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Abstract
Background and aims: Protein and organelle turnover by autophagy is a key com‐
ponent to maintain cellular homeostasis. Loss of the autophagy protein ATG16L1 
is associated with reduced bacterial killing and aberrant interleukin‐1β production, 
perpetuating inflammation and carcinogenesis. Here we hypothesized that the func‐
tional p.T300A gene variant in ATG16L1 is associated with an increased risk for hepa‐
tocellular carcinoma (HCC) in cirrhosis.
Methods: A case‐control study was performed using a prospective derivation co‐
hort (107 patients with HCC and 101 controls) and an independent validation cohort 
(124 patients with HCC and 108 controls) of patients with cirrhosis of any aetiology. 
ATG16L1 p.T300A (rs2241880) and PNPLA3 p.I148M (rs738409) variants were deter‐
mined by real‐time PCR.
Results: The G allele of the ATG16L1 p.T300A variant was more frequent in patients 
with HCC compared to controls without HCC in the derivation cohort (0.62 vs. 0.51, 
P = .022) and in the validation cohort (0.59 vs. 0.50, P = .045). In combined analysis, 
the odds ratios (OR) were 1.76 (95% CI: 1.07‐2.88) for G allele positivity and 2.43 
(95% CI: 1.37‐4.31) for p.T300A G allele homozygosity. This association was inde‐
pendent from the presence of a PNPLA3 variant, which was also associated with HCC 
(OR 2.10; 95% CI: 1.20‐3.66), and it remained significant after adjustment for male 
sex, age and aetiology in multivariate analysis.
Conclusion: The common germ‐line ATG16L1 gene variant is a risk factor for HCC in 
patients with cirrhosis. Personalized strategies employing the genetic risk conferred 
by ATG16L1 and PNPLA3 may be used for risk‐based surveillance in cirrhosis.
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1  | INTRODUC TION

The development of hepatocellular carcinoma (HCC) is a frequent 
complication in cirrhosis, accounting for up to 8% of all cancers in 
males and up to 6% in females.1 The incidence of HCC has been in‐
creasing affecting currently up to 4.8 per 100 000 inhabitants who 
have a poor overall survival.2 Curative treatment options, including 
surgical resection, curative radiofrequency ablation and liver trans‐
plantation, are only available to <30% of patients due to advanced 
tumour stage at diagnosis.3 Therefore, the early detection of HCC in 
surveillance programmes is crucial for successful treatment. Currently, 
ultrasound surveillance at six month intervals is recommended for all 
patients at high risk, but patients who might benefit most from inten‐
sified surveillance programmes are insufficiently characterized.4

The identification of genetic and environmental risk factors for 
HCC may improve such surveillance strategies. Whereas genome‐
wide association studies (GWAS) have identified genetic risk loci for 
HCC in large Asian populations with predominantly viral hepatitis,5-7 
genetic risk factors for non‐viral HCC are less well characterized.8 
Given the close relation between inflammation and hepatic carcino‐
genesis, variants in genes encoding for chemokines and cytokines 
have often been the subject of candidate gene association studies 
on HCC.9-12 In a recent large candidate‐gene study, Stickel et al13 
confirmed an increased risk for HCC in patients with alcohol‐related 
cirrhosis carrying genetic variants of Patatin‐like phospholipase 
domain‐containing protein 3 (PNPLA3) and Transmembrane 6 su‐
perfamily 2 (TM6SF2)—genes related to hepatic lipid and fatty acid 
turnover.13

Autophagy is a central mechanism for maintaining homeostasis, 
metabolism and survival,14 thereby stabilizing the cell against met‐
abolic stress and apoptosis.15 In carcinogenesis, autophagy plays a 
dual role: although maintaining autophagy is important for the sur‐
vival of already established tumours, autophagy can also suppress 
the initiation and development of malignant tumours and decrease 
the susceptibility to carcinogens, especially under inflammatory 
conditions.16,17 In addition there is a role for autophagy in limiting 
immune activation and inflammation.18 Absence of autophagy‐re‐
lated protein 16‐1 (ATG16L1) or a loss of function mutation pro‐
motes TLR4‐ and NOD2‐dependent inflammation resulting in an 
increased release of IL‐1β by innate immune cells.19-22 In addition, 
the coding ATG16L1 gene variant p.T300A affects intestinal barrier 
function and impairs antibacterial autophagy.23

We hypothesized a role of ATG16L1 in hepatic carcinogen‐
esis and investigated the association of the ATG16L1 gene variant 
p.T300A with HCC in a case‐control study including 440 patients 
with cirrhosis from three German academic centres.

2  | MATERIAL S AND METHODS

2.1 | Study design

For this candidate gene case‐control study, we recruited two pa‐
tient cohorts. The derivation cohort consisted of 208 patients 

with cirrhosis (107 cases and 101 controls) that were consecu‐
tively recruited between January 2011 and January 2016 at the 
Jena University Hospital. Patients were stratified for HCC ac‐
cording to current guidelines either by histological criteria or con‐
trast‐enhanced imaging technologies (CT, MRI, contrast‐enhanced 
ultrasound). Patients included as cases with HCC were eligible for 
this study at the time of diagnosis and or referral to our centre. 54 
(50%) patients with HCC were participating in HCC surveillance 
programmes for a median of 4 years prior to diagnosis (range: 0.5 
to 23), whereas 53 presented with HCC outside of surveillance 
programmes (Figure S1). Patients included as cirrhotic controls 
without HCC underwent surveillance in the majority of cases 
(95/101; 94%) for a median of 24 months (range: 1 to 96 months) 
with a median total imaging procedures of 2 (range: 1 to 15) before 
inclusion and a subsequent median 36 months (range 0 to 92) of 
HCC surveillance with a median of total imaging procedures of 3 
(range 0 to 17) in order to exclude HCC. One patient, who was 
originally assigned to the control group, developed an HCC in fol‐
low‐up after 84 months and was analysed as HCC case for final 
analysis.

The independent validation cohort consisted of 232 patients 
(124 cases and 108 controls) from three centres: Jena University 
Hospital (recruited between January 2016 and February 2017), 
Bonn University Hospital and Saarland Medical Center Homburg.

Cirrhosis was defined by histological criteria or by a combina‐
tion of clinical, imaging and laboratory data. Staging, comorbid‐
ities, medication and laboratory values including the model for 
end‐stage liver disease (MELD) and the Child‐Pugh‐Score at base‐
line were extracted using medical records including patients’ files, 
electronic health records and nursing documentation. Survival 
and transplantation status within one year after inclusion were 
assessed by reviewing medical records and interviewing the pa‐
tients or the general practitioner. The study was approved by the 
local ethics committees (‘Ethikkommission der Friedrich‐Schiller 
Universität Jena an der Medizinischen Fakultät’ 3150‐06/11, 

Key points

•	 This case‐control study identifies a common ATG16L1 
p.T300A polymorphism as a substantial risk factor for 
hepatocellular carcinoma (HCC) in patients with cirrho‐
sis of any aetiology

•	 The ATG16L1‐attributed HCC risk in this study is more 
pronounced in women, older patients and in patients 
with viral hepatitis

•	 ATG16L1 p.T300A remains associated with HCC after 
adjusting for confounding factors including the PNPLA3 
p.I148M genotype

•	 ATG16L1 and PNPLA3 genotyping may help to personal‐
ize HCC surveillance in patients with cirrhosis.
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‘Ethikkommission bei der Ärztekammer des Saarlandes’ Homburg 
79/12 and ‘Ethikkommission an der Medizinischen Fakultät der 
Rheinischen Friedrich‐Wilhelms‐Universität Bonn’ 362/15) and 
written informed consent was given by all patients prior to study 
inclusion.

2.2 | Genotyping

Genomic DNA was extracted from whole blood using the QIAmp 
DNA mini kit (Qiagen, Hilden, Germany). The DNA concentration was 
measured with a NanoDrop ND‐1000 (Peqlab, Erlangen, Germany) 
and calibrated to 20  ng/µl. Genotyping for the ATG16L1 variant 
rs2241880 and the PNPLA3 variant rs738409 was performed by 
real‐time PCR using the TaqMan Universal Master Mix II and TaqMan 
SNP Genotyping Assays (C___9095577_20 and C______7241_10) 
(ThermoFisher Scientific, Germany). Determination of the PNPLA3 
rs738409 polymorphism in the Bonn cohort was performed via 
LightCycler real‐time PCR (Roche, Mannheim, Germany) using 
LightSNiP (SimpleProbe) assays from TIB‐MolBiol (Berlin, Germany). 
A subset of patients in the validation cohort has been reported in a 
previous case‐control study.13

To validate the rs2241880 genotyping assay, Sanger sequenc‐
ing of 15 randomly selected patient samples was performed (five 
homozygous wild type, five homozygous mutant and five het‐
erozygous for rs2241880). ATG16L1 genomic DNA was amplified 
using Platinum Taq DNA Polymerase (ThermoFisherScientific, 
Germany) as described by the manufacturer and amplifica‐
tion primers FW: ACAGGTTAGTGTGCAGGAGA and REV: 
CAGTCAGCTCTGCCATTACA (95ºC 2  minutes, 33 cycles of 95ºC 
30 seconds—60ºC 20 seconds—72ºC 30 seconds). The PCR product 

was cleaned using NucleoSpin Gel and PCR Clean‐up (Macherey‐
Nagel, Germany) (NTI‐Buffer‐Dilution 1:7). Sanger sequencing was 
performed by Macrogen (Macrogen Europe, Netherlands) using the 
sequencing primer TGCAGGAGAGTAAGGCATGT (Figure 1).

2.3 | Statistical analysis

Statistical analysis was performed using SPSS 16 and SPSS 23 (IBM, 
Armonk, NY). Baseline characteristics are presented as median and 
range for continuous variables or as frequency for discrete variables. 
Statistical differences were analysed using the Mann‐Whitney U 
test for continuous variables and Fisher's Exact Test for discrete var‐
iables. Allele frequency for SNP‐analysis were tested for deviation 
from the Hardy‐Weinberg equilibrium and compared to detected 
statistical differences using the Cochrane Armitage trend test (https​
://ihg.helmh​oltz-muenc​hen.de/cgi-bin/hw/hwa1.pl). Univariate and 
multivariate binary logistic regression analyses were performed with 
HCC as the dependent variable after adjusting sex, age and aetiol‐
ogy (Multivariate model 1) or adjusting for sex, age, aetiology and 
PNPLA3 genotype (Multivariate model 2). Survival was analysed 
using Kaplan‐Meier analysis and log‐rank test. P < 0.05 in two‐sided 
tests were regarded significant.

3  | RESULTS

3.1 | Patient characteristics

In both cohorts, patients with HCC were more frequently male 
(83.2% vs. 70.3%, P =  .003; 80.6% vs. 66.7%, P =  .015) and were 
older (median 66 vs. 59 years, P < .001; 65 vs. 57 years, P < .001) as 

F I G U R E  1   ATG16L1 rs2241880 Genotyping. A, Principle of end‐point quantitative TaqMan PCR‐based genotyping assay. TaqMan 
polymerase chain reaction (PCR) was performed using wild‐type and mutant‐specific individually labelled TaqMan‐probes (VIC and 
FAM fluorescent dye). Normalized fluorescent signals were blotted against PCR cycle number and genotypes were called dependent on 
amplification signals (WT: VIC‐signal but no FAM‐signal, HET: VIC‐signal and FAM‐signal, MUT: no VIC signal but FAM‐signal). B, Genotyping 
Assay Validation by Sanger Sequencing. ATG16L1 deoxyribonucleic acid (DNA) from five randomly selected patients was amplified by PCR 
using ATG16L1‐specific primers. DNA sequence was revealed by Sanger Sequencing (rs2241880 highlighted in light blue) and compared to 
genotypes identified by TaqMan quantitative PCR
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compared to cirrhotic controls without HCC (Table 1). Aetiology of 
cirrhosis was predominantly alcoholic liver disease accounting for 
69.5% across both cohorts. Cases and controls were well balanced 
for MELD score and platelet count at study inclusion. Patients 
with HCC had higher levels of aspartate aminotransferases (1.13 
vs. 0.81  μmol/l  ×  s, P  =  .001 in the validation cohort; 1.17 vs. 
0.62 μmol/l × s, P < .001 in the derivation cohort) and alanine ami‐
notransferases (0.85 vs. 0.55 µmol/l ×  s in the derivation cohort 
and 0.67 vs. 0.37 µmol/l × s in the validation cohort, P <  .001 in 
both cohorts) than controls without HCC. Self‐reported alcohol 
consumption within 30 days prior to inclusion was more frequent 
in patients without HCC (48.1% vs. 27.1%, P = .002).

There were no differences in the Child‐Pugh stage between 
cases with HCC and controls without HCC at study inclusion in the 
derivation cohort. In the validation cohort, however, controls with‐
out HCC presented with a more advanced stage of liver disease as 
compared to patients with HCC (Table 1).

3.2 | Allele frequencies of ATG16L1 p.T300A 
(rs2241880)

In both cohorts, the genotypic frequencies for rs2241880 did not 
deviate from the Hardy‐Weinberg equilibrium in cases and controls 

(P  >  .10). The frequencies of the rs2241880 G allele in patients 
with cirrhosis without HCC were 0.51 in the derivation cohort and 
0.50 in the validation cohort (Table 2), therefore almost identical to 
healthy controls in Northern Germany (0.52) as reported by Hampe 
et al.24

In contrast, patients with HCC presented with a significantly 
higher G allele frequency as compared to patients without HCC. The 
G allele frequency was enriched in the derivation cohort (0.62 vs. 
0.51, P  =  .022) without a difference between patients undergoing 
HCC surveillance or not (0.63 vs. 0.61; P = .80) as well as in the vali‐
dation cohort (0.59 vs. 0.50, P = .045).

In the combined analysis comprising 231 cases with HCC and 209 
controls without HCC, the association between carriage of the G allele 
in rs2241880 and HCC was confirmed (Table 2). The odds ratios (OR) 
were 1.51 (95% confidence interval [CI]: 1.16‐1.97) for allele frequency 
difference, 1.76 (95% CI: 1.07‐2.88) for G allele positivity and 2.43 
(95% CI: 1.37‐4.31) for G allele homozygosity. The association of the 
ATG16L1 genotype with HCC remained significant after adjustment 
for male sex, age and aetiology in multivariate analysis 1 (Table 3). The 
association of HCC with the homozygous G allele was pronounced in 
women (OR 11.6, 95% CI 2.85‐47.4), in patients with viral cirrhosis (OR 
6.4, 95% CI 1.35‐30.14) and in patients older than 65 years of age (OR 
4.37, 95% CI 1.63‐11.73).

TA B L E  1   Demographic characteristics of the study population

 

Derivation cohort Validation cohort

HCC in cirrhosis Cirrhosis P value HCC in cirrhosis Cirrhosis P value

Numbers of patients 107 101 N/A 124 108 N/A

Male sex 89 (83.2%) 71 (70.3%) 0.033 100 (80.6%) 72 (66.7%) 0.015

Age (years) 66 (58; 71) 59 (52; 69) <0.001 65 (59; 72) 57 (49; 67) <0.001

Aetiology

Alcoholic 70 (65.4%) 65 (64.4%) 0.10 77 (62.1%) 94 (87.0%) <0.001

Viral 15 (14.0%) 12 (11.9%) 35 (28.2%) 14 (13.0%)

Autoimmune/
cholestatic

3 (2.8%) 10 (9.9%) 0 0

Hemochromatosis 8 (7.5%) 2 (2.0%) 1 (0.8%) 0

Cryptogenic/other 11 (10.3%) 12 (11.9%) 11 (8.9%) 0

MELDa 13 (9; 19) 12 (7; 19) 0.11 16 (12; 21) 15 (11; 20) 0.49

Child‐Pugh stage

Child A 21 (19.6%) 30 (29.7%) 0.24 33 (30.0%) 7 (6.5%) <0.001

Child B 36 (33.6%) 29 (28.7%) 48 (43.6%) 50 (46.7%)

Child C 50 (46.7%) 42 (41.6%) 29 (26.3%) 50 (46.7%)

Bilirubin (µmol/l)a 32 (15; 58) 25 (14; 56) 0.21 34 (16; 58) 38 (16; 55) 0.93

INR 1.3 (1.1; 1.5) 1.2 (1.1; 1.5) 0.13 N/A N/A N/A

ALT (µmol/l × s)a 0.85 (0.57; 1.33) 0.55 (0.41; 0.89) 0.001 0.67 (0.38; 1.31) 0.37 (0.25; 
0.60)

0.001

AST (µmol/l × s)a 1.13 (0.76; 2.25) 0.81 (0.55; 1.52) 0.001 1.17 (0.58; 2.18) 0.62 (0.40; 0.98) <0.001

Platelets (×103/µl)a 134 (88; 194) 137 (86; 199) 0.72 126 (89; 164) 130 (90; 178) 0.57

Abbreviation: HCC, hepatocellular carcinoma.
aData for MELD, ALT, AST, platelets and bilirubin were available from 392, 431, 399, 407 and 435 patients respectively. 
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3.3 | HCC phenotypes

To analyse the impact of ATG16L1 genotypes on the HCC pheno‐
types, the 107 HCC cases from the derivation cohort were stratified 
according to their p.T300A genotypes, resulting in 11 patients with 
genotype AA, 59 with AG and 37 with GG. There were no signifi‐
cant differences in age at diagnosis and disease stage as determined 
by BCLC or Okuda scores (Table S1). In total, 15 patients received 
potentially curative treatments, including ethanol injection, radi‐
ofrequency ablation, resection or transplantation. The actuarial 1‐
year survival after diagnosis of HCC was the lowest in patients with 
AA genotype (25.0%  ±  15.3%) as compared to patients with AG 
(40.0% ± 7.7%) or GG (40.8% ± 10.0%) genotypes (P = .31 in log‐rank 
test for trend). When 1‐year survival was assessed based on the day 
of inclusion into the study, survival was significantly associated with 

the ATG16L1 p.T300A genotype: 0.0% in AA, 20.6% ± 6.5% in AG 
and 23.5% ± 8.9% in GG carriers (P = .02 in log‐rank test for trend).

3.4 | Allele frequencies of PNPLA3 p.I148M 
(rs738409)

In order to investigate, whether the association of p.T300A was in‐
dependent from the genetic risk of complications of hepatic steato‐
sis, we determined the PNPLA3 p.I148M variant (rs738409) in both 
cohorts. The frequencies of the PNPLA3 rs738409 G allele were 
0.36 in patients with cirrhosis without HCC and 0.45 in patients with 
HCC in cirrhosis. Again, there was no difference in the G allele fre‐
quencies in patients with HCC when stratified for participating in 
a HCC surveillance programme or not (0.42 vs. 0.45; P  =  .58). As 
recently reported,13 the PNPLA3 p.I148M variant was associated 

TA B L E  2   Case‐control genotypes and allele frequencies of ATG16L1 p.T300A (rs2241880)

Phenotype (n)

ATG16L1 p.T300A (rs2241880)

Freq. (G)

Allele frequency difference
Linear‐by‐linear 
association

AA AG GG Odds ratio P value χ2 P value

Derivation cohort

Cirrhosis (101) 21 (20.8%) 57 (56.4%) 23 (22.8%) 51.0% 1.58 (1.07; 2.33) 0.022 6.07 0.014

HCC (107) 11 (10.3%) 59 (55.1%) 37 (34.6%) 62.1%

Validation cohort

Cirrhosis (108) 25 (23.1%) 58 (53.7%) 25 (23.1%) 50.0% 1.46 (1.01; 2.10) 0.045 4.01 0.048

HCC (124) 21 (16.9%) 59 (47.6%) 44 (35.5%) 59.3%

Combined analysis

Cirrhosis (209) 46 (22.0%) 115 (55.0%) 48 (23.0%) 50.5% 1.51 (1.16; 1.97) 0.003 9.83 0.002

HCC (231) 32 (13.9%) 118 (51.1%) 81 (35.1%) 60.6%

Abbreviation: HCC, hepatocellular carcinoma.

TA B L E  3   Logistic regression analysis of risk factors for hepatocellular carcinoma (HCC)

 

Univariate analysis Multivariate analysis 1 Multivariate analysis 2

Odds ratio (95%  
confidence interval) P value

Odds ratio (95%  
confidence interval) P value

Odds ratio (95%  
confidence interval) P value

ATG16L1

p.T300A Genotype
AA
AG
GG

1.00 (reference)
1.48 (0.88; 2.48)
2.43 (1.37; 4.31)

0.008 1.00 (reference)
1.53 (0.86; 2.70)
2.69 (1.43; 5.07)

0.006 1.00 (reference)
1.62 (0.91; 2.90)
2.89 (1.49; 5.46)

0.005

Male sex 2.08 (1.33; 3.24) 0.001 2.74 (1.65; 4.54) <0.001 2.79 (1.67; 4.65) <0.001

Age (per 1‐year increase) 1.07 (1.05; 1.09) <0.001 1.07 (1.05; 1.10) <0.001 1.07 (1.05; 1.10) <0.001

Alcoholic liver disease 0.55 (0.36; 0.83) 0.005 0.44 (0.28; 0.71) 0.005 0.39 (0.24; 0.64) <0.001

PNPLA3

p.I148M Genotype
CC
CG
GG

1.00 (reference)
1.33 (0.87; 2.01)
2.10 (1.20; 3.66)

0.03 Not included Not included 1.00 (reference)
1.24 (0.78; 1.98)
2.34 (1.25; 4.37)

0.03

Note: Odds ratios and 95% confidence intervals from univariate and multivariate binary logistic regression with HCC as the dependent variable in 
the combined cohort are shown. Reference categories are indicated. Multivariate models include the indicated significant variables from univariate 
analysis with (model 2) and without (model 1) PNPLA3 p.I148M genotype as a covariate.
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with HCC (Table S2). The odds ratios were 1.45 (95% confidence in‐
terval [CI]: 1.10‐1.90) for allele frequency difference, 1.50 (95% CI: 
1.02‐2.22) for G allele positivity and 2.10 (95% CI: 1.20‐3.66) for G 
allele homozygosity.

The association of ATG16L1 p.T300A with HCC remained in‐
dependent of PNPLA3 p.I148M in multivariate logistic regression 
(Table 3). Patients carrying 3 or more of the investigated risk al‐
leles in ATG16L1 and PNPLA3 were at a significantly increased risk 
for HCC as compared to patients carrying both wild‐type alleles 
(Figure 2).

4  | DISCUSSION

We herein report that the frequent genetic polymorphism ATG16L1 
p.T300A (rs2241880) was associated with the development of HCC 
in two independent cohorts of patients with cirrhosis, and remained 
significant after adjusting for potential confounders like age, sex, ae‐
tiology of cirrhosis and the PNPLA3 genotype. As autophagy is an 
important mechanism for maintaining cell homeostasis and metab‐
olism, it plays a role in stabilizing non‐malignant as well as tumour 
cells against apoptosis, metabolic and inflammatory stress.15,25 The 
ATG16L1 gene, located on chromosome 2, is a key regulator of au‐
tophagy. It is involved in the initiation of autophagy 26 and forms a 
large complex with ATG12 and ATG5.27 ATG16L1‐deficiency or car‐
riage of the investigated loss‐of‐function mutation p.T300A results 
in decreased antibacterial function and enhanced IL‐1β produc‐
tion by myeloid cells in response to pathogen‐associated bacterial 
patterns.19-22

An association of ATG16L1 polymorphisms with cancer has 
been observed in thyroid carcinoma,28 gastric cancer29,30 and oral 
squamous cell carcinoma31 and affects the outcome in colorectal 
cancer32 and lung cancer.33 Notably, the loss of function mutation 
p.T300A was protective in some but deleterious in other studies 
underlining that intact autophagy facilitates and suppresses tum‐
origenesis depending on the context. Concerning hepatic carcino‐
genesis, increased levels of proinflammatory cytokines and gene 
polymorphisms in the IL1‐β gene have been shown to be associated 

with HCC in patients with viral hepatitis.34,35 As autophagy can limit 
excessive inflammation, autophagy has been proposed as a protec‐
tive mechanism in the inflammation‐related HCC development.17 
The development and growth of HCC are associated with proinflam‐
matory mediators in the tumour microenvironment,36 stage and ae‐
tiology of liver disease as well as on the genetic background of the 
patient. Underlining the role of intact autophagy to limit hepatic car‐
cinogenesis, Okada et al reported that increased ATG16L1 activation 
was required to prevent the progression of steatohepatitis and the 
development of HCC in a mouse model and the overexpression of 
Atg16L1 inhibited NF‐κB and IL6 signalling in that study.37

Although there have been some encouraging reports on the 
utilization of surrogate parameters of inflammation and immune 
activation to predict the susceptibility to develop HCC,38 their 
application is limited due to high variability as their level is modu‐
lated by concurrent bacterial infections, the stage of liver disease 
and the degree of portal hypertension.39 Therefore, it seems to 
be difficult to define high‐risk groups for HCC‐development ac‐
cording to inflammatory parameters alone, which are measured 
at a random time point in the course of disease in such a highly 
dynamic system. In addition to clinical and demographic features, 
genetic variants, such as the identified genetic variants in ATG16L1 
and PNPLA3,13 may be taken into account when performing risk‐
based HCC surveillance in cirrhosis.

Despite the significant association of HCC with ATG16L1 p.T300A 
in two independent cohorts, our study has some limitations. First, the 
observed association of HCC with the G‐Allele could result from a 
higher mortality of patients with the A‐Allele before developing HCC. 
However, we did not detect an age difference between patients car‐
rying the different genotypes. Second, as this was an unmatched case 
control study, which stratified patients according to the presence of 
HCC at baseline, we could not exclude cirrhotic controls, who will de‐
velop HCC at a later time point. However, patients with cirrhosis who 
were selected as controls underwent HCC screening at a high percent‐
age for a median of 6 years. Third, only 50% of cirrhotic patients with 
HCC underwent surveillance, which may have impact the survival of 
HCC as these patients are diagnosed at an earlier stage, with smaller 
tumours more amenable to curative therapy. However, the SNP allele 

F I G U R E  2   Risk alleles in ATG16L1 and 
PNPLA3 and attributed hepatocellular 
carcinoma (HCC) risk. Distribution of risk 
alleles (rs2241880 and rs738409) among 
cases with HCC (n = 230) and controls 
with cirrhosis without HCC (n = 209). 
Odds ratios (OR) for HCCs are shown for 
1 to 4 risk alleles in comparison to patients 
carrying the ATG16L1 and PNPLA3 wild‐
type alleles
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frequencies were identical in patients with and without participation 
arguing against surveillance as a biasing factor in our analysis.

We herein demonstrate an independent association of a frequent 
ATG16L1 germ‐line mutation with the risk of developing HCC. The mul‐
ticentre setting and the composition of aetiologies is likely to be rep‐
resentative also for other Central European countries. Taken together, 
our data suggest that the ATG16L1 genotype can be employed in addi‐
tion to clinical data and other genetic risk factors to develop personal‐
ized strategies to at risk of HCC, which might benefit from undergoing 
more intensive tumour surveillance.
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