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Summary
Background: The influence of genetic factors on survival following a diagnosis of 
hepatocellular carcinoma (HCC) remains unclear.
Aim: To assess whether genetic polymorphisms influencing the susceptibility to de-
velop HCC are also associated with HCC prognosis.
Methods: We included United Kingdom Biobank (UKB) participants diagnosed with 
HCC after study enrolment. The primary outcome was all- cause mortality. Patients 
were followed from the date of HCC diagnosis to death or the registry completion 
date. Five HCC susceptibility loci were investigated: rs738409 (PNPLA3), rs58542926 
(TM6SF2); rs72613567 (HSD17B13); rs2242652 (TERT) and rs708113 (WNT3A). The 
associations between these genetic variants and HCC mortality risk were assessed 
using Cox regression, adjusted for age, sex, ethnicity, aetiology, severity of the under-
lying liver disease and receipt of curative HCC treatment.
Results: The final sample included 439 patients; 74% had either non- alcoholic fatty 
liver disease or alcohol- related liver disease. There were 321 deaths during a mean 
follow- up of 1.9 years per participant. Kaplan– Meier survival estimates at 1, 3 and 
5 years were 53.2%, 31.2% and 22.6% respectively.
In multivariate analysis, rs72613567:TA (HSD17B13) was the only genetic susceptibil-
ity variant significantly associated with all- cause mortality risk (aHR: 0.74; 95% CI: 
0.61– 0.90; p = 0.003). Other associated factors were Baveno stage 3– 4 (aHR: 1.65; 
95% CI: 1.05– 2.59; p = 0.03) and HCC treatment with curative intent (aHR: 0.25; 95% 
CI: 0.17– 0.37; p < 0.001).
Conclusions: The rs72613567:TA polymorphism in HSD17B13 is not only associated 
with a reduction in the risk of developing HCC but with a survival benefit in HCC 
once established. Therapeutic inhibition of HSD17B13 may augment survival in indi-
viduals with HCC.
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1  | INTRODUC TION

Hepatocellular carcinoma (HCC) is the most common form of pri-
mary liver cancer, responsible for ~800,000 deaths every year 
world- wide.1,2 Five- year survival after a diagnosis of HCC < 20%, 
which is in stark contrast to other types of cancer, for example, pros-
tate cancer, where 5- year net survival exceeds 90%.3– 5 Improving 
HCC prognosis is therefore a key priority. Early diagnosis of HCC at 
an incipient stage— that is, when the tumour is small and amenable 
to curative therapies— is the most critical predictor of 5- year sur-
vival.2,4 However, other patient factors are likely to contribute to 
HCC survival and identifying these could support the development 
of risk- stratification tools.

To date, genetic studies have focused on identifying loci associ-
ated with the susceptibility to develop HCC6– 10; five main HCC sus-
ceptibility loci have been identified thus far:

• rs738409 in Patatin Like Phospholipase Domain Containing 3 
(PNPLA3)6– 8

• rs58542926 in Transmembrane 6 Superfamily Member 2 
(TM6SF2)6

• rs72613567 in Hydroxysteroid 17- Beta Dehydrogenase 13 
(HSD17B13)9

• rs2242652 in Telomerase Reverse Transcriptase (TERT)7

• rs708113 in the of region of Wingless- Type MMTV Integration 
Site Family, Member 3A (WNT3A)8

In certain cancers, for example, renal,10 prostate11 and breast,12 
genetic factors associated with the susceptibility to cancer develop-
ment have also been shown to influence outcomes. However, little 
is known about possible genetic influence on the outcome of HCC. 
The aim of this study was to assess whether the genetic risk fac-
tors known to influence HCC development also influence disease 
outcome.

2  | METHODS

2.1 | Data source

The United Kingdom Biobank (UKB) is a community cohort study 
which has collected and continues to collect extensive environmen-
tal, lifestyle and genetic data from 502,492 UK residents. Some 
9 million persons aged 40– 69 years living within 25 miles of one of 
22 UKB assessment centres were invited to take part in the study. 
Those accepting were enrolled between May 2006 and July 2010; 
they completed comprehensive health questionnaire and donated 
biological samples including DNA.13 Follow- up data on subse-
quent health outcome events are supplied through record linkage 
to UK mortality, hospital and cancer registries.14 Since study enrol-
ment, more than 25,000 participants have been diagnosed with a 
malignancy.

2.2 | Study population

This study included all participants with an incident HCC presenta-
tion following UKB enrolment. Incident HCC was defined as the first 
record of an ICD:C22.0 code in either (a) an in- patient hospital ad-
mission record; or (b) a cancer registration record; or (c) the mortal-
ity register. Only ICD10:C22.0 codes present in the main/underlying 
diagnostic or cause of death position were used to define HCC. The 
earliest HCC diagnosis/presentation date across these three regis-
ters was assumed to be the HCC incidence date.

Patients were excluded if they had incomplete information for 
any of the 5 HCC genetic susceptibility loci considered in this study. 
Participants were also excluded if they were a first or second- degree 
relative of another participants (inferred via a kinship coefficient 
>=0.1).

UKB participants without an incident HCC diagnosis served as 
controls to confirm each variant's association with HCC susceptibility.

2.3 | Primary outcome event

The primary outcome event was all- cause mortality consistent with 
how cancer prognosis is defined in the wider literature.15

2.4 | HCC susceptibility loci

Genotype status of five HCC genetic susceptibility loci was ascer-
tained from version 3 of the UKB imputed genetic dataset (down-
loaded May 2019) viz:

• rs738409:G in PNPLA3: associated with an increased HCC risk6– 8

• rs58542926:T in TM6SF2: associated with an increased HCC risk6

• rs72613567:TA in HSD17B13: associated with a reduced HCC risk9

• rs242652:A in TERT: associated with a reduced HCC risk7 and
• rs708113:T near WNT3A: associated with a reduced HCC risk8

2.5 | Non- genetic covariates

Liver disease aetiology was identified using a hierarchical definition 
of: (#a) viral hepatitis, (#b) autoimmune liver disease in the absence 
of (#a; #c) alcohol- related liver disease (ArLD) in the absence of (#a- 
#b; #d) non- alcoholic fatty liver disease (NAFLD) in the absence of 
(#a– #c; and #e) other/unknown in the absence of (#a– #d). Risk fac-
tors for these aetiologies were discerned through a combination of 
hospital admissions and/or information reported during the UKB en-
rolment interview (Table S1).

The presence and severity of cirrhosis were defined using hos-
pital admission data prior to HCC presentation. Specifically, the 
algorithm developed by Driver et al,16 which uses hospital admis-
sion episodes in the past 5 years to group individuals with HCC 
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     |  3INNES et al.

into distinct cirrhosis severity groups was adopted. These severity 
groups were as follows: (a) no cirrhosis; (b) cirrhosis without varices 
or ascites; (c) cirrhosis with non- bleeding varices; (d) cirrhosis with 
ascites; (e) cirrhosis with bleeding varices.

Episodes of HCC treatment with curative intent were identi-
fied from surgical OPCS4 hospital procedure codes appearing in 
combination with an ICD10:C22.0 code. OPCS4 codes for ablation 
(J124; J127; J125; J126; J033; Y134; J083) resection (J023; J021; 
J022; J024; J027) and liver transplantation (J011; J015) were in-
cluded. These specific codes were identified through a two- stage 
process: (a) extracting all hospital admissions for HCC present in 
the UKB cohort (N = 1134); and then (b) reviewing and categorising 
all OPCS4 codes included within these 1134 hospital admissions 
according to whether they refer to instances of curative treat-
ment or not, as defined by the relevant EASL clinical guidelines.2 
(Table S2). Ethnicity was defined based on whether participants 
were of white British ancestry or not, using UKB field ID:22006. 
Finally, data on FIB- 4, measured at the time of UKB enrolment 
were also extracted.

2.6 | Statistical analyses

First, the minor allele frequencies for the selected variants in the 
final HCC sample were compared with those in non- HCC controls to 
confirm associations with HCC susceptibility. p- values were gener-
ated from a logistic regression model with adjustment for age at UKB 
enrolment and sex.

Second, Cox regression was used to determine independent as-
sociations between each genetic variable and mortality risk follow-
ing an HCC diagnosis. Follow- up time began at the date of incident 
HCC and ended at the date of death or 31 October 2021, which is 
the latest date the UKB mortality data were available at the time 
of this analysis. Genetic associations were calculated under both an 
additive and genotypic model. A Bonferroni- corrected significance 
threshold of p < 0.01 (i.e. 0.05/5) was used to judge statistical sig-
nificance for genetic associations to account for multiple testing. All 
models included adjustment for age at HCC diagnosis, sex, ethnicity, 
aetiology and severity of the underlying liver disease, receipt of cu-
rative HCC treatment and the first 10 principal components of ge-
netic ancestry.

Receipt of HCC curative therapy was incorporated as a time- 
dependent variable— thereby accommodating changes in treatment 
status during the course of follow- up and avoiding immortal time 
bias.17 The proportional hazards assumption was verified for all 
models using the global Schoenfeld residual test.

2.7 | Sensitivity analyses

Several sensitivity analyses were performed to assess the robust-
ness of, or further interrogate, the findings. First, the analysis was re-
stricted to patients with ArLD and NAFLD, as genetic susceptibility 

to HCC may vary by aetiology, particularly in relation to chronic 
viral hepatitis.18,19 Second, the main analysis was repeated for liver- 
related mortality, defined as a death from liver cancer (ICD10:C22) 
or chronic liver disease (ICD10: K70- K77 codes) recorded in any 
position on the death certification. Third, the potential interaction 
between rs72613567 in HSD17B13 and rs738409 in PNPLA3 with 
assessed in respect to HCC survival. This was prompted by previous 
evidence of epistasis between these polymorphisms.20 Fourth, as-
sociations were also adjusted for the FIB- 4 score measured at UKB 
enrolment. Fifth, associations were stratified by cirrhosis status at 
the time of HCC diagnosis (i.e. Baveno group 0 vs. 1– 4). Finally, the 
analysis was restricted to individuals of White British ancestry, de-
fined using the UKB field ID: 22006.

3  | RESULTS

3.1 | Derivation of final sample

A total of 456 UKB participants met our inclusion criteria; 17 partici-
pants without available genetic data were excluded. Thus, our final 
sample comprised of 439 participants with incident HCC.

A total of 467,673 UKB participants without evidence of an inci-
dent HCC, during the time frame of the study, served as controls for 
disease susceptibility.

3.2 | Characteristics of final sample

The majority of the 439 participants were male (78%) and aged 
>70 years at diagnosis (mean age: 69.2) (Table 1). NAFLD was the 
most common underlying liver disease (41%) followed by alcohol- 
related liver disease (33%) and viral hepatitis (11%). Most individu-
als (55%) did not have a previously recorded hospital admission with 
cirrhosis. Only one- fifth (20%) received curative treatment for HCC 
during follow- up. The mean and median FIB- 4 score at UKB enrol-
ment were 2.8 and 2.1 respectively. However, FIB- 4 values were 
measured, on average, 7.4 years before HCC diagnosis (Figure S1).

The minor allele frequencies of the genetic susceptibility variants 
in the HCC participants ranged from 14.9% (rs58542926 in TM6SF2) 
to 39.4% (rs708113 in WNT3A), in line with previously published 
data.6– 9

3.3 | HCC susceptibility

With the exception of rs708113 near WNT3A, all of the selected 
variants were significantly associated with HCC susceptibility al-
though with differences in the directionality of the effect (Figure 1A 
and Table S3). Thus, rs738409 in PNPLA3 and rs58542926 inTM6SF2 
were associated with an increased risk for developing HCC, while 
rs72613567 in HSD17B13 and rs242652 in TERT were associated 
with a reduced (protective) risk.
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4  |     INNES et al.

3.4 | Post- HCC mortality

The study cohort was followed for 840 person- years after HCC di-
agnosis. The mean and median follow- up time per participant was 
1.91 and 0.95 years respectively (Table S4). In total, 321 deaths were 
observed. The Kaplan– Meier survival estimate at 1, 3 and 5 years 
were 53.2% (95% CI: 48.4– 57.8); 31.2% (95% CI: 26.7– 35.9) and 
22.6% (95% CI:18.3– 27.2) respectively (Figure 1B). The median sur-
vival time was 1.30 years (95% CI: 0.89– 1.59). Of the 321 deaths 
observed, 295 (92%) were categorised as liver- related deaths, as 
previously defined (Table S4).

3.5 | Factors associated with HCC survival

3.5.1 | Genetic factors

In multivariate analysis, rs72613567 in HSD7B13 was significantly 
associated with better overall survival following HCC diagnosis. 
Specifically, individuals carrying the TA allele had a lower mortal-
ity risk than carriers of the T allele (aHR:0.74; 95% CI:0.61– 0.90; 
p = 0.003) (Figure 1C; Table 2). The genotypic association was 
aHR:0.80 (p = 0.09) for TA heterozygotes; and 0.50 (p = 0.01) for TA 
homozygotes all relative to the TT genotype (Figure S2).

The association with rs72613567 in HSD7B13 and all- cause mor-
tality was also significant in the subgroup of participants with NAFLD 
and alcohol- related liver disease (aHR: 0.68; 95% CI: 0.54– 0.86; 
p = 0.001) (Table 3). The rs72613567 variant was also significantly as-
sociated with liver- related mortality (aHR: 0.74; 95% CI: 0.60– 0.91; 
p = 0.004) (Figure S3). There was no indication of a strong interaction 
with rs738409 in PNPLA3, nor did the association attenuate with ad-
justment for FIB- 4 scores. The association between rs72613567 in 
HSD7B13 and all- cause mortality was greater in participants who did 
not have cirrhosis (HR:0.67; 95% CI: 0.51– 0.88; p = 0.004) compared 
with those who did (HR: 0.85; 95% CI: 0.62– 1.16; p = 0.31); however, 
the difference was not statistically significant, indicated by the over-
lapping confidence intervals (Table 3).

In contrast, rs738409 (PNPLA3); rs58542926 (TM6SF2); 
rs2242652 (TERT) and rs708113 (WNT3A) were not significantly as-
sociated with either all- cause or liver- related mortality (Figure 1C, 
Figures S2 and S3).

3.5.2 | Non- genetic factors

The strongest predictor of all- cause mortality risk was receiving cu-
rative HCC treatment; this was associated with >70% reduction in 
the HCC mortality hazard (aHR: 0.25; 95% CI: 0.17– 0.37; p < 0.001) 
(Table 2). Advanced cirrhosis (i.e. Baveno stage 3/4) was associated 
with a higher risk of all- cause mortality compared to non- cirrhosis 
(aHR: 1.65; 95% CI: 1.05– 2.59; p = 0.03) (Table 2). Otherwise, no sig-
nificant associations were observed in relation to age, sex or liver 
disease aetiology.

TA B L E  1   Demographic, clinical and genotypic data in the 439 
UKB participants with HCC.

Characteristic

Demographic factors

Mean age, years (±1 SD) 69.2 (±6.9)

Male gender 340 (77.5%)

White British ancestry 370 (84.3)

Clinical factors

HCC aetiology

NAFLD 179 (40.8%)

Alcohol 145 (33.0%)

Viral hepatitis 49 (11.2%)

Autoimmune 19 (4.3%)

Other/unknown 47 (10.7%)

Cirrhosis stage

No cirrhosis 242 (55.1%)

Baveno stage 1 107 (24.4%)

Baveno stage 2 61 (13.9%)

Baveno stage 3/4 29 (6.6%)

Genetic factors

HCC curative treatment 87 (19.8%)

rs738409 (PNPLA3)

CC 217 (49.4)

CG 167 (38.0)

GG 55 (12.5)

G Allele frequency 31.5%

rs58542926 (TM6SF2)

CC 325 (74.0)

CT 97 (22.1)

TT 17 (3.9)

T allele frequency 14.9%

rs72613567 (HSD17B13)

TT 273 (62.2)

T TA 140 (31.9)

TA TA 26 (5.9)

TA allele frequency 21.9%

rs2242652 (TERT)

GG 312 (71.1)

GA 114 (26.0)

AA 13 (3.0)

A allele frequency 15.9%

rs708113 (WNT3A)

AA 159 (36.2)

AT 214 (48.8)

TT 66 (15.0)

T allele frequency 39.4%

Note: With the exception of allele frequencies for genetic factors, all 
cells indicate the number of patients, followed by column percentage in 
parentheses.
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     |  5INNES et al.

4  | DISCUSSION

The aim of this study was to assess if genetic polymorphisms that 
are known to influence susceptibility to HCC, may also be associ-
ated with HCC prognosis. The data show that survival following 
HCC diagnosis is associated with the HSD17B13: rs72613567 geno-
type. The directionality of the association with HCC survival was 
consistent with its effect on HCC susceptibility. Thus, individuals 
carrying rs72613567:TA are less likely to develop HCC9; those who 
do develop an HCC appear to have a survival advantage compared 
with carriers of rs72613567:T. In contrast, there was no convincing 
evidence of an association between HCC prognosis and suscepti-
bility loci in PNPLA3, TM6SF2, TERT or WNT3A. Likewise, there was 
no association between HCC prognosis and age, sex, ethnicity or 
liver disease aetiology, although there was a significant negative 
association with disease severity. This study also underscores the 
appreciable influence that curative- intent HCC treatments have on 
prognosis. Indeed, the mortality risk was 75% lower in individu-
als who received curative therapy compared to those who did not. 
Unfortunately, only one in five HCC participants in this cohort re-
ceived curative therapies, which is consistent with estimates from 
elsewhere.21 This likely reflects that fact that the majority of par-
ticipants with HCC in this cohort, as is generally the case, were first 
diagnosed when they already have intermediate/advanced disease 

when treatment with curative intent is no longer possible.2 This 
clearly indicates that early HCC detection is imperative to improve 
net survival.

The role of HSD17B13 in human physiology and the molec-
ular mechanism responsible for its hepatoprotective effects are 
largely unknown. The hepatoprotective association may relate 
to the role of the protein product HSD17B13 as a retinol dehy-
drogenase (RDH), which is highly expressed in the liver.22 The 
rs72613567:TA allele is a loss of function variant, leading to di-
minished RDH activity. Amangurbanova et al,23 have proposed 
that reduced RDH activity results in increased vitamin A storage 
in hepatic stellate cells, which in turn reduces inflammation, fi-
brogenesis and hepatic stellate cell activation. Interest has been 
shown in the possibility that HSD17B13 inhibition may provide an 
attractive drug target.24 This is supported by the fact that: (i) the 
hepatoprotective effect of the rs72613567 variant in HSD17B13 
is relatively consistent across ethnic groups and broadly across 
liver disease aetiologies and, (ii) HSD17B13 deficiency caused 
by homozygous carriage of the rs72613567 variant does not ap-
pear to cause any direct adverse events in humans. The results 
of the present study imply that HSD17B13 may be a therapeutic 
target for HCC, and that HSD17B13 inhibitors— which are being 
evaluated in clinical trials as a treatment for NAFLD25— may fa-
vourably influence HCC prognosis. However, the biological role 

F I G U R E  1   Influence of genetic variants on HCC susceptibility and prognosis. Panel (A) Allele frequency in study cohort versus non- HCC 
controls. (B) Kaplan– Meier survival proportion following HCC diagnosis. (C) Adjusted association between genetic polymorphisms and post- 
HCC mortality risk.
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6  |     INNES et al.

of HSD17B13 is poorly understood particularly its role in hepatic 
lipid metabolism. In addition, the interplay between HSD17B13 
and PNPLA3 is an important confounder, particularly as PNPLA3 
may also be a target for therapeutic inhibition.26 Thus, further 
clarification of the physiological role of HSD17B13 and a better 
understanding of the genetic basis of its hepatoprotective effects 
are needed before its value as a potential therapeutic target can 
be embraced with certainty.

Previous studies have shown unequivocally that rs72613567:TA 
in HSD17B13 protects against the development of cirrhosis, HCC 
and liver mortality7– 9,27,28— yet opinion is divided on the prognos-
tic significance of this variant for patients with advanced liver 
disease.29,30 The present study looked specifically at the possible 
roles played by known genetic risk loci for the development of 
HCC on survival following diagnosis. To our knowledge, there are 
no other studies which have examined the prognostic relevance 
of the rs72613567 polymorphism in this way. In an earlier study, 

Valenti and colleagues reported that carriage of the rs738409:G 
allele (PNPLA3) was associated with inferior survival following 
HCC diagnosis in a cohort of HCC patients from Northern Italy.31 
Nevertheless, this association was only observed within a small 
subgroup of patients with ALD and NAFLD (n = 101; HR = 1.87; 
p = 0.02), and not in those with other liver disease aetiologies 
(n = 255; HR = 1.12; p = 0.55). In contrast, our data do not support 
this finding, suggesting instead that rs738409 has a neutral effect 
on HCC prognosis.

This study has numerous limitations. First, for lack of a better 
alternative, the presence of cirrhosis was established from hos-
pital admission episodes occurring prior to HCC diagnosis using 
an algorithm proposed by Driver et al.16 Using this approach, only 
45% of participants had been hospitalised for cirrhosis before pre-
sentation with HCC. However, this is likely a significant underesti-
mate as cirrhosis is often asymptomatic and does not typically lead 
to an inpatient hospital admission until disease decompensation. 

TA B L E  2   Demographic, clinical and genetic risk factors in UKB participants with HCC associated with all- cause mortality.

Characteristic

Univariate Multivariate*

Hazard ratio p Adjusted hazard ratio p

rs738409:G (PNPLA3) 0.95 (0.81– 1.11) 0.50 0.98 (0.83– 1.16) 0.83

rs58542926:T (TM6SF2) 0.93 (0.75– 1.14) 0.47 0.88 (0.71– 1.10) 0.27

rs72613567:TA (HSD17B13) 0.77 (0.64– 0.93) 0.006 0.74 (0.61– 0.90) 0.003

rs2242652:A (TERT) 0.90 (0.72– 1.11) 0.32 1.03 (0.82– 1.28) 0.82

rs708113:T (WNT3A) 1.03 (0.88– 1.22) 0.68 1.10 (0.92– 1.30) 0.30

Age, per 10 years increase 1.13 (0.96– 1.34) 0.14 1.10 (0.92– 1.33) 0.30

Sex

Female REF (1.00) – REF (1.00) – 

Male 1.14 (0.87– 1.49) 0.34 1.09 (0.79– 1.51) 0.59

White British ancestry

Yes REF (1.00) – REF (1.00) – 

No 1.20 (0.89– 1.64) 0.24 0.67 (0.42– 1.08) 0.10

HCC aetiology

NAFLD REF (1.00) – REF (1.00) – 

Alcohol 1.22 (0.95– 1.57) 0.12 1.19 (0.91– 1.55) 0.21

Viral hepatitis 0.69 (0.47– 1.01) 0.06 0.85 (0.53– 1.35) 0.48

Autoimmune 0.80 (0.44– 1.44) 0.45 0.77 (0.41– 1.44) 0.41

Other/unknown 1.02 (0.70– 1.49) 0.93 1.22 (0.79– 1.91) 0.37

Cirrhosis severity

No cirrhosis REF (1.00) – REF (1.00) – 

Baveno stage 1 0.90 (0.69– 1.18) 0.45 0.99 (0.74– 1.33) 0.97

Baveno stage 2 0.97 (0.70– 1.35) 0.84 1.09 (0.75– 1.57) 0.66

Baveno stage 3/4 2.11 (1.34– 3.31) 0.001 1.65 (1.05– 2.59) 0.03

HCC curative treatment

No REF (1.00) – REF (1.00) – 

Yes 0.25 (0.17– 0.36) <0.001 0.25 (0.17– 0.37) <0.001

*Multivariate model also included adjustment for the first 10 principal components of genetic ancestry, however, the coefficients for these terms are 
omitted from this table; emboldened variables are independently associated with mortality risk at p < 0.01.
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Driver et al,16 have suggested including hospital admissions oc-
curring after HCC diagnosis to improve sensitivity, but this could 
lead to “immortal time bias” in a survival analysis context and so 
was not employed. Thus, residual confounding by cirrhosis sever-
ity is a possibility. In a sensitivity analysis, the association between 
rs72613567 and mortality did not attenuate with adjustment for 
FIB- 4, a routine marker of fibrosis severity. However, the FIB- 4 
data were measured 7 years prior to HCC diagnosis on average 
and hence should be used with caution. Second: the present study 
cohort may not be generalisable to HCC patients in the United 
Kingdom as a whole. UKB participants are generally healthier than 
the general UK population and have lower mortality and cancer in-
cidence rates.32 Nevertheless, the 5- year survival rates observed 
in this cohort at 22.6% were very similar to nationally represen-
tative estimates from the United Kingdom.5 Our sample was also 
heterogeneous in terms of liver disease aetiology, liver disease se-
verity and HCC stage at diagnosis; thus, the associations reported 
may not be equivalent for all types of patient. However, the sen-
sitivity analyses we performed are an attempt to identify if any 
major differences exist. Our sample size was also relatively mod-
est comprising of only 439 individuals, which precluded perfor-
mance of detailed subgroup analyses. Our methods did not include 
independent validation in an external cohort, which is another key 
limitation of this study. Further, we had insufficient information to 
allow HCC classification at diagnosis using Barcelona Clinic Liver 
Cancer (i.e. BCLC) criteria. However, uptake of curative HCC ther-
apies can be considered a reasonable proxy for early HCC detec-
tion.2 Finally, due to limited statistical power, this study focused 
on five well- established HCC susceptibility loci that have been 
robustly replicated across cohorts. The rs28929474 variant in 
SERPINA1 was not included because it is rare and it is unlikely that 
the statistical power would have been insufficient to detect an 
association with HCC survival, even if one existed. The rs641738 
variant in MBOAT7 and the rs1260326 variant in GCKR were also 
not included because while they are included in some polygenic 

risk scores for HCC,33 their independent associations with HCC 
susceptibility are equivocal.

In conclusion, this study demonstrates that carriage of the 
rs72613567:TA variant in HSD17B13 is associated with survival ben-
efit after HCC diagnosis. Further studies are now needed to corrob-
orate this finding and elucidate the therapeutic corollaries.
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TA B L E  3   Association between rs72613567 in HSD17B13 and mortality risk in sensitivity analyses.

Sensitivity analysis Description
Sample  
size

No. of 
events

Effect/ref 
allele aHR (95% CI) p- value

Base- case analysis 439 312 TA/T 0.74 (0.61– 0.90) 0.003

1. Aetiology Alcohol and NAFLD 324 242 TA/T 0.68 (0.54– 0.86) 0.001

2. Cause of death Liver- related mortality 439 295 TA/T 0.74 (0.60– 0.9) 0.004

3. PNPLA3 interaction rs738409 CC genotype 217 162 TA/T 0.75 (0.54– 1.02) 0.07

rs738409 CG or GG 
genotype

222 159 TA/T 0.70 (0.53– 0.93) 0.012

4. Residual confounding + adjustment for FIB- 4 412a 301 TA/T 0.74 (0.60– 0.90) 0.003

5. Cirrhosis severity No cirrhosis 242 180 TA/T 0.67 (0.51– 0.88) 0.004

Baveno groups 1– 4 197 141 TA/T 0.85 (0.62– 1.16) 0.31

6. Ethnicity White British ancestry 370 273 TA/T 0.77 (0.62– 0.95) 0.016

Note: All associations adjusted for age; sex; ethnicity; liver disease severity, aetiology, curative HCC treatment and the first 10 principal components 
of genetic ancestry.
aFIB4 missing in 27 individuals.
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