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Abstract

Background: Alcohol-associated hepatocellular carcinoma (AL-HCC) poor prognosis
has been attributed to diagnosis at a later stage. However, host factors and specific
health trajectories have been associated with severe outcomes in alcohol-related liver
disease. We hypothesize AL-HCC is not a homogeneous condition but encompasses
subgroups yielding different outcomes.

Aims: Our aim was to provide a first attempt at a clinical phenotyping of AL-HCC.
Methods: We analysed data for the calendar years 2007-2013 from the French na-
tionwide administrative hospital database. We selected patients with AL-HCC only.
Clustering of AL-HCC phenotypes was performed by latent class analysis (LCA).
Results: The study included 11363 patients with AL-HCC, mainly male (89.6%), me-
dian age 67 years [IQR: 61; 74] of which 71.2% had at least one metabolic comorbidity.
Five phenotypes were identified. Phenotype 1 (41.4%) displayed high rates of un-
recognized cirrhosis prior to HCC diagnosis (81%), low rates of metabolic comorbidi-
ties (diabetes 13%), and mostly compensated liver disease at HCC diagnosis while the
four other phenotypes displayed high rates of metabolic comorbidities (diabetes up
to 100%), various patterns of liver disease trajectories and overall 42% unrecognized
cirrhosis. In adjusted survival analysis, compared to phenotype 1, risk of death after
HCC diagnosis was significantly different for all phenotypes.

Conclusion: LCA uncovers AL-HCC is a heterogeneous condition with distinct phe-
notypes yielding specific survival outcomes. Frequent unrecognized cirrhosis prior to
HCC underlines the urgent need for implementing strategies to identify the underly-
ing liver disease prior to HCC onset in patients with documented alcohol use disorders

and metabolic comorbidities.
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related
death.r Worldwide, hepatitis B and C infections are the two main
causes of HCC.! Alcohol and metabolic-associated fatty liver disease
(MAFLD) are the other two major risk factors for developing HCC.?
Importantly, the burden of alcohol and MAFLD compared to viral
aetiologies is likely to increase because of the recent improvement
of antiviral treatment, the ongoing diabetes and obesity epidemic,
and the increase of alcohol consumption in some parts of the world.®
In France, HCC accounts for approximately 10000 deaths per year.
Despite a steady decrease in alcohol consumption per capita over 5
decades, alcohol still accounts for 70% of HCC* and the prognosis
is one of the poorest compared to all cancers, with a median overall
survival of 9.4 months.>¢

Consistent data suggest that alcohol-associated hepatocellu-
lar carcinoma (AL-HCC) yields poorer prognosis compared to HCC
related to other risk factors.>™® This difference has been mostly
attributed to diagnosis at a later stage, less likely to be eligible for
curative treatment. Interestingly, patients with alcohol-associated
HCC are more likely to have severe underlying liver disease at the
time of HCC diagnosis, precluding curative therapeutic options such
as resection or ablation.” If the patient, in addition, does not reach
abstinence, listing for liver transplantation is not possible and only
supportive care is available.? Along with tumour stage and alcohol
consumption, other factors might contribute to the overall survival
impairment of alcohol-associated HCC compared to other aetiol-
ogies. Diabetes and body mass index (BMI) as well as genetic fac-
tors seem to confer increased susceptibility to HCC in patients with
alcohol-associated liver disease (ALD).2%'! Obesity or diabetes were
also associated with a higher risk of developing severe liver disease
in patients with excessive alcohol consumption.'? Also, specific
health trajectories can impact survival. In the setting of cirrhosis,
Ratib et al. showed that hospital admission marks a turning point in
the clinical course of cirrhosis, associated with poorer survival com-
pared to ambulatory-only health trajectories.*®

Based on this information, alcohol-associated hepatocellular
carcinoma might not be a homogeneous condition, and variations
of host factors or history of liver disease could lead to different out-
comes. If this hypothesis is true, a new delineation of specific sub-
groups of alcohol-associated HCC is critical for the development of
precision and personalized medicine in this field, to better prevent
disease progression and severe outcomes.

In France, the administrative hospital database (acronym PMSI
for « Programme de Médicalisation des Systémes d’Information »)
provides longitudinal data on hospital activities, nationwide. This da-
tabase can be leveraged to conduct large-scale epidemiological inves-
tigations focusing on specific diseases such as primary liver cancer.%*

The aim of this study was to provide a first attempt at clinical
phenotyping of alcohol-associated HCC including host factors, co-
morbidities and the dynamic course of the underlying liver disease
along with associated survival outcomes. In order to identify homo-
geneous classes of alcohol-associated HCC, we conducted a cluster
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Lay summary

e |n the French nationwide administrative hospital database,
latent class analysis identified five phenotypes of alcohol-
related hepatocellular carcinoma associated with specific sur-
vival outcomes.

e This study shows a high prevalence of metabolic comorbidi-
ties in patients developing alcohol-related HCC and high rates
of unrecognized cirrhosis prior to HCC occurrence.

e High rates of unrecognized cirrhosis prior to HCC underline
the urgent need for implementing strategies to identify the un-
derlying liver disease prior to HCC onset in patients with docu-
mented alcohol use disorders and metabolic comorbidities.

analysis in a nationwide series of alcohol-associated HCC cases from
the French administrative hospital database (PMSI).

2 | PATIENTS AND METHODS

2.1 | Study design

We analysed data for the calendar years 2007 to 2013 from the
French administrative hospital database (PMSI). PMSI provides data
for over 65 million persons with at least one hospital stay and in-
cludes ICD-10 codes (International Classification of Diseases, Tenth
Revision). The study was approved by the Commission Nationale de
I'Informatique et des Libertés (CNIL), the French national commis-
sion for data protection.

2.1.1 | Definition of HCC

International Classification of Diseases tenth revision (ICD-10) codes
were used to identify patients with HCC. We first identified all patients
with at least one hospital stay with a primary, related or associated
diagnosis of liver cancer according to ICD-10 codes C22.0 « Liver cell
carcinoma ». Then, we excluded patients with at least one ICD code for
other liver carcinomas such as intrahepatic bile duct carcinoma (C22.1),
hepatoblastoma (C22.2), angiosarcoma (C22.3), other sarcoma (C22.4),
other specified carcinomas (C22.7), C22.9 « Malignant neoplasm: liver,
unspecified », or with history of liver transplantation prior to the first

occurrence of an ICD code related to liver cancer (C22.0).

2.1.2 | Case selection

Anincident case was defined by a first occurrence of an HCC-related
ICD-10 code (date of diagnosis, DD) within the period of interest
(from 2007, July 1 to 2012, December 31). Patients were included in
the study if they met the following criteria: (1) At least one hospital
stay more than 3months before the diagnosis and (2) one rolling year
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of follow-up from the first hospital stay preceding the diagnosis to
ensure a minimum depth into the patient’s history. Aetiology was as-
certained according to ICD-10 codes. Viral aetiology was identified
from B1 root-codes and K77 codes for viral disease unclassified else-
where; alcohol-related liver disease was determined from K70 root-
codes and codes for alcohol use disorders (any combination of K700,
K701, K702 K703, K704, K709, F100-109, Z502; excluding patients
with F100 alone: Mental and behavioural disorders because of use
of alcohol, acute intoxication) while other aetiologies were retrieved
from cosdes for liver diseases (Tables S1 and S2). For the purpose of
this study, only patients with alcohol only-associated HCC were in-
cluded. Patients with mixed aetiologies (alcohol associated with any

other lisver disease) were excluded.s

2.1.3 | Relevant variables and definitions

Patient characteristics and follow-up data were retrieved: date of
diagnosis, age, sex, chronic comorbidities (diabetes, obesity, arterial
hypertension, dyslipidaemia, obstructive sleep apnoea) and cirrhosis
complications. The ICD-10 code algorithm to define comorbidities
are provided in Table S3. For each patient and each hospital stay,
all primary, related and associated diagnosis codes were extracted.
For each diagnosis ICD-10 code, we retrieved the list of associated
medical procedures (CCAM codes) from the national health insur-

ance website (AMELI, ameli.fr).

214

| Data aggregation

With the intent of assessing liver-disease trajectory, we defined for
each patient three different periods of follow-up according to the
date of HCC diagnosis: (1) ‘prior HCC diagnosis’ is the period end-
ing 3months before the diagnosis date (history-variables); (2) ‘con-
temporary’ is the period extending from 3months prior to 3 months
after HCC diagnosis (contemporary-variables) and (3) ‘post-HCC
diagnosis’ is the period that begins 3months after HCC diagnosis.
For each period, we merged all the data extracted from each stay
summary, eliminating any duplicates which resulted, into three lists
of diagnosis and medical interventions for each patient (prior, con-
temporary and post-HCC diagnosis) (Figure 1).

For chronic comorbidities as listed above, we assumed that if re-
lated ICD-10 codes were observed during the ‘prior HCC diagnosis’
period, they were still present during the contemporary period.

Finally, treatment was categorized into ‘curative therapy’ and
‘non-curative therapy’. ‘Curative therapy’ was either surgical re-
section, radiofrequency or liver transplantation and merged into a
unique variable while other strategies (chemotherapy or intrahepatic
injection of chemotherapeutics) were merged into a ‘non-curative
therapy’ variable. Importantly, it was not possible to identify pa-
tients receiving biotherapies such as sorafenib as oral medications
are not referenced in the PMSI database. Therefore, the ‘no treat-

ment recorded’ variable accounts for biotherapies and/or best sup-

portive care.

study design diagnosis period MTPEIary patiod o agnosis ’ o8
1 1
2007 2007 2012 2013
January 1 July 1 December 31 December 31
Contemporary period of HCC Diagnosis
r 1
-3 months + 3 months
Individual Prior HCC diagnosis period Post HCC diagnosis period
Example i
P P 4 ] ' : L
2007 | ; 2011 2011 2011 P 2013
January 1 ! March 1 June 1 September 1 : ! December 31
Hospital - Hospital HCC diagnosis Hospital  Hospital Hospital
stay stay stay stay  stay

.

A follow-up period of at least one rolling year
between the first and last hospital stay

FIGURE 1 Dataaggregation temporality with respect to date of HCC diagnosis. PMSI data from 1 January 2007 to 31 December
2013 were considered for the study. Only the period from 1 July 2007 to 31 December 2012 was considered to identify a HCC diagnosis
(contemporary period of HCC diagnosis). The individual sample shows the case for a patient with a HCC diagnosis performed on 1 June
2011. The data from 3months before and 3months after are considered as contemporary to the HCC diagnosis. Before this period is the
history of the patient before the HCC diagnosis and after this period is the event occurred after the HCC diagnosis
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2.2 | Statistical analysis

Clustering of alcohol-associated HCC was performed by latent class
analysis (LCA).Y> LCA is a probabilistic clustering method which al-
lows homogeneous subgroups of phenotypes, called latent classes,
to be identified from a larger heterogeneous population. Patients
are classified into clusters based on their higher probability of be-
longing to one cluster than to another, which is directly estimated
by the model. Finally, clusters are constituted of patients who share
similar characteristics. The assumption of local independence for
variables introduced in the LCA was verified using Cramer’s V
correlation coefficient. No missing values were observed for the
variables considered for the clustering. To avoid inflation and col-
linearity of features involved in the LCA, only variables with occur-
rence rate = 2% were included in the analysis (Table S4). The cluster
analysis was performed by a two-step process: (1) an initial cluster-
ing was performed by including all selected variables (Table S4) and
(2) a final clustering was performed by considering only the 10 most
discriminant variables identified from the first step: two specific
comorbidities (diabetes and arterial hypertension), four variables
pertaining to liver-related medical history prior to HCC diagnosis
(history-cirrhosis, portal hypertension, oesophageal varices, as-
cites, liver failure) and three variables related to the liver disease at
the time of HCC diagnosis (contemporary-liver failure, ascites and
oesophageal varices). The optimal number of clusters was deter-
mined using the integrated completed likelihood criterion (ICL).*
An internal validation was performed to ensure the choice of clus-
ter number by performing a n-fold cross-validation: 100 random
samples of 10000 patients were constituted and for each sample, a
latent class analysis was performed with a range of 3 to 7 clusters.
For each sample, the optimal number of clusters was identified by
using the ICL statistics. The median of the optimal number of clus-
ters was 5 and was retained. The final set of clusters was further
described using number and percentage for qualitative variables
and median with first and third quartiles for quantitative variables.
The probability of a patient belonging to the cluster to which he/
she was assigned is presented. Comparisons between clusters were
performed using non-parametric Kruskal-Wallis tests for quantita-
tive variables and Chi-square or Fisher exact tests for qualitative
variables. Bonferroni correction was applied for multiple compari-
sons when comparing variables across clusters.

To assess the relation between clusters and 12-month survival,
a Kaplan-Meier estimate was used for survival curves and a cluster
comparison was performed using the log-rank test, considering pa-
tient survival time greater than Omonth.

To assess the hazard ratio of 12-month death, a semi-parametric
Cox model was performed. As clusters are built on variables differ-
entiating all clusters, we adjusted only on age and gender. Moreover,
to account for treatment after HCC diagnosis as confounding fac-
tors, the curative and non-curative treatments were considered as a
time-dependent covariate. Statistical analyses were performed with
both SASv9.4 and Rv 3.6.1 software, and the R package VarSelLCM
was used for LCA.X¢
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3 | RESULTS

3.1 | Study population

A total of 67547 patients with a diagnosis of HCC within the
calendar period 2007-2013 were identified. After exclusion
of patients without any medical stay prior to HCC diagnosis
(n = 20776), patients with another type of primary liver cancer
(n = 9287), patients with HCC diagnosis outside the study period
time-frame (n = 1742), patients with less than one rolling year of
follow-up after first hospital stay (n = 8698) and patients with
other aetiology than alcohol (n = 15681), 11363 patients with
alcohol-associated HCC were included in this study (Figure 2).
Alcohol-associated HCC patients were mainly male (89.6%), and
the median age of 67 years (interquartile range: [61; 74]). History
of portal hypertension was observed in 15.2% of the cases; his-
tory of cirrhosis decompensation in 21% and 43% had decom-
pensated cirrhosis at the time of HCC diagnosis. Overall 71.2% of
patients had at least one metabolic comorbidity (diabetes 41.3%,
arterial hypertension 52.6%, dyslipidaemia 16.1%, obesity 19.7%,
OSA 4.5%), 22.2% received curative treatment, 40.5% received
non-curative treatment and 48.4% received neither in the overall
follow-up period. At 1year, and after a median of 10.8 months of
follow-up after HCC diagnosis [2.4; 24], 3782 deaths were ob-

served. The raw 1-year survival was 33.3%.

3.2 | Phenotypes of alcohol-associated HCC

By considering the statistical criteria ICL, the optimal number of
classes was 5. The heatmap illustrating the final clustering consider-
ing the 10 most discriminant variables is presented in Figure 3. The
median probability a patient belongs to the cluster to which he/she

was assigned ranged from 0.70 to 1 (Table S5).

3.3 | Alcohol-associated HCC phenotypes
Detailed descriptions of the phenotypes are given in Table S6, and a

summarized description is provided in Figure 4.

e Phenotype 1 = compensated alcohol-associated liver disease (ALD)
unrecognized prior to HCC diagnosis (4703 patients - 41.4%): larger
group, median age: 68years [61; 75]), 90,3% males; mostly unrec-
ognized cirrhosis prior to HCC diagnosis, compensated at HCC
diagnosis (low rates of ascites or liver failure); significant rates of
arterial hypertension (37.9%) but low rates of other metabolic co-
morbidities: diabetes 13%; obesity 12.8%, dyslipidaemia 11.2%;
OSA 3.8%.

e Phenotype 2 =compensated both alcohol and metabolic-
associated liver disease (AMALD) unrecognized prior to HCC di-
agnosis (1960 patients - 17.2%): median age: 70vyears [64; 76]),
93% males; mostly unrecognized (80.5%) cirrhosis prior to
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All adults patients with primary liver cancer
diagnosis from January 2007 and 2013

FIGURE 2 Study flow chart

N= 67,547
Exclusion of patients with no hospital
stay before the diagnosis
N=20,776
HCC patients with at least one hospital stay
before the diagnosis
N= 46,771
Exclusion of patients without
C€22.0 ICD code
N=9,287
HCC patients

N= 37,540

Exclusion of patients with a diagnosis
date out of the period of interest
N=1,742

HCC patients within the period of interest
N= 35,798

Exclusion of patients with a follow-up of
less than one sliding year from the first

hospital stay
HCC patients meeting inclusion criteria N=8,698
N= 27,100
Exclusion of patients
with other etiologies than alcohol
Study Population related-HCC
Patients with alcohol related HCC N= 15,681
N=11,363
Class 1 N=4703 Class 2 N=1960 Class 3 N=2319  Class 4 N=1152 Class 5 N=1229
(41.4 %) (17.2 %) (20.4 %) (10.1 %) (10.8%)

Diabetes 13 443 47.2 449
Arterial hypertension 379 445 50.6 50.2
H. Ascites 0.3 0.9 0 2

H. Liver failure 1.6 1.6 8.2 1.3
H. Portal HT 0.8 (152 04
H. Cirrhosis 19 19.5 17.2
H. Esophageal varices 0.7 0 2.9
Co. Ascites 11.9 13.2

Co. Liver failure 6.2 7.6

Co. Esophageal varices 7.8 10.1

H: History
Co: Contemporary
HT: Hypertension

FIGURE 3 Heatmap: illustrating the final clustering considering the 10 most discriminant variables (%)

HCC diagnosis; compensated at HCC diagnosis (low rates of
ascites or liver failure); 100% metabolic comorbidities (diabe-
tes 100%; arterial hypertension 100%, obesity 36.1%, dyslipi-
daemia 36.3%; OSA 9%).

Phenotype 3 =AMALD with history of liver events (2319 patients
- 20.4%): median age: 64years [58; 71]); 85.5% males; cirrho-
sis identified prior to HCC diagnosis (97.2%) with frequent liver
events (portal hypertension and/or ascites and/or liver failure)
prior to and at the time of HCC diagnosis; frequent metabolic co-
morbidities (diabetes 44.3%; arterial hypertension 44.5%, obesity
19.4%, dyslipidaemia 11.8%; OSA 2.4%).

e Phenotype 4 =compensated AMALD (1152 patients - 10.1%) recog-

nized prior to HCC diagnosis: median age: 65years [60; 72]), 89.1%
males; cirrhosis identified prior to HCC diagnosis (88%); high rates
of portal hypertension complications, but few events related to
liver failure; mostly compensated at HCC diagnosis (low rates of
ascites or liver failure); frequent metabolic comorbidities (diabe-
tes 47.2%, arterial hypertension 50.6%, obesity 20.4%, dyslipi-
daemia 14.1%; OSA 4.2%).

Phenotype 5 = recently complicated AMALD unrecognized prior to
HCC diagnosis (1229 patients - 10.8%): median age: 67 years [61;
73]); 90.3% males; mostly unrecognized (82.8%) cirrhosis prior to
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Age

Male Sex Obesity Male Sex

H Portal HT (o AHT H Portal HT

Co Portal HT Co Portal HT

H Liver failure Dyslipidemia H Liver failure

Co Liver Failure Diabetes Co Liver Failure

H Ascites Co Ascites

Age

Male Sex Obesity

H Portal HT o\ ArtHT

Co Portal HT

H Liver failure e Dyslipidemia

Co Liver Failure Diabetes

H Ascites Co Ascites

H Ascites

Age

Co Ascites
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Age

Obesity Male Sex Obesity

ArtHT H Portal HT ArtHT

Co Portal HT

Dyslipidemia H Liver failure Dyslipidemia

Diabetes Co Liver Failure Diabetes

H Ascites Co Ascites

Age

Male Sex Obesity

H Portal HT AtHT

Co Portal H;

H Liver failure Dyslipidemia

Co Liver Failure Diabetes

H Ascites Co Ascites

FIGURE 4 Phenotypes ID cards: clustering variables ranked according to the observed percentage for each variable in each phenotype
compared to the others, from 1 (smallest percentage) to 5 (higher percentage); H, history; Co, contemporary; Portal HT, portal hypertension;

OSA, obstructive sleep apnoea; Art HT, arterial hypertension)

HCC diagnosis with low rates of past liver events; complicated
cirrhosis at the time of HCC diagnosis with both liver failure and
portal hypertension (90% ascites at diagnosis); frequent meta-
bolic comorbidities (diabetes 44.9%, arterial hypertension 50.2%,
obesity 19.5%, dyslipidaemia 12.5%; OSA 4.4%).

3.4 | Treatment allocation according to alcohol-
associated HCC phenotypes

Phenotypes 3 and 4 had higher rates of curative treatment (25.4%
and 32.8% respectively) compared to phenotypes 1, 2 and 5 (21.6%,
20.8% and 10.4% respectively). Liver transplantation ranged from
2.5% in phenotype 2 to 10.7% in phenotype 3. Among curative treat-
ment performed, ablation was the preferred option in all phenotypes
(Table S7).

3.5 | Survival according to alcohol-associated
HCC phenotypes

Figure 5 shows Kaplan-Meier survival curves stratified by pheno-
type. Decreasing rates of survival at 12 months after diagnosis were
observed when moving from phenotypes 1 and 4 and then pheno-
types 2, 3 and 5. After Bonferroni correction for multiple test, all
pairs of clusters were significantly different for 12-month survival
(p<0.01) except phenotypes 2 and 4 (p = 1). (Table S8).

The multivariable survival Cox analysis including treatment as a
time-dependent covariate, showed that compared to phenotype 1,
the probability of death at 1year was not statistically different for
phenotype 4 (HR 1.094, 95%Cl 0.942-1.27; p = 0.24) and signifi-
cantly increased for phenotypes 2 (HR 1.184, 95%Cl 1.054-2.331;
p<0.01), 3(HR 1.933,95%Cl 1.737-2.152; p<0.01) and 5 (HR 3.157,
95%Cl 2.805-3.553; p<0.01) (Table S9).

4 | DISCUSSION

By conducting a cluster analysis in a large administrative database,
we were able to identify five phenotypes of alcohol-related HCC as-
sociated with survival outcomes. Our results provide new perspec-
tives on potential determinants of HCC prognosis in the setting of
alcohol-associated HCC, and new insights to improve early identifi-
cation of alcohol-related liver disease.

The first important finding was that a majority of patients
with alcohol-associated HCC combine risk factors for metabolic-
associated fatty liver disease (in our study 71% had at least one
among diabetes, arterial hypertension, obesity, dyslipidaemia, OSA).
Therefore, alcohol-associated HCC cases are, in fact, most fre-
quently both alcohol- and metabolic-associated HCC. This is con-
cordant with previous reports from the French CHANGH cohort
(diabetes was present in 30% of alcohol-associated HCC) as well as
the Italian cohort.>® Nevertheless, in these studies, patients with
alcohol-associated HCC were considered as a unique entity when
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100% -
......... 1_ - === .
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FIGURE 5 Kaplan-Meier curve of overall survival at 1year by phenotype. p value: log-rank test. Foot note: 12-month survival rates for
each phenotype are as follows: phenotype 1: 74.4%; phenotype 2: 70.5%; phenotype 3: 58.3%; phenotype 4: 74.7%; phenotype 5: 43.5%

compared to other aetiologies, whereas subgroup analysis could
have been more informative, especially to further scrutinize the
drivers of survival discrepancies. Interestingly, cardiovascular and
metabolic comorbidities were associated with improved survival in
the primary analysis of alcohol-associated HCC within the French
PMSI database.>® In the present study, one phenotype (phenotype
1) displayed low rates of metabolic comorbidities except for arterial
hypertension, which could, in this case, be alcohol-related secondary
arterial hypertension.”” We hypothesize phenotype 1 corresponds
to patients with HCC solely related to alcohol. This phenotype ac-
counted for less than half (41.4%) of the total cohort of ‘alcohol-
related HCC'.

Second, more than half (58,2%) of the patients overall had unrec-
ognized cirrhosis at HCC diagnosis overall, but this proportion was
down to 42% in AMALD groups (phenotypes 2 to 5), compared to 81%
in phenotype 1. This is concordant with previous reports of alcohol
and metabolic-associated HCCs aetiologies being more likely to be as-
sociated with unrecognized cirrhosis prior to HCC diagnosis, suggest-
ing identification of advanced liver fibrosis in patients with identified
alcohol abuse or metabolic comorbidities is not optimal.® Our find-
ings suggest alcohol-only underlying liver disease might be even more

likely to progress unrecognized in France. Unfortunately, when cirrho-
sis is not recognized, HCC screening programs are not implemented,
leading to diagnosis of HCC at a later stage, associated with poorer
survival.®~8 Importantly, among patients with compensated cirrhosis
at HCC diagnosis (phenotypes 1, 2 and 4), rate of curative treatment
was greatest for phenotype 4, with cirrhosis identified before HCC
diagnosis, whereas in phenotypes 1 and 2, cirrhosis was mostly un-
recognized. Our results strongly support the urgent need for imple-
menting innovative strategies to improve screening for liver disease in
patients with documented alcohol abuse, but also to raise awareness
among health practitioners dealing with patients with metabolic co-
morbidities in order to screen for alcohol use disorders as well as liver
fibrosis prior to the occurrence of life-threatening complications.
Third, the liver disease trajectory prior to HCC diagnosis
formed a critical component of the clustering associated with
different outcomes. Unsurprisingly, both phenotypes featuring
patients with ongoing decompensated liver disease at the time of
HCC diagnosis (phenotypes 3 and 5) had the lowest 1-year survival
rates, as liver failure precludes two curative treatment options
(resection and ablation). However, it is interesting that phenotype
5, with low rates of history of liver decompensation, had a worse
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survival compared to phenotype 3, with history of complicated
liver disease. We hypothesize that phenotype 3 patients have
survived past decompensation and may have recovered from liver
failure, possibly through abstinence, facilitating screening strate-
gies and access to curative treatment such as liver transplantation.
Unfortunately, liver function cannot be thoroughly evaluated in
this database without biological data available. In addition, such
databases lack information on alcohol intake. Nevertheless, the
impact of disease trajectory, with poorer prognosis associated with
decompensated liver disease underlines the critical importance of
identifying alcohol-related liver disease prior to liver decompen-
sation leading to premature death.’® Indeed, early management of
alcohol use disorders targeting risk reduction or abstinence, and
management of metabolic comorbidities can decrease HCC inci-
dence or at least improve liver function which increases chances to
access curative treatment options for Hcc.>Y

Lastly, although phenotypes 1 and 2 yield very similar liver dis-
ease trajectories (barely symptomatic prior to HCC diagnosis) and
similar rates of overall treatment allocation (10-12% curative and
60-66% no treatment recorded), after adjustment for age, sex and
treatment at 6 months, phenotype 2 (AMALD 100% diabetes and
hypertension) had reduced 1-year survival probabilities compared to
phenotype 1 (alcohol-only) suggesting competitive risk of death in
a context of high prevalence of metabolic risk factors. Overall, the
impact of disease trajectory, with poorer prognosis associated with
decompensated liver disease underlines the importance of identi-
fying alcohol-related liver disease prior to liver decompensation to
prevent liver events, associated with poorer prognosis.

The strength of our study relies on a large database capturing
all cases of alcohol-associated HCC at a national level, with a wide
range of diagnostic information based on ICD-10 codes. We used
a probabilistic method for clustering to identify five homogeneous
phenotypes with high probabilities a patient belongs to the cluster
he/she was assigned.

Our study also has limitations inherent in administrative data-
bases. Recording for some comorbidities may have been incom-
plete. It is well reported that some conditions like obesity suffer
from low record rates in administrative databases,?® and other
conditions such as sleep apnoea suffer both low diagnostic rates
and low recording rates when present.21 However, this is unlikely
to have biased the results as these two variables were not included
in the final set of clustering variables. For other variables, the re-
cording procedure was the same throughout France and misclassi-
fication should be balanced among all clusters. Second, as the PMSI
database provides data only on hospital stays, health trajectories as
reported might not be fully representative of medical histories. Of
note, severe liver events such as liver failure or significant portal hy-
pertension, which are critical components of the clustering, usually
require in-hospital management and therefore were captured in our
analysis. Also, PMSI database does not allow for recovering biolog-
ical, pathological and imaging data, precluding quantitative analy-
sis of liver function and assessment of tumour stage. In addition,
PMSI does not provide information on alcohol consumption history
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which is critical to better understand discrepancies in trajectories
between groups. The linkage between PMSI and hospital data will
need to be conducted to address this issue and strengthen the rel-
evance of the five phenotypes. Last, we intended to illustrate het-
erogeneity in the group of patients labelled ‘alcohol-related HCC’
with the a priori hypothesis that disease trajectories were hetero-
geneous and potentially linked with heterogeneity in outcomes. To
achieve this goal, we needed to select a study population with mini-
mal depth into patient’ history prior to HCC diagnosis. We acknowl-
edge that excluding patients who did not have one-rolling year of
complete follow-up after the first hospital stay may lead to over-
estimate survival in patients with alcohol-related HCC. However,
our work did not intend to focus on the survival of alcohol-related
HCC in France, as we previously reported overall poorer survival of
alcohol-related HCC compared to HCV-related HCC (5). Instead, in
this study, we illustrate how disease trajectory prior to HCC onset
impacts outcomes after HCC diagnosis.

The most striking finding of our study is the low proportion
of patients with alcohol as the only identified risk factor for the
underlying liver disease (less than 50%), and the reclassification
from ALD to AMALD of most patients. Our study stresses out that
patients with alcohol-related HCC are not a homogeneous group.
Recognizing this novel fact is critical to implement precision medi-
cine taking into account phenotypic differences. High rates of un-
recognized cirrhosis in phenotype 1 suggest missed opportunities
to screen for advanced fibrosis in patients with recognized harmful
alcohol consumption. Moreover, early management of alcohol use
disorders is critical to decrease the incidence of HCC patients with
alcohol-related liver disease.'? In the meantime, targeting meta-
bolic features to screen for liver fibrosis and alcohol consumption
is a promising way to uncover AMALD patients. To achieve this
goal, liver specialists must contribute to increase awareness among
primary care practitioners and specialists in charge of patients
with metabolic comorbidities about liver fibrosis and alcohol con-
sumption assessment.

Also, our study raises the question of the risk factors as-
sessment accuracy to determine the cause of the underlying
liver disease. Interestingly, substantial discrepancies in alcohol-
associated HCC burden compared to other aetiologies are ob-
served across the globe. For instance, France and South Korea
have a similar alcohol consumption per capita (16.7 vs 16 Litre
of pure alcohol/capita/year respectively)® and yet, the reported
proportion of alcohol-related HCC among all HCCs is very dif-
ferent: 70% vs 10% respectively.>®22 This could be explained by
low reporting or assessment of alcohol consumption when other
risk factors, such as HBV, HCV or even metabolic comorbidities
are identified. Conversely, the absence of identified risk factors
is a common way to define metabolic-associated liver disease in
research conducted in administrative health databases.?®> One
can hypothesize that alcohol habits could be under-reported and
under-evaluated based on cultural stigma associated with alco-
hol consumption. Our study provides a framework to improve the
classification of liver diseases when conducting research in such
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databases. Indeed, the clustering approach provides the opportu-
nity to further study patients with HCC categorized as ‘unknown
aetiology’. Under this denomination fall patients with metabolic-
associated fatty liver disease (MAFLD) who are to date mostly
recognized after exclusion of all other causes of liver diseases, as
well as possibly AMALD patients with un-coded alcohol use disor-
ders. Our results should encourage other investigators to assess
if, within different country settings, the respective burden of al-
cohol vs alcohol-and-metabolic associated HCC or the respective
burden of unrecognized/recognized cirrhosis in both categories
are similar, in order to adjust local health policies to improve the
management of risk factors and the underlying cirrhosis earlier in
the course of the liver disease. Moreover, external validation of
this clustering analysis would be useful to assess the reproduc-
ibility of these clusters and allow comparison between countries
or periods. Importantly, assessing these phenotypes in databases
allowing assessment of liver function, tumour stage and history
of alcohol use disorders would also increase understanding of
alcohol-related liver disease natural history.

In conclusion, five phenotypes of alcohol-related HCC associ-
ated with specific survival outcomes were identified by means of
LCA. Our results provide new perspectives on determinants of HCC
prognosis in the setting of alcohol-associated HCC. By highlighting
the high prevalence of metabolic comorbidities in patients devel-
oping alcohol-related HCC and high rates of unrecognized cirrhosis
prior to HCC occurrence, our work strongly supports such findings
should be leveraged to raise awareness among health professionals
dealing with metabolic comorbidities in order to improve the early
identification alcohol-related liver disease.
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