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Invited Commentary
IMPORTANCE Several compounds found in coffee possess antioxidant, anti-inflammatory,
and insulin-sensitizing effects, which may contribute to anticancer activity. Epidemiological
studies have identified associations between increased coffee consumption and decreased
recurrence and mortality of colorectal cancer. The association between coffee consumption
and survival in patients with advanced or metastatic colorectal cancer is unknown.

Supplemental content

OBJECTIVE To evaluate the association of coffee consumption with disease progression
and death in patients with advanced or metastatic colorectal cancer.

DESIGN, SETTING, AND PARTICIPANTS This prospective observational cohort study included
1171 patients with previously untreated locally advanced or metastatic colorectal cancer
who were enrolled in Cancer and Leukemia Group B (Alliance)/SWOG 80405, a completed
phase 3 clinical trial comparing the addition of cetuximab and/or bevacizumab to standard
chemotherapy. Patients reported dietary intake using a semiquantitative food frequency
questionnaire at the time of enrollment. Data were collected from October 27, 2005,

to January 18, 2018, and analyzed from May 1to August 31, 2018.

EXPOSURES Consumption of total, decaffeinated, and caffeinated coffee measured in cups
per day.

MAIN OUTCOMES AND MEASURES Overall survival (OS) and progression-free survival (PFS).

RESULTS Among the 1171 patients included in the analysis (694 men [59%]; median age,

59 [interquartile range, 51-67] years). The median follow-up time among living patients was
5.4 years (10th percentile, 1.3 years; IQR, 3.2-6.3 years). A total of 1092 patients (93%) had
died or had disease progression. Increased consumption of coffee was associated with
decreased risk of cancer progression (hazard ratio [HR] for 1-cup/d increment, 0.95; 95% Cl,
0.91-1.00; P = .04 for trend) and death (HR for 1-cup/d increment, 0.93; 95% Cl, 0.89-0.98;
P =.004 for trend). Participants who consumed 2 to 3 cups of coffee per day had a
multivariable HR for OS of 0.82 (95% Cl, 0.67-1.00) and for PFS of 0.82 (95% Cl, 0.68-0.99),
compared with those who did not drink coffee. Participants who consumed at least 4 cups of
coffee per day had a multivariable HR for OS of 0.64 (95% Cl, 0.46-0.87) and for PFS of 0.78
(95% Cl, 0.59-1.05). Significant associations were noted for both caffeinated and
decaffeinated coffee.

CONCLUSIONS AND RELEVANCE Coffee consumption may be associated with reduced risk
of disease progression and death in patients with advanced or metastatic colorectal cancer.
Further research is warranted to elucidate underlying biological mechanisms.
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espite advances in treatment, colorectal cancer (CRC)

remains a deadly disease in the United States.!*> Abun-

dant experimental and epidemiological data support
a link between dietary and other lifestyle factors and the in-
cidence and mortality of this disease.>* One such factor that
has garnered increasing interest is the consumption of cof-
fee, which possesses antineoplastic properties in the labora-
tory and may play a role in CRC development and progres-
sion. The potential for coffee to slow the growth of cancer may
be related to coffee’s ability to decrease blood insulin levels
by sensitizing tissues to the effects of insulin, because insulin-
resistant states have been associated with worse CRC out-
comes.>” Alternatively, coffee’s anticancer effects may be re-
lated to biologically active constituents of coffee that have been
shown to have antioxidant, anti-inflammatory, and antiangio-
genic effects.®!!

Recent epidemiological studies found that higher coffee
intake was associated with improved survival in patients with
stage II1 CRC.'>!* However, the association between coffee con-
sumption and survival of patients with metastatic CRC is un-
known. A significant number of patients with CRC may ulti-
mately develop metastatic disease, and treatment for this group
is palliative, with a 5-year survival of 14%.%2 Therefore, iden-
tifying novel treatment strategies to improve the outcomes of
patients with metastatic CRC is of particular research and clini-
cal importance. We conducted a prospective study evaluat-
ing the association of coffee consumption with overall sur-
vival (OS) and progression-free survival (PFS) in patients with
advanced or metastatic CRC who were enrolled in a National
Cancer Institute-sponsored, multi-institutional phase 3 ran-
domized clinical trial of combined cytotoxic and biologic
therapy. We hypothesized that increased coffee consump-
tion is associated with longer survival in patients who were
starting first-line chemotherapy for CRC.

Methods

Study Participants

The patients in this analysis were drawn from a cohort of par-
ticipants enrolled in the completed phase 3 randomized clini-
cal trial, Cancer and Leukemia Group B (CALGB; now a part of
the Alliance for Clinical Trials in Oncology)/SWOG 80405. Eli-
gible patients had pathologically confirmed, unresectable, lo-
cally advanced or metastatic CRC. The primary objective of the
original clinical trial was to determine the optimal biologic
therapy (cetuximab and/or bevacizumab) with a concurrent
standard chemotherapy backbone, either leucovorin cal-
cium, fluorouracil, and irinotecan hydrochloride (FOLFIRI) or
leucovorin, fluorouracil, and oxaliplatin (mFOLFOX6) (inves-
tigator’s choice). Patients were required to have had no pre-
vious treatment for advanced or metastatic disease, no known
concurrent cancers, adequate blood counts and organ func-
tion, good performance status, and no contraindications to
bevacizumab or cetuximab treatment. When the trial was ini-
tiated, molecularly unselected participants were random-
ized in nonblinded fashion to cetuximab, bevacizumab, or both
antibodies. Based on emerging clinical data on the detrimen-
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Key Points

Question Is increased coffee consumption associated with
improved survival in patients with advanced or metastatic
colorectal cancer?

Findings In this cohort study of 1171 patients with advanced or
metastatic colorectal cancer, increased coffee consumption at the
time of study enrollment was associated with lower risk of disease
progression and death. Significant associations were noted for
both caffeinated and decaffeinated coffee.

Meaning Among patients with advanced or metastatic colorectal
cancer, this study found increased coffee intake to be associated
with lower risk of disease progression and death.

tal effect of double antibodies in other trials'*!* and the ef-
fect of KRAS mutation status on anti-epidermal growth fac-
tor receptor antibody efficacy,'® the study was subsequently
amended such that only patients with KRAS wild-type tu-
mors were included, and, in a subsequent amendment, en-
rollment to the dual antibody arm was halted. Informed con-
sent was obtained from all participants, and the trial was
approved by the institutional review board of all participat-
ing sites. This study followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guideline.

At the time of enrollment in the clinical trial, patients were
given the option of inclusion in the diet and lifestyle compan-
ion study. Patients who consented to participate completed a
diet and lifestyle survey within the first month of enroll-
ment. Ultimately, 1561 (67%) patients consented to the com-
panion study, of whom 1354 (87%) completed the question-
naire. Compared with others in the trial, patients who
completed the questionnaire were more likely to be white, had
better performance status, and were less likely to have inde-
terminate or missing KRAS status, but did not differ in other
baseline characteristics.!”

Figure 1 shows the cohort’s derivation. Because the re-
sults of the CALGB (Alliance)/SWOG 80405 trial did not show
a significant difference in OS or PFS between patients treated
with cetuximab vs bevacizumab,'® all patients who com-
pleted the diet questionnaire were pooled into a prospective
cohort for analysis of coffee intake. Participants were ex-
cluded if they reported aberrant caloric intake (<600 or >4200
kcal/d for men; <500 or >3500 kcal/d for women) or left blank
any of the questions related to coffee intake. Participants were
also excluded if they had cancer progression or death within
90 days of enrollment to avoid dietary assessment bias re-
lated to a decline in general health. Data were collected from
October 27, 2005, to January 18, 2018.

Assessment of Coffee Consumption

Patients who consented completed a diet and lifestyle survey
within the first month of enrollment, including a semiquan-
titative food frequency questionnaire that asked participants
how often during the previous 3 months they consumed a spe-
cific food portion for 131 food items and vitamin/mineral
supplements.'®-2° The consumption of caffeinated coffee and
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Figure 1. Derivation of the Study Population
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questionnaire
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questionnaire
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‘ 518 Completed questionnaire ‘ ‘ 515 Completed questionnaire ‘

‘ 321 Completed questionnaire

‘ 1354 Completed questionnaire

183 Excluded
106 Cancer progression or death within 90 d
of enrollment
57 Aberrant caloric intake
20 Left blank any of the questions related to
coffee intake

1171 Participants in final analysis

decaffeinated coffee was asked separately, with 10 possible re-
sponses ranging from never to at least 6 cups/d. The fre-
quency of consumption was then converted into a continu-
ous variable in cups per day using the following values for
reported frequencies: O indicates never; 0.03, less than 1 cup/
mo; 0.07,1to 3 cups/mo; 0.14, 1 cup/wk; 0.43, 2 to 4 cups/wk;
0.79, 5 to 6 cups/wk; 1.00, 1 cup/d; 2.50, 2 to 3 cups/d; 4.50,
4 to 5 cups/d; and 6.00, at least 6 cups/d. Total coffee con-
sumption was calculated as the sum of caffeinated and decaf-
feinated coffee. Prespecified cutoffs were applied for total cof-
fee intake (never or <1, 1, 2-3, or >4 cups/d), caffeinated coffee
intake (never or <1, 1, 2-3, or >4 cups/d), and decaffeinated cof-
fee intake (never or <1, 1, or >2 cups/d).

Study End Points

The primary end point was OS, defined as time from random-
ization to death due to any cause. Patients who were still alive
were censored for OS at their last known follow-up. The sec-
ondary end point was PFS, defined as time from randomiza-
tion until first documented disease progression or death per
Response Evaluation Criteria in Solid Tumors, version 1.0.
Patients alive without documented progression were cen-
sored for PFS at the most recent disease assessment.

Assessment of Covariates

Body mass index (BMI) was calculated from weight in kilo-
grams divided by and height in meters squared, measured
at study entry. A physical activity score was calculated by
summing the weekly expenditure of metabolic equivalent
for a list of leisure-time activities in the diet and lifestyle
questionnaire.'” Current use of medication, including aspirin
intake, was assessed in the questionnaire. Diabetes status
was ascertained from the medical record at enrollment and
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supplemented by the self-report on the questionnaire.?! Caf-
feine intake was computed by multiplying the frequency of
consumption of each food by its caffeine content and sum-
ming contributions from all foods. Caffeine and alcohol in-
take were adjusted for total energy intake.?? The RAS wild-type
tumors were defined as those lacking mutations in both KRAS
and NRAS, and the RAS mutant tumors were those with either
a KRAS or an NRAS mutation (eMethods in the Supplement).

Statistical Analysis

Data were analyzed from May 1 to August 31, 2018. The pri-
mary exposure was total consumption of coffee, whereas the
specific type of coffee (caffeinated vs decaffeinated) was con-
sidered in secondary analyses. Baseline characteristics by fre-
quency of total coffee consumption were compared using the
Kruskal-Wallis test, x2 test, or Fisher exact test. Survival curves
were generated using the Kaplan-Meier method,?* with sta-
tistical significance measured by the log-rank test.?* Cox pro-
portional hazards regression?® was used to examine the asso-
ciation of coffee consumption with OS and PFS while
controlling for other factors. The assumption of proportional
hazards was tested and satisfied by evaluating a time-
dependent variable, which was the product of total coffee in-
take and time. In both the log-rank test and Cox proportional
hazards regression, we tested for a linear trend using fre-
quency of consumption as a continuous variable.

We created a baseline model that was adjusted for age at
enrollment and total energy intake,?? as well as a multivari-
able model to control for additional factors known or sus-
pected to affect survival in patients with CRC, including sex,
Eastern Cooperative Oncology Group performance status, prior
adjuvant chemotherapy, chemotherapy backbone, assigned
treatment arm, BMI, and physical activity. Missing covariates
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were replaced with the median (1 patient missing BMI and
3 patients missing physical activity).

We analyzed the association of total coffee consumption
with OS and PFS across strata of other potential covariates as-
sociated with patient outcome, including age, sex, race, East-
ern Cooperative Oncology Group performance status, prior ad-
juvant chemotherapy, chemotherapy backbone, assigned
treatment arm, BMI, physical activity, smoking status, and al-
cohol intake. Interactions were assessed by entering in the
model the cross product of coffee consumption as a continu-
ous variable and the stratification variable, evaluated by the
likelihood ratio test. Data collection was conducted by the Al-
liance Statistics and Data Management Center. Data quality was
ensured by review of data by the Alliance Statistics and Data
Management Center following Alliance policies. Statistical
analysis was performed based on the study database frozen
on January 18, 2018, using SAS software, version 9.4 (SAS In-
stitute, Inc). Two-sided P < .05 was considered statistically sig-
nificant.

. |
Results

Baseline Characteristics

After the exclusions, a total of 1171 patients with advanced or
metastatic CRC were included in the analysis (Figure 1). The
median patient age was 59 (interquartile range [IQR], 51-67)
years, with 694 men (59%) and 477 women (41%). Most of the
patients were White (1007 [86%]). Baseline characteristics by
frequency of total coffee consumption are displayed in the
eTable in the Supplement. Frequent coffee drinkers were more
likely to be White (=4 cups/d, 61 of 63 [97%]; never, 223 of 280
[80%]; P < .001) and male (>4 cups/d, 52 of 63 [83%]; never,
142 of 280 [51%]; P < .001). They were also more likely to be
current or former smokers (>4 cups/d, 50 of 62 [81%]; never,
107 of 277 [39%]; P < .001), to have a higher median daily en-
ergy intake (=4 cups/d, 2237 [range, 791-4122] kcal/d; never,
1729 [range, 601-4038] kcal/d; P < .001), and to have a higher
median consumption of alcohol (4 cups/d, 1 [range, 0-29] g/d;
never, O [range, 0-9]; P < .001).

Association of Coffee Intake With Cancer Progression

and Death

The median follow-up time among living patients was 5.4 years
(10th percentile, 1.3 years; IQR, 3.2-6.3 years). A total of 1092
patients (93%) had died or had disease progression. Survival
curves by frequency of total coffee consumption are shown in
Figure 2 for OS (log-rank P = .01 for trend) and PFS (P = .04 for
trend). In multivariable analyses (Table), higher total coffee in-
take was associated with a significant improvement in OS (haz-
ard ratio [HR] for 1-cup/d increment, 0.93; 95% CI, 0.89-0.98;
P =.004 for trend). Compared with never-drinkers, partici-
pants who consumed 2 to 3 cups/d had a multivariable HR for
0S of 0.82 (95% ClI, 0.67-1.00); those who consumed at least
4 cups of coffee per day, 0.64 (95% CI, 0.46-0.87). When total
coffee intake and total caffeine intake were included in the
model simultaneously, total coffee intake remained signifi-
cantly associated with OS (HR for 1-cup/d increment, 0.90;
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Figure 2. Overall (OS) and Progression-Free (PFS) Survival
by Frequency of Total Coffee Consumption
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Patients who consumed 1 cup/d or less were grouped into a single category for
ease of graphic viewing. A, Median OS for patients who never consumed coffee
was 31 (interquartile range [IQR], 16-46) months; 1or fewer cups/d, 30 (IQR,
17-49) months; 2 to 3 cups/d, 32 (IQR, 19-50) months; and 4 or more cups/d,

39 (IQR, 19-67) months. B, Median PFS for patients who never consumed coffee
was 12 (IQR, 8-18) months; 1or fewer cups/d, 12 (IQR, 8-19) months; 2 to 3
cups/d, 13 (IQR, 9-21) months; and 4 or more cups/d, 14 (IQR, 9-21) months.

The log-rank P value for trend was calculated by using frequency of
consumption as a continuous variable.

95% CI, 0.83-0.97; P = .01 for trend), whereas no association
was noted for total caffeine intake (HR for 100-mg/d incre-
ment, 1.04; 95% CI, 0.97-1.11; P = .29 for trend). Higher total
coffee intake was also associated with improved PFS (HR for
1-cup/d increment, 0.95; 95% CI, 0.91-1.00; P = .04 for trend).
The multivariable HRs for PFS were 0.82 (95% CI, 0.68-0.99)
for 2 to 3 cups/d and 0.78 (95% CI, 0.59-1.05) for at least 4
cups/d, compared with abstainers. Additional adjustment for
race/ethnicity, smoking status, alcohol intake, aspirin use, dia-
betes status, RAS status, and intakes of milk, nondairy creamer,
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Table. Associations of Total, Caffeinated, and Decaffeinated Coffee Consumption With Overall and Progression-Free Survival

Frequency of consumption

Variable Never <1 Cup/d 1 Cup/d 2-3 Cups/d >4 Cups/d 1-Cup/d increment fo‘ﬁlrl:;da
Total coffee consumption
Overall survival
No. of events/ 246/280 248/301 253/298 191/229 49/63 NA NA
No. of patients
Adjusted HR (95% CI)® 1 [Reference] 0.88 (0.74-1.06)  0.89(0.74-1.07)  0.82(0.67-0.99)  0.64 (0.47-0.88) 0.93 (0.89-0.98) .004
I(vgl)lgl")c/ivar)icableHR 1 [Reference] 0.89(0.75-1.07) 0.91(0.76-1.09) 0.82(0.67-1.00) 0.64(0.46-0.87) 0.93(0.89-0.98) .004
Progression-free survival
No. of events/ 266/280 274/301 281/298 212/229 59/63 NA NA
No. of patients
Adjusted HR (95% CI)® 1 [Reference]  0.85(0.72-1.01) 0.95(0.80-1.12) 0.81(0.68-0.98) 0.78 (0.58-1.04) 0.95 (0.91-1.00) .04
Multivariable HR 1 [Reference] 0.86(0.72-1.02) 0.96 (0.81-1.14)  0.82(0.68-0.99) 0.78(0.59-1.05) 0.95(0.91-1.00) .04
(95% CI)©
Caffeinated coffee consumption
Overall survival
No. of events/ 326/381 303/361 151/179 169/200 38/50 NA NA

No. of patients
Adjusted HR (95% Cl)°

Multivariable HR
(95% CI)*

Progression-free survival

0.98 (0.84-1.15)
0.98 (0.84-1.15)

1 [Reference]

1 [Reference]

No. of events/ 355/381 335/361 168/179

No. of patients
Adjusted HR (95% CI)®

Multivariable HR
(95% CI)“

1 [Reference] 0.95(0.82-1.11)

1 [Reference] 0.95(0.82-1.11)

1.05 (0.86-1.27)
1.09 (0.89-1.33)

1.07 (0.89-1.28)
1.09 (0.91-1.32)

0.92(0.76-1.11)
0.93(0.77-1.12)

0.68 (0.49-0.96)
0.66 (0.47-0.94)

0.95(0.90-1.00) .04
0.95(0.90-1.00) .04

187/200 47/50 NA NA

0.86 (0.72-1.03)
0.87 (0.72-1.04)

0.86 (0.63-1.17)
0.85 (0.62-1.17)

0.96 (0.92-1.01) .14
0.96 (0.92-1.01) .15

Decaffeinated coffee consumption®
Overall survival

No. of events/ 700/828 226/265 35/44

No. of patients
Adjusted HR (95% CI)®

Multivariable HR
(95% Cl)©

Progression-free survival

0.99 (0.85-1.16)
0.97 (0.83-1.13)

1 [Reference]
1 [Reference]

No. of events/
No. of patients

775/828 250/265 38/44

Adjusted HR 1 [Reference] 1.01(0.88-1.17) 0.85(0.61-1.19)
(95% CI)®
Multivariable HR 1 [Reference] 1.02 (0.88-1.18) 0.85(0.61-1.19)
(95% CI)©

0.69 (0.49-0.98)
0.68 (0.48-0.96)

26/34 NA NA

0.63 (0.42-0.93)
0.64 (0.43-0.95)

0.81(0.71-0.93)  .002
0.81(0.71-0.93)  .003

29/34 NA NA
0.74(0.51-1.08) 0.88(0.78-1.00) .05

0.75(0.52-1.09) 0.88(0.78-1.00) .05

Abbreviations: HR, hazard ratio; NA, not applicable.
@ Calculated by entering frequency of consumption as a continuous variable.
b Adjusted for age (continuous) and total energy intake (continuous).

¢ Adjusted for age (continuous), total energy intake (continuous), sex (female or
male), Eastern Cooperative Oncology Group performance status (O or 1-2),
prior adjuvant chemotherapy (yes or no), chemotherapy backbone

(leucovorin, fluorouracil, and oxaliplatin [MFOLFOX6] or leucovorin,
fluorouracil, and irinotecan [FOLFIRI]), assigned treatment arm (bevacizumab,
cetuximab, or bevacizumab plus cetuximab), body mass index (continuous),
and physical activity (continuous).

d Cutoffs for intake included never, less than 1,1, or at least 2 cups/d.

and sweeteners did not materially alter the association with
OS or PFS.

Improved outcomes were also found when caffeinated or
decaffeinated coffee was individually analyzed (Table). Com-
pared with those who never consumed coffee, those who con-
sumed at least 2 cups/d of decaffeinated coffee had a multi-
variable HR for OS of 0.64 (95% CI, 0.43-0.95; P = .003 for
trend) and for PFS of 0.75 (95% CI, 0.52-1.09; P = .05 for trend).
Consumption of at least 4 cups/d of caffeinated coffee was as-
sociated with improved OS with a multivariable HR of 0.66
(95% CI, 0.47-0.94; P = .04 for trend), whereas no significant
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association was noted between caffeinated coffee consump-
tion and PFS (HR, 0.85; 95% CI, 0.62-1.17; P = .15 for trend).
To eliminate potential differences between participants
who drank coffee and those who did not, we analyzed sur-
vival among those who drank any amount of coffee. Higher
total coffee intake continued to be associated with improved
OS (HR for 1-cup/d increment, 0.94; 95% CI, 0.89-0.99) and
PFS (HR for 1-cup/d increment, 0.96; 95% CI, 0.92-1.01) in this
subset of patients. To further address the possible influence
of occult cancer or impending death on dietary habits, we
performed a sensitivity analysis by extending the exclusion
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Figure 3. Multivariable-Adjusted Hazard Ratios (HRs) and 95% Cls for Overall and Progression-Free Survival

[A] Overall survival Favors : Favors

Covariate HR (95% Cl) Coffee : No Coffee P (1)
Age,y .52
<60 0.91 (0.85-0.98) —
260 0.95(0.89-1.03) ——
Sex 41
Female 0.90 (0.83-0.98) B
Male 0.94 (0.89-1.01) ——
Race .23
White 0.94 (0.89-0.99) —
Black 0.76 (0.57-1.03) <—=——
ECOG performance status .53
0 0.94 (0.88-1.00) —
1 0.92 (0.85-0.99) —
Prior adjuvant chemotherapy .60
No 0.93 (0.88-0.98) —
Yes 0.92 (0.81-1.05) _—
Chemotherapy backbone .95
mFOLFOX6 0.93(0.88-0.99) —
FOLFIRI 0.94 (0.85-1.04) B

Assigned treatment arm .23
0.98(0.91-1.07)
Cetuximab 0.93(0.86-1.00)
Bevacizumab + cetuximab 0.86 (0.77-0.96)

Bevacizumab

Primary tumor location .38
Left 0.90 (0.84-0.96) E—
Right/transverse 0.97 (0.89-1.05) —e—

Body mass index .05
<25.0 0.87 (0.80-0.95) ——
225.0 0.96 (0.91-1.02) —

Physical activity, MET-h/wk 71
<3 0.95 (0.88-1.01) ——
23 0.91(0.84-0.98) ——

Smoking status .62
Never 0.90(0.81-1.00) I —
Past 0.95(0.88-1.01) —
Current 0.88(0.77-1.00) —_

Alcohol intake 21

Less than median 0.89(0.83-0.96)
At or greater than median 0.96 (0.89-1.03)

- e

S S

—
07 08 09 1. 1.1
Multivariable adjusted HR (95% C()

Progression-free survival Favors | Favors

Covariate HR (95% CI) Coffee : No Coffee P (1)
Age,y 36
<60 0.93 (0.87-0.99) —
260 0.99 (0.92-1.06) —
Sex .01
Female 0.88 (0.81-0.96) —_—
Male 1.01(0.95-1.07) —
Race 72
White 0.96 (0.91-1.00) —
Black 0.97(0.74-1.26) —————>
ECOG performance status .82
0 0.95(0.90-1.01) ——
1 0.95(0.88-1.03) ———
Prior adjuvant chemotherapy 74
No 0.95(0.91-1.00) —
Yes 0.96 (0.84-1.09) —_—
Chemotherapy backbone .40
mFOLFOX6 0.96 (0.92-1.02) —
FOLFIRI 0.93(0.84-1.03) —
Assigned treatment arm .20

Bevacizumab 1.01(0.94-1.09) —
Cetuximab 0.95 (0.89-1.02)

Bevacizumab + cetuximab 0.89 (0.80-0.99)

Primary tumor location 41
Left 0.93 (0.88-0.99) ——
Right/transverse 0.98 (0.90-1.06) B m—

Body mass index .15
<25.0 0.91 (0.84-0.98) —

225.0 0.98 (0.92-1.04) —i—

Physical activity, MET-h/wk .76
<3 0.95 (0.89-1.01) —
>3 0.95 (0.89-1.02) —

Smoking status 42
Never 0.91 (0.82-1.00) —_—

Past 0.96 (0.90-1.03) —
Current 0.97 (0.86-1.10) —_
Alcohol intake .51

S

Less than median 0.93(0.87-1.00)
At or greater than median 0.97 (0.00-1.05)

N S

——
0.7 08 09 10 1.1
Multivariable adjusted HR (95% Cl)

Data are calculated per 1-cup/d increment in total coffee consumption, across strata of covariates and adjusted for age (continuous), total energy intake
(continuous), sex (female or male), Eastern Cooperative Oncology Group (ECOG) performance status (O or 1-2), prior adjuvant chemotherapy (yes or no),
chemotherapy backbone (leucovorin, fluorouracil, and oxaliplatin [NFOLFOX6] or leucovorin, fluorouracil, and irinotecan [FOLFIRI]), assigned treatment arm
(bevacizumab, cetuximab, or bevacizumab plus cetuximab), body mass index (continuous), and physical activity (continuous), excluding the stratification variable.

MET indicates metabolic equivalent; P (1), P value for interaction.

period to 180 days. Higher total coffee intake remained sig-
nificantly associated with improvement in OS (HR for 1-cup/d
increment, 0.94; 95% CI, 0.89-0.99); the association with PFS
was generally unchanged, although slightly attenuated (HR for
1-cup/d increment, 0.96; 95% CI, 0.92-1.01).

Subgroup Analysis

In subgroup analyses (Figure 3), the association of increasing
coffee consumption with improved OS was stronger in pa-
tients with BMI of less than 25.0 than those with BMI of at least
25.0 (HR, 0.87 [95% CI, 0.80-0.95] vs 0.96 [95% CI, 0.91-
1.02]; P = .05 for interaction). The association with PFS was

JAMA Oncology Published online September 17,2020

stronger in female patients (HR, 0.88 [95% CI, 0.81-0.96] vs
1.01[95% CI, 0.95-1.07]; P = .01 for interaction). No other sta-
tistically significant interactions were detected.

|
Discussion

In 1171 patients with advanced or metastatic CRC, we found that
increased total coffee intake was associated with a statisti-
cally significant improvement in both OS and PFS. When caf-
feinated coffee and decaffeinated coffee were considered sepa-
rately, both were associated with improved OS, whereas the

jamaoncology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 09/28/2020


http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3938

Coffee Intake and Survival in Advanced or Metastatic Colorectal Cancer

association with PFS was attenuated for caffeinated coffee. The
significant association between higher coffee intake and im-
proved patient outcomes remained even after multivariate ad-
justment for potential confounding and prognostic variables.

Previous studies have suggested an association between
coffee consumption and CRC risk and outcome, with mixed
findings. A recent meta-analysis examining coffee consump-
tion and CRC risk?® detected a significant protective effect of
coffee in 7 US studies but not among the total 26 studies. A sub-
sequent study among participants in the UK Biobank?” found
no association between coffee consumption and CRC risk. Ow-
ing to the conflicting data, coffee consumption is not cur-
rently recognized as a risk factor for CRC by the World Cancer
Research Fund/American Institute for Cancer Research.?® Re-
garding coffee consumption and CRC survival, higher coffee
intake was associated with reduced cancer recurrence and
death in 953 patients with stage III colon cancer from the
CALGB 89803 (Alliance) Diet and Lifestyle Companion study.'*
In another study of 1599 patients with stages I to III CRC from
2 prospective cohorts,'? higher coffee intake was associated
with a lower risk of overall and CRC-specific mortality, par-
ticularly among those with stage III disease.

One possible hypothesis to explain the underlying bio-
logical mechanism of the anticancer effects of coffee con-
sumption involves coffee’s effects on the insulin pathway.
Caffeine increases insulin sensitivity of tissues and therefore
has antihyperinsulinemic effects. Studies have associated
indicators of insulin resistance, such as increased levels of
circulating C-peptide (a marker of insulin secretion)® and
higher dietary insulin load,>” with worse survival in patients
with CRC. Although the insulin-modulating effects of caf-
feine have been most extensively studied,?® cross-sectional
studies have also shown correlations between consumption
of decaffeinated coffee and circulating levels of C-peptide
and adiponectin (a marker of insulin sensitivity).!%-3° The
present study detected more marked associations with OS in
participants with lower BMI and with PFS in women. Inter-
estingly, both women and individuals with lower BMI have
higher levels of insulin sensitivity.>' These findings are con-
sidered exploratory in nature and bear further examination
in future research.

Arecent analysis of the UK Biobank>2 found an inverse as-
sociation between coffee consumption and all-cause mortal-
ity for all types of coffee, including instant, ground, and de-
caffeinated, suggesting a role for noncaffeine constituents of
coffee in this association. One potential etiologic molecule is
chlorogenic acid, which has been shown to modify blood glu-
cose levels and tolerance in humans and rats.>*** The pre-
sent study detected a statistically significant survival benefit
associated with consumption of coffee but did not find a simi-
lar association with total caffeine intake. This may indicate a
stronger role for these noncaffeine components of coffee in CRC
outcomes.

Alternative hypotheses focus on coffee’s other biological
effects. Coffee is the largest source of dietary antioxidants in
the United States.®* Studies have implicated high oxidative
stress in CRC development and metastases.?®3” As such, a
greater consumption of antioxidants could potentially slow
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the development of such cancers. In addition, kahweol is
another component in coffee with anti-inflammatory and pro-
apoptotic effects that may decrease mutagenesis and cancer
progression.®-%-38 Further research is ongoing to identify other
bioactive molecules in coffee and their effect on cancer in
humans. Both insulin sensitization and other anticancer ef-
fects may work in combination to slow tumor growth and
development.

The data analyzed for this study were derived from alarge,
multicenter, randomized clinical trial. This source of data is
advantageous owing to the trial’s detailed patient eligibility cri-
teria, standardized treatment procedures, and careful
follow-up for end points such as OS and PFS. Dietary informa-
tion was prospectively collected using a validated food fre-
quency questionnaire. Our results remained statistically sig-
nificant after controlling for demographic, lifestyle, disease,
and treatment-related variables thought to affect outcomes of
patients with CRC, which were collected at the time of pa-
tient enrollment in the clinical trial.

Limitations

Despite these considerations, our results may have been
confounded by factors that were not captured in the clinical
trial or associated questionnaire, such as sleep habits,
employment, physical activity not related to dedicated exer-
cise, or changes in coffee consumption after cancer diagno-
sis. Furthermore, most patients who consume coffee while
being treated for cancer likely consumed coffee before
the cancer diagnosis, so these results do not allow us to dis-
cern whether the consumption of coffee acts directly on
active tumors or whether coffee drinkers tend to develop
less aggressive tumors. In a population of patients with
advanced cancer, we considered the possibility that coffee
drinkers may be more robust or have a lesser burden of can-
cer; however, we did not find any significant differences in
performance status or disease characteristics across catego-
ries of coffee consumption. The population of patients with
cancer enrolled in CALGB/SWOG 80405 may not be repre-
sentative of the general population of patients with CRC.
However, this clinical trial recruited patients from academic
and community hospitals across North America, and similar
randomized clinical trials are routinely used to determine
the standards of care for treatment of CRC and other forms
of cancer. In addition, these results do not represent a causal
relationship between coffee and survival, which requires
randomized intervention studies.

. |
Conclusions

This large cohort study detected an association between in-
creased consumption of coffee and improved CRC outcomes.
These findings are consistent with those of previous epide-
miological studies, although this is the first such study, to our
knowledge, to show a protective effect of coffee consump-
tion in patients with advanced or metastatic CRC. Further re-
search is needed to elucidate the specific mechanism driving
these associations.
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