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Abstract

Background: Patients treated with anti-CD20 therapy are particularly at risk of developing severe
coronavirus disease 2019 (COVID-19): however, little is known regarding COVID-19 vaccine effectiveness
in this population.

Methods: This prospective observational cohort study assesses humoral and T-cell responses after
vaccination with 2 doses of mRNA-based COVID-19 vaccines in patients treated with rituximab for
rheumatic diseases or ocrelizumab for multiple sclerosis (n = 37), compared to immunocompetent
individuals (n = 22).

Results: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-specific antibodies were
detectable in only 69.4% of patients and at levels that were significantly lower compared to controls who
all seroconverted. In contrast to antibodies. Spike (5)-specific CD4 T cells were equally detected in
immunocompetent and anti-CD20 treated patients (85-90%) and mostly of a Th1 phenotype. Response
rates of S-specific CD8& T cells were higher in ocrelizumab (96.2%) and rituximab-treated patients (81.8%)
as compared to controls (66.7%). S-specific CD4 and CD& T cells were polyfunctional but expressed more
effector molecules in patients than in controls. During follow-up, 3 MS patients without SARS-CoV-2-
specific antibody response had a mild breakthrough infection. One of them had no detectable S-specific T
cells after vaccination.

Conclusions: Our study suggests that patients on anti-CD20 treatment are able to mount potent T-cell
responses to mRNA COVID-19 vaccines, despite impaired humoral responses. This could play an

important role in the reduction of complications of severe COVID-19.
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apes worldwide. Epidemiologic studies have gen-

erally reported inverse associations with chronic
disease, including cardiovascular disease’?; disbetes®; Par-
kinson disease*; and liver,® colorectal,® and endometrial®
cancer. Furthermore, prospective studies have consistently
observed inverse associations with all-cause and cause-
specific mortality.** Such evidence played a major role in
the 2015 US Dietary Guidelines Advisory Committee report,
which concluded that moderate coffee consumption of up
to 5 eight-ounce cups per day can be a part of a healthy
diet.”

Nevertheless, there remain concerns about the effects
of coffee drinking. Coffes is a major source of caffeine, and
between-person variation in caffeine metabolism is consid-
erable. Clinical and epidemiologic studies have identified
geuelic varianls hat alfect calleive metalaolism and ool
consumption,'® and several studies have suggested that cof-
fee drinkers with commeon genetic polymorphisms affecting
caffeine metabolism may be at increased risk of cardiovas-
cular disease.™*" However, the impact of common genetic
polymorphisms that affect caffeine metabolism on the
coffee-mortality association is unknown. There is also con-
remn ahnnt heavy roffee drinking (=& raps/d) more penier-
ally. However, prior studies have had a limited number
of participants in this intake range, precluding stable risk
estimates.

C offee is one of the most commonly consumed bever-
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Weused the 500 000-participant UK Bicbank cohort toin-
vestigate possible effect modification by caffeine metabo-
lism score, defined by previously identified polymorphisms
that affect caffeine metabolism. '
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Follow. up time was counted from the date of assessment cen St O
IS s 5 ter visit until the date of death or the date of censor (le, Janu
[ad <t :

for England and Wales and Novembe

er came first. For cause

mately 9.2 milli
National Health Service (NHS), ages 40 1o 69 years who re SyaT az s
sided within 40 km of 22 assessment centers across the United
Kingdom. ™ In total, 507 217 individuals visited assessment con
ters between 2006 and 2010 ed ¢ nstve

sals who died from other ¢

death.

touchscroe Ast
physical exar d Vital status, date, and underlying (primary) cause of denth were
stn 502 641 particip i rstudy, Weex provided by the National Health Service (NHS) Information i
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nant or unsure whether they were pregnant (n « 369), and PR fined the following 3 broad categories (ie, causes with >500 i g -
those with no follow-up time (n = 3), resulting in an analytic S deaths) of cause-specific mortality using the International Sta | s ate g la 2y
£498 134 4 tutical Claxefication of Diseases and Related Health Problems W S O e
38 134 participants. R f f i :
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ancer and cardiovasc & B ®

we further defined ¢ mon canses of death (
»500 deaths) within these broad categories: color
20), bronchus and lung cancer (C34), female breast

cer(CI8
cancer ind pancreatic cancer (C25); ischemic heart dis.

5% and stroke (160-169).




Statistical Analysis

We used Cox proportional hazard regression models to esti- \
mate hazard ratios (HRs) and 95% CIs for mortality. Person-

years (ie, calendar time) of follow-up was used as the under-

lying time metric. We estimated the Spearman partial

correlation coefficients between coffee intake and each CMS,,,

adjusting for age, sex, smoking status, genotyping array, and
the first 5 genetic principal components. We tested the pro-

portional-hazards assumption by comparing the multivari- >—
able model with the interaction term between person-time and

coffee intake to the model without it; we observed no devia-

tions from this assumption. Statistical tests were 2-sided, and

P < .05 was interpreted as statistically significant. We used SAS

software (version 9.4; SAS Institute Inc) and the computa

tional resources of the National Institutes of Health’s (NIH)
High-Performance Computing Biowulf cluster to conduct _./
analyses.
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Results

Inthe UK Biobank cohort, 110 640 (22%) participants were non.

coffee drinkers. Among coffee drinkers, 214 119 (56%), 87 665
(23%), and 74 053 (19%) reported usually drinking instant,
ground, and decaffeinated coffee, respectively. Coffee drink-
ers, compared with non-coffee drinkers, were more likely to
be male, white, former smokers, and drink alcohol. Partici-
pants drinking 4 or more cups per day, compared with those
drinking less coffee and nondrinkers, were more likely todrink
instant coffee and be current smokers, whereas participants

drinking 1to 3 cups per day were older, more likely to have a
university degree, and more likely toreport “excellent” health
(Table 1).

Over 10 years of follow-up (median, 7 years) and 3.4 mil-
lion person-years, 14 225 deaths occurred. After multivari-
able adjustment, we observed an inverse dose-dependent
association (P< .001 for trend) for total coffee intake and all-
cause mortality (Table 2). The HRs for drinking less than 1, 1,
2103,4105, 6107, and 8 or more cups per day were 0.94 (95%

Sl ey o

CI, 0.88-1.01), 0.92 (95% CI, 0.87-0.97), 0.88 (95% CI,
0.84-0.93), 0.88 (95% CI, 0.83-0.93), 0.84 (95% CI,
0.77-0.92), and 0.86 (95% CI, 0.77-0.95), respectively. Ap- Aueks 6L‘° sald
proximately 8294 (58%), 2833 (20%), and 553 (4%) deaths in =
the cohort were due to cancer, cardiovascular disease, and re-
spiratory disease, respectively. We observed inverse associa-
tions for coffee drinking with all-cancer and all-cardiovascu-
lar disease mortality. The number of deaths for specific types
of cancer and cardiovascular disease were modest, yet we did
observe potential inverse associations, without statistical sig-
nificance, for stroke, colorectal cancer, and female breast can-
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Discussion

In this large study of nearly 500 000 people in the United King-
dom, coffee drinking was inversely associated with all-cause
mortality, with statistically significant inverse associations ob- . . .

served in participants drinking 1 to 8 or more cups per day. In- UT d"’ t""‘"L'w 3 d..'_".la.a LSL“! 5 W d]..u&]
verse associations were also observed for ground and instant
coffee, although were somewhat weaker for instant coffee, and
for cancer and cardiovascular disease mortality, the 2 most

Our findings are consistent with prior, large, prospective in-
vestigations of coffee drinking and all-cause mortality conducted
inthe United States,*"'? Europe, " and Asia,'* as well as the most
recent meta-analyses'*'" and the 2015 US Dietary Guidelines Sl las )JL...J ).) dl.:Lf....n &bl:..b d OJL:J]
Advisory Committee report, which concluded that moderate cof-
fee consumption can be a part of a healthy diet."”” However, it
should be noted that none of these prior studies were able to look
at potential effect modification by caffeine metabolism. In ad-
dition, our findings for all-cancer and all-cardiovascular disease
mortality are reflective of recent large prospective studies of cer-
tain cancers® and cardiovascular disease ™

There has been concern about the health effects of heavy
coffee drinking, particularly in participants with common ge- 6}5 Ao QSI)" )i_,‘} e J‘ QJL_‘,
netic polymorphisms that affect caffeine metabolism. For ex- B tT ) -

Strengths and Limitations

Strengths of this study include its prospective design, large
sample size, wide range of coffee intake, and availability of
genotype and coffee type data. Limitations include the
study’s low participation rate, approximately 5.5%; conse-
quently, the cohort is not demographically representative of
the general UK population, with evidence of a “healthy vol-
unteer” selection bias.?? Nevertheless, valid estimation of
exposure-disease relationships does not require a represen-
tative population,®® and our results reflect those from prior
studies in different populations worldwide. Despite the
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Conclusions

In the very large UK Biobank cohort, coffee drinking was as-
sociated inversely with all-cause mortality, including in those
drinking at least 8 cups per day, in both slow and fast metabo-
lizers of caffeine, and in consumers of ground, instant, and de-
caffeinated coffee. Our results are based on observational data
and should be interpreted with caution. Nevertheless, these
results provide further evidence that coffee drinking can be
part of a healthy diet and may provide reassurance to those
who drink coffee and enjoy it.
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