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Abstract

Chronic hepatitis B virus (HBV) infection is a major risk factor for hepatocel-
lular carcinoma (HCC), and surveillance is recommended for patients without
cirrhosis when risk exceeds an incidence rate (IR) of 0.2%. Populations in
Asia and sub-Saharan Africa have been associated with HCC at younger
ages, but the risk after immigration to Western countries should be investi-
gated. The aim of this study was to study HCC by age and country of origin
in people with chronic HBV infection in Sweden. Through national registers,
residents with chronic HBV diagnosis (1990-2015) were identified with infor-
mation on country of origin, immigration/emigration, death, coinfections, an-
tiviral therapy, and HCC. Observation time started at HBV diagnosis, and IR
and hazard ratios for HCC were calculated by sex, age, and region of origin.
Among 16,410 individuals (47% women), the origin and observation time (per-
son years) were as follows: Western Europe, 2316 (25,415); Eastern Europe,
2349 (26,237); Middle East/North Africa, 4402 (47,320); sub-Saharan Africa,
3677 (30,565); Asia, 3537 (35,358); and other, 129 (1277). There were 232
individuals with HCC (82% in men). The IR increased with age and exceeded
0.2% for Asian men from age group 40—49years (IR, 0.63; 95% confidence
interval, 0.39-1.00), for men of other origins from age group 50-59years,
and for women aged =60years originating from Eastern Europe, Asia, and
Middle East/North Africa. After exclusion of patients with cirrhosis or HBV
treatment, the IR still exceeded 0.2% in Asian men aged 40—49years. This
study demonstrates that HBV-infected men of Asian origin should be recom-
mended HCC surveillance at younger ages, but there is a need for further
studies of HCC incidence in African-born men without cirrhosis living in the
Western world.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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INTRODUCTION

Worldwide, an estimated 260 million people are liv-
ing with a chronic hepatitis B virus (HBV) infection.["?!
Chronic hepatitis B is a major risk factor for hepatocel-
lular carcinoma (HCC), with the highest risk in people
with cirrhosis but an increased risk also in noncirrhotic
disease. The highest risks for HCC have been reported
from HBV-endemic regions, predominantly Asia and
sub-Saharan Africa, where HBV infection often has
been transmitted at birth or early childhood.?# Many
studies originate from Eastern Asia, but there are few
from Africa. However, in the 1960—1980s, studies from
Mozambique and southern Africa reported median
ages around 30years at HCC diagnosis in young adults
living in rural areas.>® It was assumed that other risk
factors, such as aflatoxins and dietary iron overload,
contributed to this very high risk, and studies indicated
that leaving these rural areas lessened the risk of HCC.
There are only a few studies of HCC incidence in
people infected with HBV of different country origins,
particularly African born who have immigrated to
Europe or the United States. One study from the United
States found that Asian ethnic origin (including US-
born individuals) was associated with a significantly
increased risk of HBV-related HCC, but median age at
diagnosis was lowest among African immigrants.m A
study of all-cause HCC in the US general population
demonstrated that country of birth rather than race/eth-
nicity had the largest impact on the age of HCC diagno-
sis and that birth in Africa was strongly associated with
early onset HCC.®®! A study of predominantly male US
veterans with chronic HBV infection found that race and
age were significantly associated with the risk of HCC,
with the highest annual HCC incidence in Asian Pacific
Islanders and the lowest among African Americans; the
risk was very low in patients younger than 40 years.[gl
Patients with increased risk of HCC are recom-
mended to undergo surveillance with ultrasound every
6 months for early detection of incident HCC. This is
recommended for all HBV-infected patients with cirrho-
sis but also for patients without cirrhosis with an esti-
mated risk corresponding to an annual incidence rate
(IR) of 0.2% or higher."%" For patients with chronic
HBYV infection without cirrhosis, guidelines recommend
HCC surveillance for men and women originating from
Asia from the age of 40 and 50years, respectively. For
patients originating from Africa, surveillance was pre-
viously suggested from age 20years, but this has now
been changed to “at earlier ages.”m'm However, the risk
of HCC based on age and country of origin in people
who have immigrated and now live in Sweden or other
European countries needs to be further investigated.
In Sweden, a country with about 10 million inhabitants,
the HBV prevalence is estimated at 0.2%; about 90% of
people with chronic HBV infection are immigrants from
HBV-endemic areas where they probably were infected

perinatally or during infancy.m There are approximately
as many people from each of the following four regions:
East/Southeast Asia, sub-Saharan Africa, Greater
Middle East, and Europe (including Sweden). These
groups of people from different geographical regions,
now Swedish residents with a personal identification
number (PIN), together with the public health care and
the national registers with prospectively collected data
make Sweden a suitable country to study HBV-related
outcomes by country of origin.

This is a population-based register study of a na-
tional cohort of people with chronic HBV infection. The
aim was to study the incidence of HCC by age and re-
gion of origin in people living in Sweden. The hypoth-
esis was that people born in East/Southeast Asia and
sub-Saharan Africa have a higher HCC incidence at
young ages than people originating from other regions.

METHODS
Study population

In Sweden, HBV, hepatitis D virus (HDV), and hepa-
titis C virus (HCV) infections are notifiable diseases
that are reported to the National Surveillance Register
at the Public Health Agency of Sweden, both by the
diagnosing laboratories and the physicians (i.e., dual
notifications) at first diagnosis."® These notifications
include the PIN issued to everyone living permanently
in Sweden (used in all national registers), with informa-
tion on sex and age, type of infection, and the plausible
route of transmission.

For this study, all people notified with chronic HBV
infection in Sweden during 1990-2015 were identified
from the National Surveillance Register. Additionally,
notifications of HDV and/or HCV infection were linked
to the HBV register to identify HDV or HCV coinfections.

There were 41,796 HBV notifications during 1990—
2015. These files were linked to the national Total
Population Register at Statistics Sweden™! to check
the PINs and country of residence. Information about
immigration/emigration, country of birth, and date of
death was added.

Among the HBV natifications, there were 15,753 with
provisional identification number/duplicates (notified
again when assigned a permanent PIN) and another
3041 without permanent residence in Sweden that had
to be excluded, leaving 23,002 residents notified with
HBYV infection. Of those, 4649 had acute HBV infection
and were therefore not included in this study of chronic
HBYV infection, and another 1943 were coinfected with
HCV and therefore excluded. The final study population
consisted of 16,410 individuals (Table 1).

Country of birth was grouped into the following re-
gions: Western Europe, Eastern Europe, Middle East/
North Africa, sub-Saharan Africa, East/Southeast Asia,
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and “other” (Figure 1). More information about the ori-
gin of the study population and the countries included
in the regions is presented in Table 2 and Table S1.

Linkage to other registers

The files with the study population were then linked to the
registers at the National Board of Health and Welfare—
the Cancer Register (CR), Patient Register (PR), Cause
of Death Register (DR), and the Prescription Register
(PrR). These registers include prospectively collected
data with high coverage.“sl All diagnoses in the regis-
ters are coded according to the International Statistical
Classification of Diseases (ICD), and the prescribed
drugs in the PrR are coded according to the Anatomic
Therapeutic Chemical classification system.

About the registers

The CR was founded in 1958, and it is compulsory to
report newly detected cancers to the register. The CR is
validated to be 96% complete[15]; however, it has been
demonstrated that the CR is less complete for some can-
cers diagnosed by imaging technologies without biopsy/
histology, like HCC.I'®! The CR was used to identify pri-
mary liver cancers, predominantly HCC.

The PR started to record hospital admissions in
1964, and all inpatient care in Sweden has been in-
cluded since 1987. Since 2001, the PR has also included

FIGURE 1

outpatient visits in specialist care. The register includes
dates and diagnoses at discharge/visit. The validity is
reported to be high.[m The PR was used to identify in-
dividuals with diagnosis of liver cancer, liver cirrhosis,
decompensated liver cirrhosis, liver transplantation, or
human immunodeficiency virus (HIV) infection (for ICD
codes used in PR, see Table S2).

The DR includes all deaths among Swedish resi-
dents, with date and cause of death and the basis for
diagnosis of the causes. The information relies on infor-
mation from death certificates, missing in only 1%—2%
of deaths."® The DR was used to identify deaths from
liver cancer.

All prescribed drugs have been recorded for individ-
uals in the PrR since July 2005. We used the PrR to
identify patients who had received or still were on HBV
treatment with the nucleos(t)ide analogues tenofovir,
entecavir, telbivudine, lamivudine, or adefovir.

The outcome of interest is HCC; however, the ICD
codes for primary liver cancer (predominantly HCC) were
used because misclassification and underreporting may
be a problem when restricting to ICD codes for HCC and
it was important not to underestimate the incidence.['81%!
The ICD codes were ICD-7 155.0 and 156 in the CR,
and ICD-9 (1987-1996) 155.0, 155.1, 155.2 and ICD-10
(from 1997) C22.0, C22.1, and C22.9 in the PR and DR.
This may include a minority of intrahepatic cholangiocar-
cinoma (ICC) and unspecified liver cancers, but in a co-
hort with chronic hepatitis >90%, these are presumed to
be HCC. In a previous study of the national HCV cohort,
most liver cancers were HCC and only 3% were ICC.[?%

Regions of origin for the study population consisting of people with chronic hepatitis B that live in Sweden, n = 16,410. 1,

Western Europe (green), n = 2316; 2, Eastern Europe (turquoise), n = 2349; 3, Middle East/North Africa (yellow), n = 4402; 4, sub-Saharan
Africa (red) n = 3677; 5, East/Southeast Asia (lilac), n = 3537; 6, other (blue), n = 129
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TABLE 2 Regions of origin® and number of HCC per region
for the study population with chronic hepatitis B virus infection
(n =16,410)

Region of origin Population, n HCC, n

Western Europe, all 2316 49
Sweden 1759 33
Other Nordic countries 154 2
Northern Europe 106
Western Europe 76
Southern Europe 221

Eastern Europe, all 2349 45
Eastern Europe 972 13
Southeastern Europe 1377 32

Middle East and North Africa® 4402 58
Northern Africa 264 6
Middle East/Western Asia 2972 40
Southern Asia 1166 12

Sub-Saharan Africa 3677 28
Eastern Africa 2527 1
Middle Africa 238
Western Africa 897
Southern Africa 15

Eastern and southeastern Asia 3537 54
Southeast Asia 2296 36
Eastern Asia 1150 18
Central Asia 91 0

Other 129 3
North America 47 0
South America 66 3
Oceania 13 0
Unknown 3 0

Abbreviation: HCC, hepatocellular carcinoma.
@For information of countries included in each region, see Table S1.
Greater Middle East.

Patients with an HCC diagnosis or liver transplan-
tation before HBV notification were not included in the
analyses.

Statistical analyses

The observation time started at date of reported HBV
diagnosis (date of HBV natification) and ended at out-
come (date of HCC diagnosis) or at liver transplantation,
emigration (first), death (other than HCC), or December
31, 2015, whichever occurred first. The IR for HCC was
calculated by dividing the number of HCC cases with
the observation time in years for each age group (<20,
20-39, 30-39, 40-49, 50-59, and =260years) and re-
gion of birth. This was done for each entire group by
origin, irrespective of stage of liver fibrosis, in order

not to underestimate the risk. Additionally, the IR was
calculated after exclusion of people with diagnosis of
serious liver disease/cirrhosis and/or HBV treatment
with nucleos(t)ide analogues to exclude those who al-
ready were identified as patients at higher risk and to
study those with milder liver disease separately. The
results are presented as IR (HCC/100 person years)
with 95% confidence intervals (Cls) together with num-
ber of HCCs and observation time in person years
by age group and region of birth for men and women
separately.

Additionally, the risk of HCC in the “region of birth”
groups was compared by using Cox regression with
age as the underlying timescale and Western Europe
as reference and with adjustment for sex and HDV coin-
fection. A separate analysis compared people younger
than age 50years. Further, we used Cox regression to
compare men and women and to compare those with
and without HDV coinfection, irrespective of origin. The
results are presented as hazard ratios (HRs) with 95%
Cls and p values. A minor violation of the proportional
hazards assumption was detected for region of birth,
using Schoenfeld residuals. However, the degree of vi-
olation was borderline, so the results assume propor-
tional hazards.

Observation time for the main analyses started at
HBV notification as described above. Supplemental
analyses starting at observation time 6 months (lag
time) after HBV notification to reduce eventual selec-
tion/surveillance bias were performed and are pre-
sented in Table S3. The analyses were performed
using STATA 14.

RESULTS
Characteristics

In total, there were 16,410 persons with chronic
HBV infection and 200 (1.2%) were coinfected with
HDV (Table 1). In this cohort, 90% were immigrants;
the regions of origin are presented in Figure 1 and
Table 2. In total, 47% were women, but in the Asian
group there were more women (64%) than men. The
group from sub-Saharan Africa was youngest (me-
dian birth year, 1976) and had the shortest mean time
in Sweden (11.6years), with median immigration year
2005. Besides the Western European group (72%
from Sweden), the groups from Eastern Europe and
Middle East/North Africa had the longest mean time in
Sweden, 19.4 and 18.6years, respectively. However,
starting at date of reported HBV diagnosis, the mean
observation time by group (in person years) was similar,
varying from 8.3 (sub-Saharan Africa) to 11.2 (Eastern
Europe) (Table 1).

In the whole cohort, there were 1603 (9.8%) that were
prescribed treatment with nucleos(t)ide analogues, with
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the highest proportion in the group from Asia (15%). In
total, 430 (2.6%) had cirrhosis or cirrhosis-related diag-
noses and 98 (0.6%) had liver transplantation (Table 1).

There were 58 with an outcome or censoring event
before HBV notification, leaving 16,352 individuals and
183 HCC cases for the statistical analyses. The num-
ber of persons and the observation time (in parenthe-
sis) in person years by origin were Western Europe,
2293 (25,415); Eastern Europe, 2343 (26,237); Middle
East/North Africa, 4390 (47,320); sub-Saharan Africa,
3673 (30,565); East/Southeast Asia, 3525 (35,358);
and other, 128 (1177).

HCC incidence rates

There were in total 232 individuals with incident HCC
(82% men); 23, 54, and 58 were from sub-Saharan
Africa, East/Southeast Asia, and Middle East/North
Africa, respectively, and the corresponding mean ages
at HCC diagnoses were 45, 51, and 59years (Table 1).
Most HCCs (175, 75.5%) were identified from the CR,
another 40 (17.2%) were found in the DR (missing in the
CR), and additionally 17 (7.3%) were from the PR (miss-
ing in the CR and DR).

Among the 16,352 individuals included in the statisti-
cal analyses, 183 had an HCC diagnosis. The number of
HCC diagnoses, observation time, and IR by sex, origin,
and age group are presented in Figure 2 and Tables 3
and 4. The IR was higher among men than women
and increased with age. The IR exceeded 0.2/100 per-
son years (0.2%) for men from Asia aged 40—49years
(IR, 0.63; 95% CI, 0.39-1.00) and for men in all other
groups of origin from age group 250-59years. Among
sub-Saharan African men younger than 40years, there
were seven HCC diagnoses, with IRs of 0.05 (95%
Cl, 0.01-0.21) in age group 20-29 and 0.11 (95% ClI,
0.04-0.26) in age group 30—39years, per 100 person
years. In other groups, there were only occasional
HCCs before age 40years. In women, HCC was rare
but exceeded 0.2% among those aged =60years with
origins from East Europe, Asia, and the Middle East/
North Africa. These analyses included 1044 men and
672 women with diagnosis of serious liver disease/cir-
rhosis and/or HBV medication, corresponding to 9642
(11.4%) and 6539 (8%) of observation time in person
years, with 72 (47%) and seven (23%) HCC diagnoses
for men and women, respectively.

In the HBV-infected population without a diagnosis
of serious liver disease/cirrhosis and/or HBV medica-
tion (n = 14,636) who are supposed to be at lower risk
of HCC, there were 104 HCC diagnoses. The IR was
lower but still exceeded 0.2% for men of Asian origin
from age group 40-49 (IR, 0.60; 95% ClI, 0.34—1.10) and
from age group 260 years for men from Eastern Europe
(IR, 0.84; 95% CI, 0.49-1.4) and Middle East/North
Africa (IR, 0.65; 95% CI, 0.35-1.2) (Tables 3 and 4).

Among men from sub-Saharan Africa, there were very
few HCC diagnoses in all age groups.

The IR analysis with a 6-month lag time from HBV
notification demonstrated a slightly lower IR with wider
95% CI but confirmed the high IR (>0.2%) at younger
ages in men of Asian origin (Table S3).

Excluding the 215 patients with HIV coinfection (two
with HCC: a Western European man >60years and an
Asian woman 30-39years) did not significantly change
the results (data not shown).

Comparison of risk for HCC using
Cox regression

With Western Europe as reference, Cox analyses dem-
onstrated that the HCC risk was higher in all groups of
other origins but without statistical significance for sub-
Saharan Africans (Table 5). The group from Asia had
the highest risk, with HR of 3.85 (95% CI, 2.39-6.20;
p<0.001) after adjustment for sex and HDV coinfection.
This did not change significantly with the introduction of
a 6-month lag time (data not shown). Likewise, among
people younger than 50years, the risk was highest
among those from Asia (HR, 5.50; 95% CI, 1.63—18.52;
p = 0.006) (Table 6).

For the study population irrespective of region of or-
igin, Cox analyses demonstrated a higher risk in men
than in women (adjusted HR, 4.23; 95% ClI, 2.85-6.27;
p<0.001); also, HDV coinfection was associated with
an increased risk (Tables 5 and 6).

DISCUSSION

This study demonstrates that most people with chronic
HBV infection in Sweden originate from countries
in Eastern Europe, Africa, the Middle East, or East/
Southeast Asia and that the risk of HCC is highest
among immigrants from East/Southeast Asia. The
HCC incidence increases with age, and only men of
Asian origin exceeded the proposed 0.2% cutoff for
HCC surveillance in age group 40—49years. Among
men from sub-Saharan Africa, there were incident
HCCs in younger age groups, but the IR did not ex-
ceed 0.2% until the age of 50-59 years; after exclusion
of patients with a diagnosis of liver disease/cirrhosis or
HBV treatment, there were few HCCs and the IR was
low. Among women, there were only a few with HCC;
the IR exceeded 0.2% in women originating from Asia,
Eastern Europe, and Middle East/North Africa in age
groups =60years.

The highest risk for HCC was found in men with HBV
infection originating from East/Southeast Asia, and the
risk was also high when restricting analysis to those
supposed to have milder disease. This is consistent
with earlier findings and with the American Association
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for the Study of Liver Diseases recommendation of
HCC surveillance from age 40years for Asian men
without cirrhosis." However, the results indicate that
for people of other origins, it may not be necessary to
recommend HCC surveillance for patients without cir-
rhosis before age 50 or even 60years, based on sex,
age, and origin only. Yet, for age group 50-59years,

the study demonstrates an IR exceeding 0.2% for
men irrespective of origin when including all stages
of disease. Additionally, the analyses indicate that the
Western European group has a lower HCC risk than
the other groups.

Transmission of HBV at birth or in early childhood is
uncommon in Sweden, and most people with chronic
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TABLE 3 Incidence rate of HCC in men by region of origin and age group, calculated for all men in the cohort (n = 8643) and for men
with milder disease by excluding 1044 men with cirrhosis and/or HBV treatment

Men without cirrhosis or HBV treatment (n = 7599)? All men in cohort (n = 8643)°
Region of origin, age Observation time HCC IR/100 HCC IR/100
group (years) (person years) (n) person years 95% CI (n) person years 95% CI
Sub-Saharan Africa
<20 2167 0 - - 0 - -
20-29 3494 1 0.03 0.004-0.20 2 0.05 0.01-0.21
30-39 4317 1 0.02 0.003-0.16 5 0.11 0.04-0.26
40-49 3758 1 0.03 0.004-0.19 3 0.07 0.02-0.23
50-59 1639 1 0.06 0.009-0.43 5 0.27° 0.12-0.67
260 464 0 - - 0 - -
East/Southeast Asia
<20 2052 0 - - 0 - -
20-29 2421 1 0.04 0.006-0.29 1 0.04 0.005-0.26
30-39 2776 1 0.04 0.005-0.26 1 0.03 0.004-0.21
40-49 1997 12 0.60° 0.34-1.10 16 0.63° 0.39-1.00
50-59 953 5 0.52° 0.22-1.30 9 0.70°¢ 0.37-1.30
260 397 5) 1.30° 0.52-3.00 9 1.90° 0.97-3.60
Western Europe
<20 1424 0 - - 0 - -
20-29 1573 0 - - 0 - -
30-39 2070 1 0.05 0.007-0.34 1 0.04 0.006-0.31
40-49 2291 2 0.09 0.02-0.35 2 0.07 0.02-0.30
50-59 2772 4 0.14 0.05-0.38 12 0.37° 0.21-0.65
260 3507 7 0.20 0.10-0.41 16 0.39° 0.24-0.64
Eastern Europe
<20 1520 0 - - 0 - -
20-29 1871 1 0.05 0.008-0.38 1 0.05 0.007-0.36
30-39 2334 0 - - 0 - -
40-49 2818 2 0.07 0.02-0.28 5 0.16 0.07-0.38
50-59 2204 2 0.09 0.02-0.36 7 0.27° 0.13-0.57
260 1553 13 0.84° 0.49-1.40 18 1.00° 0.63-1.60
Middle East/North Africa
<20 1555 0 - - 0 - -
20-29 3214 1 0.03 0.004-0.22 1 0.03 0.004-0.20
30-39 5827 1 0.02 0.002-0.12 1 0.02 0.002-0.11
40-49 6478 1 0.02 0.002-0.11 3 0.04 0.01-0.12
50-59 3694 6 0.16 0.07-0.36 13 0.29° 0.17-0.51
260 1541 10 0.65° 0.35-1.20 19 1.00° 0.67-1.60
Other
All ages 479 1 NA NA 2 NA NA

Abbreviations: Cl, confidence interval; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; IR, incidence rate; NA, not available.
#Total observation time, 75,160 person years; HCC diagnoses, 80.

Total observation time, 84,802; HCC diagnoses, 152.

“Surveillance recommended for patients without cirrhosis when risk exceeds IR of 0.2%.

HBV infection have been infected in another country regions, and the annual number of detected infections
and migrated to Sweden. The majority of individuals in Sweden varies with immigrant flows. This study found
with chronic HBV infection originate from HBV-endemic that there were approximately as many people from the
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TABLE 4 Incidence rate of HCC in women by region of origin and age group, calculated for all women in cohort (n = 7709) and for
those with milder disease by excluding 672 women with cirrhosis and/or HBV treatment

Women without cirrhosis or HBV treatment (n = 7037)? Women, all in cohort (n = 7709)°
Region of origin, age  Observation time HCC IR/100 IR/100
group (years) (person years) (n) person years 95% ClI HCC (n) personyears 95% ClI
Sub-Saharan Africa
<20 1229 0 - - 0 - -
20-29 3219 0 - - 0 - -
30-39 4665 0 - - 0 - -
40-49 2540 1 0.04 0.006-0.28 1 0.04 0.005-0.26
50-59 733 0 - - 0 - -
260 663 1 0.15 0.02-1.10 1 0.15 0.02-1.10
East/Southeast Asia
<20 1911 0 - - 0 - -
20-29 3518 0 - - 0 - -
30-39 7231 2 0.03 0.007-0.11 3 0.04 0.01-0.11
40-49 4882 1 0.02 0.003-0.15 1 0.02 0.003-0.13
50-59 1624 1 0.06 0.009-0.43 1 0.05 0.007-0.37
260 553 2 0.36° 0.09-1.40 2 0.33° 0.08-1.30
Western Europe
<20 1091 0 - - 0 - -
20-29 1745 0 - - 0 - -
30-39 1810 0 - - 0 - -
40-49 1441 0 - - 0 - -
50-59 1423 0 - - 0 - -
260 1771 2 0.11 0.03-0.45 3 0.15 0.05-0.47
Eastern Europe
<20 722 0 - - 0 - -
20-29 2018 0 - - 0 - -
30-39 3357 0 - - 0 - -
40-49 2982 1 0.03 0.005-0.24 1 0.03 0.005-0.23
50-59 1720 2 0.12 0.03-0.46 3 0.16 0.05-0.50
260 1025 4 0.39° 0.15-1.00 5 0.44° 0.18-1.10
Middle East/North Africa
<20 1333 1 0.07 0.01-0.53 1 0.07 0.01-0.50
20-29 4257 0 - - 0 - -
30-39 6578 1 0.01 0.002-0.11 1 0.01 0.002-0.10
40-49 4966 0 0.02 - 1 0.02 0.003-0.13
50-59 1979 2 0.14 0.03-0.40 3 0.14 0.04-0.42
260 1109 3 0.33° 0.08-0.84 4 0.33° 0.12-0.88
Other
All ages 637 0 NA NA 0 NA NA

Abbreviations: Cl, confidence interval; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; IR, incidence rate; NA, not available.
®Total observation time, 74,732 person years; HCC diagnoses, 24.

Total observation time, 81,271; HCC diagnoses, 31.

“Surveillance recommended for patients without cirrhosis when risk exceeds IR of 0.2%.

Greater Middle East, East/Southeast Asia, and sub-  to the conflict hotspots of the world. In the sub-Saharan
Saharan Africa and that the median immigration year = group, 69% originated from East Africa and 24% from
was 1995, 2000, and 2005, respectively, often related West Africa (Table 2; Table S1), including countries with
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TABLE 5 Hazard ratio with 95% ClI for risk of HCC (age as underlying timescale) comparing the groups of different origin with Western
Europe as reference, comparing men and women, and comparing those with or without HDV coinfection

Unadjusted HR Model 1 HR Model 2 HR
(95% Cl) p value (95% Cl) p value (95% Cl) p value
Region of origin
Western Europe 1 (ref) 1 (ref) 1 (ref)
Eastern Europe 1.77 (1.11-2.80) 0.016 1.94 (1.22-3.08) 0.005 1.91 (1.21-3.04) 0.006
Middle East/North Africa 1.54 (0.98-2.42) 0.063 1.63 (1.03-2.56) 0.036 1.51 (0.95-2.39) 0.078
Sub-Saharan Africa 1.24 (0.68-2.24) 0.485 1.37 (0.75-2.50) 0.303 1.27 (0.69-2.32) 0.442
East/Southeast Asia 2.80 (1.75—-4.49) <0.001 3.90 (2.42-6.28) <0.001 3.85(2.39-6.20) <0.001
Sex
Men 3.63 (2.46-5.35) <0.001 4.21 (2.84-6.24) <0.001 4.23 (2.85-6.27) <0.001
Women 1 (ref) 1 (ref) 1 (ref)
Coinfection with HDV
Yes 5.84 (2.87-11.91) <0.001 6.32 (3.07-13.02) <0.001
No 1 (ref) 1 (ref)

Note: Model 1 is adjusted for sex. Model 2 is adjusted for sex and coinfection with HDV.
Abbreviations: Cl, confidence interval; HCC, hepatocellular carcinoma; HDV, hepatitis D virus; HR, hazard ratio; ref, reference.

TABLE 6 Hazard ratio with 95% ClI for risk of HCC before age 50years (age as underlying timescale) comparing groups of different
origin with Western Europe as reference, comparing men and women, and comparing those with or without HDV coinfection

Unadjusted HR Model 1 HR Model 2 HR
(95% CI) p value (95% CI) p value (95% CI) p value
Region of origin
Western Europe 1 (ref) 1 (ref) 1 (ref)
Eastern Europe 1.63 (0.42-6.30) 0.480 1.89 (0.49-7.33) 0.355 1.89 (0.49-7.32) 0.356
Middle East/North Africa  0.90 (0.24—3.40) 0.877 0.95 (0.25-3.60) 0.944 0.94 (0.25-3.54) 0.924
Sub-Saharan Africa 2.13 (0.59-7.65) 0.246 2.20 (0.61-7.90) 0.227 2.17 (0.60-7.80) 0.235
East/Southeast Asia 3.58 (1.07-11.97) 0.039 5.55 (1.65-18.70) 0.006 5.50 (1.63-18.52) 0.006
Sex
Men 4.79 (2.32-9.86) <0.001 6.36 (3.05-13.26) <0.001 6.35 (3.05-13.23) <0.001
Women 1 (ref) 1 (ref) 1 (ref)
Coinfection with HDV
Yes 2.13 (0.29-15.43) 0.454 2.38 (0.33-17.26) 0.393
No 1 (ref) 1 (ref)

Note: Model 1 is adjusted for sex. Model 2 is adjusted for sex and coinfection with HDV.
Abbreviations: Cl, confidence interval; HCC, hepatocellular carcinoma; HDV, hepatitis D virus; HR, hazard ratio; ref, reference.

reported high HCC incidence at young ages.[zﬂ In our
study population, the African- and Asian-born individ-
uals were the youngest, with less observation time in
ages 260years than the other regions of origin. This
limits the robustness of the analyses for those aged
=60years and could explain why there was only one
HCC diagnosis among sub-Saharan Africans in this
age group; however, despite an almost equally short
observation time, there were 11 HCC diagnoses among
Asian-born individuals in the same age group.

Some of the highest HCC incidences in the world
have been reported from countries in sub-Saharan
Africa,?"! and median age for HBV-related HCC was
recently reported to be younger than 45years in most

sub-Saharan African countries.?? Some African
studies have reported a median age for HCC around
30 years.[5*6] This was associated with chronic HBV in-
fection, exposure to aflatoxins, and possibly dietary iron
overload,”® and a study from southern Africa demon-
strated that the risk of early onset HCC was higher in
ruralthanin urban areas and thatleaving rural areas may
have lessened the risk.’! In our study, the sub-Saharan
African group had the shortest time in Sweden (me-
dian, 11.6years); this could possibly be of importance
if the risk decreases with time after leaving a high-risk
area. The mean age at HCC diagnosis was 44.7 years
in sub-Saharan Africa-born individuals; this was lower
than for the other groups but may be explained by a
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younger population with more observation time in the
younger age groups and less observation time (and few
HCC cases) in older age groups. HCC was rare before
age 40years (irrespective of origin), but more common
among sub-Saharan African-born men with a diagno-
sis of liver disease/cirrhosis and/or HBV treatment (i.e.,
among those identified to be at raised risk). However,
when comparing the risk before age 50 years using Cox
regression, only the group from Asia had a statistically
significant higher risk than the others (Table 6).

There are few other studies of the HCC risk in peo-
ple infected with HBV from different countries of origin
who have immigrated to Europe or the United States.
A case—control study of 278 patients with chronic hep-
atitis B and HCC in the United States found that Asian
ethnic origin (mainly born in the United States) was
associated with a significantly increased risk of HCC;
however, African immigrants did not have excess risk
but were diagnosed with HCC at younger ages than
other groups.m Another study investigated the impact
of country of birth on the age of HCC diagnosis in the
US general population. Among 59,907 patients with
HCC diagnosis (regardless of underlying cause), 75%
had country of birth information, of whom 29% were
foreign born. Country of birth rather than race/ethnicity
was associated with age at HCC diagnosis, and birth
in Africa (especially West Africa) and Oceania was
notably associated with early onset; however, infor-
mation on HBV infection, duration spent in the United
States, and IR were missing in this study.®! A study of
predominantly male US veterans with HBV infection
demonstrated that race and age were significantly as-
sociated with the risk of HCC, with the highest annual
HCC incidence (0.65%) in Asian Pacific Islanders fol-
lowed by whites (0.57%) and the lowest among African
Americans (0.40%). In adjusted analysis, there was no
difference between whites and African Americans, and
the risk was very low in patients younger than 40years
in all racial/ethnic groups,[g] which is in accordance with
our findings.

Globally, the highest HCC incidence today is re-
ported from East/Southeast Asia,?" driven primarily by
HBYV infection but also HCV and aflatoxins. In this study
of people with chronic HBV infection in Sweden, the
Asian-born population stands out as having the high-
est HCC incidence. In other parts of the world, HCC is
related to HCV, alcohol, and nonalcoholic fatty liver dis-
ease (NAFLD). In Sweden, a large part of HCC diagno-
ses have been related to HCV, and the median age for
HCC diagnosis in the mainly Swedish-born HCV popu-
lation has been 60 years.[2°] In a study from a region of
Sweden, an increase in HCC incidence related to immi-
gration was found in people younger than 50 years.[24]

The main analyses in our study included all patients
with chronic HBV infection, irrespective of stage of fi-
brosis, in order to not underestimate the risk and the
need for HCC surveillance. However, 2.6% had a liver

cirrhosis diagnosis, and 9.8% in total had received
HBV treatment (15% in the Asian group), which is rec-
ommended for those with progressive liver disease.
This indicates that at least 10% of the study popula-
tion could have more serious chronic hepatitis B with
a higher risk of HCC. The proposed 0.2% cutoff for
HCC surveillance is recommended for people without
cirrhosis."%" Therefore, analyses excluding people
with cirrhosis and/or HBV treatment were performed.
As expected, these IRs were lower but still exceeded
0.2% for Asian men in the relatively young 40—49-year
age group. A meta-analysis including studies from East
Asia, North America, or Europe demonstrated that
HCC incidence in untreated subjects with chronic HBV
infection was strongly related to age and liver disease
status but found no statistically significant difference
by geographic area after adjusting for age.[25] In our
study, East/Southeast Asian origin was associated with
a higher IR from age 40 and a higher HR when taking
age into account.

A contributing factor to the difference in HCC risk
between regions could be related to the global distri-
bution of HBV genotypes, with a dominance of geno-
types C and B in East Asia/Southeast Asia; genotype
D in the Greater Middle East; genotype A in East Africa;
and genotype E in West Africa. Genotype C has been
associated with a higher risk of HCC than other geno-
types.2-271 Other viral factors, host genetic differences,
lifestyle factors, and access to diagnostics and treat-
ment could add to differences in risk by origin.[?® Risk
factors, like aflatoxins, have been mentioned in both
sub-Saharan Africa and Asia, and today, obesity and
NAFLD are of increasing importance for liver disease.

Several risk scores to estimate the risk for HCC in
patients with HBV infection have been proposed for
Asian patients and some for treated Caucasians (but
not for Africans). These scores could be indicative for
patients with chronic hepatitis B and fibrosis/cirrho-
sis.?®l However, one challenge is to estimate the risk
for HCC and the need for surveillance in patients in-
fected with HBV without progressive fibrosis and treat-
ment, where these risk scores give little guidance. In
patients without cirrhosis, an increased risk has been
associated with sex, age, family history of HCC and
active viral replication with persistent hepatitis B e an-
tigen and high levels of HBV DNA.I'®" Also, African
and Asian origin have been considered risk factors.
Our study indicates that Asian-born individuals have
a higher risk than the other groups. More studies of
HBYV infection and its complications in the African and
Middle East populations are needed.

The major strengths of this study are the well-
characterized nationwide study population and the
registers with comprehensive data, including date of
immigration, origin, dates of HBV diagnosis, and inci-
dent HCC. The nationwide approach enables a large
number of people and observation time in each group
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of origin. An almost equal size of the groups from the
HBV-endemic regions of the world and the possibility to
use PINs to link with prospectively collected data from
several national health care registers of high quality
made it possible to compare people of different origins
living in Sweden in one study.

Some possible limitations are the lack of some in-
formation that is not recorded or underidentified in
the national registers used here, such as results from
blood tests, detailed virology (like HBV genotypes and
viral load), information on stage of liver fibrosis other
than a cirrhosis diagnosis, weight, and alcohol con-
sumption. Also, family history of HCC is not included
because this is a study of migrant populations and
details of disease in relatives are disproportionally
unavailable in people with family members in other
countries. Furthermore, for the reason of patient
secrecy, we could not use information on specific
country of origin, such that broader regional catego-
ries were used; however, studying by region ensures
there are more people in each group. The recommen-
dations of HCC surveillance have so far differed by
continent only. Despite the nationwide approach and
total observation time of more than 166,000 person
years, there are few incident HCC diagnoses in each
subgroup, especially at younger ages with lower IR,
and the number of persons at risk and the observa-
tion time are small for some age groups, which limits
the robustness of some analyses and limits the pos-
sibility of further stratified analysis. Therefore, more
studies are needed to confirm our findings, especially
for the migrant population from sub-Saharan Africa.

In conclusion, this nationwide study of people with
chronic HBV infection in Sweden found that only men
of Asian origin exceeded the proposed cutoff for HCC
surveillance among people as young as 40—49years
and that HCC before age 40years was uncommon in
patients without cirrhosis. The study confirms the high
risk for HCC in patients with chronic HBV infection and
points to the need for further studies of HCC incidence
in young African men without cirrhosis who have mi-
grated to the Western world. In general, more studies of
HBYV infection and the risk of HCC in people from Africa
or the Middle East are warranted.
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