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Abstract

BACKGROUND

Alcohol use disorder is a prevalent disease in the United States. It is a well-
demonstrated cause of recurrent and long-standing liver and pancreatic injury which
can lead to alcohol-related liver cirrhosis (ALC) and chronic pancreatitis (ACP). ALC
and ACP are associated with significant healthcare utilization, cost burden, and
mortality. The prevalence of Coexistent Disease (CD) ranges widely in the literature and
the intersection between ALC and ACP is inconsistently characterized. As such, the
clinical profile of coexistent ALC and ACP remains poorly understood. We
hypothesized that patients with CD have a worse phenotype when compared to single

organ disease.

AIM

To compare the clinical profile and outcomes of patients with CD from those with ALC

or ACP Only.

METHODS




In this retrospective comparative analysis, we reviewed International Classification of
Disease (ICD) 9/10 codes and electronic health records of adult patients with verified
ALC Only (n =135), ACP Only (n = 87), and CD (n = 133) who received care at UPMC
Presbyterian-Shadyside Hospital. ALC was defined by histology, imaging or clinical
evidence of cirrhosis or hepatic decompensation. ACP was defined by imaging findings
of pancreatic calcifications, moderate-severe pancreatic duct dilatation, irregularity or
atrophy. We compared demographics, pertinent clinical variables, healthcare

utilization, and mortality for patients with CD with those who had single organ disease.

RESULTS

Compared to CD r ACP Only, patients with ALC Only were more likely to be older,
Caucasian, have higher BMI, and Hepatitis B or C infection. CD patients (vs. ALC Only)
were less likely to have imaging evidence of cirrhosis and portal hypertension despite
possessing similar MELD-Na and Child C scores at the most recent contact. CD patients
(vs. ACP only) were less likely to have acute or recurrent acute pancreatitis, diabetes
mellitus, insulin use, oral pancreatic enzyme therapy, and need for endoscopic therapy
or pancreatic surgery. The number of hospitalizations in patients with CD were similar

to ACP Only but significantly higher than ALC Only. The overall mortality in patients
with CD was similar to ALC Only but trended to be higher than ACP Only (P = 0.10).

CONCLUSION
CD does not have a worse phenotype compared with single organ disease. The
dominant phenotype in CD is similar to ALC Only which should be the focus in

longitudinal follow-up.

INTRODUCTION

Alcohol use disorder (AUD) is a disease affecting over 14 million adults in the United

States!. Long-standing alcohol use is a well-established cause of liver and pancreatic




injury that can culminate in alcohol-related liver cirrhosis (ALC) and alcohol-related
chronic pancreatitis (ACP)23. The complications of ALC and ACP are major causes of
orbidity and mortality associated with alcohol misuse®®.

The liver and pancreas are developmentally related and share a number of functional
similarities; they also exhibit common features of alcohol-induced injury. The quantity
of alcohol misuse is the primary risk factor for developing both diseases and leads to
the metabolic stress and low-grade inflammation that stimulates maladaptive fibrotic
changes’. Susceptibility for developing ALC and/or ACP also relates to non-modifiable
risk factors such as race, genetics, and environments$-1l. ALC-related complications
range from ascites and portosystemic encephalopathy to hepatorenal syndrome and
hepatocellular carcinoma, and it is estimated that alcohol use accounts for 20-36% of
cirrhosis cases'>14. The rate of cirrhosis-related hospitalizations and annual costs have
been increasing'1¢. Comparably, the long-standing inflammatory state in chronic
pancreatitis (CP) results in irreversible parenchymal destruction and dysfunction. ACP
often begins with an index acute pancreatitis event that progresses to CP as dictated by
the severity and number of recurrent episodes of acute pancreatitis!”. Commonly
attributed to alcohol consumption in the North American population, complications
from CP include chronic pain, exocrine/endocrine insufficiency, and pancreatic
adenocarcinoma'®?? and poor quality of life?!.

Although ALC and ACP have been well-studied in isolation, patients with overlap of
ALC and ACP (i.e., Coexistent Disease) is inconsistently characterized in the literature.
Some studies have failed to demonstrate any association between ALC and ACP2.2
while others suggest interconnectivity between alcohol-related liver and pancreas
disease. For instance, alcohol-related liver disease can lead to pancreatic exocrine
insufficiency and accumulation of fatty acid ethyl esters which contributes to further
progression of alcohol-related liver?* and pancreas disease”, while ACP can cause and
exacerbate portal hypertension which worsens the complications of liver disease2.
Furthermore, emerging data from the United States in recent years suggests that

Coexistent Disease represent only a small fraction of patients with AUD. Although




estimates of prevalence of Coexistent Disease in the literature range widely from 0-75%,
a meta-analysis performed by our group revealed a pooled prevalence of ACP in ALC
and ALC in ACP to be 16.2% and 21.5% respectively?.

To date, published studies have yet to define the clinical profile of patients with
Coexistent Disease and its differences from single-organ disease. We hypothesized that
patients with Coexistent Disease will have a more advanced phenotype and worse
outcomes when compared with patients who have single organ (ALC Only or ACP
Only) disease. To test this hypothesis, we performed a detailed comparative analysis of
well-characterized patients with ACP Only, ALC Only, and Coexistent Disease who

received care in a large healthcare system cohort.

MATERIALS AND METHODS

Study Population

The study was approved by the University of Pittsburgh’s Institutional Review Board.
The patient pool consisted of those who were aged =18 years, had one or more
inpatient, emergency room, and outpatient encounters at any UPMC facility from
1/1/2006 to 12/31/2017 with International Classifications of Diseases (ICD) versions 9
and/or 10 codes for AUD, alcohol-related liver disease or pancreatitis (Supplementary
material), had 12 or more months of contact with the UPMC system, and received care
at UPMC Presbyterian-Shadyside campus at some time during their care at UPMC?8.
Among these patients, we randomly identified a subset who received a diagnosis of
ALC Only (n = 202), ACP Only (n = 200) and both ALC and ACP (n = 200). Unlike ALC
for which etiology-specific codes are routinely used in clinical practice, ICD-9
classification for pancreatitis did not include etiology-specific codes, which became
available with the ICD-10 coding system. In our dataset, as only a small portion of
patients received an ICD-10 diagnosis of ACP, we identified patients as ACP by the
diagnosis of AUD at any time in addition to CP, as was described previously?.

Analysis and review of the Electronic Health Records of the 602 randomly identified

patients was performed by 2 authors (ML, YS) under the supervision of the senior




author (DY) using pre-defined criteria to verify the diagnosis of cirrhosis and CP.
Cirrhosis was defined by histologic findings, imaging evidence of cirrhosis or portal
hypertension, or clinical signs of hepatic decompensation. CP was defined by imaging
findings of pancreatic calcifications, moderate-severe pancreatic ductal dilation,
pancreatic ductal stricture or gland atrophy. To ensure that patients with ALC Only did
not have any clinical pancreatic disease, we excluded patients with a verified diagnosis
of ALC who had prior acute or recurrent acute pancreatitis. Similarly, among patients
with verified ACP Only, we excluded those who had prior alcohol-related hepatitis.
Patients with a verified diagnosis of ALC Only, ACP Only and both ALC and ACP
(Coexistent Disease) formed the study population.

Data Collection

For each patient with a verified diagnosis, we reviewed the Electronic Health Records to
retrieve detailed information on demographics, alcohol and tobacco use, pertinent
clinical information for ALC and ACP, healthcare utilization and overall survival until
3/31/2021. Information relevant to liver disease included details of verification criteria
fulfilled, clinical features of portal hypertension, hepatic decompensation, history of
alcohol-related hepatitis, Child-Pugh and MELD scores, need for liver transplantation,
and treatments received. For CP, in addition to the verification criteria fulfilled,
information was collected on clinical features of CP, laboratory tests, dual-energy x-ray
absorptiometry (DEXA) scan results, and treatments for CP or its complications.
Analytic Approach and Statistical Analyses

We report demographic and disease-specific information for each of the three groups.
Continuous variables are presented as mean + standard deviation or median
(interquartile range), and categorical variables were reported as n (%). Statistical
comparisons were made using t-test and Kruskal-Wallis test for continuous variables
and chi-square tests for categorical variables. Survival from time of first diagnosis is
reported using the Kaplan-Meier method. Cox proportional-hazards models are used
to report the hazard ratio (HR) and 95% confidence intervals (CI) for patients with ALC
Only vs. ACP Only and Coexistent Disease vs. ACP Only while adjusting for age at




diagnosis, sex, and race. All statistical analyses were performed using R, version 4.1.3
by biomedical statisticians (RF, AA).

RESULTS

Study Population and Demographics

The final study population consisted of 355 patients with verified diagnosis - 135 with
ALC Only, 87 with ACP Only, and 133 with Coexistent Disease. Select characteristics of
these patients are presented in Table 1. When compared with Coexistent Disease,
patients with ALC Only were older at the time of study entry, had higher body mass
index, were more likely to be Caucasian and more likely to have Hepatitis B and C
infections. While roughly one-thirds of patients with Coexistent Disease or ALC Only
were female, only 23% of ACP patients were female. The median duration of contact
was greater than 10 years and was comparable between groups. The median number of
non-elective hospital admissions for Coexistent Disease and ACP Only were
comparable and significantly greater than patients with ALC Only. During follow-up,
the number of patients who died in the Coexistent Disease, ALC Only, and ACP Only
group was 80 (60%), 82 (61%), and 36 (41%), respectively. Survival analysis using Cox-
regression after controlling for age, sex and race (Figure 1) demonstrated that the
survival between ALC Only and ACP Only was similar (HR 1.22, 95%CI 0.82-1.82, P =
0.32), while there is a trend towards lower survival in patients with Coexistent Disease
when compared to ACP Only (HR 1.40, 95%CI1 0.94-2.09, P = 0.10).

Comparisons between Coexistent Disease vs. ALC Only

Select disease-specific characteristics of patients with Coexistent Disease and ALC Only
are shown in Table 2. Patients with ALC Only underwent liver biopsy more often than
those with Coexistent disease (33.3% vs. 16.5%, P = 0.002). Patients with ALC Only were
more likely to have radiographic evidence of cirrhosis (93% vs. 76%, p = <0.001) and
portal hypertension (74% vs. 59%, P = 0.006) on imaging. Although MELD and Child-
Pugh scores at most recent contact were similar among patients with Coexistent Disease

and ALC Only, some specific clinical features differed between the two groups.




Specifically, while patients with Coexistent Disease were more likely to have a history
of spontaneous bacterial peritonitis, those with ALC Only were more likely to have
esophageal varices, need for variceal banding, treatment with beta blockers, and
hepatocellular carcinoma. Other features of decompensated liver disease (e.g., ascites)
or treatments (e.g., TIPS) were similar between the two groups.

Comparisons between Coexistent disease and ACP Only

Morphologic appearance of the pancreas was generally similar among patients with
Coexistent Disease and ACP Only (Table 3). In regards to the clinical manifestations,
patients with ACP Only were more likely to have a history of acute or recurrent acute
pancreatitis, receive pancreatic enzyme replacement therapy, ERCP, and pancreatic
surgery than patients with Coexistent Disease. Patients with ACP Only were also more
likely to have endocrine dysfunction, as characterized by a higher prevalence of
diabetes, need for insulin therapy, and poor glycemic control as reflected by a higher
hemoglobin Alc level at the time of last contact. Other clinical features or therapies

were similar between the two groups.

DISCUSSION

As the largest study of its kind, this work endeavors to further characterize patients at
the intersection of ALC and ACP. Our retrospective analysis of patients with a verified
diagnosis of ALC Only, ACP Only or Coexistent Disease reveals that during a similar
period of observation, although patients with Coexistent Disease had differences in
some disease-related manifestations, they did not have worse phenotype than
counterparts with single organ disease. Furthermore, our findings suggest that patients
with Coexistent Disease potentially need not be monitored at a higher degree, but the
primary focus should be on the management of ALC.

Patients included in this study represent the most severe phenotypes of alcohol-related
liver or pancreas disease who received care at a tertiary care center during the course of
their illness. Among them, we observed that the dominant phenotype in patients with

Coexistent Disease to be similar to that of ALC, specifically the two most important




indicators of outcomes (i.e. overall survival and MELD-Na and Child C scores in
patients with Coexistent Disease were similar to patients with ALC Only). This suggests
that patients with alcohol-related pancreatic disease who are identified to have alcohol-
related liver disease need to be assessed and monitored for early identification of
cirrhosis or cirrhosis-related complications so they can be managed in a timely
manner.

Patients with Coexistent Disease shared similar demographic attributes with those of
single organ disease such as the sex distribution of ALC Only patients as well as age,
racial distribution and BMI of ACP Only patients. Of note, although our prior study
showed that the prevalence of alcohol-related pancreatic disease in those with alcohol-
related liver disease was 2-4 folds higher in blacks compared to other races?, the racial
difference was not present in this study. This may be related to the inclusion of patients
with the most severe phenotypes in this study as noted above, which may not be
representative of the full spectrum of alcohol-related liver and pancreas disease.

When comparing patients with Coexistent Disease with those who had single organ
disease, we observed some demographic differences. For instance, patients with
Coexistent Disease were younger than those with ALC Only but similar to patients with
ACP Only. Although our retrospective study was not designed to evaluate this
systematically, a potential explanation is an earlier identification of CP based on clinical
symptoms and/or imaging studies in patients with alcohol-related liver disease.
Similarly, patients with Coexistent Disease had BMI similar to ACP but lower than
patients with ALC likely related to malabsorption. The alternative explanation in a
subset of patients with ALC may be fluid retention related to portal hypertension.

Other than spontaneous bacterial peritonitis, patients with Coexistent Disease in
general had a lower burden of disease-related manifestations when compared with
patients who had ALC Only and ACP Only. The reason for this is unclear but a possible
explanation may be the recognition of disease overlap at an earlier stage, ¢.g. alcohol-

related liver disease in patients with ACP or alcohol-related pancreatitis in patients with




ALC. In terms of healthcare utilization, the burden of non-elective admissions in
patients with Coexistent Disease mirrored those of ACP Only patients.

Strengths of our study include the largest sample size to evaluate the phenotype of
patients with Coexistent Disease, rigorous review of medical records to verify diagnosis
and data collection by review of medical records and a long observation period which
ensures capture of clinical events. Our study also has limitations. Being a retrospective
study from a single-center tertiary academic medical center may have resulted in our
study population to be of higher complexity and limit generalizability of our findings.
Although our review of records within the UPMC system was complimented by
availability of medical records from other institutions whenever possible through Care
Everywhere, there is a possibility of underestimation of clinical events. Finally, clinical
events and demographics have the potential to be misclassified in the dataset due to

missing or incomplete information.

CONCLU&ION

Contrary to our working hypothesis, patients with Coexistent ALC and ACP did not
have a worse phenotype when compared with single organ disease patients. The
dominant phenotype in patients with Coexistent Disease in terms of overall survival
and markers of advanced liver disease was similar to patients with ALC Only.
Coexistent Disease patients also had lower prevalence of disease-related manifestations
when compared with those who had single organ disease. Our findings suggest that
patients with Coexistent Disease may not need to be monitored at a higher degree, but

the primary focus for longitudinal follow-up should be on ALC.

ARTICLE HIGHLIGHTS

Research background
Heavy alcohol use is a known cause of liver and pancreatic injury that can lead to

alcohol-related liver cirrhosis (ALC) and alcohol-related chronic pancreatitis (ACP).




These diseases are associated with significant morbidity, mortality, and healthcare

utilization and spending.

Research motivation
While both ALC and ACP are well-characterized, there is a subset of patient with both
ALC and ACP (Coexistent Disease) that is poorly understood.

Research objectives
We aim to characterize the clinical profile of patients with Coexistent Disease (CD) and

its differences from those with ALC Only or ACP Only.

Research methods

The study population consisted of adult patient encounters at UPMC facilities from
2006 to 2017 with more than 12 mo of contact. We identified subsets of patients with
ACP Only, ALC Only, and Coexistent Disease based on ICD codes and reviewed the
Electronic Health Record to verify diﬁnoses and abstract clinical information.
Statistical comparisons were made using t-test and Kruskal-Wallis test for continuous
variables and chi-square tests for categorical variables. Slﬁvi\ral from time of first
diagnosis is reported using the Kaplan-Meier method. Cox proportional-hazards
models are used to report the hazard ratio (HR) and 95% confidence intervals (CI) while

adjusting for age at diagnosis, sex, and race.

Research results

The median duration of contact was greater than 10 years and was comparable between
groups. The median number of non-elective hospital admissions for Coexistent Disease
and ACP Only were comparable and significantly greater than patients with ALC Only.
The number of patients who died in follow-up in Coexistent Disease, ALC Only, and
ACP Only groups was 80 (60%), 82 (61%), and 36 (41%). Using Cox regression, survival
was similar between ALC Only vs ACP Only and Coexistent Disease vs ACP




Only. Despite comparable MELD-Na and Child-Pugh scores between CD and ALC
Only patients, those with ALC Only were more likely to have esophageal varices, need
for variceal banding, treatment with beta blockers, and hepatocellular carcinoma.
Patients with ACP Only were more likely to have acute pancreatitis, need for

endoscopic or surgical intervention, and endocrine dysfunction.

Research conclusions
Patients with CD did not have a worse phenotype compared to patients with ACP Only
or ALC Only.

Research perspectives

As the largest study of its kind, this work hopes to characterize patients at the
intersection of ALC and ACP. Given our findings, we observed that the dominant
phenotype in CD is similar to that of ALC Only, suggesting that patients with alcohol-
related pancreatic disease who are newly identified to have alcohol-related liver disease

should be closely monitored for liver cirrhosis and its complications.
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