subtype.16 In addition, it can be
hypothesized in the future studies that patients with colo-
rectal cancer subtype exhibiting absent/low lymphocytic
reaction may have benefits from intervention of anti-
inflammatory diets after cancer diagnosis.

Integrated analysis of tumor molecular features and
immune cells in the tumor microenvironment is increasingly
important52–54 because ample evidence indicates bidirec-
tional influences of tumor molecular alterations and im-
mune response to tumor.55,56 Considering the relationship
between tumor characteristics and immunity, we further
investigated whether the observed association of pro-
inflammatory diets with cancer containing little or no per-
itumoral lymphocytic reaction might be due to a potential
association between pro-inflammatory diets and specific
tumor molecular subtypes, such as those classified by MSI,
CIMP, BRAFmutation, or PTGS2 expression status. We found
that the positive association between higher EDIP scores
and risk of peritumoral lymphocytic reaction-absent/-low
colorectal cancer appeared to be consistent in non�MSI-
high, CIMP-low, BRAF-wild, PTGS2-negative or PTGS2-
positive colorectal cancers, while the numbers of cases
were too small in strata of MSI-high, CIMP-high, and BRAF-
mutated tumors. Additional large-scale studies are needed
to examine the relationship between diets and compre-
hensive tumor subtyping that integrates both tumor and
immune characteristics.

There are several advantages to the approach taken in
our study. First, our prospective diet data collection enabled
us to not only minimize recall bias (which is inevitable in
retrospective diet data collection), but also to avoid differ-
ential recall bias between cancer cases and cancer-free
participants. Second, repeated questionnaires enabled us
to use cumulative averages for dietary intakes and all other
quantitative factors and decrease measurement errors
within individuals. Third, we applied the recently developed
EDIP scores to assess dietary inflammatory potential. Hence,
we analyzed overall dietary patterns that encompass many
food items, rather than examining each food item individ-
ually, which could exaggerate multiple comparisons and



Table 3.Empirical Dietary Inflammatory Pattern Scores and Risk of Colorectal Cancer by Microsatellite Instability, CpG Island Methylator Phenotype, BRAF Mutation,
PTGS2 Expression, and Peritumoral Lymphocytic Reaction

Tumor
characteristic

Peritumoral lymphocytic
reaction

Quintiles of the EDIP scores

Ptrend
aQ1 (lowest) Q2 Q3 Q4 Q5 (highest)

MSI
Non�MSI-high

Absent/low
No. of cases (n ¼ 142) 23 26 23 32 38
Age-adjusted HR (95% CI)b 1 referent 1.18 (0.66�2.11) 0.96 (0.52�1.74) 1.47 (0.84�2.58) 2.19 (1.29�3.74) .003
Multivariable HR (95% CI)c 1 referent 1.24 (0.69�2.22) 1.03 (0.56�1.88) 1.60 (0.91�2.80) 2.40 (1.40�4.10) <.001
Intermediate
No. of cases (n ¼ 705) 159 138 136 135 137
Age-adjusted HR (95% CI)b 1 referent 0.78 (0.61�0.98) 0.79 (0.62�1.00) 0.86 (0.68�1.09) 0.96 (0.76�1.22) .99
Multivariable HR (95% CI)c 1 referent 0.81 (0.64�1.03) 0.85 (0.67�1.08) 0.94 (0.74�1.19) 1.04 (0.82�1.32) .48
High
No. of cases (n ¼ 113) 22 27 22 25 17
Age-adjusted HR (95% CI)b 1 referent 1.14 (0.65�2.00) 1.04 (0.57�1.89) 1.05 (0.58�1.89) 0.83 (0.42�1.62) .57
Multivariable HR (95% CI)c 1 referent 1.17 (0.67�2.05) 1.10 (0.61�2.00) 1.12 (0.62�2.01) 0.86 (0.45�1.67) .70

MSI-high
Absent/low
No. of cases (n ¼ 9) 0 1 2 5 1
Age-adjusted HR (95% CI)b 1 referent — — — — —

Multivariable HR (95% CI)c 1 referent — — — — —

Intermediate
No. of cases (n ¼ 102) 21 16 25 18 22
Age-adjusted HR (95% CI)b 1 referent 0.68 (0.34�1.35) 1.09 (0.60�1.98) 0.77 (0.40�1.46) 1.05 (0.56�1.95) .78
Multivariable HR (95% CI)c 1 referent 0.72 (0.36�1.44) 1.17 (0.65�2.12) 0.83 (0.44�1.59) 1.13 (0.60�2.11) .61
High
No. of cases (n ¼ 73) 16 15 19 11 12
Age-adjusted HR (95% CI)b 1 referent 0.83 (0.42�1.67) 1.08 (0.55�2.10) 0.74 (0.34�1.63) 0.89 (0.42�1.88) .68
Multivariable HR (95% CI)c 1 referent 0.88 (0.45�1.75) 1.15 (0.59�2.25) 0.79 (0.36�1.72) 0.97 (0.46�2.07) .86

CIMP
CIMP-low/negative

Absent/low
No. of cases (n ¼ 129) 19 23 23 31 33
Age-adjusted HR (95% CI)b 1 referent 1.33 (0.70�2.53) 1.26 (0.67�2.38) 1.70 (0.93�3.10) 2.38 (1.33�4.27) .002
Multivariable HR (95% CI)c 1 referent 1.41 (0.74�2.67) 1.36 (0.72�2.57) 1.84 (1.00�3.37) 2.57 (1.44�4.61) <.001
Intermediate
No. of cases (n ¼ 681) 156 137 128 124 136
Age-adjusted HR (95% CI)b 1 referent 0.74 (0.59�0.94) 0.77 (0.60�0.98) 0.79 (0.62�1.01) 0.89 (0.70�1.13) .48
Multivariable HR (95% CI)c 1 referent 0.78 (0.61�0.99) 0.83 (0.65�1.06) 0.85 (0.66�1.09) 0.95 (0.75�1.21) .89
High
No. of cases (n ¼ 105) 20 25 21 23 16
Age-adjusted HR (95% CI)b 1 referent 1.25 (0.69�2.26) 1.03 (0.54�1.97) 1.09 (0.59�2.01) 0.92 (0.46�1.86) .80
Multivariable HR (95% CI)c 1 referent 1.31 (0.73�2.36) 1.09 (0.57�2.08) 1.15 (0.62�2.13) 0.97 (0.48�1.92) .92
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Table 3.Continued

Tumor
characteristic

Peritumoral lymphocytic
reaction

Quintiles of the EDIP scores

Ptrend
aQ1 (lowest) Q2 Q3 Q4 Q5 (highest)

CIMP-high
Absent/low
No. of cases (n ¼ 16) 3 4 2 4 3
Age-adjusted HR (95% CI)b 1 referent 1.66 (0.34�8.18) 0.83 (0.14�4.92) 1.64 (0.36�7.52) 1.92 (0.38�9.60) .44
Multivariable HR (95% CI)c 1 referent 1.67 (0.34�8.26) 0.85 (0.14�5.05) 1.78 (0.38�8.24) 2.02 (0.40�10.16) .39
Intermediate
No. of cases (n ¼ 110) 22 16 25 25 22
Age-adjusted HR (95% CI)b 1 referent 0.70 (0.36�1.38) 0.95 (0.53�1.72) 1.08 (0.60�1.93) 1.07 (0.58�1.98) .59
Multivariable HR (95% CI)c 1 referent 0.75 (0.38�1.47) 1.03 (0.58�1.85) 1.19 (0.67�2.13) 1.13 (0.61�2.08) .44
High
No. of cases (n ¼ 64) 13 15 17 10 9
Age-adjusted HR (95% CI)b 1 referent 0.83 (0.40�1.72) 1.13 (0.55�2.33) 0.75 (0.32�1.74) 0.64 (0.27�1.51) .26
Multivariable HR (95% CI)c 1 referent 0.87 (0.43�1.79) 1.22 (0.60�2.49) 0.78 (0.33�1.81) 0.69 (0.29�1.62) .34

BRAF
Wild-type

Absent/low
No. of cases (n ¼ 130) 20 22 21 30 37
Age�adjusted HR (95% CI)b 1 referent 1.19 (0.64�2.24) 1.13 (0.60�2.13) 1.56 (0.86�2.82) 2.61 (1.49�4.58) <.001
Multivariable HR (95% CI)c 1 referent 1.27 (0.68�2.38) 1.23 (0.65�2.31) 1.71 (0.94�3.10) 2.85 (1.63�4.99) <.001
Intermediate
No. of cases (n ¼ 717) 155 141 143 135 143
Age-adjusted HR (95% CI)b 1 referent 0.79 (0.62�1.00) 0.87 (0.69�1.10) 0.87 (0.69�1.11) 1.00 (0.79�1.27) .75
Multivariable HR (95% CI)c 1 referent 0.84 (0.66�1.06) 0.94 (0.74�1.19) 0.95 (0.75�1.22) 1.08 (0.85�1.37) .33
High
No. of cases (n ¼ 139) 27 31 32 29 20
Age-adjusted HR (95% CI)b 1 referent 1.05 (0.63�1.77) 1.14 (0.67�1.94) 0.97 (0.57�1.66) 0.79 (0.42�1.47) .43
Multivariable HR (95% CI)c 1 referent 1.11 (0.67�1.87) 1.22 (0.72�2.07) 1.05 (0.61�1.79) 0.83 (0.45�1.53) .58

Mutant
Absent/low
No. of cases (n ¼ 20) 3 5 4 5 3
Age�adjusted HR (95% CI)b 1 referent 1.42 (0.33�6.08) 0.77 (0.17�3.38) 1.25 (0.31�5.05) 0.87 (0.18�4.10) .87
Multivariable HR (95% CI)c 1 referent 1.47 (0.35�6.20) 0.82 (0.19�3.65) 1.34 (0.33�5.50) 0.95 (0.20�4.54) .99
Intermediate
No. of cases (n ¼ 101) 29 16 18 18 20
Age-adjusted HR (95% CI)b 1 referent 0.50 (0.27�0.93) 0.50 (0.27�0.91) 0.57 (0.31�1.05) 0.85 (0.48�1.52) .60
Multivariable HR (95% CI)c 1 referent 0.53 (0.28�0.98) 0.53 (0.29�0.97) 0.62 (0.34�1.14) 0.93 (0.52�1.65) .78
High
No. of cases (n ¼ 48) 11 12 11 7 7
Age-adjusted HR (95% CI)b 1 referent 0.87 (0.39�1.94) 0.86 (0.38�1.98) 0.73 (0.27�1.92) 0.82 (0.32�2.11) .56
Multivariable HR (95% CI)c 1 referent 0.89 (0.40�1.97) 0.92 (0.40�2.10) 0.77 (0.29�2.02) 0.89 (0.34�2.29) .69

1526
Liu

et
al

Gastroenterology
Vol.153,No.6

CLINICALAT



Table 3.Continued

Tumor
characteristic

Peritumoral lymphocytic
reaction

Quintiles of the EDIP scores

Ptrend
aQ1 (lowest) Q2 Q3 Q4 Q5 (highest)

PTGS2 expression
Negative

Absent/low 8 16 11 8 13
No. of cases (n ¼ 56) 1 referent 2.42 (0.96�6.10) 1.68 (0.63�4.43) 1.45 (0.52�4.04) 2.25 (0.87�5.81) .32
Age-adjusted HR (95% CI)b 1 referent 2.62 (1.05�6.54) 1.84 (0.70�4.87) 1.63 (0.59�4.50) 2.49 (0.97�6.40) .20
Multivariable HR (95% CI)c

Intermediate
No. of cases (n ¼ 281) 65 44 66 51 55
Age-adjusted HR (95% CI)b 1 referent 0.59 (0.39�0.88) 0.85 (0.59�1.23) 0.71 (0.48�1.03) 0.87 (0.60�1.28) .71
Multivariable HR (95% CI)c 1 referent 0.62 (0.41�0.93) 0.92 (0.64�1.33) 0.76 (0.52�1.11) 0.95 (0.65�1.39) .97
High
No. of cases (n ¼ 73) 15 20 17 11 10
Age-adjusted HR (95% CI)b 1 referent 1.01 (0.52�1.95) 1.05 (0.51�2.17) 0.66 (0.29�1.51) 0.75 (0.33�1.71) .29
Multivariable HR (95% CI)c 1 referent 1.07 (0.56�2.04) 1.14 (0.55�2.33) 0.71 (0.31�1.61) 0.80 (0.35�1.82) .38

Positive
Absent/low
No. of cases (n ¼ 80) 14 7 13 22 24
Age-adjusted HR (95% CI)b 1 referent 0.49 (0.19�1.29) 0.88 (0.39�1.97) 1.49 (0.73�3.08) 2.28 (1.16�4.50) .003
Multivariable HR (95% CI)c 1 referent 0.52 (0.20�1.35) 0.95 (0.42�2.11) 1.62 (0.78�3.35) 2.46 (1.24�4.85) .001
Intermediate
No. of cases (n ¼ 501) 105 105 94 91 106
Age-adjusted HR (95% CI)b 1 referent 0.85 (0.64�1.12) 0.88 (0.66�1.18) 0.85 (0.63�1.14) 1.01 (0.76�1.34) .97
Multivariable HR (95% CI)c 1 referent 0.90 (0.67�1.19) 0.95 (0.71�1.28) 0.93 (0.69�1.25) 1.08 (0.81�1.44) .65
High
No. of cases (n ¼ 82) 12 16 22 16 16
Age-adjusted HR (95% CI)b 1 referent 1.29 (0.59�2.82) 1.58 (0.75�3.31) 1.08 (0.50�2.37) 1.09 (0.50�2.37) .79
Multivariable HR (95% CI)c 1 referent 1.34 (0.61�2.92) 1.67 (0.80�3.48) 1.15 (0.52�2.51) 1.14 (0.53�2.48) .67

aLinear trend test using the median value of each EDIP score quintile.
bDuplication-method Cox proportional cause-specific hazards regression weighted by inverse probabilities based on immune marker availability for competing risks data
was used to compute HRs and 95% CIs. All analyses were stratified by age (in month), year of questionnaire return and sex.
cMultivariable HR was further adjusted for time-varying pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal cancer, endoscopy
status, physical activity level (quintiles of mean metabolic equivalent task score [METS]-h/wk per week), total energy intake (quintiles of kcal/d), total alcohol intake (0 vs
1�5 vs 6�15 vs >15 g/d), current multivitamin use and regular aspirin use.
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false discoveries. Fourth, the molecular pathological epide-
miology analysis method23,57 enabled us to assess differ-
ential association of inflammatory diets with incidence of
cancer subtypes classified by immune features. This mo-
lecular pathological epidemiology method has been utilized
to assess the combined influences of exposures and immu-
nity in cancer occurrence.11,12,58,59

Our current study has limitations. First, despite
the large sample size from the 2 cohorts, the number of
cases with absent/low peritumoral lymphocytic reaction
was relatively small. Second, diet data were based on food
frequency questionnaires. Despite the presence of mea-
surement errors, food frequency questionnaires can
capture long-term food intake habits better than diet
diaries.60 Third, we could not analyze all cases due to
unavailability of tumor tissues in some cases. Considering
that the tissue data may not be missing completely at
random, we employed the inverse probability weighting
method to adjust for potential bias related to tumor tissue
data missingness. Fourth, our cohort participants were
health professionals in the United States, and mostly non-
Hispanic Caucasians. Therefore, generalizability of our
findings to other population groups needs to be examined
in future studies.

In summary, our current study has shown that pro-
inflammatory diets are associated with a higher risk of
colorectal cancer that contains little or no peritumoral
lymphocytic reaction, but not risk of tumors with abundant
peritumoral lymphocytic reaction. Although a validation by
independent studies is needed, these findings suggest that
pro-inflammatory diets may impair adaptive anti-tumor
immune response, and hence promote colorectal carcino-
genesis. Our data also implicate dietary inflammatory po-
tential as an important factor to be considered in cancer
immunoprevention.61,62
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Supplementary Methods

Construction of Empirical Dietary Inflammatory
Pattern Scores

Based on food frequency questionnaires administered to
all participants, we calculated the diet frequencies of 18
food groups in each day (serving/d), including processed
meat, red meat, organ meat, other fish, other vegetable,
refined grain, high-energy beverage, low-energy beverage,
tomato, beer, wine, tea, coffee, dark yellow vegetable, green
leafy vegetable, snack, fruit juice, and pizza. The construc-
tion of the empirical dietary inflammatory index was based
on the frequency of each food group as the following for-
mula: EDIP score ¼ (165.03443 � processed meat) þ
(140.19344 � red meat) þ (144.60554 � organ meat) þ
(252.44533 � other fish) þ (136.14430 � other
vegetables) þ (81.21217 � refined grain) þ (156.84543 �
high energy beverage) þ (94.77015 � low energy
beverage) þ (167.91804 � tomato) � (136.99127 �
beer) � (249.70411 � wine) � (42.25228 � tea) �
(83.17692 � coffee) � (165.37317 � dark yellow
vegetable) � (190.28539 � green leafy vegetable) �
(45.08391 � snack) � (58.94952 � fruit juice) �
(1175.21060 � pizza).1 The detailed components in each
food group are listed as Supplementary Table 1.

Assessment of Lymphocytic Reaction to Tumor
Crohn’s-like lymphoid reaction was defined as trans-

mural lymphoid reaction. Peritumoral lymphocytic reaction
was defined as discrete lymphoid reactions surrounding
tumor. Intratumoral periglandular reaction was defined as
lymphocytic reaction in tumor stroma within tumor mass.
Tumor-infiltrating lymphocytes were defined as lympho-
cytes on top of cancer cells (Supplementary Figure 1). For
any given tumor, each of the 4 lymphocytic reaction pat-
terns was scored as 0 (absent/low), 1þ (intermediate), 2þ
(moderate), or 3þ (marked).2 Because the sample size of
moderate and marked scores in each lymphocytic reaction
pattern was relatively small, we combined them into 1
category in our analysis.

Assessment of Tumor Microsatellite Instability,
CpG Island Methylator Phenotype, BRAF
Mutation, and PTGS2 Expression

MSI status was determined using 10 microsatellite
markers, D2S123, D5S346, D17S250, BAT25, BAT26,
BAT40, D18S55, D18S56, D18S67, and D18S487.3 MSI-high
was defined as the presence of instability in �30% of the
markers, non�MSI-high as no or <30% unstable markers.
CIMP was determined by promoter methylation in 8 CIMP-
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specific genes (CACNA1G, CDKN2A, CRABP1, IGF2, MLH1,
NEUROG1, RUNX3, and SOCS1).4–6 CIMP-high was defined as
�6/8 methylated promoters using the 8-marker CIMP
panel, CIMP-low/negative as 0�5 methylated promoters,
according to the previously established criteria.5 DNA from
paraffin-embedded tissues was extracted, and polymerase
chain reaction and pyrosequencing targeted for BRAF codon
600 were performed.7 PTGS2 expression was detected by
immunohistochemical technique and classified into absent,
weak, moderate, or strong degree according to the expres-
sion intensity. Cancers with no immunohistochemical PTGS2
staining or with staining of weak intensity were classified as
PTGS2-negative cancers. Cancers with immunohistochem-
ical PTGS2 staining of moderate to strong intensity were
classified as PTGS2-positive cancers.8
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Supplementary Figure 1. Patterns of lymphocytic reaction to colorectal cancer. A Crohn’s-like lymphoid reaction, charac-
terized by discrete, well-formed lymphoid aggregates (arrows) associated with the tumor but separated from the invasive front
(A). Peritumoral lymphocytic reaction, characterized by a band-like lymphocytic infiltrate (arrows) at the invasive tumor front (B).
Intratumoral periglandular reaction, characterized by lymphocytes within the tumor stroma (arrows) surrounding neoplastic
glands (C). Tumor-infiltrating lymphocytes (arrows), defined as lymphocytes present on top of neoplastic tumor epithelium (D).

1530.e2 Liu et al Gastroenterology Vol. 153, No. 6



Supplementary Table 1.The Food Components of the Empirical Dietary Inflammatory Pattern

EDIP component Food item

Positive association
Processed meat Hot dogs, processed meats (including processed meat sandwich), bacon
Red meat Hamburger, beef/pork/lamb sandwich, beef/pork/lamb main dish
Organ meat Livers
Other fish Canned tuna, shrimp, lobster, scallops, fish, and other seafood other than dark meat fish
Other vegetables Corn, mixed vegetables, eggplant, celery, alfalfa sprouts, mushrooms, green/yellow/red peppers, zucchini,

cucumbers
Refined grain White bread, white rice, bagels/English muffins/rolls, muffins, or biscuits, pasta, pancakes or waffles, refined

cold breakfast cereals
High-energy beverage Cola, Hawaiian Punch, caffeine-free Coke, Pepsi, carbonated beverage with caffeine and sugar, other

carbonated beverage with sugar
Low-energy beverage Low-calorie cola, low-calorie caffeine-free cola, low calorie beverage with caffeine, other low-calorie

carbonated beverage, other low-calorie beverage without caffeine
Tomato Fresh tomato, tomato juice, tomato sauce

Inverse association
Beer Beer, light beer
Wine White wine, red wine
Tea Tea (not herbal)
Coffee Coffee, decaffeinated coffee
Dark yellow vegetable Carrots, sweet potatoes, winter squash, yams
Green leafy vegetable Spinach, iceberg or head lettuce, romaine or leaf lettuce
Snack Potato/corn chips, popcorn, crackers
Fruit juice Apple juice, orange juice, grape juice, prune juice, other juice
Pizza Pizza
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Supplementary Table 2.Age-adjusted Baseline Characteristics of Participants across Quintiles of the Empirical Dietary Inflammatory Pattern Scores in the Nurses’ Health
Study (Women, 1984) and the Health Professionals Follow-Up Study (Men, 1986)

Characteristic

Quintiles of the EDIP scores

Women (NHS) Men (HPFS)

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) Q1 (lowest) Q2 Q3 Q4 Q5 (highest)

Participants, n 15,422 15,367 15,370 15,399 15,459 9,642 9,515 9,394 9,484 9,381
Age,a y 51.1 (6.9) 51.3 (7.1) 51.1 (7.3) 50.8 (7.2) 50.0 (7.3) 53.2 (9.1) 54.6 (9.7) 54.8 (9.8) 55.2 (10.0) 54.2 (10.0)
Race (white), % 99 98 98 97 96 93 92 91 90 89
Body mass index, kg/m2 23.8 (3.7) 24.3 (4.0) 24.9 (4.4) 25.6 (5.0) 26.7 (5.7) 25.3 (3.0) 25.3 (3.1) 25.4 (3.1) 25.5 (3.3) 26.1 (3.7)
Family history of colorectal cancer, % 8 8 8 8 8 9 9 8 8 8
Smoking, pack-years 15.5 (18.7) 12.9 (17.4) 11.4 (17.0) 10.6 (16.7) 11.5 (17.6) 16.7 (20.4) 13.6 (18.5) 12.1 (17.9) 12.1 (18.6) 12.6 (19.1)
Waist to hip ratio 0.8 (0.1) 0.8 (0.1) 0.8 (0.1) 0.8 (0.1) 0.8 (0.1) 0.6 (0.4) 0.6 (0.4) 0.6 (0.5) 0.6 (0.5) 0.6 (0.5)
Energy intake, kcal/d 1622 (438) 1581 (427) 1601 (436) 1656 (445) 1836 (483) 1990 (598) 1882 (575) 1857 (573) 1948 (607) 2255 (659)
Total activity,b METS-h/wk 16.2 (24.6) 14.6 (20.3) 14.0 (21.2) 13.3 (19.6) 12.4 (18.4) 20.3 (26.3) 19.7 (26.9) 18.3 (24.5) 17.9 (25.7) 17.4 (26.0)
Current multivitamin use, % 39 39 37 36 34 44 43 43 41 38
History of endoscopy, % 54 55 56 55 55 27 27 25 26 24
Total alcohol intake, g/d 12.3 (13.8) 6.8 (9.2) 5.4 (8.5) 4.4 (7.8) 4.1 (8.3) 21.2 (20.7) 11.9 (13.9) 9.0 (12.3) 7.5 (11.5) 6.8 (12.1)
Regular aspirin use,c % 39 39 39 39 42 31 30 29 28 29
Postmenopausal hormone use,d % 46 45 46 46 45 — — — — —

Food group components of the empirical dietary inflammatory pattern
Processed meat, serving/d 0.23 (0.24) 0.25 (0.24) 0.28 (0.27) 0.33 (0.31) 0.47 (0.49) 0.28 (0.31) 0.29 (0.31) 0.31 (0.34) 0.37 (0.37) 0.56 (0.65)
Red meat, serving/d 0.54 (0.34) 0.57 (0.35) 0.60 (0.37) 0.67 (0.39) 0.81 (0.48) 0.51 (0.38) 0.52 (0.39) 0.55 (0.41) 0.63 (0.43) 0.83 (0.59)
Organ meat, serving/d 0.02 (0.04) 0.02 (0.04) 0.02 (0.04) 0.03 (0.04) 0.03 (0.05) 0.01 (0.03) 0.02 (0.04) 0.02 (0.04) 0.02 (0.04) 0.02 (0.04)
Other fish, serving/d 0.26 (0.21) 0.26 (0.21) 0.27 (0.22) 0.29 (0.24) 0.34 (0.31) 0.29 (0.23) 0.30 (0.23) 0.30 (0.24) 0.34 (0.27) 0.39 (0.39)
Other vegetable, serving/d 0.79 (0.64) 0.76 (0.56) 0.79 (0.59) 0.82 (0.63) 0.98 (0.95) 0.78 (0.64) 0.77 (0.61) 0.77 (0.61) 0.83 (0.65) 0.99 (0.89)
Refined grain, serving/d 0.92 (0.72) 1.02 (0.78) 1.16 (0.91) 1.36 (1.03) 1.87 (1.36) 0.91 (0.76) 0.97 (0.81) 1.06 (0.89) 1.27 (1.05) 1.89 (1.55)
High-energy beverage, serving/d 0.13 (0.26) 0.17 (0.30) 0.22 (0.37) 0.30 (0.46) 0.66 (1.02) 0.17 (0.30) 0.21 (0.35) 0.26 (0.41) 0.35 (0.50) 0.73 (1.01)
Low-energy beverage, serving/d 0.38 (0.67) 0.42 (0.67) 0.48 (0.75) 0.63 (0.93) 1.18 (1.68) 0.32 (0.62) 0.37 (0.69) 0.41 (0.71) 0.50 (0.84) 0.90 (1.57)
Tomato, serving/d 0.50 (0.38) 0.50 (0.37) 0.52 (0.37) 0.57 (0.41) 0.71 (0.64) 0.53 (0.43) 0.53 (0.42) 0.54 (0.40) 0.60 (0.45) 0.78 (0.74)
Beer, serving/d 0.21 (0.69) 0.09 (0.32) 0.06 (0.24) 0.04 (0.19) 0.03 (0.18) 0.65 (1.14) 0.29 (0.54) 0.19 (0.39) 0.15 (0.35) 0.12 (0.29)
Wine, serving/d 0.68 (0.96) 0.25 (0.37) 0.17 (0.28) 0.12 (0.21) 0.09 (0.19) 0.64 (0.96) 0.26 (0.36) 0.17 (0.26) 0.12 (0.21) 0.09 (0.19)
Tea, serving/d 0.72 (1.23) 0.72 (1.19) 0.70 (1.13) 0.68 (1.09) 0.65 (1.06) 0.48 (1.01) 0.45 (0.89) 0.42 (0.82) 0.41 (0.80) 0.40 (0.80)

Coffee, serving/d 4.03 (2.01) 3.03 (1.79) 2.27 (1.64) 1.76 (1.53) 1.36 (1.44) 3.45 (2.13) 2.34 (1.75) 1.67 (1.55) 1.29 (1.42) 1.07 (1.32)
Dark yellow vegetable, serving/d 0.37 (0.45) 0.31 (0.29) 0.29 (0.27) 0.28 (0.26) 0.27 (0.25) 0.38 (0.52) 0.33 (0.35) 0.31 (0.31) 0.30 (0.29) 0.30 (0.30)
Green leafy vegetable, serving/d 1.12 (0.94) 0.86 (0.59) 0.78 (0.54) 0.72 (0.51) 0.70 (0.53) 0.93 (0.86) 0.77 (0.60) 0.68 (0.51) 0.65 (0.49) 0.63 (0.53)
Snack, serving/d 0.88 (1.38) 0.64 (0.96) 0.56 (0.82) 0.53 (0.75) 0.56 (0.76) 0.67 (0.97) 0.55 (0.74) 0.51 (0.65) 0.50 (0.59) 0.55 (0.66)
Fruit juice, serving/d 0.81 (0.92) 0.76 (0.79) 0.73 (0.72) 0.70 (0.67) 0.68 (0.69) 0.90 (1.17) 0.83 (0.86) 0.77 (0.74) 0.73 (0.71) 0.72 (0.77)
Pizza, serving/d 0.08 (0.10) 0.07 (0.07) 0.06 (0.06) 0.06 (0.06) 0.06 (0.06) 0.12 (0.15) 0.08 (0.09) 0.07 (0.08) 0.07 (0.07) 0.06 (0.07)

NOTE. Values are mean (SD) for continuous variables.
METS, metabolic equivalent task score.
aAll variables are age-standardized except age.
bPhysical activity is represented by the product sum of the METS of each specific recreational activity and hours spent on that activity per week.
cA standard tablet contains 325 mg aspirin, and regular users were defined as those who used at least 2 tablets/wk.
dProportion of postmenopausal hormone use was calculated among postmenopausal women only.
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Supplementary Table 3.Postdiagnostic Empirical Dietary Inflammatory Pattern Scores and Colorectal Cancer Mortality in the
Pooled Cohorts of the Nurses’ Health Study (Women) and the Health Professionals Follow-Up Study
(Men)

EDIP scores No. of casesa

Colorectal cancer-specific mortality Overall mortality

No. of events
Univariable

HRb (95% CI)
Multivariable

HRb,c (95% CI) No. of events
Univariable

HRb (95% CI)
Multivariable

HRb,c (95% CI)

Tertile 1 412 53 1 (referent) 1 (referent) 182 1 (referent) 1 (referent)
Tertile 2 326 63 1.54 (1.06�2.24) 1.52 (1.04�2.23) 168 1.31 (1.05�1.62) 1.29 (1.03�1.61)
Tertile 3 382 62 1.27 (0.87�1.84) 1.21 (0.82�1.78) 198 1.42 (1.16�1.75) 1.43 (1.15�1.77)
Per tertile increase — — 1.12 (0.93�1.33) 1.09 (0.91�1.31) — 1.19 (1.08�1.32) 1.19 (1.07�1.33)
Ptrend

d
— — .23 .36 — <.001 .002

aSurvival analyses were restricted in colorectal cancer cases with lymphocytic reaction status.
bAll analyses were stratified by age group at diagnosis, tumor stage, and sex.
cThe multivariable HRs were further adjusted for age at diagnosis, year of diagnosis, tumor stage, tumor location, tumor
differentiation, family history of colorectal cancer, prediagnostic empirical dietary index pattern scores (tertiles), postdiagnostic
aspirin use, postdiagnostic pack-years of smoking (0 vs 1�19 vs 20-39 vs �40 pack-years), postdiagnostic alcohol use (0 vs
1�5 vs 6�15 vs >15 g/d), postdiagnostic body mass index (<25 vs 25�29.9 vs �30 kg/m2), and postdiagnostic physical
activity (0�3 vs >3�9 vs >9�18 vs >18 mean metabolic equivalent task score [METS]-h/wk).
dTrend test for each tertile increase of EDIP score.
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Supplementary Table 4.Empirical Dietary Inflammatory Pattern Scores and Risk of Colorectal Cancer by Components of Lymphocytic Reaction in the Nurses’ Health
Study (Women) and the Health Professionals Follow-Up Study (Men) Separately

Analysis

Quintiles of the EDIP scores

Ptrend
a Pheterogeneity

bQ1 (lowest) Q2 Q3 Q4 Q5 (highest)

Women (NHS)
Person-years 405,701 406,676 378,177 394,498 375,243
Overall colorectal cancer
No. of cases (n ¼ 676) 152 127 142 132 123
Age-adjusted HR (95% CI)c 1 (referent) 0.76 (0.64�0.90) 0.91 (0.77�1.07) 0.88 (0.75�1.04) 0.97 (0.82�1.15) .81
Multivariable HR (95% CI)d 1 (referent) 0.77 (0.65�0.92) 0.92 (0.77�1.09) 0.89 (0.75�1.05) 0.96 (0.80�1.14) .93

Crohn’s-like lymphoid reaction .85
Absent/low

No. of cases (n ¼ 431) 94 81 96 83 77
Age-adjusted HR (95% CI)c 1 (referent) 0.83 (0.61�1.12) 0.96 (0.72�1.29) 0.87 (0.64�1.18) 0.97 (0.71�1.31) .90
Multivariable HR (95% CI)d 1 (referent) 0.84 (0.62�1.14) 0.97 (0.72�1.30) 0.88 (0.64�1.19) 0.96 (0.70�1.31) .90

Intermediate
No. of cases (n ¼ 88) 20 20 10 19 19
Age�adjusted HR (95% CI)c 1 (referent) 0.83 (0.44�1.55) 0.56 (0.27�1.19) 0.97 (0.52�1.81) 1.17 (0.63�2.20) .54
Multivariable HR (95% CI)d 1 (referent) 0.83 (0.44�1.55) 0.56 (0.26�1.20) 0.97 (0.51�1.83) 1.15 (0.61�2.18) .58

High
No. of cases (n ¼ 47) 11 7 10 10 9
Age-adjusted HR (95% CI)c 1 (referent) 0.52 (0.20�1.36) 0.79 (0.32�1.91) 0.88 (0.36�2.12) 0.98 (0.39�2.44) .89
Multivariable HR (95% CI)d 1 (referent) 0.53 (0.21�1.39) 0.80 (0.33�1.92) 0.88 (0.36�2.14) 0.97 (0.39�2.39) .91

Peritumoral lymphocytic reaction .16
Absent/low

No. of cases (n ¼ 91) 17 17 18 19 20
Age�adjusted HR (95% CI)c 1 (referent) 1.15 (0.58�2.27) 1.24 (0.63�2.44) 1.28 (0.66�2.47) 1.71 (0.89�3.29) .13
Multivariable HR (95% CI)d 1 (referent) 1.17 (0.59�2.31) 1.25 (0.63�2.46) 1.30 (0.67�2.55) 1.69 (0.88�3.27) .13

Intermediate
No. of cases (n ¼ 465) 115 85 94 86 85
Age�adjusted HR (95% CI)c 1 (referent) 0.65 (0.48�0.87) 0.76 (0.57�1.01) 0.73 (0.54�0.98) 0.84 (0.63�1.12) .36
Multivariable HR (95% CI)d 1 (referent) 0.66 (0.49�0.89) 0.77 (0.58�1.03) 0.74 (0.55�0.99) 0.82 (0.61�1.11) .34

High
No. of cases (n ¼ 116) 20 23 29 27 17
Age�adjusted HR (95% CI)c 1 (referent) 1.03 (0.56�1.89) 1.44 (0.81�2.56) 1.42 (0.79�2.54) 1.03 (0.53�2.00) .45
Multivariable HR (95% CI)d 1 (referent) 1.03 (0.56�1.89) 1.44 (0.81�2.55) 1.39 (0.77�2.50) 0.99 (0.51�1.92) .52

Intratumoral periglandular reaction .13
Absent/low

No. of cases (n ¼ 85) 16 14 18 21 16
Age�adjusted HR (95% CI)c 1 (referent) 1.04 (0.50�2.16) 1.38 (0.69�2.73) 1.60 (0.82�3.10) 1.56 (0.77�3.16) .11
Multivariable HR (95% CI)d 1 (referent) 1.06 (0.51�2.21) 1.38 (0.70�2.75) 1.63 (0.83�3.20) 1.54 (0.76�3.13) .11

Intermediate
No. of cases (n ¼ 496) 120 95 101 87 93
Age�adjusted HR (95% CI)c 1 (referent) 0.72 (0.54�0.95) 0.79 (0.60�1.04) 0.71 (0.53�0.95) 0.88 (0.67�1.17) .39
Multivariable HR (95% CI)d 1 (referent) 0.73 (0.55�0.97) 0.80 (0.60�1.05) 0.72 (0.54�0.97) 0.87 (0.65�1.16) .37
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Supplementary Table 4.Continued

Analysis

Quintiles of the EDIP scores

Ptrend
a Pheterogeneity

bQ1 (lowest) Q2 Q3 Q4 Q5 (highest)

High
No. of cases (n ¼ 92) 16 17 22 24 13
Age�adjusted HR (95% CI)c 1 (referent) 0.80 (0.40�1.62) 1.32 (0.68�2.57) 1.46 (0.76�2.82) 0.97 (0.45�2.10) .41
Multivariable HR (95% CI)d 1 (referent) 0.80 (0.40�1.62) 1.31 (0.68�2.56) 1.45 (0.75�2.79) 0.94 (0.44�2.02) .46

Tumor�infiltrating lymphocytes .18
Absent/low

No. of cases (n ¼ 481) 115 88 104 91 83
Age�adjusted HR (95% CI)c 1 (referent) 0.71 (0.53�0.94) 0.86 (0.65�1.13) 0.79 (0.60�1.05) 0.86 (0.64�1.15) .48
Multivariable HR (95% CI)d 1 (referent) 0.72 (0.54�0.96) 0.87 (0.66�1.14) 0.80 (0.60�1.07) 0.85 (0.63�1.14) .46

Intermediate
No. of cases (n ¼ 118) 21 24 24 20 29
Age�adjusted HR (95% CI)c 1 (referent) 1.12 (0.61�2.04) 1.23 (0.67�2.26) 1.07 (0.57�2.02) 1.74 (0.97�3.12) .08
Multivariable HR (95% CI)d 1 (referent) 1.13 (0.61�2.07) 1.23 (0.67�2.29) 1.07 (0.56�2.02) 1.68 (0.94�3.02) .09

High
No. of cases (n ¼ 77) 16 15 14 21 11
Age�adjusted HR (95% CI)c 1 (referent) 0.72 (0.35�1.46) 0.88 (0.42�1.85) 1.32 (0.68�2.55) 0.85 (0.39�1.87) .80
Multivariable HR (95% CI)d 1 (referent) 0.74 (0.37�1.51) 0.89 (0.43�1.87) 1.33 (0.68�2.59) 0.84 (0.38�1.86) .82

Men (HPFS)
Person�years 219,667 213,902 206,810 203,426 194,159
Overall colorectal cancer
No. of cases (n ¼ 635) 125 121 117 125 147

Age�adjusted HR (95% CI)c 1 (referent) 0.95 (0.78�1.16) 0.87 (0.71�1.07) 1.06 (0.87�1.28) 1.27 (1.05�1.54) .01
Multivariable HR (95% CI)d 1 (referent) 1.02 (0.84�1.25) 0.98 (0.80�1.21) 1.20 (0.98�1.47) 1.48 (1.21�1.82) <.001

Crohn’s�like lymphoid reaction .39
Absent/low

No. of cases (n ¼ 382) 74 76 68 80 84
Age�adjusted HR (95% CI)c 1 (referent) 0.94 (0.68�1.31) 0.83 (0.59�1.16) 1.11 (0.81�1.52) 1.10 (0.80�1.52) .43
Multivariable HR (95% CI)d 1 (referent) 1.04 (0.75�1.45) 0.95 (0.68�1.34) 1.28 (0.94�1.76) 1.30 (0.94�1.79) .08

Intermediate
No. of cases (n ¼ 95) 17 19 18 14 27
Age�adjusted HR (95% CI)c 1 (referent) 1.07 (0.56�2.07) 0.93 (0.47�1.85) 0.86 (0.41�1.80) 1.66 (0.88�3.13) .24
Multivariable HR (95% CI)d 1 (referent) 1.17 (0.60�2.27) 1.08 (0.54�2.15) 1.00 (0.47�2.11) 1.92 (1.00�3.69) .11

High
No. of cases (n ¼ 33) 9 6 8 3 7
Age�adjusted HR (95% CI)c 1 (referent) 0.50 (0.18�1.40) 0.81 (0.33�2.00) 0.21 (0.06�0.76) 0.78 (0.30�1.98) .40
Multivariable HR (95% CI)d 1 (referent) 0.53 (0.20�1.43) 0.89 (0.37�2.14) 0.24 (0.06�0.90) 0.88 (0.34�2.24) .54

Peritumoral lymphocytic reaction <.001
Absent/low

No. of cases (n ¼ 91) 10 14 14 22 31
Age�adjusted HR (95% CI)c 1 (referent) 1.82 (0.77�4.33) 1.40 (0.60�3.26) 2.68 (1.22�5.93) 4.50 (2.11�9.59) <.001
Multivariable HR (95% CI)d 1 (referent) 2.00 (0.84�4.75) 1.59 (0.68�3.72) 3.05 (1.39�6.71) 5.35 (2.52�11.39) <.001
Intermediate
No. of cases (n ¼ 442) 90 86 82 85 99
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Supplementary Table 4.Continued

Analysis

Quintiles of the EDIP scores

Ptrend
a Pheterogeneity

bQ1 (lowest) Q2 Q3 Q4 Q5 (highest)

Age�adjusted HR (95% CI)c 1 (referent) 0.90 (0.66�1.21) 0.84 (0.62�1.13) 0.99 (0.73�1.34) 1.10 (0.82�1.47) .47
Multivariable HR (95% CI)d 1 (referent) 0.96 (0.71�1.30) 0.94 (0.69�1.28) 1.14 (0.84�1.54) 1.28 (0.95�1.73) .09

High
No. of cases (n ¼ 100) 24 20 21 18 17
Age�adjusted HR (95% CI)c 1 (referent) 0.81 (0.45�1.45) 0.79 (0.43�1.45) 0.72 (0.39�1.35) 0.73 (0.39�1.35) .28
Multivariable HR (95% CI)d 1 (referent) 0.87 (0.49�1.55) 0.89 (0.49�1.63) 0.81 (0.43�1.51) 0.84 (0.45�1.56) .53

Intratumoral periglandular reaction .02
Absent/low

No. of cases (n ¼ 79) 15 11 13 17 23
Age�adjusted HR (95% CI)c 1 (referent) 1.05 (0.46�2.38) 0.94 (0.43�2.05) 1.59 (0.76�3.31) 2.60 (1.33�5.09) .005
Multivariable HR (95% CI)d 1 (referent) 1.14 (0.50�2.58) 1.05 (0.48�2.29) 1.81 (0.88�3.73) 3.06 (1.57�5.94) .001

Intermediate
No. of cases (n ¼ 480) 96 90 87 95 112
Age�adjusted HR (95% CI)c 1 (referent) 0.88 (0.66�1.19) 0.83 (0.62�1.11) 1.00 (0.75�1.34) 1.17 (0.89�1.55) .23
Multivariable HR (95% CI)d 1 (referent) 0.95 (0.70�1.27) 0.93 (0.69�1.26) 1.15 (0.87�1.54) 1.38 (1.04�1.83) .02

High
No. of cases (n ¼ 78) 14 20 18 13 13
Age�adjusted HR (95% CI)c 1 (referent) 1.35 (0.69�2.64) 1.16 (0.57�2.36) 0.91 (0.42�1.97) 0.88 (0.42�1.86) .46
Multivariable HR (95% CI)d 1 (referent) 1.46 (0.75�2.82) 1.33 (0.66�2.68) 1.03 (0.48�2.22) 1.02 (0.48�2.16) .77

Tumor-infiltrating lymphocytes .83
Absent/low

No. of cases (n ¼ 503) 92 99 96 98 118
Age�adjusted HR (95% CI)c 1 (referent) 1.06 (0.79�1.41) 0.97 (0.73�1.30) 1.11 (0.83�1.49) 1.37 (1.04�1.81) .05
Multivariable HR (95% CI)d 1 (referent) 1.13 (0.85�1.52) 1.09 (0.81�1.46) 1.27 (0.95�1.69) 1.60 (1.20�2.12) .003

Intermediate
No. of cases (n ¼ 81) 20 14 10 20 17
Age�adjusted HR (95% CI)c 1 (referent) 0.71 (0.36�1.42) 0.45 (0.20�0.99) 1.18 (0.63�2.21) 0.93 (0.48�1.80) .69
Multivariable HR (95% CI)d 1 (referent) 0.77 (0.38�1.54) 0.51 (0.23�1.13) 1.35 (0.72�2.56) 1.08 (0.55�2.12) .41

High
No. of cases (n ¼ 51) 13 8 11 7 12
Age�adjusted HR (95% CI)c 1 (referent) 0.53 (0.22�1.24) 0.78 (0.34�1.78) 0.44 (0.17�1.11) 1.00 (0.44�2.26) .92
Multivariable HR (95% CI)d 1 (referent) 0.57 (0.25�1.31) 0.87 (0.38�1.98) 0.52 (0.20�1.32) 1.21 (0.52�2.78) .80

aLinear trend test using the median value of each EDIP score quintile.
bThe Wald test was used to test for the heterogeneity of the associations between EDIP scores and colorectal cancer risk according to the components of lymphocytic
reaction. The heterogeneity test was adjusted for time-varying pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal cancer,
endoscopy status, physical activity level (quintiles of mean metabolic equivalent task score [METS]-h/wk), total energy intake (quintiles of kcal/d), total alcohol intake (0 vs
1�5 vs 6�15 vs >15 g/d), current multivitamin use, regular aspirin use, and postmenopausal hormone use (only for women).
cDuplication-method Cox proportional cause-specific hazards regression weighted by inverse probabilities based on immune marker availability for competing risks data
was used to compute HRs and 95% CIs. All analyses were stratified by age (in month) and year of questionnaire return.
dMultivariable HR was further adjusted for time-varying pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal cancer, endoscopy
status, physical activity level (quintiles of METS-h/wk), total energy intake (quintiles of kcal/d), total alcohol intake (0 vs 1�5 vs 6�15 vs >15 g/d), current multivitamin use,
and regular aspirin use. Models were adjusted for postmenopausal hormone use in the analyses of women.
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Supplementary Table 5.Empirical Dietary Inflammatory Pattern Scores and Risk of Colorectal Cancer by Microsatellite
Instability Status in the Pooled Cohorts of the Nurses’ Health Study (Women) and the Health
Professionals Follow-Up Study (Men)

Analysis

Quintiles of the EDIP scores

Ptrend
a Pheterogeneity

bQ1 (lowest) Q2 Q3 Q4 Q5 (highest)

MSI .72
Non�MSI-high
No. of cases (n ¼ 999) 208 196 192 197 206
Age-adjusted HR (95% CI)c 1 (referent) 0.86 (0.71�1.05) 0.88 (0.72�1.07) 0.92 (0.76�1.13) 1.05 (0.86�1.27) .53
Multivariable HR (95% CI)d 1 (referent) 0.91 (0.75�1.12) 0.95 (0.78�1.17) 1.01 (0.83�1.24) 1.13 (0.93�1.39) .14

MSI-high
No. of cases (n ¼ 187) 39 32 46 34 36
Age-adjusted HR (95% CI)c 1 (referent) 0.73 (0.45�1.17) 1.05 (0.68�1.62) 0.79 (0.50�1.25) 0.94 (0.59�1.48) .90
Multivariable HR (95% CI)d 1 (referent) 0.78 (0.49�1.26) 1.14 (0.74�1.75) 0.85 (0.54�1.36) 1.02 (0.64�1.62) .83

aLinear trend test using the median value of each EDIP score quintile.
bThe Wald test was used to test for the heterogeneity of the associations between EDIP scores and colorectal cancer risk
according to MSI status. The heterogeneity test was adjusted for time-varying pack-years of smoking (0 vs 1�19 vs 20�39 vs
�40 pack-years), family history of colorectal cancer, endoscopy status, physical activity level (quintiles of mean metabolic
equivalent task score (METS)-h/wk), total energy intake (quintiles of kcal/d), total alcohol intake (0 vs 1�5 vs 6�15 vs >15 g/d),
current multivitamin use, and regular aspirin use.
cDuplication-method Cox proportional cause-specific hazards regression weighted by inverse probabilities based on MSI
status availability for competing risks data was used to compute HRs and 95% CIs. All analyses were stratified by age (in
month), year of questionnaire return, and sex.
dMultivariable HR was further adjusted for time-varying pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years),
family history of colorectal cancer, endoscopy status, physical activity level (quintiles of METS-h/wk), total energy intake
(quintiles of kcal/d), total alcohol intake (0 vs 1�5 vs 6�15 vs >15 g/d), current multivitamin use, and regular aspirin use.
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Supplementary Table 6.Empirical Dietary Inflammatory Pattern Scores and Risk of Colorectal Cancer by Components of
Lymphocytic Reaction in the Pooled Cohorts of the Nurses’ Health Study (Women) and the Health
Professionals Follow-Up Study (Men) by Further Adjustment for Body Mass Index

Analysis

Quintiles of the EDIP scores

Ptrend
a Pheterogeneity

bQ1 (lowest) Q2 Q3 Q4 Q5 (highest)

Overall
Multivariable HR (95% CI)c 1 (referent) 0.85 (0.74�0.97) 0.92 (0.80�1.04) 0.96 (0.85�1.10) 1.09 (0.95�1.25) .08

Crohn’s-like lymphoid reaction .54
Absent/low
Multivariable HR (95% CI)c 1 (referent) 0.89 (0.71�1.11) 0.93 (0.75�1.17) 1.00 (0.80�1.25) 1.06 (0.84�1.32) .47

Intermediate
Multivariable HR (95% CI)c 1 (referent) 0.92 (0.59�1.46) 0.70 (0.43�1.16) 0.90 (0.55�1.46) 1.41 (0.90�2.21) .19

High
Multivariable HR (95% CI)c 1 (referent) 0.56 (0.28�1.12) 0.86 (0.46�1.59) 0.62 (0.30�1.29) 0.94 (0.48�1.82) .77

Peritumoral lymphocytic reaction <.001
Absent/low
Multivariable HR (95% CI)c 1 (referent) 1.29 (0.75�2.21) 1.25 (0.73�2.15) 1.66 (1.00�2.76) 2.50 (1.54�4.06) <.001

Intermediate
Multivariable HR (95% CI)c 1 (referent) 0.76 (0.62�0.94) 0.82 (0.67�1.01) 0.86 (0.69�1.06) 0.95 (0.77�1.17) .90

High
Multivariable HR (95% CI)c 1 (referent) 0.94 (0.62�1.43) 1.14 (0.76�1.72) 1.08 (0.71�1.65) 0.87 (0.55�1.39) .84

Intratumoral periglandular reaction .04
Absent/low
Multivariable HR (95% CI)c 1 (referent) 0.93 (0.54�1.62) 1.10 (0.65�1.86) 1.45 (0.88�2.39) 1.79 (1.10�2.92) .005

Intermediate
Multivariable HR (95% CI)c 1 (referent) 0.81 (0.66�0.99) 0.84 (0.68�1.02) 0.86 (0.70�1.06) 1.02 (0.83�1.25) .76

High
Multivariable HR (95% CI)c 1 (referent) 1.03 (0.64�1.67) 1.32 (0.81�2.14) 1.26 (0.77�2.07) 0.92 (0.53�1.59) .86

Tumor�infiltrating lymphocytes .54
Absent/low
Multivariable HR (95% CI)c 1 (referent) 0.85 (0.70�1.05) 0.93 (0.76�1.14) 0.94 (0.76�1.15) 1.06 (0.86�1.30) .45

Intermediate
Multivariable HR (95% CI)c 1 (referent) 0.92 (0.59�1.45) 0.86 (0.53�1.38) 1.10 (0.70�1.72) 1.35 (0.87�2.09) .13

High
Multivariable HR (95% CI)c 1 (referent) 0.68 (0.40�1.16) 0.87 (0.50�1.50) 0.99 (0.58�1.70) 0.99 (0.56�1.75) .74

aLinear trend test using the median value of each EDIP score quintile.
bThe Wald test was used to test for the heterogeneity of the associations between the EDIP scores and colorectal cancer risk
according to the components of lymphocytic reaction. The heterogeneity test was adjusted for time-varying body mass index
(<25 vs 25�29.9 vs �30 kg/m2), pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal
cancer, endoscopy status, physical activity level (quintiles of mean metabolic equivalent task score [METS]-h/wk), total energy
intake (quintiles of kcal/d), total alcohol intake (0 vs 1�5 vs 6�15 vs >15 g/d), current multivitamin use, and regular aspirin use.
cDuplication-method Cox proportional cause-specific hazards regression weighted by inverse probabilities based on immune
marker availability for competing risks data was used to compute HRs and 95% CIs. All analyses were stratified by age (in
month), year of questionnaire return and sex. Multivariable HR was further adjusted for time-varying body mass index (<25 vs
25�29.9 vs �30 kg/m2), pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal cancer,
endoscopy status, physical activity level (quintiles of METS-h/wk), total energy intake (quintiles of kcal/d), total alcohol intake
(0 vs 1�5 vs 6�15 vs >15 g/d), current multivitamin use and regular aspirin use.
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Supplementary Table 7.Empirical Dietary Inflammatory Pattern Scores and Risk of Colorectal Cancer by Peritumoral Lymphocytic Reaction in the Pooled Cohorts of the
Nurses’ Health Study (Women) and the Health Professionals Follow-Up Study (Men) by Adjustment for Different Covariates

Analysis

Quintiles of the EDIP scores

Ptrend
a Pheterogeneity

b
Q1

(lowest) Q2 Q3 Q4
Q5

(highest)

Peritumoral lymphocytic reaction
Absent/low
Multivariable HR (95% CI)c 1 (referent) 1.27 (0.74�2.18) 1.22 (0.72�2.09) 1.63 (0.99�2.70) 2.47 (1.52�4.00) <.001 .001
Multivariable HR (95% CI)d 1 (referent) 1.25 (0.73�2.14) 1.20 (0.70�2.05) 1.59 (0.96�2.64) 2.41 (1.49�3.90) <.001 .001
Multivariable HR (95% CI)e 1 (referent) 1.26 (0.74�2.16) 1.21 (0.71�2.06) 1.58 (0.96�2.62) 2.41 (1.49�3.89) <.001 .001
Multivariable HR (95% CI)f 1 (referent) 1.24 (0.72�2.12) 1.18 (0.69�2.02) 1.56 (0.94�2.58) 2.35 (1.46�3.81) <.001 .001
Multivariable HR (95% CI)g 1 (referent) 1.25 (0.73�2.14) 1.20 (0.70�2.05) 1.59 (0.96�2.63) 2.38 (1.47�3.86) <.001 .001
Multivariable HR (95% CI)h 1 (referent) 1.31 (0.77�2.25) 1.29 (0.75�2.20) 1.74 (1.05�2.89) 2.68 (1.64�4.36) <.001 .001
Multivariable HR (95% CI)i 1 (referent) 1.25 (0.73�2.14) 1.20 (0.70�2.04) 1.59 (0.96�2.62) 2.39 (1.48�3.87) <.001 .001
Multivariable HR (95% CI)j 1 (referent) 1.25 (0.73�2.14) 1.19 (0.70�2.04) 1.59 (0.96�2.63) 2.41 (1.49�3.89) <.001 .001
Multivariable HR (95% CI)k 1 (referent) 1.23 (0.72�2.10) 1.17 (0.69�2.00) 1.54 (0.93�2.55) 2.29 (1.41�3.70) <.001 .001
Multivariable HR (95% CI)l 1 (referent) 1.14 (0.47�2.74) 2.05 (0.89�4.74) 2.37 (1.07�5.26) 3.54 (1.65�7.60) <.001 <.001
Multivariable HR (95% CI)m 1 (referent) 1.11 (0.64�1.93) 1.30 (0.73�2.32) 1.65 (0.97�2.79) 2.25 (1.33�3.80) .002 <.001

Intermediate
Multivariable HR (95% CI)c 1 (referent) 0.75 (0.60�0.92) 0.80 (0.65�0.98) 0.83 (0.67�1.02) 0.94 (0.77�1.15) .79 —

Multivariable HR (95% CI)d 1 (referent) 0.74 (0.60�0.91) 0.78 (0.63�0.96) 0.81 (0.66�1.00) 0.92 (0.75�1.13) .65 —

Multivariable HR (95% CI)e 1 (referent) 0.74 (0.60�0.91) 0.78 (0.64�0.96) 0.81 (0.65�1.00) 0.91 (0.74�1.11) .54 —

Multivariable HR (95% CI)f 1 (referent) 0.73 (0.59�0.90) 0.77 (0.63�0.95) 0.80 (0.65�0.99) 0.90 (0.74�1.11) .52 —

Multivariable HR (95% CI)g 1 (referent) 0.74 (0.60�0.91) 0.78 (0.64�0.96) 0.81 (0.66�1.00) 0.91 (0.74�1.11) .54 —

Multivariable HR (95% CI)h 1 (referent) 0.77 (0.63�0.96) 0.84 (0.68�1.04) 0.89 (0.72�1.10) 1.02 (0.83�1.26) .57 —

Multivariable HR (95% CI)i 1 (referent) 0.74 (0.60�0.91) 0.78 (0.63�0.96) 0.81 (0.66�1.00) 0.91 (0.74�1.12) .59 —

Multivariable HR (95% CI)j 1 (referent) 0.74 (0.60�0.91) 0.78 (0.63�0.96) 0.81 (0.66�1.00) 0.92 (0.75�1.13) .65 —

Multivariable HR (95% CI)k 1 (referent) 0.73 (0.59�0.90) 0.77 (0.62�0.94) 0.79 (0.64�0.97) 0.88 (0.71�1.08) .36 —

Multivariable HR (95% CI)l 1 (referent) 0.70 (0.35�1.37) 1.17 (0.63�2.15) 1.26 (0.69�2.30) 1.37 (0.76�2.45) .04 —

Multivariable HR (95% CI)m 1 (referent) 0.68 (0.53�0.89) 0.74 (0.57�0.97) 0.88 (0.67�1.15) 0.87 (0.66�1.16) .39 —

High
Multivariable HR (95% CI)c 1 (referent) 0.93 (0.61�1.41) 1.12 (0.74�1.70) 1.08 (0.71�1.65) 0.88 (0.56�1.40) .87 —

Multivariable HR (95% CI)d 1 (referent) 0.92 (0.60�1.40) 1.10 (0.73�1.67) 1.07 (0.70�1.62) 0.87 (0.55�1.38) .81 —

Multivariable HR (95% CI)e 1 (referent) 0.91 (0.60�1.38) 1.09 (0.72�1.64) 1.04 (0.68�1.58) 0.84 (0.53�1.33) .69 —

Multivariable HR (95% CI)f 1 (referent) 0.91 (0.60�1.39) 1.09 (0.72�1.64) 1.04 (0.68�1.58) 0.84 (0.53�1.34) .70 —

Multivariable HR (95% CI)g 1 (referent) 0.92 (0.60�1.40) 1.11 (0.73�1.67) 1.06 (0.70�1.62) 0.85 (0.54�1.36) .74 —

Multivariable HR (95% CI)h 1 (referent) 0.96 (0.63�1.46) 1.18 (0.78�1.79) 1.16 (0.76�1.77) 0.96 (0.60�1.53) .77 —

Multivariable HR (95% CI)i 1 (referent) 0.91 (0.60�1.39) 1.10 (0.73�1.66) 1.06 (0.69�1.61) 0.86 (0.54�1.36) .76 —

Multivariable HR (95% CI)j 1 (referent) 0.91 (0.60�1.38) 1.09 (0.72�1.65) 1.05 (0.69�1.60) 0.86 (0.54�1.36) .77 —
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Supplementary Table 7.Continued

Analysis

Quintiles of the EDIP scores

Ptrend
a Pheterogeneity

b
Q1

(lowest) Q2 Q3 Q4
Q5

(highest)

Multivariable HR (95% CI)k 1 (referent) 0.90 (0.59�1.38) 1.07 (0.71�1.62) 1.02 (0.67�1.56) 0.82 (0.52�1.30) .60 —

Multivariable HR (95% CI)l 1 (referent) 0.83 (0.38�1.83) 1.82 (0.88�3.77) 1.46 (0.71�2.99) 1.16 (0.55�2.44) .19 —

Multivariable HR (95% CI)m 1 (referent) 0.82 (0.53�1.29) 1.16 (0.74�1.79) 1.01 (0.64�1.59) 0.73 (0.44�1.23) .26 —

aLinear trend test using the median value of each EDIP score quintile.
bThe Wald test was used to test for the heterogeneity of the associations between the EDIP scores and risk of colorectal cancer subtypes according to the degrees of
peritumoral lymphocytic reaction.
cDuplication-method Cox proportional cause-specific hazards regression weighted by inverse probabilities based on immune marker availability for competing risks data
was used to compute HRs and 95% CIs. All analyses were stratified by age (in month), year of questionnaire return, and sex. Multivariable HR was further adjusted for time-
varying pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years).
dMultivariable HR was further adjusted for time-varying family history of colorectal cancer (no/yes).
eMultivariable HR was further adjusted for time-varying endoscopy status (no/yes).
fMultivariable HR was further adjusted for time-varying physical activity level (quintiles of mean metabolic equivalent task score [METS]-h/wk).
gMultivariable HR was further adjusted for time-varying total energy intake (quintiles of kcal/d).
hMultivariable HR was further adjusted for time-varying total alcohol intake (0 vs 1�5 vs 6�15 vs >15 g/d).
iMultivariable HR was further adjusted for time-varying current multivitamin use (no/yes).
jMultivariable HR was further adjusted for time-varying regular aspirin use (no/yes).
kMultivariable HR was further adjusted for time-varying body mass index (<25 vs 25�29.9 vs �30 kg/m2).
lMultivariable HR was further adjusted for time-varying body mass index (<25 vs 25�29.9 vs �30 kg/m2), pack�years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years),
family history of colorectal cancer, endoscopy status, physical activity level (quintiles of METS-h/wk), total energy intake (quintiles of kcal/d), total alcohol intake (0 vs 1�5
vs 6�15 vs >15 g/d), current multivitamin use, regular aspirin use, and interactions between EDIP scores and alcohol intake.
mMultivariable HR was further adjusted for time-varying body mass index (<25 vs 25�29.9 vs �30 kg/m2), pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-
years), family history of colorectal cancer, endoscopy status, physical activity level (quintiles of METS-h/wk), total energy intake (quintiles of kcal/d), total alcohol
intake (0 vs 1�5 vs 6�15 vs >15 g/d), current multivitamin use, regular aspirin use, and interactions between EDIP scores and body mass index.
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Supplementary Table 8.Quartiles of Empirical Dietary Inflammatory Pattern Scores and Risk of Colorectal Cancer by
Components of Lymphocytic Reaction in the Pooled Cohorts of the Nurses’ Health Study (Women)
and the Health Professionals Follow-Up Study (Men)

Analysis

Quartiles of EDIP Scores

Ptrend
a Pheterogeneity

bQ1 (lowest) Q2 Q3 Q4 (highest)

Overall colorectal cancer
Age-adjusted HR (95% CI)c 1 (referent) 0.93 (0.83�1.04) 0.98 (0.88�1.10) 1.06 (0.95�1.19) 0.22
Multivariable HR (95% CI)d 1 (referent) 0.98 (0.87�1.10) 1.05 (0.94�1.18) 1.14 (1.01�1.29) 0.02

Crohn’s-like lymphoid reaction .56
Absent/low
Age-adjusted HR (95% CI)c 1 (referent) 0.90 (0.74�1.10) 1.00 (0.82�1.21) 1.05 (0.86�1.27) .56
Multivariable HR (95% CI)d 1 (referent) 0.95 (0.78�1.16) 1.07 (0.87�1.30) 1.12 (0.92�1.37) .21

Intermediate
Age-adjusted HR (95% CI)c 1 (referent) 0.97 (0.65�1.46) 0.81 (0.51�1.27) 1.34 (0.90�1.99) .23
Multivariable HR (95% CI)d 1 (referent) 1.01 (0.67�1.52) 0.86 (0.54�1.35) 1.41 (0.92�2.11) .15

High
Age-adjusted HR (95% CI)c 1 (referent) 0.77 (0.42�1.40) 0.78 (0.42�1.45) 0.90 (0.49�1.67) .65
Multivariable HR (95% CI)d 1 (referent) 0.81 (0.45�1.47) 0.84 (0.46�1.54) 0.96 (0.52�1.77) .80

Peritumoral lymphocytic reaction .006
Absent/low
Age-adjusted HR (95% CI)c 1 (referent) 1.52 (0.95�2.42) 1.31 (0.81�2.10) 2.16 (1.39�3.37) .001
Multivariable HR (95% CI)d 1 (referent) 1.60 (1.01�2.55) 1.41 (0.87�2.26) 2.33 (1.50�3.63) <.001

Intermediate
Age-adjusted HR (95% CI)c 1 (referent) 0.81 (0.67�0.98) 0.91 (0.75�1.09) 0.94 (0.78�1.13) .74
Multivariable HR (95% CI)d 1 (referent) 0.85 (0.70�1.03) 0.97 (0.80�1.18) 1.01 (0.83�1.22) .68

High
Age-adjusted HR (95% CI)c 1 (referent) 1.11 (0.77�1.62) 1.18 (0.81�1.72) 0.94 (0.63�1.42) .92
Multivariable HR (95% CI)d 1 (referent) 1.16 (0.80�1.68) 1.25 (0.86�1.82) 0.99 (0.66�1.49) .86

Intratumoral periglandular reaction .09
Absent/low
Age-adjusted HR (95% CI)c 1 (referent) 1.10 (0.68�1.76) 1.22 (0.76�1.95) 1.65 (1.06�2.58) .02
Multivariable HR (95% CI)d 1 (referent) 1.15 (0.72�1.85) 1.31 (0.82�2.09) 1.78 (1.14�2.77) .009

Intermediate
Age-adjusted HR (95% CI)c 1 (referent) 0.85 (0.71�1.02) 0.92 (0.77�1.10) 0.97 (0.82�1.16) .94
Multivariable HR (95% CI)d 1 (referent) 0.90 (0.75�1.08) 0.98 (0.82�1.18) 1.05 (0.87�1.25) .48

High
Age-adjusted HR (95% CI)c 1 (referent) 1.30 (0.85�2.00) 1.21 (0.78�1.89) 1.10 (0.69�1.75) .73
Multivariable HR (95% CI)d 1 (referent) 1.35 (0.88�2.08) 1.29 (0.83�2.01) 1.16 (0.73�1.85) .54

Tumor-infiltrating lymphocytes .46
Absent/low
Age-adjusted HR (95% CI)c 1 (referent) 0.95 (0.79�1.14) 0.97 (0.81�1.17) 1.04 (0.87�1.25) .62
Multivariable HR (95% CI)d 1 (referent) 1.00 (0.83�1.20) 1.04 (0.87�1.26) 1.12 (0.93�1.34) .21

Intermediate
Age-adjusted HR (95% CI)c 1 (referent) 0.93 (0.62�1.40) 0.96 (0.64�1.46) 1.32 (0.90�1.94) .15
Multivariable HR (95% CI)d 1 (referent) 0.98 (0.65�1.47) 1.02 (0.67�1.55) 1.40 (0.95�2.06) .09

High
Age-adjusted HR (95% CI)c 1 (referent) 0.78 (0.48�1.26) 1.09 (0.68�1.73) 0.84 (0.50�1.41) .75
Multivariable HR (95% CI)d 1 (referent) 0.81 (0.50�1.32) 1.16 (0.72�1.85) 0.90 (0.53�1.52) .98

aLinear trend test using the median value of each EDIP score quartile.
bThe Wald test was used to test for the heterogeneity of the associations between the EDIP scores and colorectal cancer risk
according to the components of lymphocytic reaction. The heterogeneity test was adjusted for time-varying pack-years of
smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal cancer, endoscopy status, physical activity level
(quintiles of mean metabolic equivalent task score (METS)-h/wk), total energy intake (quintiles of kcal/d), total alcohol intake
(0 vs 1�5 vs 6�15 vs >15 g/d), current multivitamin use, and regular aspirin use.
cDuplication-method Cox proportional cause-specific hazards regression weighted by inverse probabilities based on immune
marker availability for competing risks data was used to compute HRs and 95% CIs. All analyses were stratified by age
(in month), year of questionnaire return, and sex.
dMultivariable HR was further adjusted for time-varying pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years),
family history of colorectal cancer, endoscopy status, physical activity level (quintiles of METS/h/wk), total energy intake
(quintiles of kcal/d), total alcohol intake (0 vs 1�5 vs 6�15 vs >15 g/d), current multivitamin use, and regular aspirin use.
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Supplementary Table 9.Empirical Dietary Inflammatory Pattern Scores and Risk of Colorectal Cancer by Components of
Lymphocytic Reaction in the Pooled Cohorts of the Nurses’ Health Study (Women) and the Health
Professionals Follow-Up Study (Men) Estimated by Marginal Structural Cox Proportional Hazards
Regression Models

Analysis

Quintiles of EDIP scores

Ptrend
a Pheterogeneity

b
Q1

(lowest) Q2 Q3 Q4 Q5 (highest)

Overall colorectal cancer
Multivariable HR (95% CI)c 1 (referent) 0.85 (0.71�1.01) 0.97 (0.81�1.15) 0.93 (0.78�1.11) 1.10 (0.92�1.32) 0.18

Crohn’s-like lymphoid reaction .56
Absent/low
Multivariable HR (95% CI)c 1 (referent) 0.85 (0.68�1.07) 0.98 (0.78�1.23) 0.94 (0.75�1.18) 1.07 (0.85�1.34) .41

Intermediate
Multivariable HR (95% CI)c 1 (referent) 1.08 (0.68�1.70) 0.82 (0.50�1.35) 0.91 (0.55�1.49) 1.48 (0.95�2.33) .19

High
Multivariable HR (95% CI)c 1 (referent) 0.64 (0.31�1.30) 0.99 (0.51�1.90) 0.70 (0.33�1.50) 0.91 (0.47�1.79) .77

Peritumoral lymphocytic reaction .004
Absent/low
Multivariable HR (95% CI)c 1 (referent) 1.10 (0.65�1.88) 1.29 (0.76�2.20) 1.58 (0.95�2.61) 2.27 (1.40�3.67) <.001

Intermediate
Multivariable HR (95% CI)c 1 (referent) 0.77 (0.62�0.95) 0.87 (0.70�1.08) 0.82 (0.66�1.01) 0.98 (0.80�1.21) .99

High
Multivariable HR (95% CI)c 1 (referent) 0.98 (0.64�1.51) 1.25 (0.82�1.90) 1.13 (0.73�1.74) 0.96 (0.60�1.53) .83

Intratumoral periglandular reaction .21
Absent/low
Multivariable HR (95% CI)c 1 (referent) 0.78 (0.45�1.34) 1.06 (0.63�1.80) 1.30 (0.79�2.14) 1.49 (0.92�2.41) .03

Intermediate
Multivariable HR (95% CI)c 1 (referent) 0.80 (0.65�0.98) 0.90 (0.73�1.10) 0.84 (0.68�1.03) 1.07 (0.87�1.31) .51

High
Multivariable HR (95% CI)c 1 (referent) 1.19 (0.72�1.94) 1.43 (0.87�2.34) 1.29 (0.77�2.14) 0.99 (0.58�1.70) .76

Tumor�infiltrating lymphocytes .62
Absent/low
Multivariable HR (95% CI)c 1 (referent) 0.84 (0.68�1.03) 0.99 (0.80�1.21) 0.90 (0.73�1.11) 1.07 (0.87�1.31) .42

Intermediate
Multivariable HR (95% CI)c 1 (referent) 0.91 (0.58�1.44) 0.93 (0.58�1.49) 1.02 (0.65�1.60) 1.35 (0.87�2.11) .16

High
Multivariable HR (95% CI)c 1 (referent) 0.77 (0.44�1.34) 0.90 (0.52�1.56) 1.05 (0.61�1.80) 0.99 (0.57�1.75) .74

aLinear trend test using the median value of each EDIP score quintile.
bThe Wald test was used to test for the heterogeneity of the associations between the EDIP scores and colorectal cancer risk
according to the components of lymphocytic reaction. The heterogeneity test was adjusted for baseline pack-years of
smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal cancer, endoscopy status, physical activity level
(quintiles of mean metabolic equivalent task score [METS]-h/wk), total energy intake (quintiles of kcal/d), total alcohol intake (0
vs 1�5 vs 6�15 vs >15 g/d), multivitamin use, and regular aspirin use.
cThe Cox proportional hazards regression model weighted by stabilized inverse probability weights (the products of stabilized
inverse probability of treatment weights and stabilized inverse probability of censoring weights) was used to compute HRs and
95% CIs. All analyses were stratified by age (in month), year of questionnaire return, and sex. Multivariable HR was adjusted for
baseline pack-years of smoking (0 vs 1�19 vs 20�39 vs �40 pack-years), family history of colorectal cancer, endoscopy
status, physical activity level (quintiles of METS-h/wk), total energy intake (quintiles of kcal/d), total alcohol intake (0 vs 1�5 vs
6�15 vs >15 g/d), multivitamin use, and regular aspirin use.
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