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Background: Only a minority of excess alcohol drinkers develop cirrhosis. Risk
stratification would identify those at highest risk for developing cirrhosis allowing
appropriate management including intensive intervention. Methods: Three cohorts
(GenomALC-1: n=1690, GenomALC-2: n=3037, UK Biobank: n=502,506) with known
alcohol consumption history were included. Cases were participants with alcohol-
related cirrhosis while controls had a history of alcohol consumption (=80 g/day (men),
>50 g/day (women), for 210 years) but with no evidence of liver disease. Risk scores
were computed from up to eight genetic risk loci from genome-wide association studies
of alcohol-related cirrhosis and three clinical risk factors, and their performance for the
diagnosis of alcohol-related cirrhosis assessed and compared. The stratification utility
of the risk scores was tested across alcohol-related liver diseases including
hepatocellular carcinoma (HCC). Results: A combination of three single nucleotide
polymorphisms (SNPs) (PNPLA3:rs738409, SUGP1-TM6SF2:rs10401969,
HSD17B13:rs6834314) and diabetes status best discriminated for cirrhosis risk. Based
on independent allelic effect size estimates, the odds ratio (95% confidence intervals)
for the extreme score quintiles (Q1-Q5) of the 3-SNP score, were 5.99 (4.18;8.60)
(GenomALC-1); 2.81 (2.03;3.89) (GenomALC-2); and 3.08 (2.30;4.11) (UK Biobank).
Comparing people with diabetes (Q5) versus those without diabetes (Q1), the ORs
increased to 26.3 (8.08;85.7) (GenomALC-1) and 23.8 (15.0;37.8) (UK Biobank);
diabetes status was unavailable for GenomALC-2. Patients with cirrhosis and HCC
had significantly higher mean risk scores than patients with cirrhosis alone (0.76+0.06
versus 0.61+0.02, p=0.007). Score performance was not enhanced by adding
additional genetic risk variants, body mass index or coffee consumption. Conclusion :
A three genetic variant risk score can provide meaningful risk stratification for cirrhosis
and HCC in excess drinkers. Risk stratification is enhanced by inclusion of diabetes
status.
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Revised Cover Letter

Dr Paolo Angeli, Editor-in Chief
Dr Vlad Ratizu, Co-editor
Journal of Hepatology

Date: 2 Sep 2021

JHEPAT-D-21-01108
A genetic risk score and diabetes predicts development of alcohol-related cirrhosis in
drinkers

Dear Dr Paola Angeli and Dr Vlad Ratizu

We thank the editors and reviewers for their overall positive comments and valuable
suggestions. The revised the manuscript has taken into account all the queries and
suggestions made by the Reviewers and Editors. A point-by-point response letter is
submitted.

We believe the revised manuscript has satisfactorily addressed all the concerns and should be
deemed suitable for publication.

Both marked and clean copies of the revised manuscript are attached. Other documents as per
checklist have also been submitted.

Please contact me if any other information is required.

We look forward to your positive response.

Sincerely

Devanshi Seth, PhD (on behalf of the authors)

PRINCIPAL SCIENTIST
Edith Collins Centre (Translational Research in Alcohol Drugs and Toxicology)
SYDNEY LOCAL HEALTH DISTRICT

+61 2 9565 6268; +61 2 9515 7201 | d.seth@sydney.edu.au
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CTAT methods

JOURNAL
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Tables for a “Complete, Transparent, Accurate and Timely account” (CTAT) are now
mandatory for all revised submissions. The aim is to enhance the reproducibility of methods.

e Only include the parts relevant to your study

o Refer to the CTAT in the main text as ‘Supplementary CTAT Table’

o Do not add subheadings
e Add as many rows as needed to include all information
e Only include one item per row

If the CTAT form is not relevant to your study, please outline the reasons why:

This paper did not use any of the listed items below. The data utilized in this study is
available from our ongoing research and is located with the first author Dr Whitfield at the
Queensland Institute of Medical Research Berghofer, Queensland, Australia under the
institute’s secure database and ethics approval (HREC # P1380).

1.1 Antibodies

Name Citation Supplier Cat no. Clone no.
1.2 Cell lines
Name Citation Supplier Cat no. Passage Authentication
no. test method
1.3 Organisms
Name Citation Supplier Strain Sex Age Overall n
number
1.4 Sequence based reagents
Name Sequence Supplier
15 Biological samples
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1.6 Deposited data
Name of repository Identifier Link
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1.7 Software

Software name Manufacturer Version

1.8 Other (e.g. drugs, proteins, vectors etc.)

1.9 Please provide the details of the corresponding methods author for the
manuscript:

2.0 Please confirm for randomised controlled trials all versions of the clinical
protocol are included in the submission. These will be published online as
supplementary information.
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Detailed Response to Reviewers

Dr Paolo Angeli, Editor-in Chief
Dr Vlad Ratizu, Co-editor
Journal of Hepatology

Date: 2 Sep 2021

JHEPAT-D-21-01108
A genetic risk score and diabetes predicts development of alcohol-related cirrhosis in
drinkers

Dear Editorial team,

We thank the editors and reviewers for their overall positive comments and valuable
suggestions. We believe the revised manuscript has satisfactorily addressed the Reviewers
and Editors queries and suggestions, and should be suitable for publication.

Both marked and clean copies of the revised manuscript are attached.

Point-by-point response to Reviewers

Please see below point-by-point responses. New information added to the revised manuscript
is underlined, and location (clean copy page & line #s) is provided here. New supplementary
Tables S2 and S3 have been added, and subsequently, previous supplementary tables 2 and 3
are renamed as supplementary tables 4 and 5, respectively.

Reviewer 1

Major comments

- from a clinical point of view, discrimination of a clinical outcome cannot rely on OR
959% ci; for each model Authors must report measures of diagnostic accuracy, including
AUROC:s, Se/Sp/NPV/PPV/LHRs; AUROCS should be compared by appropriate tests
to examine differences in the diagnostic performance

Response: We have now added AUROC values in the revised Table 2. However, the
reporting of specificity and sensitivity is complex in this context because presentation of
these measures in a Table may lead readers to interpret the genetic score being proposed as a
diagnostic test. Therefore, we present this information in the text. Assuming a score cut-off
with a sensitivity of 80% is desirable to identify nearly all those who are at high risk,
specificity values are in the range 30-40%. We believe that in the context of risk
stratification, low Specificity (~30%-40%) is still acceptable identify as many people at high
risk as possible, and to accept that many people labelled as high-risk will not develop
cirrhosis. We also discussed this in the revised manuscript (pages16-17).

page 13, lines 265-266: “Results in the three study cohorts for the 3-SNP score, AUCs,
loqgistic regressions and the Odds Ratios (ORs), comparing quintiles Q5 and Q1 of the score,
are shown in Table 2.”

pages 16-17, lines 360-368: “For any classification based on a numerical test or score,
changing the cut-off point(s) will alter the trade-off between test sensitivity and specificity
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and the optimum cut-offs will depend on the use to be made of the test. The prevalence of the
condition is also important because this will affect the predictive value of positive or negative
results. The AUCs shown in Table 2 were significant but when the desired test sensitivity was
set at 80% (to flag nearly all those at high risk) the test specificities were between 30% and
40%. Thus, a substantial number of false positives must be accepted, making the score
suitable for risk stratification but not for prediction of outcome in individual patients. ”

- along the same line, it would be clinically relevant to test whether the score can predict
the risk of cirrhosis prospectively or risk of HCC and/or clinical events in patients with
cirrhosis. That is, how would the score be implemented in a heavy drinker undergoing
clinical evaluation likely already associated with noninvasive assessment of liver
fibrosis? Limitations related to the study design on the possibility to make clinical
recommendations at this stage should be better acknowledged.

Response: We agree it would be desirable to study the associations between the risk score
and disease progression across time in patients who present with lesser degrees of liver
damage. It would also be valuable to follow-up those with high-risk (although genetic risk is
constant) across time to see if development of diabetes precedes, follows or exacerbates liver
damage, but both are beyond the scope of this paper. Follow-up prospective studies in larger
cohorts are required and will be the next logical step forward in this field. We have discussed
this as one of the limitations of the study in the revised manuscript as below in the main text.

Page 19, lines 414-416: “Prospective studies are needed, both to relate score to progression
across time in patients who present with early stages of liver disease, and to clarify the
relationship between onset of diabetes and of advanced liver disease in patients with
excessive alcohol use.”

- liver damage staging in the clinical cohorts should be reported in much greater details;
this is a key methodological issue for the study and cannot be referred to previous
publications

Response: As suggested, we have added more detailed information about our criteria for the
GenomALC-1 study (page 9). For GenomALC-2 and UK Biobank the available information
was restricted to assigned clinical diagnosis. We have now explained this more fully (page
10). In addition, we now have a new Supplementary Table 2 with detailed characteristics on
liver injury/disease parameters that were available for each cohort (page 9).

page 9, lines 173-174: “Cohort characteristics of the cases and controls from each source are
described in Supplementary Table 2.”

Page 9, lines 179-186: “For cases, cirrhosis had been diagnosed by a combination of clinical
criteria and/or liver elastography (Fibroscan®), with liver biopsy if clinically indicated.
Other potential causes of liver diseases (hepatitis B or C, haemochromatosis, Wilson'’s
disease, and autoimmune hepatitis) were excluded by laboratory testing or clinical criteria.
For controls, liver disease was excluded through a combination of clinical history and
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measurement of liver function tests (bilirubin, albumin, ALT). For both cases and controls,
HIV infection was an exclusion criterion.”

page 10, lines 196-197: “Clinical diagnosis of cases and controls were similar to
GenomALC-1 criteria but detailed clinical diagnosis information was limited for this
cohort.”

Page 10, lines 211-212: “For cases, information was restricted to assigned clinical diagnosis
(Supplementary Table 2) on hospital admissions....subsequently died).”

- limitations of noninvasive assessment and lack of systematic evaluation in UKBB
should be discussed.

Response: We agree UK Biobank cohort may have limitations in accurate case/control
classification. It is uncertain how far this may be due to non-invasive assessment and lack of
systematic evaluation. However, the diagnoses were based on death certificates or hospital
records supplied to UK Biobank and would presumably have been made by a specialist
gastroenterologist or hepatologist. In any case, misclassification of cases/controls would lead
to poorer stratification so the effectiveness of our score would be under-, rather than over-
estimated. This has been clarified in study limitations.

pages 18-19, lines 407-409: “.....liver disease, although it should be recognised that
misclassification of some cases as controls would lead to poorer stratification such that the
effectiveness of the score would be under-, rather than over-estimated.

- it seems relevant to note and discuss the possible implications that the selected risk
variants are shared among alcoholic cirrhosis - NAFLD - steatohepatitis (PMID:
34027340); Authors may discuss the parallel results from the evaluation of PRSs made
up of a very similar panel of variants on the risk of HCC related to NAFLD also
conducted in European clinical cohorts and the UKBB that has recently been published
in the Journal (PMID: 33248170). These E.g. may these PRS have a larger application?

Response: We have added discussion about the wider applicability of this risk or similar
scores, specifically for non-alcohol-related liver diseases.

page 17, lines 376-381: “Using similar polygenic risk scores in NAFLD revealed that
combining genetic and clinical features refines the predictive utility of the algorithm for
identifying those at higher risk of severe liver disease (Bianco, J Hepatol 2021, Bianco, J
Hepatol Rep 2021, de Vincentis 2021). Given the many shared genetic and metabolic risks
between alcohol-related liver disesae and NAFLD, the predictive algorithm defined here may
have a wider scope across these diseases for risk stratification of those at higher risk of
cirrhosis.”

- based on the previous results, it would be important to test whether there was a
significant interaction between PRS and diabetes in determining the risk of alcoholic
cirrhosis.
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Response: The original version of this manuscript showed the genetic risk score had similar
associations in those with and without diabetes (Results, Diabetes sub-section, pagel4, lines
310-312). As suggested, we have now also included a test for interaction between diabetes
status and the 3- SNP score in predicting case/control status.

pages 14-15, lines 313-315: “Tests for genetic score-diabetes interaction, either by including
a (score x diabetes) term in the logistic regression or by testing for heterogeneity of Odds
Ratios between those with and without diabetes, showed no evidence for interaction effects in
either cohort (Table 4).”

Minor comments
- in the abstract, only individuals from UKBB who were actually considered for the
analysis should be reported

Response: We have made this suggested change in the Abstract (page 6).

Please also note that the number of UK Biobank participants in the control group has changed
from the earlier version of this paper. This is because (i) some excessive-drinking controls
with liver diseases not specified as alcohol-related have been removed, and (ii) some
participants who met the excessive-drinking criteria were previously included in a separate
‘alcohol dependence’ category which has been dropped; these people are now included in the
excessive-drinking group (please refer to Supplemental Table 1).

page 6, line 114: “Three cohorts ... UK Biobank: relevant n=6898): witha .....”

- the choice of including a proxy for the TM6SF2 locus, where there is robust evidence
of causality for the TM6SF2 p.E167K variant, should be better substantiated

Response: Our choice of TM6SF2 SNPs for the 3-SNP score was based on the study by
Buch et al (2015). The results were provided for both rs10401969 and rs58542926 (E167K)
at the TM6SF2 locus (their Table 2), which are in strong linkage disequilibrium (d’1.00, R2
0.955). We chose rs10401969 with slightly greater effect size and smaller p-value. We have
added a brief explanation of our decision to use the published SNPs and if there was more
than one reported at any locus, to use the most significant one.

Page 12, lines 242-244: “Two significantly associated SNPs have been reported at SUGP1-
TM6SF2 locus!’ which are in near-complete linkage disequilibrium (d’1.00, ¥* 0.955), and
rs10401969 was chosen over rs58542926 because of its stronger association with cirrhosis.”

Reviewer 2

Major comments

- authors evaluated and compared the different SNP-scores exclusively looking at odds
ratios for the association with alcoholic cirrhosis. These measures express the strength
of an association, but in fact do not capture the probability of experiencing the disease
and are not able to forecast the observed risk. In this reviewer's opinion, the whole
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analytic approach should be expanded with the model goodness-of-fit, AUROCS,
calibration curves, sensitivity, specificity and predictive values.

Response: As suggested by the Reviewer, we have added new information on AUCs and
their standard errors to Table 2. However, the reporting of specificity and sensitivity is
complex in this context because presentation of these measures in a Table may lead readers to
interpret the genetic score being proposed as a diagnostic test. Therefore, we present this
information in the text. Assuming a score cut-off with a sensitivity of 80% is desirable to
identify nearly all those who are at high risk, specificity values are in the range 30-40%. We
believe that in the context of risk stratification, low Specificity (~30%-40%) is still

acceptable to identify as many people at high risk as possible, and to accept that many people
labelled as high-risk will not develop cirrhosis. The paragraph below also discusses this in the
revised manuscript. [This response is also detailed above to a similar comment by Reviewer
1].

page 13, lines 265-266: “Results in the three study cohorts for the 3-SNP score, AUCs,
loqgistic regressions and the Odds Ratios (ORs), comparing quintiles Q5 and Q1 of the score,
are shown in Table 2.”

pages 16-17, lines 360-368: “For any classification based on a numerical test or score,
changing the cut-off point(s) will alter the trade-off between test sensitivity and specificity
and the optimum cut-offs will depend on the use to be made of the test. The prevalence of the
condition is also important because this will affect the predictive value of positive or negative
results. The AUCs shown in Table 2 were significant but when the desired test sensitivity was
set at 80% (to flag nearly all those at high risk) the test specificities were between 30% and
40%. Thus, a substantial number of false positives must be accepted, making the score
suitable for risk stratification but not for prediction of outcome in individual patients. ”

- it is not clear how Authors chose the high and low risk classes and why reported OR
for only the fifth vs first quintile. Moreover, Supplementary Figure 2 is not adequately
discussed. Authors should report OR for each quintile and clearly define low,
intermediate and high-risk classes.

Response: Choice of cut-off values for determining the proportion of people in each (high,
intermediate or low risk) group was considered along with balancing sensitivity and
specificity. An important factor to consider is the relative undesirability of false positives and
false negatives, which depends on the consequences of wrong classification and on the
prevalence of the condition in the tested population. Because cut-offs defined by quintiles
cannot easily be applied clinically, we defined numerical cut-offs (e.g. 0 and 0.7) as a suitable
compromise as mentioned before (page 14, lines 294-295; page 16, lines 357-358) and this is
shown in Supplementary Figure 2. The information on odds ratios for each quintile is less
relevant in clinical setting and the Q5-Q1 comparisons can mainly be used for comparison
across cohorts as in this study and against reports on genetic scores for other diseases.

We have elaborated this in the revised manuscript.
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page 16, lines 355-357: “However, Q5-Q1 comparisons can be useful for comparison across
cohorts, such as in our study, and against genetic scores for other diseases.”

- Authors tried to combine the added value of genetics with that of clinical variables.
Indeed, they stratified the analysis by the presence of diabetes mellitus. Could other
clinical factors (gender, obese Vs nonobese, other comorbidities?) help in further
stratifying the risk? If yes, how did Authors take them into account in their analyses?
- given the different impact of alcohol intake across gender, it would be interesting to
see a sensitivity analyses stratified by gender.

Response: We presented information on other co-variates (coffee, BMI) (page 13, lines 270-
271), identified in our previous publication Whitfield et al am J Gastro 2020. We have
performed stratification by gender and provided this information in new Supplementary Table
3 and added text in the revised manuscript in relation to the other risk factors.

page 13, lines 276-279: “Coffee data did not improve the risk stratification, and nor did BMI
(which was non-significant in the UK Biobank group and not available for GenomALC-2).
Similar results were seen in both men and women (Supplementary Table 3).”

- a general descriptive table reporting the socio-demographic, clinical and biochemical
characteristics of the study population would help a meaningful understanding.

Response: As suggested, we have now added a new Supplementary Table 2 with descriptive
information that were available for the three cohorts, detailing characteristics on
demographics, alcohol use, tobacco and cannabis use, coffee intake, laboratory results and
liver injury/disease parameters.

page 9, lines 173-174: “Cohort characteristics of the cases and controls from each source are
shown in Supplementary Table 2.”

- concerning the UKBB cohort, Authors should more precisely detail the population
selection along with the methodology applied to derive the amount of alcohol
assumption per day, given the variables available from the UKBB.

Response: We have added more detail on the UK Biobank cohort selection/recruitment
procedures, and the calculation of alcohol intake from participants responses to the questions
about drinking amounts.

Pages 10-11, lines 213-222: “Information was available on self-reported alcohol intake at
the time of assessment (by beverage type, in drinks per week, or for less frequent drinkers per
month), and participants also reported whether this was less than, similar to or more than
they had been consuming 10 years previously. The amounts were converted to express the
alcohol intake in g/d. Participants who had a recorded diagnosis or cause of death of
alcohol-related cirrhosis (ICD-10 K70.3, ‘Alcoholic cirrhosis of liver’) from hospital records
or death certificates were included as cases (n=594), and those with reported drinking above
the 80 or 50 g/day limits, with similar or greater consumption 10 years before, but with no

Page 6 of 7



diagnosed liver disease (either alcohol-related or other causes) were included as controls

(n=6304).”

- what were the exclusion criteria for enrolling subjects from the UK Biobank? Were
subjects with liver disease from other etiologies included?

Response: Exclusion criteria for UK Biobank subjects were similar to GenomALC-1. This
information is now added in cohort description.

page 11, lines 221-222: "Exclusion criteria for UK Biobank subjects were similar to
GenomALC-1.”

Minor comments

- in the background please report the reference for the sentence "*most people who
develop alcohol-related cirrhosis report sustained alcohol intake >=80 g/d (men) and
>=50 g/d (women) for >=10 years"".

Response: The 80 g/d (men) and 50 g/d (women) cut-offs were set at a relatively high level
to ensure both the cirrhosis and control groups were exposed to an incidental level of alcohol
related risk. We have revised this statement with the following text and added relevant
references.

page 8, lines 150-154: “Long-term consumption of 80 g/d or more is associated with
increased risk of cirrhosis (Corrao 1999, Lelbach 1976) but threshold for harm has been
below this level, especially for women (Tyuns & Pequignot 1984, Roerecke 2019). The 80 g/d
(men) and 50 g/d (women) cut-offs were set at a relatively high level to ensure both the
cirrhosis and control groups were exposed to an incidental level of alcohol related risk. ”

- similar works but on non alcoholic fatty liver disease by bianco et al J Hep 2021 and
de vincentis et al CGH 2021 may be discussed considering also the overlap in genetic
risk factors between NAFLD and ALD

Response: We agree that the potential for using this or a similar score for NAFLD (and
perhaps other liver diseases) should be mentioned and have expanded this part of the
discussion accordingly. [This response is also detailed above to a similar comment by
Reviewer 1].

page 17, lines 376-381: “Using similar polygenic risk scores in NAFLD revealed that
combining genetic and clinical features refines the predictive utility of the algorithm for
identifying those at higher risk of severe liver disease (Bianco, J Hepatol 2021, Bianco, J
Hepatol Rep 2021, de Vincentis 2021). Given the many shared genetic and metabolic risks
between alcohol-related liver disesae and NAFLD, the predictive algorithm defined here may
have a wider scope across these diseases for risk stratification of those at higher risk of
cirrhosis.”
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ABSTRACT (273 words)

Background & Aims: Only a minority of excess alcohol drinkers develop cirrhosis. We

developed and evaluated risk stratification scores to identify those at highest risk.

Methods. Three cohorts (GenomALC-1: n=1690, GenomALC-2: n=3037, UK Biobank:
relevant n=6898) with a history of heavy alcohol consumption (>80 g/day (men), >50 g/day
(women), for >10 years) were included. Cases were participants with alcohol-related cirrhosis.
Controls had a history of similar alcohol consumption but no evidence of liver disease. Risk
scores were computed from up to eight genetic loci identified previously as associated with
alcohol-related cirrhosis and three clinical risk factors. Score performance for the stratification
of alcohol-related cirrhosis risk was assessed and compared across the alcohol-related liver

disease spectrum, including hepatocellular carcinoma (HCC).

Results: A combination of three single nucleotide polymorphisms (SNPs) (PNPLA3:rs738409,
SUGP1-TM6SF2:rs10401969, HSD17B13:rs6834314) and diabetes status best discriminated
for cirrhosis risk. The odds ratio (OR) and 95% confidence intervals (Cl) for the extreme score
quintiles (Q1-Q5) of the 3-SNP score, based on independent allelic effect size estimates, were
5.99 (4.18;8.60) (GenomALC-1); 2.81 (2.03;3.89) (GenomALC-2); and 3.10 (2.32;4.14) (UK
Biobank). Patients with diabetes and high-risk score, compared to those without diabetes and
a low-risk score, had ORs increased to 14.7 (7.69;28.1) (GenomALC-1) and 17.1 (11.3;25.7)
(UK Biobank). Patients with cirrhosis and HCC had significantly higher mean risk scores than
patients with cirrhosis alone (0.76+0.06 versus 0.61+0.02, p=0.007). Score performance was
not significantly enhanced by information on additional genetic risk variants, body mass index

or coffee consumption.
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Conclusions: A risk score based on three genetic risk variants and diabetes status can provide
meaningful risk stratification for cirrhosis in excess drinkers, allowing earlier prevention

planning including intensive intervention.

LAY SUMMARY

Excessive chronic drinking leads to liver cirrhosis in some people, but so far there is no way to
identify those at high risk of developing this debilitating disease. Our study has developed a
genetic risk score (GRS) test that can identify patients at high risk and shows that the risk of
cirrhosis is increased >10-fold with just two risk factors - diabetes and high GRS. Risk
assessment using this test has potential for early and personalised management of this disease

in high-risk patients.

GRAPHICAL ABSTRACT
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INTRODUCTION

Although the risk for developing cirrhosis is positively associated with alcohol consumption,
only a minority of people with high-risk alcohol intake develop cirrhosis. The prevalence can
vary between 7-16%*2 with some reports suggesting the prevalence to be as low as 2%>#. The
risk threshold for what is considered high-risk intake has changed over time>’. Long-term
consumption of 80 grams per day (g/d) or more is associated with increased risk of cirrhosis®®,
but the threshold for liver harm is below this level, especially for women®t. The 80 g/d (men)
and 50 g/d (women) cut-offs were set at a relatively high level to ensure both the cirrhosis and
control groups were exposed to a substantial level of alcohol-related risk. We used this

threshold to define “heavy drinking” in this study.

Primary prevention of alcohol-related liver disease (ALD) would involve decreasing alcohol
intake of the whole population but achieving this remains challenging. Focused intervention
through the identification of people with high alcohol intake or more specifically through
stratification of individuals within this population at risk for developing cirrhosis depends on
identification of those at high risk. Evidence from clinical trials*? suggests that informing
excessive drinkers that they have abnormal liver function tests/hepatic fibrosis can motivate
them to reduce their alcohol intake. A number of both constitutional®*%6, and genetic!’2 risk
factors for the development of alcoholic-related cirrhosis have been identified, but no attempt
appears to have been made, to date, to bring these together to provide an integrated measure of
risk. Thus, the aim of this study was to devise risk scores for the stratification of cirrhosis risk

and evaluate them in heavy drinkers from three independent cohorts.
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MATERIALS/PATIENTS AND METHODS

Information on disease status, genotypes and clinical risk factors was available for three
cohorts: 1) GenomALC-1 and ii) GenomALC-2 from the GenomALC consortium, and iii) the
UK Biobank. Details of the recruiting and contributing sites, with numbers of patients by
diagnosis and by country are given below and in Supplementary Table 1. Cohort characteristics

of the cases and controls from each source are described in Supplementary Table 2.
GenomALC-1

The GenomALC-1 cohort was recruited according to a pre-designed protocol between 2012
and 2017 in Australia, France, Germany, Switzerland, the UK, and the USA. The recruitment
criteria and the data collection protocol were detailed previously?. Briefly, all participants had
a history of heavy drinking (>80 g/d (men) and >50 g/d (women) for >10 years). For cases,
cirrhosis had been diagnosed by a combination of clinical criteria, laboratory variables and/or
liver elastography (Fibroscan®), with liver biopsy if clinically indicated. Clinical features
defining the severity of cirrhosis are shown in Supplementary Table 2. Other liver diseases
(hepatitis B or C, haemochromatosis, Wilson’s disease, and autoimmune hepatitis) were
excluded by laboratory testing or clinical criteria. For controls, liver disease was excluded
through a combination of clinical history and measurement of liver function tests (bilirubin,
albumin, ALT). For both cases and controls, HIV infection was an exclusion criterion. The
study was approved by appropriate Ethics Committees or Institutional Review Boards at each
site and conformed to the ethical guidelines of the 1975 Declaration of Helsinki. Participants
were provided with explanations of the study and gave written informed consent. Genotyping
was performed at Erasmus University Medical Centre, Rotterdam using the Illumina GSA

genotyping array, as described?.

GenomALC-2
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The biological samples and data were donated by research groups who had independently
collected them for other studies. Some of the GenomALC-2 samples were included in a
previous GWAS?’; therefore, for the purposes of this study, overlapping samples were removed
from the analysis. Clinical diagnosis of cases and controls was similar to GenomALC-1 criteria
but detailed clinical information was limited for this cohort. Patients had given informed
consent and the studies were approved by the appropriate Ethics Review Boards. DNA from

these participants’ samples was also genotyped as outlined above for GenomALC-1.

Genotypes in the GenomALC-1 and GenomALC-2 cohorts were 22 cleaned using a widely used
quality control pipeline, the GWASTools package

https://bioconductor.org/packages/devel/bioc/manuals/GWASTools/man/GWASTools.pdf

and imputed to 1000 Genomes reference using the Michigan Imputation Server (MIS)?
UK Biobank

The UK Biobank? includes approximately 500,000 volunteers from the UK with a wide range
of data including computer-administered questionnaires, physical measurements, laboratory
tests, and genotyping. All participants gave informed consent, consistent with the UK Biobank
Ethics and Governance Framework. Recruitment and initial assessment occurred between 2006
and 2010 when participants were aged 40 to 69 years. Access to the UK Biobank database was
obtained (Application 18870) and relevant data (with diagnoses updated to June 2020) were
extracted. For cases, information was restricted to assigned clinical diagnosis (Supplementary
Table 2) on hospital admissions and diagnoses, and on causes of death in participants who have
subsequently died. Information was available on self-reported alcohol intake at the time of
assessment (by beverage type, in drinks per week, or for less frequent drinkers per month), and
participants also reported whether this was less than, similar to or more than they had been
consuming 10 years previously. The amounts were converted to express the alcohol intake in

g/d. Participants who had a recorded diagnosis or cause of death of alcohol-related cirrhosis
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(ICD-10 K70.3, Alcoholic cirrhosis of liver’) from hospital records or death certificates were
included as cases (n=594), and those with reported drinking above the 80 or 50 g/day limits,
with similar or greater consumption 10 years before, but with no diagnosed liver disease (either
alcohol-related or other causes) were included as controls (n=6304). Exclusion criteria for UK

Biobank subjects were similar to GenomALC-1.

UK Biobank also included 758 cases within the spectrum of other alcohol-related liver disease
diagnoses (Supplementary Table 1). Genotype data for the relevant UK Biobank participants
were downloaded from the server and genotypes for the relevant SNPs were extracted. Data on
coffee consumption, body mass index (BMI) and diabetes status were recorded (Supplementary

Table 2).

Data curation and statistical analysis

Data management and statistical analyses used IBM SPSS Statistics, version 22 (IBM Corp.,
New York NY). Binary variables were coded as 0 (absent) or 1 (present). Diabetes status
(absent/present), BMI, kg/m?) and coffee consumption (0: not a coffee consumer, 1: coffee
consumer) shown in our previous report as associated with cirrhosis® were also modelled.
Genotype data were coded as single nucleotide polymorphisms (SNPs) minor allele dosages,

assuming an additive model for allelic effects.

Calculation of risk scores requires coefficients for the effect sizes associated with each risk
factor, and assessment of the performance of the risk scores requires testing in independent
cohorts not included in the derivation of these coefficients. The scheme shown in Table 1 sets

out the basis for the scores and the data-sets which were used for evaluation.

SNPs with the lowest p-value at three loci (PNPLA3:rs738409, SUGP1-TM6SF2:rs10401969
and HSD17B13:rs6834314) were selected based on previous association with the risk of

alcohol-related cirrhosis'”*8, and confirmed at genome-wide significance in our meta-
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analysis?’. Two significantly associated SNPs have been reported at SUGP1-TM6SF2 locus®’
which are in near-complete linkage disequilibrium (d’1.00, r? 0.955), and rs10401969 was

chosen over rs58542926 because of its stronger association with cirrhosis.

A score based on these three loci (‘3-SNP score’) was computed for each participant in each
of the three cohorts. Minor allele counts (‘dosage’) were obtained from direct or imputed
genotypes for each SNP, multiplied by the beta coefficients for allelic effect sizes (derived
from published odds ratios, calculated as beta = loge(OR)) and summed across SNPs (Table 1).
The means for 3-SNP scores were also compared between disease diagnostic groups in the

three independent cohorts described in Supplementary Table 1.

Scores based on three, five, and eight loci were also computed for the GenomALC-2 samples
using coefficients of loci with significant association from the published meta-analysis?® or
other sources!’!8 (‘3-SNP-M’, ‘5-SNP-M’ and ‘8-SNP-M’ scores) (Table 1). The 3-SNP-M
score was based on the loci mentioned above, the 5-SNP-M score included above three loci,
and SERPINAL and FAF2 identified in our meta-analysis, and the 8-SNP-M score which was
derived from the 5-SNP-M score with addition of three reported loci (MBOAT7, MTARC1
[previously MARC1], HNRNPULL1) significantly associated with alcohol-related

cirrhosis!’ 2425,

Area under the ROC curve (AUC) analysis and logistic regressions (with the score as the
predictor variable and case/control status as an outcome) were performed. Odds Ratios (ORS)

of the score were compared for extreme quintiles (highest Q5 against lowest Q1).

RESULTS

Risk stratification by genetic loci-based scores
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Results in the three study cohorts for the 3-SNP score AUCs, logistic regressions and the ORs
comparing quintiles Q5 and Q1 of the score, are shown in Table 2. Each of these measures
showed better performance of the score in the GenomALC-1 cohort than in either the
GenomALC-2 or UK Biobank cohorts, and there was no significant difference in score between

men and women (Supplementary Table 3).

The results of adding two clinical risk factors (BMI and coffee consumption) to the 3-SNP
score are shown in Table 2. Because the beta-coefficients for the two clinical risk factors were
derived from the GenomALC-1 cohort, and information on these factors was not available for
the GenomALC-2 cohort, this score was only evaluated against the UK Biobank data. A
moderate, but not significant, improvement in risk stratification was observed following
addition of these clinical risk factors; the Q5-Q1 OR estimate increased from 3.10 to 3.37 but
the 95% confidence intervals overlapped. Coffee data did not improve the risk stratification,
and nor did BMI (which was non-significant in the UK Biobank group and not available for
GenomALC-2) (Table 2). Stratification of risk including the clinical factors in the score

showed similar results for men and women (Supplementary Table 3).

The addition of further loci in the 5-SNP-M score (PNPLA3:rs2294915, SUGP1-
TM6SF2:rs10401969, HSD17B13:rs10433937, SERPINAL1:rs28929474,
FAF2:rs11134997)1%% and in the 8-SNP-M score, with MBOAT7:rs641738,
MTARC1:rs2642438 and HNRNPUL1:rs17251589 in addition to those in the 5-SNP-M score,
did not improve the associations between score and outcome or the risk stratification (Table 2).
Because the coefficients for FAF2 and SERPINAL were obtained from the meta-analysis of the
GenomALC-1, Buch study’ and UK Biobank data, the 5-SNP-M and 8-SNP-M scores could
only be tested in the GenomALC-2 data. To allow a valid comparison between the multi-SNP
scores each was based on the coefficients from our meta-analysis of GWAS results. This

resulted in an improvement for the meta-analysis-based 3-SNP-M score compared to the 3-
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SNP score (Q5-Q1 ORs changed from 2.81 [95% CI 2.03,3.89] to 3.65 [2.59,5.15]). There was
also a high correlation between the 3-SNP and 3-SNP-M scores in GenomALC-2 (r =0.826, n

=3037, p < 102%: Supplementary Figure 1).
Clinical utility of the risk score

Numerical cut-offs that define or quantify risk are needed if the risk score is to have clinical
utility. The 3-SNP scores in the GenomALC-1 cases and controls for the lowest and highest
quintile boundaries were close to 0 and 1 (0.033 and 0.964, respectively; Figure 1). Division
of the scores into three groups at low, intermediate and high cirrhosis risk was based on the
3-SNP score distribution (Supplementary Figure 2). The final selected scores were, low: <0;
intermediate >0 - 0.7 and high risk >0.7. In each study cohort the risk difference between the
low- and high-risk groups ranged between 2.5-fold and approximately 5-fold (Table 3). The
difference in risk between the high- and low-risk GenomALC-1 groups were similar across
the six countries (Figure 2).

Diabetes

Diabetes is known to have a large effect on cirrhosis risk. Inclusion of diabetes status with
genetic risks in a combined risk score led to a bimodal distribution and difficulty in defining
score quintiles. Thus, to see the effect of genetic risk score in the context of diabetes status, the

3-SNP score was subdivided by the diabetes status and is presented separately (Table 4).

People with diabetes showed a substantial increase in the risk of cirrhosis in both the
GenomALC-1 (OR 3.82,95% CI 2.67;5.47) and the UK Biobank (OR 5.62, 95% CI 4.33;7.28)
cohorts. The genetic score effects were similar for people with and without diabetes, both in
the GenomALC-1 (logistic regression coefficients + SE, no diabetes: 1.055 + 0.105; diabetes:
1.276 + 0.338) and the UK Biobank data (no diabetes: 0.653 + 0.093; diabetes: 0.735 + 0.181).

Tests for genetic score-diabetes interaction, either by including a (score x diabetes) term in the
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logistic regression or by testing for heterogeneity of Odds Ratios between those with and
without diabetes, showed no evidence for interaction effects in either cohort (Table 4). The
combined effects of having diabetes and a high genetic risk score resulted in a >10-fold
increased risk in people with diabetes and a high risk 3-SNP score against people without
diabetes and a low-risk score, for both GenomALC-1 (OR 14.7, 95% CI 7.69;28.1) and the UK

Biobank (OR 17.1, 95% Cl 11.3;25.7) (Table 4).

Genetic loci-based risk scores across alcohol-related liver diseases

The mean values for the 3-SNP score varied across groups defined by alcohol intake and by
the diagnostic categories for alcohol-related liver disease for both GenomALC-1 and the UK
Biobank cohorts (Supplementary Figure 3). Post hoc comparisons showed similar trends of
mean 3-SNP risk score increasing with disease severity for the GenomALC-2 cohort that
included excessive drinkers with no liver disease and significantly differed between cases with
severe alcoholic hepatitis and alcohol-related cirrhosis (p = 0.011) (Supplementary Table 4).
Mean 3-SNP score increased with severity of liver disease (Supplementary Figure 3), including
when comparing cirrhosis with HCC against cirrhosis without HCC, both for GenomALC-1
(0.757 £ 0.057 versus 0.613 £ 0.019) and UK Biobank (0.717 £ 0.102 versus 0.396 + 0.031);

see also Supplementary Table 5.

DISCUSSION
This study shows that a genetic score based on three lead SNPs associated at genome-wide
significance with the risk for developing alcohol-related cirrhosis, can risk-stratify people

drinking at potentially harmful levels.

Development of score for risk stratification
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The performance of 3-SNP score improved considerably when used in conjunction with
information on diabetes status, providing a powerful tool for identifying patients at high risk
for developing advanced alcohol-related liver diseases. Higher scores were also associated with

other severe liver injuries, including alcoholic hepatitis and HCC.

Our main measure of genetic risk stratification was to compare people who are in the highest
quintile for a score against those in the lowest quintile, providing a more practical measure of
stratification success than comparing the most extreme of all possible categories, which will
usually contain only a small proportion of people?. Substantial Q5-Q1 risk differences were
evident for the simple 3-SNP score in each of the cohorts; approximately six-fold in the
GenomALC-1 cohort and three-fold in the other cohorts (Table 2). The greater difference in
Q5-Q1 risk for GenomALC-1 is likely to be due to a more refined and pre-defined case-control

definition for the recruitment protocol in this cohort.

Diabetes status led to a substantial enhancement of the utility of the 3-SNP score, predicting a
>10-fold difference in risk between extreme groups (Q5 with diabetes and Q1 non-diabetes).
Adding information on further genetic risk variants or BMI and coffee consumption had

minimal effect.
Clinical utility of risk-score

Clinical application of a score requires the definition of decision points in numerical terms
rather than by reference to population quintiles. However, Q5-Q1 comparisons can be useful
for comparison across cohorts, such as in our study, and against genetic scores for other
diseases. For clinical application boundaries of 0 and 0.7 were set for the 3-SNP score that
provided a potentially useful stratification of risk in each of the three cohorts. As expected,
lowering the high-risk threshold (e.g. from 1.0 to 0.7) identified a higher proportion of the cases

as being at high risk but the ORs between the high- and low-risk groups decreased. For any
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classification based on a numerical test or score, changing the cut-off point(s) will alter the
trade-off between test sensitivity and specificity and the optimum cut-offs will depend on the
use to be made of the test. The prevalence of the condition is also important because this will
affect the predictive value of positive or negative results. The AUCs shown in Table 2 were
significant but when the desired test sensitivity was set at 80% (to flag nearly all those at high
risk) the test specificities were between 30% and 40%. Thus, a substantial number of false
positives must be accepted, making the score suitable for risk stratification but not for

prediction of outcome in individual patients.

The 3-SNP risk score was also associated with differences across the alcohol-related liver
disease spectrum, including HCC. The HCC risk association is consistent with previous
information showing that PNPLA3, HSD17B13 and TMG6SF2 polymorphisms?-3 are
associated with a higher risk for this condition compared to advanced cirrhosis, perhaps

suggesting a pro-oncogenic role for these variants.
Scope of risk-score

The loci comprising the current risk score are also implicated in the risk for developing
cirrhosis of diverse aetiologies. Using similar polygenic risk scores (PRS) in non-alcoholic
fatty liver disease (NAFLD) revealed that combining genetic and clinical features refines the
predictive utility of the algorithm for identifying those at higher risk of severe liver disease3*
34, Given the many shared genetic and metabolic risks between alcohol-related liver disease
and NAFLD, the predictive algorithm defined here may have a wider scope across these
diseases for risk stratification of those at higher risk of cirrhosis. Recently Emdin and
colleagues™ identified 12 variants, five previously known, including PNPLA3, HSD17B13 and
TM6SF, and seven novel, which were associated at genome-wide significance with ‘any cause’

cirrhosis , and aggregated these into a PRS. A high PRS, defined as the top quintile of the
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distribution, was associated with significantly increased risk of cirrhosis compared with the
lowest quintile (OR 2.26; P < .001). Our current study indicates that risk stratification for
alcohol-related cirrhosis can be achieved as effectively using fewer genetic markers, and with
algorithms based on a smaller base of GWAS information, presumably because the genetic
architecture of alcohol-related cirrhosis includes a number of common variants with substantial

effects on risk.

Preliminary investigation of adding previously reported risk loci over the 3-SNP score did not
significantly improve risk stratification. To develop a robust PRS that incorporates many loci
for alcohol-related cirrhosis risk would require a larger population based cohort. Another
possible extension, again dependent on the availability of more data, would be to incorporate
information on patients’ alcohol consumption in addition to genotyping for genetic variants

associated with cirrhosis risk.

The outcome of risk stratification for alcohol-related liver disease can be compared with PRS
approaches to other complex diseases, including cardiovascular disease and cancers. A recent
study® showed that for five common diseases (coronary heart disease, type 2 diabetes, atrial
fibrillation, breast cancer and prostate cancer), Q1-Q5 differences in PRS were associated with
approximately two- to five-fold differences in the cumulative prevalence of diagnosis by age

80. Our 3-SNP score performance was equal to or slightly better than these.

The main strengths of this study were that it employed three large independent cohorts and that
the case and control definitions were standardised. The study also had its limitations. First, the
included populations were of largely European ancestry so that the finding may not be
universally applicable. Second, an unknown proportion of the controls, especially in the UK
Biobank cohort, may have undiagnosed alcohol-related liver disease, although it should be

recognised that misclassification of some cases as controls would lead to poorer stratification
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such that the effectiveness of our score would be under-, rather than over-estimated. Finally,
the risk scores were derived from groups of heavy drinkers with cirrhosis or without liver
disease. However, these were validated in case and control groups selected from the
population-based UK Biobank cohort. Application of the risk score to an individual patient
should be performed with an understanding that some patients’ outcomes will differ from those
predicted by the score. Prospective studies are needed, both to relate score to progression across
time in patients who present with early stages of liver disease, and to clarify the relationship

between onset of diabetes and of advanced liver disease in patients with excessive alcohol use.

Based on the findings of the present study a 3-SNP score algorithm is proposed for use and

interpretation of the risk stratification in heavy drinkers (Box 1).

Box 1. Use of the 3-SNP risk score for alcohol-related cirrhosis.

Calculate the risk score as:
(0.7839*PNPLAS3 rs738409 G dosage) + (0.5423*SUGP1-TM6SF2 rs10401969 C
dosage) — (0.4463*HSD17B13 rs6834314 G dosage)
Assign the patient to the appropriate stratum of risk, as follows:

Score lessthan 0  Score above 0.7

Low risk High risk
Relative risk if not diabetic 1 3-fold
Relative risk if diabetic 3-fold or more Over 10-fold

(Patients with scores between 0 and 0.7 are at intermediate risk)

When making use of this risk information, after appropriate explanation, consent and
genotyping, be aware that this is a risk stratification scheme rather than providing individual
predictions. Some patients whose score places them in the low-risk group will progress to
significant liver disease, especially if they continue to drink excessively.

Conclusions

An algorithm for stratifying the risk of developing alcohol-related cirrhosis among heavy

drinkers, based on three genetic loci and information on diabetic status, has been developed
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and validated. Itisintended to identify patients at particularly high risk for developing alcohol-
related cirrhosis. In addition to stratifying risk of developing alcohol-related cirrhosis, this
algorithm may also stratify risk for developing alcoholic hepatitis and HCC. This risk
stratification system could be used to facilitate management of all people at risk for developing

significant alcohol-related liver disease.
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additional SNPs with genome-wide
significant associations with alcohol-

related liver disease

=[4] + (0.1446*MBOAT7 rs641738 T dosage) -
(0.2401*MTARCI1 rs2642438 A dosage) -
(0.1304*HNRNPUL1 rs17251589 T dosage)

Table 1. Score construction and validation plan.
Cohorts available for independent validation
GenomALC-1 GenomALC-2 UK Biobank
(N=1690) (N=3037) (N=6898)
3-SNP score, using SNPs and coefficients Yes Yes Yes
from initial reports!’8
= (0.7839*PNPLA3 rs738409 G dosage) +
(0.5423*SUGP1-TM6SF2 rs10401969 C dosage)
—(0.4463*HSD17B13 rs6834314 G dosage)
3-SNP score as in 1 above, with addition No (BMI and No (no Yes
of BMI and coffee coffee coefficients | information of
=[1] + (0.0709*BMI) — (0.645*Coffee) are derived from | BMI and coffee)
this cohort)

3-SNP-M score, using SNPs and No* Yes No*
coefficients from meta-analysis®
= (0.7274*PNPLA3 rs2294915 T dosage) +
(0.3988*SUGP1 rs10401969 C dosage) —
(0.2485*HSD17B13 rs10433937 G dosage)
5-SNP-M score; as in 3 above but with No* Yes No*
addition of two GW-significant SNPs
from meta-analysis
= [3] + (0.6419*SERPINAL rs28929474 T
dosage) — (0.2357*FAF2 rs11134997 C dosage)
8-SNP-M score; as in 4 but with three No* Yes No*

*SNP coefficients are derived from this cohort
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1 Table 2. Results of ROC curve and logistic regression analyses, and estimated odds ratios for cirrhosis

3 between the lowest (Q1) and highest (Q5) quintiles of scores.

ROC Curve Logistic regression Q1-Q5 Odds Ratio
AUC Beta p-value (95% Cls)
3-SNP score' GenomALC-1 | 0.665+0.014 1.092+ | 2.90x 102 | 5.99 (4.18 to 8.60)
0.099
GenomALC-2 0.606 + 0.014 0.669+ | 1.44x10" | 2.81(2.03t0 3.89)
0.090
UK Biobank 0.619 + 0.014 0.729+ | 1.06x107"° | 3.10 (2.32 to 4.14)
0.080
3 SNP score' + GenomALC-1 | Not estimated' Not estimated"" Not estimated
BMI, coffee
GenomALC-2 | Not estimated™ Not estimated' Not estimated™
UK Biobank 0.636 + 0.015 0.748+ | 1.77x10?* | 3.37 (2.38 t0 4.78)
0.073
Comparisons based on coefficients
from meta-analysis:
3-SNP-M score' GenomALC-2 | 0.631+0.014 0909+ | 1.17x 10| 3.65 (2.59 to 5.15)
0.103
5-SNP-M score' GenomALC-2 | 0.626 +0.014 0.813+ |2.96x 107" | 3.66 (2.62t0 5.12)
0.096
8-SNP-M score" GenomALC-2 | 0.633+0.014 0.807+ | 6.06x 10™° | 3.37 (2.43 to 4.66)
0.091

" Coefficients estimated from Buch et al*” and Abul-Husn et al'®

' Coefficients estimated from meta-analysis data Schwantes-An et al?°
Il Not estimated because coefficients would be partly based on data for this cohort.
v Not estimated because BMI and coffee data are not available for this cohort.




©CO~NOOOTA~AWNPE

Whitfield

Table 3. Simplification of scoring system into three groups based on numerical values of the 3-SNP score.

GRS predicts alcoholic cirrhosis risk

Page 27 of 41

Odds Ratios (95% confidence intervals)

N = 686 (40.6%)

N = 668 (37.8%)

Risk group score GenomALC-1 GenomALC-2 UK Biobank
1 1 1
Low <0
N =273 (16.2%) | N =327 (18.5%) | N = 3403 (56.1%)
2.13(1.61t02.83) | 1.54 (1.18 t0 2.00) | 1.36 (1.04 to 1.77)
Intermediate | >01t0 0.70
N =731 (43.3%) | N=771(43.7%) | N =1207 (19.9%)
4.96 (3.67 t0 6.71) | 2.67 (2.02 to 3.53) | 2.654(2.16 to 3.29)
High >0.70

N = 1456 (24.0%)
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Table 4. Risk of alcohol-related cirrhosis by diabetes status, and comparison of risk in the low- and high-
risk of the 3-SNP score stratified by diabetes status. For GenomALC-1, diabetes status was at time of

recruitment and for UK Biobank at the time of (baseline) assessment. Information on diabetes was not

©CO~NOOOTA~AWNPE

10 available for the GenomALC-2 group. Only those participants with information on diabetes, and a 3-SNP

12 score, are included.

14
ﬁ%edictor Group Contrast Odds Ratios (95% Confidence Intervals)

17

18 GenomALC-1 UK Biobank

19

20

21

22

g@iabetes Diabetes versus no diabetes 3.82(2.67t05.47) 5.62(4.33107.28)
4

25

26

27

28-SNP

g% No diabetes <0 versus >0.7 in non-diabetics 4,77 (3.45t06.58)  2.37 (1.86 to 3.03)
core
3

32

33

34

gg Diabetes <0 (diabetes) versus >0.7 (diabetes) 5.32 (2.06 to 13.7)'  3.74 (2.16 to 6.48)°
37 . .

38 <0 (no-diabetes) versus >0.7 (diabetes) = 14.7 (7.691t028.1)  17.1(11.3t0 25.7)
39

40 1Breslow-Day test for homogeneity of Odds Ratios in Non-Diabetes and Diabetes groups, GenomALC-1 y?

41 _ —
a2 - 0.05 p =0.830.

ji 2 Breslow-Day test for homogeneity of Odds Ratios in Non-Diabetes and Diabetes groups, UK Biobank y? =

45 2.20 p=0.138.

46
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Figure 1. Distribution of 3-SNP scores in cases and controls from the GenomALC-1 data,
showing the boundaries of the lowest (Q1) and highest (Q5) quintiles at 0.033 and 0.964,
respectively (dotted lines).
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Figure 2. Odds ratios, by country and overall, for the risk of alcohol-related cirrhosis in the
GenomALC-1 cohort when results for the 3-SNP score are divided into low (<0), intermediate
(0 to 0.7) and high (>0.7) categories. Error bars show 95% confidence intervals.
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SUPPLEMENTARY MATERIAL

A GENETIC RISK SCORE AND DIABETES PREDICTS DEVELOPMENT OF
ALCOHOL-RELATED CIRRHOSIS IN DRINKERS



©CO~NOOOTA~AWNPE

Whitfield

GRS predicts alcoholic cirrhosis risk

Page 32 of 41

Supplementary Table 1. Numbers of participants, and diagnostic categories, by country of
recruitment. Restricted to participants with relevant genotyping and clinical risk factor data.

GenomALC-1 samples

Alcohol-
related
Control  cirrhosis | Total
Australia 175 129 304
France 103 373 476
Germany 142 75 217
Switzerland 33 28 61
UK 77 257 334
USA 58 240 298
Total 588 1102 1690
GenomALC-2 samples
Alcohol-
Alcoholic  related
Control  hepatitis  cirrhosis Total
Australia 0 36 104
Belgium 258 223 663 1144
France 0 85 143
Germany 0 15 46
Switzerland 0 0 3
UK 184 771 356 1311
USA 277 7 286
Total 604 1271 1162 3037
UK Biobank samples
No relevant diagnosis 494,910
Excessive drinker, no liver diagnosis | 6304
Alcoholic fatty liver 95
Alcoholic liver disease, unspecified 428
Alcoholic fibrosis and sclerosis 17
Alcoholic hepatitis 130
Alcoholic hepatic failure 88
Alcoholic cirrhosis 594
Alcoholic cirrhosis without HCC 542
Alcoholic cirrhosis with HCC 52
Total 502,566

Note for UK Biobank cohort: Total number excludes people who withdrew consent and those
with unknown sex or alcohol intake. Numbers in italics are for alcohol-related liver diseases

other than cirrhosis.
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Supplementary Table 2. Demographic, clinical and substance use characteristics of participants included.

GenomALC-1 (N =1390)

GenomALC-2 (N =1766) @

UK Biobank (N= 6898) @

Cases (N =917) Controls (N =473) Cases (N =1162) Controls (N = 604) Cases (N =594) Controls (N = 6304)
Male Female Male Female Male Female Male Female Male Female Male Female
Mean + Mean + Mean + Mean £ Mean £ Mean £ Mean * Mean * Mean * Mean * Mean £ Mean £
SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N)
Demogr | Age (Mean + SD, in years) 53.0+85 | 51.0+8.9 | 50.0+95 | 50.6+9.7 55.2 + 545 + 47.4 + 50.4 + 578+69 | 57.2+7.7 | 565+7.6 548+7.7
aphics (674) (243) (331) (142) 10.4 (702) 10.1 10.9 10.1 477) (117) (4836) (1468)
(288) (394) (186)
Years of Education 120+35 | 11.5+303 | 12.0+3.9 | 128+3.9 113422 | 11.2+22 | 114+21 11.7+2.0
(665) (240) (326) (141) (357) (83) (3785) (927)
BMI, kg/m? 28.0+56 | 26.1+6.2 | 25.8+4.7 | 254+58 29.1+54 | 274+£50 | 28.4+45 26.9+48
(673) (242) (330) (142) (466) (117) (4836) (1460)
European ethnicity/race (by self- 99.6% 99.6% 99.7% 98.6% 100% 100% 99.7% 99.5% 96.2% 94.8% 98.5% 97.4%
report)
Alcohol | Alcohol intake, g/day 262+431 | 189+349 | 251+298 | 186+ 100 49.0 + 22.4 + 104.1 + 66.3+19.5
use (674) (243) (331) (142) 55.0 26.8 27.7 (4836) (1468)
477) (117)
Age started XS drinking 26.9+9.8 31.3+ 255+9.0 29.7 +
(674) 10.6 (242) (329) 10.8
(141)
Years of high-risk drinking 250+ 191+91 | 216+93 | 18474
11.2 (674) (243) (331) (142)
Audit Score 105+ 116+ 26.8+9.4 26.8 +
10.6 (673) | 11.5(241) (330) 10.1
(140)
Lifetime alcohol intake, kg 2310 = 1316 £ 2073 = 1244 +
4034 2548 3327 892 (142)
(674) (243) (331)
Lab Haemoglobin (g/L) 117 £ 26 113+21 147 £ 14 135+ 14
results (653) (239) (315) (136)
INR (ratio) 140 £ 154+ 0.99 + 0.97 + 1.44 + 1.44 + 111+ 1.04 £
0.43 (609) | 0.58(223) | 0.17 (272) 0.11 0.52 (51) 0.48 0.41 (51) 0.11 (16)
(1112) (134)
Albumin (g/L) 345+6.8 | 348+75 | 432+51 | 432+57 | 350+73 | 33571 409 + 40.8+9.7 | 425+£4.7 | 43.1+4.4 | 45527 455+27
(623) (227) (314) (132) (336) (128) 10.7 (45) (407) (101) (4175) (1250)
(100)
Bilirubin (umol/L) 60.6 + 81+ 121 9.1+538 8.2+5.6 128+53 | 10.2+45 153+ 121+7.9 99+4.1 8.3+3.3
100.5 (243) (320) (140) (59) (32) 12.3 (109) (4505) (1357)
(661) (443)
Creatinine (umol/L) 94 + 67 105 + 486 75+ 17 62+ 15 77+34 59 +15 77+14 62+12
(661) (242) (324) (141) (445) (110) (4536) (1365)
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ALT (unit/L) 36.8+ 34.3+33.2 433+ 38+38 54.6 + 342+ 456 + 343+ 450 + 38.0+ 31.1+19.1 | 21.9+129
40.2 (661) (242) 46.3 (326) (141) 219.2 25.7 45.2 43.9 38.7 26.3 (4529) (1366)
(342) (132) (240) (122) (444) (110)
AST (unit/L) 60.2 + 64.5 + 436 + 41+38 90.1+ 64.9 + 522+ 36.2+ 61.3+ 62.4 + 33.1+19.2 | 26.7+12.6
51.0 (654) | 51.3(238) | 41.0(320) (140) 307.7 515 56.5 22.6 46.1 51.0 (4504) (1357)
(343) (132) (242) (124) (442) (109)
GGT (unit/L) 225+371 | 173+264 | 124+255 | 122 +216 233+245 | 216+239 | 86.5+87.8 | 46.8+56.6
(623) (222) (315) (139) (434) (108) (4528) (1366)
Liver MELD score 112+74 | 11191 1.9+£33 -0.7+3.1
disease (604) (222) (266) (110)
Number with ascites (ever) 520/674 189/243, 0 0 294/572 131/241 None None
(77%) (78%) (51%) (54%) recorded recorded
Number with oesophageal 358/669 120/239 0 0 49/177 23/87 None None
varices (ever) (53%) (49%) (28%) (26%) recorded recorded
Number with encephalopathy 209/651 91/240 0 0 72/531 24/226 None None
(ever) (31%) (37%) (14%) (11%) recorded recorded
Number with HCC (ever) 105/674 10/243 0 0 9/157 None None None 49/477 3/117 0/4721 0/1458
(16%) (4%) (6%) recorded recorded recorded (10.3%) (2.6%) (0%) (0%)
Number abstinent for > 60 days 234/674 154/243 8/332 3/142 Not Not 3/394 1/186
(35%) (63%) (2%) (2%) recorded recorded (0.8%) (0.5%)
Number (%) with known 159/674 39/243 26/332 5/142 109/468 16/117 271/4813 34/1466
diabetes (24%) (16%) (8%) (4%) (23.3%) (13.7%) (5.6%) (2.3%)
Cannabi | Regular use, 5+ years, during 67/673 8/142 90/329 24/142
s use period of high alcohol use (10%) (3%) (27%) (17%)
Years of regular use (if ever 175+ 159+ 155+ 14.6 +
regular user) 14.2 (66) 11.0 (7) 10.1 (89) 10.4 (24)
Days per week marijuana 46+23 51+22 53+24 57+19
(67) (8) (89) (24)
Occasions total 4424 + 4520 4374 £ 4279
4742 (66) 4119 (7) 3795 (89) | 3063 (24)
Smokin | Regular smoker (ever) 513/674 156/243 279/331 111/142 342/473 78/116 3589/4825 | 1093/1464
g (76%) (64%) (84%) (78%) (72.5%) (67.2%) (74.4%) (74.7%)
history
Pack years (if ever smoker) 354 + 241+ 353+ 338+
32.3(370) 18.4(96) | 27.8 (174) | 21.3962)
Regular use, 5+ years, during 398/674 113/243 240/331 88/142
period of high alcohol use (59%) (47%) (73%) (62%)
Coffee Years coffee (if regular user) 322+ 289+ 253+ 242+
intake 12.9(347) | 13.3(100) | 11.8(225) | 11.3(81)
Cups caffeinated coffee per day 3.7+35 3.7+£39 41+36 34+23 187+ 180+ 223+236 | 2.10+2.05
(if regular user) (347) (100) (224) (81) 2.23 2.35 (4438) (1378)
(430) (110)
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Supplementary Table 3. Comparison of score performance measures in men and women.
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ROC Curve Logistic regression Q1-Q5 Odds Ratio
AUC Beta p-value (95% Cls)

3-SNP score GenomALC-1 Men 0.671+0.016 1.132+0.116 1.41x10% 6.18 (4.05t09.41)
Women 0.650+0.027 0.974+0.192 3.79x 107 5.40(2.67 to 10.92)

GenomALC-2 Men 0.592+0.017 0.575+0.107 6.76x10®  2.47 (1.68t0 3.62

Women 0.635+0.025 0.897 £0.172 1.94x107 3.81(2.05to 7.07)

UK Biobank ~ Men 0.635+0.016 0.800+0.088 1.14x 10 3.44 (2.48t04.77)

Women 0.554 +0.036 0.375+0.196 0.056 2.08 (1.11to 3.89)

3 SNP score + BMI, coffee UK Biobank ~ Men 0.645+0.017 0.795+0.082 4.55x10% 3.50 (2.34 t05.24)
Women 0.594 +0.034 0.535+ 0.164 0.0011 2.79 (1.37t05.71)

3-SNP-M score! GenomALC-2 Men 0.626 £ 0.017 0.873+0.124 1.94x10* 3.79 (2.50 t0 5.75)
Women 0.638+0.025 0.978+0.186 1..42x107 3.27 (1.77 to 6.06)

5-SNP-M score! GenomALC-2 Men 0.622 £0.017 0.791+0.116 7.87x10** 3.47(2.311t05.23)
Women 0.632£0.025 0.848+0.174 1.09x10°® 3.92(2.18 to 7.03)

8-SNP-M score GenomALC-2 Men 0.631+£0.017 0.789+0.110 6.37x 10  3.34 (2.24 t0 4.98)
Women 0.635+0.025 0.836+0.162 2.55x107 3.33 (1.90 to 5.85)
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Supplementary Table 4. Significance (p-values, not adjusted for multiple comparisons) for contrasts between groups of excessive drinkers with and without

alcohol-related liver disease diagnoses in UK Biobank and GenomALC-2 cohorts. The dependent variable is the 3-SNP score. Boxes in the UK Biobank table

emphasise the significant differences between the control groups and the more severe forms of liver disease, and the lack of significant differences among the

more severe categories.

UK Biobank N Excessive drinker, no liver Alcoholic fatty ALD Alcoholic fibrosis Alcoholic Alcoholic hepatic Alcoholic
diagnosis liver unspecified sclerosis hepatitis failure cirrhosis

Excessive drinker 5618 -

Fatty liver 71 0.128 -

ALD unspecified 327 0.0074 0.824 -

Alcoholic Fibrosis/sclerosis 910 0.222 0.545 0.466 -

Alcoholic hepatitis 796 7.75x 10* 0.293 0.095 0.904 -

Alcoholic hepatic failure 52 0.0023 0.191 0.073 0.922 0.667 -

Alcoholic Cirrhosis 448 2.51x 10 0. 0332 3.30x10° 0.8831 0.335 0.814 -

GenomALC-2 N Control Alcoholic hepatitis  Alcoholic cirrhosis

Control 604 -

Alcoholic hepatitis 1271 | 7.95x 10 -

Alcoholic cirrhosis 1162 | 1.20 x 104 0.011 -
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21 Supplementary Table 5. Effects of 3-SNP score on risk of alcohol-related liver diseases, graded by severity of liver disease, in GenomALC-1 sample and UK

22 Biobank. In each cohort Controls were people who reported daily alcohol intake of >80 grams (men)/> 50 grams (women), for >10 years. UK Biobank

gi participants with ‘mild’ alcoholic liver disease had ICD-10 diagnoses of K70.0 (alcoholic fatty liver) or K70.9 (alcoholic liver disease, unspecified); there was

25 no comparable group in the GenomALC participants. ‘Severe’ alcoholic liver disease comprised ICD-10 diagnoses of K70.1 (alcoholic hepatitis), K70.3
26 (alcoholic cirrhosis) or K70.4 (alcoholic hepatic failure) for UK Biobank, and alcoholic cirrhosis for GenomALC. HCC, hepatocellular carcinoma (ICD-10

27
2g C22.0). Coefficients (B) and Odds Ratios (OR) are expressed per unit change in the 3-SNP score.

29
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30 GenomALC-1 UK Biobank
31

gg B SE p-value OR 95% Cl B SE p-value OR 95% Cl

gg’ Control (excessive drinkers) versus

2 N/A 0.271 0.089 0.0023 131 1.10t0156
37 | Mild ALD

38

39 | Control (excessive drinkers) versus
40 1.020 0.101 3.49x10%* 2773  2.277t03.377 0.652 0.074 8.77x10% 192 1.66t02.22

j; 'Severe' ALD but no HCC

43
44
45 |, , .
46 Severe' ALD with HCC

47

Control (excessive drinkers) versus
1.327 0174 2.05x10* 3769  2.683t05.296 1.264 0.229 3.38x10®% 354 2.26t05.54

48 | ‘Mild' ALD versus ‘Severe’
49 N/A 0.378 0.111 6.50x10% 146 1.17to1.81

50 | ALD but no HCC
51

52 ‘Severe’ ALD but no HCC versus
3 0.401 0.155 0.010 1.493 1.102 to 2.022 0.631 0.242 0.0091 1.88 1.171t03.02

gg 'Severe' ALD with HCC

56

57
58
59
60
61
62
63
64
65
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Supplementary Figure 1. Comparison of the 3-SNP and 3-SNP-M scores, for patients in the
GenomALC-2 cohort calculated as in Table 1. The diagonal line shows x = y.
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Supplementary Figure 2. Effect of varying the 3-SNP score cut-off for classification into the high-risk group on the proportion of cases stratified
as high-risk and the Odds Ratios comparing the high-and low-risk groups. Data shown are for GenomALC-1.
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The left-hand panel shows the distribution of scores in Cases and Controls,
as in Figure 1; those with scores below 0 (continuous horizontal line) are
always considered as the low-risk group while those above the interrupted
horizontal lines (at 0.7, 0.8, 0.9 or 1.0) are in the high-risk group. The Table
shows results (OR) at each of the evaluated high-risk thresholds.

Cut-off for high- | Proportion of cases | Odds Ratio, High versus
risk group above cut-off Low group (95% CI)
1.0 25% 7.35 (5.01 t0 10.78)
0.9 28% 5.86 (4.13 to 8.33)
0.8 37% 4.95 (3.60 to 6.81)
0.7 49% 4.96 (3.67 t0 6.71)
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Supplemental Figure 3. Comparison of means for 3-SNP scores between diagnostic groups from three independent studies. Points and bars show
means and standard errors. Other: no excessive drinking; Excessive drinker: high-risk drinking by the 50/80 grams/day criterion; Alcohol
dependence: alcohol dependence [ICD-10 F10.2]; Categories of alcohol-related liver disease are: alcoholic fatty liver, ALD unspecified, alcoholic

hepatitis, alcoholic hepatic failure and alcoholic cirrhosis (overall, and sub-divided by HCC status).
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GenomALC-1 GenomALC-2 UK Biobank
Other 0.190 + 0.013
Excessive drinker 0.285 + 0.022 0.322 + 0.023 0.171+ 0.008
Alcohol dependence 0.143 + 0.014
Alcoholic fatty liver 0.270 £ 0.073
ALD, unspecified 0.253 +£0.033
Alcoholic hepatitis 0.486 + 0.016 0.367 + 0.055
Alcoholic hepatic failure 0.405 =+ 0.092
Alcoholie cirrhosis 0.633 + 0.018 0.545+0.018 0.425+ 0.030
Aleoholie cirrhosis, no HCC 0.613 = 0.019 0.396 = 0.031

0.757 = 0.057 0.717 £ 0.102

Aleoholie cirrhosis, with HCC
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Supplementary Figure 4. Means of the 3-SNP score by country (AU Australia, BE Belgium,
FR France, DE Germany, CH Switzerland, UK United Kingdom, US United States). Error
bars show standard errors for the means.
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ABSTRACT (273 words)

Background & Aims: Only a minority of excess alcohol drinkers develop cirrhosis. We

developed and evaluated risk stratification scores to identify those at highest risk.

Methods. Three cohorts (GenomALC-1: n=1690, GenomALC-2: n=3037, UK Biobank:
relevant n=6898) with a history of heavy alcohol consumption (>80 g/day (men), >50 g/day
(women), for >10 years) were included. Cases were participants with alcohol-related cirrhosis.
Controls had a history of similar alcohol consumption but no evidence of liver disease. Risk
scores were computed from up to eight genetic loci identified previously as associated with
alcohol-related cirrhosis and three clinical risk factors. Score performance for the stratification
of alcohol-related cirrhosis risk was assessed and compared across the alcohol-related liver

disease spectrum, including hepatocellular carcinoma (HCC).

Results: A combination of three single nucleotide polymorphisms (SNPs) (PNPLA3:rs738409,
SUGP1-TM6SF2:rs10401969, HSD17B13:rs6834314) and diabetes status best discriminated
for cirrhosis risk. The odds ratio (OR) and 95% confidence intervals (Cl) for the extreme score
quintiles (Q1-Q5) of the 3-SNP score, based on independent allelic effect size estimates, were
5.99 (4.18;8.60) (GenomALC-1); 2.81 (2.03;3.89) (GenomALC-2); and 3.10 (2.32;4.14) (UK
Biobank). Patients with diabetes and high-risk score, compared to those without diabetes and
a low-risk score, had ORs increased to 14.7 (7.69;28.1) (GenomALC-1) and 17.1 (11.3;25.7)
(UK Biobank). Patients with cirrhosis and HCC had significantly higher mean risk scores than
patients with cirrhosis alone (0.76+0.06 versus 0.61+0.02, p=0.007). Score performance was
not significantly enhanced by information on additional genetic risk variants, body mass index

or coffee consumption.
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Conclusions: A risk score based on three genetic risk variants and diabetes status can provide
meaningful risk stratification for cirrhosis in excess drinkers, allowing earlier prevention

planning including intensive intervention.

LAY SUMMARY

Excessive chronic drinking leads to liver cirrhosis in some people, but so far there is no way to
identify those at high risk of developing this debilitating disease. Our study has developed a
genetic risk score (GRS) test that can identify patients at high risk and shows that the risk of
cirrhosis is increased >10-fold with just two risk factors - diabetes and high GRS. Risk
assessment using this test has potential for early and personalised management of this disease

in high-risk patients.
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INTRODUCTION

Although the risk for developing cirrhosis is positively associated with alcohol consumption,
only a minority of people with high-risk alcohol intake develop cirrhosis. The prevalence can
vary between 7-16%%2 with some reports suggesting the prevalence to be as low as 2%>#. The
risk threshold for what is considered high-risk intake has changed over time>’. Long-term
consumption of 80 grams per day (g/d) or more is associated with increased risk of cirrhosis®®,
but the threshold for liver harm is below this level, especially for women®t. The 80 g/d (men)
and 50 g/d (women) cut-offs were set at a relatively high level to ensure both the cirrhosis and
control groups were exposed to a substantial level of alcohol-related risk. We used this

threshold to define “heavy drinking” in this study.

Primary prevention of alcohol-related liver disease (ALD) would involve decreasing alcohol
intake of the whole population but achieving this remains challenging. Focused intervention
through the identification of people with high alcohol intake or more specifically through
stratification of individuals within this population at risk for developing cirrhosis depends on
identification of those at high risk. Evidence from clinical trials*? suggests that informing
excessive drinkers that they have abnormal liver function tests/hepatic fibrosis can motivate
them to reduce their alcohol intake. A number of both constitutional®*%6, and genetic!’2° risk
factors for the development of alcoholic-related cirrhosis have been identified, but no attempt
appears to have been made, to date, to bring these together to provide an integrated measure of
risk. Thus, the aim of this study was to devise risk scores for the stratification of cirrhosis risk

and evaluate them in heavy drinkers from three independent cohorts.
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MATERIALS/PATIENTS AND METHODS

Information on disease status, genotypes and clinical risk factors was available for three
cohorts: i) GenomALC-1 and ii) GenomALC-2 from the GenomALC consortium, and iii) the
UK Biobank. Details of the recruiting and contributing sites, with numbers of patients by
diagnosis and by country are given below and in Supplementary Table 1. Cohort characteristics

of the cases and controls from each source are described in Supplementary Table 2.
GenomALC-1

The GenomALC-1 cohort was recruited according to a pre-designed protocol between 2012
and 2017 in Australia, France, Germany, Switzerland, the UK, and the USA. The recruitment
criteria and the data collection protocol were detailed previously?. Briefly, all participants had
a history of heavy drinking (>80 g/d (men) and >50 g/d (women) for >10 years). For cases,
cirrhosis had been diagnosed by a combination of clinical criteria, laboratory variables and/or
liver elastography (Fibroscan®), with liver biopsy if clinically indicated. Clinical features
defining the severity of cirrhosis are shown in Supplementary Table 2. Other liver diseases
(hepatitis B or C, haemochromatosis, Wilson’s disease, and autoimmune hepatitis) were
excluded by laboratory testing or clinical criteria. For controls, liver disease was excluded
through a combination of clinical history and measurement of liver function tests (bilirubin,
albumin, ALT). For both cases and controls, HIV infection was an exclusion criterion. The
study was approved by appropriate Ethics Committees or Institutional Review Boards at each
site and conformed to the ethical guidelines of the 1975 Declaration of Helsinki. Participants
were provided with explanations of the study and gave written informed consent. Genotyping
was performed at Erasmus University Medical Centre, Rotterdam using the Illumina GSA

genotyping array, as described?.

GenomALC-2
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The biological samples and data were donated by research groups who had independently
collected them for other studies. Some of the GenomALC-2 samples were included in a
previous GWAS?’; therefore, for the purposes of this study, overlapping samples were removed
from the analysis. Clinical diagnosis of cases and controls was similar to GenomALC-1 criteria
but detailed clinical information was limited for this cohort. Patients had given informed
consent and the studies were approved by the appropriate Ethics Review Boards. DNA from

these participants’ samples was also genotyped as outlined above for GenomALC-1.

Genotypes in the GenomALC-1 and GenomALC-2 cohorts were 22 cleaned using a widely used
quality control pipeline, the GWASTools package

https://bioconductor.org/packages/devel/bioc/manuals/GWASTools/man/GWASTools.pdf

and imputed to 1000 Genomes reference using the Michigan Imputation Server (MIS)?
UK Biobank

The UK Biobank? includes approximately 500,000 volunteers from the UK with a wide range
of data including computer-administered questionnaires, physical measurements, laboratory
tests, and genotyping. All participants gave informed consent, consistent with the UK Biobank
Ethics and Governance Framework. Recruitment and initial assessment occurred between 2006
and 2010 when participants were aged 40 to 69 years. Access to the UK Biobank database was
obtained (Application 18870) and relevant data (with diagnoses updated to June 2020) were
extracted. For cases, information was restricted to assigned clinical diagnosis (Supplementary
Table 2) on hospital admissions and diagnoses, and on causes of death in participants who have
subsequently died. Information was available on self-reported alcohol intake at the time of
assessment (by beverage type, in drinks per week, or for less frequent drinkers per month), and
participants also reported whether this was less than, similar to or more than they had been
consuming 10 years previously. The amounts were converted to express the alcohol intake in

g/d. Participants who had a recorded diagnosis or cause of death of alcohol-related cirrhosis
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(ICD-10 K70.3, ‘Alcoholic cirrhosis of liver”) from hospital records or death certificates were
included as cases (n=594), and those with reported drinking above the 80 or 50 g/day limits,
with similar or greater consumption 10 years before, but with no diagnosed liver disease (either
alcohol-related or other causes) were included as controls (n=6304). Exclusion criteria for UK

Biobank subjects were similar to GenomALC-1.

UK Biobank also included 758 cases within the spectrum of other alcohol-related liver disease
diagnoses (Supplementary Table 1). Genotype data for the relevant UK Biobank participants
were downloaded from the server and genotypes for the relevant SNPs were extracted. Data on
coffee consumption, body mass index (BMI) and diabetes status were recorded (Supplementary

Table 2).

Data curation and statistical analysis

Data management and statistical analyses used IBM SPSS Statistics, version 22 (IBM Corp.,
New York NY). Binary variables were coded as 0 (absent) or 1 (present). Diabetes status
(absent/present), BMI, kg/m?) and coffee consumption (0: not a coffee consumer, 1: coffee
consumer) shown in our previous report as associated with cirrhosis® were also modelled.
Genotype data were coded as single nucleotide polymorphisms (SNPs) minor allele dosages,

assuming an additive model for allelic effects.

Calculation of risk scores requires coefficients for the effect sizes associated with each risk
factor, and assessment of the performance of the risk scores requires testing in independent
cohorts not included in the derivation of these coefficients. The scheme shown in Table 1 sets

out the basis for the scores and the data-sets which were used for evaluation.

SNPs with the lowest p-value at three loci (PNPLA3:rs738409, SUGP1-TM6SF2:rs10401969
and HSD17B13:rs6834314) were selected based on previous association with the risk of

alcohol-related cirrhosis'”*8, and confirmed at genome-wide significance in our meta-
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analysis?°. Two significantly associated SNPs have been reported at SUGP1-TM6SF2 locus®’
which are in near-complete linkage disequilibrium (d’1.00, r? 0.955), and rs10401969 was

chosen over rs58542926 because of its stronger association with cirrhosis.

A score based on these three loci (‘3-SNP score’) was computed for each participant in each
of the three cohorts. Minor allele counts (‘dosage’) were obtained from direct or imputed
genotypes for each SNP, multiplied by the beta coefficients for allelic effect sizes (derived
from published odds ratios, calculated as beta = loge(OR)) and summed across SNPs (Table 1).
The means for 3-SNP scores were also compared between disease diagnostic groups in the

three independent cohorts described in Supplementary Table 1.

Scores based on three, five, and eight loci were also computed for the GenomALC-2 samples
using coefficients of loci with significant association from the published meta-analysis?® or
other sources!’”!8 (‘3-SNP-M’, ‘5-SNP-M’ and ‘8-SNP-M’ scores) (Table 1). The 3-SNP-M
score was based on the loci mentioned above, the 5-SNP-M score included above three loci,
and SERPINA1 and FAF2 identified in our meta-analysis, and the 8-SNP-M score which was
derived from the 5-SNP-M score with addition of three reported loci (MBOAT7, MTARC1
[previously MARC1], HNRNPULL1) significantly associated with alcohol-related

cirrhosis!’ 2425,

Area under the ROC curve (AUC) analysis and logistic regressions (with the score as the
predictor variable and case/control status as an outcome) were performed. Odds Ratios (ORS)

of the score were compared for extreme quintiles (highest Q5 against lowest Q1).

RESULTS

Risk stratification by genetic loci-based scores
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Results in the three study cohorts for the 3-SNP score AUCs, logistic regressions and the ORs
comparing quintiles Q5 and Q1 of the score, are shown in Table 2. Each of these measures
showed better performance of the score in the GenomALC-1 cohort than in either the
GenomALC-2 or UK Biobank cohorts, and there was no significant difference in score between

men and women (Supplementary Table 3).

The results of adding two clinical risk factors (BMI and coffee consumption) to the 3-SNP
score are shown in Table 2. Because the beta-coefficients for the two clinical risk factors were
derived from the GenomALC-1 cohort, and information on these factors was not available for
the GenomALC-2 cohort, this score was only evaluated against the UK Biobank data. A
moderate, but not significant, improvement in risk stratification was observed following
addition of these clinical risk factors; the Q5-Q1 OR estimate increased from 3.10 to 3.37 but
the 95% confidence intervals overlapped. Coffee data did not improve the risk stratification,
and nor did BMI (which was non-significant in the UK Biobank group and not available for
GenomALC-2) (Table 2). Stratification of risk including the clinical factors in the score

showed similar results for men and women (Supplementary Table 3).

The addition of further loci in the 5-SNP-M score (PNPLA3:rs2294915, SUGP1-
TM6SF2:rs10401969, HSD17B13:rs10433937, SERPINAL1:rs28929474,
FAF2:rs11134997)1%% and in the 8-SNP-M score, with MBOAT7:rs641738,
MTARC1:rs2642438 and HNRNPUL1:rs17251589 in addition to those in the 5-SNP-M score,
did not improve the associations between score and outcome or the risk stratification (Table 2).
Because the coefficients for FAF2 and SERPINAL were obtained from the meta-analysis of the
GenomALC-1, Buch study’ and UK Biobank data, the 5-SNP-M and 8-SNP-M scores could
only be tested in the GenomALC-2 data. To allow a valid comparison between the multi-SNP
scores each was based on the coefficients from our meta-analysis of GWAS results. This

resulted in an improvement for the meta-analysis-based 3-SNP-M score compared to the 3-
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SNP score (Q5-Q1 ORs changed from 2.81 [95% CI 2.03,3.89] to 3.65 [2.59,5.15]). There was
also a high correlation between the 3-SNP and 3-SNP-M scores in GenomALC-2 (r =0.826, n

=3037, p < 102%: Supplementary Figure 1).
Clinical utility of the risk score

Numerical cut-offs that define or quantify risk are needed if the risk score is to have clinical
utility. The 3-SNP scores in the GenomALC-1 cases and controls for the lowest and highest
quintile boundaries were close to 0 and 1 (0.033 and 0.964, respectively; Figure 1). Division
of the scores into three groups at low, intermediate and high cirrhosis risk was based on the
3-SNP score distribution (Supplementary Figure 2). The final selected scores were, low: <0;
intermediate >0 - 0.7 and high risk >0.7. In each study cohort the risk difference between the
low- and high-risk groups ranged between 2.5-fold and approximately 5-fold (Table 3). The
difference in risk between the high- and low-risk GenomALC-1 groups were similar across
the six countries (Figure 2).

Diabetes

Diabetes is known to have a large effect on cirrhosis risk. Inclusion of diabetes status with
genetic risks in a combined risk score led to a bimodal distribution and difficulty in defining
score quintiles. Thus, to see the effect of genetic risk score in the context of diabetes status, the

3-SNP score was subdivided by the diabetes status and is presented separately (Table 4).

People with diabetes showed a substantial increase in the risk of cirrhosis in both the
GenomALC-1 (OR 3.82,95% CI 2.67;5.47) and the UK Biobank (OR 5.62, 95% CI 4.33;7.28)
cohorts. The genetic score effects were similar for people with and without diabetes, both in
the GenomALC-1 (logistic regression coefficients + SE, no diabetes: 1.055 + 0.105; diabetes:
1.276 + 0.338) and the UK Biobank data (no diabetes: 0.653 + 0.093; diabetes: 0.735 + 0.181).

Tests for genetic score-diabetes interaction, either by including a (score x diabetes) term in the
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logistic regression or by testing for heterogeneity of Odds Ratios between those with and
without diabetes, showed no evidence for interaction effects in either cohort (Table 4). The
combined effects of having diabetes and a high genetic risk score resulted in a >10-fold
increased risk in people with diabetes and a high risk 3-SNP score against people without
diabetes and a low-risk score, for both GenomALC-1 (OR 14.7, 95% CI 7.69;28.1) and the UK

Biobank (OR 17.1, 95% Cl 11.3,25.7) (Table 4).

Genetic loci-based risk scores across alcohol-related liver diseases

The mean values for the 3-SNP score varied across groups defined by alcohol intake and by
the diagnostic categories for alcohol-related liver disease for both GenomALC-1 and the UK
Biobank cohorts (Supplementary Figure 3). Post hoc comparisons showed similar trends of
mean 3-SNP risk score increasing with disease severity for the GenomALC-2 cohort that
included excessive drinkers with no liver disease and significantly differed between cases with
severe alcoholic hepatitis and alcohol-related cirrhosis (p = 0.011) (Supplementary Table 4).
Mean 3-SNP score increased with severity of liver disease (Supplementary Figure 3), including
when comparing cirrhosis with HCC against cirrhosis without HCC, both for GenomALC-1
(0.757 £ 0.057 versus 0.613 + 0.019) and UK Biobank (0.717 + 0.102 versus 0.396 + 0.031);

see also Supplementary Table 5.

DISCUSSION
This study shows that a genetic score based on three lead SNPs associated at genome-wide
significance with the risk for developing alcohol-related cirrhosis, can risk-stratify people

drinking at potentially harmful levels.

Development of score for risk stratification
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The performance of 3-SNP score improved considerably when used in conjunction with
information on diabetes status, providing a powerful tool for identifying patients at high risk
for developing advanced alcohol-related liver diseases. Higher scores were also associated with

other severe liver injuries, including alcoholic hepatitis and HCC.

Our main measure of genetic risk stratification was to compare people who are in the highest
quintile for a score against those in the lowest quintile, providing a more practical measure of
stratification success than comparing the most extreme of all possible categories, which will
usually contain only a small proportion of people?®. Substantial Q5-Q1 risk differences were
evident for the simple 3-SNP score in each of the cohorts; approximately six-fold in the
GenomALC-1 cohort and three-fold in the other cohorts (Table 2). The greater difference in
Q5-Q1 risk for GenomALC-1 is likely to be due to a more refined and pre-defined case-control

definition for the recruitment protocol in this cohort.

Diabetes status led to a substantial enhancement of the utility of the 3-SNP score, predicting a
>10-fold difference in risk between extreme groups (Q5 with diabetes and Q1 non-diabetes).
Adding information on further genetic risk variants or BMI and coffee consumption had

minimal effect.
Clinical utility of risk-score

Clinical application of a score requires the definition of decision points in numerical terms
rather than by reference to population quintiles. However, Q5-Q1 comparisons can be useful
for comparison across cohorts, such as in our study, and against genetic scores for other
diseases. For clinical application boundaries of 0 and 0.7 were set for the 3-SNP score that
provided a potentially useful stratification of risk in each of the three cohorts. As expected,
lowering the high-risk threshold (e.g. from 1.0 to 0.7) identified a higher proportion of the cases

as being at high risk but the ORs between the high- and low-risk groups decreased. For any



©CO~NOOOTA~AWNPE

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

Whitfield GRS predicts alcoholic cirrhosis risk Page 17 of 41

classification based on a numerical test or score, changing the cut-off point(s) will alter the
trade-off between test sensitivity and specificity and the optimum cut-offs will depend on the
use to be made of the test. The prevalence of the condition is also important because this will
affect the predictive value of positive or negative results. The AUCs shown in Table 2 were
significant but when the desired test sensitivity was set at 80% (to flag nearly all those at high
risk) the test specificities were between 30% and 40%. Thus, a substantial number of false
positives must be accepted, making the score suitable for risk stratification but not for

prediction of outcome in individual patients.

The 3-SNP risk score was also associated with differences across the alcohol-related liver
disease spectrum, including HCC. The HCC risk association is consistent with previous
information showing that PNPLA3, HSD17B13 and TMG6SF2 polymorphisms?-3 are
associated with a higher risk for this condition compared to advanced cirrhosis, perhaps

suggesting a pro-oncogenic role for these variants.
Scope of risk-score

The loci comprising the current risk score are also implicated in the risk for developing
cirrhosis of diverse aetiologies. Using similar polygenic risk scores (PRS) in non-alcoholic
fatty liver disease (NAFLD) revealed that combining genetic and clinical features refines the
predictive utility of the algorithm for identifying those at higher risk of severe liver disease3*
3, Given the many shared genetic and metabolic risks between alcohol-related liver disease
and NAFLD, the predictive algorithm defined here may have a wider scope across these
diseases for risk stratification of those at higher risk of cirrhosis. Recently Emdin and
colleagues™ identified 12 variants, five previously known, including PNPLA3, HSD17B13 and
TMG6SF, and seven novel, which were associated at genome-wide significance with ‘any cause’

cirrhosis , and aggregated these into a PRS. A high PRS, defined as the top quintile of the
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distribution, was associated with significantly increased risk of cirrhosis compared with the
lowest quintile (OR 2.26; P < .001). Our current study indicates that risk stratification for
alcohol-related cirrhosis can be achieved as effectively using fewer genetic markers, and with
algorithms based on a smaller base of GWAS information, presumably because the genetic
architecture of alcohol-related cirrhosis includes a number of common variants with substantial

effects on risk.

Preliminary investigation of adding previously reported risk loci over the 3-SNP score did not
significantly improve risk stratification. To develop a robust PRS that incorporates many loci
for alcohol-related cirrhosis risk would require a larger population based cohort. Another
possible extension, again dependent on the availability of more data, would be to incorporate
information on patients’ alcohol consumption in addition to genotyping for genetic variants

associated with cirrhosis risk.

The outcome of risk stratification for alcohol-related liver disease can be compared with PRS
approaches to other complex diseases, including cardiovascular disease and cancers. A recent
study® showed that for five common diseases (coronary heart disease, type 2 diabetes, atrial
fibrillation, breast cancer and prostate cancer), Q1-Q5 differences in PRS were associated with
approximately two- to five-fold differences in the cumulative prevalence of diagnosis by age

80. Our 3-SNP score performance was equal to or slightly better than these.

The main strengths of this study were that it employed three large independent cohorts and that
the case and control definitions were standardised. The study also had its limitations. First, the
included populations were of largely European ancestry so that the finding may not be
universally applicable. Second, an unknown proportion of the controls, especially in the UK
Biobank cohort, may have undiagnosed alcohol-related liver disease, although it should be

recognised that misclassification of some cases as controls would lead to poorer stratification
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such that the effectiveness of our score would be under-, rather than over-estimated. Finally,
the risk scores were derived from groups of heavy drinkers with cirrhosis or without liver
disease. However, these were validated in case and control groups selected from the
population-based UK Biobank cohort. Application of the risk score to an individual patient
should be performed with an understanding that some patients’ outcomes will differ from those
predicted by the score. Prospective studies are needed, both to relate score to progression across
time in patients who present with early stages of liver disease, and to clarify the relationship

between onset of diabetes and of advanced liver disease in patients with excessive alcohol use.

Based on the findings of the present study a 3-SNP score algorithm is proposed for use and

interpretation of the risk stratification in heavy drinkers (Box 1).

Box 1. Use of the 3-SNP risk score for alcohol-related cirrhosis.

Calculate the risk score as:
(0.7839*PNPLAS3 rs738409 G dosage) + (0.5423*SUGP1-TM6SF2 rs10401969 C
dosage) — (0.4463*HSD17B13 rs6834314 G dosage)
Assign the patient to the appropriate stratum of risk, as follows:

Score lessthan 0  Score above 0.7

Low risk High risk
Relative risk if not diabetic 1 3-fold
Relative risk if diabetic 3-fold or more Over 10-fold

(Patients with scores between 0 and 0.7 are at intermediate risk)

When making use of this risk information, after appropriate explanation, consent and
genotyping, be aware that this is a risk stratification scheme rather than providing individual
predictions. Some patients whose score places them in the low-risk group will progress to
significant liver disease, especially if they continue to drink excessively.

Conclusions

An algorithm for stratifying the risk of developing alcohol-related cirrhosis among heavy

drinkers, based on three genetic loci and information on diabetic status, has been developed
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and validated. Itisintended to identify patients at particularly high risk for developing alcohol-
related cirrhosis. In addition to stratifying risk of developing alcohol-related cirrhosis, this
algorithm may also stratify risk for developing alcoholic hepatitis and HCC. This risk
stratification system could be used to facilitate management of all people at risk for developing

significant alcohol-related liver disease.
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additional SNPs with genome-wide
significant associations with alcohol-

related liver disease

=[4] + (0.1446*MBOAT7 rs641738 T dosage) -
(0.2401*MTARCI1 rs2642438 A dosage) -
(0.1304*HNRNPUL1 rs17251589 T dosage)

Table 1. Score construction and validation plan.
Cohorts available for independent validation
GenomALC-1 GenomALC-2 UK Biobank
(N=1690) (N=3037) (N=6898)
3-SNP score, using SNPs and coefficients Yes Yes Yes
from initial reports!’8
= (0.7839*PNPLA3 rs738409 G dosage) +
(0.5423*SUGP1-TM6SF2 rs10401969 C dosage)
—(0.4463*HSD17B13 rs6834314 G dosage)
3-SNP score as in 1 above, with addition No (BMI and No (no Yes
of BMI and coffee coffee coefficients | information of
=[1] + (0.0709*BMI) — (0.645*Coffee) are derived from | BMI and coffee)
this cohort)

3-SNP-M score, using SNPs and No* Yes No*
coefficients from meta-analysis®
= (0.7274*PNPLA3 rs2294915 T dosage) +
(0.3988*SUGP1 rs10401969 C dosage) —
(0.2485*HSD17B13 rs10433937 G dosage)
5-SNP-M score; as in 3 above but with No* Yes No*
addition of two GW-significant SNPs
from meta-analysis
= [3] + (0.6419*SERPINAL rs28929474 T
dosage) — (0.2357*FAF2 rs11134997 C dosage)
8-SNP-M score; as in 4 but with three No* Yes No*

*SNP coefficients are derived from this cohort
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1 Table 2. Results of ROC curve and logistic regression analyses, and estimated odds ratios for cirrhosis

3 between the lowest (Q1) and highest (Q5) quintiles of scores.

ROC Curve Logistic regression Q1-Q5 Odds Ratio
AUC Beta p-value (95% Cls)
3-SNP score' GenomALC-1 | 0.665+0.014 1.092+ | 2.90x 102 | 5.99 (4.18 to 8.60)
0.099
GenomALC-2 0.606 + 0.014 0.669+ | 1.44x10" | 2.81(2.03t0 3.89)
0.090
UK Biobank 0.619 £ 0.014 0.729+ | 1.06x 10™° | 3.10 (2.32 to 4.14)
0.080
3 SNP score' + GenomALC-1 | Not estimated™ Not estimated"" Not estimated
BMI, coffee
GenomALC-2 | Not estimated™ Not estimated' Not estimated™
UK Biobank 0.636 + 0.015 0.748+ | 1.77x10%* | 3.37 (2.38 t0 4.78)
0.073
Comparisons based on coefficients
from meta-analysis:
3-SNP-M score' GenomALC-2 | 0.631+0.014 0909+ | 1.17x 10| 3.65 (2.59 to 5.15)
0.103
5-SNP-M score' GenomALC-2 | 0.626 +0.014 0.813+ |2.96x 107" | 3.66 (2.62t0 5.12)
0.096
8-SNP-M score" GenomALC-2 | 0.633+0.014 0.807+ | 6.06x 10™° | 3.37 (2.43 to 4.66)
0.091

' Coefficients estimated from Buch et al*’
' Coefficients estimated from meta-analysis data Schwantes-An et al?°

Il Not estimated because coefficients would be partly based on data for this cohort.
v Not estimated because BMI and coffee data are not available for this cohort.

and Abul-Husn et al*®
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Odds Ratios (95% confidence intervals)

N = 686 (40.6%)

N = 668 (37.8%)

Risk group score GenomALC-1 GenomALC-2 UK Biobank
1 1 1
Low <0
N =273 (16.2%) | N =327 (18.5%) | N = 3403 (56.1%)
2.13(1.61t02.83) | 1.54 (1.18 t0 2.00) | 1.36 (1.04 to 1.77)
Intermediate | >01t0 0.70
N =731 (43.3%) | N=771(43.7%) | N =1207 (19.9%)
4.96 (3.67 t0 6.71) | 2.67 (2.02 to 3.53) | 2.654(2.16 to 3.29)
High >0.70

N = 1456 (24.0%)
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Table 4. Risk of alcohol-related cirrhosis by diabetes status, and comparison of risk in the low- and high-
risk of the 3-SNP score stratified by diabetes status. For GenomALC-1, diabetes status was at time of

recruitment and for UK Biobank at the time of (baseline) assessment. Information on diabetes was not

©CO~NOOOTA~AWNPE

10 available for the GenomALC-2 group. Only those participants with information on diabetes, and a 3-SNP

12 score, are included.

14
123redictor Group Contrast Odds Ratios (95% Confidence Intervals)

17

18 GenomALC-1 UK Biobank
19

20

21

22

2Piabetes Diabetes versus no diabetes 3.82(2.67t05.47) 5.62(4.331t07.28)
24

25

26

27

28-SNP

g; No diabetes <0 versus >0.7 in non-diabetics 477 (34510 6.58)  2.37 (1.86 to 3.03)
core
3

32

33

34

22 Diabetes <0 (diabetes) versus >0.7 (diabetes) 5.32 (2.06 t0 13.7)'  3.74 (2.16 to 6.48)?
37

38 <0 (no-diabetes) versus >0.7 (diabetes) 14.7 (7.69t028.1)  17.1(11.3t0 25.7)
39

40 1Breslow-Day test for homogeneity of Odds Ratios in Non-Diabetes and Diabetes groups, GenomALC-1 y?

41 _ —
a2 " 0.05 p =0.830.

ﬁ 2 Breslow-Day test for homogeneity of Odds Ratios in Non-Diabetes and Diabetes groups, UK Biobank %2 =

45 2.20 p=0.138.

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
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Figure 1. Distribution of 3-SNP scores in cases and controls from the GenomALC-1 data,
showing the boundaries of the lowest (Q1) and highest (Q5) quintiles at 0.033 and 0.964,
respectively (dotted lines).
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Figure 2. Odds ratios, by country and overall, for the risk of alcohol-related cirrhosis in the
GenomALC-1 cohort when results for the 3-SNP score are divided into low (<0), intermediate
(0 to 0.7) and high (>0.7) categories. Error bars show 95% confidence intervals.
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SUPPLEMENTARY MATERIAL

A GENETIC RISK SCORE AND DIABETES PREDICTS DEVELOPMENT OF
ALCOHOL-RELATED CIRRHOSIS IN DRINKERS
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Supplementary Table 1. Numbers of participants, and diagnostic categories, by country of
recruitment. Restricted to participants with relevant genotyping and clinical risk factor data.

GenomALC-1 samples

Alcohol-
related
Control  cirrhosis | Total
Australia 175 129 304
France 103 373 476
Germany 142 75 217
Switzerland 33 28 61
UK 77 257 334
USA 58 240 298
Total 588 1102 1690
GenomALC-2 samples
Alcohol-
Alcoholic  related
Control  hepatitis  cirrhosis Total
Australia 0 36 104
Belgium 258 223 663 1144
France 0 85 143
Germany 0 15 46
Switzerland 0 0 3
UK 184 771 356 1311
USA 277 7 286
Total 604 1271 1162 3037
UK Biobank samples
No relevant diagnosis 494,910
Excessive drinker, no liver diagnosis | 6304
Alcoholic fatty liver 95
Alcoholic liver disease, unspecified 428
Alcoholic fibrosis and sclerosis 17
Alcoholic hepatitis 130
Alcoholic hepatic failure 88
Alcoholic cirrhosis 594
Alcoholic cirrhosis without HCC 542
Alcoholic cirrhosis with HCC 52
Total 502,566

Note for UK Biobank cohort: Total number excludes people who withdrew consent and those
with unknown sex or alcohol intake. Numbers in italics are for alcohol-related liver diseases

other than cirrhosis.
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Supplementary Table 2. Demographic, clinical and substance use characteristics of participants included.

GenomALC-1 (N =1390)

GenomALC-2 (N =1766) @

UK Biobank (N= 6898) @

Cases (N =917) Controls (N =473) Cases (N =1162) Controls (N = 604) Cases (N=594) Controls (N = 6304)
Male Female Male Female Male Female Male Female Male Female Male Female
Mean = Mean = Mean * Mean * Mean * Mean * Mean * Mean * Mean * Mean * Mean * Mean *
SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N) SD (N)
Demogr | Age (Mean + SD, in years) 53.0+85 | 51.0+8.9 | 50.0+95 | 50.6+9.7 55.2 + 545+ 474 + 50.4 + 57.8+69 | 57.2+77 | 56.5+7.6 548+7.7
aphics (674) (243) (331) (142) 10.4 (702) 10.1 10.9 10.1 (477) (117) (4836) (1468)
(288) (394) (186)
Years of Education 120+35 | 11.5+303 | 12.0+3.9 | 12.8+3.9 113+22 | 11.2+22 | 114+21 11.7+£2.0
(665) (240) (326) (141) (357) (83) (3785) (927)
BMI, kg/m? 28.0+56 | 26.1+6.2 | 25.8+4.7 | 254+58 29.1+54 | 274+50 | 28445 26.9+4.8
(673) (242) (330) (142) (466) (117) (4836) (1460)
European ethnicity/race (by self- 99.6% 99.6% 99.7% 98.6% 100% 100% 99.7% 99.5% 96.2% 94.8% 98.5% 97.4%
report)
Alcohol | Alcohol intake, g/day 262 +431 | 189+349 | 251+298 | 186+ 100 49.0 + 224+ 1041+ 66.3+19.5
use (674) (243) (331) (142) 55.0 26.8 27.7 (4836) (1468)
477) (117)
Age started XS drinking 26.9+9.8 31.3+ 255+9.0 29.7
(674) 10.6 (242) (329) 10.8
(141)
Years of high-risk drinking 250+ 191+91 | 21.6+93 | 184+74
11.2 (674) (243) (331) (142)
Audit Score 105+ 116+ 26.8+9.4 268+
10.6 (673) | 11.5(241) (330) 10.1
(140)
Lifetime alcohol intake, kg 2310 + 1316 + 2073 1244 +
4034 2548 3327 892 (142)
(674) (243) (331)
Lab Haemoglobin (g/L) 117 +26 113+21 147 +14 135+ 14
results (653) (239) (315) (136)
INR (ratio) 140+ 154 + 099+ 097+ 144 + 144 + 111+ 1.04 £
0.43 (609) | 0.58 (223) | 0.17 (272) 0.11 0.52 (51) 0.48 0.41 (51) 0.11 (16)
(111) (134)
Albumin (g/L) 345+68 | 348+75 | 432+51 | 432+57 | 350+7.3 | 33571 409+ 40.8+9.7 | 425+4.7 | 431+44 | 455427 455+27
(623) (227) (314) (132) (336) (128) 10.7 (45) (407) (101) (4175) (1250)
(100)
Bilirubin (umol/L) 60.6 + 81+ 121 9.1+58 82+56 128+5.3 | 10.2+45 153+ 121+79 99+41 83+33
100.5 (243) (320) (140) (59) (32) 12.3 (109) (4505) (1357)
(661) (443)
Creatinine (umol/L) 94 + 67 105 + 486 75+ 17 62+ 15 77134 59 + 15 77+14 62+12
(661) (242) (324) (141) (445) (110) (4536) (1365)
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ALT (unit/L) 36.8 + 34.3 +£33.2 433+ 38+38 54.6 = 342+ 456+ 343+ 450+ 38.0+ 31.1+19.1 | 219+129
40.2 (661) (242) 46.3 (326) (141) 219.2 25.7 45.2 43.9 38.7 26.3 (4529) (1366)
(342) (132) (240) (122) (444) (110)
AST (unit/L) 60.2 + 64.5 + 436+ 41 +38 90.1+ 64.9 = 522+ 36.2 + 61.3 + 62.4 + 331+19.2 | 26.7+12.6
51.0 (654) | 51.3(238) | 41.0(320) (140) 307.7 515 56.5 22.6 46.1 51.0 (4504) (1357)
(343) (132) (242) (124) (442) (109)
GGT (unit/L) 225+ 371 173 +264 | 124 +£255 | 122+216 233+245 | 216+239 | 86.5+87.8 | 46.8+56.6
(623) (222) (315) (139) (434) (108) (4528) (1366)
Liver MELD score 112+74 | 111+91 19+33 | -0.7£31
disease (604) (222) (266) (110)
Number with ascites (ever) 520/674 189/243, 0 0 294/572 131/241 None None
(77%) (78%) (51%) (54%) recorded recorded
Number with oesophageal 358/669 120/239 0 0 49/177 23/87 None None
varices (ever) (53%) (49%) (28%) (26%) recorded recorded
Number with encephalopathy 209/651 91/240 0 0 72/531 24/226 None None
(ever) (31%) (37%) (14%) (11%) recorded recorded
Number with HCC (ever) 105/674 10/243 0 0 9/157 None None None 49/477 3/117 0/4721 0/1458
(16%) (4%) (6%) recorded recorded recorded (10.3%) (2.6%) (0%) (0%)
Number abstinent for > 60 days 234/674 154/243 8/332 3/142 Not Not 3/394 1/186
(35%) (63%) (2%) (2%) recorded recorded (0.8%) (0.5%)
Number (%) with known 159/674 39/243 26/332 5/142 109/468 16/117 271/4813 34/1466
diabetes (24%) (16%) (8%) (4%) (23.3%) | (13.7%) (5.6%) (2.3%)
Cannabi | Regular use, 5+ years, during 67/673 8/142 90/329 24/142
s use period of high alcohol use (10%) (3%) (27%) (17%)
Years of regular use (if ever 175+ 159+ 155+ 146+
regular user) 14.2 (66) 11.0 (7) 10.1 (89) 10.4 (24)
Days per week marijuana 4623 51+22 53+24 57+19
(67) (8) (89) (24)
Occasions total 4424 + 4520 + 4374 = 4279 =
4742 (66) 4119 (7) 3795 (89) | 3063 (24)
Smokin | Regular smoker (ever) 513/674 156/243 279/331 111/142 342/473 78/116 3589/4825 | 1093/1464
g (76%) (64%) (84%) (78%) (72.5%) | (67.2%) (74.4%) (74.7%)
history
Pack years (if ever smoker) 354+ 241+ 353+ 338+
32.3(370) | 18.4(96) | 27.8(174) | 21.3962)
Regular use, 5+ years, during 398/674 113/243 240/331 88/142
period of high alcohol use (59%) (47%) (73%) (62%)
Coffee Years coffee (if regular user) 322+ 289+ 253+ 242+
intake 12.9(347) | 13.3(100) | 11.8(225) | 11.3(81)
Cups caffeinated coffee per day 3.7+£35 3.7+£39 41+36 34+23 187+ 180+ 223+236 | 2.10+2.05
(if regular user) (347) (100) (224) (81) 2.23 2.35 (4438) (1378)
(430) (110)
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Supplementary Table 3. Comparison of score performance measures in men and women.
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ROC Curve Logistic regression Q1-Q5 Odds Ratio
AUC Beta p-value (95% Cls)

3-SNP score GenomALC-1 Men 0.671+0.016 1.132+0.116 1.41x10% 6.18 (4.05t09.41)
Women 0.650 +£0.027 0.974+0.192 3.79x107 5.40 (2.67to 10.92)

GenomALC-2 Men 0.592+0.017 0.575+0.107 6.76 x10®  2.47 (1.68 to 3.62

Women 0.635+0.025 0.897 £0.172 1.94x107 3.81(2.05 to 7.07)

UK Biobank ~ Men 0.635+0.016 0.800+0.088 1.14x 10 3.44 (2.481t04.77)

Women 0.554 +£0.036 0.375+0.196 0.056 2.08 (1.11to 3.89)

3 SNP score + BMI, coffee UK Biobank  Men 0.645+0.017 0.795+0.082 4.55x10% 3.50 (2.34t05.24)
Women 0.594 +0.034 0.535+ 0.164 0.0011 2.79 (1.37t05.71)

3-SNP-M score! GenomALC-2 Men 0.626 +0.017 0.873+0.124 1.94x10* 3.79 (2.50 t0 5.75)
Women 0.638+0.025 0.978+0.186 1.42x107 3.27 (1.77 to 6.06)

5-SNP-M score! GenomALC-2 Men 0.622 +0.017 0.791+0.116 7.87 x10*? 3.47 (2.31t05.23)
Women 0.632+0.025 0.848+0.174 1.09x10°® 3.92(2.18t0 7.03)

8-SNP-M score GenomALC-2 Men 0.631+£0.017 0.789+0.110 6.37x 10  3.34 (2.24 t0 4.98)
Women 0.635+0.025 0.836+0.162 2.55x107 3.33 (1.90 to 5.85)
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Supplementary Table 4. Significance (p-values, not adjusted for multiple comparisons) for contrasts between groups of excessive drinkers with and without

alcohol-related liver disease diagnoses in UK Biobank and GenomALC-2 cohorts. The dependent variable is the 3-SNP score. Boxes in the UK Biobank table

emphasise the significant differences between the control groups and the more severe forms of liver disease, and the lack of significant differences among the

more severe categories.

UK Biobank N Excessive drinker, no liver Alcoholic fatty ALD Alcoholic fibrosis Alcoholic Alcoholic hepatic Alcoholic
diagnosis liver unspecified sclerosis hepatitis failure cirrhosis

Excessive drinker 5618 -

Fatty liver 71 0.128 -

ALD unspecified 327 0.0074 0.824 -

Alcoholic Fibrosis/sclerosis 910 0.222 0.545 0.466 -

Alcoholic hepatitis 796 7.75x 10* 0.293 0.095 0.904 -

Alcoholic hepatic failure 52 0.0023 0.191 0.073 0.922 0.667 -

Alcoholic Cirrhosis 448 2.51x 10 0. 0332 3.30x10° 0.8831 0.335 0.814 -

GenomALC-2 N Control Alcoholic hepatitis  Alcoholic cirrhosis

Control 604 -

Alcoholic hepatitis 1271 | 7.95x 10°° -

Alcoholic cirrhosis 1162 | 1.20 x 10 0.011 -
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19

20
21 Supplementary Table 5. Effects of 3-SNP score on risk of alcohol-related liver diseases, graded by severity of liver disease, in GenomALC-1 sample and UK

22 Biobank. In each cohort Controls were people who reported daily alcohol intake of >80 grams (men)/> 50 grams (women), for >10 years. UK Biobank

gi participants with ‘mild’ alcoholic liver disease had ICD-10 diagnoses of K70.0 (alcoholic fatty liver) or K70.9 (alcoholic liver disease, unspecified); there was

25 no comparable group in the GenomALC participants. ‘Severe’ alcoholic liver disease comprised ICD-10 diagnoses of K70.1 (alcoholic hepatitis), K70.3
26 (alcoholic cirrhosis) or K70.4 (alcoholic hepatic failure) for UK Biobank, and alcoholic cirrhosis for GenomALC. HCC, hepatocellular carcinoma (ICD-10

27
2g C22.0). Coefficients (B) and Odds Ratios (OR) are expressed per unit change in the 3-SNP score.

29
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30 GenomALC-1 UK Biobank
31

gg B SE p-value OR 95% Cl B SE p-value OR 95% Cl

gg’ Control (excessive drinkers) versus

26 N/A 0.271 0.089 0.0023 131 1.10t01.56
37 | Mild ALD

38

39 | Control (excessive drinkers) versus
40 1.020 0.101 3.49x10%* 2773  2.277t03.377 0.652 0.074 8.77x10° 192 1.66t02.22

j; 'Severe' ALD but no HCC

43
44
45 |, , .
46 Severe' ALD with HCC

47

Control (excessive drinkers) versus
1.327 0174 2.05x10* 3769  2.683t05.296 1.264 0.229 3.38x10®% 354 2.26t05.54

48 | ‘Mild' ALD versus ‘Severe’
49 N/A 0.378 0.111 6.50x 10* 146 1.17to1.81

50 | ALD but no HCC
51

52 ‘Severe’ ALD but no HCC versus
3 0.401 0.155 0.010 1.493 1.102 to 2.022 0.631 0.242 0.0091 1.88 1.171t03.02

gg 'Severe' ALD with HCC

56

57
58
59
60
61
62
63
64
65
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Supplementary Figure 1. Comparison of the 3-SNP and 3-SNP-M scores, for patients in the
GenomALC-2 cohort calculated as in Table 1. The diagonal line shows x = y.
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Supplementary Figure 2. Effect of varying the 3-SNP score cut-off for classification into the high-risk group on the proportion of cases stratified
as high-risk and the Odds Ratios comparing the high-and low-risk groups. Data shown are for GenomALC-1.
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The left-hand panel shows the distribution of scores in Cases and Controls,
as in Figure 1; those with scores below 0 (continuous horizontal line) are
always considered as the low-risk group while those above the interrupted
horizontal lines (at 0.7, 0.8, 0.9 or 1.0) are in the high-risk group. The Table
shows results (OR) at each of the evaluated high-risk thresholds.

Cut-off for high- | Proportion of cases | Odds Ratio, High versus
risk group above cut-off Low group (95% CI)
1.0 25% 7.35 (5.01 t0 10.78)
0.9 28% 5.86 (4.13 to 8.33)
0.8 37% 4.95 (3.60 t0 6.81)
0.7 49% 4.96 (3.67 t0 6.71)
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Supplemental Figure 3. Comparison of means for 3-SNP scores between diagnostic groups from three independent studies. Points and bars show
means and standard errors. Other: no excessive drinking; Excessive drinker: high-risk drinking by the 50/80 grams/day criterion; Alcohol
dependence: alcohol dependence [ICD-10 F10.2]; Categories of alcohol-related liver disease are: alcoholic fatty liver, ALD unspecified, alcoholic

hepatitis, alcoholic hepatic failure and alcoholic cirrhosis (overall, and sub-divided by HCC status).
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GenomALC-1 GenomALC-2 UK Biobank
Other 0.190 + 0.013
Excessive drinker 0.285 + 0.022 0.322 + 0.023 0.171+ 0.008
Alcohol dependence 0.143 + 0.014
Alcoholic fatty liver 0.270 £ 0.073
ALD, unspecified 0.253 +£0.033
Alcoholic hepatitis 0.486 + 0.016 0.367 + 0.055
Alcoholic hepatic failure 0.405 =+ 0.092
Alcoholie cirrhosis 0.633 + 0.018 0.545+0.018 0.425+ 0.030
Aleoholie cirrhosis, no HCC 0.613 = 0.019 0.396 = 0.031

0.757 = 0.057 0.717 £ 0.102

Aleoholie cirrhosis, with HCC
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Supplementary Figure 4. Means of the 3-SNP score by country (AU Australia, BE Belgium,
FR France, DE Germany, CH Switzerland, UK United Kingdom, US United States). Error
bars show standard errors for the means.
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Highlights

JHEPAT-D-21-01108
A genetic risk score and diabetes predicts development of alcohol-related cirrhosis in
drinkers

HIGHLIGHTS

e  Currently there is no way to know who amongst alcohol users will develop cirrhosis, but
underlying genetic factors (SNPs) are known to be associated with risk of alcohol-related
cirrhosis.

e  Our 3-SNP Genetic Risk Score (GRS) using PNPLA3:rs73840-G,
SUGP1TM6SF2:rs10401969-C and HSD17B13:rs6834314-G risk alleles stratified
people at low-/high-risk of alcohol-related cirrhosis.

e High GRS increased relative risk of cirrhosis more than 3-fold in alcohol users.

e Presence of diabetes with high GRS further increased the risk more than 10-fold.

e A GRS based on only three genetic risk variants and diabetes status can provide

meaningful risk stratification for cirrhosis in excess drinkers.
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