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Abstract

Background Hepatocellular carcinoma (HCC) in autoimmune hepatitis (AIH) was considered rare but is increasing
with prolonged prognosis. Its impact on the overall prognosis of AlH is unknown, and treatment has not been
established.

Aim To investigate the risk factors and prognosis of HCC in patients with AIH and identify appropriate management
strategies.

Methods We studied patients with AlH including background liver disease, sex, age, complications, treatment,
response to treatment, liver fibrosis, prognosis, and treatment.

Results In 131 patients, deaths due to liver failure were more common early after the onset of AlH; however,
deaths due to HCC increased gradually. HCC was observed in 12 patients (median age, 70 years; male/female, 4/8;
cirrhosis at onset, 11; median time to carcinogenesis, 7 years). Cirrhosis at diagnosis was identified as a risk factor
for carcinogenesis in the multivariate analysis (odds ratio, 41.36; p <0.0001) and cumulative cancer rates were high.
Multidisciplinary therapy other than immune checkpoint inhibitors was administered as treatment for HCC. Two of
the three patients who used molecular-targeted drugs discontinued the treatment because of adverse events.

Conclusion HCCis an important cause of death in patients with AIH. Currently available drug therapies are limited
and early detection is desirable.

Trial registration This trial was retrospectively registered in the Ethics Committee of Kagawa University School of
Medicine under the identifier 2019 —238, registered on 4 Feb 2020.

Keywords Autoimmune hepatitis, Hepatocellular carcinoma, Molecular-targeted drug, Immune checkpoint inhibitor,
Carcinogenic factor
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Fig. 1 Flowchart of participants. AIH, autoimmune hepatitis; PBC, primary
biliary cholangitis

Introduction

Hepatocellular carcinoma (HCC) is the most frequent
malignancy among primary hepatic cancers, an impor-
tant cause of death, and is closely associated with chronic
hepatitis. A variety of liver disorders can cause HCC,
including viral hepatitis caused by hepatitis C virus
(HCV) or hepatitis B virus, primary biliary cholangitis
(PBC), autoimmune hepatitis (AIH), alcoholic liver dis-
ease, and nonalcoholic fatty liver disease/metabolic dys-
function-associated steatotic liver disease [1, 2]. Among
these, HCC in autoimmune liver diseases, such as AIH,
is conventionally considered rare [3]. The annual carcino-
genic rate of AIH is estimated to be 0.19-0.53%, which
is lower than that of viral hepatitis (0.37-4.81%) [1].
However, the carcinogenic rate has been increasing with
prolonged prognosis, and has been reported in 5.1% of
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patients in Japan [4]. However, there are no established
treatment recommendations for HCC in patients with
AIH, and prognostic studies are scarce.

Immune checkpoint inhibitors, which are currently
the central role in the treatment of HCC, are not recom-
mended for patients with concomitant autoimmune dis-
eases [5] and have not been studied in autoimmune liver
diseases, limited to a few case reports on PBC [6] and no
case reports on AITH.

This study retrospectively examined the carcinogenic
factors, treatment, and prognosis in patients with AIH
and examined the current appropriate management of
HCC in AIH.

Results

Clinical characteristics

In this study, 131 patients with AIH were enrolled and
clinically analyzed. A flowchart of the patient selection
process is illustrated in Fig. 1. The patients were classi-
fied according to whether they developed HCC during
the observation period. The baseline patient characteris-
tics are shown in Table 1. The following were the clinical
characteristics of the study population: AIH/AIH-PBC:
87/44 cases, median age: 64 (52-71) years, male/female:
19/112 cases, median observation period: 1287 (256—
3477) days, steroid use: 72 cases (55%), immunosuppres-
sive drug use: 12 cases (9.2%), history of viral hepatitis:
nine cases (6.9%) (active viral hepatitis or hepatitis on
antiviral therapy: none), cirrhosis at diagnosis in 36 cases
(27.5%), fatty liver at diagnosis in 37 cases (28.2%), diabe-
tes mellitus at diagnosis in 19 cases (14.5%), body mass
index>25 at diagnosis in 38 cases (29.0%), history of

Table 1 The baseline patient characteristics and risk factors for hepatocellular carcinoma

Characteristic HCC+ (n=12) HCC-(n=119) Univariate analysis Multivariate analysis
odds ratio 95%ClI p odds ratio 95%ClI p
autoimmune hepatitis 10 77 273 0.68-18.28 0.17
elderly (=65) 7 55 1.63 049-578 042
liver cirrhosis at diagnosis 1 25 41.36 7.52-77405 <005 3993 5.72-845.26 <0.0001
male 4 15 347 0.93-1293 0.08
history of hepatitis virus 0 9 - - 0.18
duration of autoimmune hepatitis 3 29 1.03 0.26-4.08 096
(= 10years)
steroid use 8 64 1.72 049-6.18  0.39
fatty liver 4 33 1.30 037-462 0.69
alcohol 3 13 272 0.65-11.33 020
diabetes 5 14 5.36 150-19.19 <005 458 0.60-42.77 014
history of blood transfusions 1 5 207 0.22-19.36  0.55
obesity 5 33 1.86 0.55-628 033
Fib-4 index (>2.67) 10 74 3.04 0.64-1451 0.2
ALT one year after diagnosis (=31 1U/L) 7 27 544 140-26.75 <005 3.12 0.56-2146 0.21
IgG one year after diagnosis (> 1701 mg/dL) 4 21 233 0.64-847 021
Fib-4 index one year after diagnosis(2.675) 7 20 8.17 1.93-3450 <005 213 036-13.79 040

Abbreviations: HCC, hepatocellular carcinoma; Cl, Confidence Intervals; ALT, alanine transaminase; IgG, immunoglobulin G
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Fig. 2 Carcinogenic rate of autoimmune hepatitis patients with or without liver cirrhosis. In the group with liver cirrhosis (LC), the 1-year, 5-year, and
10-year carcinogenic rates were 12.5% and 25% and 75% respectively. In the group without LC, one case of HCC was observed after more than 10 years.
Three patients with hepatocellular carcinoma at the onset of AIH were excluded. LC, liver cirrhosis

year
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Fig. 3 Cause of death by period. A review of the causes of death for the
14 patients who were confirmed dead during the observation period.
The most common cause of death in patients with autoimmune hepatitis
is liver failure in the early stages of the disease; however, deaths due to
hepatocellular carcinoma have gradually increased. HCC, hepatocellular
carcinoma

blood transfusion in six cases (4.6%), history of alcohol
consumption in 16 cases (12.2%), complicated gastro-
esophageal varices in 14 cases (10.7%), and HCC carcino-
genesis in 12 cases (9.2%). There were 34 patients (26.0%)
whose alanine transaminase (ALT) levels did not normal-
ize after 1-year (ALT, 30 IU/L<) and 25 patients (19.1%)
whose immunoglobulin G (IgG) levels did not normalize
after 1 year (IgG, 1700 mg/dL<). Further, 27 cases (20.6%)
had a high FIB-4 index (2.67<) 1 year after diagnosis.

Overall survival and cause of death in patients with AlH
The 1-year, 5-year, and 10-year survival rates of patients
with AIH were 96.6%, 91.6%, and 85.6%, respectively. The
median survival time (MST) was not achieved. In the
group with liver cirrhosis, the 1-year, 5-year, and 10-year
carcinogenic rates were 12.5%, 25.0%, and 75.0%, respec-
tively. In the group without cirrhosis, one case of HCC
was observed after 10 years (Fig. 2).

During the observation period, 21 patients with AIH
died: nine from liver failure and five from HCC. Patients
with liver failure could not undergo liver transplantation
due to old age or lack of donors. Deaths due to liver fail-
ure were more common in the first year after AIH onset,
but deaths from HCC later increased and tended to
exceed those from liver failure (Fig. 3). Patients with HCC
have significantly lower survival rates than those with-
out HCC. In the group without HCC, the MST was not
achieved and the 1-year and 5-year survival rates were
96.2% and 94.7%, respectively. In the group with HCC,
the MST was 7.5 years, and at the 1-year and 5-year sur-
vival rates were 100% and 70.0%, respectively (Fig. 4).

Characteristics and risk factors of HCC

HCC cases consisted of AIH/AIH-PBC: 10/2, median
age: 70 years, male/female: 4/8, cirrhosis at onset: 11,
median time to carcinogenesis: 7 (0-11) years, and four
cases of HCC were found at the same time AIH was
detected. There were no previous cases of viral hepati-
tis, fatty liver complication: four cases, drinking history:
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Fig. 4 Overall survival rate of autoimmune hepatitis patients with or without hepatocellular carcinoma. In the group without HCC, the median survival
time (MST) was not achieved and the 1-year and 5-year survival rates were 96.2% and 94.7%, respectively. In the group with HCC, the MST was 7.5 years,
and the 1-year and 5-year survival rates were 100% and 70.0%, respectively. HCC, hepatocellular carcinoma

three cases, diabetes complication: five cases, blood
transfusion history: one case, and steroids were used as
treatment in eight cases and immunosuppressive drugs
in one case according to AASLD guidelines [7]. Their
biochemical remissions reached 30%.

In the univariate analysis, cirrhosis at diagnosis, con-
comitant diabetes mellitus, and high ALT levels and
FIB-4 index at 1 year were identified as risk factors
for HCC, whereas in the multivariate analysis, cirrho-
sis at diagnosis was identified as a risk factor for HCC
(Table 1). Gastroesophageal varices as an objective indi-
cator of cirrhosis were also extracted as a risk factor for
HCC in a multivariate analysis (p=0.0001, odds ratio
18.33, 95%CI1:4.14-102.26). Steroid or immunosuppres-
sive drug use as a treatment strategy for AIH was not
identified as a risk factor. In the old cases, there were no
cases with diabetes mellitus or male patients, while in the
recent cases, 55% had diabetes mellitus and 44% were
male patients.

Treatment and prognosis of HCC

HCC progressed to stage I, 11, III, and IV in 3, 5, 4, and 0
cases, respectively. Initial treatment included surgery in
two cases, thermal ablation in six cases, and transarterial
chemoembolization in four cases. Three months after the
initial HCC treatment, mRECIST was used to determine
the best treatment effect based on contrast-enhanced CT
findings. The overall response rate (CR+PR) was 58.3%.
The disease control rate (CR+PR+SD) was 66.7%. The

two patients who underwent surgery had moderately dif-
ferentiated HCC. Of the 12 HCC patients, 8 had recur-
rence within the observation period. Molecular-targeted
drugs were used in three patients after second-line
treatment; however, sorafenib was administered in two
patients, one discontinued due to hypothyroidism and
the other due to fatigue. One patient treated with lenva-
tinib had only grade 1 hand-foot syndrome, and the treat-
ment effect was a PR. No cases of immune checkpoint
inhibitor use were observed. No AIH relapses occurred
during treatment (Table 2).

In the group with HCC, the 1-year, 5-year, and 10-year
survival rates were 100.0%, 53.6%, and 17.9% respectively.

Methods

Patients

A retrospective observational study was conducted in
131 patients with a history of AIH or AIH-PBC over-
lap syndrome (AIH-PBC) between January 2001 and
December 2022 at the Department of Gastroenterology,
Kagawa University. The patient background was exam-
ined with regard to sex, height, weight, age at diagno-
sis, comorbidities (especially autoimmune diseases),
presence of viral hepatitis, presence of fatty liver (diag-
nosed on imaging or histologically), history of alcohol
consumption, diabetes, blood transfusions, treatment
(steroids, immunosuppressive drugs, among others),
carcinogenesis, prognosis, cause of death, risk factors
for carcinogenesis, cancer treatment, and course after
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Table 2 Characteristics and treatment of hepatocellular carcinoma with autoimmune hepatitis

primary disease  sex age at duration to HCC stage initial treatment initial treatment molecular-targeted

HCC carcinogenesis effect drugs
(year)

AlH male 73 10 3 TACE CR intolerance

AIH-PBC male 77 0 3 TACE SD -

AlH male 71 14 2 TACE CR PR

AlH female 79 20 1 thermal ablation PD -

AlH female 76 0 3 surgery PD intolerance

AlH-PBC female 71 1 thermal ablation CR -

AlH female 54 14 2 thermal ablation CR -

AlH male 70 1 1 TACE PD -

AlH female 79 5 2 thermal ablation CR -

AlH female 73 0 3 TACE - -

AlH female 71 0 2 surgery CR -

AlH female 80 9 2 thermal ablation CR -

Abbreviations; HCC, hepatocellular carcinoma; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

AlH, autoimmune hepatitis; AIH-PBC, autoimmune hepatitis-primary biliary cholangitis overlap syndrome: TACE, transarterial chemoembolization.

carcinogenesis. Patient backgrounds of HCC cases were
compared between old cases (2001-2011) and recent
cases (2012-2022).

Diagnosis of disease

AIH was diagnosed using the revised scoring system by
International Autoimmune Hepatitis Group Report [8].
In addition, it was confirmed that the patients also met
the AIH diagnostic criteria in simplified diagnostic cri-
teria for AIH [9]. The Paris criteria were used to diag-
nose AIH-PBC [10]. Liver cirrhosis was comprehensively
diagnosed using criteria such as morphological changes
in the liver by computed tomography (CT) or abdomi-
nal ultrasonography, reduced platelet count (less than
140x10°/L), presence of gastroesophageal varices, and
significant fibrosis by biopsy of the liver. Hepatitis B
patients were identified as those positive for hepatitis B
surface antigen or with a history of hepatitis B. Hepati-
tis C patients were identified as those positive for HCV
antibodies or HCV RNA or with a history of hepatitis
C. Non-hepatitis B and non-hepatitis C patients were
identified as those who did not fit into any of the above
groups. The presence of fatty liver was determined using
CT imaging, abdominal ultrasonography, or histology.
Drinking alcohol was defined as having a daily net alco-
hol intake of 30 g or more for men and 20 g or more for
women. Diabetes mellitus was defined as a history of
hypoglycemia or dietary guidance. A body mass index of
25 or higher was defined as obese. The elderly patients
were defined as =65 years of age. The fibrosis index based
on four factors (FIB-4 index) was used as a measure of
fibrosis [11]. The definition of HCC was confirmed using
supplemental tumor markers such as a-fetoprotein and
des-y-carboxyprothrombin, abdominal ultrasonography,
contrast-enhanced CT and magnetic resonance imaging,
and if typical HCC findings were not obtained by these

tests, a needle biopsy was performed to confirm the diag-
nosis. The clinical stage of HCC was assessed based on
the size, number, vascular invasion, lymph node metasta-
sis, and metastasis at distant sites, using the tumor-lymph
node-metastasis classification based on the criteria of
the Liver Cancer Study Group of Japan [12]. Treatment
response was classified as complete response (CR), par-
tial response (PR), stable disease (SD), or progressive
disease according to the modified Response Evaluation
Criteria in Solid Tumors (mRECIST) based on contrast
CT findings [13]. Adverse events were assessed drug
therapy according to the Common Terminology Criteria
for Adverse Events version 5.0.

Statistical analysis

Continuous variants are indicated by median values, with
ranges shown in parentheses. Categorical variables are
expressed as numbers and percentages. Comparisons
among the two groups were performed using the t-test,
chi-square test, and Fisher’s exact probability test. Repre-
sentative results are expressed as medians (interquartile
range). Survival analysis was conducted with the Kaplan—
Meier method or Cox proportional hazards model. Sta-
tistical significance assumed to be p<0.05. All statistical
analyses were conducted using JMP Pro 17.0(SAS Insti-
tute, Cary, NC, USA). Factors reported to be associated
with HCC include cirrhosis [14—16], older age [17], male
age, characteristics of portal hypertension, history of
blood transfusion [14], repeated recurrence of AIH [18,
19] and sustained elevation of serum ALT level during
follow-up [20]. With reference to these reports, age, gen-
der, history of blood transfusion, presence of cirrhosis,
varices, and liver function (ALT, IgG, Fib-4index) dur-
ing the course of the study were selected as independent
variables. In addition, hepatitis virus, diabetes mellitus,
obesity, and alcohol consumption, which are generally
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considered risk factors for HCC, were also selected as
independent variables.

Discussion

In this study we investigated the risk factors and prog-
nosis of HCC in patients with AIH and identified appro-
priate management strategies. Japanese patients with
AIH have good outcomes, and the overall survival of all
patients in this study was favorable, consistent with pre-
vious reports [14]. However, patients with HCC in the
course of the disease had significantly lower survival rates
than those without HCC. The 1- and 5-year survival rates
for HCC in general were 88.9% and 56.2% [21] and are
similar to those observed in this study. Although reports
on the prognosis of patients with AIH indicate that death
within 1 year of onset and liver transplantation are com-
mon [22] and liver failure is an important cause of death,
there are few reports on the importance of HCC as the
cause of death when considering long-term prognosis.
This study found that management of HCC is necessary
for patients with AIH who survive the acute phase of the
disease.

In a previous report, the carcinogenic rate of viral hep-
atitis was high due to differences in the immunological
profile of regulatory T cells and other factors [23], and
carcinogenesis in AIH was considered rare [1]. However,
the present report suggests that the rate of HCC carci-
nogenesis in AIH patients may increase over time. The
most important HCC risk factor for AIH in this study
was cirrhosis at diagnosis, which is similar to the find-
ings of previous reports [1, 4]. In this study, the diagnosis
of cirrhosis was made with reference to imaging studies,
histological image of the liver, and blood tests. Analysis
of gastroesophageal varices as an objective indicator of
cirrhosis was also consistent as a risk factor for HCC. On
the other hand, the results for indices such as platelets
and Fib-4 index based on blood data showed little asso-
ciation with HCC, suggesting the importance of imaging
tests, since AIH is often accompanied by severe liver dys-
function at the onset, making it difficult to predict HCC
based on blood data at the onset. Although the multi-
variate analysis did not reveal significant differences,
patients with diabetes at diagnosis and no ALT normal-
ization after 1 year may also require attention for HCC.
They were receiving standard treatment, but their ALT
levels had not normalized sufficiently. Persistent chronic
inflammation may have influenced the development of
HCC [23]. Although not statistically significant due to
the small number of cases, the carcinogenic rate in males
is as high as 21%, suggesting the need for caution in HCC
as in the previous report [19]. In this study, there were
no cases with diabetes mellitus or male patients in the
old cases, while 55% had diabetes mellitus and 44% were
male patients in the recent cases. Because of the small
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number of cases, these differences were not statistically
significant, but there may be an increase in carcinogen-
esis from men and diabetics.

In previous reports, the risk factors for carcinogenesis
of AIH were two or more recurrences [18], male sex,
portal hypertension, history of blood transfusion, immu-
nosuppressive therapy for more than 3 years, therapeu-
tic failure, liver cirrhosis for more than 10 years [19],
advanced age, and elevated ALT levels during treatment
[14, 17, 20]; however, there is still no consensus. In a
recent multicenter study, the risk factors for HCC in AIH
were obesity at baseline, cirrhosis, and AIH-primary scle-
rosing cholangitis overlap syndrome [15]. Patients with
AIH with cirrhosis, which is an overwhelming risk fac-
tor based on previous reports and in this study, should
be considered a high-risk group. Therefore, abdominal
ultrasonography and serum alpha-fetoprotein measure-
ments should be performed every 6 months [5, 7]. AIH
management requires the appropriate use of first-line ste-
roids to normalize ALT and IgG [24]. However, there was
some debate regarding steroids as a risk factor for HCC
[16], according to some reports steroids are unlikely to
induce HCC [4, 14], and the association between steroid
administration and HCC was also scant in the present
study. In Japan, steroid-resistant AIH is found in approxi-
mately 10% of the cases, where azathioprine is used [4].
There have been reports of HCC in cases of long-term
azathioprine use in Crohn’s disease and other inflamma-
tory bowel diseases [25]. Azathioprine and AIH carcino-
genesis are also of interest; however, in this and previous
studies, the association between AIH and carcinogenesis
was poor [4]. In HCC with AIH, because the state of cir-
rhosis is considered to be closely related to HCC, it is
desirable to stop the progression to cirrhosis with the aim
of ALT normalization without hesitation regarding the
use of steroids and immunosuppressive drugs.

The most important problem with HCC in AIH cases is
the lack of therapeutic drug options. Immune checkpoint
inhibitors, which are the first-line agents for unresect-
able HCC, are not recommended for AIH. Clinical trials
assessing immune checkpoint inhibitor-based therapies
exclude AIH patients with HCC. Thus, clinical data on
the safety and efficacy of immune checkpoint inhibitors
are lacking [26]. Treatment with immune checkpoint
inhibitors may be considered for patients with a history of
autoimmune disease if the autoimmune disease is mild or
well-controlled and relapse is not potentially life-threat-
ening [26]. However, autoimmune-related adverse events
or relapse of liver disorder after treatment with immune
checkpoint inhibitors can lead to life-threatening com-
plications, such as liver failure. Thus, treatment based
on immune checkpoint inhibitors should be attentively
considered after assessing the possible risks and benefits.
Transcatheter arterial chemoembolization using cisplatin
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and other drugs, as well as molecularly-targeted drugs, is
still effective in the era of immune checkpoint inhibitors
[27]. Currently, we provide multidisciplinary treatment
without the use of immune checkpoint inhibitors. In con-
trast, two of the three patients who used molecular-tar-
geted drugs in this study discontinued treatment because
of adverse events. There are no reports on the use of
molecular-targeted agents in patients with AIH; there-
fore, further investigation of the safety of these agents is
needed.

This study has its limitation as it was a retrospective
study with a limited number of participants. In addition,
AIH/PBC patients may have a different molecular bio-
logical background than pure AIH, and therefore should
be studied in pure AIH patients. Nevertheless, there have
been few reports on clinical investigations of HCC in
AIH, and we believe that this study is important because
HCC may increase as the prognosis of AIH increases in
the future. We believe that this study is useful in AIH
practice, especially since there are few reports indicating
that HCC is an important cause of death in AIH, and few
reports mention the treatment of HCC, especially with
molecularly-targeted drugs.

In conclusion, HCC has become an increasingly impor-
tant cause of death in patients with AIH. Currently, there
is no established drug therapy, and surveillance of HCC is
important, especially in high-risk patients such as those
with cirrhosis.
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