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Abstract

Purpose: Active surveillance (AS) is increasingly used as a management strategy for localized
prostate cancer. Coffee intake has been associated with lower prostate cancer incidence; and we
assessed whether coffee was associated with disease progression in men on AS.

Materials and Methods: Patients with newly diagnosed Gleason score (GS) 6 or 7 prostate
cancer were enrolled on a prospective AS protocol for at least 6 months and completed a baseline
dietary assessment (n=411). The AS protocol included a biennial monitoring regimen with disease
progression defined as an increase in GS. Cox proportional hazards models were used to evaluate
associations of coffee intake with progression-free survival. Patient genotype in the caffeine
metabolism-related SNP rs762551 was also evaluated.

Results: Median follow-up was 36 months (range 6 — 126), and 76/411 (18.5%) had GS
progression. In the multivariable model adjusting for PSA, age and tumor length, compared to
0 cups/day, <1 cup (HR 0.85, 95%CI 0.40-1.71), 1-1.9 cups (HR 0.64, 95%CI 0.29-1.43),
2-3.9 cups (HR 0.71, 95%CIl 0.35-1.47), and 24 cups (HR 1.67, 95%CI 0.81-3.45) were not
significantly associated with progression-free survival (P for non-linearity = 0.01). Patients with
low/moderate coffee intake and the AA “fast caffeine metabolizer” genotype were less likely

to experience grade progression, as compared to non-consumers (HR 0.36, 95% CI 0.15-0.88,
P=0.03).

Conclusions: Low to moderate coffee intake appears safe in men on AS for localized prostate
cancer. Further work is needed to determine if high consumption is associated with shorter
progression-free survival in sensitive groups.
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INTRODUCTION

The vast majority of men diagnosed with prostate cancer are found to have localized
disease, and over 50% of these may be eligible for active surveillance (AS) based on
conservative criteria.l The use and adaptation of AS is increasing,? likely reflecting the low
rate of disease progression seen in low-risk tumors3 and known health-related quality of life
changes associated with radical prostate cancer treatment.*

While multiple clinical and patient-related factors such as serum markers (ex. PSA), biopsy
results (pathologic Gleason score, tumor volume) and age have been associated with disease
progression on surveillance®, few other modifiable factors have been identified. Coffee
consumption has been linked to lower risk of prostate and other tumors, as well as lower risk
of aggressive prostate cancer.5-8 It is hypothesized that coffee may have a protective effect
through decreased insulin-like growth factor® and/or systemic inflammation.10 However, the
effect of coffee consumption on prostate cancer progression following diagnosis is unknown.

We assessed diet, including coffee intake, as part of a prospective protocol for men on

AS for localized prostate cancer. Based on prior protective evidence in prostate cancer
incidence® and locally advanced colorectal cancer patient outcomes!!, we hypothesized
that regular coffee intake would be associated with improved progression-free survival in
localized prostate cancer patients followed on AS. We also explored the effects of caffeine
and other beverage sources, as well as variation in caffeine metabolism genotype.

METHODS
Study design and population

Patients in this prospective clinical cohort included men diagnosed with localized prostate
cancer and enrolled on an AS trial protocol between February 2006 and February 2012
(n=560). All patients were asked to complete a baseline dietary assessment (501 complied)
and 486 patients provided complete data for the current analysis. Of these, 411 patients
remained on active surveillance for at least 6 consecutive months and were included in the
analysis.

Surveillance protocol and outcomes assessment

The surveillance protocol was conducted by a multidisciplinary team of urologists, radiation
oncologists and medical oncologists, was approved by the Institutional Review Board, and
is registered on clinicaltrials.gov (NCT00490763). Protocol criteria, including surveillance
frequency and details regarding upstaging were adhered to as previously described.12 In
summary, with rare exception, patients underwent confirmatory biopsy at study entry. They
were then evaluated biannually with digital rectal exam and laboratory studies (serum PSA,
testosterone). All biopsies were performed using an 11-core trans-rectal ultrasound-guided
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scheme.13 Biopsies were repeated every 1-2 years; if one was negative, then the following
year’s was omitted. Patients who had an increase in tumor volume or Gleason increase were
recommended to undergo treatment, though patients who wished to remain on AS were
allowed to do so if approved by their treating physician. Patients were followed until disease
progression, treatment, loss to follow-up, elective removal, death or 12/31/2016 (study
censor date), whichever came first. Our outcome of interest was time to grade progression,
defined as any increase in Gleason score following confirmatory biopsy. Patient enrollment
was not restricted based on medication or supplement use, including 5-alpha reductase
inhibitors.

Dietary Assessment

A comprehensive food frequency questionnaire (FFQ) was used to collect patients’ usual
food and beverage intake (frequency and portion size) as previously described.14 FFQs were
reviewed and coded by trained registered dietitians. Total gram weight per day of regular
(caffeinated) coffee and soft drinks; black, green, and herbal tea; and milk, cream, sugar or
honey added to coffee/tea were assessed. Intake of total energy, caffeine, and other nutrients
were estimated using the US Department of Agriculture Food and Nutrient Database

for Dietary Studies (http://www.ars.usda.gov/ba/bhnrc/ndl). Individuals with extreme total
energy intake distant from other observations (beyond twice the interquartile range of Box-
Cox transformed intake) were excluded from the analysis.

rs762551 Genotyping

Prior evidence indicates that the —163A>C (rs762551) single nucleotide polymorphism
(SNP) alters CYP1A2 enzyme activity and can categorize individuals as “fast” or “slow”
caffeine metabolizers.1> To further investigate the role that caffeine metabolism may play
in modulating the relationship between coffee and prostate cancer progression, we obtained
genotype data for this SNP. Genotyping was performed using the OncoArray gene chip
(IMumina, San Diego, CA) for a subset of men. Since rs762551 was not directly genotyped,
imputation was performed in a two-stage procedure using SHAPEIT?2 to derive phased
genotypes, and IMPUTEZ2 to perform imputation of phased data by PRACTICAL® based on
the 1000 genomes release 3 reference panel. The imputed R? value of this SNP was >0.99.
If the estimated dosage was >= 1.9, then the AA genotype was called. If the dosage was <=
0.1, then the CC genotype was called. If the dosage was between 0.9 and 1.10, then the AC
genotype was called.

Statistical Analysis

Regular (caffeinated) coffee intake was categorized a prioriinto groups similar to a previous
analysis of colorectal cancer patients!, using 230 daily grams of intake as the equivalent

of a single cup (0 cups, <lcup, 1-1.9 cups, 2-3.9 cups, and >4 cups per day). Survival
curves for progression-free survival (PFS) across coffee category were generated using

the Kaplan-Meier method. We evaluated the association of coffee consumption with time

to progression using person-years as the underlying time metric in Cox proportional
hazards models adjusted for other pertinent factors. We confirmed that the proportional
hazards assumption was met through assessment of interaction terms for the exposures

with follow-up time. Hazard ratios (HR), 95% confidence intervals (CI) and P values for
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linear and non-linear trend are reported across strata of coffee intake, with non-consumers
representing the referent group. In addition to the base (age-adjusted) model, we assessed
models adjusted for clinicopathologic factors (base + clinical) including those associated
with progression free survival in this cohort (age, PSA, and summation tumor length from
baseline and confirmatory biopsy). We further assessed a model adjusted for key lifestyle
and demographic prostate cancer risk factors, including smoking status, race, BMI, alcohol
and statin use. Additional adjustment for total energy intake (standardization per 1,000 kcal
plus a continuous covariate for energy), multivitamin or other supplement use, history of
diabetes, and hypertensive status did not appreciably change the estimated effects observed.
To assess the deviation from linear trend, we evaluated a quadratic term for coffee intake
(coffee intake-squared) in addition to the continuous variable for coffee intake within each
of the models. Missing data for covariates were excluded in relevant analyses, though this
occurred <5% of the time. In exploratory analyses, we further evaluated whether observed
associations varied by smoking status, BMI, statin use, circulating testosterone level, alcohol
drinking status, and rs762551 (caffeine metabolism) genotype. Given that only caffeinated
coffee intake was assessed, we also examined associations of total caffeine intake and intake
of other caffeinated and decaffeinated beverages with progression. All statistical tests were
2-sided and were considered statistically significant at P<0.05. Analyses were performed
using STATA version 13.1 (StataCorp, College Station, TX).

RESULTS

Baseline characteristics by frequency of regular coffee consumption are displayed in Table

1. Median coffee consumption was 1.03 cups/day (range 0-10.65 cups/day); and 79%

of patients (326/411) drank some coffee weekly. A subset of patients (68.6%; 282/411)
additionally completed a 6-month follow-up FFQ, which demonstrated little to no change in
coffee intake (Supplementary Figure 1); however, heavy coffee drinkers were the group most
likely to reduce their consumption (data not show).

Over a median follow-up of 36 months (range 6-126 months), 76/411 patients (18.5%)
experienced grade progression; and 12 patients died of other causes without documented
progression. Median follow-up was 36 months (range 6-126) in men who did not
progress, compared to 24 months (range 12-96 months) in those who did (P<0.01).
Average consumption of other potential caffeine sources by progression status are listed
in Supplementary Table 1.

Five-year PFS rates by coffee intake are shown in Figure 1. Evaluation of the Log rank

test revealed that consuming no coffee, or moderate amounts of coffee (1-4 cups per day)
was not associated with PFS. However, consuming =4 cups per day was associated with
shortened PFS (P=0.03). Notably, patients in this group had a high failure rate early in the
follow-up time period (10/17 events [58.8%) within 20 months). In multivariable-adjusted
models (Table 2) we similarly observed that associations of coffee intake and PFS followed
a J-shaped relationship, P for non-linearity = 0.01 (Figure 2). While no association reached
statistical significance, adjustment for a number of key confounders had little effect on

the magnitude or shape of this unexpected relationship. Compared to non-consumers,
associations with coffee intake up to <4 cups/day ranged from HR of 0.52 to 0.85 (all
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P>0.05), while intake of =4 cups/day appeared to be associated with worse outcomes (HR
1.67, 95% CI 0.81-3.45, P=0.16), when accounting for PSA, age and tumor length (Figure
2), as well as lifestyle and other factors (Table 2). Use of population specific quintiles,

as well as additional adjustment for total energy intake in the clinical model revealed
similar, although somewhat attenuated, results: (HR and 95% CI across energy-adjusted
quintiles: 1.00 [ref], 0.62 [0.30-1.30], 0.80 [0.37-1.72], 0.73 [0.35-1.55], and 1.40 [0.70-
2.80], respectively). Similar associations were observed for black (caffeinated) tea, regular
soft drinks, and caffeine intake (Supplementary Table 2). With the exception of caffeine,
other dietary components, as well as baseline testosterone level, were not strongly correlated
with coffee intake (Supplementary Table 3). Exploratory stratified analyses evaluating the
role of smoking, alcohol drinking status, BMI strata, statin use and baseline testosterone
level exhibited consistent results and J-shaped trends across strata (data not shown).

In order to further investigate the role that may caffeine play in risk of progression among
men with localized prostate cancer, we evaluated the effect of patient genotype at the
rs762551 SNP. We evaluated associations of coffee intake and grade progression among a
subset of 346 patients with available genotype data (Table 3). Among patients with an AA
(fast metabolizer1®) genotype, low to moderate coffee intake (up to 3 cups/day, as compared
to 0 cups) was associated with significantly improved PFS (HR 0.36, 95% CI 0.15-0.88,
P=0.03). Among patients with the AC/CC (moderate/slow) genotype, higher coffee intake
appeared to be associated with increased risk.

DISCUSSION

In a cohort of men with localized prostate cancer enrolled on a prospective AS protocol,
we observed associations indicating that regular coffee consumption is likely safe, in
moderation, for this population. Unique strengths of our study include robust clinical data
regarding prostate cancer surveillance and grade progression in conjunction with dietary
assessment. When taken with prior data indicating coffee is associated with lower risk of
developing prostate cancer® and improved outcomes in colorectal cancer patients!?, our
findings suggest low to moderate coffee consumption is likely safe. We cannot rule out
potential increased risk of progression among heavy coffee drinkers and some sensitive
groups, such as carriers of the slow caffeine metabolizer genotype.

While prior work has not examined the effect of coffee intake on time to grade progression
in men on AS, multiple studies have demonstrated that coffee may have a protective

effect in terms of prostate cancer risk. In a meta-analysis of 13 cohort studies, Liu et al.
demonstrated that increased coffee intake may be associated with lower risk of prostate
cancer, including risk of advanced disease.® In the Health Professionals Follow-Up Study,
coffee consumption was also associated with lower risk of prostate cancer and lethal
disease.” In a clinical cohort of colorectal cancer patients enrolled in the CALGB trial,
Guercio et al. reported that increased coffee consumption was associated with improved
disease-free and overall survival in patients who were found to have advance disease at the
time of surgical resection.1! While this study evaluated a different outcome in a tumor that
is clearly more aggressive than localized, low-volume prostate cancer, it provides credence
to our findings that low to moderate coffee intake is likely safe. Coffee contains several
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plant-derived antioxidant and bioactive compounds, which may decrease subclinical levels
of inflammation, insulin resistance, and insulin-like growth factor levels, all of which are
relevant to prostate cancer patients in terms of overall health and progression risk.%:10

Our unexpected observation that >4 cups of coffee per day may confer increased risk in

this group warrants further investigation in larger studies. Similar findings have also been
reported for other malignancies. An umbrella review of the effect of coffee intake on cancer
risk showed that increased consumption may be associated with /ncreased incidence of lung
cancer and bladder cancer in men.8 A prior study of prostate cancer in the SEER population
of King County, Washington found that consumption of 2—6 cups of coffee per week was
associated with more aggressive prostate cancer.1’ These detrimental relationships may be
driven by caffeine intake.

Perhaps most indicative of coffee and caffeine’s potential role in prostate cancer progression
are our findings that “fast” caffeine metabolizers, as indicated by an AA genotype at
rs762551, had pronounced protective effects of regular/caffeinated coffee intake, and
mitigation of risk associated with very high consumption. Prior studies have demonstrated
that fast caffeine metabolism may confer benefits in domains from myocardial infarction
prevention18 to improved athletic performancel®; however, our study offers novel evidence
that genotype may have cancer-related implications, as well. Caffeine can effect cells
through changes in DNA repair, apoptotic pathways, checkpoint integrity and p53
responsel? and rats given high levels of caffeine have increased testosterone, epithelial cell
proliferation, and prostatic androgen receptor expression.2% Notably, a recently published
large population-based study (UK Biobank) reported inverse associations for coffee drinking
(1 up to 8 or more cups per day) with mortality, regardless of caffeine metabolism genotype.
21 However, this characteristically different study among cancer-free individuals examined
a different SNP related to CYP1AZ2and is not directly comparable to our findings among
patients on AS.

Despite the unique nature of our dietary assessment and clinical evaluation, the study

is limited by both sample size/power and unmeasured potential confounders, such as
physical activity. Importantly, consideration of factors known to be associated with prostate
cancer and coffee intake, such as smoking?2, diabetes and BMI23 did not materially
change effects observed. However, the coffee query in our questionnaire only referred

to regular, caffeinated coffee intake, limiting our ability to assess the effects of coffee

and caffeine, independently. This weakness was mitigated somewhat through the use of
caffeine metabolism-related genotype data and our assessment of other beverages. Finally,
the present study relies on inherently limited patient reporting of usual coffee and other
dietary intake at diagnosis.?*

Our work is strengthened by the pairing of detailed clinical data with dietary assessment
in a population in which the association between coffee intake and disease progression
has not, to our knowledge, been previously investigated. Our finding that moderate coffee
intake may be safe in men diagnosed with localized prostate cancer and enrolled on AS is
important, though patients should be cautioned that it solely represents an association and
may differ in some sensitive groups (e.g., slow caffeine metabolizers). Further prospective
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study, particularly with controlled or matched groups, is needed to determine if coffee intake
is protective (and predictive) of prostate cancer progression. Until such evidence is available,
our study can help assure clinicians and prostate cancer patients that they do not need to give
up their daily cup (or two) of coffee.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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o Kaplan-Meier survival estimates
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Figure 1:

Five-year progression-free survival by coffee intake in prostate cancer patients on active

surveillance
Parentheses indicate failure events

P=0.03 on Logrank test of 4+ cups/day vs. all others

P=0.17 for O cups/day vs. 1-4 cups
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Progression-Free Survival by Coffee Intake
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Figure 2.
Non-linear relationship between coffee intake and progression-free survival. Hazard ratios

and 95% confidence intervals estimated in multivariable base + clinical model accounting
for age, PSA, and composite tumor length; Pnonfinear trend =0-01.
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Table 1:

Selected baseline characteristics of men with localized prostate cancer on active surveillance (n=411) “by
coffee intake

Characteristic 0 cups/day | <lcup/day 1-1.9 2-3.9 >4
N=74 N=85 cups/day cups/day cups/day
N=87 N=106 N=59
Age (mean, STD) 63.3(8.7) | 64.9(9.2) 64.6 (8.9) 65.1 (7.8) 63.5 (7.1)
Race
White 56 (75.7) 66 (77.6) 73 (83.9) 93 (87.7) 53 (89.8)
Black 12 (16.2) 9 (10.6) 5(5.7) 5(4.7) 2(3.4)
Other/unknown 6 (8.1) 10 (11.8) 9(10.3) 8(7.5) 4(6.8)
PSA (mean, STD) 41(2.3) 4.4 (2.5) 45(3.1) 3.6 (2.2) 4.3(2.8)
Summation tumor length (mm) 3.1(4.4) 4.1(5.3) 2.9 (3.5) 4.2(6.8) 2.9(2.6)

Baseline core positivitiy (N,%0)
Single 54 (73.0) 58 (68.2) 62 (71.3) 79 (74.5) 45 (76.3)
Multiple 20 (27.0) 27 (31.8) 25(28.7) 27 (25.5) 14 (23.7)

Baseline Gleason Score (N,%)

Gleason 6 66 (89.2) | 68(80.0) 79 (90.8) 96 (90.6) 49 (83.1)
Gleason 7 8(10.8) 17 (20.0) 8(9.2) 10 (9.4) 10 (16.9)
BMI (mean,STD) 291(39) | 27.7(47) 28.6 (4.3) 28.9 (4.3) 28.1(3.8)

Statin use (N,%)

Yes 49(66.2) | 50(58.8) 44 (50.6) 50 (47.2) 26 (44.1)

No 25(338) | 35(41.2) 43 (49.4) 56 (52.8) 33(55.9)

Smoking status

Ever 28 (37.8) 53 (62.4) 50 (57.5) 61 (57.5) 41 (69.5)
Never 46 (62.2) 32 (37.6) 37 (42.5) 45 (42.5) 18 (30.5)
Alcohol intake (mean g daily, STD) 4.4(7.8) 8.1(11.8) 12.0 (14.9) 11.3(15.6) 13.1(21.5)

Hypertension

Yes 38(51.4) | 40(47.1) 44 (50.6) 57 (53.8) 26 (44.1)

No 36(48.6) | 45(52.9) 43 (49.4) 49 (46.2) 33 (55.9)

Diabetes Mellitus

Yes 7(8.2) 13 (17.6) 12 (13.8) 19 (17.9) 9 (15.3)
No 78 (91.8) 61 (82.4) 75 (86.2) 87 (82.1) 50 (84.7)
Total energy intake, kcal/day (mean, STD)** | 2308 (1055) | 2310 (855) | 2180 (1,021) 2,505 (983) 2,533 (983)

*
Excludes men with less than 6 months follow-up.
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Table 2:

Association between coffee intake and progression-free survival in prostate cancer patients on active
surveillance (n=411)

Base Model” Base + Clinical Characteristics™~  Base + Clinical + Lifestyle***
HR  95%CIl  P-value HR 95% ClI P-value HR 95% ClI P-value
Coffee intake
0 cups/day 1.00 Ref Ref 1.00 Ref Ref
<lcup/day 0.85 0.42-1.72 0.64 0.83 0.4-1.71 0.4 1.00 Ref Ref
1-1.9 cup/day 052 0.24-1.14 0.1 0.64 0.29-1.43 0.29 091 0.43-1.95 0.81
2-39cups/day 0.62 0.31-1.25 0.18 0.71 0.35-1.47 0.35 0.70  0.29-1.64 0.40
>4 cups/day 132 0.66-2.65 0.43 1.67 0.81-3.45 0.16 0.78 0.37-1.68 0.53
Pinear trend 0.75 0.28 192  0.89-4.14 0.03
Pron-linear trend 0.01 0.01 0.02

*
Base model adjusted for age.

Hk
Base + Clinical Characteristics model additionally includes PSA and composite tumor length.

A Ak
Base + Clinical + Lifestyle additionally includes smoking, BMI, race, alcohol, and statin use
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Table 3:

Association between coffee intake and progression-free survival in prostate cancer patients on active
surveillance by rs762551 genotype (n=411)

Page 13

rs762551 N 0 cups/day 0.1-2.9 cups/day >3 cups/day
Genotype N=59 N=208 N=79
HR 95%Cl P-value HR 95%Cl P-value HR 95% CI P-value
AA “fast metabolizer” 177 1.00 Ref Ref 0.36 0.15-0.86 0.02 111  0.43-2.86 0.84
AC/CC “moderate/slow metabolizer” 169 1.00 Ref Ref 1.71 0.40-7.41 0.47 3.34 0.63-17.62 0.16

*
Models adjusted for age, total caloric intake, PSA and tumor length
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