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Abstract

Given previous biological evidence of immunomodulatory effects of coffee, we hypothesized that
the association between coffee intake of colorectal cancer patients and survival differs by immune
responses. Using a molecular pathological epidemiology database of 4,465 incident colorectal
cancer cases, including 1,262 cases with molecular data, in the Nurses’ Health Study and the
Health Professionals Follow-up Study, we examined the association between coffee intake of
colorectal cancer patients and survival in strata of levels of histopathologic lymphocytic reaction
and T-cell infiltrates in tumor tissue. We did not observe a significant association of coffee

intake with colorectal cancer-specific mortality [multivariable-adjusted hazard ratio (HR) for one
cup increase of coffee intake per day, 0.93; 95% confidence interval (Cl), 0.84-1.03]. Although
statistical significance was not reached at the stringent level (a=0.005), the association of

coffee intake with colorectal cancer-specific mortality differed by Crohn's-like lymphoid reaction
(Pinteraction=-007). Coffee intake was associated with lower colorectal cancer-specific mortality

in patients with high Crohn's-like reaction (multivariable HR for one cup increase of coffee
intake per day, 0.55; 95% ClI, 0.37-0.81; P;eng=-002), but not in patients with intermediate
Crohn's-like reaction (the corresponding HR, 1.02; 95% CI, 0.72-1.44) or negative/low Crohn's-
like reaction (the corresponding HR, 0.95; 95% CI, 0.83-1.07). The associations of coffee intake
with colorectal cancer-specific mortality did not significantly differ by levels of other lymphocytic
reaction or any T-cell subset (Pinteraction™-18). There is suggestive evidence for differential
prognostic effects of coffee intake by Crohn’s-like lymphoid reaction in colorectal cancer.
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INTRODUCTION

The biological importance of the immune system in colorectal cancer is well supported
by previous studies.? For example, a high-level immune response featuring cytotoxic and
memory T-cells in colorectal cancer has been associated with better patient survival.2
Evidence also suggests that certain dietary factors influence both the immune system and
colorectal cancer mortality.3 4 Therefore, elucidating the interplay between the immune
system and modifying diet in colorectal cancer progression is of considerable importance,
potentially contributing to the development of novel cancer treatment strategies.

Among dietary factors, coffee has been hypothesized to provide a positive prognostic
effect against colorectal cancer mortality. Several studies recently reported a statistically
significant association of higher coffee intake after colorectal cancer diagnosis with
lower tumor recurrence and improved survival.> © However, the mechanisms behind
these associations remain to be elucidated. Coffee contains a complex mixture of
bioactive compounds,’ some of which, including polyphenols and caffeine, have been
suggested to influence adaptive immune responses.’-® Colorectal cancers are heterogeneous
tumors with complex interactions between neoplastic and immune cells in the tumor
microenvironment,19 potentially influenced by the immunomodulatory effects of coffee.
However, no study has yet examined the effect of coffee on colorectal cancer survival
according to immune responses in cancer tissue.

We therefore tested our hypothesis that the association between coffee intake of colorectal
cancer patients and survival differs by histopathologic lymphocytic reaction and T-cell
infiltrates in colorectal cancer tissue. To test our hypothesis, we used a database of 4,465
incident colorectal cancer cases, including 1,262 cases with available data on coffee intake
and tumor molecular markers from two large prospective cohort studies in the US.

PATIENTS AND METHODS
Study Population

We utilized data from two large US prospective cohort studies, the Nurses’ Health Study
(NHS, 121,701 women aged 30-55 years followed since 1976) and the Health Professionals
Follow-up Study (HPFS, 51,529 men aged 40 to 75 years followed since 1986). Study
participants were sent follow-up questionnaires every two years to update information on
their demographic and lifestyle factors, medical history, and newly diagnosed diseases
including colorectal cancer. The follow-up rate has been over 90% for each questionnaire
cycle in these two cohorts. The National Death Index was used to confirm deaths of study
participants and identify patients with unreported lethal colorectal cancer.

We documented 4,465 colorectal cancer cases in the two cohort studies through 2012,
including 1,262 colorectal cancer cases with available data on coffee intake and immune
responses. Patients were followed until death or end of follow-up (June 1, 2016 for the

NHS; January 1, 2016 for the HPFS), whichever came first. Participating physicians, blinded
to exposure data, reviewed medical records of colorectal cancer patients to collect data on
tumor characteristics and to identify causes of death for deceased patients.
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Informed consent was obtained from all study participants at study enrolment. The study
protocol was approved by the institutional review boards of the Brigham and Women’s
Hospital and Harvard T.H. Chan School of Public Health (Boston, MA, USA), and those of
participating registries as required.

Assessment of Coffee Intake and Other Covariates

To assess dietary intake, food frequency questionnaires (FFQs) were initially collected in
1980 for NHS and in 1986 for HPFS. For the NHS, a 61-item semi-quantitative FFQ was
used at baseline,}! which was expanded to approximately 130 food and beverage items in
1984, 1986, and every four years thereafter. For the HPFS cohort, baseline dietary intake
was assessed with a 131-item FFQ that was also used for updates generally every four years
thereafter.12 For each item, FFQs prompted participants to report their average intake over
the preceding year for a specified serving size of each food and beverage from nine possible
responses, ranging from (almost) never to =6 times per day. In addition, questionnaires were
sent every two years to collect data on lifestyle factors, including smoking status, body
weight, and physical activity. Data on coffee intake and other covariates in colorectal cancer
patients were obtained from the first questionnaire returned between 6 and 48 months after
colorectal cancer diagnosis. Data on prediagnostic coffee intake were obtained from the last
questionnaire prior to colorectal cancer diagnosis.

Tumor Tissue Analyses

The details of tumor tissue analyses have been described.3-15 Briefly, we obtained
formalin-fixed paraffin-embedded tumor tissue samples from hospitals throughout the
U.S. where colorectal cancer patients underwent surgical resection. The study pathologist
(S. Ogino), who was blinded to other data, reviewed hematoxylin and eosin-stained
tissue sections, and recorded histopathological findings, including tumor differentiation
and lymphocytic reactions. Each of lymphocytic reaction patterns (Crohn's-like lymphoid
reaction, peritumoural lymphocytic reaction, intratumoural periglandular reaction, and
tumor-infiltrating lymphocytes) was graded as negative/low, intermediate, and high
(Figure).13: 15 The second pathologist (J.N. Glickman), who was unaware of other data,
independently re-reviewed 398 selected cases, and a good inter-observer correlation was
observed, as previously described.1®

We also constructed tissue microarrays, including up to four tumor cores from each case.16
We simultaneously measured the expression of CD3, CD4, CD8, CD45R0 (one isoform
of PTPRC gene products), and FOXP3 in T cells within tumor epithelial and stromal
regions in CRC tissue microarrays by a multiplex immunofluorescence assay,’ following
recommendations of standardized protein nomenclature.18 For the Wald test, we used log-
transformed T-cell density variables to improve normality.

Statistical Analysis

All statistical analyses were performed using SAS software (version 9.4, SAS Institute,
Cary, NC). All Pvalues were two-sided, and a £ <.005 was considered statistically
significant given multiple hypothesis testing. Our primary hypothesis testing was statistical
interaction (using the Wald test on the cross-product) between coffee intake of colorectal
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cancer patients (cup/day, continuous) and each lymphocytic reaction (ordinal) in the Cox
proportional hazards regression model for colorectal cancer-specific mortality analyses. We
also assessed a statistical interaction between coffee intake of colorectal cancer patients and
each T-cell density (log-transformed, continuous). All other analyses were secondary. We
estimated hazard ratios (HRs) for one cup increase of coffee per day in strata of levels of
lymphocytic reactions or T-cell subsets using a re-parameterization of the interaction term in
a single regression model.1® Survival time was defined as the period from return of the first
questionnaire after colorectal cancer diagnosis to death or the end of follow-up whichever
came first.

We applied an inverse probability weighting (IPW) method to reduce selection bias due to
the availability of questionnaire data after colorectal cancer diagnosis.2 Multivariable Cox
proportional hazards models initially included covariates described in the footnote to Table
2. A backward stepwise elimination procedure was performed with a threshold of = 0.05
to select variables for the final models (Supplementary Table 1). To limit degrees of freedom
of the models, the cases with missing data on categorical variables were included in the
majority category. For cases with missing data on continuous variables, we substituted the
mean value and included a separate indicator variable in the model. It was confirmed that no
substantial alteration occurred in results when we excluded cases with missing information
in any of the covariates. The proportionality of hazards assumption was generally satisfied
using the assessment of the cross-product of coffee intake of colorectal cancer patients and
survival time in strata of each lymphocytic reaction component and T cell subset (P >.24).

We included 1,262 colorectal cancer cases with available data on coffee intake and immune
responses. Table 1 summarizes the clinical, pathological, and molecular characteristics of
colorectal cancer cases according to coffee intake of colorectal cancer patients. During the
median follow-up time of 10 years (interquartile range, 5.6 to 16 years), there were 237
colorectal cancer-specific deaths.

Table 2 shows colorectal cancer survival according to coffee intake in strata of each
lymphocytic reaction pattern and T-cell subset. In this molecular pathological epidemiology
database, we did not observe a significant association of coffee intake with colorectal
cancer-specific mortality [multivariable-adjusted HR for one cup increase of coffee intake
per day, 0.93; 95% confidence interval (CI), 0.84-1.03].

In our primary hypothesis testing, although statistical significance was not reached at the
stringent level (a=0.005), the association of coffee intake with colorectal cancer-specific
mortality differed by Crohn's-like lymphoid reaction (BPinteraction=-007). Coffee intake was
associated with lower colorectal cancer-specific mortality in patients with high Crohn's-like
reaction (multivariable HR for one cup increase of coffee intake per day, 0.55; 95%

Cl, 0.37-0.81; Pyeng=-002), but not in patients with intermediate Crohn's-like reaction

(the corresponding HR, 1.02; 95% CI, 0.72-1.44) or negative/low Crohn's-like reaction
(the corresponding HR, 0.95; 95% ClI, 0.83-1.07). The associations of coffee intake

with colorectal cancer-specific mortality did not significantly differ by levels of other
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lymphocytic reaction (peritumoral lymphocytic reaction, intratumoral periglandular reaction,
or tumor-infiltrating lymphocytes) or any T-cell subset (Pnteraction™-18)-

We also confirmed that results of Cox regression analyses without IPW (Supplementary
Table 2) were similar to those with IPW. Lastly, considering possible effects of cancer
treatment on coffee intake of colorectal cancer patients, we conducted a sensitivity analysis
using questionnaire data between 12 and 48 months after colorectal cancer diagnosis. We
confirmed that the results did not change substantially (Supplementary Table 3).

DISCUSSION

We conducted this study to test the hypothesis that the association of coffee intake of
colorectal cancer patients and ¢ survival differs by histopathologic lymphocytic reaction
and T-cell infiltrates in tumor tissue. Our study has provided suggestive evidence for an
interaction of coffee intake and Crohn’s-like lymphoid reaction in the survival analysis.
Coffee intake was associated with lower CRC-specific mortality only in CRC with high-
level Crohn’s-like reaction.

Current evidence indicates that certain modifiable lifestyle factors may influence the
immune system and reduce colorectal cancer mortality.21: 22 Previous epidemiological
studies showed that the inverse association of physical activity after colorectal cancer
diagnosis with colorectal cancer mortality was stronger for tumors containing a higher
density of CD3* cells,23 and that the association of vitamin D score after colorectal
cancer diagnosis with colorectal cancer mortality was stronger for tumors with lower
peritumoral lymphocytic reaction.* Coffee intake has also been suggested to be one of
immunomodulatory lifestyle factors.”: 8

Crohn’s-like lymphoid reaction is a specific lymphocytic reaction pattern of transmural
lymphoid aggregates exhibited by a subset of colorectal tumors.13: 15 These lymphoid
follicles represent important sites for antigen presentation and lymphocyte proliferation
and differentiation.2* They have been associated with improved survival in multiple tumor
types, including colorectal cancer,13: 24 and have attracted interest as a potential marker
for immunotherapy response.2> Our results suggest that coffee intake of colorectal cancer
patients may affect the tumor-immune interaction differentially by the degree of Crohn’s-
like lymphoid reaction, although our results must be replicated by independent studies.
Further efforts are needed to clarify the complex relationships of coffee intake with
colorectal cancer mortality classified by various types of immune cells.

The current study has several limitations. First, detailed cancer treatment information was
not available. However, treatment strategies would not have been influenced by lymphocytic
reactions. Second, cancer recurrence data were unavailable, but colorectal cancer-specific
mortality was considered a reasonable endpoint, considering the long follow-up duration

of censored cases. Third, we used questionnaire data reported 6-48 months after cancer
diagnosis to minimize the effect of active cancer treatment, but we acknowledge that 6-48
months after cancer diagnosis is a broad range of time periods. More specific time periods
should be considered in future clinical trials or observational studies. In addition, to address
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selection bias due to availability of questionnaire data after colorectal cancer diagnosis, we
used the inverse probability weighting (IPW) method.2% Fourth, with a sample size of 237
events and 80% power, the minimum detectable HR is 1.44. Therefore, it is possible that we
were unable to detect smaller effects.
CONCLUSION

There is suggestive evidence for differential effects of coffee intake on the mortality of
colorectal cancer patients subclassified by Crohn’s-like lymphoid reaction. It is possible that
coffee intake might be beneficial for colorectal cancer patients with high-level Crohn’s-like
reaction. Additional efforts are needed to replicate our findings and elucidate mechanisms of
coffee in influencing colorectal cancer outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure.
The four lymphocytic reaction patterns in colorectal cancer. (A) Low-power view

showing peritumoral lymphocytic reaction (arrowheads) and Crohn’s-like lymphoid reaction
(arrows). (B-C) Higher-power views from the invasive front (B) and tumor center

(C) showing peritumoral lymphocytic reaction (B: arrows), intratumoral periglandular
lymphocytic reaction (C: arrowheads), and tumor-infiltrating lymphocytes (C: arrows). (D)
Higher-power view showing a lymphoid follicle with germinal center (arrow) involved in the
Crohn’s-like lymphoid reaction.
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