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Abstract

AIM: To evaluate the association between alpha-1
antitrypsin deficiency (A1ATD) and hepatocellular
carcinoma (HCC) in patients with end-stage liver disease
(ESLD).

METHODS: Patients with cirrhosis and ESLD referred to
the Cleveland Clinic Foundation for liver transplantation
between 2003 and 2014 were included in the study (V =
675). ESLD was defined as having histological features of
cirrhosis and/or radiological evidence of cirrhosis in the
context of portal hypertension (ascites, variceal bleeding,
thrombocytopenia, or hepatic encephalopathy). A1ATD
was diagnosed using phenotype characterization (MZ
or ZZ), liver biopsy detection of PAS-positive diastase-
resistant (PAS+) globules, or both. Patients with other
causes of liver diseases such as hepatitis C virus (HCV),
alcoholic liver disease and non-alcoholic steatohepatitis
(NASH) or NASH were also included in the study. HCC
was diagnosed by using imaging modalities, biopsy
findings, or explanted liver inspection. Follow-up time
was defined as the number of years from the diagnosis
of cirrhosis to the diagnosis of hepatocellular carcinoma,
or from the diagnosis of cirrhosis to the last follow up
visit. The rate of HCC was assessed using time-to-
interval analysis for interval censored data.
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RESULTS: This study included 675 patients. 7% of
subjects had A1ATD (7 = 47). Out of all subjects who
did not have A1ATD, 46% had HCV, 17% had alcoholic
liver disease, 19% had NASH and 18% had another
primary diagnosis. Of the 47 subjects with A1ATD, 15
had a primary diagnosis of A1ATD (PI*ZZ phenotype
and PAS+ globules), 8 had a PI*MZ phenotype alone,
14 had PAS+ alone, and 10 had both the PI*MZ
phenotype and PAS+. Median follow-up time was 3.4
(25", 75" percentiles: 1, 5.2) years. The overall rate of
hepatocellular carcinoma in all subjects was 29% (n =
199). In the A1ATD group, the incidence rate of HCC
was 8.5% compared to 31% in the group of patients
with other causes of cirrhosis (P = 0.001). Patients with
ESLD due to A1ATD had the lowest yearly cumulative
rate of hepatocellular carcinoma at 0.88% per year
compared to 2.7% for those with HCV cirrhosis, 1.5%
in patients with NASH and 0.9% in alcohol-induced liver
disease (P < 0.001).

CONCLUSION: Within this group of patients with
ESLD, there was no significant association between
A1ATD and increased risk of HCC.

Key words: Hepatocellular carcinoma; Liver cirrhosis;
End-stage liver disease; Hepatitis C virus; Alpha-1
antitrypsin deficiency

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It's been postulated that alpha-1 antitrypsin
deficiency (A1ATD) and the presence of the Z allele
increase the risk of hepatocellular carcinoma (HCC)
above that attributable to cirrhosis alone. Our study
showed that the occurrence of HCC in subjects with
cirrhosis due to A1ATD was 0.88%/year. This incidence
rate was considerably lower than that among patients
with other causes of liver disease including hepatitis
C, alcoholic liver disease and non-alcoholic liver stea-
tohepatitis. This challenges the view that A1ATD
confers a disproportionate risk of HCC.
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substitution that alters the A1AT molecular structure
and promotes intra-hepatocyte polymerization, thereby
trapping A1AT in the endoplasmic reticulum of hepa-
tocytes and causing serum A1AT levels to be low™. This
mechanism of liver disease has been called a “toxic gain
of function” and the resulting deficient proteolytic screen
in the lung has been called a “toxic loss of function.”
The intracellular accumulation of the A1AT molecule in
hepatocytes triggers apoptosis of liver cells, instigating
chronic hepatocellular death and regeneration™. This can
manifest in a wide range of symptoms and signs from
abnormal liver enzyme tests to liver fibrosis, cirrhosis and
the dreaded hepatocellular carcinoma (HCC).

There is marked variability in the degree of liver
disease among homozygous individuals for the Z allele
(PI1*ZZ). Several studies have examined the prevalence
of abnormal liver function tests in these individuals and
found only 7.7%-10% with mild increases in alanine
aminotransferases levels”®, The prevalence of cirrhosis
in PI*ZZ individuals varies between 2%-43% and
seems to be mostly driven by age®™. Some studies
have also reported a similar association between
heterozygous PI*MZ individuals and cirrhosis!***%,
though this has been challenged more recently
The most feared complication of A1ATD cirrhosis is
hepatocellular carcinoma or HCC. HCC is the sixth most
common neoplasm worldwide™®. 1t is the third most
frequent cause of cancer deaths and is a leading cause
of death among patients with cirrhosis”’. An autopsy
study from Sweden demonstrated that homozygotes for
the Z allele had increased risk for primary liver cancer,
especially in male patients*!, In addition, it has been
suggested in recent studies that heterozygotes for the
Z allele or PI*Z (such as PI*MZ) had an increased risk
of primary liver carcinoma that developed even in the
absence of cirrhosis and was frequently characterized by
cholangiocellular differentiation'®*?!, However, the view
that A1ATD confers a substantially higher risk for liver
cancer remains controversial and studies addressing the
occurrence rate of HCC in patients with end-stage liver
disease (ESLD) caused by A1ATD are sparse.

In this context, the specific aims of the current study
were to: (1) estimate the incidence and cumulative
annual risk of HCC in subjects with A1ATD-associated
cirrhosis; and (2) compare this incidence rate to that
of patients with other causes of liver disease, including
hepatitis C virus (HCV), alcoholic liver disease (ALD)
and non-alcoholic steatohepatitis (NASH).

[15]

INTRODUCTION

MATERIALS AND METHODS

Alpha-1 antitrypsin deficiency (A1ATD) is an autosomal
codominant genetic disease affecting 1 per 3000-5000
individuals®!. Twenty-five million people have been
estimated to carry at least one defective gene'. A1ATD
has been linked to severe pulmonary and liver disease.
The most common, normal allele of the AIAT gene
is called M and produces normal levels of alpha-1
antitrypsin protein. The Z mutation is a single base
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Patients

The study was approved by the Cleveland Clinic
Institutional Review Board. Patients with cirrhosis
and ESLD referred to the Cleveland Clinic Foundation
for liver transplantation between January 2003 and
January 2014 were identified (N = 675) and their
medical records were retrospectively reviewed using
our electronic medical record (EPIC, Verona, WI).
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Table 1 Patient characteristics
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No A1ATD (7 = 628)

A1ATD (7 = 47)

Factor n Summary n Summary P-value
Female 628 194 (30.9) 47 13 (27.7) 0.64°
Age at cirrhosis diagnosis 628 54.6+9.5 47 55.2+10.3 0.68"
Race 615 47 0.14°
Caucasian 513 (83.4) 45 (95.7)
African-American 65 (10.6) 121

Hispanic 19 (3.1) 1(21)

Other 18 (2.9) 0 (0.0)

HCC 628 195 (31.1) 47 4(8.5) 0.001°
Follow-up (yr, median) 628 3.2 (1.00, 5.1) 47 42(19,52) 0.090°

Values presented as mean = SD, median (P25, P75), or 1 (column%). P-values: "ANOVA, "Kruskal-
Wallis test, ‘Pearson’s y* test. ATATD: Alpha-1 antitrypsin deficiency; HCC: Hepatocellular carcinoma.

Demographic features such as age, sex and race were
extracted.

ESLD was defined as having histologic features of
cirrhosis and/or radiologic evidence of cirrhosis in the
context of portal hypertension (ascites, variceal bleeding,
thrombocytopenia, or hepatic encephalopathy).

The diagnosis of A1ATD was based on phenotype
characterization using isoelectric focusing (MZ or ZZ),
liver biopsy detection of PAS-positive diastase-resistant
(PAS+) globules, or both.

Patients with other causes of liver diseases were
also included in the study. The diagnosis of alcohol-
induced cirrhosis was based on history and histological
findings on biopsy. The diagnosis of hepatitis C was
based on detecting hepatitis C antibody and RNA, that of
NASH was based on histological features. The diagnosis
of hepatitis B was established with seropositivity for
hepatitis B surface antigen, hepatitis B core antibody, and
hepatitis B DNA. Autoimmune hepatitis was established
based on finding serum autoantibodies and consistent
histology. Primary biliary cirrhosis was diagnosed
based on finding a serum mitochondrial antibody and
compatible histology. Hereditary hemochromatosis was
established with serum iron studies and genetic testing
and if suspected, primary sclerosing cholangitis was
diagnosed by cholangiogram.

HCC was diagnosed by using imaging modalities,
biopsy findings, or explanted liver inspection.

Follow-up time was defined as the number of
years from the diagnosis of cirrhosis to the diagnosis
of hepatocellular carcinoma, or from the diagnosis of
cirrhosis to the last follow-up visit.

Subjects with A1ATD were recognized and the
incidence of HCC was calculated in this group. The
incidence of hepatocellular carcinoma in patients with
ALD, HCV, NASH and a group of other causes of cirrhosis
(which included hepatitis B, hereditary hemochromatosis,
primary biliary sclerosis, primary sclerosing cholangitis
and autoimmune hepatitis) was assessed using time-to-
event analysis for interval-censored data.

Statistical analysis
Data are presented as mean % standard deviation or
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N (%). Differences between subjects with and without
A1ATD were determined using univariate analysis.
Analysis of variance was used for continuous variables
and Pearson’s chi-square tests were used for categorical
factors. Time-to-event analysis for interval-censored
data was carried out to determine the incidence of
hepatocellular carcinoma in each group because only
the year of diagnosis was known for many subjects.
A cumulative incidence plot was constructed and the
generalized log-rank test for interval-censored data was
used. Values of P < 0.05 were considered statistically
significant. All analyses were performed using R (version
3.0.1, The R Institute for Statistical Computing, Vienna,
Austria).

The statistical review of the study was performed
by a biomedical statistician.

RESULTS

Demographic, clinical, and histologic characteristics of
the patients

Demographic features of our patient population are
summarized in Table 1. Most (91%) patients were
Caucasian. At time of cirrhosis diagnosis, average age
was 55 £ 10 years; 31% of cirrhotics were female.
The ages and gender distribution were similar between
the A1ATD group and the non-A1ATD group (P =
0.64 and P = 0.68 for age and gender, respectively).
Furthermore, there was no significant age difference
between A1ATD group with or without HCC (53 £ 11
years and 55 £ 10 years respectively) or between HCC
patients with A1ATD or without A1ATD (53 + 11 years
and 58 * 8 years respectively). The overall number of
deaths in the cohort was 24.6% (n = 166). Of subjects
with HCC, 30.15% were diseased (60/199).

Seven percent of subjects had A1ATD (n = 47). Out
of all subjects who did not have A1ATD, 46% had HCV,
17% had ALD, 19% had NASH and 18% had other
primary diagnoses.

Of the 47 subjects with A1ATD, 15 had severe
deficiency of A1ATD (based on a confirmed PI*ZZ
phenotype and PAS+ globules), 8 had a PI*MZ
phenotype only, 14 had PAS+ globules only, and 10
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Figure 1 Cumulative incidence of hepatocellular carcinoma. HCC:
Hepatocellular carcinoma; A1ATD: Alpha-1 antitrypsin deficiency.
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Figure 2 Cumulative incidence plot for hepatocellular carcinoma by liver
disease etiology. HCC: Hepatocellular carcinoma; A1ATD: Alpha-1 antitrypsin
deficiency; HCV: Hepatitis C virus; ALD: Alcoholic liver disease; NASH: Non-
alcoholic steatohepatitis.

had a PI*MZ phenotype and PAS+. Overall, 32% had
the PI*ZZ phenotype, 38% were PI*MZ, and 83% had
PAS+ globules on liver biopsy.

HCC incidence
Median follow-up time was 3.4 years (25", 75"
percentiles: 1, 5.2). The overall rate of hepatocellular
carcinoma in all subjects was 29% (n = 199). Of the
47 patients with A1ATD, 8.5% (4/47) developed HCC
compared to 31.1% (195/628) of patients with other
causes of liver disease (P = 0.001, Figure 1). When
comparing the incidence rates of HCC in each subgroup
of subjects, the highest yearly cumulative incidence of
hepatocellular carcinoma was found in HCV subjects
(2.7%/year, Figure 2). This was followed by a yearly
cumulative incidence rate of 2.3% in patients with other
etiologies of cirrhosis, 1.5% in NASH, 0.9% in alcohol-
induced liver disease. The rate was lowest (0.88%/
year) in patients with A1ATD cirrhosis (P < 0.001).
Among those with confirmed PI*ZZ A1ATD, the rate of
developing HCC was similar to patients with PI*MZ and
those with PAS+ globules only.

The average AFP value at time of diagnosis of HCC
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in the A1ATD group was 27.6. Of the four patients with
A1ATD/HCC, two had a single HCC focal lesion with
BCLC stage A3, one subject had bifocal disease and one
subject had multi-nodular HCC (BCLC stage B).

DISCUSSION

The principle finding of this study is that the incidence
of HCC among patients with A1ATD was lower than
that among patients with other causes of liver disease,
thereby challenging the view that A1ATD confers a
disproportionate risk of HCC. Our study also confirms
that patients with cirrhosis due to hepatitis C have the
highest risk of hepatocellular carcinoma compared to
patients with NASH or alcohol-induced liver cirrhosis.

In contrast to our findings regarding a low risk of HCC
with A1ATD, previous studies have reported a higher
risk of HCC in A1ATD cirrhotic patients, with prevalence
estimates of 10% to almost 50%. Two autopsy studies
from Sweden assessed the prevalence of cirrhosis and
hepatocellular carcinoma in PI*ZZ elderly individuals.
The first study found that 43% of PI*ZZ patients had
liver cirrhosis and 28% had HCC®. The second study
only found that 16.1% of PI*ZZ patients had HCC at
the time of autopsy™'. A case series of 19 patients
with A1ATD-associated liver disease found that 10% of
patients had HCC (n = 2, both of whom were PI*ZZ)%*%,
Several studies have also reported a similar association
between heterozygous PI*MZ individuals and HCC. In
a series of 61 patients with A1ATD-associated cirrhosis,
most (89%) of whom were PI*MZ, Propst et a/®*®
reported that 10% had HCC. Several methodological
differences could account for the discordance between
our findings and prior reports and must be considered.
First, our study was aimed at investigating the incidence
and annual cumulative risk of developing HCC in A1ATD;
whereas the other studies assessed the prevalence of
HCC at one time point. Second, HCC was ascertained
through imaging studies in our series vs by post-
mortem in earlier studies. To the extent that imaging
may fail to detect HCC, the frequency would be under-
estimated here. Given the sensitivity of computed
tomography for HCC, this seems an unlikely source of
bias, however. Another possible explanation is that the
universe of A1ATD patients in this series includes PI*MZ
heterozygotes vs prior observations in all PI*ZZ patients.
Earlier series have discounted the risk of cirrhosis in
PI*MZ heterozygotes™'. At the same time, the incidence
of HCC among the 15 confirmed PI*ZZ individuals in this
series is also low, making this less likely as a source of
the discordance with prior reports. While a third potential
source of under-recognizing HCC in the patients with
A1ATD vs among other patients with other causes of
liver disease might be that the duration of follow up was
shorter in the A1ATD group or that they were under
less close surveillance for the occurrence of HCC, the
follow up duration in A1ATD patients was actually longer
(median 4.2 years vs 3.2 years) than in others. Other
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potential limitations of this study include the difficulty
of generalizing the findings from this large tertiary
care setting to a community context and the relatively
small sample size upon which to make the frequency
estimates. Knowing the exact risk of occurrence of
HCC in this population is important as it can help guide
management of these patients.

In summary, our findings suggest that out of all
patients with chronic liver disease, HCC incidence was
the lowest among patients with A1ATD. Further study
is needed to confirm these findings and to enhance
generalizability.

COMMENTS

Background

Alpha-1 antitrypsin is a molecule that is made in the liver, is then released
into the systemic circulation where it travels to the lungs where it has its main
function. In alpha-1 antitrypsin deficiency (A1ATD), the molecule is unable to
leave the liver, ends up accumulating in the liver cells causing damage, liver
fibrosis, cirrhosis and potentially hepatocellular carcinoma (HCC). The view that
A1ATD confers a significantly higher risk of liver cancer remains controversial
and studies regarding the incidence of HCC in patients with cirrhosis caused by
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Knowing the exact risk of occurrence of HCC in patients with A1ATD can help
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A1ATD was associated with a lower risk of HCC compared to other causes of
liver disease. This challenges the view that A1ATD confers a disproportionate
risk of HCC.
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A1ATD does not confer a higher risk of HCC compared to other causes of
liver disease. Therefore, management of these patients should be tailored
accordingly. Further research should be carried out to confirm their findings and
generalize their data.
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Liver disease is characterized by different stages. Injury to liver cells can lead to
inflammation followed by liver fibrosis or the development of scar tissue. If the
injury continues, the liver can lose its normal function and become permanently
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