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ABSTRACT
Background Cancers of the liver, bile duct, gall bladder and pancreas (HPB-c) are a heterogeneous
group, united almost exclusively by a poor prognosis. As the number of elderly in the Western
world continues to rise and HPB-c are associated with age, we wanted to examine changes in
incidence, mortality, prevalence and relative survival for these cancers.
Materials and methods HBP-c was defined as ICD-10 codes C22 (liver), C23-24 (gall bladder), and
C25 (pancreas). Data derived from the NORDCAN database with comparable data on cancer
incidence, mortality, prevalence and relative survival in the Nordic countries, where the Danish data
were delivered from the Danish Cancer Registry and the Danish Cause of Death Registry with
follow-up for death or emigration until the end of 2013.
Results The incidence and mortality rates of cancer of the liver and pancreas increased over time
while the rates of cancer of the gall bladder and bile duct decreased. All HBP-c were more frequent
in persons over the age of 70 than in younger persons. The relative one- and five-year survival rose
in most HPB-c, but mainly occurring in the younger population of 0–69 years with only small to no
gains in the 80 + group.
Conclusion As the number of persons aged 80 years or more will increase dramatically in the
following years, and our results show a gap in relative survival, it is important to continue to study
this population in order to improve management and outcome.
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Primary malignancies of the liver, bile duct, gall bladder and

pancreas (HPB-c) present an enormous challenge to the

modern healthcare system. HPB-c constitute a diverse group

of cancers, but almost exclusively all are characterized by dismal

prognosis [1]. In Europe, 197 000 new cases of HPB-c were

diagnosed and with 187 000 deaths, HBP-c is only surpassed by

lung and colorectal cancer in number of deaths [2].

For more than a hundred years, life expectancy in the

Western world has increased with three months per year and it

is expected that this increase will continue. As the incidence of

most cancers will rise, the more elderly will require cancer-

directed therapy [3]. For this reason it is becoming increasingly

important to study the older population in order to gain

knowledge on how to best treat these patients. The most fit

should be treated as younger patients, some patients will not

tolerate optimal therapy and some patients should only receive

best supportive care. In general, there is less high quality data –

i.e. randomized trials – in HPB-c compared to other primaries,

such as breast and lung cancer, and especially there is very

limited knowledge about optimal therapy in older HPB-c

patients, as they are under-represented in clinical trials [4].

Older patients included in studies are selected on the basis of

appropriate performance status and sufficient organ functions

and these patients are not representative of the majority of

older patients who are treated in every day practice.

This study examines the changes in incidence, mortality,

prevalence as well as changes in short- and long-term relative

survival of HPB-c patients with particular focus on the elderly.

Material and methods

HBP-c was defined as ICD-10 codes C22 (liver), C23-24 (gall

bladder), and C25 (pancreas). ICD-10 codes for the liver

includes intrahepatic bile duct cancers and more seldom

tumors (e.g. hepatoblastoma and liver sarcomas), whereas ‘‘gall

bladder’’ includes extrahepatic bile duct cancer as well as

tumors of the ampulla of Vater. A more detailed description of

the materials and methods appear elsewhere [5]. In brief, data

were derived from the NORDCAN database, which include

comparable data on cancer incidence, mortality, prevalence

and relative survival in the Nordic countries, where the Danish

data are delivered from the Danish Cancer Registry and the
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Danish Cause of Death Registry with follow-up for death or

emigration until the end of 2013. This study focuses on the

elderly population with age categorized as 0–69, 70–79, 80–89

and 90 + years.

For incidence and mortality, age group specific numbers

and rates per 100 000 person years are shown in graphs with

calendar periods for time of diagnosis subdivided into the

following periods: 1978–1982, 1988–1992, 1998–2002, 2003–

2007, 2010, 2011 and 2012. Prevalence was defined as the

number of cancer patients (including cured patients as well)

with that specific diagnosis still alive and is shown in tables by

the end of 1980, 1990, 2000, 2005, 2010, 2011 and 2012.

Sex- and age-specific one- and five-year relative survival

proportion ratios were calculated for each of the diagnostic

groups for the age groups 0–69, 70–79, 80–89 and 90 + years

and for the five-year periods of diagnosis 1968–1972, 1973–

1977, . . ., 2003–2007 and 2008–2012.

Relative survival for a group of cancer patients was

calculated as the observed survival (where all causes of death

are considered events) divided by the expected survival for a

group from the Danish population with the same age and year

of birth composition. The actuarial method was used for

observed survival and the Ederer II method for the expected

survival calculation [6]. Relative survival can be interpreted as

the survival if the cancer was the only cause of death. For the

most recent period, 2008–2012, not all patients could be

followed up for death in five years, and we used hybrid

methods where we supplemented data with survival experi-

ence from cancer patients diagnosed in earlier years. Survival

was not calculated for cancer groups with less than five

patients [indicated by (-) in tables and blank in the graphs]. If all

patients died in the follow-up period resulting in zero survival

this is indicated as 0 (-) and if calculation for a cell results in a

relative survival higher than 100% the result is shown in tables,

but restricted to 100% in graphs.

Results

Liver

The average annual number of new cancers in the liver rose

from 257 in 1980 to 398 in 2012 and the number of deaths

from 179 in 1980 to 398 in 2012. Figure 1 show that the

incidence rates remained quite stable over this time period and

that the rates were about four times higher among persons

aged 70 years or more than in younger persons. Mortality rates

(Figure 2) were also higher among older persons and these

seemed to have increased since 1990. The relative one-year

survival increased from about 5% to about 40% in persons

aged less than 70 years and from about 2% to 20% in males

and 25% in females aged 70–89 years. The relative five-year

survival was 6% or less in all time periods and age groups,

except for women aged less than 70 years in 2003–2012 where

it was 14%. These numbers were reflected in the prevalence,

with an increase from 63 in 1980 to 497 in 2012.

Gall bladder/bile duct

Cancer of the gall bladder and biliary tract is rare in Denmark

with about 250 new cases per year and 138 deaths. It is more

common in women than in men and the incidence rates are at

least five times higher in persons aged more than 70 years

compared with younger persons (Figure 3). While no particular

time trend was observed in men, both incidence and mortality

rates decreased with time since 1980 for women (Figures 3

and 4). The one-year relative survival increased with time for all

age groups except those aged 90 + years while minor

improvements were observed in the five-year relative survival

from 6–9% to 13–16% in the last period (Figure 5).

Pancreas

There is considerable uncertainty in the diagnosis of

pancreatic cancer with many new cases and deaths without

a histological verification. This affects incidence, mortality as

well as survival. In 1980, on average 740 persons were

classified as having an incident pancreatic cancer or died from

pancreatic cancer while this number increased to 973 in 2012.

Figure 6 shows that the one-year relative survival increased

from 10% to 30% in persons less than 70 years, to 22% in the

age group 70–79, and to 12% in the age group 80–89 years.

The five-year relative survival was less than 8% in all age

groups and time periods.

Figure 1. (A) Incidence rates of cancer of liver in males in Denmark, 1980–2012, by age group. (B) Incidence rates of cancer of liver in females in Denmark, 1980–2012,
by age group.
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Discussion

In our study we found the incidence increased over time for

cancer of the liver and pancreas. The increase in pancreatic-

and liver-cancers may be due to reductions in other ‘‘lethal’’

comorbidities, improved diagnostics, changes in individual

behavior, and other yet unknown causes. In this respect it was

somewhat surprising that the incidence rate of gall bladder

and bile duct cancers decreased over time. Similar trends have

been described in other registry-based studies [7–13], but the

reasons for this decline are largely unknown [13].

For all HPB malignancies, we found lower survival rates in

elderly compared to younger patients. This difference has been

described earlier across Europe in a cohort from 1990 to 1994.

This study described similar findings regarding survival, and

especially noteworthy is the excess mortality found in the

elderly during the first year after diagnosis [14].

Although elderly had lower survival rates across the study

period, there was an increase in both short- and long-term

survival for especially the 0–69 and 70–79 age groups. This

increase was highest for the short-term survival, where the

effect most likely is caused by earlier diagnosis, reduced

perioperative mortality, and increased use of palliative

chemotherapy/radiotherapy. However, long-term survival has

also increased in all primaries, again isolated to the population

between 0 and 79. The most likely reason for these changes is

the increased use of surgery, potentially due to early detection

and decreased surgical mortality.

HPB malignancies represent a diverse group of cancers

distinct both by anatomical region and microscopic appear-

ance. Though based on registry data from an entire population,

this analysis has some limitations. We did not have information

on morphological subtypes or on histological verification of

the diagnosis. For the analysis of survival, also no information

was available on stage of disease. However, the excellent

coverage and quality of the Danish and Nordic cancer registries

allow for analysis of whole populations and not only selected

trial patients [15].

Microscopic verification is missing in a large percentage

of patients with HPB cancers; especially pancreatic cancers

with as many as 50% missing according to the EUROCARE-4

Figure 3. (A) Incidence rates of biliary cancer in males in Denmark, 1980–2012, by age group. (B). Incidence rates of biliary cancer in females in Denmark, 1980–2012,
by age group.

Figure 2. (A) Mortality rates of cancer of liver in males in Denmark, 1980–2012, by age group. (B) Mortality rates of cancer of liver in females in Denmark, 1980–2012,
by age group.
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program [7,16]. In Denmark, this rate has been more or

less constant at 20% [17]. Further, rare histological

subtypes of specific cancers associated with either a

much worse or better prognosis will reduce generalizability:

an example is the pancreatic neuroendocrine tumors

which will make up a larger part of the patients who

achieve long-term survival, but a very low percentage of

diagnosed cases.

Figure 5. Age-specific relative survival after biliary cancer in Denmark.

Figure 4. (A) Mortality rates of biliary cancer in males in Denmark, 1980–2012, by age group. (B) Mortality rates of biliary cancer in females in Denmark, 1980–2012, by
age group.
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Despite these shortcomings in population-based registries,

they often represent the only way to examine non-trial patients,

and especially gain knowledge about patients who never were

referred for evaluation in an oncological department.

During the examined period many advances have been

made with regards to diagnosis and treatment of HPB cancers.

Surgical techniques and postoperative care have improved

considerably and this will lead to both increased short-term,

but also increased long-term survival. The introduction of

dedicated multidisciplinary HPB surgical programs may have

contributed to the overall improvement in both the number of

referred patients and the surgical outcome [18]. In addition, the

trend towards surgery being performed in high volume centers

seems to be a potential factor regarding the willingness to

perform surgery in the elderly and regarding a more positive

postoperative outcome in general [19]. The role of minimal

invasive resection techniques regarding the short- and long-

term outcome is difficult to assess. Laparoscopic resected HPB

cancer is technically feasible and with a better short-time

outcome (e.g. reduced pain, lower hospital morbidity rate and

hospitalization time), but the long-term prognosis is not

necessarily improved as well [20]. The use of robot-assisted

surgery may provide such data in the future, and this technique

would also be interesting in a more fragile population [21].

A quicker return to preoperative performance status as a

consequence of minimally invasive surgery may allow more

patients to complete adjuvant chemotherapy, but this effect

may not yet be evident due to the relative novelty of this kind

of HPB surgery. Data suggest that patients with non-resectable

or disseminated disease may also benefit from a diagnostic

laparoscopy instead of an open laparotomy to confirm that

surgery is not possible [22]. These benefits include shorter time

interval to palliative treatment and more patients being able to

receive palliative treatment.

Thus, a general change towards a more minimally invasive

surgical approach regarding both improved staging of

disseminated disease and in radical surgery may explain

some of the observed overall improvement in HPB-c outcome

over time. However, the potential effect of minimally invasive

and fast-track surgery may not have reached its maximum yet.

An earlier diagnosis can potentially lead to improved long-

term survival if the patient is able to be offered a curative

resection. The improved diagnostic modalities (e.g. MRI,

endoscopic ultrasonography) and biopsy evaluation has led

Figure 6. Age-specific relative survival after pancreatic cancer in Denmark.
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to more patients being diagnosed and treated for premalignant

lesions (e.g. IPMN) during the study period. Early diagnosis will

also lead to apparent longer short-term survival due to lead

time bias. Chemotherapy and radiotherapy for patients with

HPB cancers was not routinely introduced in Denmark until the

early 2000s. Palliative chemotherapy increased median survival

from around 3 months to 6–9 months on average, but only in fit

patients included in clinical trials, and this resulted in increases

in short-term but not long-term survival. For patients who have

had a pancreatic cancer resection, adjuvant therapy doubles

long-term survival, however, routine therapy was not intro-

duced until the publication of the CONKO-3 study in 2007 and

will only apply to patients fit for therapy following surgery,

which can be as low as 50–60% [23].

A large proportion of patients with upper gastro-intestinal

cancer do not receive either surgery or chemotherapy/

radiation therapy. For patients diagnosed with pancreatic

cancer we have previously shown that less than half of the

population in a cohort diagnosed from 2007 to 2009 actually

receive any therapy [23]. Old age and lack of microscopically

verification were important factors in this. Other population-

based studies have shown inequity to be a factor for some

upper gastrointestinal cancers; however, not for pancreatic

cancer [7,9,24,25]. In this respect, Denmark has often been

reported to have a lower survival compared to the other Nordic

countries, also including upper gastrointestinal cancers [10]. It

is unknown whether underutilization of therapy, staging

differences or comorbidity explains these differences.

Conclusion

HPB cancers are relatively infrequent in Denmark and with a

substantial diagnostic uncertainty. One- and five-year relative

survival increased during the study period, largest among the

younger and only a small to no increase was seen in persons

aged 80 years or more. As the number of persons aged 80

years or more will increase dramatically in the following years,

and our results show a gap in relative survival, it is important to

continue to study this population in order to improve

management and outcome.

Acknowledgement

We thank Niels Christensen and Anne Mette T. Kejs, Danish Cancer Society,

Department of Documentation & Quality, for making the tabulations of

incidence, mortality and prevalence, calculation of relative survival and

trend graphs.

Declaration of interest

The authors report no conflicts of interest. The authors alone are

responsible for the content and writing of the paper.

References

1. De Angelis R, Sant M, Coleman MP, et al. Cancer survival in Europe

1999-2007 by country and age: results of EUROCARE-5-a population-

based study.. Lancet Oncol 2014;15:23–34.

2. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, et al. Cancer incidence

and mortality patterns in Europe: estimates for 40 countries in 2012.

Eur J Cancer 2013;49:1374–403.

3. Oeppen J, Vaupel JW. Demography. Broken limits to life expectancy.

Science 2002;296:1029–31.

4. Scher KS, Hurria A. Under-representation of older adults in cancer

registration trials: known problem, little progress. J Clin Oncol

2012;30:2036–8.

5. Ewertz MCK, Engholm G, Kejs AMT, Lund L. Trends in cancer in the

elderly population in Denmark, 1980-2012. Acta Oncol 2015. doi:

10.3109/0284186X.2015.1114678.

6. Dickman PW, Sloggett A, Hills M, Hakulinen T. Regression models for

relative survival. Stat Med 2004;23:51–64.

7. Coupland VH, Kocher HM, Berry DP, et al. Incidence and survival for

hepatic, pancreatic and biliary cancers in England between 1998 and

2007. Cancer Epidemiol 2012;36:e207–14.

8. Witjes CD, van den Akker SA, Visser O, et al. Gallbladder cancer in the

Netherlands: incidence, treatment and survival patterns since 1989.

Dig Surg 2012;29:92–8.

9. Pinter M, Hucke F, Zielonke N, et al. Incidence and mortality trends for

biliary tract cancers in Austria. Liver Int 2014;34:1102–8.

10. Klint A, Engholm G, Storm HH, et al. Trends in survival of patients

diagnosed with cancer of the digestive organs in the Nordic

countries 1964-2003 followed up to the end of 2006. Acta Oncol

2010;49:578–607.

11. Cronin-Fenton DP, Erichsen R, Mortensen FV, et al. Pancreatic

cancer survival in central and northern Denmark from 1998

through 2009: a population-based cohort study. Clin Epidemiol

2011;3:19–25.

12. Montomoli J, Erichsen R, Norgaard M, et al. Survival of patients with

primary liver cancer in central and northern Denmark, 1998-2009. Clin

Epidemiol 2011;3:3–10.

13. Le MD, Henson D, Young H, Albores-Saavedra J. Is gallbladder cancer

decreasing in view of increasing laparoscopic cholecystectomy? Ann

Hepatol 2011;10:306–314.

14. Quaglia A, Tavilla A, Shack L, et al. The cancer survival gap between

elderly and middle-aged patients in Europe is widening. Eur J Cancer

2009;45:1006–1016.

15. Berrino F, Verdecchia A, Lutz JM, et al. Comparative cancer survival

information in Europe. Eur J Cancer 2009;45:901–908.

16. Sant M, Allemani C, Santaquilani M, et al. EUROCARE-4. Survival of

cancer patients diagnosed in 1995-1999. Results and commentary. Eur

J Cancer 2009;45:931–991.

17. Teiblum S, Thygesen LC, Johansen C. Sixty-one years of pancreatic

cancer in Denmark from 1943 to 2003: a nationwide study. Pancreas

2009;38:374–378.

18. Lau K, Salami A, Barden G, et al. The Effect of a Regional

Hepatopancreaticobiliary Surgical Program on Clinical Volume,

Quality of Cancer Care, and Outcomes in the Veterans Affairs

System. JAMA Surg 2014 Nov;149(11):1153-61. doi: 10.1001/

jamasurg.2014.1711.

19. Riall TS. What is the effect of age on pancreatic resection? Adv Surg

2009;43:233–249.

20. Wei M, He Y, Wang J, et al. Laparoscopic versus open hepatectomy

with or without synchronous colectomy for colorectal liver metastasis:

a meta-analysis. PLoS One 2014;9:e87461

21. Ho CM, Wakabayashi G, Nitta H, et al. Systematic review of robotic

liver resection. Surg Endosc 2013;27:732–739.

22. Chang L, Stefanidis D, Richardson WS, et al. The role of staging

laparoscopy for intraabdominal cancers: an evidence-based review.

Surg Endosc 2009;23:231–241.

23. Bjerregaard JK, Mortensen MB, Schonnemann KR, Pfeiffer P.

Characteristics, therapy and outcome in an unselected and prospect-

ively registered cohort of pancreatic cancer patients. Eur J Cancer

2012;49:98–105.

24. Baastrup R, Sorensen M, Hansen J, et al. Social inequality and

incidence of and survival from cancers of the oesophagus, stomach

and pancreas in a population-based study in Denmark, 1994-2003. Eur

J Cancer 2008;44:1962–1977.

25. Dutta Roy S, Kupp DV, Slavin JP, et al. Inequity of upper

gastrointestinal cancer distribution and survival with

socioeconomic deprivation: a population-based study. Surgery

2005;138:859–868.

ACTA ONCOLOGICA 45


	Trends in cancer of the liver, gall bladder, bile duct, and pancreas in elderly in Denmark, 1980&ndash;2012
	Material and methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	Declaration of interest
	References


