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A B S T R A C T

Introduction and Objectives: Autoimmune liver diseases (AILD) are rare causes hepatocellular carcinoma

(HCC), and data on the efficacy and tolerability of anti-tumor therapies are scarce. This pan-European study

aimed to assess outcomes in AILD-HCC patients treated with tyrosine kinase inhibitors (TKIs) or transarterial

chemoembolization (TACE) compared with patients with more common HCC etiologies, including viral, alco-

holic or non-alcoholic fatty liver disease.

Materials and Methods: 107 patients with HCC-AILD (AIH:55; PBC:52) treated at 13 European centres

between 1996 and 2020 were included. 65 received TACE and 28 received TKI therapy. 43 (66%) were female

(median age 73 years) with HCC tumor stage BCLC A (34%), B (46%), C (9 %) or D (11 %). For each treatment

type, propensity score matching was used to match AILD to non-AILD-HCC on a 1:1 basis, yielding in a final

cohort of 130 TACE and 56 TKI patients for comparative analyses of median overall survival (mOS) and treat-

ment tolerability.

Abbreviations: : AIH, Autoimmune hepatitis; AILD, Autoimmune liver disease; ASH, Alcoholic steatohepatitis; BCLC, Barcelona Clinic for Liver Cancer; CI, Confidence intervals;

ECOG, Eastern Cooperative Oncology Group; ERN, European Reference Network; HCC, Hepatocellular carcinoma; HFSR, Hand-food-skin reaction; HR, Hazard ratios; IQR, Interquar-

tile range; mOS, Median overall survival; NASH, Nonalcoholic steatohepatitis; PBC, Primary biliary cholangitis; PSM, Propensity score matching; TACE, Transarterial chemoemboliza-

tion; TKI, Tyrosine kinase inhibitors
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Results: HCC-AILD patients showed comparable mOS to controls for both TACE (19.5 vs. 22.1 months, p = 0.9)

and TKI (15.4 vs. 15.1 months, p = 0.5). Adverse events were less frequent in AILD-HCC patients than controls

(33%% vs. 62%, p = 0.003). For TKIs, there were no significant differences in adverse events (73% vs. 86%,

p = 0.2) or interruption rates (44% vs. 36%, p = 0.7).

Conclusions: In summary, this study demonstrates comparable mOS for AILD-HCC patients undergoing local

and systemic treatments, with better tolerability than HCC of other causes. TKIs remain important therapeu-

tic options for AILD-HCC patients, particularly given their exclusion from recent immunotherapy trials.

© 2024 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Hepatocellular carcinoma (HCC) is a leading cause of cancer-

related deaths worldwide [1]. Only early stage tumors are eligible for

curative treatment by resection, ablation, or transplantation. How-

ever, most patients present with advanced disease and can only be

offered palliative treatment, such as transarterial chemoembolization

(TACE) or systemic therapy [2]. Until 2017, systemic therapy was lim-

ited to the tyrosine kinase inhibitor (TKI) sorafenib. Since then, the

treatment landscape has drastically changed, and checkpoint inhibi-

tor-based combination therapies have evolved as a new standard of

care in the first-line setting [3,4].

The most common etiologies leading to HCC include alcohol and

non-alcoholic steatohepatitis as well as chronic hepatitis B and C. An

infrequent cause of HCC is cirrhosis due to autoimmune liver disease

(AILD) [5,6]. AILD refers to chronic liver disease with an incidence of

approximately 25 per 100 000 individuals and a female predominance

(ratio 4:1) [7]. Primary AILD includes autoimmune hepatitis (AIH), pri-

mary biliary cholangitis (PBC), and primary sclerosing cholangitis (PSC).

Owing to its low incidence, AILD-associated HCC is underrepresented in

studies on systemic therapies. Moreover, patients with AIH have been

excluded from recent clinical trials testing new immunotherapeutic

therapies because of concerns that exacerbation of the underlying auto-

immune disease or potentially severe adverse events may occur [4,8].

Hence, TKI and ramucirumab remain the only established systematic

treatment options for patients with active AIH [9]. Overall, data on

treatment efficacy and tolerability are scarce, and no specific treatment

guidelines exist [10-12].

The objective of this study was to assess both treatment responsive-

ness and tolerability in patients with AIH- and PBC-associated HCC

undergoing systemic therapy with TKI or locoregional therapy with

TACE compared to patients with more frequent etiologies including

viral, alcohol-associated, or non-alcoholic fatty liver disease.

2. Material and methods

2.1. Study design

A retrospective observational study was conducted by the Euro-

pean Reference Network on Hepatological Diseases (ERN RARE-

LIVER) in the following 13 European centers: Frankfurt (Germany),

Hamburg (Germany), Hannover (Germany), Mainz (Germany),

Vienna (Austria), Paris (France), Larissa (Greece), Debrecan (Hun-

gary), Milan (Italy), Leuven (Netherlands), Nijmegen (Netherlands),

Warsaw (Poland) and London (United Kingdom), and the study was

performed in accordance with the World Medical Association Decla-

ration of Helsinki.

2.2. Patients

A total of 107 adults diagnosed with AILD-associated HCC (AIH,

n = 55; PBC, n = 52) who were treated between 1996 and 2020 were

initially enrolled in this study. Patients who received TACE, TKI ther-

apy, or both were included in the final analysis (n = 72; AIH, n = 38;

PBC, n = 34), as indicated in Fig. 1. An additional cohort of 347 HCC

patients with underlying viral or non-alcohol-related liver disease

from the Medical Center Hamburg-Eppendorf who received TACE,

TKI, or both served as the control group.

2.3. Data collection

All clinicopathological data were collected using a customized

electronic medical record form, including the Barcelona Clinic for

Fig. 1. Patient enrolment and exclusion flowchart.

Propensity Score matching 1:1 was performed for the TACE and systemic treat-

ment groups separately, thereby adjusting for age, Barcelona Clinic for Liver Cancer

Classification, Child-Pugh stage, and physical performance status. 21 AILD-HCC

patients received subsequently both TACE and systemic treatment and were included

in both the groups. AILD, autoimmune liver disease; ASH, alcoholic steatohepatitis;

HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; NASH,

non-alcoholic steatohepatitis; TACE, transarterial chemoembolization; TKI, tyrosine

kinase inhibitor.
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Liver Cancer (BCLC) classification, Child-Pugh stage, and Eastern

Cooperative Oncology Group (ECOG) classification. Treatment intol-

erability was defined as the occurrence of at least one adverse event

or interruption of treatment due to adverse events. Only treatment-

related side effects were considered adverse events. Pre-defined

adverse events for TACE included emesis, fatigue, fever, nausea, and

right upper quadrant pain as well as diarrhea, emesis, fatigue, fever,

hand-foot-skin reaction (HFSR), malaise, nausea, and skin reaction

for systemic treatment.

2.4. Propensity score matching

For the comparison of AILD- with non-AILD-associated HCC

patients, propensity score matching (PSM) was applied to balance

the differences in major clinical confounders. Propensity scores were

calculated via logistic regression analysis using the following varia-

bles: age, sex, BCLC, Child-Pugh stage, and ECOG physical perfor-

mance status. Patients with AILD and non-AILD-associated HCC were

matched 1:1 based on their propensity scores using the optimal

matching method. This was performed separately for the TACE and

TKI treatment groups. Due to the extremely imbalanced sex ratio, it

was not possible to fully compensate for the gender differences.

2.5. Statistical analysis

Quantitative non-normally distributed variables were expressed

as median § interquartile range (IQR). Percentages are based on the

respective subgroups, as indicated. The associations between the

quantitative and qualitative variables were assessed using the Wil-

coxon rank test for non-normal distributions. The relationship

between categorical variables was tested using the Chi-Square or

Fisher’s exact test when the sample size was <5. The Kaplan-Meier

method was applied to generate median overall survival (mOS)

curves, and differences were compared using the log-rank test. The

mOS was calculated using associated 95% confidence intervals (CI).

Cox proportional hazard models with hazard ratios (HR) and 95% CI

were used to estimate the group effect, including sex as a covariate.

The patients were censored on the day of the last follow-up. For sec-

ondary outcome analysis, the Wilcoxon rank test was used to com-

pare the number of patients with at least one adverse event and the

overall prevalence of each adverse event between patients with and

non-AILD patients. All tests were two-tailed at a significance level of

0.05. Analyses were performed using GraphPad Prism Software (ver-

sion 9.2.0; GraphPad Software Inc., La Jolla, CA, USA) and R Studio

(version 4.2.1; R Foundation for Statistical Computing, Vienna, Aus-

tria).

2.6. Ethical declarations

The study was approved by the Ethics Committee of the
€Arztekammer Hamburg, Germany (approval No. PV3578, December

2010). All included patients signed a consent form before study inclu-

sion.

3. Results

3.1. Baseline demographics and clinical characteristics

A total of 72 patients with AILD-associated HCC treated with

TACE, systemic therapy, or both from 13 centers in 10 European

countries were included in the final analysis (Fig. 1). For the evalua-

tion of TACE treatment, 65 AILD-associated HCC patients and an equal

number of non-AILD-matched control patients were considered.

Therefore, the subtype of AILD was equally distributed in 34 AIH and

31 PBC cases. Disease characteristics were well balanced between

AILD-HCC and matched controls, except for a female predominance

in the AILD group (66%), whereas most patients were male in the

control group (75%). The median age was 71 and 70 years in the AILD

and matched control groups, respectively. Most patients had an

ECOG status of 0 (71% for AILD vs. 65% for match) and Child-Pugh A

(74% for AILD vs. 69% for match). Tumor stage was classified as BCLC

A (34% for AILD vs. 25 % for match), B (46% for AILD vs. 69% for

match), C (9 %for AILD vs. 12% for match), or D (11% for AILD vs. 3 %

for match) (Table 1).

In the systematic therapy group, 28 patients with AILD and non-

AILD-HCC were included, all of whom were treated with TKI. 15 AIH

and 13 with PBC constituted the systemic treatment group. As was

the case for TACE, also in the TKI group, AILD patients were mostly

female (68%) and non-AILD patients were mostly male (79%). The

median age was 69 and 70 years in the AILD and matched controls,

respectively. Most patients were of ECOG 0 (46% for AILD vs. 61 % for

match) or 1 (50% for AILD vs. 39% for match) and Child-Pugh A (79%

Table 1

Baseline characteristics of propensity score matched patients according to underlying liver disease and treatment received.

Characteristics TACE Systemic treatment

ALD = 65 AIH = 34 PBC = 31 Non-AILD = 65 p Value

(ALD vs. non AILD)

ALD = 28 AIH = 15 PBC = 13 Non-AILD = 28 p Value

(ALD vs. non-AILD)

Male gender, n (%) 22 (34) 10 (29) 12 (39) 49 (75) <0.001 9 (32) 4 (27) 5 (38) 22 (79) <0.001

Median age, y [IQR] 71 [64−77] 70 [64−75] 73 [67−78] 70 [63−75] 0.3 69 [64−74] 65 [60−72] 71 [69−74] 70 [66−73] 0.8

ECOG, n (%) 0.7 0.4

0 46 (71) 26 (76) 20 (65) 42 (65) 13 (46) 7 (47) 6 (46) 17 (61)

1 15 (23) 6 (18) 9 (29) 18 (28) 14 (50) 7 (47) 7 (54) 11 (39)

2 2 (3) 1 (3) 1 (3) 4 (6) 1 (4) 1 (7) 0 (0) 0 (0)

3 2 (3) 1 (3) 1 (3) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0)

4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Child Pugh, n (%) 0.3 0.5

A 48 (74) 26 (76) 22 (71) 45 (69) 22 (79) 11 (73) 11 (85) 19 (68)

B 12 (18) 7 (21) 5 (15) 18 (28) 6 (21) 4 (27) 2 (14) 9 (32)

C 5 (8) 1 (3) 4 (12) 2 (3) 0 (0) 0 (0) 0 (0) 0 (0)

BCLC, n (%) 0.2 >0.9

A 22 (34) 13 (38) 9 (29) 16 (25) 1 (4) 0 (0) 1 (8) 2 (7)

B 30 (46) 17 (50) 13 (42) 39 (60) 9 (32) 4 (27) 5 (38) 9 (32)

C 6 (8) 3 (8) 3 (9) 8 (11) 18 (64) 11 (73) 7 (54) 17 (61)

D 7 (10) 1 (3) 6 (19) 2 (3) 0 (0) 0 (0) 0 (0) 0 (0)

Statistical significance was tested using Wilcoxon-rank test for continuous variables and Fisher’s exact or Chi-Square test for categorical variables. Bold p-values are significant

at p < 0.05. AIH = autoimmune hepatitis, AILD = autoimmune liver disease, BCLC = Barcelona Clinic Liver Cancer Classification, ECOG = Eastern Cooperative Oncology Group Per-

formance Status, IQR = interquartile range, TACE = transarterial chemoembolisation, TKI = tyrosine kinase inhibitor, PBC = primary biliary cholangitis.
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for AILD vs. 68 % for match) or B (21% for AILD vs. 32 % for match). The

most frequent tumor stage was BCLC C (64% for AILD vs. 61% for

match), followed by BCLC B (32% for both AILD and Match) (Table 1).

3.2. Treatment efficacy

For TACE, there was no significant difference in mOS between

AILD and non-AILD-associated HCC patients (mOS 19.5 months for

AILD vs. 22.1 months for non-AILD, p = 0.9) (Fig. 2A). In patients under

TKI treatment, mOS was equally comparable between AILD and

matched controls (mOS 15.4 months for AILD vs. 15.1 months for

non-AILD, p = 0.4) (Fig. 2B).

In the subgroup analysis of AILD patients treated with TACE, a

trend of lower mOS in AIH patients compared to PBC and non-AILD-

HCC patients emerged, however, the difference was not statistically

significant due to the small number of patients (mOS 12.0 months for

AIH, 20.4 months for PBC and 22.1 months for Match, p = 0.4)

(Fig. 2C). Under systemic treatment with TKI, there was a similar

trendency for shorter mOS in AIH (mOS 5.3 months) than in PBC

patients (mOS 15.8 months) or matched controls (mOS 15.1 months),

but again without reaching statistical significance (p = 0.6) (Fig. 2D).

3.3. Treatment safety

Following TACE, 17/52 (33 %) patients with AILD in the AILD

cohort experienced one or more adverse events of any grade,

which was significantly less frequent than in the control group

(40/65, 62 %) (p = 0.002) (Table 2). Most notably, post-TACE syn-

drome-related symptoms occurred significantly less frequently in

the AILD-HCC cohort than in matched controls. The symptoms

included nausea (3 % for AILD vs. 22 % for controls, p = 0.016),

emesis (2 % for AILD vs. 23 % for controls, p < 0.001), fever (0 % for

AILD vs. 35 % for controls, p < 0.01), and right upper quadrant

pain (2 % for AILD vs. 37 % for controls, p < 0.001). Among the

AILD subgroups, patients with PBC had the lowest rate of adverse

events 6/24 (25 %).

Among patients receiving systemic treatment, there was no sig-

nificant difference in the occurrence of any grade of adverse events

between AILD and non-AILD patients (≥1 adverse event: 19/26, 73 %

for AILD vs. 24/28, 86 % for match, p = 0.2) (Table 3). Most impor-

tantly, the frequency of treatment interruptions due to severe

adverse events was not significantly higher in patients with AILD

than in those without non-AILD patients.

Fig. 2. Kaplan-Meier estimates comparing median overall survival (mOS) between patients with autoimmune liver disease (AILD) associated and non-AILD associated hepatocellu-

lar carcinoma (HCC).

Comparison of median overall survival (mOS) between patients with AILD and non-AILD-associated HCC receiving TACE (A) or TKI (B). Subgroup analysis of mOS in AIH and PBC

vs. non-AILD patients treated with TACE (D) or TKI (E). The log-rank test was performed to test for statistical differences between the groups. Sex-adjusted hazard ratios for death

are reported along with the p-values. CI, confidence interval; TACE, transarterial chemoembolization; TKI, tyrosine kinase inhibitor.
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4. Discussion

This is the first study to assess the treatment efficacy of both sys-

temic treatment with TKI and locoregional therapy with TACE in an

extremely rare patient population with AILD-associated HCC. Overall,

AILD patients showed a similar mOS for both treatment modalities

compared to a matched cohort of HCC patients with other, more fre-

quent, non-AILD etiologies. In the subgroup analysis, a trend for

shorter mOS for AIH patients compared to PBC and non-AILD patients

for both TKI and TACE treatment appeared, however, without statisti-

cal significance. This potentially inferior response in AIH patients’

needs to be validated and confirmed in future studies with a larger

cohort size.

Assessment of TACE treatment tolerability revealed that the inci-

dence of symptoms related to post-TACE syndrome was significantly

lower in patients with AILD-HCC than in non-AILD patients. Previous

studies have reported that dexamethasone effectively prevents the

occurrence of TACE-induced AE [13,14]. Since the standard treatment

for AIH patients is based on steroids and azathioprine, the reduced

incidence of post-TACE syndrome in this subgroup may be at least

partly due to the protective effect of corticosteroids. However, for

patients with PBC who do not receive steroid therapy on a regular

basis but are mostly treated with ursodeoxycholic acid, the mecha-

nism remains unclear. It is possible that due to the large proportion

of patients with toxic liver diseases (NASH and ASH) in the non-AILD-

HCC group, who often have multiple comorbidities, AE occurred

more frequently in this subgroup. Another possible explanation may

be related to the fact that symptoms defining post-TACE emboliza-

tion syndrome are commonly present in most AILD patients prior to

the start of locoregional HCC treatment. Therefore, a mild aggravation

of these symptoms caused by TACE therapy may not have been regis-

tered as treatment-related AE in these patients but may have been

attributed to their AILD.

Regarding the overall incidence of adverse events following TKI

treatment, there was no difference between AILD- and non-AILD-HCC

patients, with the exception of fatigue, which was significantly less fre-

quent in AILD-HCC patients. This observation was unexpected because

fatigue is a common symptom associated with hepatobiliary autoim-

mune diseases [15,16]. Again, this may be explained by the fact that

these patients already suffered from fatigue before the start of HCC

treatment; therefore, it was not registered as an AE related to TKI ther-

apy. Most importantly, there was no difference in the rate of treatment

interruption owing to severe AE. Subgroup analysis revealed that there

was a trend for overall adverse events to be less frequent in PBC; how-

ever, a greater proportion led to treatment interruption.

Our study has several limitations. The patients with AILD-associ-

ated HCC included in this study were treated at 13 different centers,

whereas data on control patients with non-AILD-HCC were retrieved

only from a single center. Recording of side effects and scores, such

as performance status, depends on the individual judgement of each

investigator assessing the patient, may vary between different cen-

ters, and there is potential underreporting due to the retrospective

design of the study. Specifically, new-onset arterial hypertension as

an AE of HCC therapy was not well documented and therefore not

included in the final analysis. Moreover, only the overall incidence of

AE was registered, and it may be argued that severe AE (grade 3 or

higher) are of clinical relevance. However, the fact that a similar

number of patients with AILD-HCC and non-AILD-HCC stopped TKI

treatment due to AE strongly suggests that severe AE did not occur

more frequently in AILD patients. Being a pan-european project

Table 2

Adverse events from transarteial chemoembolisation (TACE).

TACE

All n = 117 AILD n = 65 AIH n = 34 PBC n = 31 Non-AILD n = 65 p Value

Available Data n = 117 n = 52 n = 28 n = 24 n = 65 (AILD vs. non-AILD)

RUQ pain 26 (22) 2 (4) 1 (4) 1 (4) 24 (37) <0.001

Fever 23 (20) 0 (0) 0 (0) 0 (0) 23 (35) <0.001

Nausea 17 (14) 3 (6) 1 (4) 2 (8) 14 (22) 0.016

Emesis 16 (13) 1 (2) 0 (0) 1 (4) 15 (23) <0.001

Fatigue 13 (10) 2 (4) 1 (4) 1 (4) 11 (16) 0.025

Other 23 (20) 12 (23) 9 (32) 3 (11) 11 (16) 0.40

≥1 adverse event 57 (49) 17 (33) 11 (39) 6 (25) 40 (62) 0.002

Statistical significance was assessed using Chi-Square test. Bold p-values are significant at p < 0.05. AIH = autoimmune hepa-

titis, AILD = autoimmune liver disease, RUQ = right upper quadrant, PBC = primary biliary cholangitis.

Table 3

Adverse events from systemic tyrosine kinase inhibitor (TKI) treatment.

TKI

All n = 56 AILD n = 28 AIH n = 15 PBC n = 13 Non-AILD n = 28 p Value

available data n = 54 n = 26 n = 15 n = 11 n = 28 (aild vs. non-aild)

diarrhea 25 (46) 10 (38) 5 (33) 5 (45) 15 (54) 0.3

Fatigue 18 (33) 5 (19) 2 (12) 3 (27) 13 (46) 0.034

Skin reaction 11 (20) 3 (11) 1 (7) 2 (18) 8 (29) 0.12

HFSR 10 (19) 6 (23) 4 (27) 2 (18) 4 (13) 0.4

Nausea 4 (7) 1 (4) 0 (0) 1 (8) 3 (10) 0.6

Emesis 4 (7) 1 (4) 0 (0) 1 (8) 3 (10) 0.6

Fever 2 (4) 0 (0) 0 (0) 0 (0) 2 (7) 0.5

Malaise 2 (4) 2 (8) 0 (0) 2 (18) 0 (0) 0.2

Other 13 (24) 5 (19) 4 (27) 1 (8) 8 (28) 0.4

≥1 adverse event 43 (80) 19 (73) 12 (80) 7 (64) 24 (86) 0.2

Interruption due to AE 21 (40) 11 (44) 5 (33) 6 (55) 10 (36) 0.7

Statistical significance was assessed using Chi-Square test. Bold p-values are significant at p < 0.05. AE = adverse

event, AIH = autoimmune hepatitis, AILD = autoimmune liver disease, HFSR = hand food skin reaction, PBC = primary biliary

cholangitis.
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involving many tertiary centres, some patients were treated with

TACE in advanced BCLC stages (C and D) as individual therapeutic

approaches although international guidelines do not routinely rec-

ommend TACE as a treatment option in these later stages of HCC.

Another limitation of this study was that due to opposing sex ratios

in the two groups, it was not possible to adjust sufficiently for sex dif-

ferences between AILD and matched control patients. To compensate

for this imbalance, sex was included as a covariate in the Cox regres-

sion model of mOS. Due to the small cohort size in the subgroup anal-

ysis, the statistical power was limited and insufficient to determine

whether the trend of shorter mOS in AIH patients was due to an infe-

rior treatment response. Further studies with larger sample sizes are

needed to evaluate whether there is a significant difference and what

this can be attributed to. Owing to the rarity of AILD-associated HCC,

prospective trials with a sufficient cohort size are not feasible. Hence,

despite the limitations of retrospective studies owing to their design,

they remain important tools for evaluating treatment outcomes in

underrepresented subgroups of patients with HCC.

5. Conclusions

In this study, we provide compelling evidence that local treatment

with TACE and systemic therapy with TKI are efficacious and safe for

patients with AILD-associated HCC. Since the majority of these

patients have been excluded from recent immunotherapy trials, TKI

and TACE remain important treatment options. The potential trend of

inferior outcomes in patients with AIH should be further assessed in

consecutive studies with larger cohorts.
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