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ABSTRACT

◥

Background: In many countries, including Sweden, the birth
cohorts with the highest prevalence of hepatitis C virus (HCV)
infection have now reached the ages with high risk of primary liver
cancer (PLC). The aims of this study were to investigate the temporal
trends in PLC incidence and the relative risks of PLC among people
diagnosed with HCV infection between 1990 and 2015.
Methods: The HCV cohort (n ¼ 52,853) was compared with a
matched non-HCV comparison cohort (n ¼ 523,649). Both the
national Cancer Register (CR) and Cause of Death Register (DR)
were used for follow-up. The crude and age-standardized PLC
incidence rates were calculated. The relative risk was estimated as
standardized incidence ratios (SIR) and as HRs using stratiﬁed
Cox hazards regression.
Results: There were 1,609 with PLC diagnosis in the HCV
cohort; the annual number increased continuously with the

Introduction
The global number of people with chronic hepatitis C virus
(HCV) infection was recently estimated to be 71 million, corresponding to about 1.0% of the world population (1). The HCV
infection is often asymptomatic but is associated with a high
risk of long-term complications such as liver cirrhosis and
hepatocellular carcinoma (HCC) and also extrahepatic manifestations (2–6).
Primary liver cancer (PLC) is one of the leading causes of
cancer-related death in the world and a major cause of death in
patients with HCV-associated liver cirrhosis (http://gco.iarc.fr/).
The World Health Organization (WHO) has set targets to eliminate HCV and hepatitis B virus (HBV) infection as public health
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crude incidence rate reaching 4.56 per 1,000 person-years in
2013 while remaining low and stable in the comparison
cohort. In the HCV cohort, the age-standardized PLC incidence rates per 1,000 person-years remained relatively constant at 2.64 [95% conﬁdence interval (CI), 1.54–3.75] in 2000
and 3.31 (2.51–4.12) in 2014. The highest SIR was 73 (65.9–
79.5) among those infected for 35 to 40 years; and the highest
HR was 65.9 (55.9–77.6) for men and 62.2 (31.9–121.1) for
women.
Conclusions: There was a considerable increase in PLC
incidence over time and an extremely high relative risk in the
population with HCV infection for more than 35 years.
Impact: The national HCV-associated PLC incidence should
be monitored in future studies to evaluate the effect of directacting antiviral (DAA) treatment.

threats, aiming at 90% reduction in new infections and 65%
reduction in hepatitis-related mortality by 2030 (https://www.
who.int/hepatitis/en/).
The prevalence of HCV infection in Sweden has been estimated
to about 0.5%, with a diagnosis rate of approximately 80% (7). In
2008, Strauss and colleagues estimated the risk of PLC in people
notiﬁed with HCV diagnosis between 1990 and 2004 in Sweden (5).
The highest relative risk was among people who had been HCV
infected for 25–30 years, with standardized incidence ratio (SIR) of
46 [95% conﬁdence interval (CI), 36–56]. Since this study, the
number of people with HCV diagnosis in Sweden has increased by
50%, and the birth cohort with the highest HCV prevalence has now
been infected for more than 30 years and reached age 50–70 years
with high risk of HCC (8).
Similar trends with aging of the HCV-infected populations exist
in other Western countries (8, 9). In the United States, HCV
screening is ongoing for those born in 1945–1965, the so-called
baby boomers (10). Also, recent studies have demonstrated an
underreporting of HCC to the Cancer Register and point out the
need for an updated approach to improve completeness when
studying HCC-incidence (11, 12).
Until recently, treatment for HCV infection was insufﬁcient. New
highly effective therapies with direct-acting antivirals (DAA) will
hopefully change the scenario in the future. A decrease in liver
transplantations for decompensated cirrhosis has already been
reported from some countries, but the effect of DAAs on the incidence
of HCC has been debated and not until recently have larger studies
demonstrated a decrease among treated patients (13, 14). To achieve
the WHO elimination goals, a treatment that effectively decreases
HCC incidence and is available for the majority of people with HCV
infection is needed. It is therefore important to study the current
situation and to follow future temporal trends on a national level.

Downloaded from https://bloodcancerdiscov.aacrjournals.org by guest on September 25, 2020. Copyright 2019 American
Association
AACRJournals.org
| 63for
Cancer Research.

Batyrbekova et al.

Sweden is one of the few countries with possibilities to perform these
large, national, population-based studies.
The aim of this study was to investigate temporal trends in PLC
incidence and relative risk of PLC in a national cohort of people
notiﬁed with HCV infection in Sweden between 1990 and 2015.

Materials and Methods
Study population
Every resident in Sweden has a unique personal identiﬁcation
number (PIN) assigned at birth or immigration and used in all
national registers (http://www.socialstyrelsen.se/). We used the
register for Surveillance of Communicable Diseases at the Public
Health Agency to identify all diagnosed HCV infections in Sweden
during 1990–2015 (http://www.folkhalsomyndigheten.se/). Information about HBV infection was added to identify potential
HCV–HBV coinfections. These infections are notiﬁable diseases
that must be reported by both diagnosing laboratories and clinicians. The basis for HCV notiﬁcation is a ﬁrst-time HCV diagnosis,
usually based on a positive antibody test (anti-HCV, veriﬁed with
RIBA or HCV antigen test), and for HBV-notiﬁcation a ﬁrst-time
HBV diagnosis based on a positive HBsAg test. The notiﬁcations
include PIN, sex, and presumed route of transmission.
During the years 1990–2015, there were 64,149 HCV notiﬁcations
recorded at the Public Health Agency. The date of notiﬁcation was
assumed to be the date of HCV diagnosis. The notiﬁcation data were
transferred to Statistics Sweden (http://www.scb.se/) where all PINs
were checked and residence in Sweden was conﬁrmed, after that 57,151
people with HCV notiﬁcations were eligible for the study. Another 111
individuals were excluded on the basis of HCV diagnosis after inclusion in the matched non-HCV cohort. The HCV population then
consisted of 57,040 individuals, of whom 4,038 also were notiﬁed with
an acute or chronic HBV infection, the HCV–HBV coinfection cohort,
and 53,002 constituted the HCV cohort.
A matched comparison cohort consisting of individuals without
HCV notiﬁcations was obtained from Statistics Sweden. Each HCVinfected subject was matched, on the date of notiﬁcation, with 10
individuals without an HCV notiﬁcation from the general population
(matching characteristics: birth year, sex, county of residence in
Sweden, and alive at date of notiﬁcation). After excluding comparators
with inconsistent data or no observation time, the comparison cohort
consisted of 523,672 matched non-HCV subjects.
The HCV cohort and the comparison cohort were followed from
notiﬁcation date using prospectively recorded information for the
occurrence of PLC. However, 149 HCV-infected and 23 noninfected
comparison individuals were excluded from the analysis due to a PLC
diagnosis before or at the same time as the notiﬁcation date. The HCV
cohort then consisted of 52,853 and the comparison cohort of 523,649
subjects for further analysis (Table 1).
Linkage to other registers
The PINs were used to link the HCV-infected and non–HCVinfected subjects to other national registers. Information on dates of
death, immigration, emigration, and country of origin was obtained
from the Swedish Population register maintained by Statistics Sweden.
The National Board of Health and Welfare (http://www.socialstyrel
sen.se/) provided information from the national Cancer Register (CR)
and Cause of Death Register (DR).
All incident diagnoses of PLC were identiﬁed from the CR using the
seventh revision of the International Classiﬁcation of Disease, ICD-7
codes: 155.0 and 156. Information on PLC mortality (listed as the

Table 1. Characteristics of the HCV cohort and the non-HCV
comparison cohort.

HCV cohort

Comparison
cohort

Total in the study cohort
52,853
523,649
Total observed person-years
589,294
6,395,003
Mean observed person-years (SD)
11 (7.15)
12 (7.28)
Deceased (%)
12,748 (24.1)
39,292 (7.5)
Male sex (%)
35,414 (67.0) 351,009 (67.0)
Mean age at notiﬁcation (SD)
40 (13.62)
40 (13.67)
Year of birth (% by cohort)
<1930
1,227 (2.32)
12,318 (2.35)
1930–1945
4,061 (7.68)
40,657 (7.76)
1945–1960
19,588 (37.06) 194,051 (37.06)
1960–1975
16,707 (31.61)
165,001 (31.51)
>1975
11,270 (21.32)
111,622 (21.32)
Country of origin (% by cohort)
Nordic countries including Sweden 46,174 (87.36) 426,953 (81.53)
Other
6,679 (12.64)
96,696 (18.47)
Diagnosed with liver cancer (% by
1,609 (3.04)
408 (0.08)
cohort)
Males with liver cancer diagnoses
1,303 (3.68)
297 (0.08)
Females with liver cancer diagnoses
306 (1.75)
111 (0.06)
Mean age at liver cancer diagnosis (SD)
61 (8.90)
63 (12.59)
Liver cancer diagnoses by year of birth
(% in cohort)
<1930
115 (7.15)
60 (14.71)
1930–1945
413 (25.67)
134 (32.84)
1945–1960
976 (60.66)
173 (42.40)
1960–1975
102 (6.34)
35 (8.58)
>1975
3 (0.19)
6 (1.47)

underlying cause of death) was obtained from the DR with ICD-9
codes (used in 1987–1996): 155.0, 155.1, 155.2, and ICD-10 codes
(from 1997): C22.0, C22.1, C22.4, and C22.9 (from 2000 divided in
C22.90 “primary liver cancer” and C22.99 “liver cancer”). Codes for
unspeciﬁed (UNS) liver cancer were included because studies have
demonstrated that misclassiﬁcation is common (11, 12). The outcome
PLC was primarily identiﬁed from the CR but was added from the DR
when missing in the CR.
The Prescription Register added information about prescribed
drugs from July 2005, when the register started, to the end of 2015.
In the HCV cohort, there were 6,070 who had received IFN-based
treatment and 2,893 had received DAA therapy (introduced in 2014).
There was no information about treatment outcome. Previous studies
estimated that in Sweden, from 1990 to 2015, about 7,000 patients had
achieved sustained virological response and were considered to be
cured (7). Treated patients were included because we wanted to study
the national temporal trends of HCV-associated PLC.
Modeling date of infection
For many HCV-infected patients, the date of diagnosis is considerably later than date of infection. We used a previously developed
model, based on HCV epidemiology and route of infection, to estimate
the date of infection (4).
For individuals infected through intravenous drug use (IDU),
sexual, other, or unknown routes of transmission, and (i) born before
1930, the year of infection was set to 1965; (ii) born between 1930 and
1955, the age at infection was set to 35 years when born in 1930 and
linearly reducing to age 20 years when born in 1955; and (iii) born after
1955, the age at infection was set to 20 years or equal to age at
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notiﬁcation when younger than 20 years. For transfusion-associated
HCV (blood/blood products), the year of infection was set to 1980. For
individuals with mother-to-child transmission and adopted children,
the date of birth was considered to be the infection date. For nosocomial and occupational routes of transmission, the date of notiﬁcation was taken as the infection date.
The date of infection was used to estimate time with infection, but
was never used as index date for the analyses.
Statistical analysis
The observation time started on the date of notiﬁcation (same as
matching date) and ended at outcome (date of PLC diagnosis), or at
censoring due to emigration, death (other causes than PLC), or end of
study in December 31, 2015, whichever occurred ﬁrst. However, for the
relative risk analyses (SIR, Cox regression) the ﬁrst year from the date
of notiﬁcation was excluded for the HCV cohort, that is, starting
observation time one year after notiﬁcation, as part of adjustment for
selection bias (15, 16).
For both HCV and comparison cohorts, the temporal trends in PLC
incidence and crude incidence rates were assessed. For the HCV
cohort, the sex- and age-standardized incidence rates were calculated
with standardization according to the Swedish population in the year
2000, using 5-year age groups.
The relative risk for PLC in the HCV cohort, expressed as SIRs, was
calculated by dividing the number of observed PLC-diagnoses by the
expected number, based on all PLC reported to the CR completed with
PLC only reported to the DR. The expected number of PLC-diagnoses
was computed from the age-, sex-, and calendar year–speciﬁc PLC
incidence rates (CR þ DR) from the matched comparison-cohort,
multiplied by the observed number of person-years (by age, sex, and
calendar year) in the HCV cohort. Stratiﬁed SIR analyses were
performed by estimated duration of HCV infection: less than 10 years,
10–20, 20–25, 25–30, 30–35, 35–40, 40–45, and more than 45 years of
infection. Exact 95% CIs were calculated assuming a Poisson distribution of cases. The Poisson trend test was carried out to detect a
monotonic relationship between increasing duration of HCV infection
and increasing trend in stratiﬁed SIR.
For comparison, a supplementary SIR (SIRsuppl) was calculated,
comparing the HCV cohort to the general population in Sweden
using PLC data from the CR only (Supplementary Materials and
Methods).
To study the relative effect of duration of HCV infection on the
PLC rate for men and women in the HCV cohort in reference to
matched cohort, we estimated the HRs for different durations
through applying the Cox model with attained age as the time
scale, duration of HCV infection as the time-varying cumulative
exposure, while adjusting for interaction between the duration and
sex, and stratifying on birth cohorts (born before 1930, 1930–1945,
1945–1960, 1960–1975, and later than 1975; refs. 17, 18). Non-HCV
individuals of the corresponding sex with duration of HCV infection set at zero were used as baseline reference. The PLCs were
identiﬁed from both the CR and the DR. The Shoenfeld test of the
proportionality assumption in the ﬁtted Cox model was performed (19). The data cleaning and statistical analyses were carried
out using the statistical software SAS 9.4, R 3.5, and R package
survival (https://CRAN.R-project.org/package¼survival).
Ethics
The linkage of the register ﬁles was undertaken by the Public Health
Agency, Statistics Sweden, and National Board of Health and Welfare.
All data were anonymized before they were seen by the research team.

This study was approved by the Regional Ethical Review Board in
Stockholm, Sweden.

Results
Descriptive analyses and incidence rates
There were 57,040 Swedish residents with an HCV notiﬁcation
1990–2015, of whom 4,038 (7%) also were diagnosed with acute or
chronic HBV infection. In total, 1,826 (3.2%) had a PLC diagnosis, of
which 1,758 were in the HCV monoinfected cohort. Out of these PLCs,
only 1,290 (73.4%) were registered in the CR and the rest were
identiﬁed from the DR. The PLCs in the CR were further classiﬁed
as HCC 91%, intrahepatic cholangiocarcinomas (ICC) 3%, and liver
cancer UNS 6.3%. Those added from the DR were classiﬁed as HCC
43%, PLC/liver cancer 54%, and ICC 2.6%.
The following analyses only comprise the monoinfected HCV
cohort that, after exclusion of 149 individuals with PLC diagnosis
before HCV notiﬁcation, consisted of 52,853 persons. Most of the
subjects were men (67%) and the majority (87%) originated from
Sweden or another Nordic country. The median birth year was 1960
(IQR: 1952; 1972). The matched comparison cohort consisted of
523,649 subjects without HCV diagnosis. Table 1 summarizes the
study population characteristics.
There were 1,609 PLC diagnoses in the HCV cohort and 408 in the
comparison cohort, and median age at diagnosis was 60 and 62 years,
respectively. The age distribution at PLC diagnosis stratiﬁed by sex is
demonstrated in Fig. 1.
The most commonly reported route of HCV transmission was
IDU (21,384; 40%), followed by transfusion of blood/blood products in 2,416 (4.6%) and sexual transmission in 1,396 (2.6%),
though missing or unknown in 50% (Table 2). The percentage with
PLC among those infected through blood/blood products was as
high as among those infected through IDU or with missing/
unknown route. The PLC count by year of birth demonstrated
that 93% of patients with PLC were born before 1960, compared
with 47% in the entire HCV cohort.
Between 1990 and 2015, the annual number of PLC-diagnoses in the
HCV cohort gradually increased to 161 in 2014, with continuously
increasing crude incidence rates reaching 4.56 per 1,000 person-years
in 2013, while the crude incidence rates in the comparison cohort were
low and stable over years in spite of the aging population (Fig. 2A and
B). The age-standardized PLC incidence rates in the HCV cohort
remained relatively constant at 2.64 (95% CI, 1.54–3.75) per 1,000
person-years in year 2000 and 3.31 (95% CI, 2.51–4.12) per 1,000
person-years in 2014 (Fig. 2C and D).
Risk analyses
Because of adjustment for selection bias, the ﬁrst year after HCV
notiﬁcation (with 259 new PLC diagnoses) was not included in the risk
analyses. Subsequently, the HCV cohort for the risk analyses consisted
of 49,445 subjects with an observation time of 538,348 person-years,
and 1,350 PLCs remained eligible for further risk analyses. The
estimated mean duration of infection at PLC diagnosis was 35.5 (SD:
6.1) years.
The SIR analysis, with PLC incidence from both CR and DR,
comparing the HCV cohort to the matched cohort, demonstrated a
high relative risk. Those with estimated infection duration of 35–
40 years had the highest SIR of 73 (95% CI, 65.9–79.5) followed by SIR
61 (95% CI, 53.0–69.3) for those with 40–45 years of infection
(Table 3). Supplementary analyses (SIRsuppl) with PLC from the CR
only is presented in Supplementary Table S1.
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Figure 1.
Age distributions at PLC diagnoses
with respect to HCV status and sex.
Left graph displays age distributions at
PLC diagnoses for individuals in the
HCV cohort (n ¼ 1,609, 81% men), and
right is for individuals in the non-HCV
comparison cohort (n ¼ 408, 73%
men).

Using the Cox model, we estimated HRs with 95% CI for
different estimated durations of HCV infection and plotted these
separately for men and women (Fig. 3). The highest HR for men
was 65.9 (95% CI, 55.9–77.6) at 35–40 years with HCV infection,
whereas for women it reached HR 62.2 (95% CI, 31.9–121.1) after
estimated 45 years with HCV infection.

Discussion
There was a continuous increase of HCV-related PLCs with
time, in this national cohort of people with HCV diagnosis. This
could partly be explained by the growth and the aging of the
cohort. However, the increasing incidence rates in the HCV cohort
compared with the low and stable incidence rates in the matched
non-HCV comparison cohort indicate that duration of the infection plays an important role. The relative risk of PLC in the

HCV cohort, estimated as SIR and HR, was very high after an
estimated 25 years with infection, with the highest relative risk
after 35 years.
The aim was to study the temporal trends of PLC in a national
HCV cohort and to provide updated estimates of the relative risk,
with more recent and more complete PLC incidence data. As
previous studies predicted (7, 20, 21), we observed a continued
strong rise in PLC diagnoses among people with HCV diagnosis in
Sweden and the increase was even stronger than anticipated.
Although there was over a 2-fold increase in total observed person-years in current HCV cohort, 589,294 compared with 246,106
in the 1990–2004 study (5), there were over four times more
incident PLCs registered in the CR (n ¼ 1,141) compared with
the previous study (n ¼ 234), and over six times more (n ¼ 1,609)
when adding PLCs from the DR. Because the large-scale spread of
HCV started in the late 1960s and increased in 1970s (22), this surge

Table 2. Reported routes of transmission by year of birth in the HCV cohort (n ¼ 52,853) and PLC count (n ¼ 1,609).
Year of birth, number in cohort (% by row)
1930–1945
1945–1960
1960–1975

Route of transmission

Total count (%)

<1930

Blood/blood products
PLC (% in group)
Intravenous drug use
PLC (% in group)
Mother-to-child
PLC (% in group)
Nosocomial
PLC (% in group)
Occupational
PLC (% in group)
Other
PLC (% in group)
Sexual
PLC (% in group)
Unknown
PLC (% in group)
Total
PLC (% by row)

2,416 (4.57)
109 (4.51)
21,384 (40.46)
409 (1.9)
147 (0.28)
3 (2.0)
504 (0.95)
9 (1.8)
28 (0.05)
1 (3.6)
800 (1.51)
26 (3.25)
1,396 (2.64)
24 (1.7)
26,178 (49.53)
1,028 (3.9)
52,853 (100)
1,609 (100)

223 (9.23)
23 (10.3)
15 (0.07)
1 (6.7)
0 (0)
0 (0)
17 (3.37)
0 (0)
1 (3.57)
0 (0)
4 (0.5)
1 (25)
0 (0)
0 (0)
967 (3.69)
90 (9.3)
1,227 (2.32)
115 (7.15)

538
49
581
60
3
1
98
3
4
1
50
7
37
4
2,750
288
4,061
413

(22.27)
(9.1)
(2.72)
(10.3)
(2.04)
(33.33)
(19.44)
(3.1)
(14.29)
(25)
(6.25)
(14)
(2.65)
(10.8)
(10.51)
(10.5)
(7.68)
(25.67)

934 (38.66)
30 (3.2)
5,903 (27.6)
311 (5.3)
7 (4.76)
1 (14.2)
188 (37.3)
5 (2.7)
17 (60.71)
0 (0)
267 (33.38)
15 (5.6)
427 (30.59)
16 (3.7)
11,845 (45.25)
598 (5.0)
19,588 (37.06)
976 (60.66)

529 (21.9)
6 (1.1)
6,963 (32.56)
37 (0.5)
19 (12.93)
1 (5.2)
125 (24.8)
1 (0.8)
6 (21.43)
0 (0)
252 (31.5)
3 (1.2)
495 (35.46)
4 (0.8)
8,318 (31.77)
50 (0.6)
16,707 (31.61)
102 (6.34)

1975<
192 (7.95)
1 (0.5)
7,922 (37.05)
0 (0)
118 (80.27)
0 (0)
76 (15.08)
0 (0)
0 (0)
0 (0)
227 (28.38)
0 (0)
437 (31.3)
0 (0)
2,298 (8.78)
2 (0.09)
11,270 (21.32)
3 (0.19)

Note: Italic text indicates the number/percentage of PLC.
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Figure 2.
PLC among people in the HCV cohort and non-HCV comparison cohort. A, Crude number of PLC by calendar year. B, Crude all-ages PLC incidence rates. C, Age- and
sex-standardized incidence rates for the HCV cohort, with standard Swedish population in 2000 as reference population. D, Age-standardized incidence rates with
95% CIs (indicated by bars) for the HCV cohort, with standard Swedish population in 2000 as reference population.

in new PLCs is probably attributed to the aging of the cohort and
the duration of infection. The majority of individuals in the present
HCV cohort, born during 1945–1975, showed average estimated
infection time of 35.1 (SD: 5.42) years at PLC diagnosis. In spite of

Table 3. Relative risk of PLC for the HCV cohort, expressed as SIRs
and stratiﬁed by estimated years with HCV infection.
Years with HCV
infection

Personyears

<10
10–20
20–25
25–30
30–35
35–40
40–45
45þ
Total

52,679
117,018
89,960
102,969
93,487
57,725
21,937
2,574
538,348

Expected Observed SIR 95% CI
0.4
1.5
2.8
4.8
8.3
6.1
3.6
0.7
28.2

6
6
45
190
411
445
219
28
1350

15
4
16
40
50
73
61
40
48

(5–30)
(1.4–8.6)
(11.8–21.7)
(34.1–45.6)
(45.0–54.8)
(65.9–79.5)
(53.0–69.3)
(25.2–54.8)
(45.2–50.3)

Note: The reference population was the matched non-HCV comparison cohort.
Test for homogeneity of SIR: 230, P < 0.0001. Test for trend in SIR: 159.9,
P < 0.0001.

the increasing incidence rates, the age-standardized PLC incidences
were relatively constant, demonstrating that the risks in different
age groups with HCV infection were rather constant over time.
In addition, the study demonstrates that people infected by transfusion of blood or blood products also were at high risk of PLC
(Table 2). In a previous study, it was demonstrated that this group had
very few hospital admissions related to drug or alcohol use (21). These
results conﬁrm that HCV infection is related to a high risk of PLC also
in people without alcohol or drug dependency.
The median age at PLC diagnosis was 60 years, most patients
diagnosed after the age of 50 years. This is in line with a recent study
of people with HCV notiﬁcation 1995–2011/2012/2013 from Canada/
Australia/Scotland, respectively, concluding that older age was the
strongest predictor of HCC diagnosis (23). In that study, HCC was
identiﬁed from hospital admission data 2001–2012/2013/2014, respectively, and 1.1%–1.3% of the study populations were identiﬁed with a
HCC diagnosis. This is a difference from our study, with 3.0% of the
HCV cohort diagnosed with PLC after notiﬁcation, despite rather
similar sex and age distributions. Some possible explanations are that
they ended follow-up 2–4 years earlier, missing the last years when the
incidence was very high, and they identiﬁed the HCCs from hospital
discharge diagnoses and used C22.0 (ICD-10) for HCC. This may have
underestimated the incidence by excluding people without hospital
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Figure 3.
The relative risk of PLC in the HCV cohort compared with the non-HCV comparison cohort, estimated as HRs. The HRs with 95% CIs (indicated by bars) were estimated
using the Cox regression model and plotted separately for men and women for different estimated durations of HCV infection.

admissions and those with HCC classiﬁed as liver cancer UNS.
Another study from Australia estimated the HCC incidence to be
2-fold higher than reported by CR data, only HCCs with histologic
veriﬁcation (about 40%) were classiﬁed as HCC in the CR, approximately 35% were classiﬁed as liver cancer UNS, and 25% were not
reported to the CR at all (12). A study of the Swedish CR conﬁrmed the
underreporting of HCCs without histologic veriﬁcation (11).
Because of the difﬁculties with accurate ICD coding and the underreporting to the CR, our study identiﬁed PLCs reported to the CR and
completed with PLCs from the DR when missing in the CR (27%).
Using CR þ DR probably identiﬁes about 90% of all PLCs (11). In the
DR, PLCs are classiﬁed as HCCs only when clearly stated on the death
certiﬁcate, most PLCs (including many HCCs) are classiﬁed as PLC/
liver cancer UNS (11). Analysis of all PLCs in the study demonstrated
that 80% were classiﬁed as HCC (91% in CR, 43% in DR), 19% as PLC/
liver cancer UNS (mainly from the DR), and only 2.9% were ICC (to
compare with about 20% of PLC in the general population). Accordingly, the vast majority of PLCs in this high-risk population were
probably HCCs.
In the previous Swedish study of people notiﬁed with HCV
diagnosis 1990–2004, those with estimated 25–30 years of HCV
infection had the highest relative risk of PLC with SIR 46 (95% CI,
36–56) when compared with the general population and using PLC
incidence from the CR only (5). When analyzing the current study
population with HCV diagnosis 1990–2015 the same way, individuals with estimated 30–35 years of infection had the highest
SIRsuppl of 40 (Supplementary Table S1). However, these analyses
underestimate the relative risk. Bias arises both from the fact that
the general population includes those with HCV infection (representing 20%–30% of PLC diagnoses in Sweden), as well as from the
underreporting of PLC to the CR (11, 12). To overcome this, we
used a large matched non-HCV comparison cohort and identiﬁed
incident PLC from both the CR and the DR. This SIR-analysis
showed that individuals with estimated 35–40 years with HCV
infection had about 73 times more than expected PLCs (Table 3).
This is thus an updated and probably more accurate estimate of the

relative risk for PLC in an aging national cohort of people with HCV
diagnosis. This high relative risk was conﬁrmed in the HR analysis
(Fig. 3). There was a decrease in relative risk for the strata with the
longest durations of HCV infection; one possible explanation is the
high mortality in the HCV cohort with less people surviving to
reach these strata compared with the noninfected cohort.
A recent modeling study predicted the total burden of PLC in 30
countries around 2030, and projected an overall 35% increase in the
annual number of new PLC compared with 2005 (24). For Sweden, the
projected increase was 118% among men (293 PLC in 2005 and 639 in
2030) and 40% (172 to 241) among women. The predictions were
based on data from CRs 1993–2007. In Sweden, the annual number of
PLC reported to the CR used to decrease but from 2009 there has been a
continuous increase, especially among men (http://www.socialstyrel
sen.se/). This is probably due to the dramatic increase in HCVassociated PLC, which may change with the use of efﬁcient DAA
therapy. However, other emerging risks for PLC like obesity with
nonalcoholic fatty liver disease (NAFLD; ref. 25) and the increasing
number of immigrants with chronic hepatitis B may inﬂuence the
temporal trends up to 2030.
The essential advantages of this study are the large national
population-based cohort, the completeness of the HCV surveillance
register, the possibility to use PINs to link to other national
registers, and to produce a matched population-based comparison
cohort, as well as the prospectively collected register data reported
by all health care providers in the country, the long observation
time, and the possibility to study the future national temporal
trends during DAA therapy. Another strength of the study is the
methodology that, as discussed above, probably has resulted in
more accurate estimates and is recommended for future monitoring
of HCV-related PLC incidence.
There are some potential limitations to mention. First, we lack
information about viremic HCV infection or not. The HCV cohort
includes patients that have been treated and cured and some people
with spontaneously resolved infections. This may result in an underestimation of the HCV-related PLC risk. Second, stage of ﬁbrosis was
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not recorded in the registers, stratiﬁcation on estimated years with
infection was used in the SIR analyses, but we could not study the
risk of PLC by stage of ﬁbrosis. Third, we included diagnoses from the
DR to ensure more complete identiﬁcation of PLC, this may have
resulted in inclusion of some diagnoses that are due to metastases
from other organs. Finally, the “date of infection” model has been
used in several studies and seems to predict duration of HCV
infection rather well (4, 5). However, it is hard to model the often
random date of infection for those infected by transfusion of
blood/blood products (about 5%). In this study, there were a few PLC
in the stratum with estimated duration of HCV infection less than
10 years, which probably is a misspeciﬁcation in the “date of infection”
model.
It was estimated that about 7,000 people in the HCV cohort were
treated and cured from HCV infection during the study period, yet
there was a dramatic increase in PLC incidence, which demonstrates the insufﬁcient effect of treatment so far. With new DAA
therapies, introduced in 2014, more than 95% of those who are
treated will be cured. This will hopefully change the scenario and
dramatically reduce HCV-related complications including
PLC (13, 14). However, to reduce PLC on a national level and to
achieve the WHO goals until 2030, the treatment uptake needs to
increase and prevention of infection/reinfection has to improve.
Since 2005, there is information about prescribed drugs on an
individual level in the Swedish National Prescription Register, and
it will be possible to study these patients in the future. However, it
will also be important to monitor the PLC incidence in the whole
HCV cohort, irrespective of treatment and cure, to study the effect
of DAA on a national level.
To conclude, this study demonstrated a substantial increase in
PLC incidence over the past decade, with an extremely high relative
risk in an aging population with HCV infection for more than
35 years. Also, we veriﬁed that incidence data were more complete
with information from both the CR and the DR, and recommend

this approach for future studies of temporal trends of PLC during
the DAA era.

Disclosure of Potential Conﬂicts of Interest
N. Batyrbekova is a statistician at Scandinavian Development Services AB.
S. Aleman reports receiving commercial research grants from Gilead and AbbVie
and speakers bureau honoraria from AbbVie, Gilead, Bristol-Myers Squibb, and
MSD. C. Lybeck reports receiving speakers bureau honoraria from MSD. A.-S.
Duberg reports receiving speakers bureau honoraria from AbbVie, Gilead, and MSD
and is a consultant/advisory board member for Gilead and AbbVie. No potential
conﬂicts of interest were disclosed by the other author.

Authors’ Contributions
Conception and design: N. Batyrbekova, S. Aleman, S. Montgomery, A.-S. Duberg
Development of methodology: N. Batyrbekova, S. Aleman, A.-S. Duberg
Acquisition of data (provided animals, acquired and managed patients, provided
facilities, etc.): S. Aleman, A.-S. Duberg
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): N. Batyrbekova, C. Lybeck, A.-S. Duberg
Writing, review, and/or revision of the manuscript: N. Batyrbekova, S. Aleman,
C. Lybeck, S. Montgomery, A.-S. Duberg
Administrative, technical, or material support (i.e., reporting or organizing data,
constructing databases): N. Batyrbekova, A.-S. Duberg
Study supervision: S. Aleman, A.-S. Duberg

Acknowledgments
The authors would like to express their gratitude to Dr. Anna T€orner,
Statistician and Regulatory Specialist at SDS, for being generous with her time
€
and insight. The study was supported by research ALF grants from Region Orebro
€
County (OLL-683801) and research grants from Nyckelfonden, Orebro,
Sweden
(OLL-691511), without involvement in any part of the study, manuscript, or
decision to submit.
The costs of publication of this article were defrayed, in part, by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
Received July 7, 2019; revised September 10, 2019; accepted November 4, 2019;
published ﬁrst November 12, 2019.

References
1. Polaris Observatory HCV Collaborators. Global prevalence and genotype
distribution of hepatitis C virus infection in 2015: a modelling study.
Lancet Gastroenterol Hepatol 2017;2:161–76.
2. Poynard T, Bedossa P, Opolon P. Natural history of liver ﬁbrosis progression in
patients with chronic hepatitis C. The OBSVIRC, METAVIR, CLINIVIR, and
DOSVIRC groups. Lancet 1997;349:825–32.
3. Tong MJ, el-Farra NS, Reikes RA, Co RL. Clinical outcomes after transfusionassociated hepatitis C. N Engl J Med 1995;332:1463–6.
4. Duberg AS, Nordstr€om M, T€orner A, Reichard O, Strauss R, Janzon R, et al. NonHodgkins lymphoma and other nonhepatic malignancies in Swedish patients
with hepatitis C virus infection. Hepatology 2005;41:652–9.
5. Strauss R, T€orner A, Duberg AS, Hultcrantz R, Ekdahl K. Hepatocellular
carcinoma and other primary liver cancers in hepatitis C patients in Sweden
- a low endemic country. J Viral Hepat 2008;15:531–7.
6. Perico N, Cattaneo D, Bikbov B, Remuzzi G. Hepatitis C infection and chronic
renal diseases. Clin J Am Soc Nephrol 2009;4:207–20.

7. Duberg AS, Blach S, Falconer K, Kaberg M, Razavi H, Aleman S. The future
disease burden of hepatitis C virus infection in Sweden and the impact of
different treatment strategies. Scand J Gastroenterol 2015;50:233–44.
8. Razavi H, Waked I, Sarrazin C, Myers RP, Idilman R, Calinas F, et al. The present
and future disease burden of hepatitis C virus (HCV) infection with today's
treatment paradigm. J Viral Hepat 2014;21:34–59.
9. Rotily M, Abergel A. Chronic Hepatitis C in the elderly: a new challenge. J Hepat
Res 2015;2:1025.
10. Smith BD, Morgan RL, Beckett GA, Falck-Ytter Y, Holtzman D, Teo CG,
et al. Recommendations for the identiﬁcation of chronic hepatitis C virus

11.

12.

13.

14.

15.
16.

17.
18.

infection among persons born during 1945–1965. MMWR Recomm Rep
2012;61:1–32.
T€orner A, Stokkeland K, Svensson Å, Dickman PW, Hultcrantz R, Montgomery
S, et al. The underreporting of hepatocellular carcinoma to the cancer register
and a log-linear model to estimate a more correct incidence. Hepatology 2017;65:
885–92.
Hong TP, Gow P, Fink M, Dev A, Roberts S, Nicoll A, et al. Novel
population-based study ﬁnding higher than reported hepatocellular
carcinoma incidence suggests an updated approach is needed. Hepatology 2016;63:1205–12.
Kozbial K, Moser S, Al-Zoairy R, Schwarzer R, Datz C, Stauber R, et al. Follow-up
of sustained virological responders with hepatitis C and advanced liver disease
after interferon/ribavirin-free treatment. Liver Int 2018;38:1028–35.
Carrat F, Fontaine H, Dorival C, Simony M, Diallo A, Hezode C, et al. Clinical
outcomes in patients with chronic hepatitis C after direct-acting antiviral
treatment: a prospective cohort study. Lancet 2019;393:1453–64.
T€orner A, Duberg AS, Dickman P, Svensson Å. A proposed method to adjust for
selection bias in cohort studies. Am J Epidemiol 2010;171:602–8.
T€orner A, Dickman P, Duberg AS, Kristinsson S, Landgren O. A method to
visualize and adjust for selection bias in prevalent cohort studies. Am J Epidemiol
2011;174:969–76.
Brookmeyer R, Gail HM. Biases in prevalent cohorts. Biometrics 1987;43:
739–49.
Korn EL, Graubard BI, Midthune D. Time-to-event analysis of longitudinal
follow-up of a survey: choice of the time-scale. Am J Epidemiol 1997;145:
72–80.

Downloaded
from https://bloodcancerdiscov.aacrjournals.org by guest on September
25, 2020.
Copyright
2019 Prev;
American
AACRJournals.org
Cancer
Epidemiol
Biomarkers
29(1) Association
January 2020for 69
Cancer Research.

Batyrbekova et al.

19. Testing proportional hazards. In: Therneau TM, Grambsch PM.
Modeling survival data: extending the Cox model (statistics for
biology and health). New York: Springer Science & Business Media;
2000. p. 127–48.
20. Duberg AS, Janzon R, B€ack E, Ekdahl K, Blaxhult A. The epidemiology of hepatitis C virus infection in Sweden. Euro Surveill 2008;13.
pii:18882.
21. Duberg AS, Pettersson H, Aleman S, Blaxhult A, Daviðsdottir L, Hultcrantz R,
et al. The burden of hepatitis C in Sweden: a national study of inpatient care.
J Viral Hepat 2011;18:106–18.

22. Weiland O, Berg JV, Bjorvatn B, Flehmig B, Lundbergh P. Acute viral hepatitis A,
B and non-A, non-B in Stockholm in the 1950s and 1970s: a comparison.
Infection 1981;9:268–74.
23. Alavi M, Janjua NZ, Chong M, Grebely J, Aspinall EJ, Innes H, et al. Trends
in hepatocellular carcinoma incidence and survival among people with
hepatitis C: an international study. J Viral Hepat 2018;25:473–81.
24. Valery PC, Laversanne M, Clark PJ, Petrick JL, McGlynn KA, Bray F. Projections of
primary liver cancer to 2030 in 30 countries worldwide. Hepatology 2018;67:600–11.
25. Younossi ZM. Non-alcoholic fatty liver disease – a global public health perspective. J Hepatol 2019;70:531–44.

from https://bloodcancerdiscov.aacrjournals.org
by guest on September
25, 2020.
Copyright 2019
American
70Downloaded
Cancer Epidemiol
Biomarkers Prev; 29(1) January 2020
CANCER
EPIDEMIOLOGY,
BIOMARKERS
& Association
PREVENTIONfor
Cancer Research.

Hepatitis C Virus Infection and the Temporal Trends in the Risk of
Liver Cancer: A National Register-Based Cohort Study in Sweden
Nurgul Batyrbekova, Soo Aleman, Charlotte Lybeck, et al.
Cancer Epidemiol Biomarkers Prev 2020;29:63-70. Published OnlineFirst November 12, 2019.

Updated version
Supplementary
Material

Access the most recent version of this article at:
doi: 10.1158/1055-9965.EPI-19-0769
Access the most recent supplemental material at:
http://cebp.aacrjournals.org/content/suppl/2019/11/12/1055-9965.EPI-19-0769.DC1

Cited articles

This article cites 23 articles, 1 of which you can access for free at:
http://cebp.aacrjournals.org/content/29/1/63.full#ref-list-1

E-mail alerts

Sign up to receive free email-alerts related to this article or journal.

Reprints and
Subscriptions
Permissions

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/29/1/63.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from https://bloodcancerdiscov.aacrjournals.org by guest on September 25, 2020. Copyright 2019 American Association for
Cancer Research.

