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Abstract

Many environmental risk factors for hepatobiliary cancers are known but whether

they are associated with specific cancer types is unclear. We present here a novel

approach of assessing standardized incidence ratios (SIRs) of previously diagnosed

comorbidities for hepatocellular carcinoma (HCC), gallbladder cancer (GBC), cholan-

giocarcinoma (CCA) and ampullary cancer. The 13 comorbidities included alcohol and

nonalcohol related liver disease, chronic obstructive pulmonary disease, gallstone

disease, viral and other kinds of hepatitis, infection of bile ducts, hepatic and other

autoimmune diseases, obesity and diabetes. Patients were identified from the Swed-

ish Inpatient Register from 1987 to 2018, and their cancers were followed from 1997

onwards. SIRs for HCC were 80 to 100 in men and women diagnosed with hepatitis

C virus and they were also >10 in patients diagnosed with hepatitis B virus, other

kind of hepatitis, hepatic autoimmune disease and nonalcohol related liver disease.

Many of these risks, as well as alcohol related liver disease, were either specific to

HCC or were shared with intrahepatic CCA. For GBC, CCA and ampullary cancer

infection of bile ducts was the main risk factor. Gallstone disease, nonhepatic

autoimmune diseases and diabetes were associated with all hepatobiliary cancers.

Abbreviations: CCA, cholangiocarcinoma; CI, confidence interval; GBC, gallbladder cancer; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; ICD, International

Classification of Diseases; NAFLD, nonalcoholic fatty liver disease; O, observed number; PAF, population attributable fraction; SIR, standardized incidence ratio.
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The limitations of the study include inability to cover some rare risk factors and

limited follow-up time. Many of the considered comorbidities are characterized by

chronic inflammation and/or overt immune disturbance in autoimmune diseases. The

results suggest that local chronic inflammation and a related immune disturbance is

the carcinogenic trigger for all these cancers.

K E YWORD S

alcohol, comorbidity, familial risk, hepatocellular carcinoma, risk factor, smoking

What's new?

Many risk factors have been identified for hepatobiliary cancers, but the role of comorbidities is

often neglected. Here, using individual-level, nationwide diagnostic data, the authors found that

almost all of 13 major comorbidities were associated with hepatocellular carcinoma and intrahe-

patic bile duct cancers. Gallstone disease, infection of bile ducts, nonhepatic autoimmune dis-

eases and diabetes were also associated with gallbladder cancer, extrahepatic bile duct cancer

and ampullary cancer. The results suggest that local chronic inflammation and related immune

disturbance are the carcinogenic trigger for all these cancers. Some associated risks were very

high, calling for prevention and intervention measures.

1 | INTRODUCTION

Hepatobiliary cancers include hepatocellular carcinoma (HCC) and

biliary tract cancers, including gallbladder cancer (GBC) and cancers of

the biliary tract (extrahepatic and intrahepatic bile ducts, also called,

CCA) and of the ampulla of Vater (also called ampullary cancer).1-3

International variation in the incidence of these cancers is largely

depending on known risk factors which are to some extent specific

for each cancer type.1,2,4,5 In northern Europe, the incidence in HCC

has been relatively low, and in Sweden the incidence in male HCC and

female GBC were about were equally common but in recent decades

HCC has become more common than GBC.6

Globally, chronic infection by hepatitis B (HBV) or C virus (HCV)

are the main causes of HCC while in low-risk areas risk factors include

alcohol-related liver cirrhosis, obesity, low physical activity, type 2 dia-

betes, nonalcoholic fatty liver disease (NAFLD), smoking, autoimmune

diseases and family history.1,2,7-11 NAFLD has bidirectional associa-

tions with diabetes and obesity related metabolic syndrome, all of

which are an increasing global health concern.12 In spite of the diver-

sity of the risk factors for HCC, most of them share the mechanism of

action through chronic inflammation, necroinflammation and the

related immune disturbance, estimated to account for 90% of HCC

cases.3,13-15 GBC shares some risk factors with HCC, including obesity

and family history, and features important other risk factors, such as

gallstone disease, bacterial infections, biliary cysts and other structural

abnormalities.1,16 CCA shares some risk factors with HCC, but associ-

ations with alcohol, HBV, and HCV are weaker.1,5,9,17,18

Cancer etiology can be interpreted in terms of epidemiologically

derived risk factors which may be causal, such as HBV, or may point

out to causal pathways, such as gallstones or chronic infections. A more

direct way of estimating etiological background is to clinically assign

the type of underlying liver disease, which was done in the Swedish

national HCC register.19 It covered years 2009 to 2016 and included

3376 HCC patients, whose etiology was assigned to HCV in 27%,

alcohol in 23%, HBV in 5% and diabetes and nonalcohol-induced stea-

tohepatitis both in 4% of cases.4

We present here a novel approach using individual-level, nation-

wide diagnostic data for diseases (comorbidities) that may predispose

to hepatobiliary cancer, including infections, alcohol, diabetes, obesity,

NAFLD, gallstones and autoimmune diseases. Diagnostic data were

collected from the Swedish nationwide hospital discharge register.

Patients diagnosed with each comorbidity were followed for subse-

quent specific hepatobiliary cancer for deriving comorbidity associ-

ated relative risks.

2 | MATERIALS AND METHODS

2.1 | Description of comorbidities

Comorbidities were defined as possible risk factors of hepatobiliary

cancer as discussed in the Introduction. They were obtained from the

Inpatient Register starting in 1987 by which time the register had

reached full national coverage.20 We were not confined to Inpatient

Register as Sweden has additionally a national Outpatient Register,

operating since 2001, and an almost national-wide Primary Health

Care Register in which diagnoses are collected from 21 of 22 regions

in Sweden. We found a large number of unrelated patients diagnosed

with the current 13 comorbidities from these registers but they had

very few subsequent hepatobiliary cancers, probably because the reg-

isters were relatively recent. For uniformity and diagnostic accuracy

we decided to use patients from the Inpatient Register only.

Comorbidities were identified using codes of the International

Classification of Diseases (ICD), between 1987 and 1996 using

1108 HEMMINKI ET AL.
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ICD-9 and from 1997 onwards ICD-10 (Supplementary Table 1). The

selected comorbidities included alcohol related liver disease, chronic

obstructive pulmonary disease (COPD), gallstone disease, HBV,

HCV, hepatitis of other kind, infection of bile ducts, autoimmune

hepatitis, primary biliary cirrhosis, other autoimmune diseases,

NAFLD, obesity and diabetes. As national data are not available for

smoking and alcohol consumption, chronic obstructive pulmonary

disease and alcohol related liver disease were used as proxies.

According to a Swedish survey on COPD disease, 89% of men and

64% of women were smokers, with PAFs of 64 and 29%.21 Accord-

ing to Supplementary Table 1, a total of 3.53 million persons were

diagnosed with any of the 13 comorbidities. Persons were assigned

to individual comorbidities based on their first diagnosis. The most

common comorbidities were other autoimmune diseases (929 000),

chronic obstructive pulmonary disease (893 000), diabetes (650 000)

and gallstone disease (484 000).

For autoimmune diseases, liver-specific autoimmune hepatitis

and primary biliary cirrhosis were analyzed separately and all other

41 types of autoimmune diseases constituted “other autoimmune dis-

eases” as described elsewhere, and listed in Supplementary Table 2

with their ICD codes.22 None of the autoimmune diseases were signif-

icantly associated with a decreased risk of hepatobiliary cancer.

2.2 | Analysis of cancer risks

Cancer data were covered for the years 1997 through 2018 for the

whole population of Sweden. Cancers were identified from the Swed-

ish Cancer Registry using ICD-10 codes for primary hepatobiliary can-

cers but deleting subcodes for cancer in multiple bile ducts and cancer

in unspecified bile ducts. The code for HCC was C22.0, for intrahepa-

tic CCA C22.1, for GBC C23.9, for extrahepatic CCA C24.0 (including

Klatskin tumors) and for ampulla of Vater C24.1.

The linkages between the different registers were done using the

personal identification number, assigned to each resident in Sweden,

and replaced by a serial number to preserve people's integrity.

Person-year calculation was started from the first diagnosis of

comorbidity from 1997 onwards until a diagnosis of hepatobiliary can-

cer, death, and emigration or the end of the follow-up in 2018. To test

the influence of the follow-up definition for comorbidities (starting in

1987 or 1997) we carried out a sensitivity analysis using both defini-

tions (Supplementary Table 3). The early starting resulted in about

2600 more hepatobiliary cancers and some lower overall standardized

incidence ratios (SIRs); a short follow-up is associated with earlier

onset disease of higher risk. However, longer follow-up is preferred

because of higher case numbers and because of the better chance of

coping with the chronic causation of these cancers.

SIRs were calculated as the ratio of observed to the expected

number of cases. The expected numbers were calculated from the

present dataset for all individuals without the specific comorbidity

(ie, most of the Swedish population), and the rates were standardized

by 5-year-age, gender, period (5 years group), highest educational

level (as a 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 for whom the SIR was calculated. SIRs are not comparable

with each other because they are calculated using different exposed

groups and the numerical ranking should not be taken literally.23 As

each person with a diagnosed comorbidity was entered only once,

no double counting was possible. In spite of the limitations with SIR,

the measure is commonly used, as it is particularly suitable for small

sample sizes, such as many entries here.24

When risks were discussed only statistically significant associa-

tions (ie, 95%CI did not include 1.00) were referred to.

TABLE 1 Total population and number of case of hepatobiliary
cancer in Sweden, 1997 to 2018

No. %

Population 13 567 134 100.0

Men 6 821 533 51.3

Women 6 745 601 48.7

All hepatobiliary cancer

Cases 18 598

Mean age at diagnosis (±SD) 69.9 ± 12.3

Incidence rate (per 100 000 person

years)a, 95% CI

4.2, 4.2-4.3

Men

Case 10 274

Mean age at diagnosis (±SD) 68.9 ± 12.3

Incidence rate (per 100 000 person

years)a, 95% CI

5.0, 4.9-5.1

Women

Case 8324

Mean age at diagnosis (±SD) 71.2 ± 12.2

Incidence rate (per 100 000 person

years)a, 95% CI

3.5, 3.4-3.6

Subtypes of hepatobiliary cancer 18 598 100.0

Hepatocellular carcinoma (HCC) (ICD-10

C22.0)

8674 46.6

Intrahepatic bile duce carcinoma (ICD-10

C22.1)

2285 12.3

Gallbladder (ICD-10 C23.9) 4244 22.8

Extrahepatic bile duct (ICD-10 C24.0) 2115 11.4

Ampulla of Vater (ICD-10 C24.1) 1280 6.9

Total numbers of comorbidities preceding

diagnosis of hepatobiliary cancer

13 717 100.0

Hepatocellular carcinoma (HCC) (ICD-10

C22.0)

6866 50.1

Intrahepatic bile duce carcinoma (ICD-10

C22.1)

1510 11.0

Gallbladder (ICD-10 C23.9) 2919 21.3

Extrahepatic bile duct (ICD-10 C24.0) 1569 11.4

Ampulla of Vater (ICD-10 C24.1) 853 6.2

aAdjusted for World standardized population.

HEMMINKI ET AL. 1109
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3 | RESULTS

The characteristics of the study population are described in Table 1.

The total population was 13.6 million covering years 1997 to 2018 with

18 598 hepatobiliary cancers at a mean diagnostic age of 69.9 years.

Incidence rates were 5.0/100000 for men and 3.5/100000 for women.

The specific types of cancer were 46.6% HCC, 12.3% intrahepatic CCA,

22.8% GBC, 11.4% extrahepatic CCA and 6.9% ampullary cancer.

Male cancer risks for each of 13 comorbidities are shown in

Table 2. The overall SIRs were increased for all cancer types, being

highest for HCC (3.73) and lowest for intrahepatic CCA (2.85).

Accordingly, 5/13 comorbidities (gallstone disease, hepatitis of other

kind, infection of bile ducts, other autoimmune disease and diabetes)

conferred a risk at all subsites. For HCC all comorbidities were associ-

ated with a significant risk and for intrahepatic CCA all comorbidities

but autoimmune hepatitis conferred an increased risk. Many of the

SIRs were very high for HCC, including any type of hepatitis (eg, HCV

84.63), alcohol and NAFLD and hepatic autoimmune diseases. Alcohol

related liver disease and NAFLD were associated only with the risk of

HCC and intrahepatic CCA; these cancers were also increased after

primary biliary cirrhosis, but autoimmune hepatitis increased only risk

of HCC. Gallstone disease was associated with a high risk of GBC

(9.38), infection of bile ducts was associated with a very high risk of

extrahepatic CCA (151.60) and ampullary cancer (96.04).

Female risks are shown in Table 3. Case numbers were much

lower than for men but, nevertheless, the results between sexes were

very uniform and no comorbidity showed a significant sex difference.

For women, 4/13 comorbidities (gallstone disease, infection of bile

ducts, other autoimmune diseases and diabetes) conferred a risk at all

subsites, and infection of bile ducts was associated with high risk at all

sites. Obesity was associated only will GBC.

4 | DISCUSSION

The novelty of the present study is that we were able to use a large

number medically diagnosed comorbidities to assess cancer risks in all

main types of hepatobiliary cancers. Comorbidities were collected from

a national Inpatient Register in a country of high quality medical care,

accessible to the population at large.20 This contrasts with the literature

focused on one type of cancer and usually a single risk factor. In the

published studies on HCC the risks factors or comorbidities have

included HVB and HCV, smoking, alcohol, nonalcoholic liver disease,

autoimmune disease and physical inactivity.10,25-30 For GBC, gallstone

disease has been the subject of many studies while for CAA risks of

smoking, alcohol and some comorbidities have been analyzed.1,5,9,18

The coverage of patients diagnosed with severe medical condi-

tions, such as gallstone disease, infection of bile ducts, autoimmune

disease and diabetes was probably reasonably high. Nonalcoholic liver

disease has been histologically verified in 8892 Swedish patients in

years 1966 to 2015 with subsequent 153 HCCs; the present patient

number was 5536 with 138 HCCs.28 Nonalcoholic liver disease may

have overlapping patients diagnosed with obesity and diabetes. The

estimated number of Swedish patients with chronic HCV infection

has been given at 57 040 between years 1990 and 2015, compared

with our figure of 25 035 (serological diagnosis for HCV has been

possible after 1989). Even though inpatient data may lack half of HCV

patients, the diagnosed HCC cases (N = 1110) were not as much

lower than the 1758 liver cancers (including unspecified cases not

recorded in the Cancer Registry) in the HCV cohort.31 The prevalence

of alcohol related liver disease was 280 000 patients which was 2.1%

of the 13.6 million inhabitants included in the study. These patients

are most likely at the highest cancer risk among all alcohol consumers

(SIR was 9.05 for men and 9.07 for women) but alcohol related can-

cers were certainly diagnosed in a wider population which were

missed. Alcohol related liver disease targeted specifically HCC as only

male intrahepatic CCA was additionally modestly increased (SIR 2.35)

in this population. We were not able to cover structural anomalies of

bile ducts which are known to be associated with a high cancer risk at

the affected sites.18 COPD is not a perfect proxy for smoking, as

pointed out in Methods, but nevertheless the present SIRs of COPD

for HCC (1.65 for men and 1.95 for women) were close to 1.55 for

current smokers from pooled analysis of 81 studies.25

The study has several limitations. We were not able to cover all

susceptible individuals because they did not received medical treat-

ment (eg, most alcohol consumers and smokers), no codes were

available for a comorbidity (eg, primary sclerosing cholangitis) or

because follow-up time was limited in these cancers where chronic

stimulation and cirrhosis may take decades to transform into cancer;

for example in HCV the maximal HCC risk was reached after

40 years of infection.31 However, even if the follow-up was started

in 1987, the Swedish Inpatient Register does not exclude patients

diagnosed before 1987. Thus, it is possible that many patients had

their first comorbidity diagnosis well before 1987, after which date

they were captured by the Inpatient Register. The inclusion of hospi-

talized patients in the study probably imply that the observed risks

at least for alcohol and smoking related cancers were higher com-

pared with average consumers. However, inclusion of hospitalized

patients guarantees diagnostic accuracy as many of the comorbid-

ities requires specialist diagnostics. Another important limitation is

that the results apply only to the population under study.

Positive bias in the context of medical surveillance is commonplace

but it is unlikely to be a serious confounder for the fatal cancers

included.32 The present results allow some important conclusions. First,

the spectrum of comorbidities influence the associated cancers; alcohol

and nonalcohol liver disease, any type of hepatitis and hepatic autoim-

mune disease increased vastly HCC, gallstone disease targeted GBC

and infection of bile ducts caused cancer in the linings of these ducts.

This was altogether a textbook example of local chronic stimulation as

a cause of cancer.3,13-15 Second, chronic obstructive pulmonary disease,

a proxy for smoking, obesity and diabetes, nonspecifically associated

with a modest or low risk of many cancer types.

Are there means of preventing hepatobiliary cancer other than

moderation in alcohol consumption, avoidance of overweight, main-

taining physical activity, and stopping smoking? Prevention of viral

hepatitis would require avoidance of intravenous drug use with dirty
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needles, condom use, and encouragement to infected persons to seek

and keep medical contacts.33 HBV vaccines are effective, and antiviral

therapies can be used for infected persons with HBV and HCV. Vari-

ous screening options have been considered for cirrhotic patients with

liver autoimmune diseases.34 Aspirin use has been reported to reduce

the risk of HCC to a relative risk of 0.62, according to a recent meta-

analysis.35 Aspirin, other nonsteroidal anti-inflammatory drugs, and

statin may have even stronger effects in reducing the risk of GBC and

CCA.36,37 Considering the very high risk of bile duct infection on CCA,

data would be urgently needed to intervene with the harmful

sequelae after such infections.

In conclusion, patients diagnosed with the selected 13 comorbid-

ities from the national Inpatient Register had high risks of subsequent

specific hepatobiliary cancer. The individual comorbidities were asso-

ciated with site-specific cancers, alcohol- and nonalcohol related liver

disease and any type of hepatitis increased the risk of HCC, gallstone

disease affected GBC, and infection of bile ducts increased CCA, sug-

gesting local chronic stimulation as a carcinogenic mechanism not only

in HCC but in all hepatobiliary cancers. The contribution of autoim-

mune diseases in all hepatobiliary cancers underscores the mechanis-

tic role of immune disturbance.15
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