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Gallbladder cancer epidemiology, treatment and survival in Southern
Finland – a population-based study

Hanna Koppatza� , Sini Takalaa�, Katriina Peltolab, Anna Butc, Heikki M€akisalod, Arno Nordind and
Ville Sallinena,d

aDepartment of Abdominal Surgery, Helsinki University Hospital and University of Helsinki, Helsinki, Finland; bComprehensive Cancer Center,
Helsinki University Hospital and University of Helsinki, Helsinki, Finland; cBiostatistics consulting, Department of Public Health, Helsinki
University Hospital and University of Helsinki, Helsinki, Finland; dDepartment of Transplantation and Liver Surgery, Helsinki University
Hospital and University of Helsinki, Helsinki, Finland

ABSTRACT
Introduction: Gallbladder cancer (GBC) is a rare malignancy in Western population with poor progno-
sis. This study aimed to investigate the trends in GBC incidence, treatment pattern, and survival
in Finland.
Methods: Patients diagnosed with primary GBC in a geographically defined area (Southern Finland
Regional Cancer Center) during 2006–2017 were identified.
Results: Final cohort included 270 patients with GBC. The incidence was 1.32/100,000 persons, and it
decreased 6.8 cases per million personyears during the study period. One hundred fifty-one (56%)
patients were diagnosed at Stage IV. Fifty-one patients (19%) underwent curative-intent resection with
96% R0-resection rate. The median overall survival was 7.1months and 5-year overall survival 11.6%
for all patients, and 67.7months and 56.8% after curative-intent resection, respectively. No improve-
ment was noted over time in overall survival in patients with GBC, or in subgroups of different stages
of GBC.
Conclusions: The incidence of GBC is slightly decreasing in Southern Finland, but survival has not
improved over time.
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Introduction

Gallbladder cancer (GBC) is the most common biliary tract
cancer with commonly a poor prognosis. The GBC incidence
is characterized by high geographical variability, being
0.6–4.3:100,000 in Europe, 0.14–7.4:100,000 in Asia, and
0.5–14.0:100,000 in South America [1]. The incidence of GBC
varies also between sexes and ethnicities being high on
women compared to men and, for instance, higher among
American Indians compared to non-Hispanic white per-
sons [2–4].

The incidence appears to decrease in some European
countries such as in Sweden and Norway, and in the United
States, but increases in Asia, especially in India [3,5–8]. The
reason for decreasing incidence in these countries is mostly
unknown, but increasing rates of cholecystectomies, lifestyle
changes, and obesity-reducing factors have been proposed
as potential contributors [4,6,9]. Increase in incidence in Asia
is speculated to be mainly driven by the increase of smoking,
obesity and environmental pollution [6,10]. However, in
many European countries the incidence has remained stable,
for instance in the United Kingdom and Netherlands [9].

Surgical treatment is the only curative treatment option
for GBC. However, since only a fraction of GBCs are found at
an early stage, oncologic treatments play a crucial role in
lengthening survival in most patients [11,12]. In 2019, BILCAP
trial suggested that adjuvant capecitabine could offer a sur-
vival benefit in patients with biliary tract cancers, including
GBC, who had undergone curative-intent surgery [13]. On
the other hand, evidence for neoadjuvant therapy is still
moderate, and no recommendations have been made
[14–17]. Although current recommendations for GBC’s surgi-
cal treatment are mostly unanimous [18,19], the benefits of
extended cholecystectomy in stages I and IIA are still highly
debated [20–22]. Extended cholecystectomy comprising of
liver bed resection and hilar lymphadenectomy is the corner-
stone of curative-intent surgical treatment for GBC as liver-
sided location and presence of lymph node metastases are
the most important prognostic factors [20,21,23]. However,
recent studies have not shown any survival-benefit on rou-
tine bile duct or port-cite resections [24–27].

Although most of the literature on GBC is based on sin-
gle-center retrospective series, a few population-based
reports are available such as from Netherlands and West
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Sweden [28–30]. These epidemiological studies have shown
a change in treatment patterns during a few last decades,
but the survival remains largely unchanged [28,29].

This study aims to explore incidence of GBC as well as
diagnostics, treatment patterns, and the survival of patients
with GBC during the last decade using a population-based
approach in a geographically defined area in Finland.

Methods

This was a retrospective population-based cohort study,
including all patients diagnosed with GBC within the Southern
Finland Regional Cancer Center (FICAN South) catchment area.
The area is located in Southern Finland and has approximately
2.2 million inhabitants within 22,036m2, being the most
densely populated catchment area in Finland. During the
study period, FICAN South included one university hospital
acting as both secondary and tertiary referral center (Helsinki
University Hospital, HUH) and two community central hospi-
tals acting as secondary referral centers (South-Carelia Central
Hospital and Kotka Central Hospital). All hospitals perform sim-
ple cholecystectomy, but surgical treatment requiring liver
resection is centralized to HUH. Patients referred for surgical
evaluation to HUH are discussed in a multidisciplinary team
meeting with specialized radiology, hepatobiliary surgeons,
oncologist, and pathologist. All hospitals provide oncological
treatments including chemoradiation.

Patients were identified from the Finnish Cancer Registry
(FCR) by including all patients with gallbladder cancer. FCR is
highly accurate in comprising all patients with a solid malig-
nancy [31]. Patient medical records were obtained from all
hospitals and were manually reviewed to confirm the accur-
acy of the diagnosis, collect data, and to exclude patients
without GBC. In addition, patients’ death certificates were
requested from Statistics Finland in case there was any
uncertainty about the cause of death, the date of death, or
the patient’s home municipality. Patient demographics, char-
acteristics of GBC, operative, oncological, and radiological
details were manually extracted from the patient records.
Further, the annual population at FICAN South area for the
purpose of incidence-calculations was received from
Statistics Finland [32].

Patients treated for primary GBC from 1 January 2006, to
31 December 2017, were included in this study. Exclusion cri-
teria were: 1) Patient treated primarily for other biliary tract
cancer, and 2) metastasis in the gallbladder. Further, if the
GBC was not diagnosed until at autopsy, or patient medical
records were not available (some hospitals dispose of patient
records only twelve years after patients’ death), patients
were excluded from detailed analysis. However, these
patients were included in the annual incidence and sur-
vival analysis.

Computed tomography (CT) is routinely performed for
patients diagnosed or suspected GBC in Finland, while mag-
netic resonance image (MRI) or positron emission tomog-
raphy (PET) are used selectively. The TNM stage was based
on this imaging and, if available, the histopathological exam-
ination of the removed gallbladder. Fit patients with c/pT1b-

c/pT3NXM0 GBC are recommended for hepatoduodenal liga-
ment lymphadenectomy and extended cholecystectomy
(resection of gallbladder en bloc with liver parenchyma of
segments 4 b and 5) or re-resection if simple cholecystec-
tomy has been performed earlier. Patients with T4 or M1
GBC are referred to oncological treatment.

Patients undergoing surgery were categorized under
either curative-intent resection or palliative/diagnostic chole-
cystectomy. All patients with T1b or N1 or higher GBC that
underwent only simple cholecystectomy were categorized
under palliative/diagnostic cholecystectomies, and all
patients with T1a or peritoneal side T1b GBC undergoing
simple cholecystectomy were categorized under curative-
intent resection. Patients with T1b or higher, or N1 GBC, who
underwent liver resection, lymfadenectomy, or bile duct
resection were categorized under curative-intent resection.

Follow-up began on the day of cholecystectomy or radio-
logical imaging, which ever led first to the diagnosis of GBC.
The last follow-up date was defined as the last contact regis-
tered in the patient medical records, or death. Survival status
and possible date of death were obtained from the Finnish
Cancer Registry database, patient’s death certificates, or elec-
tronic patient record system, which automatically updates it
from the Population Register Centre, which is an extremely
reliable and up-to-date source of survival status. Patients
were divided into three equal periods according to the year
of diagnosis to allow comparison of the incidence and treat-
ment of GBC: Period A, 2006–2009; Period B, 2010–2013;
Period C, 2014–2017.

The institutional review board of HUH, the National
Institute for Health and Welfare, and the Statistics Finland
approved this study.

Statistical analysis

Incidence rates (IR) were calculated per 100,000 person years
and age-standardized using the world standard population
given at Nordcan project [33]. For each year and period
under observation, the crude IR per 100,000 person years
was calculated by dividing the number of cases by person-
time at risk. The absolute incidence change was calculated
by subtracting the crude IRs of first and last study period.
The exact 95% confidence intervals (CI) for IRs were assessed
by assuming Poisson distributed rates. In addition, age-spe-
cific IR was calculated, based on which the age-standardized
rates per 100,000 person years were assessed using the
world standard population [33]. The changes in the IR over
time were evaluated by means of IR ratio (IRR). Data were
aggregated on cancer cases and risk population by age (five
age groups: 40–49,50–59, 60–69, 70–79, 80–) and calendar
year and multiplicative Poisson regression models were
applied to the number of cases with the natural logarithm of
person-time as an offset term. Poisson model with calendar
time was fitted as a continuous variable and for the Poisson
model with calendar time as categorical variable represent-
ing three periods 2006–2009, 2010–2013, and 2014–2017,
the former period being a reference. The crude and age-
adjusted IRRs for calendar time (period) and their 95% CIs
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were assessed from the Poisson models without and with
age, respectively. In addition, for interaction between age
(five groups) as categorical variable and calendar time as
continuous variable the Poisson regression models were
tested and fitted with calendar time as categorical variable
when stratifying on age (three groups <50, 50–69,
�70 years). These analyses were conducted with the R statis-
tical software [34], including Epi and epitools packages.

All other data were analyzed using SPSS Statistics Ver 24
(IBM, Chicago, IL, USA). Continuous variables were compared
between groups using the Mann–Whitney U-test and p values
<.05 were considered statistically significant. Chi-square testing
was used to assess differences between study periods.
Kaplan–Meier method was used to estimate the overall survival
(OS) by several grouping variables, including period, cancer
staging, and dissemination level. The differences in the survival
between groups were inspected by plotting the estimated
curves. In addition, when appropriate, log-rank test was used
to check whether there were difference survival probabilities
between the groups. The confidence level was set at 5%.

Results

Incidence

Three hundred ninety-six patients were identified from FCR
(Figure 1), out of which 294 patients had confirmed GBC

during 2006–2017, giving a crude average number of 24.5
new cases per year (1.32:100,000) (Figure 2). When assessed
by three periods, a decrease was observed in both the crude
and age-standardized IR of GBC over time (Table 1). As com-
pared to the 2006–2009 period, the IR of GBC was lower dur-
ing 2010–2013 (crude IR ¼ 0.84) and 2014–2017 (crude IR ¼
0.79). After controlling for differences in the age distribution
of the population at risk, even more apparent differences

Figure 1. Flow diagram for collected data. GBC: gallbladder cancer; FICAN: National Cancer Center Finland; FCR: Finnish Cancer Register.

Figure 2. Crude incidence rate and number of patients with GBC in three peri-
ods per 100,000 person-years at FICAN South area during 2006–2017.
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were observed (Table 1). The crude and age-adjusted IRRs
for continuous time were 0.97 (95% CI 0.94–1.00, p¼ .0663)
and 0.95 (95% CI 0.92–0.99, p¼ .0068), respectively. As a stat-
istically significant interaction between calendar time and
age was found (year�age 50–59 years p¼ .015, year�age
60–69 years p¼ .033), stratified analysis was performed and
the association between calendar time and the incidence
rate of GBC was studied within three age groups (Table 2). In
these analyses, a decrease in the IR of GBC was observed in
the age group 50–69 years but no statistical difference was
noted in the IR between different time periods in age groups
of 40–49 years or over 70 years. Absolute decrease in the inci-
dence rate for population over 40 years between these peri-
ods 2006–2009 and 2014–2017 was 6.8 (95% CI �0.61 to
14.24, p¼ .072) GBC cases per million person-years.

Patients

For analyses regarding detailed patient and treatment infor-
mation, 21 patients were excluded because of diagnosis on
autopsy and three patients because of missing patient med-
ical records, forming a final cohort of 270 patients. The pro-
portion of GBCs diagnosed at autopsy was similar between
the periods (Period A n¼ 11; 10.2% vs. Period B n¼ 8; 8.4%
vs. Period C n¼ 2; 2.2%, p¼ .078). Baseline patient data and
details on GBC are summarized in Table 3. Shortly, the
female-male ratio was 2.45:1 during the study period. The
mean age of patients was 73.7 (SD 11.0), and only nine
(3.1%) patients were under 50 years old. The diagnosis was
established by imaging in about half (51.2%, n¼ 149) of the
patients. GBC was diagnosed from the gallbladder specimen
after cholecystectomy in 104 patients (49 (47.1%) for acute
cholecystitis (emergent cholecystectomy), 55 (52.9%) for
symptomatic cholelithiasis (elective cholecystectomy)). For 17

patients GBC diagnosis was established in the curative-
intent operation.

Treatment

The rate of simple cholecystectomy in patients with GBC
increased during three periods (30.9% vs. 50.6% vs. 51.7%,
p¼ .006), but the increase in the rate of curative-intent resec-
tion did not reach statistical significance (13.0% vs. 18.9% vs.
20.9%, p¼ .30) (Figure 3). At the same time, the number of
patients receiving only best supportive care decreased
(44.7% vs. 29.9% vs. 27.0%, p¼ .039) (Figure 3).

The GBC was mostly diagnosed at an advanced stage
[Stage IVA, n¼ 25 (9.4%); Stage IVB n¼ 126 (47.5%)] (Table
3). The information about surgical and oncological treat-
ments are detailed in Tables 4 and 5. Seventy-seven (28.5%)
patients underwent exploration for curative-intent resection,
but resection was possible only for 18.9% of patients (n¼ 51)
(Table 4). R0-resection was achieved in 49 patients (96.1% of
patients undergoing curative-intent resection), of whom four
were operated with simple cholecystectomy (Stage 0–I).
Median survival of these patients with curative-intent resec-
tion was 62.1months, 67.7months, and not reached in peri-
ods A, B, and C, respectively. There was no difference in the
survival between three periods in patients undergoing cura-
tive-intent resection (p¼ .890) (Figure 4(b)).

Hundred fourteen (42.2%) patients were diagnosed with
potentially resectable GBC (Stage 0–IIIB) (Tables 3 and 6), of
which only 51 (45%) underwent curative-intent resection.
Forty-four out of 51 with curative intention resected patients
had Stage 0–IIIB GBC and other seven Stage IVA or IVB in
the final histopathologic resection sample. Twenty-nine out
of 51 patients (56.9%) with Stage II (T2N0M0), all 29 patients
with Stage IIIA (T3N0M0), and 10 out of 19 patients (52.6%)

Table 1. Crude and age-specific incidence rates per 100,000 person-years and crude and age-adjusted incidence rate ratios by three periods.

Period

GBC
patients,

n

Crude
IR/100,000 PYs

(95% CI)

Crude
age-specific

IR/100,000 PYs (95% CI)

Crude
IRR

(95% CI) p Value
Age-adjusted
IRR (95% CI) p Value

A:2006–2009 108 1.50 (1.23–1.81) 3.01 (2.47–3.64) ref ref
B:2010–2013 95 1.28 (1.03–1.56) 2.54 (2.05–3.10) 0.84 (0.64–1.11) .222 0.79 (0.60–1.04) .097
C:2014–2017 91 1.18 (0.95–1.45) 2.33 (1.88–2.86) 0.79 (0.52–0.91) .071 0.69 (0.52–0.91) .009

GBC: gallbladder cancer; PY: person years; CI: confidence interval; IR: incidence rate; IRR: incidence rate ratio.

Table 2. Crude incidence rate ratios by three periods by age groups under and over 70 years.

Period
GBC patients,
40–49 years

Person-years,
40–49 years

Crude age-specific
IR/100,000 PYs (95% CI)

Crude IRR
(95% CI) p Value

A:2006–2009 1 1,067,233 0.09 (0.00–0.52) ref
B:2010–2013 4 1,049,239 0.38 (0.10–0.98) 4.06 (0.45–36.40) .209
C:2014–2017 4 1,021,200 0.39 (0.11–1.00) 4.18 (0.37–37.40) .201

GBC patients,
50–69 years

Person-years,
50–69 years

Crude age-specific
IR/100,000 PYs (95% CI)

Crude IRR
(95% CI)

A:2006–2009 45 1,810,134 2.49 (1.81–3.33) ref
B:2010–2013 28 1,906,850 1.47 (0.98–2.12) 0.59 (0.37–0.95) .029
C:2014–2017 27 1,969,837 1.37 (0.90–1.99) 0.55 (0.34–0.89) .015

GBC patients,
�70 years

Person-years,
�70 years

Crude age-specific
IR/100,000 PYs (95% CI)

Crude IRR
(95% CI)

A:2006–2009 62 706,728 8.77 (6.73–11.25) ref
B:2010–2013 63 787,363 8.00 (6.15–10.24) 0.91 (0.64–1.30) .607
C:2014–2017 60 913,179 6.57 (5.01–8.46) 0.75 (0.53–1.07) .110

GBC: gallbladder cancer; IR: incidence rate; PY: person years; CI: confidence interval; IRR: incidence rate ratio.
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with Stage IIIB (T1-3N1M0) did not undergo curative-intent
resection (Table 6). The reason for non-operative approach
was performance status unfit for surgery in seven patients
and patient refusal in two patients. Forty (35.1%) patients

were not referred to liver surgery unit. While for the rest, the
decision not to pursue resection was made either intraopera-
tively (10 patients) or at multidisciplinary meeting
(20 patients).

Table 3. Basic patient and tumor characteristics at the time of diagnosis of gallbladder cancer.

Period A
2006–2009

Period B
2010–2013

Period C
2014–2017

Total
2006–2017

Total, n 94 87 89 270
Sex, n (%)

Male 25 (26.6%) 22 (25.3%) 33 (37.1%) 80 (29.6%)
Female 69 (73.4%) 65 (74.7%) 56 (62.9%) 190 (70.4%)

Age, mean ± SD
Total 72.2 ± 11.2 74.0 ± 11.0 73.9 ± 11.5 73.3 ± 11.2
Male 70.4 ± 10.6 75.4 ± 6.7 73.9 ± 11.2 73.2 ± 10.0
Female 72.9 ± 11.4 73.5 ± 12.2 73.8 ± 11.8 73.7 ± 11.7

Age groups, n (%)
<50 1 (1.1%) 3 (3.4%) 4 (4.5%) 8 (3.0%)
50–69 42 (44.7%) 27 (31.0%) 26 (29.2%) 95 (35.2%)
70–89 44 (46.8%) 52 (59.8%) 55 (61.8%) 151 (55.9%)
>90 7 (7.4%) 5 (5.7%) 4 (4.5%) 16 (6.9%)

CCI, n (%)
0 59 (62.8%) 48 (55.2%) 48 (53.9%) 155 (57.4%)
1 20 (21.3%) 22 (25.3%) 12 (13.5%) 54 (20.3%)
2 9 (9.6%) 10 (11.5%) 13 (14.6%) 32 (11.9%)
3 2 (2.1%) 4 (4.6%) 9 (10.1%) 15 (5.6%)
4 2 (2.1%) 1 (1.1%) 2 (2.2%) 5 (1.9%)
5 2 (2.1%) 2 (2.3%) 2 (2.2%) 6 (2.3%)
6 0 0 2 (2.2%) 2 (0.8%)
7 0 0 1 (1.1%) 1 (0.4%)

PSC, n (%) 4 (4.3%) 0 2 (2.2%) 6 (2.2%)
Diagnosis confirmed by, n (%) HPE after cholecystectomy 25 (26.6%) 43 (49.4%) 37 (41.6%) 105 (38.9%)

HPE after upfront extended cholecystectomy 4 (4.3%) 2 (3.3%) 9 (10.1%) 15 (5.9%)
Imaging and biopsy in explorative

operation or only biopsy
16 (17.0%) 7 (8.0%) 5 (5.6%) 28 (10.4%)

Imaging, no surgery or biopsy 49 (52.1%) 35 (40.2%) 38 (42.7%) 122 (45.2%)
Staging�, n (%)

Stage 0 1 (1.1%) 1 (1.1%) 0 2 (0.8%)
Stage I 2 (2.2%) 4 (4.7%) 7 (7.9%) 13 (4.9%)
Stage II 11 (12.2%) 18 (20.9%) 22 (24.7%) 51 (19.2%)
Stage IIIa 11 (12.2%) 9 (10.5%) 9 (10.1%) 29 (10.9%)
Stage IIIb 6 (6.7%) 7 (8.1%) 6 (6.7%) 19 (7.2%)
Stage IVa 14 (15.6%) 8 (9.3%) 3 (3.4%) 25 (9.4%)
Stage IVb 45 (50.0%) 39 (45.3%) 42 (47.2%) 126 (47.5%)
Unknown 4 (4.3%) 1 (1.1%) 0 5 (1.9%)

T-stage�, n (%)
T0/T1a 2 (2.3%) 1 (1.2%) 0 3 (1.2%)
T1b 4 (4.7%) 4 (4.9%) 7 (8.0%) 15 (5.9%)
T2 21 (24.4%) 26 (31.7%) 31 (35.6%) 78 (30.6%)
T3 24 (27.9%) 22 (26.8%) 26 (29.9%) 72 (28.2%)
T4 35 (40.7%) 29 (35.4%) 23 (26.4%) 87 (34.1%)
Unknown 8 (8.5%) 5 (5.7%) 2 (2.2%) 15 (5.6%)

Nodal involvement�, n (%)
N0 57 (62.6%) 54 (63.5%) 66 (75.9%) 177 (67.3%)
N1 23 (25.3%) 16 (18.8%) 18 (20.7%) 57 (21.7%)
N2 11 (12.1%) 15 (17.6%) 3 (3.4%) 29 (11.0%)
Unknown 3 (3.2%) 2 (2.3%) 2 (1.1%) 7 (2.6%)

Metastasis�, n (%)
M0 50 (54.3%) 52 (61.2%) 46 (52.3%) 148 (55.8%)
M1 42 (45.7%) 33 (38.8%) 42 (47.7%) 117 (44.2%)
Unknown 2 (2.1%) 2 (2.3%) 1 (1.1%) 5 (1.9%)

Histology
Tubular AC 37 (39.4%) 47 (54.0%) 37 (41.6%) 121 (35.6%)
Papillary AC 2 (2.1%) 0 7 (7.9%) 9 (3.3%)
Musinous AC 2 (2.1%) 3 (3.4%) 3 (3.4%) 8 (3.0%)
Adeno-squamous CA 2 (2.1%) 1 (1.1%) 2 (2.2%) 5 (1.9%)
Anaplastic AC 1 (1.0%) 0 0 1 (0.4%)
Neuroendocrine CA 0 0 1 (1.1%) 1 (0.4%)
Squamous cell CA 0 1 (1.1%) 0 1 (0.4%)
Adeno CA NOS 1 (1.0%) 0 1 (1.1%) 2 (0.7%)
No histology 49 (52.1%) 35 (40.2%) 38 (42.7%) 122 (45.2%)

Follow-up, months, median (IqR) 5.8 (2.7–17.0) 8.1 (3.4–27.6) 7.7 (2.3–22.1) 7.2 (3.0–21.6)
�In calculation of percentages, ‘unknown’ are excluded from the denominator.
SD: standard deviation; CCI: Charlson Comorbidity Index; HPE: histopathologic examination; PSC: primary sclerosing cholangitis; AC: adenocarcinoma; CA: carcin-
oma; NOS: not otherwise specified; IqR: interquartale range.
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About 40% (n¼ 21) of patients with curative-intent surgery
received adjuvant therapy with gemcitabine (n¼ 15), capeci-
tabine (n¼ 4), and 5-fluorourasil with oxaliplatin (n¼ 1). One
patient was treated with adjuvant radiotherapy (Table 5).
Most of these patients were operated at Stages III–IV (n¼ 14,
66.7%). Six patients with pN0 status (20% of patients with
pN0) and 13 patients with pN1-2 (92.9% of patients with

pN1-2) received adjuvant therapy after curative-intent sur-
gery. The nodal status was not determined for two patients
treated with adjuvant therapy. Oncologic therapy was offered
for 38.8% (n¼ 85) of patients not undergoing a curative-
intent operation. These patients were treated mainly with
gemcitabine-cisplatin (n¼ 75) and also with capecitabine
(n¼ 5) and a few other combination of chemotherapy (n¼ 5).

Figure 3. Flow diagram for gallbladder cancer treatment by each period for patients with available medical records. GBC: gallbladder cancer.

Table 4. Details of surgical operations for gallbladder cancer.

Period A
2006–2009
n¼ 94

Period B
2010–2013
n¼ 87

Period C
2014–2017
n¼ 89

Total
2006–2017
n¼ 270

Initial simple cholecystectomy with no
further curative-intent surgery

15 (16.0%) 26 (29.9%) 27 (30.3%) 68 (25.2%)

Curative-intent surgery as one-
stage operation

6 (6.4%) 4 (4.6%) 10 (11.2%) 20 (7.4%)

Simple cholecystectomy as curative-intent operation 2 (2.1%) 1 (1.1%) 1 (1.1%) 4 (1.4%)
Simple cholecystectomy and liver bed resection 0 0 2 (2.2%) 2 (0.7%)
Simple cholecystectomy and lymphadenectomy 2 (2.1%) 0 0 2 (0.7%)
Simple cholecystectomy and bile duct resection 0 1 (1.1%) 0 1 (0.4%)
Simple cholecystectomy, bile duct resection and

lymphadenectomy
0 1 (1.1%) 0 1 (0.4%)

Extended cholecystectomy� 2 (2.1%) 0 6 (6.7%) 8 (3.0%)
Extended cholecystectomy� and bile duct resection 0 1 (1.1%) 1 (1.1%) 2 (0.7%)

Curative-intent surgery as two-staged
operation after initial cholecystectomy

8 (8.5%) 14 (16.1%) 9 (10.1%) 31 (11.5%)

Liver bed resection and lymphadenectomy 5 (5.3%) 4 (4.6%) 2 (2.2%) 11 (4.1%)
Liver bed resection and lymphadenectomy without

trocar site/wound resection
3 (3.2%) 9 (10.3%) 6 (6.7%) 18 (6.7%)

Complementary lymphadenectomy without liver
bed resection

0 1 (1.1%) 1 (1.1%) 2 (0.7%)

�Extended cholecystectomy¼ cholecystectomy with liver bed resection and lymphadenectomy.
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Survival

The estimated overall 5-year survival for GBC was 11.7% and
it did not appear to change during the study period
(Figure 4(a)). In patients undergoing curative-intent surgery,
the estimated 1-year survival was 78.6%, 78.3%, and 72.4%,
and 5-year survival was 50%, 47.8%, and 43.1% for periods A,
B, and C, respectively (Figure 4(b)). No changes were
observed between the periods in survival among patients
with or without systemic metastases (Figure 4(c,d)). Survival
was affected by the stage, but no stage-specific differences
were noted between the periods (Figure 5, Table 6).

Discussion

This population-based study showed a small but significant
age-adjusted decline in the GBC incidence rate during
2006–2017 in Southern Finland. Although the number of
patients receiving only the best supportive care decreased,
this was not reflected in overall survival improvements dur-
ing the study period and the overall prognosis of GBC
remain poor.

The decrease of GBC incidence in this study is similar to
studies in other Western countries’ studies [3,7]. The reason
for this decline in low-incidence countries remains unclear,

Table 5. Oncologic treatment with or without curative-intent surgery.

Period A
2006–2009
n¼ 94

Period B
2010–2013
n¼ 87

Period C
2014–2017
n¼ 89

Total
2006–2017
n¼ 270

Patients undergoing curative-intent surgery n¼ 14 n¼ 18 n¼ 19 n¼ 51
Neoadjuvant therapy 0 1 (5.6%) 0 1 (2.0%)
Adjuvant therapy 6 (42.9%) 7 (38.9%) 8 (42.1%) 21 (41.2%)

Patients not undergoing curative-intent surgery n¼ 80 n¼ 69 n¼ 70 n¼ 219
Chemotherapy 28 (35%) 29 (42%) 28 (40%) 85 (38.8%)
Radiotherapy 3 (3.8%) 4 (5.8%) 3 (4.3%) 10 (4.6%)

Figure 4. Kaplan–Meier curve for overall survival by three periods among (a) all patients with GBC, (b) patients with curative-intent surgery, (c) patients without
systematic metastasis (M0), and (d) patients with systematic metastasis (M1) (D). The result of logrank test should be interpreted with caution, because logrank test
is less likely to detect a difference between the groups in the presence of crossing survival curves.
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but speculations about an increase in cholecystectomies or
improvement in lifestyle could explain some of the change
[35]. According to the statistics available from the Finnish
National Institute of Health and Welfare, the number of chol-
ecystectomies has steadily increased during the study period
[36].On the other hand, the proportion of overweight people
in the Finnish population has been growing steadily [37].
Since the development of GBC takes several years, one pos-
sible explanation for the decrease in GBC incidence in 50- to
69-year-olds could be the increased rate of cholecystectomy,
which prevents GBC from developing in the first place.
However, with this study, this cannot be demonstrated.

We observed a change in the GBC diagnosis, with a
reduction in diagnostics based on only imaging. This change
directly results from an increased number of cholecystecto-
mies and exploratory procedures, which include a histopa-
thologic sample in suspected cases. However, the rate of
curative-intent surgery did not change during the study
period, similarly as reported in a Swedish population-based
study [29]. Patients’ overall rate of proceeding to curative-
intent surgery in our study was 19%, which is lower than the
resection rate reported in West Sweden (37%), Netherlands

(36%) or in Ontario (46%) [29,30,38]. Differences in curative-
intent resection rates might reflect an actual difference in
aggressiveness to surgical treatment but may also be
explained by differences in defining curative-intent resection.
For example, 45% with Stage II and IIIA GBC that were classi-
fied as curative-intent resection in West Sweden were actu-
ally treated with simple cholecystectomy only. In our study,
such patients were classified as having undergone palliative/
diagnostic cholecystectomy. By excluding these patients, the
curative-intent resection rate declines to 32.4%, which is still
significantly higher compared to ours. 55% of patients with
potentially resectable GBC (Stages 0–IIIb) did not undergo
curative-intent resection, and only 16% of those were due to
patient refusal or unfitness for surgery.

The ultimate goal of curative-intent surgery is R0-resec-
tion, and the rate of R0-resection in the whole cohort of
patients with GBC can be compared between populations in
different studies. The R0-resection was obtained in 96% of
patients who underwent curative-intent resection, leading to
a 18% R0-resection rate in all patients with GBC.
Corresponding R0-resection rate among the whole popula-
tion with GBC was 35% in West Sweden and 23% in

Figure 5. Kaplan–Meier curve for overall survival by (a) stages, and by three periods among patients with GBC (b) stage 0–II, (c) stage IIIA–B, and (d) stage IVA–B.
Stage could not be determined for five patients. The result of logrank test should be interpreted with caution, because logrank test is less likely to detect a differ-
ence between the groups in the presence of crossing survival curves.
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Netherlands. The differences in R0-resection rates may stem
from the differences in the stages of GBC at diagnosis. In our
study, 56%of patients were diagnosed at an advanced stage
(Stage IV) and thus not eligible for curative-intent surgery.
However, the proportion of these patients with Stage IV was
almost equal in the other studies, 44.3% in Ontario and
61.2% in West Sweden. In Netherlands, 45.3% of patients
had metastatic disease, but the proportion of stage IVA
patients was not reported.

As surgery is the only potential for curation in GBC, the
above mentioned differences in resections rates may reflect
overall survival. The 5-year overall survival was 12% in our
study, which is similar to West Sweden (approximately 11%)
and Netherlands (13%) albeit them having a higher curative-
intent resection rates [29,30]. On the other hand, the 5-year
overall survival was clearly higher in Ontario (25%), which
also had very high curative-intent resection rate [38].

Adjuvant therapy has shown a survival benefit (in prespe-
cified sensitivity and per-protocol analyses) for patients with
the locally advanced or nodal-positive disease after R0 resec-
tion and is therefore recommended in current guidelines
[18,23,39]. In this study, all but one patient with nodal-posi-
tive status after curative-intent resection were treated with
adjuvant therapy. The estimated median survival, 35months,
on these patients was significantly worse than patients with
negative nodes, but almost fivefold better compared to
nodal-positive patients without curative-intent resection
(7.5months). Recently, based on the BILCAP trial results,
capecitabine has been recommended for adjuvant therapy
[13,19,40]. In our study, patients were treated before the
publication of BILCAP trial results and capecitabine was not
widely used.

Some limitations need to be mentioned. First, as a retro-
spective study itself has restrictions, such as an absence of
treatment standardization, data availability, and treatment
protocol variations between different periods. Second, des-
pite the high accuracy of FCR, biliary cancers as a group may
be prone to inaccuracy and underreporting [41]. However,
patient medical records were manually extracted to confirm
the accuracy of the diagnosis. It is still possible that some
patients with GBC are missing from the FCR, and thus miss-
ing from this study. Third, the number of patients with GBC
in this study was relatively low, which might lead to type
2 error.

In conclusion, for unknown reasons, the incidence of
GBCs seems to be declining in the Southern Finland region,
especially among those under 70 years of age. There was no
change in overall survival over the 12 years of the study.
Wider use of neoadjuvant and adjuvant therapy along with
increasing the rate of curative-intent resection may help in
improving outcomes of GBC.
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