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BACKGROUND: Various prognostic factors are associated with overall survival (OS) after resection of distal cholangiocarcinoma
(dCCA). The objective of this study was to develop and validate a prediction model for 3-year OS after pancreatoduodenectomy
for dCCA.

METHODS: The derivation cohort consisted of all patients who underwent pancreatoduodenectomy for dCCA in the Netherlands
(2009-2016). Clinically relevant variables were selected based on the Akaike information criterion using a multivariate Cox
proportional hazards regression model, with model performance being assessed by concordance index (C-index) and calibration
plots. External validation was performed using patients from the Belgium Cancer Registry (2008-2016), and patients from two
university hospitals of Southampton (U.K.) and Verona (ltaly).

RESULTS: Independent prognostic factors for OS in the derivation cohort of 454 patients after pancreatoduodenectomy for dCCA
were age (HR 1.02, 95% Cl 1.01-1.03), pT (HR 1.43, 95% Cl 1.07-1.90) and pN category (pN1: HR 1.78, 95% Cl 1.37-2.32; pN2: HR 2.21,
95% Cl 1.63-3.01), resection margin status (HR 1.79, 95% Cl 1.39-2.29) and tumour differentiation (HR 2.02, 95% Cl 1.62-2.53). The
prediction model was based on these prognostic factors. The optimism-adjusted C-indices were similar in the derivation cohort
(0.69), and in the Belgian (0.66) and Southampton-Verona (0.68) validation cohorts. Calibration was accurate in the Belgian
validation cohort (slope = 0.93, intercept = 0.12), but slightly less optimal in the Southampton-Verona validation cohort (slope =
0.88, intercept = 0.32). Based on this model, three risk groups with different prognoses were identified (3-year OS of 65.4%, 33.2%
and 11.8%).

CONCLUSIONS: The prediction model for 3-year OS after resection of dCCA had reasonable performance in both the derivation
and geographically external validation cohort. Calibration slightly differed between validation cohorts. The model is readily
available via www. pancreascalculator.com to inform patients from Western European countries on their prognosis, and may be

used to stratify patients for clinical trials.
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BACKGROUND

Distal cholangiocarcinoma (dCCA) arises from the epithelium of
the common bile duct distal to the confluence of the cystic duct
and common hepatic duct and proximal from the ampulla of Vater
[1, 2]. Surgical resection is the only treatment with curative intent,
but the majority of patients with dCCA present at a late stage with
locally advanced or metastatic disease [1]. Surgical treatment
options, morbidity and mortality of dCCA differ from other types

of biliary tract cancer (i.e. intrahepatic cholangiocarcinoma,
perihilar cholangiocarcinoma and ampullary carcinoma) [3].
Although a radical resection (RO) is achieved in more than 80%
of the patients, the recurrence rate remains as high as 82% at 3
year [4, 5]. The 5-year overall survival (OS) after surgical resection is
~29-37% [3, 4]. Adjuvant treatment following a curative-intent
resection has shown conflicting results [6, 7]. A meta-analysis of
prospective and retrospective studies found no benefit in OS for
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adjuvant chemotherapy versus observation after surgical resection
of dCCA [6]. Capecitabine was recently adapted by the American
Society of Clinical Oncology (ASCO) clinical practice guideline as
the standard adjuvant therapy based on the results of the BILCAP
trial [8, 9]. Even though, in the subgroup of 156 patients with
dCCA of the BILCAP study, OS was not significantly superior with
adjuvant capecitabine (HR 0.70, 95% Cl 0.47-1.06), as compared to
observation only [9].

A number of prognostic factors for OS after surgical resection of
dCCA have been identified, including the number of positive
regional lymph nodes, the resection margin status and the tumour
differentiation [4, 6]. Currently, prediction models for survival after
resection are available for intrahepatic, perihilar cholangiocarcinoma
and ampullary carcinoma, but to our knowledge, not for dCCA
[10, 11]. Prediction of individual patient survival could be used to
identify individual patients at high risk for recurrence. Hypothetically,
these patients may be more likely to benefit from adjuvant
treatment. Moreover, a prediction model could be used to inform
patients and to stratify patients in clinical trials, especially in a
disease such as dCCA where the effect of adjuvant therapy still
remains largely unknown. The objectives of this study were to derive
and externally validate a prediction model for 3-year OS after
resection of dCCA and to assess the effect of adjuvant treatment in
different subgroups based on the final model to potentially identify
patients who may benefit from adjuvant therapy.

METHODS

This study was reported in line with the Transparent Reporting of a
multivariable prediction model for Individual Prognosis Or Diagnosis
(TRIPOD) statement and performed according to the Prediction model Risk
Of Bias ASsessment Tool (PROBAST) criteria [12, 13].

Patients

The derivation cohort consisted of patients who underwent pancreato-
duodenectomy with curative intent for dCCA in the Netherlands from
January 1, 2009 up to December 31, 2016. Patients were extracted from the
prospectively maintained population-based Netherlands Cancer Registry
(NCR). These data are collected by trained registry administrators across
the Netherlands and updated on a regular basis, starting from nine months
after diagnosis until the patient is deceased or lost to follow-up [14].
Diagnoses of patients from three university medical centers (Amsterdam
UMC [location Academic Medical Center], Erasmus MC and University
Medical Center Utrecht) were cross-checked with data collected from
electronic patients records. Patients were excluded if they had another
periampullary tumour than dCCA. Subsequently, the NCR data were linked
to the nationwide network and registry of histopathology in the
Netherlands (PALGA) to identify missing clinicopathologic characteristics,
including pT, pN category, resection margin, tumour differentiation and
tumour diameter.

We used two independent validation cohorts to assess the performance
of the final model. The first validation cohort consisted of patients from the
prospectively maintained population-based Belgium Cancer Registry (BCR)
diagnosed with dCCA from January 1, 2008 up to December 31, 2016. A
trained registry administrator from the BCR has updated histopathological
characteristics from pathology reports and collected additional data on pN
category, resection margin, tumour diameter and type of surgery
(pancreatoduodenectomy or only bile duct resection). Subsequently, the
BCR database was linked to the reimbursement data collected by the
Intermutualistic Agency (IMA-AIM) to identify whether patients have
received chemotherapy and or radiotherapy. The second validation cohort
consisted of patients from the prospectively maintained, retrospective
database of the University Hospital Southampton (United Kingdom,
2006-2019) and Verona University Hospital (Italy, 2000-2019). These two
databases are updated on a regular basis. The histopathological
characteristics and survival outcomes of patients from these two university
hospitals were additionally updated for our study by two researchers (A.B.
from Verona and A.B.C).

All  patients included in the derivation and validation cohorts
had a histologically proven diagnosis of dCCA and underwent pancrea-
toduodenectomy (either a classical Whipple or a pylorus-preserving
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pancreatoduodenectomy). Patients were excluded if they had a TO-
tumour, only a bile duct resection with or without lymphadenectomy,
distant metastases or unknown metastatic status at the time of surgical
resection, macroscopic positive resection margin (R2), and rare tumour
histology with non-biliary origin (morphological codes 8144, 8255, 8260,
8263 and 8523). Patients were excluded if they survived less than 90 days
after surgical resection to avoid including patients that deceased because
of postoperative complications. Patients with missing values for clinically
relevant variables, including pT category, number of evaluated or positive
lymph nodes and the status of the resection margin, were excluded. To
distinguish pN1 (1-3 positive lymph nodes) from pN2 category (4 or more
positive lymph nodes) according to 8th edition of American Joint
Committee on Cancer (AJCC) staging system, only patients with at least
four evaluated lymph nodes were included. Finally, we excluded patients
who received neoadjuvant or induction therapy because these treatments
may influence the pathological AJCC staging by tumour and nodal
downstaging as shown for perihilar cholangiocarcinoma [15].

This study was approved by the Dutch Pancreatic Cancer Group, a
scientific committee for pancreatic cancer and periampullary tumours,
including dCCA, in the Netherlands. We received a waiver for ethical
approval of this study by the Medical Ethics Review Committee at
Amsterdam UMC, location Academic Medical Center (W19_191 # 19.230).

Variables

All three databases contained data on demographic, tumour and
treatment characteristics. Main clinicopathologic characteristics include
tumour diameter, pT and pN category, number of harvested and positive
lymph nodes, status of resection margin and tumour differentiation.
Microscopic positive resection margin (R1) was defined as the presence of
a residual tumour within T mm from the resection margin as defined by a
pathologist. Tumour differentiation was missing in 55 patients (12.1%)
from the derivation cohort and in 17 patients (9.1%) from the Belgian
validation cohort. We imputed these missing values using multiple
imputations from the ‘mice’ package in R. Ten datasets were developed
after multiple imputations and all steps for the prediction model derivation
and validation were analysed in these datasets. Since in previous AJCC
staging systems, invasive depth was not a requested item for staging, this
parameter was not recorded in the majority of the pathology reports.
Therefore, we were unable to retrospectively classify pT category
according to the 8th edition of the AJCC staging system. In the final
model, pT category according to the 7th edition of the AJCC staging
system is used. For pN category, we retrospectively categorised patients
according to the 8th edition of the AJCC staging system based on the
number of positive lymph nodes.

Treatment characteristics of interest were type, year and location of
surgical resection and adjuvant chemotherapy and or radiotherapy. In the
NCR derivation cohort and the Southampton-Verona validation cohort,
adjuvant chemotherapy or radiotherapy was defined as the administration
of at least one cycle of chemotherapy after surgical resection and before
disease recurrence. In the Belgian validation cohort, one cycle of
chemotherapy or radiotherapy administered within 3 months after surgical
resection was considered as adjuvant chemotherapy or radiotherapy.

The primary outcome was the 3-year OS rate. The OS was assessed from
the date of diagnosis to the date of death or last follow-up.

Statistical analysis

Statistical analyses were performed in R version 3.4.3 (cran.rproject.org).
Means were compared by t-test and groups by Fischer's exact or x2 test.
Time-to-event data were analysed with Kaplan-Meier curves and compared
with log-rank test.

All clinically relevant variables were entered into the Cox proportional
hazard regression model and prognostic variables were selected using
backward stepwise selection with the Akaike information criterion (AIC).
Coefficients, hazard ratios and 95% confidence intervals of each predictor
of the final model are presented. The performance of the final model was
assessed by the Harrell concordance index (C-index) and calibrations plots.
Calibration of the prediction model was assessed to evaluate how well
predicted survival for each patient corresponded with the actual observed
survival. The cohort was divided into 10 risk groups of similar size
according to the risk score. The 3-year OS rate of each risk group was then
compared with the predicted 3-year OS rate and visualised in a calibration
plot. Perfect calibration (i.e. exact agreement between predicted and
observed) is characterised by a calibration slope of 1 and an intercept of 0.
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Table 1.

Baseline characteristics Netherlands Cancer Registry

Derivation Cohort (N = 454)
N (%)

Age in years (median, IQR) 67 (59-73)

<65 years 186 (41.0%)

265 years 268 (59.0%)
Sex

Male 281 (61.9%)

Female 173 (38.1%)

Year of diagnosis (median, IQR) 2013 (2011-2015)

<2012 174 (38.3%)
22013 280 (61.7%)
Year of surgery (median, IQR) 2014 (2011-2015)
<2012 171 (37.7%)
>2013 283 (62.3%)

Resection at an academic center 253 (55.7%)
Type of pancreatoduodenectomy
271 (59.7%)

183 (40.3%)

Classical Whipple
Pylorus preserving
pT category (7th AJCC)

pT1/T2 105 (23.1%)
pT3/T4 349 (76.9%)
Tumour size in millimetres?, 20 (15-30)
median (IQR)
pN category (8th AJCC)
pNO 182 (40.1%)
pN1 168 (37.0%)
pN2 104 (22.9%)
Lymph nodes evaluated, median (IQR) 12 (8-16)
Positive lymph nodes, median (IQR) 1 (0-3)

Resection margin
RO 375 (78.5%)
R1 103 (21.5%)
Tumour differentiation
252 (55.5%)
147 (32.4%)

Well/ moderately differentiated
Poorly differentiated

Unknown 55 (12.1%)
Adjuvant chemotherapy 35 (7.7%)
Adjuvant radiotherapy 0

Statistically significant P-values are in bold.
Cl confidence interval, IQR interquartile range, N number of patients.

Baseline characteristics of patients with distal cholangiocarcinoma.

Southampton-Verona
Validation Cohort (N=111)

Belgian Cancer Registry
Validation Cohort (N =187)

N (%) P-value N (%) P-value
68 (61-73) 0.515 72 (65-78) <0.001
70 (37.4%) 0.458 27 (24.3%) 0.002

117 (62.6%) 84 (75.7%)
0.275 0.175

125 (66.8%) 77 (69.4%)

62 (33.2%) 34 (30.6%)
2013 (2010-2015) 0.025 2012 (2009-2016) 0.012
91 (48.7%) 0.020 62 (55.9%) 0.001
96 (51.3%) 49 (44.1%)
2013 (2011-2015) 0.014 2012 (2009-2016) 0.013
88 (47.1%) 0.034 62 (55.9%) <0.001
99 (52.9%) 49 (44.1%)
88 (47.1%) 0.056 111 (100.0%) <0.001
<0.001 0.188

169 (90.4%) 58 (52.3%)

18 (9.6%) 53 (47.7%)
0.937 0.588

42 (22.5%) 29 (26.1%)

145 (77.5%) 82 (73.9%)
20 (15-28) 0.937 20 (15-24) 0.005
0.089 0.040

87 (46.5%) 55 (49.5%)

71 (38.0%) 42 (37.8%)

29 (15.5%) 14 (12.6%)
14 (10-20) <0.001 21 (14-29) <0.001
1(0-3) 0.059 1 (0-3) 0.082
0.215 0.303

152 (81.3%) 79 (71.2%)

35 (18.7%) 32 (28.8%)
0.510 0.147

113 (60.4%) 79 (71.2%)

57 (30.5%) 32 (28.8%)

17 (9.1%) 0

66 (35.3%) <0.001 73 (65.8%) <0.001
6 (3.2%) <0.001 5 (4.5%) <0.001

*The tumour size was missing in 35 and 66 patients from the derivation and BCR validation cohort, respectively.

Patients were stratified into three risk groups of equal size based on the
risk score as measured by the final model. The final model was internally
validated using bootstrap cross-validation (number of repetitions 200) and
externally validated in two independent international cohorts. The model
was made available online via www.pancreascalculator.com.

RESULTS

Derivation cohort

A total of 548 patients were derived from the NCR, of whom 454
met the inclusion criteria of this study (Supplementary Fig. 1). The
median age in the derivation cohort was 67 years (IQR 59-73), and
61.9% of the patients were male. Most patients had T3 or T4

tumours (76.9%), positive lymph nodes (59.9%) and negative
microscopic resection margins (78.5%). Patients underwent a
classical Whipple (59.7%) or pylorus-preserving pancreatoduode-
nectomy (40.3%). A total of 35 patients (7.7%) received adjuvant
chemotherapy in the derivation cohort (Table 1).

0OS and predictors of OS

After a median follow-up of 65.8 months (IQR 54.3-74.3) in the
derivation cohort, 339 (74.7%) patients had deceased and median
OS was 24.9 months (IQR 22.3-27.2). The number of events at 3
year was 313 (68.9%). The 3-year and 5-year OS were 36.8% (95%
Cl, 32.5-41.6%) and 24.7% (95% Cl, 20.7-29.4%), respectively.
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Table 2. Cox proportional hazards regression model in the derivation cohort.

Selected factors
Age in years
pT category (7th AJCC)
pT1/T2
pT3/T4
pN category (8th AJCC)
pNO
pN1
pN2
Resection margin
RO
R1
Tumour differentiation
Well/ moderately differentiated
Poorly differentiated
Other factors
Age in years
<65 years
265 years
Sex
Male
Female
Year of diagnosis (median, IQR)
2009-2012
2013-2016
Year of surgery (median, IQR)
2009-2012
2013-2017

Univariate model

Hazard ratio (95% Cl)

1.01 (0.99-1.02)

Ref
1.79 (1.36-2.36)

Ref
2.05 (1.59-2.65)
3.17 (2.39-4.22)

Ref
2.09 (1.65-2.65)

Ref
2.15 (1.73-2.67)

Ref
1.07 (0.86-1.33)

Ref
1.18 (0.95-1.47)
1.01 (0.96-1.07)
Ref
1.08 (0.86-1.35)
1.01 (0.96-1.06)
Ref
1.03 (0.83-1.29)

Resection at an academic center (ref. no) 0.97 (0.78-1.20)
Type of pancreatoduodenectomy

Classical Whipple Ref
0.98 (0.79-1.23)
1.01 (1.01-1.02)
<20 mm Ref
220 mm 1.65 (1.31-2.09)
1.02 (1.01-1.04)
1.13 (1.10-1.16)
1.16 (0.78-1.73)

Pylorus preserving
Tumour size in millimetres, median (IQR)

Lymph nodes evaluated, median (IQR)
Positive lymph nodes, median (IQR)
Adjuvant chemotherapy (ref. no)
Statistically significant P-values are in bold.

Multivariate model

P-value Hazard ratio (95% Cl) P-value Coefficient (B)
0.28 1.02 (1.01-1.03) 0.001 0.019
Ref
<0.001 1.43 (1.07-1.90) 0.015 0.355
Ref
<0.001 1.78 (1.37-2.32) <0.001 0.578
<0.001 2.21 (1.63-3.01) <0.001 0.794
Ref
<0.001 1.79 (1.39-2.29) <0.001 0.580
Ref
<0.001 2.02 (1.62-2.53) <0.001 0.704
0.527
0.130
0.593
0.492
0.749
0.780
0.765
0.888
0.002
<0.001
0.006
<0.001
0.451

Cl confidence interval, IQR interquartile range, N number of patients, Ref reference.

In the multivariable Cox proportional hazards regression model
of the derivation cohort, age at diagnosis, pT category (T1/T2
versus T3/T4) according to 7th edition of AJCC staging system and
pN category (NO versus N1 versus N2) according to 8th edition of
AJCC staging system, resection margin status (RO versus R1) and
tumour differentiation (well/moderately versus poorly differen-
tiated) were identified as independent prognostic factors for OS
(Table 2 and Supplementary Fig. 2). These five variables were
included in the final model and a nomogram was constructed
(Fig. 1). The estimated baseline hazard function from the Cox
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proportional hazards regression model was 0.901 (the formula for
3-years OS prediction is presented in Fig. 1).

The calibration plot comparing predicted with observed OS in the
derivation cohort is presented in Table 3. The overall C-index of this
prediction model was 0.69. Internal validation using bootstrapping
demonstrated an optimism-corrected C-index of 0.69. This final
model had a better performance compared to the 7th edition of
AJCC staging system, which had a C-index of 0.64. Based on this final
model, three risk groups were identified with a 3-year OS of 65.4%,
33.2% and 11.8%, respectively (Fig. 2). The nomogram to predict
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Fig. 1 Nomogram for prediction of 1, 2 and 3-year overall survival. Description of Fig. 1: The formula for 3-years OS prediction: S(t) =

0 901(0.019 * age + 0.355 * pT + 0.578 * pN1 + 0.794 * pN2 + 0.580 * R1 + 0.704 * tumour differentiation)

3-year OS after resection of dCCA was also made available through a
web-based calculator, www.pancreascalculator.com.

External validation

Relevant clinicopathological and treatment characteristics of
patients from the validation cohorts are presented in Table 1.
Patients in the Belgian validation cohort and the derivation cohort
had comparable baseline characteristics, except that more
adjuvant chemotherapy and radiotherapy was administered in
the Belgian validation cohort (Table 1).

Patients in the Southampton-Verona validation cohort were older,
had less frequently N2 disease and received more frequently
adjuvant chemotherapy and/or radiotherapy than patients in the
derivation cohort (Table 1). The univariate analyses of the validations
cohorts are shown in supplementary Table 1.

After a median follow-up of 64.7 months (95% Cl,
54.2-71.3 months) in the Belgian validation cohort, 115 (61.5%)
patients had deceased and median OS was 33.8 months (95% Cl,
30.0-51.0). The number of events at 3 years was 120 (64.2%). The
3-year and 5-year OS in the Belgian validation cohort were 48.4%
(95% Cl, 41.4-56.5%) and 36.6% (95% Cl, 29.5-45.4%), respectively.
In the Southampton-Verona validation cohort, 49 patients (44.1%)
deceased during the median follow-up of 53.4 months (95% Cl,
39.8-69.0 months). The number of events at 3 year was 64 (57.7%).
Median, 3-year and 5-year OS in the Southampton-Verona
validation cohort were 52.6 months (95% Cl, 40.0-65.0 months),
66.5% (95% Cl, 57.1-77.4%) and 43.9% (95% Cl, 33.5-57.4%),
respectively. The OS was significantly longer in the validation
cohorts compared to the derivation cohort.

Validation of the final model in the Belgian validation cohort
showed a C-index of 0.66 compared to a C-index of 0.62 of the 7th
edition of the AJCC staging system, with a good calibration (slope
0.93, intercept 0.12, Table 3 and Supplementary Fig. 3). In the
Southampton-Verona validation cohort, the final model had reason-
able discrimination (C-index 0.68), but suboptimal calibration. The
slope of 0.88 indicates that the order of predictions is fairly accurate,
but the intercept of 0.32 indicates that the observed OS was better
than predicted and that the survival predictions were systematically
too low in this cohort (Table 3 and Supplementary Fig. 3).

Adjuvant therapy

Adjuvant therapy was used more frequently in the validation
cohorts compared to the derivation cohort (Table 1). Adjuvant
therapy was not associated with better OS in the derivation cohort
(HR 1.26, 95% ClI 0.92-1.71) or validation cohorts (HR 1.16, 95% Cl
0.78-1.73) compared to only surgical resection (Fig. 3a, e). In the
low- and intermediate-risk groups, adjuvant therapy was not
significantly associated with OS (Fig. 3b, f, ¢, g, respectively). In the
high-risk group, a non-statistical survival difference in OS was
observed in patients treated with adjuvant therapy in the
derivation cohort (HR 0.69, 95% Cl 0.39-1.24, Fig. 3d) and
validation cohorts (HR 0.85, 95% Cl 0.52-1.40, Fig. 3h) compared
to only surgical resection.

DISCUSSION
This first prediction model for 3-year OS after pancreatoduodenect-
omy for dCCA was derived using five commonly available and
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Fig.2 Three risk groups based on the prediction model score. The
line in dark colour represents the low-risk group; the dashed line in
light colour represents the intermediate-risk group; the dash-dotted
line in dark colour represents the high-risk group.

relevant clinicopathological characteristics. The final model included
age at diagnosis, pT category (AJCC 7th), pN category (AJCC 8th), the
status of the resection margin and tumour differentiation and was
externally validated in two independent cohorts. The final model
had reasonable discrimination and outperformed the AJCC staging
system (7th edition) in all three cohorts. The calibration of this model
was good in the derivation and the Belgian Cancer Registry
validation cohort, but was suboptimal in the Southampton-Verona
validation cohort because of better OS compared to the derivation
cohort. This prediction model may be used to inform patients from
Western European countries on their prognosis, and to stratify
patients in clinical trials.

A higher proportion of patients in the validation cohorts
received adjuvant therapy compared to the derivation cohort, but
this treatment did not result in a significantly longer OS in these
cohorts separately or combined. In fact, adjuvant therapy was
associated with significantly worse OS in the Belgian validation
cohort compared to only surgical resection, indicating that
patients who received adjuvant therapy had probably a more
advanced disease (data not shown). The addition of adjuvant
therapy as a variable into the prediction model did not improve
its performance. Patients in the high-risk group apparently carry
unfavourable tumour characteristics (pT3/4 and pN2 category, R1-
resection and poor tumour differentiation) and may benefit from
adjuvant therapy as shown by a recent Phase Il trial [16]. We feel
that advanced dCCA is not only a matter of stage (time) but also a
matter of biology (behaviour). In that sense, the high-risk group
might show more similarity with pancreatic cancer and therefore
be more responsive to adjuvant chemotherapy as proven
in several randomised controlled trials for pancreatic cancer
[16].The BCAT (gemcitabine) and PRODIGE 12 (gemcitabine
plus oxaliplatin) trials did not show a survival benefit from
adjuvant chemotherapy compared to observation, but the BILCAP
(capecitabine versus observation) trial found longer OS in the per-
protocol-analysis, but not in the intention-to-treat analysis
[9, 17, 18]. In the post-hoc analyse of the BILCAP study, dCCA
patients treated with capecitabine did not have significantly
longer OS compared to those in the observation arm. The
ongoing ACTICCA-1 and ASCOT trials will provide more data on
the value of adjuvant chemotherapy [19, 20].

Previous studies have also shown that older age at diagnosis,
pT3/4 category, positive regional lymph nodes, positive resection
margin and moderate/poor tumour differentiation are indepen-
dently associated with poor OS in dCCA [6, 14]. The pT category
according to the 8th edition of the AJCC staging system, which
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Fig.3 Kaplan-Meier curves by adjuvant chemotherapy for the derivation and validation cohorts, stratified by risk group. The line in dark
colour represents patients treated with adjuvant chemotherapy; the dashed line in light colour represents patients not treated with adjuvant

chemotherapy.

was adapted in 2016, was not available for our derivation cohort
(2009-2016), because tumour invasion depth was not a requested
parameter for AJCC staging during this period. Recent studies
showed that assessment of tumour invasion depth was not
feasible in approximately half of the number of patients, because
of the absence of basal lamina, which is frequently affected by
tumour invasiveness or the surgical procedure [21]. A number of
studies have shown that tumour diameter is also an independent
prognostic factor for OS [22, 23]. Therefore, we analysed the
prognostic value of the tumour diameter as measured by the
pathologist instead of tumour invasion depth. The tumour
diameter was not an independent prognostic factor in the
multivariate Cox proportional hazards regression model and did
not improve the performance of the final model.

To our knowledge, this is the first prediction model for OS in
dCCA following surgical resection. Our prediction model is derived
based on a relatively large population-based cohort and is validated
in two independent international cohorts. This study has a number
of limitations. The calibration of the final model was suboptimal in
the Southampton-Verona validation cohort because of a statistically
significant difference in OS compared to the derivation cohort. The
suboptimal calibration is regularly observed in external validation
cohorts, as shown recently by a prediction model for perihilar
cholangiocarcinoma, because of differences in clinicopathological
characteristics and treatment options between the derivation and
external validation cohort [10]. However, in our study most baseline
characteristics were almost comparable between the derivation
and validation cohorts, except that adjuvant chemotherapy was
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frequently used in the validation cohorts and significantly less
patients had an N2 category in the Southampton-Verona validation
cohort compared to the derivation cohort. We did not perform a
propensity score matching using adjuvant chemotherapy as a
confounder because the addition of adjuvant chemotherapy as a
variable to the prediction model did not improve its performance.
The large variation in OS (5-year OS 13-54%) of patients treated with
surgical resection for dCCA was described previously in a systemic
review of 39 studies with 3258 patients [4]. The difference in OS
between the derivation and validation cohort may be clarified by
the fact that it is challenging to distinguish dCCA from other
periampullary tumours. Besides, the pathological examination was
not fully standardised among the different countries, which might
have its impact on the inclusion of patients. It is, therefore, possible
that patients with ampullary cancer might be included in the
validation cohorts misclassified as having dCCA, accounting for the
differences in outcome between cohorts. Therefore, we have cross-
checked the diagnosis of patients from three large university
medical centres in the Netherlands and found that only one patient
with an ampullary carcinoma (0.6%) was misclassified as dCCA. We
used two geographically distinct cohorts for the validation of the
final model, which may have introduced some bias related to
geographical differences. However, external validation in different
geographical cohorts is a more robust way to assess model
performance than using the entire cohort for both model
development and internal validation. The derivation cohort was
limited to patients diagnosed in the period 2009-2016, because
dCCA and perihilar cholangiocarcinoma were not registered as
separate diseases in NCR before 2009. In the Belgian validation
cohort, we included patients diagnosed in the period 2008-2016
and in the Southampton-Verona validation cohort (2000-2019) we
did not limit the inclusion period to the same period as the
derivation cohort. However, the median and 3-year OS of the
Belgian and Southampton-Verona validation cohorts were compar-
able before and after excluding patients diagnosed before 2009 or
after 2016 in the sensitivity analysis (data not shown). Although it is
possible that patients in the Southampton-Verona validation cohort
may have benefited from treatment in high-volume hospitals which
may have resulted in longer OS. This association was not observed
in the derivation cohort given that the surgical treatment of dCCA in
the Netherlands from 2011 is centralised in 17 pancreatic centres. A
recent study with 363 patients with biliary tract cancer did not find
an association between treatment in a high-volume hospital and OS
[24]. Finally, other prognostic variables such as perineural and
pancreatic invasion that may clarify the difference in OS between
the derivation and validation cohorts were not available for the
majority of patients [25]. This prediction model may be improved in
the future by incorporating clinicopathological characteristics with
molecular data and treatment characteristics [26].

In conclusion, our final model predicts 3-year OS after resection
of dCCA based on age at diagnosis, pT and pN category, resection
margin status and tumour differentiation. The final model had
reasonable discrimination and calibration in patients from the
Netherlands and Belgium, but had suboptimal calibration in the
Southampton-Verona validation cohort. This prediction model
may be used to inform patients from Western European countries
about their prognosis and to stratify patients in clinical trials.
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