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Simple Summary: Familial risk of cancer implies that two or more family members are diagnosed
with the same cancer. This may be due to the genes or environmental factors that family members
share. Familial risk for liver and gallbladder cancer is about 2.7 which means that when one family
member is diagnosed with these cancers other family members have 2.7 times higher risk of being
diagnosed with the same cancers compared to families were no member is yet diagnosed with these
cancers. Risk between spouses is entirely due to shared environmental factors and for liver cancer
there is a small risk. The most important way to prevent these cancers is to avoid their risk factors,
alcohol, smoking and overweight, and to seek medical care for diabetes and liver infections.

Abstract: We used the Swedish Cancer Registry data to address familial risks for concordant (same)
and discordant (different) hepatobiliary cancers, including their associations with any other cancers
and with known risk factors. Risks were also assessed between spouses. The analysis covered Swedish
families and their cancers between years 1958 and 2018. Adjusted familial risks were expressed as
standardized incidence ratios (SIRs). Familial SIRs for concordant hepatocellular carcinoma (HCC)
were 2.60, and for gallbladder cancer they were at the same level (2.76). Familial risk was also found
for intrahepatic bile duct cancer and for female extrahepatic bile duct cancer. HCC was associated
with lung and cervical cancers; extrahepatic bile duct and ampullary cancers were associated with
colon and pancreatic cancers, suggesting Lynch syndrome. Among spouses, hepatobiliary cancer was
associated with HCC, stomach, pancreatic, cervical and upper aerodigestive tract cancers. Among
risk factors, family members diagnosed with alcohol-related disease showed association with HCC.
The observed familial risks for hepatobiliary cancers were relatively high, and considering the poor
prognosis of these cancers, prevention is of the utmost importance and should focus on moderation of
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alcohol consumption, vaccination/treatment of hepatitis viral infections and avoidance of overweight
and other risk factors of type 2 diabetes.

Keywords: hepatocellular carcinoma; gallbladder cancer; risk factors; spouse correlation;
discordant familial risks; alcohol

1. Introduction

Primary hepatobiliary cancers include hepatocellular carcinoma (HCC), gallbladder
cancer (GBC), cancers of the biliary tract (extrahepatic and intrahepatic bile ducts, also called
cholangiocarcinoma) and of the ampulla of Vater (also called ampullary cancer) [1,2]. Risk
factors for these cancers are many and the large international variation is in part explained
by known risk factors [1,2]. Northern European risk factors of HCC include alcohol-related
liver cirrhosis, chronic infection by hepatitis B (HBV) or C virus (HCV), obesity, low physical
activity, type 2 diabetes, non-alcoholic metabolic liver disease, smoking, autoimmune
disease and family history [1–9]. All hepatobiliary tract cancers were increased after
exposure to Thorotrast, a widely used radiographic contrast agent between the 1930s and
1950s, including the radioactive compound thorium dioxide, producing excellent images
but harmful alpha radiation as it decays [10]. According to a Swedish national HCC register,
covering the years 2009–2016 and 3376 patients, the type of underlying liver disease was
caused by HCV in 27%, alcohol in 23%, HBV in 5% and diabetes and non-alcoholic liver
disease in 4% each of HCC patients [11]. For GBC, gallstones are an important risk factor,
and others include bacterial infections, obesity, family history, biliary cysts and other
structural abnormalities [1,4,12]. Biliary tract cancers share many risk factors with HCC
but associations with HBV, HCV and alcohol are weaker [1,13,14].

Familial cancer can be caused by shared (germline) genetic or environmental risk
factors. The latter may be estimated by shared cancer risk between spouses, which has
shown no increase for liver cancer in a Swedish study [15]. However, familial risk may
also be transmitted through an intermediary familial condition, which is a risk factor for
cancer. For example, cholelithiasis predisposes to GBC but it has an independent familial
component [16]. Other such conditions are diabetes and obesity. The large literature on familial
HCC includes also studies on families of HBV-infected individuals, as reviewed in [17,18].
Fewer family studies have been published on GBC and biliary cancer but the relative risks, at
about 3.0, have not been very different from results on HCC [4,19–21]. Probably because of
the multiplicity of environmental risk factors, germline genetics of hepatobiliary cancers
has been most successful in identifying low-risk variants [22,23]. A limited number of
high-risk genes have been identified. GBC and biliary tract cancers manifest in hereditary
nonpolyposis colorectal cancer syndrome (HNPCC, Lynch syndrome), particularly in
mutation carriers of the mismatch repair gene MLH1 [24,25]. Low frequencies of mismatch
repair gene mutations have been reported also in HCC [26]. BRCA1/2 mutations have
been described in bile duct cancers [27].

We use data from the Swedish Cancer Registry to analyze familial risk in defined
hepatobiliary cancers when family members were diagnosed with the same cancers or
any other specified cancers. Additionally, risks for hepatobiliary cancers were assessed
when family members were diagnosed with any of 12 risk factors for hepatobiliary cancers.
Cohort design and completeness of the data, including familial relationships, are unique
advantages of the applied setting. With this sample size, we can address familial risks even
in rare GBC and bile ductal cancers.

2. Materials and Methods

The most recent update (latest data from 2018) of the Swedish Cancer Registry was
used in the study. Family relationships were obtained from the Multigeneration Register,
containing the Swedish population in families [28]. ‘The offspring generation’ was born
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after 1931 and by 2018, the oldest offspring reached the age of 86 years; their siblings could
be defined only in the offspring generation. Cancers were identified from the Swedish
Cancer Registry which was started in 1958 using codes of the International Classification
of Diseases (ICD) versions 7 code 155 for all primary hepatobiliary cancer (155.0 HCC,
155.1 GBC, 155.2 bile ducts, 155.3 ampulla of Vater), but excluding subcodes 155.8 (cancer in
multiple bile ducts) and 155.9 (cancer in unspecified bile ducts). Since the ICD-7 code 155.0
for HCC also included intrahepatic bile duct cancer, we additionally used ICD-10 from
year 1997 onwards where these cancers were separated. Information from the registers
was linked at the individual level via the national 10-digit civic registration number. In
the linked dataset, civic registration numbers were replaced with serial numbers to ensure
anonymity.

Familial risk was considered for offspring whose first-degree relatives (parents or
siblings) were diagnosed with the same (concordant) or different (discordant) cancer; the
relatives were thus probands. Standardized incidence ratios (SIRs) were calculated as the
ratio of observed to expected number of cases. The expected numbers were calculated from
the present dataset for all individuals without cancer among their family members (i.e.,
most of the Swedish population), and the rates were standardized by 5-year age, gender,
period (5-years group), highest educational level (as proxy for socioeconomic status) and
geographical region. The 95% confidence interval (95% CI) of the SIR was calculated
assuming a Poisson distribution. Observed cases (O) indicate the persons whom the SIR
was calculated. Spouses were identified through the first common child of the couples.

Patients diagnosed with any of ICD codes for 12 risk factors of hepatobiliary cancer
(ICD codes for the risk factors are shown in Supplementary Table S1) were identified from
the Swedish Inpatient Register (started in 1964 reaching nationwide coverage in 1987) and
the Outpatient Register (nationwide since 2001) [29]. Each patient was entered only once
for their first diagnosed morbidity. Analysis was conducted as described above.

Age-specific incidence rates were calculated between familial and nonfamilial cases of
HCC and GBC. The rate ratios were plotted to show the age dependence of familial risk.

The analysis scheme is shown in Figure 1, highlighting the study subjects, the types
of analysis (familial and spousal) and the diseases considered.
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Figure 1. The scheme for the current analysis highlighting the study subjects (parent–offspring
and spouses), the types of analysis (familial and spousal) and the diseases (hepatobiliary and other
cancers, and comorbidities of hepatobiliary cancer) considered.
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The study was approved by the Regional Ethical Review Board in Lund 6 Febru-
ary 2013 (Reference 2012/795 and subsequent amendments). Guidelines of the Helsinki
Declaration were followed. The study was conducted in accordance with the approved
guidelines with explicit statement that no informed consent was required. The study is a
national-register-based study on anonymous personal data.

3. Results

The characteristics of the study population are described in Supplementary Table S2.
The total offspring generation index population at age 20–86 years amounted to 9.34
million individuals recorded from 1932 to 31 December 2018. Hepatobiliary cancer was
diagnosed in 8558 patients without family history (mean diagnostic age 61.7 years) and in
304 familial cancer patients (mean diagnostic age 63.9 years). Familial HCC was identified in
189 patients, GBC was identified in 76 patients, extrahepatic bile duct cancer was identified
in 29 patients and ampullary cancer was identified in 10 patients. From these figures, one
can calculate that the familial proportion (i.e., familial cases of all cases in offspring) of
these cancers was 3.4% for all hepatobiliary cancer, 3.6% for HCC, 4.0% for GBC, 2.5% for
extrahepatic bile duct cancer and 2.0% for ampullary cancer.

Familial risks for hepatobiliary cancer are shown in Table 1 by the type of familial
constellation. Family history of any hepatobiliary cancer showed a relative risk of 1.75,
marginally higher for women (1.82) than for men (1.70). The sex difference was somewhat
higher when both the index case (offspring) and the proband (parent) were of the same sex,
females (2.02) and males (1.64). The risks between siblings (2.08) were somewhat higher
than between offspring and parents (1.59), or when two instead of one family members
were probands.

Table 1. Familial risks for concordant hepatobiliary cancer.

Family Relation
Men Women All

O SIR 95% CI O SIR 95% CI O SIR 95% CI

Family history (any first-degree relatives) 168 1.70 1.45 1.98 136 1.82 1.53 2.15 304 1.75 1.56 1.96
Parents 110 1.48 1.22 1.78 95 1.73 1.40 2.12 205 1.59 1.38 1.82
Father 52 1.64 1.23 2.15 33 1.37 0.95 1.93 85 1.53 1.22 1.89
Mother 58 1.38 1.05 1.79 64 2.02 1.55 2.58 122 1.66 1.37 1.98
Siblings 59 2.09 1.59 2.69 43 2.07 1.50 2.79 102 2.08 1.69 2.52

One family member 167 1.67 1.43 1.95 132 1.78 1.49 2.11 299 1.72 1.53 1.92
Two family members 1 1.01 0.00 5.81 4 5.85 1.52 15.13 5 2.99 0.94 7.04

O—observed; SIR—standardized incidence ratio; CI—confidence intervals. Bold types: 95% CI does not include
1.00.

Analysis by specific hepatobiliary cancer is shown in Table 2 when a family member
was diagnosed with any hepatobiliary cancer. For HCC, the overall SIR was 2.16, slightly
higher than for GBC (2.02). For intrahepatic bile duct cancer, the risk was significant only
for men (SIR 1.70). No familial risk was observed for extrahepatic bile duct and ampullary
cancers. When ICD-10 data (from 1997 onwards, in which HCC and intrahepatic bile duct
cancers were separated) were used for case identification, familial risks were somewhat
higher and the SIR of 1.87 for intrahepatic bile ducts was significant.

In Table 3, analysis focused on concordant and discordant hepatobiliary cancer types.
Concordant familial risks were almost equally high for HCC (2.60) and GBC (2.76). Signifi-
cant association of extrahepatic bile duct cancer was only noted with GBC (2.85). Results
for (concordant) intrahepatic bile duct cancer could be analyzed based on the ICD-10
with follow up from 1997 onwards, and the results are shown in the bottom part of the
table. A concordant association for intrahepatic bile duct cancer was observed (3.81); no
discordant associations were observed. Concordant association of HCC (4.06) was higher
than that in the upper part of the table because the observation time was only 22 years
and familial pairs were likely to be relatively young siblings. No discordant associations
were observed. Concordant association for GBC was of borderline significance (2.14) but
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the discordant association with cancer of the extrahepatic bile ducts (3.71) was significant.
Related sex-specific data are shown in Supplementary Table S3. The new observation was
the female association of HCC with GBC (1.73).

Table 2. Familial risks of hepatobiliary cancer when a first-degree relative had any type of hepatobil-
iary cancer.

Cancer Type
Men Women All

O SIR 95% CI O SIR 95% CI O SIR 95% CI

Diagnosis of cases based on ICD-7, 1958–2018
Hepatobiliary cancer 180 1.80 1.55 2.09 139 1.85 1.56 2.18 319 1.82 1.63 2.04

Subtypes of hepatobiliary cancer in the study
population

HCC 120 2.01 1.67 2.41 49 2.64 1.96 3.50 169 2.16 1.85 2.51
Gallbladder cancer 17 1.90 1.10 3.04 55 2.06 1.55 2.68 72 2.02 1.58 2.54

Intrahepatic bile duct cancer 21 1.70 1.05 2.60 14 1.04 0.56 1.74 35 1.35 0.94 1.88
Extrahepatic bile duct cancer 13 1.08 0.57 1.85 17 1.57 0.91 2.52 30 1.31 0.88 1.87

Ampulla of Vater cancer 9 1.33 0.60 2.53 4 0.71 0.19 1.85 13 1.05 0.56 1.80

Diagnosis of cases based on ICD-10, 1997–2018
Hepatobiliary cancer 101 2.02 1.65 2.46 69 1.97 1.53 2.50 170 2.00 1.71 2.32

Subtypes of hepatobiliary cancer in the study
population

HCC 68 2.28 1.77 2.89 26 2.83 1.84 4.15 94 2.41 1.95 2.95
Gallbladder 4 0.83 0.22 2.14 21 1.76 1.09 2.69 25 1.49 0.96 2.20

Intrahepatic bile duct 16 2.50 1.42 4.07 8 1.24 0.53 2.45 24 1.87 1.19 2.78
Extrahepatic bile duct 7 1.19 0.47 2.47 11 2.23 1.11 4.01 18 1.67 0.99 2.64

Ampulla of Vater 6 1.96 0.70 4.29 3 1.22 0.23 3.63 9 1.63 0.74 3.11

O—observed; SIR—standardized incidence ratio; CI—confidence intervals. Bold types: 95% CI does not include
1.00.

In Table 4 familial risks were analyzed when family members were diagnosed with
any cancer. HCC was associated with lung (1.36) and cervical (1.27) cancers. GBC was
associated with no discordant cancer but extrahepatic bile duct and ampullary cancers
shared associations with pancreatic and colon cancers. Extrahepatic bile duct cancer was
additionally associated with small intestinal cancer and melanoma, while ampullary cancer
showed a high association (2.20) with nervous system cancer. Among these 13 patients,
6 had an affected sibling and 7 an affected parent; their diagnoses were 6 astrocytomas
(5 grade III–IV, 1 grade I–II), 4 meningiomas and the rest individual diverse histologies.
Related sex-specific data are shown in Supplementary Table S4. The new observations
were the male association of GBC with lung cancer (1.48) and ampullary cancer with male
breast cancer (1.45).

Analysis of combined hepatobiliary cancers between spouses showed a risk of 1.29
for wives when their husbands were diagnosed with hepatobiliary cancer (Table 5). This
was largely explained by HCC risk of 1.33. Risk in husbands was not significant for any
hepatobiliary cancer. We analyzed the risk of hepatobiliary cancer when the spouse was
diagnosed with any cancer and in Table 5 results are shown for sites with significant
associations. Risk in wives was increased when their husbands were diagnosed with
stomach (1.49) or pancreatic (1.26) cancer; risk in husbands was increased (1.19) when their
wives were diagnosed with cervical cancers. Association with upper aerodigestive tract
cancer was significant when either spouse was affected.

Rate ratios of familial and nonfamilial HCC and GBC were defined for age-specific
incidence rates (Figure 2). For both cancers, the familial incidence peaked at age 75–79 years,
the rate ratios being 2.16 and 2.25, respectively. No prominent early-onset components
were apparent.



Cancers 2022, 14, 1938 6 of 14
Cancers 2022, 14, x FOR PEER REVIEW 10 of 16 
 

 

 
Figure 2. Age-specific incidence for familial and nonfamilial hepatocellular carcinoma and 
gallbladder cancer with incidence rate ratios. 

The risk factors (comorbidities) for hepatobiliary cancer are listed in Supplementary 
Table S1. Chronic obstructive pulmonary disease was used as a surrogate of smoking, as 
no smoking data were available. Notably, 2.9 million individuals had been diagnosed 
with some risk factor, the most common of which were chronic obstructive pulmonary 
disease (0.96 million) and diabetes (0.76 million). Familial risks were calculated for 
hepatobiliary cancer in offspring whose first-degree family members were diagnosed 
with any of the 12 comorbidities (Table 6). Association with HBV showed the highest SIR 
of 4.05, followed by alcohol-related liver disease (1.60), chronic obstructive pulmonary 
disease (1.14) and diabetes (1.13). Alcohol-related liver disease and diabetes were 
associated with cancer in both sexes, but male risks exceed female risks. Altogether, 4046 

Figure 2. Age-specific incidence for familial and nonfamilial hepatocellular carcinoma and gallblad-
der cancer with incidence rate ratios.



Cancers 2022, 14, 1938 7 of 14

Table 3. Familial risks of concordant and discordant hepatobiliary cancer types.

Cancer in Family

Diagnoses Based on ICD-7, 1958–2018

HCC Gallbladder Extrahepatic Bile Ducts Ampulla of Vater

O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI

HCC 122 2.60 2.16 3.10 24 1.43 0.92 2.13 10 0.92 0.44 1.71 6 1.38 0.50 3.03
Gallbladder 50 1.32 0.98 1.74 39 2.76 1.96 3.77 12 1.30 0.67 2.28 2 0.55 0.05 2.02

Extrahepatic bile ducts 10 0.81 0.39 1.50 13 2.85 1.51 4.89 6 2.04 0.73 4.47 2 1.70 0.16 6.25
Ampulla of Vater 7 1.33 0.53 2.75 0 1 0.81 0.00 4.67 0

All 189 1.85 1.59 2.13 76 2.04 1.60 2.55 29 1.20 0.80 1.72 10 1.04 0.49 1.91

Cancer in Family

Diagnoses based on ICD-10, 1997–2018

HCC Intrahepatic bile ducts Gallbladder Extrahepatic bile ducts Ampulla of Vater
O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI

HCC 70 4.06 3.16 5.13 8 1.42 0.61 2.81 7 0.95 0.38 1.98 4 0.85 0.22 2.20 6 2.51 0.90 5.50
Intrahepatic bile ducts 5 1.08 0.34 2.54 6 3.81 1.37 8.35 4 1.98 0.52 5.12 1 0.76 0.00 4.37 3 4.50 0.85 13.32

Gallbladder 11 1.13 0.56 2.03 6 1.89 0.68 4.13 9 2.14 0.97 4.08 10 3.71 1.77 6.85 0
Extrahepatic bile ducts 4 0.86 0.22 2.21 3 1.91 0.36 5.66 5 2.44 0.77 5.74 2 1.51 0.14 5.56 0

Ampulla of Vater 4 1.47 0.38 3.81 1 1.11 0.00 6.37 0 1 1.31 0.00 7.48 0
All 94 2.41 1.95 2.95 24 1.87 1.19 2.78 25 1.49 0.96 2.20 18 1.67 0.99 2.64 9 1.63 0.74 3.11

O—observed; SIR—standardized incidence ratio; CI—confidence intervals. Bold types: 95% CI does not include 1.00.

Table 4. Familial risks of hepatobiliary cancer when family members had any cancer.

Cancer in Family
HCC Gallbladder Extrahepatic Bile Ducts Ampulla of Vater

O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI

Upper aerodigestive tract 117 1.15 0.95 1.38 43 1.19 0.86 1.61 25 1.06 0.69 1.57 11 1.17 0.58 2.09
Salivary gland 10 0.95 0.45 1.75 2 0.55 0.05 2.03 2 0.83 0.08 3.05 2 2.02 0.19 7.44

Esophagus 44 1.17 0.85 1.57 21 1.58 0.98 2.42 3 0.35 0.07 1.03 3 0.86 0.16 2.53
Stomach 152 0.95 0.80 1.11 73 1.22 0.96 1.54 41 1.05 0.75 1.42 21 1.37 0.85 2.10

Small intestine 19 0.95 0.57 1.48 6 0.86 0.31 1.89 10 2.18 1.04 4.02 4 2.16 0.56 5.59
Pancreas 120 1.14 0.95 1.37 46 1.21 0.89 1.61 41 1.65 1.18 2.24 18 1.80 1.07 2.85

Colon 300 0.95 0.85 1.07 103 0.92 0.75 1.11 94 1.28 1.03 1.57 48 1.60 1.18 2.13
Rectum 156 0.96 0.81 1.12 70 1.20 0.94 1.52 33 0.87 0.60 1.22 16 1.04 0.59 1.69

Anus 9 1.02 0.46 1.95 3 1.01 0.19 3.00 2 1.03 0.10 3.80 0
Lung 384 1.36 1.23 1.51 102 1.04 0.85 1.26 67 1.05 0.82 1.34 29 1.12 0.75 1.62
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Table 4. Cont.

Cancer in Family
HCC Gallbladder Extrahepatic Bile Ducts Ampulla of Vater

O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI

Hepatobiliary 189 1.85 1.59 2.13 76 2.04 1.60 2.55 29 1.20 0.80 1.72 10 1.04 0.49 1.91
Breast 395 0.90 0.82 1.00 158 1.04 0.88 1.21 97 0.98 0.79 1.19 47 1.14 0.84 1.52
Cervix 71 1.27 1.00 1.61 18 0.94 0.55 1.48 7 0.56 0.22 1.17 7 1.40 0.56 2.90

Endometrium 108 1.07 0.87 1.29 35 0.98 0.68 1.36 17 0.73 0.42 1.17 7 0.74 0.29 1.53
Ovary 60 0.87 0.67 1.12 21 0.87 0.54 1.33 17 1.07 0.62 1.72 3 0.46 0.09 1.37

Other female genitals 10 0.67 0.32 1.25 8 1.49 0.64 2.96 4 1.15 0.30 2.97 0
Prostate 419 0.91 0.82 1.00 147 0.91 0.76 1.06 76 0.71 0.56 0.89 27 0.62 0.41 0.90

Testis 11 1.41 0.70 2.54 1 0.41 0.00 2.36 2 1.26 0.12 4.65 1 1.54 0.00 8.85
Other male genitals 6 1.14 0.41 2.50 0 0.00 0.53 2.17 1 0.84 0.00 4.80 0

Kidney 75 1.00 0.79 1.25 26 0.97 0.63 1.42 20 1.15 0.70 1.78 9 1.28 0.58 2.44
Bladder 124 1.01 0.84 1.20 48 1.12 0.82 1.48 24 0.85 0.55 1.27 9 0.78 0.35 1.48

Melanoma 84 0.99 0.79 1.22 33 1.17 0.80 1.64 28 1.52 1.01 2.19 8 1.02 0.44 2.03
Skin 96 0.84 0.68 1.03 49 1.23 0.91 1.63 29 1.12 0.75 1.61 11 1.00 0.50 1.80
Eye 7 1.07 0.42 2.21 4 1.72 0.45 4.44 2 1.32 0.12 4.84 0

Nervous system 66 1.02 0.79 1.30 24 1.10 0.70 1.64 18 1.25 0.74 1.99 13 2.20 1.17 3.78
Thyroid 20 1.18 0.72 1.82 4 0.68 0.18 1.77 1 0.26 0.00 1.51 2 1.31 0.12 4.82

Endocrine 41 1.11 0.79 1.50 15 1.21 0.67 1.99 5 0.61 0.19 1.44 4 1.20 0.31 3.11
Bone 0 0.00 0.29 1.19 2 1.85 0.17 6.81 1 1.41 0.00 8.09 0

Connective tissue 17 1.24 0.72 2.00 2 0.43 0.04 1.58 2 0.64 0.06 2.37 0
Hodgkins disease 6 0.62 0.22 1.36 5 1.50 0.47 3.52 3 1.37 0.26 4.04 3 3.45 0.65 10.21

Non-Hodgkins lymphoma 53 0.80 0.60 1.05 31 1.35 0.92 1.92 12 0.80 0.41 1.40 5 0.81 0.26 1.91
Myeloma 39 1.26 0.90 1.73 14 1.26 0.69 2.12 4 0.55 0.14 1.43 1 0.34 0.00 1.96
Leukemia 66 0.97 0.75 1.24 22 0.94 0.59 1.43 10 0.65 0.31 1.20 4 0.64 0.17 1.64

Primary unknown 67 1.06 0.82 1.35 22 0.98 0.61 1.49 19 1.30 0.78 2.04 5 0.85 0.27 2.00
Others 5 1.01 0.32 2.37 1 0.60 0.00 3.42 1 0.88 0.00 5.06 1 2.20 0.00 12.60

All 3377 1.04 1.00 1.07 1244 1.08 1.02 1.15 753 1.00 0.93 1.08 330 1.08 0.97 1.20

O—observed; SIR—standardized incidence ratio; CI—confidence intervals. Bold types: 95% CI does not include 1.00.
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Table 5. Risks of hepatobiliary cancer among spouses.

Hepatobiliary Cancer in Spouse
Wives Husbands All

O SIR 95% CI O SIR 95% CI O SIR 95% CI

Hepatobiliary cancer 97 1.29 1.04 1.57 97 1.12 0.91 1.37 194 1.20 1.04 1.38
HCC 64 1.33 1.02 1.70 37 1.33 0.94 1.84 101 1.33 1.08 1.62

Gallbladder 17 1.30 0.75 2.08 46 1.04 0.76 1.39 63 1.10 0.85 1.41
Extrahepatic bile ducts 10 1.09 0.52 2.01 9 0.86 0.39 1.64 19 0.97 0.58 1.51

Ampulla of vater 6 1.22 0.44 2.67 5 1.20 0.38 2.83 11 1.21 0.60 2.18

Other cancers in spouse
Wives Husbands All

O SIR 95% CI O SIR 95% CI O SIR 95% CI

Upper aerodistive trac 130 1.13 0.95 1.34 56 1.25 0.94 1.62 186 1.16 1.00 1.34
Stomach 208 1.49 1.30 1.71 83 0.92 0.74 1.15 291 1.27 1.13 1.43
Pancreas 123 1.26 1.04 1.50 90 0.92 0.74 1.13 213 1.09 0.95 1.25
Cervix 138 1.19 1.00 1.40 138 1.19 1.00 1.40

O—observed; SIR—standardized incidence ratio; CI—confidence intervals. Bold types: 95% CI does not include 1.00.

Table 6. Familial risks of hepatobiliary cancer when family members were diagnosed with comorbidities, 1964–2018.

Diagnosis of Comorbidities in Family
Men Women All

O SIR 95% CI O SIR 95% CI O SIR 95% CI

Alcohol-related liver disease 345 1.79 1.61 1.99 196 1.34 1.16 1.54 541 1.60 1.47 1.74
Chronic obstructive pulmonary disease 676 1.17 1.09 1.27 478 1.08 0.99 1.19 1154 1.14 1.07 1.20

Gallstone disease or operation 3 0.41 0.08 1.23 6 1.17 0.42 2.55 9 0.73 0.33 1.39
Hepatitis B virus 4 3.90 1.01 10.09 3 4.28 0.81 12.66 7 4.05 1.61 8.40
Hepatitis C virus 1 0.28 0.00 1.60 2 0.76 0.07 2.78 3 0.48 0.09 1.42

Hepatitis of any kind 12 1.49 0.77 2.61 5 0.84 0.26 1.97 17 1.21 0.71 1.95
Infection of bile ducts 45 1.08 0.79 1.45 38 1.16 0.82 1.60 83 1.12 0.89 1.39
Autoimmune hepatitis 27 1.21 0.80 1.77 13 0.77 0.41 1.32 40 1.02 0.73 1.39

Non-alcohol-related liver disease 2 1.17 0.11 4.30 1 0.87 0.00 5.00 3 1.05 0.20 3.11
Obesity 50 1.32 0.98 1.74 30 1.08 0.73 1.54 80 1.22 0.96 1.51

Primary biliary cirrhosis 5 1.67 0.53 3.92 4 1.91 0.50 4.94 9 1.77 0.80 3.37
Diabetes 1238 1.17 1.11 1.24 862 1.07 1.00 1.15 2100 1.13 1.08 1.18

All of above 2408 1.23 1.19 1.28 1638 1.10 1.05 1.16 4046 1.18 1.14 1.21

O—observed; SIR—standardized incidence ratio; CI—confidence intervals. Bold types: 95% CI does not include 1.00.
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Table 7. Familial risks of specific hepatobiliary cancer when family members were diagnosed with comorbidities, 1964–2018.

Diagnosis of Comorbidities in Family
HCC Gallbladder Extrahepatic Bile Ducts Ampulla of Vater

O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI

Alcohol-related liver disease 414 2.00 1.81 2.20 63 0.95 0.73 1.22 47 1.00 0.74 1.34 17 0.91 0.53 1.46
Chronic obstructive pulmonary disease 734 1.23 1.14 1.32 217 1.00 0.87 1.14 149 1.03 0.87 1.21 54 0.91 0.69 1.19

Gallstone disease or operation 5 0.68 0.22 1.60 3 1.17 0.22 3.47 1 0.56 0.00 3.23 0
Hepatitis B viru 7 5.20 2.06 10.77 0 0 0

Hepatitis C virus 3 0.69 0.13 2.03 0 0 0
Hepatitis of any kind 13 1.58 0.84 2.71 3 1.01 0.19 2.99 0 1 1.22 0.00 7.00
Infection of bile ducts 51 1.22 0.91 1.60 17 1.00 0.58 1.60 6 0.56 0.20 1.22 9 2.01 0.91 3.84
Autoimmune hepatitis 28 1.23 0.81 1.78 6 4 0.71 0.19 1.85 2

Non-alcohol-related liver disease 2 1.07 0.10 3.95 1 2.21 0.00 12.65 0 0
Obesity 55 1.28 0.97 1.67 17 1.51 0.88 2.42 4 0.47 0.12 1.22 4 1.26 0.33 3.25

Primary biliary cirrhosis 8 2.58 1.10 5.12 0 1 1.36 0.00 7.82 0
Diabetes 1271 1.18 1.12 1.25 418 1.02 0.93 1.13 281 1.05 0.93 1.18 130 1.20 1.00 1.43

All of above 2591 1.29 1.24 1.34 745 1.01 0.94 1.09 493 1.01 0.92 1.10 217 1.09 0.95 1.25

HCC—hepatocellular carcinoma; O—observed; SIR—standardized incidence ratio; CI—confidence intervals. Bold types: 95% CI does not include 1.00.



Cancers 2022, 14, 1938 11 of 14

The risk factors (comorbidities) for hepatobiliary cancer are listed in Supplementary
Table S1. Chronic obstructive pulmonary disease was used as a surrogate of smoking, as
no smoking data were available. Notably, 2.9 million individuals had been diagnosed with
some risk factor, the most common of which were chronic obstructive pulmonary disease
(0.96 million) and diabetes (0.76 million). Familial risks were calculated for hepatobiliary
cancer in offspring whose first-degree family members were diagnosed with any of the
12 comorbidities (Table 6). Association with HBV showed the highest SIR of 4.05, followed
by alcohol-related liver disease (1.60), chronic obstructive pulmonary disease (1.14) and
diabetes (1.13). Alcohol-related liver disease and diabetes were associated with cancer in
both sexes, but male risks exceed female risks. Altogether, 4046 hepatobiliary cancers were
observed, and more than half were in association with diabetes.

Similar analysis was conducted by type of hepatobiliary cancer (Table 7). HCC
dominated in this analysis, and all significant risk estimates from Table 6 were more
significant in Table 7. A novel significant association was noted for primary biliary cirrhosis
(2.58). The only association with non-HCC sites was for ampullary cancer (1.29), associated
with diabetes.

4. Discussion

Family studies in hepatobiliary cancers in a low-risk-factor setting, such as Sweden,
are not common, particularly with verified case and family histories; the present study is
the largest published so far. Familial proportions of these cancers were low: 3.6% HCC,
4.0% GBC, 2.5% extrahepatic bile duct cancer and 2.0% ampullary cancer. In addition to
HCC, we were also able to assess familial risks for other hepatobiliary cancers and their
association with any other cancers from the same dataset, which is unique. Analysis of
cancers among spouses was informative of shared environmental factors and showed an
increased risk of hepatobiliary cancer when the other spouse was diagnosed with HCC,
stomach, pancreatic, cervical or upper aerodigestive tract cancers.

Familial relative risk for concordant HCC was 2.60, somewhat higher for men (2.73)
than for women (2.32). These are at the level of a previous meta-analysis [18]. HCC did not
show associations with other, much rarer hepatobiliary sites, with the exception of female
risk with GBC. HCC was associated with lung and cervical cancer, which together with
spouse risks points to a lifestyle featuring tobacco, alcohol and broken marriages [30,31].
The incidence between familial and nonfamilial rates were rather uniform over the age
range up to 80 years. This suggests that the underlying risk factors pose risk over a large
part of the lifetime. This may be different from single-gene effects, which may show an
early age-defined peak (Figure 2).

We showed concordant familial risks for GBC (2.76), based on ICD-10 for intrahep-
atic bile duct cancers (3.81) (Table 3). Concordant familial association for extrahepatic
bile duct cancers was not significant but the risk was significant in the ICD-10 data for
women (2.23) when probands were diagnosed with any hepatobiliary cancer; male risk in
this analysis was only 1.19 (95% CI 0.47–2.47) (Table 2). In the same analysis, male intra-
hepatic bile duct cancer risk was significant (2.50) but female risk was much lower (1.24;
95% CI 0.53–2.45). The only discordant association was between GBC and extrahepatic bile
duct cancer, and the SIR (2.85) was at the level of concordant risk for GBC (2.76) (Table 3).
We defined incidence rates between familial and nonfamilial GBC (Figure 2). Although
the familial incidence curve was fairly similar to that of HCC, there was a peak at age
55–60 years which would coincide with GBC incidence in Lynch syndrome [26,27]. Pre-
vious literature on familial risks at these sites is scanty, and in addition to our results of
GBC, most literature stems from studies in Asia, from different risk factor settings [4,21–23].
We recently published a study on second primary cancers, after hepatobiliary cancers and
hepatobiliary cancers, as second primaries after any cancers [32]. HCC and GBC associated
with each other, as did GBC and bile duct cancer, while HCC and bile duct cancer showed
no associations. Thus, these patterns agree with the present familial risks.
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Analysis of familial associations of GBC and bile duct cancers, with cancers at extrahep-
atic sites, showed no significant associations for GBC. Extrahepatic bile duct cancers were
associated with small intestinal, pancreatic and colon cancers and melanoma; ampullary
cancers shared associations with pancreatic and colon cancers, and were additionally associ-
ated with nervous system cancers (with expected frequencies of gliomas and meningiomas,
suggesting that the association was fortuitous) [33]. Ampullary cancers were associated
also with male breast cancers. Associations between anatomically adjacent sites may be
due to diagnostic bias but may also be due to physiological links. Bile flows from the liver
through the bile ducts and gall bladder into the small intestine and then into the colon.
The pancreatic duct joins the bile duct before the ampulla of Vater. Bile stones may cause
backflow of bile into the pancreas. Thus, carcinogens in bile would have access to all of
these organs. Biliary tract cancers may harbor mismatch repair gene mutations which
may explain the associations with colon and pancreatic cancers [26,27]. Recently, these
mutations have also been found in ampullary cancer [34]. The association of ampullary
cancers with male breast cancer may be related to BRCA1/2 mutations which are found in
this cancer [35].

Familial associations between hepatobiliary cancers and their risk factors were domi-
nated by HCC; the only association with non-HCC sites was for ampullary cancer associat-
ing with diabetes. Among HCC risk factors, familial association with HBV was high but the
case numbers were few, in contrast to alcohol with modest risk and high number of affected
relatives. HCC risk was barely over 1.1 when family members presented with common risk
factors, diabetes or chronic obstructive pulmonary disease. These data suggest that shared
risk factors in family appear not to explain much of familial risk of hepatobiliary cancers,
and rather that the risk factors are individual.

The inherent limitation of studying familial risks in rare cancers is the low case num-
bers and low statistical power. This is evident in global literature in familial hepatobiliary
cancers, with a volume of papers on HCC particularly from studies carried out in Asian
countries where HCC is common, but there is hardly any extant literature on GBC and bile
duct cancers. The power of this study was that we could address even these rare cancers in
an unbiased manner. In the analysis of risk factors, identification of patients was based on
diagnostic codes which were changed, or new codes were introduced over time implying
inaccuracies and missing cases. Particularly, for smoking and alcohol, moderate users were
missed.

5. Conclusions

Within the available sample size, we showed that concordant familial risks of HCC,
GBC and intrahepatic and extrahepatic bile duct cancers are relatively high, between 2.5
and 3.0, compared with other cancers [36]. While familial risks in HCC and GBC did not
show large sex differences, bile duct cancers may show large sex differences, but larger
studies are needed to confirm this. There appeared to be limited sharing of familial risks
between these sites, confined to HCC and GBC, and to GBC and extrahepatic bile duct
cancers. Environmental factors may be more important causes of familial clustering of
these cancers than for many other familial cancers, for which inherited genetic factors may
play an important role [36]. Yet, among risk factors in family members, alcohol-related
disease appeared to be an important contributor to familial risk of HCC only. While there
are several drugs approved for treatment of hepatobiliary cancers, curative treatment of
metastatic and advanced disease remains difficult. Therefore, considering the overall poor
prognosis of these cancers, prevention is of the utmost importance, including moderation
of alcohol consumption, prevention of HBV infection with vaccine, treatment of HBV and
HCV infections and avoidance of overweight and other risk factors of type 2 diabetes.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14081938/s1, Table S1: ICD codes of comorbidities and
patient numbers, 1964–2018; Table S2: Study population and number of case of hepatobiliary cancer
with and without family history of hepatobiliary cancer, 1958–2018; Table S3: Familial risks of
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concordant hepatobiliary cancer in men and women; Table S4; Familial risks of hepatobiliary cancer
of family members with any cancer in men and women.

Author Contributions: Design, K.H., K.S. and J.S.; acquisition of data, K.S. and J.S.; statistical analysis
and interpretation, X.L. and K.H.; manuscript writing, K.H., A.H., V.L. and A.F.; comments on
manuscript all authors. All authors have read and agreed to the published version of the manuscript.

Funding: Supported by the European Union’s Horizon 2020 research and innovation programme,
grant No 856620 (Chaperon), The Swedish Research Council, Jane and Aatos Erkko Foundation,
Finnish Cancer Organizations, University of Helsinki, Helsinki University Central Hospital, Novo
Nordisk Foundation, Päivikki and Sakari Sohlberg Foundation.

Institutional Review Board Statement: The study was approved by the Regional Ethical Review
Board in Lund on 6 February 2013 (2012/795) with subsequent modifications without requirement
for informed consent. Guidelines of the Helsinki Declaration were followed. Aggregated data from a
pseudonymized database were used posing minimal ethical issues for people’s integrity. Instead, the
Ethical Review Board obliged us to advertise in the newspapers in order to inform the public that
their data would be used for secondary purposes. After that, around 40 individuals were excluded
(≈40 excluded individuals/≈10 million individuals in the Swedish population).

Informed Consent Statement: The study was approved by the Regional Ethical Review Board in
Lund without requirement for informed consent because anonymous data were used.

Data Availability Statement: Data used were issued by the National Board of Health and Welfare,
Stockholm, to Kristina and Jan Sundquist for exclusive institutional use. Any data requests should be
directed to the National Board of Health and Welfare, Stockholm.

Conflicts of Interest: A.H. is shareholder in Targovax ASA. A.H. is employee and shareholder in
TILT Biotherapeutics Ltd. Other authors declared no conflict of interest.

References
1. Valle, J.W.; Kelley, R.K.; Nervi, B.; Oh, D.Y.; Zhu, A.X. Biliary tract cancer. Lancet 2021, 397, 428–444. [CrossRef]
2. Villanueva, A.; Longo, D.L. Hepatocellular Carcinoma. N. Engl. J. Med. 2019, 380, 1450–1462. [CrossRef]
3. Baumeister, S.E.; Leitzmann, M.F.; Linseisen, J.; Schlesinger, S. Physical Activity and the Risk of Liver Cancer: A Systematic

Review and Meta-Analysis of Prospective Studies and a Bias Analysis. J. Natl. Cancer Inst. 2019, 111, 1142–1151. [CrossRef]
[PubMed]

4. Hemminki, K.; Li, X. Familial liver and gall bladder cancer: A nationwide epidemiological study from Sweden. Gut 2003, 52,
592–596. [CrossRef] [PubMed]

5. Liu, X.; Hemminki, K.; Försti, A.; Sundquist, K.; Sundquist, J.; Ji, J. Cancer risk in patients with type 2 diabetes mellitus and their
relatives. Int. J. Cancer 2015, 137, 903–910. [CrossRef]

6. Castro, F.A.; Liu, X.; Försti, A.; Ji, J.; Sundquist, J.; Sundquist, K.; Koshiol, J.; Hemminki, K. Increased risk of hepatobiliary cancers
after hospitalization for autoimmune disease. Clin. Gastroenterol. Hepatol. 2014, 12, 1038–1045.e1037. [CrossRef] [PubMed]

7. McGee, E.E.; Castro, F.A.; Engels, E.A.; Freedman, N.D.; Pfeiffer, R.M.; Nogueira, L.; Stolzenberg-Solomon, R.; McGlynn, K.A.;
Hemminki, K.; Koshiol, J. Associations between autoimmune conditions and hepatobiliary cancer risk among elderly US adults.
Int. J. Cancer 2019, 144, 707–717. [CrossRef]

8. Sundquist, K.; Sundquist, J.; Ji, J. Risk of hepatocellular carcinoma and cancers at other sites among patients diagnosed with
chronic hepatitis B virus infection in Sweden. J. Med. Virol. 2014, 86, 18–22. [CrossRef]

9. Liu, X.; Chen, Y.; Wang, Y.; Dong, X.; Wang, J.; Tang, J.; Sundquist, K.; Sundquist, J.; Ji, J. Cancer risk in patients with hepatitis C
virus infection: A population-based study in Sweden. Cancer Med. 2017, 6, 1135–1140. [CrossRef]

10. IARC. Ionizing radiation, part 2: Some internally deposited radionuclides. Views and expert opinions of an IARC Working Group
on the Evaluation of Carcinogenic Risks to Humans. Lyon, 14–21 June 2000. IARC Monogr. Eval. Carcinog. Risks Hum. 2001, 78,
1–559.

11. Henriksson, M.; Björnsson, B.; Eilard, M.S.; Lindell, G.; Strömberg, C.; Hemmingsson, O.; Isaksson, B.; Rizell, M.; Sandström, P.
Treatment patterns and survival in patients with hepatocellular carcinoma in the Swedish national registry SweLiv. BJS Open
2020, 4, 109–117. [CrossRef] [PubMed]

12. Arnold, M.; Pandeya, N.; Byrnes, G.; Renehan, P.A.G.; Stevens, G.A.; Ezzati, P.M.; Ferlay, J.; Miranda, J.J.; Romieu, I.; Dikshit, R.;
et al. Global burden of cancer attributable to high body-mass index in 2012: A population-based study. Lancet Oncol. 2015, 16,
36–46. [CrossRef]

13. IARC. Radiation. Volume 100 D. A review of human carcinogens. IARC Monogr. Eval. Carcinog. Risks Hum. 2012, 100, 1–341.

http://doi.org/10.1016/S0140-6736(21)00153-7
http://doi.org/10.1056/NEJMra1713263
http://doi.org/10.1093/jnci/djz111
http://www.ncbi.nlm.nih.gov/pubmed/31168582
http://doi.org/10.1136/gut.52.4.592
http://www.ncbi.nlm.nih.gov/pubmed/12631675
http://doi.org/10.1002/ijc.29440
http://doi.org/10.1016/j.cgh.2013.11.007
http://www.ncbi.nlm.nih.gov/pubmed/24246767
http://doi.org/10.1002/ijc.31835
http://doi.org/10.1002/jmv.23754
http://doi.org/10.1002/cam4.988
http://doi.org/10.1002/bjs5.50226
http://www.ncbi.nlm.nih.gov/pubmed/32011814
http://doi.org/10.1016/S1470-2045(14)71123-4


Cancers 2022, 14, 1938 14 of 14

14. McGee, E.E.; Jackson, S.S.; Petrick, J.L.; Van Dyke, A.L.; Adami, H.O.; Albanes, D.; Andreotti, G.; Beane-Freeman, L.E.; de
Gonzalez, A.B.; Buring, J.E.; et al. Smoking, Alcohol, and Biliary Tract Cancer Risk: A Pooling Project of 26 Prospective Studies. J.
Natl. Cancer Inst. 2019, 111, 1263–1278. [CrossRef]

15. Frank, C.; Fallah, M.; Ji, J.; Sundquist, J.; Hemminki, K. The population impact of familial cancer, a major cause of cancer. Int. J.
Cancer 2014, 134, 1899–1906. [CrossRef]

16. Hemminki, K.; Hemminki, O.; Forsti, A.; Sundquist, K.; Sundquist, J.; Li, X. Familial risks for gallstones in the population of
Sweden. BMJ Open Gastroenterol. 2018, 4, e000188. [CrossRef]

17. Turati, F.; Edefonti, V.; Talamini, R.; Ferraroni, M.; Malvezzi, M.; Bravi, F.; Franceschi, S.; Montella, M.; Polesel, J.; Zucchetto, A.;
et al. Family history of liver cancer and hepatocellular carcinoma. Hepatology 2012, 55, 1416–1425. [CrossRef]

18. Yang, Y.; Wu, Q.J.; Xie, L.; Chow, W.H.; Rothman, N.; Li, H.L.; Gao, Y.T.; Zheng, W.; Shu, X.O.; Xiang, Y.B. Prospective cohort
studies of association between family history of liver cancer and risk of liver cancer. Int. J. Cancer 2014, 135, 1605–1614. [CrossRef]

19. Kamsa-ard, S.; Kamsa-ard, S.; Luvira, V.; Suwanrungruang, K.; Vatanasapt, P.; Wiangnon, S. Risk Factors for Cholangiocarcinoma
in Thailand: A Systematic Review and Meta-Analysis. Asian Pac. J. Cancer Prev. 2018, 19, 605–614. [CrossRef]

20. Rawla, P.; Sunkara, T.; Thandra, K.C.; Barsouk, A. Epidemiology of gallbladder cancer. Clin. Exp. Hepatol. 2019, 5, 93–102.
[CrossRef]

21. Hemminki, K.; Hemminki, A.; Försti, A.; Sundquist, K.; Li, X. Genetics of gallbladder cancer. Lancet Oncol. 2017, 18, e296.
[CrossRef]

22. Li, X.; Xu, W.; Kang, W.; Wong, S.H.; Wang, M.; Zhou, Y.; Fang, X.; Zhang, X.; Yang, H.; Wong, C.H.; et al. Genomic analysis of
liver cancer unveils novel driver genes and distinct prognostic features. Theranostics 2018, 8, 1740–1751. [CrossRef] [PubMed]

23. Mehrotra, R.; Tulsyan, S.; Hussain, S.; Mittal, B.; Saluja, S.S.; Singh, S.; Tanwar, P.; Khan, A.; Javle, M.; Hassan, M.M.; et al. Genetic
landscape of gallbladder cancer: Global overview. Mutat. Res. Rev. Mutat. Res. 2018, 778, 61–71. [CrossRef]

24. Dominguez-Valentin, M.; Sampson, J.R.; Seppälä, T.T.; Ten Broeke, S.W.; Plazzer, J.P.; Nakken, S.; Engel, C.; Aretz, S.; Jenkins,
M.A.; Sunde, L.; et al. Cancer risks by gene, age, and gender in 6350 carriers of pathogenic mismatch repair variants: Findings
from the Prospective Lynch Syndrome Database. Genet. Med. Off. J. Am. Coll. Med. Genet. 2020, 22, 15–25. [CrossRef]

25. Møller, P.; Seppälä, T.T.; Bernstein, I.; Holinski-Feder, E.; Sala, P.; Evans, D.G.; Lindblom, A.; Macrae, F.; Blanco, I.; Sijmons, R.H.;
et al. Cancer risk and survival in path_MMR carriers by gene and gender up to 75 years of age: A report from the Prospective
Lynch Syndrome Database. Gut 2018, 67, 1306–1316. [CrossRef]

26. Li, X.; Wu, Y.; Suo, P.; Liu, G.; Li, L.; Zhang, X.; Chen, S.; Xu, M.; Song, L. Identification of a novel germline frameshift mutation
p.D300fs of PMS1 in a patient with hepatocellular carcinoma: A case report and literature review. Medicine 2020, 99, e19076.
[CrossRef]

27. Golan, T.; Raitses-Gurevich, M.; Kelley, R.K.; Bocobo, A.G.; Borgida, A.; Shroff, R.T.; Holter, S.; Gallinger, S.; Ahn, D.H.; Aderka,
D.; et al. Overall Survival and Clinical Characteristics of BRCA-Associated Cholangiocarcinoma: A Multicenter Retrospective
Study. Oncologist 2017, 22, 804–810. [CrossRef]

28. Hemminki, K.; Ji, J.; Brandt, A.; Mousavi, S.M.; Sundquist, J. The Swedish Family-Cancer Database 2009: Prospects for histology-
specific and immigrant studies. Int. J. Cancer 2010, 126, 2259–2267. [CrossRef]

29. Ludvigsson, J.F.; Andersson, E.; Ekbom, A.; Feychting, M.; Kim, J.L.; Reuterwall, C.; Heurgren, M.; Olausson, P.O. External review
and validation of the Swedish national inpatient register. BMC Public Health 2011, 11, 450. [CrossRef]

30. Li, X.; Hemminki, K. Cancer risks in women who had children with different partners from the Swedish Family-Cancer Database.
Eur. J. Cancer Prev. 2002, 11, 433–438. [CrossRef]

31. Li, X.; Hemminki, K. Cancer risks in men who had children with different partners from the Swedish Family-Cancer Database.
Eur. J. Cancer Prev. 2003, 12, 355–358. [CrossRef] [PubMed]

32. Zheng, G.; Sundquist, K.; Sundquist, J.; Chen, T.; Försti, A.; Hemminki, A.; Liska, V.; Hemminki, K. Second Primary Cancers
after Liver, Gallbladder and Bile Duct Cancers, and These Cancers as Second Primary Cancers. Clin. Epidemiol. 2021, 13, 683–691.
[CrossRef]

33. Hemminki, K.; Tretli, S.; Sundquist, J.; Johannesen, T.B.; Granstrom, C. Familial risks in nervous-system tumours: A histology-
specific analysis from Sweden and Norway. Lancet Oncol. 2009, 10, 481–488. [CrossRef]

34. Xue, Y.; Balci, S.; Mericoz, C.A.; Taskin, O.C.; Jiang, H.; Pehlivanoglu, B.; Muraki, T.; Memis, B.; Saka, B.; Kim, G.E.; et al.
Frequency and clinicopathologic associations of DNA mismatch repair protein deficiency in ampullary carcinoma: Routine
testing is indicated. Cancer 2020, 126, 4788–4799. [CrossRef] [PubMed]

35. Wong, W.; Lowery, M.A.; Berger, M.F.; Kemel, Y.; Taylor, B.; Zehir, A.; Srinivasan, P.; Bandlamudi, C.; Chou, J.; Capanu, M.; et al.
Ampullary cancer: Evaluation of somatic and germline genetic alterations and association with clinical outcomes. Cancer 2019,
125, 1441–1448. [CrossRef] [PubMed]

36. Hemminki, K.; Sundquist, K.; Sundquist, J.; Försti, A.; Hemminki, A.; Li, X. Familial Risks and Proportions Describing Population
Landscape of Familial Cancer. Cancers 2021, 13, 4385. [CrossRef]

http://doi.org/10.1093/jnci/djz103
http://doi.org/10.1002/ijc.28510
http://doi.org/10.1136/bmjgast-2017-000188
http://doi.org/10.1002/hep.24794
http://doi.org/10.1002/ijc.28792
http://doi.org/10.22034/apjcp.2018.19.3.605
http://doi.org/10.5114/ceh.2019.85166
http://doi.org/10.1016/S1470-2045(17)30324-8
http://doi.org/10.7150/thno.22010
http://www.ncbi.nlm.nih.gov/pubmed/29556353
http://doi.org/10.1016/j.mrrev.2018.08.003
http://doi.org/10.1038/s41436-019-0596-9
http://doi.org/10.1136/gutjnl-2017-314057
http://doi.org/10.1097/MD.0000000000019076
http://doi.org/10.1634/theoncologist.2016-0415
http://doi.org/10.1002/ijc.24795
http://doi.org/10.1186/1471-2458-11-450
http://doi.org/10.1097/00008469-200210000-00005
http://doi.org/10.1097/00008469-200310000-00002
http://www.ncbi.nlm.nih.gov/pubmed/14512798
http://doi.org/10.2147/CLEP.S318737
http://doi.org/10.1016/S1470-2045(09)70076-2
http://doi.org/10.1002/cncr.33135
http://www.ncbi.nlm.nih.gov/pubmed/32857459
http://doi.org/10.1002/cncr.31951
http://www.ncbi.nlm.nih.gov/pubmed/30620386
http://doi.org/10.3390/cancers13174385

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

