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Abstract

Background & Aims—High level coffee consumption has been associated with reduced
progression of pre-existing liver diseases and lower risk of hepatocellular carcinoma. However, its
relationship with therapy for Hepatitis C virus (HCV) infection has not been evaluated.

Methods—~Patients (n=885) from the lead-in phase of the Hepatitis C Antiviral Long-Term
Treatment Against Cirrhosis (HALT-C) trial recorded coffee intake before re-treatment with
peginterferon alfa-2a (180 pg/wk) and ribavirin (1000-1200 mg/day). We assessed patients for
early virologic response (EVR, 2 logyg reduction in level of HCV RNA at week 12; n=466) and
undetectable HCV RNA at week 20 (W20VR; n=320), week 48 (end of treatment, EOT; n=284),
and week 72 (sustained virologic response, SVR; n=157).

Results—The median logyg drop from baseline to week 20 was 2.0 (interquartile range: 0.6-3.9)
among non-drinkers and 4.0 (2.1-4.7) among patients that drank >3 cup/day of coffee (P-trend
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<0.0001). In unadjusted models, the odds ratios (OR) and 95% confidence intervals (Cl) for
drinking >3 cups/day vs non-drinking were 3.2 (1.9-5.3) for EVR, 3.1 (1.8-5.1) for W20VR, 3.5
(2.0-5.9) for EOT, and 2.7 (1.4-5.3) for SVR (P-trend<0.0001 for all). After adjustment for age,
race/ethnicity, sex, alcohol, cirrhosis, ratio of aspartate aminotransferase:alanine aminotransferase,
the IL28B polymorphism rs12979860, dose reduction of peginterferon, and other covariates, the
OR (95% CI) for EVR was 2.0 (1.1-3.6; P-trend = 0.004); for W20VR was 2.1 (1.1-3.9; p-
trend=0.005); for EOT was 2.4 (1.3-4.6; P-trend=0.001), and for SVR was 1.8 (0.8-3.9; P-
trend=0.034).

Conclusion—High-level consumption of coffee (more than 3 cups per day) is an independent
predictor of improved virologic response to peginterferon plus ribavirin in patients with Hepatitis

C.
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Introduction

Approximately, 70-80% of individuals exposed to Hepatitis C (HCV) become chronically
infected.> Worldwide, these individuals are estimated to number between 130 and 170
million.2 Treatment with peginterferon and ribavirin resolves chronic hepatitis C in about
half of patients.3 4 However, those who fail or are unable to tolerate treatment have few
current treatment options.

A number of factors affect response to therapy,® including African-American race,5-8
presence of cirrhosis,® baseline aspartate aminotransferase (AST)- alanine aminotransferase
(ALT) ratio,® baseline serum HCV level,8 insulin resistance, 10 particular single nucleotide
polymorphisms (SNPs), including rs12979860 or rs8099917 near 1L28B,11-1° genotype 1 of
HCV,8 16. 17 and patients’ ability to tolerate full doses of peginterferon during treatment.18

Coffee drinking has been associated with several aspects of liver health, including
concentrations of the liver enzymes ALT, AST, and gamma-glutamyltransferase,19-24
progression of pre-existing liver disease,2® and hepatocellular carcinoma.28: 27 It is not
known whether coffee affects spontaneous HCV clearance, or among chronically infected
individuals, patients’ response to HCV therapy.28

Therefore, we investigated the association between coffee intake and virologic response to
peginterferon plus ribavirin treatment in the lead-in phase of the Hepatitis C Antiviral Long-
Term Treatment against Cirrhosis (HALT-C) trial of patients with baseline fibrosis or
cirrhosis who had failed previous interferon therapy.2°

Materials and Methods

Patient population

As previously described,8: 1829, 30 the lead-in phase of HALT-C enrolled 1145 Hepatitis C
positive patients who had an Ishak fibrosis score >3, had failed previous interferon
treatment, and had no evidence of hepatic decompensation or hepatocellular carcinoma.
During lead-in, patients received 180 nug per week of peginterferon alfa-2a and 1000 mg/day
ribavirin for those weighing <75 kg and 1200 mg/day for those weighing >75 kg. Patients
with declining neutrophil, platelet, hemoglobin counts, or other adverse effects were
managed by dose reduction of peginterferon and or ribavirin.1® The amount of medication
taken by each patient over the first twenty weeks was expressed as a proportion of the
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original prescribed dose. The study protocol was approved by the institutional review board
of each participating institution, and written consent was obtained from all patients.

Assessment of coffee and tea consumption

At the beginning of the lead-in-phase, patients completed a previously validated3!: 32 Block
98.2 food frequency questionnaire (FFQ; Nutrition Quest, Berkeley, CA). Patients reported
typical intake of 110 food items over the past year, using nine frequency categories ranging
from “never” to “every day” and four categories of portion size (1 cup, 2 cups, 3-4 cups,
and 5+ cups). One question assessed coffee intake and did not distinguish decaffeinated
from caffeinated coffee. A second question assessed tea intake and did not distinguish black
from green tea. Patients failing lead-in therapy entered the randomized phase and completed
a second Block FFQ approximately a year after beginning the randomized phase.

For analysis, we created categorical variables of coffee (never, >0 to <1, >1 to <3, and >3
cups/day) and tea intake (never, >0 to <1, 21 to <2, and =2 cups/day). We excluded 259
patients who did not complete a FFQ and one patient with extreme caloric intake (more than
two interquartile ranges from the median), leaving 885 patients for the current analysis.
Patients completing the FFQ were similar to those who did not, other than being more
typically Caucasian (76.2% vs. 65.3%, p=0.034) and having a lower baseline AST/ALT
ratio (median=0.78 vs. 0.82, p=0.0056).

Assessment of outcomes

Serum samples obtained from all subjects enrolled in the HALT-C Trial were tested in real
time at the University of Washington Virology Laboratory with both the quantitative Roche
COBAS® Amplicor HCV Monitor Test, v. 2.0 assay [lower limit of detection (LLOD) 600
IU/mL] and, if negative, by the Roche COBAS ® Amplicor HCV Test, v. 2.0 assay (Roche
Molecular Systems, Branchburg, NJ) with LLOD 100 IU/mL as previously described.8: 33
HCV genotypes were determined with the INNO-LiPA HCV Il kit (Siemens Medical
Solutions Diagnostics, Tarrytown, NY). Serum HCV RNA level was assessed at baseline,
along with week 12, week 20, and week 48 of treatment. Early virologic response (EVR)
was defined as a >2-logy decline in serum HCV RNA level at week 12. Week 20 virologic
response was defined as the absence of detectable serum HCV RNA (<100 IU/mL) at week
20. Week 20, as opposed to the traditional week 24, was chosen in order to provide
sufficient time to identify non-responders for randomization into the main HALT-C trial.
Patients with undetectable virus at week 20 continued to receive peginterferon plus ribavirin
treatment for an additional 28 weeks (48 weeks total) at which point treatment was stopped.
Sustained virologic response was defined as the absence of detectable serum HCV RNA at
week 72, 24 weeks after the end of treatment. For analysis, we set undetectable viral levels
at the detection limit (100, i.e. 2 logyg, 1U/mL).

Statistical analysis

All tests were two-sided and an alpha of <0.05 was considered to be statistically significant.
Analyses were performed with SAS, release 9.2 (SAS Institute, Cary, NC). We tabulated
baseline behavioral and clinical, demographic, and genetic features by categories of coffee
intake. The Jonckheere-Terpstra test for trend for continuous variables and the Mantel-
Haenszel test for trend for categorical variables were used to assess variation across
categories of coffee intake. Variation across categories of race/ethnicity was assessed by the
Pearson Chi-square test. Associations between coffee and tea intake with virologic response
were determined using logistic regression. Linear trend tests were performed by assigning
participants the median intake for their categories and entering that term as a continuous
variable in the regression models. We present results from unadjusted crude models, along
with models adjusted for continuous baseline age, AST/ALT ratio, log HCV RNA level,
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hemoglobin, neutrophils, platelets, and categories of sex, race/ethnicity, alcohol use at
baseline, cirrhosis, HCV genotype 1, previous use of ribavirin, dose reduction of
peginterferon during the first 20 weeks of treatment, and rs12979860 genotype. Additional
adjustment for Short Form-36 (SF-36)34 general health, physical function, or vitality quality
of life scores, pack-years of cigarettes, rs8099917 genotype, dose reduction of ribavirin
during the first 20 weeks of treatment, body mass index, the homeostatic model assessment
score of insulin resistance (HOMAZ2), total serum cholesterol, high-density lipoprotein
cholesterol (HDL), or triglycerides had no appreciable effect on risk estimates for virologic
response (data not shown). Additionally, we performed propensity score analysis® in order
to better balance possible confounders between coffee drinkers and non-drinkers. We
created a propensity score for coffee intake using the following covariates: age (continuous),
sex, race/ethnicity (Caucasian, African American, Hispanic, Other), alcohol use (current,
former, and never), cirrhosis at baseline, genotype 1, AST/ALT ratio (continuous), log HCV
RNA level at baseline (continuous), previous use of ribavirin, hemoglobin (continuous),
neutrophils (continuous), platelets (continuous), categories of peginterferon medication dose
during first 20 weeks of treatment (=98%-100%, >80%-<98%, >60%-<80%, and <60%),
and rs12979860 genotype (TT, CT, CC). We then adjusted risk estimates for coffee with
virologic response for quintiles of the propensity score using indicator variables. Risk
estimates were also calculated across strata of propensity score quintiles.

We investigated possible interactions between coffee intake and a number of clinical and
behavioral features by examining the association between coffee and virologic response by
stratum of each clinical and behavioral feature. We formally tested for effect modification
by including an interaction term between each stratifying variable and continuous coffee
intake in the model.

Of the 885 patients who began full-dose peginterferon and ribavirin therapy, 85% drank
coffee and 14.9% of patients drank >3 cups per day. At baseline, those consuming higher
quantities of coffee were more likely to be Caucasian, drink alcohol and smoke cigarettes,
have the CC genotype of rs12979860 (near 1L28B), have higher hemoglobin, neutrophils,
platelets, and total cholesterol, less likely to have cirrhosis at baseline, and have lower serum
AST/ALT and HOMAZ2 score of insulin resistance (p<0.05 for all; Table 1). Whereas 50.4%
of non-coffee drinkers tolerated the full dose of peginterferon alfa-2a during treatment,
60.6% of >3 cups per day coffee drinkers tolerated the full dose (p=0.0015). Among
determinants of peginterferon dose reduction, 58% were due to low neutrophils and 22.6 %
were due to low platelets. During treatment, coffee drinkers were less likely to have a dose
reduction due to either low neutrophils (p=0.016) or platelets (p=0.059). The relationships
between coffee and clinical and demographic variables were generally similar in analyses
restricted to Caucasians (n=674), although we noted one difference. The association for
coffee with rs8099917 genotype became statistically significant (p=0.001).

More coffee consumption was associated with slightly higher baseline HCV RNA levels (p
for trend =0.007).(Table 2) Yet with increasing coffee intake, the decline in patients’ serum
HCV RNA level from baseline was greater and absolute levels of patients’ serum HCV
RNA at weeks 12 and 20 were lower (Table 2). Thus, for example, the median log;o HCV
RNA at week 20 was 4.6 (IQR: 2.0-5.8) for non-drinkers and 2.0 (IQR: 2.0-4.3) for those
who drank >3 cups per day (p-trend <0.0001). Consistent results were observed for the log
decrease in HCV RNA from baseline to week 12 (1.7 (IQR: 0.7-3.6) in non-drinkers vs. 3.7
(IQR: 1.8-4.2) for >3 cup per day drinkers; p-trend p<0.0001) and from baseline to week 20
(2.0 (IQR: 0.6-3.9) in non-drinkers vs. 4.0 (IQR: 2.1-4.7) for >3 cup per day drinkers; p-
trend p<0.0001).
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Coffee drinkers were also more likely to have a virologic response according to the pre-
defined endpoints (Table 3). Among non-drinkers, 45.7% had an early virologic response
(=2 log drop in their serum HCV RNA level at week 12), 26.3% had no detectable serum
HCV RNA at week 20, 21.8% had no detectable serum at week 48, and 11.3% had a
sustained virologic response. In contrast, the corresponding proportions for >3 cup per day
coffee drinkers were 72.7%, 52.3%, 49.2%, and 25.8% respectively. From crude logistic
regression models, patients who drank >3 cups per day of coffee were about three times
more likely to have a virologic response at the four time-points of interest (Table 3). Ability
to tolerate treatment had minimal effect on the relationship of coffee and virologic response.
For example, the odds ratio for patients who drank >3 cups per day relative to non-drinkers
for week 20 response changed slightly from 3.07 (Crude: Table 3) to 2.92 (data not in table)
with control for peginterferon dose and the p-trend remained highly statistically significant
(p-trend<0.0001). Multivariate adjustment for age, sex, race/ethnicity, alcohol use, cirrhosis
at baseline, genotype 1, AST/ALT ratio, log HCV RNA level at baseline, previous use of
ribavirin, hemoglobin, neutrophils, platelets, peginterferon medication dose during first 20
weeks of treatment, and rs12979860 genotype, attenuated associations with coffee, though
associations remained significant for each virologic response endpoint (Table 3). Risk
estimates using propensity score methods were similar to those from multivariate adjusted
models (data not shown).

In contrast to results for coffee, no effect was observed for drinking tea (p-trend =0.92, 0.96,
0.89, and 0.49 for early, week 20, week 48, and sustained virologic response, respectively).

In stratified analyses, we investigated effect modification (interaction) for week 20 HCV
negativity across stratum of HCV genotype, race/ethnicity, cirrhosis at baseline, baseline
AST/ALT ratio, hemoglobin, neutrophils, platelets, total cholesterol, HOMA score, SF-36
general health score, dose reduction of peginterferon, alcohol use, cigarette smoking, or
rs12979860 genotype. Results are presented for week 20 virologic response, but were
similar for early virologic response (week 12), end of treatment response (week 48), and
sustained virologic response (week 72; data not shown). Risk estimates generally appeared
similar in each stratum and the p-values for interaction were all >0.05 (Figure 1). For
example, of the 454 patients who tolerated full dose, 43.4% had a week 20 virologic
response compared with 28.5% of the 431 patients who took less than full dose. The relative
benefit of coffee on virologic response was similar in these two groups (OR 1.26 for full
dose and 1.18 for lower dose) despite the absolute difference in response. The relationships
between coffee and virologic responses were also very similar in analyses restricted to
Caucasians. Specifically, there was a statistically significant increase in week 20 virological
response per cup increase in coffee consumption among Caucasians. Associations between
coffee intake and virologic response were apparent in patients with both fibrosis and
cirrhosis at baseline; though stronger in those with fibrosis. Finally, risk estimates for coffee
appeared stronger in patients with the less favorable IL28B rs12979860 TT or CT genotype,
though again differences in risk estimates were not statistically significant.

We were unable to determine coffee intake during lead-in therapy. But for patients failing
lead-in therapy, coffee intake was assessed on a second occasion, 18 months after baseline,
i.e. 12 months after these patients had been randomized to low-dose peginterferon or no
treatment. Median coffee intake was the same (one cup per day) at baseline and at the
second time-point for patients in both randomization groups. The weighted kappa for the
two assessments was 0.58 overall (p <0.0001), 0.54 in those receiving treatment (p
<0.0001), and 0.63 in those receiving no-treatment (p <0.0001), indicating good agreement.
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Discussion

In patients with advanced Hepatitis C related chronic liver disease in the HALT-C trial
receiving peginterferon plus ribavirin treatment, >3 cups per day coffee drinkers were three
times more likely to have a virologic response than non-drinkers. Associations were
attenuated but persisted after adjustment for a wide range of behavioral, clinical, and genetic
features, suggesting an effect independent of other known risk factors. In contrast to results
for coffee, no effect was observed for tea drinking.

Coffee intake has been associated with lower level of liver enzymes, reduced progression of
chronic liver disease, 2> and reduced incidence of hepatocellular carcinoma.2%: 27 Since little
other data on the association of coffee drinking with virologic response is available, the
herein observed association needs replication in other studies.

A number of risk factors have previously been associated with virologic response in HALT-
C and in other studies,® 8 12. 14,15, 18, 25 jnclyding African-American race, presence of
cirrhosis, AST/ALT ratio, serum HCV RNA level, particular genotypes near the 1L28B
gene, and ability to tolerate full doses of peginterferon during treatment. Intriguingly, coffee
was modestly associated with nearly all of these factors. African-Americans in our study
tended to drink less coffee than Caucasians, and coffee drinking was associated with lower
AST/ALT ratio, ability to tolerate full doses of peginterferon alfa-2a during treatment, and
particular genotypes of SNPs near to the IL28B gene, which have recently been linked to
virologic response.11-1° Yet, the association for coffee persisted after adjustment for these
and other potential confounders and was similar across stratums of each of these risk factors,
e.g. a similar effect for coffee on virologic response was observed for both those receiving a
full dose of peginterferon and those having a dose reduction. These results suggest that
coffee drinkers had a better response to treatment that was independent other risk factors,
including higher tolerance for peginterferon treatment.

Even so, associations between coffee and features associated with virologic response raise
the possibility of reverse causality, i.e. sicker patients were less likely to drink coffee and in
this way, less likely to respond to treatment. But in HALT-C, if anything, patients drinking
coffee reported a worse quality of life on the SF-36 quality of life questionnaire than non-
drinkers. Quality of life was also not associated with virologic response. Nevertheless, as in
all observational studies, we cannot exclude unmeasured or residual confounding as an
explanation for our results. Observed associations could also simply be due to chance.

Coffee has more than a 1,000 compounds, any one of which could be involved in virologic
response. One major constituent of coffee is caffeine. Though we could not distinguish
caffeinated from decaffeinated coffee in our study, we found no association with
consumption of black or green tea. Fewer individuals consumed tea in our study and tea
contains less caffeine than coffee, however. It is unlikely that coffee and its constituents
have a direct antiviral effect. If so, HCV RNA levels at baseline would have been expected
to be lower with greater coffee consumption. In fact, baseline levels were actually higher
with greater consumption (Table 2). More likely coffee would have a facilitating effect on
response to peginterferon and ribavirin treatment by a mechanism yet to be understood. It is
intriguing that the C allele of rs12979860 near the 1L28B gene has been associated with
higher baseline viral levels, lower levels of interferon stimulated-gene expression, and better
treatment response.14 36.37 The 1.28B genotype effect on virologic response may be
through the JAK-STAT signaling pathway.38 Recently published results potentially link
kahweol, a diterpene in coffee, to JAK-STAT signaling,3° suggesting one of many possible
mechanisms for the observed association in our study.
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A number of studies have linked high serum total and low-density lipoprotein (LDL)
cholesterol with increased virologic response to peginterferon plus ribavirin therapy.40-42
LDL has also been recently posited to mediate, at least partly, the effect of the rs12979860 C
allele.41: 43 Coffee intake was associated with higher serum total cholesterol in our study and
has also been linked to higher serum total cholesterol and LDL in past observational and
interventional studies.** Adjustment for total cholesterol, however, did not affect risk
estimates in the current analysis. We lacked assessment of LDL.

Alternatively, insulin resistance has been associated with poor virologic response in a
number of previous studies.® 10 Consistent with previous studies of type-I1 diabetes, 4> 46
coffee intake was inversely associated with insulin resistance in HALT-C. Adjustment for
HOMAZ2 score did not affect risk estimates for coffee with virologic response in the current
analysis, however.

Our study has several advantages, including a large number of patients with histological
staging of liver fibrosis, careful assessment of virologic response using a central virology
laboratory, and comprehensive assessment of clinical and histologic features. Limitations
include a lack of information on caffeine and coffee brewing methods and the assessment of
coffee via self-report at a single time point. As such, we do not know patients’ coffee intake
at the time of initial treatment or whether coffee consumption was maintained over the
course of the lead-in phase. However, for patients failing lead-in therapy subsequently
randomized to half-dose peginterferon treatment or to no treatment, coffee consumption was
similar at baseline and eighteen months later (6 months after randomization). Since patients
in HALT-C also had previously failed interferon therapy, it is not clear whether our results
can be generalized to other patient populations, such as those with less advanced disease,
those who are treatment-naive to prior therapy, or who are being treated with newer anti-
viral agents.

In summary, we observed an independent association between coffee intake and virologic
response to peginterferon plus ribavirin retreatment in the lead-in phase of the HALT-C
trial. Future studies are needed to replicate this finding in other populations.
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HDL high-density lipoprotein

HOMA?2 homeostatic model assessment score of insulin resistance

LDL low-density lipoprotein

LLOD lower limit of detection
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Figure 1.

Stratified analysis of the association of baseline coffee intake with week 20 virologic
response in the HALT-C trial. Odds ratios shown are for an increase in coffee consumption
of one drink per day and are adjusted for age (continuous), sex, race/ethnicity (Caucasian,
African American, Hispanic, Other), alcohol use (current, former, and never), cirrhosis at
baseline, genotype 1, AST/ALT ratio (continuous), log HCV RNA level at baseline
(continuous), previous use of ribavirin, hemoglobin (continuous), neutrophils (continuous),
platelets (continuous), categories of peginterferon medication dose during first 20 weeks of
treatment (=98%-100%, >80%—-<98%, >60%—-<80%, and <60%), and rs12979860 genotype
(TT, CT, CC). Median values were used to define cut-points for the starred characteristics.
Black diamond indicates the overall point estimate. Black circles, squares, and triangles
represent the point estimate for each indicated subgroup. Horizontal lines represent 95%
confidence intervals (CI). The solid vertical line indicates an odds ratio of one. P values are
for the interaction between coffee intake and each stratifying variable and are taken from the
Wald-test for the cross-product term of each stratifying variable and continuous coffee
intake.
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