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Background: The prevalence of incidental gallbladder cancer is low when performing cholecystectomy
for benign disease. The performance of routine or selective histological examination of the gallbladder is
still a subject for discussion. The aim of this study was to assess the cost-effectiveness of these different
approaches.
Methods: Four management strategies were evaluated using decision-analytical modelling: no histology,
current selective histology as practised in Sweden, macroscopic selective histology, and routine histology.
Healthcare costs and life-years were estimated for a lifetime perspective and combined into incremental
cost-effectiveness ratios (ICERs) to assess the additional cost of achieving an additional life-year for each
management strategy.
Results: In the analysis of the four strategies, current selective histology was ruled out due to a higher
ICER compared with macroscopic selective histology, which showed better health outcomes (extended
dominance). Comparison of routine histology with macroscopic selective histology resulted in a gain
of 12 life-years and an incremental healthcare cost of approximately €1 000 000 in a cohort of 10 000
patients, yielding an estimated ICER of €76 508. When comparing a macroscopic selective strategy with
no histological assessment, 50 life-years would be saved and the ICER was estimated to be €20 708 in a
cohort of 10 000 patients undergoing cholecystectomy.
Conclusion: A macroscopic selective strategy appears to be the most cost-effective approach.
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Introduction

Cholecystectomy is one of the most common surgical
procedures performed. Despite this, there is still debate
regarding to perform routine or selective histological
analysis of the gallbladder specimen, and large differences
are seen within and between healthcare systems1,2. The
rationale behind histological analysis when performing
cholecystectomy for benign disease is to detect incidental
gallbladder cancer, which is present in 0⋅19–1⋅05 per cent
of all cholecystectomies according to published data2–4.
Global epidemiological trends show an increasing inci-
dence of gallbladder cancer, with the highest burden in
Asia, followed by Europe and Latin America5.

The main argument for routine submission of the
gallbladder specimen is that not all incidental gallblad-
der cancers have visible macroscopic abnormalities and

patients with undiagnosed disease will be deprived of
additional treatment1,6,7. To improve survival, current
evidence8,9 supports reresection, including liver resection
and lymph node dissection for T1b, T2 and T3 gallbladder
cancer. For patients with Tis and T1a incidental cancers,
cholecystectomy appears to suffice10–12. In addition, a
desire for diagnostic completeness and fear of litigation
may contribute to the routine examination of gallbladder
specimens. A previous study2 from the present authors’
institution indicated that routine histological assessment
of the gallbladder specimen may detect more incidental
gallbladder cancers and that a selective approach may
exclude patients, even when based on predictive factors for
gallbladder cancer.

Several studies13–17 have suggested selective assessment
of the gallbladder specimen, on the basis that incidental
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gallbladder cancer is unusual in the macroscopically nor-
mal gallbladder, and because of an increasing workload
and cost. The extent to which the proposed cost-savings,
in terms of decreasing the amount of histological analysis,
are offset by costs accruing elsewhere in the healthcare sys-
tems, as a result of managing missed gallbladder cancers,
is not known.

The aim of this study was to compare healthcare costs
and health outcomes of the current selective approach of
histological analysis of gallbladder specimens, as well as
selective histology based on macroscopic appearance of
the gallbladder and routine assessment of histology, by
employing a decision-analytical modelling approach using
data from previous studies of incidental gallbladder cancer
in the Swedish population.

Methods

The study population was patients undergoing chole-
cystectomy for benign disease in Sweden. Four distinct
management strategies for these patients were evaluated:
histological analysis not performed in any patients (no
histology); selective histological analysis based on cur-
rent practice in Sweden, where the surgeon responsible
for cholecystectomy decides whether the gallbladder
specimen should be submitted for histopathological exam-
ination or not (current selective histology); histological
analysis performed by macroscopic evaluation of the
gallbladder as a presumed standardized regimen in the
context of normal or abnormal appearance (macroscopic
selective histology); and histological analysis performed
in all patients (routine histology). As there is no standard
regimen for submitting the gallbladder, and the proportion
submitted for histopathological examination varies widely
between hospitals in Sweden2, in this study current selec-
tive histology refers to the diagnostic performance of the
mean (44⋅3 per cent) proportion of gallbladders submitted
for histopathology in Sweden between 2007 and 2014.
Macroscopic selective histology is based on registration of
the macroscopic appearance of the gallbladder specimen
at cholecystectomy. Registration is done by the surgeon
in charge and documented in a national quality register.
The register does not specify what constitutes a normal
gallbladder, but is the surgeon’s subjective evaluation.

Cost-effectiveness analysis

A decision-analytical modelling approach18 was used to
synthesize evidence to estimate healthcare costs and health
outcomes in terms of life-years for the four management
strategies. Estimated costs and life-years were combined

into incremental cost-effectiveness ratios (ICERs) to assess
the additional cost of achieving an additional life-year for
each management strategy.

Costs are reported in 2018 euros (€) and were converted
from Swedish krona (SEK) to euros based on the 2018
average exchange rate from the Central Bank of Sweden19

of 100 SEK being equivalent to €10⋅26.

Model

A decision-tree structure was used for the analytical model
in an attempt to prioritize clarity and a general under-
standing of the conceptual issues over complexity (Fig. 1).
For this reason, undiscounted costs and health outcomes
are reported. To the left of the tree, the patient popula-
tion of cholecystectomies and the prevalence of cancer, by
stage, is depicted. In a sequence of chance nodes, diagnos-
tic accuracy and treatment patterns are described. In the
strategy with 100 per cent of gallbladders sent for histo-
logical examination, all patients with cancer will be identi-
fied with the disease and with the correct disease stage. A
proportion of these patients will then undergo treatment.
To the right of the tree, the consequences of each end
node are described. The estimated consequences include
the survival prognosis associated with a particular pathway,
as well as the estimated healthcare costs. Key parameters
estimated include: the prevalence of cancer; the proportion
of patients detected with cancer with the clinical practice
strategy (100 per cent for the case where all gallbladder
specimens are sent for histological assessment, and 0 per
cent for the strategy where histological examination is not
performed); the proportion of patients treated with rere-
section if detected with cancer; and survival prognosis and
healthcare costs conditional on cancer stage and treatment.

In the analysis of the model, the cohort size was set
at 10 000 patients, corresponding approximately to the
number of cholecystectomies performed for benign dis-
ease annually in Sweden. The starting point for age in
the model was set to 70 years, representing the mean age
of patients with incidental gallbladder cancer in Sweden2.
Only those diagnosed with incidental gallbladder cancer
were subjected to intervention in the model, and therefore
the model was not affected by the age of patients undergo-
ing cholecystectomy with benign histopathology.

Data sources

The primary data source for populating the model was
cholecystectomies registered in GallRiks (the Swedish
Registry of gallstone surgery and endoscopic retrograde
cholangiopancreatography (ERCP))20 between January
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Fig. 1 Model describing the population of patients undergoing cholecystectomy and different treatment strategies leading to different
costs and outcomes
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2007 and September 2014. The selection process and
descriptive data have been presented previously2. The
GallRiks registry is web-based and validated continously21.
Variables are standardized, and include baseline charac-
teristics, indication for surgery, macroscopic evaluation
of the gallbladder, whether histological analysis was
performed, and an abbreviated version of the histology
report. Patients were excluded if the indication for surgery
was polyps or suspected malignancy, or the cholecystec-
tomy was subordinate to another abdominal operation.

Additional data required to populate the model were
retrieved from published sources and administrative
databases.

In the follow-up of the Swedish cohort of patients
with incidental gallbladder cancers8, histology reports were
examined in detail. This meant that some patients with pT4
disease were excluded owing to other primary diagnosis of
cancer, and some were restaged. As only six patients with
pT4 disease remained, they were excluded in the analyses
and no separate pT4 stage was modelled.
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Prevalence

Hospitals submitting at least 90 per cent of gallblad-
der specimens were analysed to estimate the expected
prevalence of incidental gallbladder cancer during the
study period. The eight hospitals with a frequency of
histological assessment of 90 per cent or more were
assumed to contribute accurate prevalence estimates as
almost all gallbladders were sent for histopathological
assessment.

Proportion of expected incidental gallbladder
cancers diagnosed

With routine histology, all cancers were assumed to be
diagnosed, assuming 100 per cent sensitivity and specificity.
With the no histology strategy, no cancers would be diag-
nosed as no gallbladder specimens were analysed.

The expected frequency of cancers to be found per pT
category with routine histology was retrieved and com-
pared with the actual frequency of cancers found by the
current selective setting and the selective strategy based on
macroscopic abnormality.

For the macroscopic selective strategy, the variable of
peroperative macroscopic assessment in GallRiks was uti-
lized. Gallbladder specimens registered as ‘normal’ were
expected to have been discarded, and all other specimens
were expected to have been analysed (listed as ‘acute chole-
cystitis’, ‘chronic cholecystitis’, ‘polyp’, ‘suspected malig-
nancy’, ‘spontaneously perforated gallbladder’ and ‘other
deviating findings’).

Proportion reresected

A proportion of patients diagnosed with pT1b, pT2 and
pT3 status will undergo reresection. The proportion of
patients reresected per pT category was estimated from a
previous study8 of a Swedish national cohort of patients
with incidental gallbladder cancer (Table 1). No patient
with pTis or pT1a disease was reresected. The different
proportions of patients undergoing reresection were incor-
porated in the model to determine life expectancy and
healthcare costs.

Probability of recurrence

The rate of recurrence for each pT category was esti-
mated from previous data8. Recurrence was defined as a
radiological finding of local recurrence or distant metas-
tasis in staging radiology or macroscopic finding of metas-
tases at planned reresection. The rate of recurrence accord-
ing to pT category and treatment are shown in Table 1.

Table 1 Overall prevalence of incidental gallbladder cancer,
proportions treated, rate of recurrence and life expectancy

Overall prevalence of incidental gallbladder
cancer

34⋅3 per 10 000

Estimated proportion with recurrence by pT
category and treatment

pTis/pT1a 0⋅00

pT1b reresected 0⋅19

pT1b not reresected 0⋅53

pT2 reresected 0⋅42

pT2 not reresected 0⋅67

pT3 reresected 0⋅67

pT3 not reresected 0⋅86

Proportion of diagnosed cancers reresected by
pT category

pTis/pT1a 0⋅00

pT1b 0⋅52

pT2 0⋅47

pT3 0⋅18

Years of life expectancy by pT category and
treatment

No cancer 16⋅2

pTis/pT1a 16⋅2

pT1b reresected 11⋅7

pT1b not reresected 8⋅3

pT2 reresected 9⋅4

pT2 not reresected 3⋅5

pT3 reresected 3⋅4

pT3 not reresected 0⋅9

Recurrence was incorporated in the model to determine life
expectancy and healthcare costs.

Life expectancy

Survival data for patients with incidental gallbladder cancer
according to pT category were estimated from previous
data8. The 5-year disease-specific survival rate for each pT
category was included in the model.

For the proportion of patients surviving more than
5 years, further life expectancy was anticipated to be the
same as survival in the general population. For the pro-
portion of patients who did not survive for 5 years, mean
survival was calculated per pT category from the inciden-
tal gallbladder cancer cohort presented in previous data8

(Table 2). For patients without incidental gallbladder cancer
and for those with pTis/T1a incidental gallbladder cancer,
survival was expected to be the same as that for the general
population. Years of life expectancy were calculated from
life expectancy in the general population for the propor-
tion of patients surviving more than 5 years, and using the
mean survival for patients not surviving to 5 years accord-
ing to pT category and treatment (Table 1).

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1125–1136
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Table 2 Five-year disease-specific and mean survival of patients
with incidental gallbladder cancer

Treatment
No. of

patients*

5-year
disease-specific

survival (%)

Mean
survival

(months)†

pT1b category

Cholecystectomy 15 43 27⋅9

Reresection 21 64 43⋅4

pT2 category

Cholecystectomy 49 16 12⋅5

Reresection 55 48 36⋅7

pT3 category

Cholecystectomy 64 0 11⋅4

Reresection 15 13 17⋅7

Data are from a previous study8 of 249 patients with incidental gallbladder
cancer. *Patients evaluated for 5-year disease-specific survival; †patients
who did not survive to 5 years after diagnosis of incidental gallbladder
cancer were evaluated separately.

Costs

Healthcare costs were those associated with histopatho-
logical assessment and other costs related to diagnosis, as
well as the treatment of patients with incidental gallbladder
cancer, according to the process and management on dis-
covery of incidental gallbladder cancer in the histology
report (Fig. 2). All costs used in the model were adjusted
to 2018 values.

Six main cost categories were considered: histopathology,
outpatient visit, multidisciplinary meeting, in-hospital care
including treatment of complications, oncology, and pallia-
tive care. Unit costs for all procedures were retrieved from
regional debit price lists in Östergötland Region22,23. Costs
are listed in Table 3.

In Sweden, histological analysis of the gallbladder spec-
imen is usually performed by a standard method, result-
ing in a written histology report within approximately
2–3 weeks. If malignancy is suspected during surgery, the
specimen is submitted with high priority, with expected
histology report within five working days. Using previous
data2, it was found that 28⋅2 per cent of the patients were
suspected during surgery to have gallbladder malignancy,
including the presence of gallbladder polyps. Thus, 71⋅8
per cent of the total cost of histological analysis was based
on the cost for the standard regimen, and 28⋅2 per cent on
the cost of high priority for histological analysis.

As review of the gallbladder specimen is recommended
when unexpected gallbladder cancer is found, an additional
cost for reviewing the specimen was added for the propor-
tion of patients with a positive finding on histopathological
examination.

Fig. 2 Flow diagram of the management of patients with inci-
dental gallbladder cancer found on histological examination

Incidental
gallbladder cancer
in histology report

Review of histology
report

Tis, T1a
Outpatient clinic

visit

No further follow-up

T1b, T2, T3
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No reresection
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No recurrenceRecurrence
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Reresection
Surgical procedure

In-hospital care,
complications

Patients diagnosed with pTis and pT1a incidental
gallbladder cancer were assumed to have had an outpatient
visit for information, but no further follow-up. Patients
diagnosed with pT1b, pT2 and pT3 disease were expected
to have had extended investigation, including radiological
staging and, in some cases, physiology tests, as a basis for
deciding on further surgery. Costs for these preoperative
investigations were added to the outpatient clinic visit
according to the regional debit price list in Östergötland
Region23.

The cost of a multidisciplinary team (MDT) meeting was
retrieved from a recently published Swedish observational
study24. The cost estimate for an MDT meeting for upper
gastrointestinal cancer was used in the model.

Calculations of costs regarding reresection included sur-
gical facilities and instrumentation, wages, and in-hospital
care. The cost of wages was based on standard wages

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1125–1136
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Table 3 Healthcare costs

Cost per patient (€)

Histological analysis 183⋅4

Review of histological analysis 87⋅0

Outpatient visit after cholecystectomy

pTis/pT1a 292⋅4

pT1b–pT3 682⋅3

Multidisciplinary conference 444⋅2

Reresection

Preparation 1508

Facilities 3070

Bed-days on surgical ward 3509

Ultrasound aspirator and instruments 395

Wages of surgeons 441

Postoperative facilities 624

Total 9547

Treatment of complications after reresection 24⋅8

Palliative oncological treatment

Outpatient visit to oncologist 786

Gemcitabine/oxaliplatin (per treatment) 538

Palliative home care by pT category

No cancer 0

pTisp/T1a 0

pT1b reresected 1005

pT1b not reresected 2819

pT2 resected 2168

pT2 not resected 3527

pT3 resected 3527

pT3 not resected 4532

from Statistics Sweden25, with monthly wages of €7732
for physicians. Social security costs and payroll taxes were
added to salary costs. A reresection was expected to involve
the employment of two surgeons for 3 h each. Monthly
salaries were converted to salary per hour by dividing by
160, as this represents standard monthly working hours in
Sweden.

The length of hospital stay and presence of complica-
tions for reresected patients were obtained from previous
data relating to the Swedish national cohort of incidental
gallbladder cancer8. Median length of stay for patients re-
resected with curative intent was 8 (range 3–64) days. The
unit cost per bed-day in a surgical ward was retrieved from
regional debit price lists.

Costs of complications for reresected patients were based
on the observed proportion of complications using pre-
vious data8 for bile leakage (7⋅6 per cent) and infections
(4⋅3 per cent). Unit costs for percutaneous drainage were
retrieved from regional debit price lists23. The cost of
antibiotic treatment was based on a regimen of 3 days
of intravenous piperacillin–tazobactam and 7 days of oral

antibiotics as a combination of ciprofloxacin and metron-
idazole.

Adjuvant oncological treatment has not been standard
in Sweden for gallbladder cancer and was therefore not
included in the model. Palliative oncological treatment
costs included outpatient oncology department visits and
chemotherapy using a combination of gemcitabine and
oxaliplatin. From the national prospective internet-based
Swedish Registry for cancer in the biliary tract and liver,
SweLiv26, the proportion of patients with incidental gall-
bladder cancer who received palliative chemotherapy was
retrieved. Between 2012 and 2018, approximately 36 per
cent were registered for palliative chemotherapy. Using
these data, the length of palliative chemotherapy treatment
was estimated to be 3 months.

Palliative care in Sweden is based mostly on domicil-
iary services with an interdisciplinary team approach; the
cost was assessed from an Israeli study of patients hav-
ing oncological palliative treatment at home27. The mean
healthcare cost per patient during the last year of life was
estimated as €5486. This was compared to a recently pub-
lished study in Sweden that analysed the cost-effectiveness
of palliative advanced home care for patients with severe
heart failure disease28, where the total cost was estimated
as €4232 per patient over a period of 6 months, adjusted
to 2018 values. For the present study, the total cost of pal-
liative home care of patients with gallbladder cancer was
estimated to be €4873. The cost was calculated for each
pT category in relation to the proportion of patients with
recurrence (Table 3).

Ethical approval

Approval of previous data analysis for input data to the
decision analysis model in this study was obtained from the
Regional Ethical Committee in Linköping, Sweden (Dnr
2014/39-31 and 2016/408-32).

Results

A total of 68 hospitals and 81 349 cholecystectomies were
registered in GallRiks. Overall, 44⋅3 per cent of gallblad-
der specimens were sent for histological assessment; this
proportion was used as the current selective approach for
submitting gallbladder specimens in the model. A total
of 213 incidental gallbladder cancers (0⋅3 per cent) were
diagnosed.

In the estimation of the prevalence of gallbladder cancer,
a total of 7293 (mean 912, range 623–1447) cholecystec-
tomies were registered at the eight included hospitals; the
mean frequency of histopathological assessment was 95⋅5

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1125–1136
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Table 4 Estimated prevalence of incidental gallbladder cancer in a cohort of 10 000 patient undergoing cholecystectomy for benign
disease, and outcome data from a decision-analytical model analysis of healthcare costs and expected life-years

Management strategy

No
histology

Current selective
histology

Macroscopic
selective histology

Routine
histology

Size of cohort 10 000 10 000 10 000 10 000

Prevalence and no. of gallbladders submitted for histological examination

No cancer 9965⋅7 9965⋅7 9965⋅7 9965⋅7

Histology 0⋅0 4426⋅6 5082⋅5 9965⋅7

No histology 9965⋅7 5539⋅1 4883⋅2 0⋅0

pTis/T1a category 5⋅5 5⋅5 5⋅5 5⋅5

Histology 0⋅0 2⋅6 4⋅1 5⋅5

No histology 5⋅5 2⋅9 1⋅4 0⋅0

pT1b category 1⋅4 1⋅4 1⋅4 1⋅4

Histology 0⋅0 1⋅4 1⋅4 1⋅4

No histology 1⋅4 0⋅0 0⋅0 0⋅0

pT2 category 20⋅6 20⋅6 20⋅6 20⋅6

Histology 0⋅0 10⋅7 16⋅5 20⋅6

No histology 20⋅6 9⋅9 4⋅1 0⋅0

pT3 category 6⋅9 6⋅9 6⋅9 6⋅9

Histology 0⋅0 6⋅9 5⋅5 6⋅9

No histology 6⋅9 0⋅0 1⋅4 0⋅0

No. of reresections performed 0⋅0 6⋅9 9⋅4 11⋅6

Healthcare costs per cohort (€)

Histological assessment 0 831 236 957 018 1 858 049

Resection-related costs 0 74 959 100 566 123 919

Other costs 107 554 98 210 94 765 91 882

Total 107 554 1 004 405 1 152 349 2 073 850

Life-years per cohort 161 623 161 658 161 673 161 685

Incremental life-years per cohort 35* 15† 12‡
Cost-effectiveness results (per patient means)

Total healthcare costs (€) 11 100 115 207

Life-years 16⋅162 16⋅166 16⋅167 16⋅169

Incremental costs (€) 90* 15† 92‡
Incremental life-years 0⋅0035* 0⋅0015† 0⋅0012‡
ICER per life-year gained (€) 25 593* 9600† 76 508‡

*Current selective histology versus no histology; †macroscopic selective histology versus current selective histology; ‡routine histology versus macroscopic
selective histology.

(range 90⋅0–99⋅5) per cent. A total of 25 incidental gall-
bladder cancers were discovered, corresponding to 34⋅3
patients with incidental gallbladder cancer in a cohort of
10 000 patients undergoing cholecystectomy. The propor-
tion with each pT category is shown in Table 4.

Compared with the current selective strategy, the
observed frequency of diagnosed pT1b and pT3 disease
was higher than expected. It was assumed that 100 per
cent (1⋅00 of the proportion expected) of pT1b and pT3
cancers would be diagnosed by the current selective his-
tology strategy. However, for pTis/pT1a and pT2, 47 and
53 per cent of patients respectively (0⋅47 and 0⋅53 of the
proportions expected) were estimated to be diagnosed

(Table 4). Specimens evaluated as macroscopically abnor-
mal constituted 51⋅0 per cent of all specimens. When
comparing findings for macroscopic selective histology
with the expected number, all patients with pT1b disease
were diagnosed (1⋅00 of the proportion expected), and 75
per cent of patients with pTis/pT1a disease and 80 per cent
for both pT2 and pT3 (0⋅75 and 0⋅80 of the proportion
expected respectively).

Base case results

Base case results are shown in Table 4. Comparing current
clinical practice in Sweden (selective strategy) with no

© 2020 The Authors. www.bjsopen.com BJS Open 2020; 4: 1125–1136
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Table 5 Outcome data from a decision-analytical model of
healthcare costs and expected life-years for a cohort of 10 000
patients undergoing cholecystectomy for benign disease

Management strategy

No
histology

Macroscopic
selective
histology

Routine
histology

Cost-effectiveness results
(per cohort)

Healthcare costs (€) 107 554 1 152 349 2 073 850

Life-years 161 623 161 673 161 685

Incremental costs (€) 104 480 92 150

Incremental life-years 50 12

Cost-effectiveness results
(per patient means)

Healthcare costs (€) 11 115 207

Life-years 16⋅162 16⋅167 16⋅169

Incremental costs (€) 10* 92†
Incremental life-years 0⋅0050* 0⋅0012†
ICER per life-year gained (€) 20 708* 76 508†

*Macroscopic selective histology versus no histology; †routine histology
versus macroscopic selective histology.

histology resulted in an estimated 35 life-years gained
and an incremental cost of approximately €1 000 000
for a hypothetical cohort of 10 000 patients, yielding an
estimated ICER of €25 593. Comparing the macroscopic
selective strategy with current selective strategy resulted in
improved health outcomes and another 15 life-years gained
at a slightly increased cost, yielding an estimated ICER
of €9600. When routine histology was compared with
macroscopic selective histology, this resulted in a gain of
12 life-years and an incremental healthcare cost of approx-
imately €900 000 for a cohort of 10 000 patients, yielding
an estimated ICER of €76 508 (the difference in total costs
comparing macroscopic selective histology and routine
histology is calculated by 2 073 850− 1 152 349= 921 501).
The fact that the current selective strategy had a higher
ICER than the macroscopic selective strategy indicates
‘extended dominance’, which can be explained by the fact
that an ICER for a given alternative is higher than that of
the next, more effective, alternative.

The current selective strategy was then eliminated from
the model, which was then analysed including no histol-
ogy, macroscopic selective histology and routine histology
(Table 5). Comparing macroscopic selective histology with
no histology resulted in a gain of 50 life-years and an incre-
mental cost of approximately €1 000 000 for a hypothetical
cohort of 10 000 patients, yielding an estimated ICER of
€20 708. Excluding the current selective strategy did not
impact the ICER of the routine histology strategy.

Fig. 3 Sensitivity analysis of how the cost of histological ana-
lysis affects the incremental cost-effectiveness ratio
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The sensitivity of submitting only macroscopic abnor-
mal gallbladder specimens would be 93⋅9 per cent (200 of
213) and the specificity would be 52⋅0 per cent (42 211 of
81 136).

Sensitivity scenarios

Cost of histology analysis
The relationship between the cost of the histology analy-
sis and the ICER is shown in Fig. 3. If the cost of a sin-
gle histology analysis should increase, this would have an
important impact on the ICER.

Costs of outpatient visits and multidisciplinary team
meetings
Increasing the cost of outpatient visits for patients with
pTis/pT1b or pT1b–pT3 disease did not affect the results
in any substantial way; neither did the cost of MDT meet-
ings (results not shown).

Costs of reresection
The costs of reresection had little impact on the results
(results not shown).

Probability of recurrence
The recurrence rate of pT1b and pT2 disease also had only
a minor impact on the findings (results not shown).

Life-years gained from reresection
The number of life-years gained following reresection in
patients with pT2 disease was, as expected, of importance
for the results of the model, illustrating the fact that find-
ing further cancers becomes more valuable the better the
treatment outcome of those cancers (results not shown).
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Fig. 4 The different strategies for histological analyses in rela-
tion to the probability that the gallbladder specimen will be
submitted in the absence of cancer
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To the left of the diagram the specificity is increased, with few specimens
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Probability of histology if no cancer present
The impact on the results of the probability that the gall-
bladder specimen is submitted in the absence of cancer is
illustrated in Fig. 4. To the left of the graph, the specificity
of submitting gallbladders is increased, meaning that the
probability of submitting a specimen without cancer is low.
To the right of the diagram, the specificity is decreased.
The results clearly illustrate that the specificity of submit-
ting gallbladder specimens is likely to be important for
interpretation of the results, and in the determination of
an optimal management strategy.

Discussion

This study evaluated a selective approach to histolog-
ical examination of gallbladder specimens after benign
cholecystectomy compared with routine assessment, with
respect to healthcare costs and health outcomes related
to finding incidental gallbladder cancer, from a national
perspective. The current selective approach in Sweden of
submitting about 44 per cent of all gallbladder specimens
for histological examination, with no standard regimen,
was eliminated as an extendedly dominated strategy. When
comparing a macroscopic selective strategy with no his-
tological assessment, 50 life-years would be saved and the
ICER was estimated to be €20 708 in a cohort of 10 000
patients undergoing cholecystectomy. Choosing routine
histology instead of the macroscopic strategy would lead
to a gain of 12 life-years, at an ICER of €76 508 in a cohort
of 10 000. Thus, few lives would be saved at high cost
if a macroscopic strategy were to be switched to routine
histology.

Several sensitivity analyses were performed in this study
to understand the importance of individual parameters,
and their potential impact, on the results. The cost of
the histology analysis had an obvious impact on the
ICER, most likely due to the ratio of a large number of
cholecystectomies annually to the health outcome of few
incidental gallbladder cancers found. Increasing the cost
of outpatient visits or MDT meetings did not affect the
ICER. Even with a doubling of the reresection costs, there
was only a slight increase in the ICER, again indicating
that the costs for histological analyses had the greatest
impact on the ICER.

The subject of routine or selective histology at benign
cholecystectomy has been studied several times previously.
A retrospective study from India7 analysed 170 patients
and compared patients who had early diagnosis from the
gallbladder histology report with patients with cancer that
was missed at cholecystectomy and who presented with
late symptoms. Early detection of incidental gallbladder
cancer resulted in an increased reresection rate (69⋅9
per cent), compared with a decreased rate (7⋅8 per cent)
for late detection. The authors7 therefore recommended
routine histology of gallbladder specimens. Several other
studies6,29–33 recommend routine histology, based on the
fact that cancer in the gallbladder may be present without
macroscopic abnormalities, although a review15 concluded
that supporters of routine histology more often come from
areas with an increased prevalence of gallbladder cancer
and that a selective approach could be proposed only for
areas of very low prevalence.

Two of the key factors in the argument for a selective
approach are to reduce costs and ensure that no inciden-
tal gallbladder cancers are detected in a normal gallblad-
der specimen13,14,34–37. The cost analyses in these studies
are based mostly on direct costs of the histological analy-
sis and the savings that could be made if fewer gallbladder
specimens were submitted. A proposition that histological
examination should be carried out only in cases of unex-
pected appearance of the gallbladder suggested an over-
all saving of £10 875 (€12 205, exchange rate 1 September
2020) over a 5-year period from 2000 to 200536. In a study13

from China, involving 14 369 routine histological analyses
of gallbladder specimens, 44 of 46 patients with incidental
gallbladder cancer had macroscopic abnormalities, and the
two patients with a normal gallbladder were diagnosed as
having pTis and pT1a disease.

When evaluated from an age perspective, of 3041chole-
cystectomies with routine histology, eight patients (0⋅3 per
cent) with incidental gallbladder cancer were found37. A
cut-off value of 51 years was calculated from the receiver
operating characteristic (ROC) curve, with 100 per cent
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sensitivity and 45 per cent specificity of identifying
incidental gallbladder cancer37. Applying this selection,
£15 225–21 960 (€17 087–24 645, exchange rate 1 Septem-
ber 2020) would have been spared between March 2004
and December 2012.

In a study from the Netherlands38, it appeared that
national guidelines regarding histological assessment of
gallbladder specimens had been revised in 2014, with a
recommendation of selective histology based on divergent
macroscopic appearance of the gallbladder or abnormal
finding on preoperative radiology. A slight decline in the
proportion of histological analyses has been seen in recent
years. It is estimated that the revised guidelines could save
around €1 600 000 annually in the Netherlands, based on
27 550 cholecystectomies performed in 2015.

This study has several limitations. The estimated preva-
lence of incidental gallbladder cancer is based on the preva-
lence from only eight hospitals with a routine procedure
of submitting gallbladder specimens. This gives uncer-
tainty to the figures used in the present model, because of
the low disease prevalence. The best starting point would
have been a larger sample of routine histological analy-
ses in cholecystectomies nationwide. When estimating the
expected frequency of patients with incidental gallbladder
cancer with pT1b and pT3 status for the current selective
histology strategy, the observed frequency was higher than
expected. The calculations in the model therefore assumed
that all cancer cases for T1b and T3 were found in cur-
rent selective histology. For pT3 this may be accurate, as
this stage of gallbladder cancer represents tumour growth
through the serosa and should be identifiable macroscopi-
cally. Therefore, it was surprising that 80 per cent of pT3
was found only when analysing the macroscopic selective
histology strategy. This can probably be explained by esti-
mating prevalence from a relatively small cohort, where
the macroscopic appearance of the gallbladder specimen
from one patient with pT3 disease was registered as nor-
mal, affecting the proportion of patients discovered with
pT3 gallbladder cancer in a macroscopic selective setting.
It does not seem reasonable to believe that a pT3 gallblad-
der cancer would have a normal appearance and, therefore,
this may account for registration errors. In the model, only
patients with pT1b–pT3 cancer have been appropriate for
extended reresection, an accepted treatment for incidental
gallbladder cancer8. In analysis of the data, patients with
pTis, pT1a and pT4 incidental gallbladder cancer were
judged to have no further survival benefit from reresection.

A further limitation relates to the term ‘normal gall-
bladder’, as there is no uniform description. Some may
call the gallbladder normal despite ongoing inflamma-
tion, whereas others would use the term abnormal if the

gallbladder wall were above a particular thickness. For
example, Tayeb and colleagues39 referred to a normal
gallbladder specimen when there was ‘no mucosal ulcera-
tion/irregularity, mass, polyp, localized or generalized wall
thickness’, whereas Bazoua and co-workers40 designated
the gallbladder as normal if the gallbladder wall was less
than 3 mm in thickness. In the present study, the specimen
was evaluated as normal by the surgeon in charge at the
cholecystectomy and not by predefined criteria, which is
of course a limitation of the study.

The analyses may lack costs associated with palliative
treatment, for example ERCP in patients with jaundice.
Adjuvant chemotherapy after reresection of incidental
gallbladder cancer has not been the standard regimen in
Sweden, and neither the cost of adjuvant treatment nor the
health outcome of adjuvant treatment has been considered
in the model.

Even though all hospitals submitting all gallbladder spec-
imens were analysed, patients are selected for cholecystec-
tomy in the first place. Knowing that incidental gallbladder
cancer is more common in older patients, women and those
with chronic cholecystitis41 could affect the frequency of its
discovery, if selection of patients differs between hospitals.

The strength of the present study is the large sample
of nationally registered data in facilitating the estimation
of health-related costs and survival data. On the basis of
these results, a change to routine histological analysis of
gallbladder specimens in Sweden would mean increased
costs with minimal improved health outcomes. Instead, a
standard approach to histological assessment of gallbladder
specimens based on a macroscopic selective strategy seems
desirable.
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