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Abstract
Background & aims: The impact of interferon (IFN)- free therapies on the epidemiol-
ogy of hepatitis C virus (HCV) related hepatocellular carcinoma (HCC) is not well un-
derstood at a population level. Our goal was to bridge this evidence gap.
Methods: This study included all patients in Scotland with chronic HCV and a diag-
nosis of cirrhosis during 1999- 2019. Incident cases of HCC, episodes of curative HCC 
therapy, and HCC- related deaths were identified through linkage to nationwide reg-
istries. Three time periods were examined: 1999- 2010 (pegylated interferon- ribavirin 
[PIR]); 2011- 2013 (First- generation DAA); and 2014- 2019 (IFN- free era). We used re-
gression modelling to determine time trends for (i) number diagnosed and living with 
HCV cirrhosis, (ii) HCC cumulative incidence, (iii) HCC curative treatment uptake and 
(iv) post- HCC mortality.
Results: 3347 cirrhosis patients were identified of which 381 (11.4%) developed HCC. 
After HCC diagnosis, 140 (36.7%) received curative HCC treatment and there were 202 
deaths from HCC. The average annual number of patients diagnosed and living with 
HCV cirrhosis was approximately seven times higher in the IFN- free versus the PIR era, 

www.wileyonlinelibrary.com/journal/liv
mailto:
https://orcid.org/0000-0003-0565-1083
https://orcid.org/0000-0003-0788-6011
https://orcid.org/0000-0002-2164-4476
http://creativecommons.org/licenses/by/4.0/
mailto:Hamish.Innes@gcu.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fliv.15143&domain=pdf&date_stamp=2022-01-05


2  |    INNES Et al

1  |  INTRODUC TION

Hepatocellular carcinoma (HCC) is a major cause of excess mortality 
in patients with hepatitis C virus (HCV) infection. From an epidemio-
logical perspective, the number of HCC deaths occurring in a given 
time period depends on four main factors:

• Size of the ‘at risk’ population (For HCC, the major ‘at risk’ popu-
lation are people with liver cirrhosis-  ie the prevalence of cirrhosis 
in HCC patients exceeds 80%.1)

• Cumulative incidence of HCC among the ‘at risk’ population 
(Previous studies suggest the incidence of HCC among patients 
with HCV- related cirrhosis varies from 1- 3 events per 100 person 
years of follow- up.2- 6)

• Uptake of HCC curative therapy following an HCC diagnosis 
(Receiving curative HCC therapy is associated with improved sur-
vival,7 but only patients with early stage HCC are eligible1,8).

• Overall survival following HCC diagnosis (HCC is a leading cause 
of cancer mortality9; Average survival after an HCC diagnosis is 
less than 1 year.10)

The arrival of interferon- free (IFN- free) direct acting antivi-
rals (DAAs) from 2014 has not only revolutionised the treatment of 
chronic HCV infection but also offers new public health opportuni-
ties.11 Whereas older treatments were long, arduous and ineffective, 
IFN- free therapies are short, tolerable and highly effective.12,13 It is 
likely that IFN- free DAAs have already impacted the epidemiologi-
cal landscape for HCV- related HCC. However, few studies have been 
able to quantify these changes at a population level, and so the pic-
ture remains uncertain. For example, the number of cirrhosis patients 
with cured HCV has probably increased dramatically in recent years, 
but precise numbers are not yet known. Similarly, although studies 
have shown that HCV cure is associated with reduced HCC incidence 
for cirrhosis patients,6,14 this does not necessarily mean that HCC in-
cidence is falling at a population level. The situation is complicated 
because HCV cure is also associated with a reduced risk of competing 
risk events (i.e. events that preclude the occurrence of HCC, such as 
death from decompensated cirrhosis), which may mitigate the pop-
ulation impact for HCC. By the same token, there is evidence that 
HCV cure is associated with improved post- HCC survival15,16 –  but 

this does not necessarily mean that overall survival at the population 
level has improved.

A better understanding of how these four aspects of the epidemio-
logical landscape are shifting over time (if at all) is vital for policy makers 
and practitioners because they provide insight into the drivers of HCC 
mortality and indicate what innovations are likely to have the biggest 
impact on reducing deaths going forward (i.e. chemoprevention, risk- 
stratification for HCC screening, or drug- discovery for late stage disease). 
The main obstacle to carrying out this analysis is that it requires compre-
hensive and linkable health registries in order to follow patients from cir-
rhosis diagnosis through to death. Historical data for patients diagnosed 
in the era of IFN- based therapies are also essential. Scotland is one of the 
few settings anywhere in the world with the requisite database and link-
age infrastructure to carry out this type of analysis. Thus, the main aim of 
this study was to determine the trends over a twenty- year period (1999 
to 2019) in the aforementioned domains for HCV patients in Scotland.

2  |  METHODS

2.1  |  Study design and primary objective

We conducted a population- based cohort study to assess trends 
over time in relation to; (a) the number of individuals living with HCV 
cirrhosis, (b) HCC incidence, (c) receipt of HCC curative treatment, 
and (d) post- HCC mortality risk.

Secular trends were assessed using descriptive statistics and 
through competing risk multivariable regression models.

whereas the number of incident HCCs was four times higher. However, the cumulative 
incidence of HCC was significantly lower in the IFN- free versus PIR era (sdHR: 0.65; 
95%CI:0.47- 0.88; P = .006). Among HCC patients, diagnosis in the IFN- free era was not 
associated with improved uptake of curative treatment (aOR:1.18; 95%CI:0.69- 2.01; 
P = .54), or reduced post- HCC mortality (sdHR: 0.74; 95%CI:0.53- 1.05; P = .09).
Conclusions: The cumulative incidence of HCC is declining in HCV cirrhosis patients, 
but uptake of curative HCC therapy and post- HCC survival remains suboptimal.

K E Y W O R D S
antiviral therapy, competing risks, DAAs, HCC, liver cancer, time trends

Lay Summary

Individuals with hepatitis C cirrhosis are at high risk of 
developing hepatocellular carcinoma (HCC), which is the 
main form of primary liver cancer. Here, we showed that 
the incidence of hepatitis C related HCC has declined in 
recent years, following the introduction of new hepatitis C 
therapies. However, for individuals who do develop HCC, 
survival and uptake of curative treatment still remain poor.
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2.2  |  Data Sources

We used data from four national health registries from Scotland to assess 
trends in HCV- related HCC over a period of 20 years (i.e. 1999 to 2019). 
First, the Scottish HCV clinical database records information on all patients 
attending a liver clinic in Scotland for care/management of their HCV infec-
tion. Second, the SMR01 database records all in- patient and day- case hos-
pital admissions in Scotland. Third, the Scottish mortality register provides 
information on the date and cause of all deaths in Scotland. Fourth, the 
SMR06 registry provides detailed information on all cancer diagnoses in 
Scotland. Collectively, the SMR01, SMR06 and Scottish mortality register 
provide a means of following patients up over time. Linkage of these regis-
tries to the Scottish HCV clinical database was approved by Public Health 
Scotland Privacy Public Benefit Panel (application number: 1516- 0457).

2.3  |  Inclusion/exclusion criteria

All patients in Scotland with chronic HCV who received a diagnosis of cir-
rhosis between 1999 and 2019 were included in this study (N = 3350). 
Cirrhosis was defined as a diagnosis of compensated or decompensated 
cirrhosis made during the course of routine clinical investigation and fol-
low- up at a specialist liver clinic. Typically, cirrhosis is diagnosed through a 
combination of liver biopsy; transient elastography; abdominal ultrasound; 
clinical examination; and routine liver function tests. The earliest date of 
cirrhosis diagnosis was obtained from the Scottish HCV clinical database.

Patients were excluded if HCC occurred before cirrhosis diag-
nosis, which we defined as an HCC diagnosis more than one year 
prior to cirrhosis diagnosis (N = 3). Thus, there were 3347 cirrhosis 
patients in our study population after applying the aforementioned 
exclusion criteria (see Figure 1).

2.4  |  Outcome event definitions

Incident cases of HCC were identified through the presence of 
an ICD code for HCC (i.e. ICD10: C22.0; ICD9:155.0) in either a 

cancer register, hospital admission or mortality record. Hospital 
admission and mortality records were only used to define HCC 
if they included an ICD code for HCC in the primary diagnostic/
cause of death position. The date of HCC incidence was defined 
as the earliest HCC diagnosis/presentation date from across these 
three registries. All HCC presentations through to 31 Dec 2019 
were counted.

Episodes of HCC treatment with curative intent were identified 
from surgical OPCS4 hospital procedure codes present in combina-
tion with an ICD10:C22.0 or ICD9:155.0 code in the primary dis-
charge position. OPCS4 codes were included for ablation (J124; 
J127; J032; Y134; Y114; J083; J126; J125); resection (J023; J021; 
J022; J024; J031; J028; J026; J038) and liver transplantation (J011; 
J015; J012). These specific codes were identified through a two- 
stage process: (a) extracting all hospital admissions for HCV- related 
HCC occurring in Scotland in 1996- 2019 (N = 4038); and then (b) 
reviewing and then categorising all OPCS4 codes included within 
these 4038 hospital admissions according to whether refer to in-
stances of curative treatment or not, as defined by EASL clinical 
guidelines. [8] (see Table S1).

Deaths from HCC were identified by the presence of an HCC 
ICD code (ICD10: C22.0; ICD9:155.0) in any cause of death position.

2.5  |  Definition of study covariates

The study outcome events were compared across three time pe-
riods, with each period corresponding to a distinct era of antivi-
ral treatment. These three periods were (a) 1999- 2010 (pegylated 
interferon- ribavirin); (b) 2011- 2013 (First- generation DAA); and (c) 
2014- 2019 (IFN- free era).

Information on chronic HCV infection status was inferred from 
antiviral treatment history recorded on the HCV clinical database. 
Patients were assumed to have chronic infection through to the date 
of SVR achievement (if at all). The date of SVR achievement was de-
fined as six months after the treatment completion date for episodes 
initiated before the year 2014 (i.e. SVR24); and three months after the 

F I G U R E  1  Derivation of study 
population
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treatment completion date for episodes initiated from 2014 onwards 
(i.e. SVR12). This aligns with how SVR was defined by clinicians during 
the time frame of this study. A known history of heavy alcohol use was 
defined as self- reported consumption >50 units/week for a sustained 
period of six months or more. The deprivation status of participants 
was ascertained from the 2020 Scottish Index of Multiple deprivation 
(SIMD). SIMD scores were grouped into quintiles; quintile 1 represents 
the most deprived 20% of the Scottish population, whereas quintile 
5 represented the least deprived 20% of the Scottish population. 
Decompensated cirrhosis was defined as diagnosis of bleeding oe-
sophageal varices, ascites and/or hepatic encephalopathy. Individuals 
known to have a history of injecting drug use (IDU) were identified 
using information recorded on the HCV clinical database. Age refers 
to age at the date of cirrhosis and was treated as a continuous variable 
where appropriate. No individuals in our final sample were missing 
data for any of these aforementioned covariates.

2.6  |  Statistical analyses

2.6.1  |  Descriptive analysis

‘At risk’ patients
We determined the absolute number of patients living with HCV cir-
rhosis in Scotland for each calendar year between 1999 and 2019. 
The number of patients living with cirrhosis was broken down by 
calendar year; patients were counted as living with cirrhosis in a 
given year if they were alive at the mid- point of that year with a prior 
diagnosis of cirrhosis. In addition to calendar year, we also broke 
the number of patients down according to HCV infection status (i.e. 
chronic/SVR). Patients were categorised as SVR if they had achieved 
SVR by the year mid- point; otherwise, they were counted as having 
chronic infection for that year.

HCC incidence
We calculated the number of cirrhosis patients presenting with HCC 
in each calendar year according to chronic HCV infection status. 
Chronic HCV infection status at HCC diagnosis was inferred on the 
basis of whether the patient had achieved SVR prior to the HCC di-
agnosis date.

Curative treatment
We calculated the number of HCC patients who received cura-
tive HCC therapy. Again, we broke these numbers down accord-
ing to calendar year and HCV infection status (i.e. chronic or 
SVR). Calendar year refers to the year of HCC diagnosis as op-
posed to the year of receiving therapy. Similarly, HCV infection 
status corresponds specifically to infection status at the time 
of HCC diagnosis, as opposed to the date of receiving therapy.

HCC mortality
The number of deaths related to HCC was also counted ac-
cording to the calendar year of death and SVR status. Calendar 

year corresponds to the year of HCC death, whilst HCV infec-
tion status relates to the infection status at the time of HCC 
diagnosis.

2.6.2  |  Regression analyses

A range of multivariable regression models were fitted to assess 
time trends in relation to (a) HCC incidence; (b) receipt of curative 
therapy, and (c) post- HCC mortality risk. All models included statisti-
cal adjustment for relevant covariates to reduce bias from potential 
confounding.

HCC incidence
We performed time- to- event survival analysis to assess change in 
HCC incidence for cirrhosis patients over time, adjusting for relevant 
factors.

Time zero was defined as the date of first cirrhosis diagnosis. 
Patients were then followed up through to either the date of inci-
dent HCC (if at all), date of mortality (if at all) or the study comple-
tion date (31st Dec 2019). However, in a small number of patients, 
the date of cirrhosis diagnosis predated first appointment at an HCV 
specialist liver clinic. In these cases, survival time was left truncated 
(i.e. delayed entry) to avoid the potential introduction of immor-
tal time bias between diagnosis of cirrhosis and the eventual first 
clinic appointment. Delayed entry means that whilst susceptibility 
to HCC begins from the date of cirrhosis diagnosis, only follow- up 
time occurring after the date of first appointment was counted in 
this analysis.

Fine- Gray regression, accounting for non- HCC mortality as a 
competing risk, was used to assess the association between time 
period and time to first HCC presentation. We included adjust-
ment for age group, gender, decompensated cirrhosis, history of 
heavy alcohol use, SVR achievement, HCV genotype, IDU his-
tory, and deprivation status. Time period, SVR achievement, age, 
and decompensated cirrhosis were modelled as time- dependent 
variables— meaning they were able to change/update during the 
course of follow- up.

Two multivariate models were fitted to assess if the associa-
tion between time period and HCC incidence is mediated by SVR 
achievement: one model including SVR achievement as a covariate 
and one omitting SVR achievement as a covariate.

We also performed sensitivity analyses where standard Cox re-
gression models were fitted, in which competing risks are treated as 
censored observations.17

In this time- to- event analysis, we used the ‘time window’ 
method18 to exclude all follow- up occurring in first six months since 
time zero. This was done to remove patients with ‘prevalent’ HCC 
(i.e. HCC already present at time zero) as opposed to incident HCC 
(ie HCC first emerging after time zero).

The cumulative incidence of HCC at specific time points was 
estimated using ‘Stcomlist’ command19 in Stata version 17. Delayed 
entry patients were omitted from these calculations.
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Curative treatment
Logistic regression was used to identify factors associated with 
receiving curative therapy among those with incident HCC. The 
primary exposure variable of interest was time period, based 
on the year of HCC diagnosis. Covariates considered were: age 
at HCC diagnosis; history of heavy alcohol use; gender; SVR 
achievement, decompensated cirrhosis and SIMD deprivation 
quintile.

As with the HCC incidence analysis, models including and omit-
ting SVR as a covariate were fitted to assess if SVR mediates the 
association between time period and HCC treatment uptake.

We also performed a sensitivity analysis where individuals di-
agnosed with HCC within 18 months of the study completion date 
of 31st Dec 2019 were excluded. This was to assess if recently di-
agnosed patients –  who may not have had sufficient time to access 
therapy before the study completion data –  could be biasing time 
period trends.

HCC- related mortality
We performed time- to- event survival analysis to assess if time pe-
riod was associated with risk of HCC mortality after HCC diagnosis. 
Follow- up time began at the date of HCC diagnosis and ended at 
the date of HCC mortality (if at all), date of non- HCC mortality (if 
at all) or the study completion date of 31st Dec 2019. As with our 
incidence analysis, a small number of patients were left truncated 
if their date of HCC diagnosis predated their first appointment at a 
specialist liver clinic.

Fine- Gray competing risk regression was used to deter-
mine the association between time period of HCC diagno-
sis and HCC mortality risk. Non- HCC death was treated as 
a competing risk. The primary exposure variable of interest 
was time period, which was based on the year of HCC diag-
nosis. Models included adjustment for age, history of heavy 
alcohol use, gender; age, SVR achievement at HCC diagnosis, 
decompensated cirrhosis at HCC diagnosis, HCV acquisition 
route and SIMD 2020 deprivation quintile. SVR achievement 
and HCC curative therapy were handled as time- dependent 
variables. Three separate models were fitted in total. Model 
1 included all covariates except SVR and curative treatment 
status; Model 2 included all covariates except curative treat-
ment status; Model 3 included all covariates. These separate 
models were fitted to gauge if SVR and receipt of curative 
treatment mediate the association between time period and 
HCC mortality risk.

3  |  RESULTS

3.1  |  Study population

A total of 3347 cirrhosis patients were included in our final study 
population (see Figure 1). The average- mean age at cirrhosis diag-
nosis was 47.6 years, and three- quarters were male (74.8%). Most 

of the cohort were living in areas of high deprivation (i.e. 53.8% in 
SIMD quintile 1) and just under half were diagnosed with cirrhosis in 
the IFN- free era (i.e. 45%) (Table 1).

Of the 3347 patients in the final sample, 381 (11.4%) developed 
HCC, of which 140 (36.7%) were given curative treatment. There 
were 202 (53.0%) deaths from HCC (see Figure 1).

3.2  |  Descriptive analyses

3.2.1  |  Diagnosed cirrhosis population

The number of patients living and diagnosed with HCV cirrhosis 
increased substantially over time, i.e. from an average of 282 per 
year in the pegylated interferon era to 1118 per year in the first- 
generation DAA era and to 2087 in the IFN- free era (Table 2 and 
Figure 2).

The proportion of living patients with an HCV cure has also risen 
considerably over time. From an average of 9.1% per year in the pe-
gylated interferon/ribavirin era to 16.0% in the first- generation DAA 
era and to 52.5% in the IFN- free era. Since 2016, the number of cir-
rhotic patients living with cured HCV has exceeded the number of 
patients living with chronic HCV (Table 2 and Figure 2).

3.2.2  |  HCC incidence

The number of incident HCC cases also increased with time, from an 
average of 8 per year in the pegylated interferon and ribavirin era to 
29 per year in the first- generation DAA era and to 34 per year in the 
IFN- free era. The proportion of HCC cases with SVR increased from 
10.2% SVR in the pegylated interferon and ribavirin era; to 10.2% in 
the DAA first- generation era, to 53.0% in the IFN- free era (Table 2 
and Figure 2).

3.2.3  |  Curative treatment

The number of HCC patients receiving curative therapy changed 
from an average of 3 per year in the pegylated interferon and ribavi-
rin era to 13 per year in the first- generation DAA era and to 11 per 
year in the IFN- free era. The proportion of treated patients with an 
SVR was 12.7% in the pegylated interferon- ribavirin era, 10.8% in 
the first- generation DAA era, and 54.3% in the IFN- free era (Table 2 
and Figure 2).

3.2.4  |  HCC- related mortality

The number of HCCs death increased from an average of 4 per year 
in the pegylated interferon- ribavirin era to 12 per year in the first- 
generation DAA era and to 22 per year in the IFN- free era. The pro-
portion of patients dying with HCC who had achieved SVR was 6.5% 



6  |    INNES Et al

in the pegylated interferon era, 1.3% in the first DAA generation era, 
and 34.7% in the IFN- free era (Table 2 and Figure 2).

3.3  |  Individual- level analyses

3.3.1  |  HCC incidence

A total of 3201 patients were included in the HCC incidence 
analysis after removing 146 individuals with less than six months 
follow- up (see previous explanation of ‘time window’ method). Of 
these 3201, survival time was left truncated (i.e. delayed entry) for 
165 (5.2%) individuals (see Table S2). The average- mean duration 
of follow- up was 5.1 years per patient (median: 4.3 years). 288 

incident HCCs were observed, equating to a crude incidence rate 
of 1.75 HCCs (95%CI: 1.56- 1.97) per 100 person years of follow-
 up. The cumulative incidence of HCC after 1, 3 and 5 years was 
1.3% (95%CI: 0.9- 1.8); 4.1% (95%CI: 3.4- 4.9); and 6.6% (95%CI: 
5.7- 7.6), respectively.

In multivariate Fine- Gray regression analysis, follow- up during 
the IFN- free era was associated with a reduction in the risk of HCC 
compared to follow- up during the era of pegylated interferon ther-
apy (sdHR: 0.65; 95%CI:0.47- 0.88; P = .006) (Table 3 and Figure 3). 
Other factors associated with higher HCC incidence were male gen-
der (sdHR: 1.69; 95%CI: 1.26- 2.25; P = .001); older age (e.g. sdHR for 
≥60 years versus 45- 49 years; 4.30; 95%CI: 2.84- 6.51; P < .001); de-
compensated cirrhosis (sdHR: 1.64; 95%CI:1.22- 2.20; P = .001) and 
HCV genotype 3 infection (sdHR:1.57; 95%CI: 1.24- 1.99; P < .001). 

Characteristic

(A) Study population 
(N = 3347)

(B) Patients with 
HCC (N = 381)

n (col %) n (col %)

Time era (year of cirrhosis diagnosis)

1999- 2010 996 (29.8) 211 (55.4)

2011- 2013 856 (25.6) 91 (23.9)

2014- 2019 1495 (44.7) 79 (20.7)

SVR achievement

Ever 2061 (61.6) 190 (49.9)

Never 1286 (38.4) 191 (50.1)

Gender

Female 844 (25.2) 70 (18.4)

Male 2503 (74.8) 311 (81.6)

Age

Mean (sd) 47.6 (sd:9.3) 53.8 (sd:8.6)

Decompensated cirrhosis

Never 2676 (80.0) 252 (66.1)

Ever 671 (20.1) 129 (33.9)

Known history heavy alcohol use

No 2010 (60.1) 226 (59.3)

Yes 1337 (40.0) 155 (40.7)

Scottish index multiple deprivation

Q1 (most deprived) 1800 (53.8) 155 (40.7)

Q2 741 (22.1) 87 (22.8)

Q3 377 (11.3) 58 (15.2)

Q4 264 (7.9) 50 (13.1)

Q5 (least deprived) 165 (4.9) 31 (8.1)

HCV genotype

Non- 3 1651 (49.3) 158 (41.5)

3 1696 (50.7) 223 (58.5)

Known history of injecting drug use

No 1147 (34.3) 197 (51.7)

Yes 2200 (65.7) 184 (48.3)

TA B L E  1  Characteristics of: (A) study 
population with cirrhosis and (B) subgroup 
of patients with HCC
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When SVR was included as a covariate, the association between 
follow- up in IFN- free era and HCC was only partly attenuated: 
sdHR:0.76; 95%CI:0.55- 1.05; P = .10 (Table 3). This observation is 
explored further in our post hoc analysis.

SVR achievement was associated with a lower risk of HCC in-
cidence (sdHR:0.62; 95%CI:0.47- 0.83; P = .001) (Table 3). When 
a cause- specific model was fitted using standard Cox regression, 
the association between SVR and HCC incidence was HR:0.51; 
95%CI:0.39- 0.68; P < .001 (Table S3).

3.3.2  |  Curative HCC treatment

Of 381 HCC patients, 140 (36.8%) received curative HCC treat-
ment. The only factor significantly associated with treatment uptake 
was decompensated cirrhosis (aOR: 0.51; 95%CI: 0.22- 0.90; P =.02) 
(Table 4). HCC diagnosis in the IFN- free era was not associated with 
higher uptake of curative treatment compared to the pegylated in-
terferon/ribavirin era (aOR: 1.25; 95%CI: 0.72- 2.18; P =.26). Similarly, 
SVR achievement was not associated with receiving curative HCC 
treatment (aOR: 0.84; 95%CI:0.49- 1.43; P =.52). These associations 
were not materially altered in sensitivity analyses (Table S4).

3.3.3  |  Mortality risk after HCC diagnosis

Of 381 HCC patients, 202 HCC deaths were observed during a 
mean of 2.9 years follow- up per patient (882 person years follow- up 
in total). Survival time was left truncated for 16 (4.2%) individuals 
(Table S2). The cumulative incidence of HCC mortality three years 
after HCC diagnosis was 47.8% (95%CI: 42.3- 53.1) (Table S2).

In multivariable regression, there was a trend towards a reduced 
HCC mortality risk for patients diagnosed in the first- generation 
DAA era (sdHR: 0.68; 95%CI:0.48- 0.97; P = .04) and IFN- free era 
(sdHR: 0.74; 95%CI: 0.63- 1.33; P = .09) compared to the pegylated 
interferon- ribavirin era. (Table 5 and Figure 3). The strongest pro-
tective factor against HCC mortality was receiving curative HCC 
therapy (sdHR:0.27; 95%CI: 0.19- 0.39; P < .001). SVR achievement 
was also associated with a lower HCC mortality risk (sdHR:0.66; 
95%CI:0.47- 0.92; P = .03), attenuating to sdHR:0.74 (P = .11) after 
adjustment for curative HCC therapy (Table 5).

3.3.4  |  Post hoc analysis

As previously described, the reduction in the cumulative incidence 
of HCC observed in the IFN- free era was only partly attenuated 
when adjusting for SVR achievement (ie from sdHR:0.67 to sdHR: 
0.76). This may suggest that additional factors are contributing to 
the falling HCC incidence. Thus, we explored if severity of cirrho-
sis has changed over time, by calculating trends for the following 
liver- related blood tests: alanine aminotransferase (ALT); aspartate 
aminotransferase (AST); platelet count; albumin; bilirubin; and alpha TA
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fetoprotein (AFP). For each blood test and for each patient, we cal-
culated the average value from all tests conducted within 6 months 
of cirrhosis diagnosis (i.e. because some patients will have, for ex-
ample, multiple ALTs performed within this six- month time window).

This analysis shows that ALT; AST; bilirubin and AFP levels have 
all declined over time. For example, the median ALT was 74.4 IU/L for 
cirrhosis patients diagnosed in 1999- 2010 versus 56.3 IU/L in 2014- 
2019. Conversely, platelet counts have increased over time from a 
median of 119.1 in 1999- 2010 to 148.0 in 2014- 2019 (Table S5).

4  |  DISCUSSION

In this study, we show that the epidemiological landscape for HCV- 
related HCC has changed markedly during the last twenty years. The 
number of people diagnosed and living with cirrhosis has increased 
more than seven- fold, and from 2016, cured cirrhosis patients have 
outnumbered chronic cirrhosis patients. Another important mile-
stone is that the majority of patients presenting with HCC now do so 
at a post- SVR stage. Perhaps the most important changes however 
have occurred with respect to the incidence of HCC. The absolute 
number of patients with incident HCCs has quadrupled, from 8 per 
year in the pegylated interferon era to 34 per year in the IFN- free 
era. Reassuringly, however, we show that the cumulative incidence of 
HCC— which takes account of the growing number of patients liv-
ing with diagnosed cirrhosis— has actually fallen in the IFN- free era. 
Whilst the arrival of IFN- free therapies is likely to be the biggest 
factor behind this reduction, other concomitant trends appear to be 

contributing too. For example, patients diagnosed with cirrhosis in 
the pegylated interferon- ribavirin era had significantly higher serum 
ALT, AST, bilirubin and AFP levels compared to patients diagnosed 
in IFN- free era. This may suggest that the diagnostic threshold for 
cirrhosis has fallen over time as new diagnostic technologies, such 
as transient elastography, have come into effect. Alternatively, it 
may be that cirrhosis is being diagnosed at an earlier more compen-
sated stage. Whatever the explanation, the totality of these changes 
has important bearing on the feasibility of existing HCC screening 
guidelines.1,8 Although the biannual screening recommendation has 
stayed more or less the same over the time period of this study, the 
shifting epidemiological landscape that we describe – i.e. more pa-
tients living with diagnosed cirrhosis compounded by a lower cu-
mulative incidence of HCC –  means that the resources required to 
deliver biannual screening have actually increased considerably. In 
other words, clinicians need to screen more patients in order to iden-
tify fewer HCCs. Alternatively, one could say that that the number 
needed to screen20 (i.e. the number of cirrhosis patients that need 
to be screened to identify a single HCCs) is higher now than ever 
before. These data, therefore, provide important context to the cur-
rent debate around the need for a more targeted approach to HCC 
surveillance.21,22

Our analysis also sheds new light on outcomes downstream of 
HCC diagnosis that have crucial bearing on the overall epidemio-
logical picture. In particular, we show that only about one- third of 
patients receive curative treatment and that this proportion has 
not improved over time. Thus, the uptake of curative therapy in the 
IFN- free era remains about the same as what it was in the era of 

F I G U R E  2  Number of individuals with hepatitis C: (A) living with diagnosed cirrhosis; (B) diagnosed with first- time HCC; (C) receiving 
curative HCC therapy; (D) dying from HCC, over twenty years (1999- 2019), according to infection status
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pegylated interferon and ribavirin treatment. New initiatives to in-
crease early HCC detection have the potential to save many lives. 
One option could be to adopt a ‘precision medicine’ approach to 
HCC screening, where biannual ultrasound examinations are tar-
geted at patients who stand to gain the most benefit (which should 

take into consideration both a patient's risk of developing HCC as 
well as the likelihood of receiving curative therapy if HCC is de-
tected at an early stage). New risk prediction tools are needed to 
support this approach. However, despite the lack of improvement in 
curative treatment uptake, we still observed a trend towards lower 

TA B L E  3  Factors associated with HCC incidence among patients diagnosed with cirrhosis (N = 3201)

Characteristic

Univariate Multivariate: model 1 Multivariate: model 2

sdHR (95% CI) P sdHR (95% CI) P sdHR (95%CI) P

Time era

1999- 2010 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

2011- 2013 0.80 (0.56- 1.16) 0.24 0.78 (0.53- 1.13) 0.19 0.77 (0.53- 1.13) 0.19

≥2014 0.67 (0.50- 0.89) 0.006 0.65 (0.47- 0.88) 0.006 0.76 (0.55- 1.05) 0.10

SVR achievement

No 1.00 (REF) – – – 1.00 (REF)

Yes 0.70 (0.55- 0.90) 0.006 – – 0.62 (0.47- 0.83) 0.001

Gender

Female 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

Male 1.29 (0.97- 1.70) 0.08 1.69 (1.26- 2.25) <0.001 1.68 (1.25- 2.24) <0.001

Age group

<40 0.10 (0.02- 0.41) 0.002 0.09 (0.2- 0.39) 0.001 0.09 (0.02- 0.38) 0.001

40- 44 0.25 (0.11- 0.57) 0.001 0.24 (0.11- 0.54) 0.001 0.24 (0.11- 0.54) <0.001

45- 49 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

50- 54 1.72 (1.15- 2.57) 0.009 1.74 (1.15- 2.63) 0.008 1.76 (1.17- 2.66) 0.01

55- 59 3.49 (2.38- 5.11) <0.001 3.55 (2.39- 5.28) <0.001 3.62 (2.43- 5.38) <0.001

≥60 4.12 (2.83- 5.99) <0.001 4.30 (2.84- 6.51) <0.001 4.43 (2.92- 6.73) <0.001

Decompensated cirrhosis

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

Yes 1.49 (1.13- 1.97) 0.005 1.64 (1.22- 2.20) 0.001 1.52 (1.12- 2.06) 0.007

Known history heavy 
alcohol use

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

Yes 0.87 (0.69- 1.11) 0.26 0.91 (0.71- 1.17) 0.46 0.89 (0.69- 1.15) 0.38

Scottish index multiple 
deprivation

Q1 (most deprived) 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

Q2 1.45 (1.07- 1.96) 0.016 1.20 (0.87- 1.65) 0.26 1.16 (0.84- 1.60) 0.37

Q3 1.88 (1.34- 2.63) <0.001 1.25 (0.87- 1.78) 0.23 1.28 (0.90- 1.82) 0.18

Q4 2.16 (1.49- 3.11) <0.001 1.34 (0.91- 1.97) 0.49 1.33 (0.90- 1.97) 0.15

Q5 (least deprived) 2.18 (1.41- 3.37) <0.001 1.52 (0.95- 2.43) 0.08 1.54 (0.96- 2.47) 0.07

HCV genotype

Non- 3 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

3 1.37 (1.08- 1.72) 0.008 1.57 (1.24- 1.99) <0.001 1.60 (1.26- 2.03) <0.001

Known history of injecting 
drug use

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

Yes 0.52 (0.41- 0.66) <0.001 0.96 (0.74- 1.25) 0.76 0.95 (0.73- 1.23) 0.68

Time era, SVR achievement and decompensated cirrhosis are modelled as time- dependent variables.
Model 1 omits SVR achievement as a covariate.
Model 2 includes SVR achievement as a covariate.
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HCC- related mortality risk in the IFN- free era (albeit this was not 
statistically significant; P = .09). This putative survival improvement 
may be a corollary of the higher SVR prevalence, given that SVR it-
self was associated with a lower HCC mortality risk in our analysis (as 
has also been noted elsewhere15,16).

Finally, our results suggest a mixed picture with respect to the 
influence of deprivation on HCC outcomes. There was no indica-
tion that deprivation was associated with a higher HCC incidence 
among cirrhosis patients (indeed, if anything, the reverse was true). 
However, both uptake of curative treatment and survival appeared 
to be adversely affected by higher levels of deprivation (Figure S1).

Overall, our analysis is consistent with many strands of prior 
research. For example, like other studies6,14 we show that an HCV 
cure is associated with decreased HCC incidence compared to un-
treated patients and treatment failures. We also show that an HCV 
cure may be associated with improved survival after HCC, which 
has also been reported elsewhere.15,16 This study also chimes with 
previous population- based studies showing a reduction in all- cause 
mortality,23 incident decompensated cirrhosis24 and HCC mortal-
ity25 in the IFN- free era. However, our finding of a reduced HCC in-
cidence in the IFN- free era is novel and to the best of our knowledge 
has not been shown before. Therefore, this study will lend further 

confidence to patients, clinicians and policy makers regarding the 
utility of IFN- free therapies. At the same time, it also highlights the 
need now to focus on increasing curative treatment uptake for the 
full impact of IFN- free therapies to be realised.

The metier of this study is that we have been able to present 
twenty- year time trends across several domains relevant to the 
epidemiology of HCV- related HCC. Moreover, we have been able 
to do this at a national level, drawing on the world- leading hepati-
tis databases and data linkage infrastructure available in Scotland. 
This study has limitations too that warrant mention. First, data for 
some relevant covariates were not available to us. This includes 
BMI and hepatitis B infection status which are associated with 
HCC risk. However, because there have not been any extreme 
changes in these risk factors over time, we do not consider this 
limitation a serious one. Second, we did not have recourse to 
individual- level data on abdominal ultrasound examinations per-
formed in an HCC screening context. As a result, we were not able 
to quantify how the uptake of abdominal ultrasound screening for 
HCC has changed over time (if at all). It is conceivable that screen-
ing uptake has fallen in the IFN- free era due to the more chaotic 
circumstances of patients treated with IFN- free therapies. This 
may explain why uptake of curative treatment has not improved. 

F I G U R E  3  Association between time period and: (A) HCC incidence; (B) curative HCC treatment uptake; and (C) HCC mortality risk. 
Estimates are adjusted for age, gender, decompensated cirrhosis, history of heavy alcohol use, deprivation, HCV genotype and HCV 
acquisition route. Estimates are not adjusted for SVR. The dashed line corresponds to the line of null effect. Effect sizes are presented on log 
scale to ensure Y axis is symmetrical around the line of null effect
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Future studies should ideally align data on HCC incidence, curative 
treatment and survival with information on ultrasound screening 
uptake. We also did not have data on the BCLC HCC stage at di-
agnosis. Thus, we cannot say what proportion of HCCs were di-
agnosed at an early stage and how this has changed over time. 
However, uptake of curative HCC therapies can be viewed as a 
proxy for early HCC detection because these therapies are con-
traindicated in patients with intermediate-  or advanced- stage 
HCC. Another caveat is that the deprivation score we use relates 

to the year 2020 which is at the upper end of time period of this 
study. Thus, there is a small potential for misclassification of high/
low deprivation areas-  but this will be minimal because in general, 
areas of high deprivation do not suddenly become areas of low 
deprivation within twenty years (and vice versa). Another limita-
tion is that there is no specific OPCS4 code to capture stereotac-
tic ablative radiotherapy, which is increasingly being adopted as 
a form of curative ablative therapy. Thus, it is possible that some 
cases of curative HCC treatment have been missed. Finally, our 

TA B L E  4  Factors associated with uptake of curative HCC therapy among patients with incident HCC (N = 381)

Characteristic

Univariate Multivariate: model 1 Multivariate: model 2

OR (95%CI) P OR (95%CI) P OR (95% CI) P

Time era a

1999- 2010 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

2011- 2013 1.43 (0.77- 2.66) 0.25 1.48 (0.79- 2.79) 0.23 1.47 (0.78- 2.78) 0.23

2014- 2019 1.15 (0.69- 1.91) 0.60 1.18 (0.69- 2.01) 0.54 1.25 (0.72- 2.18) 0.26

SVR achievement at HCC 
diagnosis

No 1.00 (REF) – – – 1.00 (REF)

Yes 0.82 (0.51- 1.32) 0.40 – – 0.84 (0.49- 1.43) 0.52

Gender

Female 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

Male 0.73 (0.43- 1.24) 0.24 0.62 (0.35- 1.10) 0.10 0.63 (0.35- 1.11) 0.11

Age at HCC diagnosis

per 1 year increase 0.99 (0.97- 1.02) 0.58 0.97 (0.94- 1.00) 0.10 0.97 (0.94- 1.01) 0.10

Decompensated cirrhosis

No 1.00 (REF) – 1.00 (REF) - 1.00 (REF) – 

Yes 0.60 (0.36- 1.01) 0.05 0.51 (0.29- 0.88) 0.02 0.51 (0.29- 0.88) 0.02

Known history heavy alcohol 
use

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

Yes 0.91 (0.60- 1.40) 0.67 1.03 (0.65- 1.63) 0.89 1.04 (0.66- 1.65) 0.86

Scottish index multiple 
deprivation

Q1 (most deprived) 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

Q2 1.07 (0.61- 1.85) 0.82 1.04 (0.59- 1.84) 0.88 1.04 (0.59- 1.84) 0.88

Q3 1.18 (0.63- 2.20) 0.61 1.31 (0.69- 2.52) 0.41 1.33 (0.69- 2.55) 0.39

Q4 1.28 (0.67- 2.47) 0.46 1.33 (0.66- 2.65) 0.43 1.33 (0.67- 2.68) 0.41

Q5 (least deprived) 1.58 (0.73- 3.46) 0.25 1.59 (0.72- 3.51) 0.26 1.60 (0.72- 3.53) 0.25

HCV genotype

non- 3 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

3 1.10 (0.72- 1.68) 0.66 1.07 (0.69- 1.67) 0.55 1.07 (0.68- 1.66) 0.78

Known history of injecting 
drug use

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

Yes 0.85 (0.56- 1.29) 0.44 0.76 (0.47- 1.21) 0.25 0.77 (0.48- 1.24) 0.29

Model 1 omits SVR achievement as a covariate.
Model 2 includes SVR achievement as a covariate.
aTime era is based on year of HCC diagnosis.
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TA B L E  5  Factors associated with HCC- related mortality after diagnosis of HCC (N = 381)

Characteristic

Univariate Multivariate: model 1 Multivariate: model 2 Multivariate: model 3

sdHR (95% CI) P sdHR (95% CI) P sdHR (95% CI) P sdHR (95% CI) P

Time eraa

1999- 2010 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

2011- 2013 0.72 (0.51- 1.03) 0.07 0.68 
(0.48- 0.97)

0.04 0.74 (0.51- 1.05) 0.09 0.69 
(0.48- 0.99)

0.05

2014- 2019 0.82 (0.58- 1.16) 0.27 0.74 (0.53- 1.05) 0.09 0.91 (0.63- 1.33) 0.64 0.75 (0.51- 1.09) 0.13

SVR achievement 
at HCC 
diagnosis

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

Yes 0.67 (0.49- 0.91) 0.01 – – 0.66 (0.47- 0.92) 0.02 0.74 (0.52- 1.06) 0.11

Gender

Female 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

Male 1.11 (0.77- 1.61) 0.58 1.26 (0.85- 1.86) 0.24 1.28 (0.87- 1.88) 0.21 1.09 (0.76- 1.58) 0.63

Age at HCC 
diagnosis

per 1 year 
increase

1.02 
(1.00- 1.04)

0.06 1.03 (1.01- 1.05) 0.004 1.03 (1.01- 1.05) 0.003 1.03 
(1.00- 1.05)

0.04

Decompensated 
cirrhosis

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

Yes 1.19 (0.86- 1.65) 0.30 1.38 (0.98- 1.93) 0.07 1.33 (0.94- 1.88) 0.10 1.23 (0.87- 1.73) 0.25

Known history 
heavy alcohol 
use

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

Yes 1.03 (0.78- 1.36) 0.84 0.90 (0.67- 1.21) 0.48 0.90 (0.67- 1.21) 0.47 0.93 (0.69- 1.26) 0.09

Scottish index 
multiple 
deprivation

Q1 (most 
deprived)

1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

Q2 0.94 (0.65- 1.34) 0.72 0.90 (0.62- 1.31) 0.58 0.91 (0.63- 1.34) 0.65 1.01 (0.69- 1.47) 0.96

Q3 0.86 
(0.58- 1.30)

0.48 0.77 (0.50- 1.18) 0.24 0.78 (0.51- 1.19) 0.27 0.84 (0.55- 1.31) 0.45

Q4 0.56 
(0.34- 0.91)

0.02 0.52 
(0.32- 0.85)

0.009 0.52 
(0.32- 0.85)

0.01 0.54 
(0.33- 0.88)

0.01

Q5 (least 
deprived)

0.69 (0.42- 1.11) 0.12 0.68 (0.42- 1.11) 0.13 0.73 (0.45- 1.19) 0.21 0.83 (0.51- 1.36) 0.46

HCV genotype

non- 3 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 1.00 (REF) – 

3 0.90 (0.68- 1.19) 0.45 0.88 
(0.64- 1.21)

0.44 0.96 (0.72- 1.29) 0.78 1.00 (0.74- 1.35) 1.00

Known history of 
injecting drug 
use

No 1.00 (REF) - 1.00 (REF) - 1.00 (REF) – 1.00 (REF) – 

Yes 1.15 (0.88- 1.52) 0.31 1.31 (0.94- 1.83) 0.11 1.32 (0.98- 1.79) 0.07 1.31 (0.96- 1.79) 0.09

Receipt of curative 
HCC treatment
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study does not provide information on trends in the development 
of HCC in non- cirrhotic patients nor does it provide the bigger pic-
ture in terms of trends in the total chronic HCV diagnosed popula-
tion. Nevertheless, patients with cirrhosis represent the main risk 
group for HCC and are also targeted for biannual HCC screening. 
Thus, these data are highly relevant to the ongoing debate about 
the sustainability of the biannual screening recommendation in 
cirrhosis SVR patients.

In conclusion, the epidemiological landscape for HCV- related 
HCC has changed considerably over the last two decades, particu-
larly with respect to the number of diagnosed cirrhosis patients and 
the cumulative incidence of HCC. These changes have important im-
plications for the implementation and sustainability of existing HCC 
screening guidelines.

ACKNOWLEDG EMENTS
None.

CONFLIC TS OF INTERE S T
There are no conflicts of interest to disclose.

DATA AVAIL ABILIT Y S TATEMENT
The data used in this study are not publicly available, but can be 
acquired through a successful application to the Public Benefit and 
Privacy Panel for Health and Social Care (https://www.infor matio 
ngove rnance.scot.nhs.uk/pbpph sc/home/for- appli cants/).

ORCID
Hamish Innes  https://orcid.org/0000-0003-0565-1083 
Scott A. McDonald  https://orcid.org/0000-0003-0788-6011 
John F. Dillon  https://orcid.org/0000-0002-2164-4476 

R E FE R E N C E S
 1. Heimbach JK, Kulik LM, Finn RS, et al. AASLD guidelines 

for the treatment of hepatocellular carcinoma. Hepatology. 
2018;1(67):358- 380.

 2. El- Serag HB, Kanwal F, Richardson P, Kramer J. Risk of hepatocellu-
lar carcinoma after sustained virological response in veterans with 
hepatitis C virus infection. Hepatology. 2016;64:130- 137.

 3. Innes H, Barclay ST, Hayes PC, et al. The risk of hepatocel-
lular carcinoma in cirrhotic patients with hepatitis C and 

sustained viral response: Role of the treatment regimen. J Hepatol. 
2018;68:646- 654.

 4. van der Meer AJ, Feld JJ, Hofer H, et al. Risk of cirrhosis- related 
complications in patients with advanced fibrosis following hepatitis 
C virus eradication. J Hepatol. 2017;66:485- 493.

 5. Ioannou GN, Beste LA, Green PK, et al. Increased risk for hepatocel-
lular carcinoma persists up to 10 years after HCV eradication in pa-
tients with baseline cirrhosis or high FIB- 4 scores. Gastroenterology. 
2019;157:1264- 1278.

 6. Carrat F, Fontaine H, Dorival C, et al. Clinical outcomes in patients 
with chronic hepatitis C after direct- acting antiviral treatment: a 
prospective cohort study. Lancet. 2019;393:1453- 1464.

 7. Singal AG, Pillai A, Tiro J. Early detection, curative treatment and 
survival rates for hepatocellular carcinoma surveillance in patients 
with cirrhosis: a meta analysis. PLoS Medicine. 2014;4:e1001624.

 8. European Association for the Study of the Liver. EASL Clinical 
Practice Guidelines: management of hepatocellular carcinoma. J 
Hepatol. 2018;60:182- 236.

 9. Allemani C, Matsuda T, Di Carlo V, et al. Global surveillance of 
trends in cancer survival 2000– 2014 (CONCORD- 3): analysis of 
individual records for 37 513025 patients diagnosed with one of 
18 cancers from 322 population- based registries in 71 countries. 
Lancet. 2018;391:1023- 1075.

 10. Alavi M, Janjua NZ, Chong M, et al. Trends in hepatocellular car-
cinoma incidence and survival among people with hepatitis C: an 
international study. J Viral Hepat. 2018;25:473- 481.

 11. Innes H, Goldberg D, Dillon J, Hutchinson SJ. Strategies for the 
treatment of hepatitis C in an era of interferon- free therapies: what 
public health outcomes do we value most? Gut. 2015;64:1800- 1809.

 12. Baumert TF, Berg T, Lim JK, Nelson DR. Status of direct- acting 
antiviral therapy for HCV infection and remaining challenges. 
Gastroenterology. 2019;156:431- 445.

 13. Drysdale K, Ntuli Y, Bestwick J, et al. English hepatitis C registry 
data shows high response to directly acting antivirals, even if treat-
ment is not completed. Aliment Pharmacol Ther. 2020;52:168- 181.

 14. McDonald SA, Pollock KG, Barclay ST, et al. Real- world impact fol-
lowing initiation of interferon- free hepatitis C regimens on liver- 
related outcomes and all- cause mortality among patients with 
compensated cirrhosis. J Viral Hepat. 2020;27:270- 280.

 15. Lockhart I, Hajarizadeh B, Alavi M, et al. Hepatitis C virus cure 
before hepatocellular carcinoma diagnosis is associated with im-
proved survival. J Viral Hepat. 2021;28:710- 718.

 16. Singal AG, Rich NE, Mehta N, et al. Direct acting antiviral ther-
apy for hepatitis C virus infection is associated with increased 
survival in patients with a history of hepatocellular carcinoma. 
Gastroenterology. 2019;157:1253- 1263.

 17. Schuster NA, Hoogendijk EO, Kok AA, Twisk JWR, Heymans MW. 
Ignoring competing events in the analysis of survival data may lead 
to biased results: a nonmathematical illustration of competing risk 
analysis. J Clin Epidemiol. 2020;122:42- 48.

Characteristic

Univariate Multivariate: model 1 Multivariate: model 2 Multivariate: model 3

sdHR (95% CI) P sdHR (95% CI) P sdHR (95% CI) P sdHR (95% CI) P

No 1.00 (REF) – – – – – 1.00 (REF) – 

Yes 0.27 
(0.19- 0.38)

<0.001 – – – – 0.27 (0.19- 0.39) <0.001

SVR achievement and receipt of curative treatment are modelled as time- dependent variables.
Model 1 omits SVR achievement and curative treatment as covariates.
Model 2 includes SVR but omits curative treatment.
Model 3 includes both SVR and curative treatment as covariates.
aTime era is based on year of HCC diagnosis.

TA B L E  5  (Continued)

https://www.informationgovernance.scot.nhs.uk/pbpphsc/home/for-applicants/
https://www.informationgovernance.scot.nhs.uk/pbpphsc/home/for-applicants/
https://orcid.org/0000-0003-0565-1083
https://orcid.org/0000-0003-0565-1083
https://orcid.org/0000-0003-0788-6011
https://orcid.org/0000-0003-0788-6011
https://orcid.org/0000-0002-2164-4476
https://orcid.org/0000-0002-2164-4476


14  |    INNES Et al

 18. Torner A, Duberg AS, Dickman P, Svensson A. A proposed method 
to adjust for selection bias in cohort studies. Am J Epidemiol. 
2010;171:602- 608.

 19. Coviello E, 2003. "STCOMPET: Stata module to generate cu-
mulative incidence in presence of competing events," Statistical 
Software Components S431301, Boston College Department of 
Economics, revised 11 Nov 2012.

 20. Law MR. The number needed to screen –  an adaptation of the num-
ber needed to treat. J Med Screen. 2001;8:114- 115.

 21. Kanwal F, Singal AG. Surveillance for hepatocellular carcinoma: current 
best practice and future direction. Gastroenterology. 2019;157:54- 64.

 22. Fujiwara N, Friedman SL, Goossens N, Hoshida Y. Risk factors and 
prevention of hepatocellular carcinoma in the era of precision med-
icine. J Hepatol. 2018;68:526- 549.

 23. Alavi M, Law MG, Valerio H, et al. Declining hepatitis C virus- 
related liver disease burden in the direct- acting antiviral therapy 
era in New South Wales, Australia. J Hepatol. 2019;71:281- 288.

 24. Hutchinson SJ, Valerio H, McDonald SA, et al. Population impact of 
direct- acting antiviral treatment on new presentations of hepatitis 
C- related decompensated cirrhosis: a national record- linkage study. 
Gut. 2020;69:2223- 2231.

 25. Kim D, Konyn P, Cholankeril G, Wong RJ, Younossi ZM, Ahmed 
A. Decline in annual mortality of Hepatitis C Virus- related he-
patocellular carcinoma in the United states, from 2009 to 2018. 
Gastroenterology. 2020;159:558- 1560.

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Innes H, McDonald SA, Hamill V, 
et al. Declining incidence of hepatitis C related hepatocellular 
carcinoma in the era of interferon- free therapies: A 
population- based cohort study. Liver Int. 2022;00:1– 14. 
doi:10.1111/liv.15143

https://doi.org/10.1111/liv.15143

