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Simple Summary: Cholangiocarcinoma (CCA) is a comparatively rare malignant liver disease with
an increasing incidence and a high mortality worldwide. Systematic data on epidemiological trends,
treatment strategies, and in-hospital mortality of CCA in Germany are missing. The present analysis
provides a systematic overview on hospitalized CCA patients in Germany and identifies relevant
clinical and epidemiological risk factors associated with an increased in-hospital mortality. These
data could help to further improve framework conditions for the management of CCA patients in
the future.

Abstract: Background: Cholangiocarcinoma (CCA) is a rare malignant disease of the biliary tract
with an increasing incidence and a high mortality worldwide. Systematic data on epidemiological
trends, treatment strategies, and in-hospital mortality of CCA in Germany are largely missing.
However, the evaluation and careful interpretation of these data could help to further improve the
treatment strategies and outcome of CCA patients in the future. Methods: Standardized hospital
discharge data from the German Federal Statistical Office were used to evaluate epidemiological
and clinical trends as well as the in-hospital mortality of CCA in Germany between 2010 and 2019.
Results: A total of 154,515 hospitalized CCA cases were included into the analyses. The number of
cases significantly increased over time (p < 0.001), with intrahepatic CCA (62.5%) being the most
prevalent tumor localization. Overall, in-hospital mortality was 11.4% and remained unchanged over
time. In-hospital mortality was significantly associated with patients’ age and tumor localization.
The presence of clinical complications such as (sub)acute liver failure, acute respiratory distress
syndrome (ARDS), or acute renal failure significantly increased in-hospital mortality up to 77.6%.
In-hospital mortality was significantly lower among patients treated at high annual case volume
centers. Finally, treatment strategies for CCA significantly changed over time and showed decisive
differences with respect to the hospitals’ annual case volume. Conclusions: Our data provide a
systematic overview on hospitalized CCA patients in Germany. We identified relevant clinical and
epidemiological risk factors associated with an increased in-hospital mortality that could help to
further improve framework conditions for the management of CCA patients in the future.

Keywords: CCA; BTC; biliary tract cancer; chemotherapy; ERCP; epidemiology

1. Introduction

Cholangiocarcinoma (CCA) represent a heterogenous group of tumors that can arise
anywhere in the biliary tract [1,2]. Based on the anatomic origin, CCA are classified as
intrahepatic (iCCA) and extrahepatic (eCCA), with extrahepatic CCAs further subdivided
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into perihilar CCA (pCCA) and distal CCA (dCCA) [1,2]. In line with their different origin,
the subtypes are suggested to have different risk factors, tumor biology, and prognoses [3].
In high income countries, including Germany, CCA represent a comparatively rare disease.
Nevertheless, over the last decades, both incidences and mortality rates have continuously
risen, which is mainly attributed to the increasing frequency of the iCCAs [1,2]. Due to
a silent clinical presentation and its aggressiveness, many patients present in advanced
clinical stages, when cure is impossible. Technological advances in all areas of medicine,
especially in recent years, have fundamentally changed the way we treat CCA. While
extended liver resections have become possible in terms of surgical therapies, novel local
ablation techniques such as selective internal radiotherapy (SIRT) have become available in
palliative stages, and improved endoscopic procedures have enabled long-term symptom
control [1,4,5]. Just recently, combinations of cytotoxic chemotherapy and check-point
inhibitors have demonstrated superior tumor control, potentially providing neoadjuvant
treatment options enabling long term survival in patients with irresectable disease stages
at diagnosis [6].

Although all these advances will significantly improve the clinical management of
CCA patients in the future, they also pose new, unprecedented challenges to medical care
structures. Further optimization requires a precise understanding of the exact disease
epidemiology and, in particular, the knowledge of in which structures and which patients
are treated with which outcome. However, such data are hardly available for Germany. In
the present study, we used standardized hospital discharge data provided by the Federal
Statistical Office of Germany to systematically evaluate recent clinical developments and
in-hospital mortality of CCA as well as its influencing factors in Germany between 2010
and 2019. Most importantly, we identified relevant clinical and epidemiological risk
factors associated with an increased in-hospital mortality that could help to further the
management of CCA patients in future.

2. Materials and Methods
2.1. Study Design

The present study represents a retrospective analysis of epidemiological trends as
well as in-hospital mortality of CCA in Germany. Analyses are based on standardized
hospital discharge data provided by the Federal Statistical Office of Germany (Wiesbaden,
Germany) from 2010 to 2019. A contract for remote data analysis was signed between the
Federal Statistical Office and the University Hospital Duesseldorf in 2020. Due to complete
anonymization of patient information, no additional ethics approval was necessary.

2.2. Patient Eligibility Criteria and Variables

Identification of the CCA study population was performed via the main diagno-
sis of the respective hospital stay using the ICD-10 codes C221 (iCCA), C240 (eCCA),
C248 (CCA overlapping sites of biliary tract), and C249 (CCA unspecified). Patients
with organ complications were identified by the following secondary diagnosis: hepatic
encephalopathy (K727), spontaneous bacterial peritonitis (K6500), acute respiratory dis-
tress syndrome (J80), sepsis (A02; A20; A26; A32; A40; A41; A42; B37), acute renal failure
(N17), acute liver failure (K72.0), liver abscess (K75.0), pneumonia (J13-J18), pulmonary
embolism (I260; I269), and ileus (K56). The specific treatment approaches for each patient
were identified using the following OPS codes: surgery (5502, 5515), liver transplan-
tation (LT, 55040), chemotherapy (CTX, 8-542, 8-543), transarterial chemoembolization
(TACE, 8836ka + 883b10; 8836ka + 883b12; 8836ka + 883b1; 88369a + 883b2x), selective
internal radiation therapy (SIRT, 8530a5, 8-530a6, 8-530a8), hyperthermic intraperitoneal
chemotherapy (HIPEC, 85460), radiation (8522), photodynamic therapy (PDT, 551341),
and radiofrequency ablation (RFA, 551342). The OPS codes 5513f (non-self-expanding
stent insertion), 5513h (non-self-expanding stent exchange), 5513m (self-expanding un-
covered stent), and 5513n (self-expanding covered stent) were used for complementary
analysis of ERC-based treatment options with stents. Additionally, the following clinical
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and demographical variables were evaluated: sex, age, and federal state of treatment. In-
hospital mortality was defined as the proportion of patients whose status of discharged
was “death”. With regard to the annual CCA case volume of a respective hospital, we
subdivided all treatment centers. We used quartiles of annual case volumes as the basis
for this subdivision (low case volume (LCV) hospitals: 1–16 cases/year, medium-low
case volume (MLCV) hospitals: 17–35 cases/year, medium-high case volume (MHCV)
hospitals: 36–75 cases/year, and high case volume (HCV) hospitals: >76 cases/year).
See Table 1 and Table S1 for detailed information.

Table 1. Characteristics of study population.

Study Population

Total number of CCA cases 154,515

In-hospital death (total) 17,540

In-hospital mortality rate (%) 11.35

Sex (total, (%))

male 83,841 (54.26)

female 70,674 (45.74)

Age (Mean and SD) 69.64 (11.15)

Age group (total, (%))

0–17 Years 21 (0.01)

18–30 years 288 (0.19)

31–50 years 8680 (5.62)

51–70 years 64,469 (41.72)

>70 years 81,057 (52.46)

Federal state (total, (%))

Baden-Württemberg 16,923 (10.95)

Bavaria 24,584 (15.91)

Berlin 8947 (5.79)

Brandenburg 4521 (2.93)

Bremen 1645 (1.06)

Hamburg 3763 (2.44)

Hesse 9199 (5.95)

Lower Saxony 10,152 (6.57)

Mecklenburg-Western Pomerania 3478 (2.25)

North Rhine-Westphalia 36,384 (23.55)

Rhineland-Palatinate 7501 (4.85)

Saarland 2864 (1.85)

Saxony 9169 (5.93)

Saxony-Anhalt 4929 (3.19)

Schleswig-Holstein 2777 (1.80)

Thuringia 7679 (4.97)

CCA localization (total, (%))

iCCA 96,631 (62.38)

eCCA 52,348 (33.88)

CCA (overlapping sites of biliary tract) 3699 (2.39)
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Table 1. Cont.

Study Population

CCA (unspecified) 1837 (1.19)

Organ Complication (total, (%))

ARDS 183 (0.12)

ARF 6120 (3.96)

HE 1622 (1.05)

Ileus 2947 (1.91)

Liver abscess 1790 (1.16)

Liver failure 2827 (1.83)

PE 1722 (1.11)

Pneumonia 4760 (3.08)

SBP 3556 (2.30)

Sepsis 6215 (4.02)

Treatment (total, (%))

CTX 36,233 (23.45)

HIPEC 25 (0.02)

LT 34 (0.02)

PDT 826 (0.53)

RFA 1152 (0.75)

Radiation 2024 (1.31)

Surgery 9266 (6.00)

SIRT 1149 (0.74)

TACE 2087 (1.35)

Annual CCA case volume groups (total, (%))

LCV (1–16 cases/year) 40,590 (26.27)

MLCV (17–35 cases/year) 37,119 (24.02)

MHCV (36–75 cases/year) 38,547 (24.95)

HCV (>75 cases/year) 38,259 (24.76)

2.3. Statistical Analysis

Statistical analyses were performed via remote data access at the Federal Statistical Of-
fice of Germany (Wiesbaden, Germany) using SPSS (IBM Corporation, Armonk, NY, USA)
and Excel. Descriptive analyses were performed using cross-tabulations. Comparisons
of binary variables (in-hospital mortality) were compared using Pearson’s chi-square test.
Changes of dependent and independent variables over time were analyzed by Pearson’s
R and linear regression. All statistical tests were two-sided. A p-value of p < 0.05 was
considered statistically significant.

3. Results
3.1. The Total Number of Inpatient CCA Cases in Germany Is Increasing between 2010 and 2019

We identified a total of 154,515 individual cases hospitalized for CCA that were
included into analyses (Table 1 and Table S1 provide detailed information). Most CCA
patients were male (54.3%, Figure 1A). Interestingly, we observed a significant increase
in the proportion of male patients over time (2010: 52.1%, 2019: 56.0%, p < 0.001,
Supplementary Figure S1A). The mean age of the study cohort was 69.6 years (SD: 11.52 years)
and significantly increased between 2010 and 2019 (Supplementary Figure S1B). Regarding
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tumor location, most patients presented with iCCA (62.5%), whereas eCCA (33.9%) was
documented less frequently (Figure 1B). While this ratio remained largely consistent over
time, we observed a significant increase in the overall number of CCA cases between
2010 (13,680 cases) and 2019 (17,863 cases, Figure 1C). In terms of the geographical re-
gion, the number of inpatient CCA cases per 100,000 inhabitants was highest in Thuringia
(35.4/100,000 inhabitants and year), Saarland (28.8/100,000 inhabitants and year), and
Berlin (25.8/100,000 inhabitants and year, Figure 1D). In contrast, Schleswig-Holstein
(9.8/100,000 inhabitants and year) and Hesse (12.9/100,000 inhabitants and year) had
significantly lower annual CCA inpatient cases (Figure 1D).
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Figure 1. Epidemiological trends of CCA in Germany. (A) 54.3% of CCA patients were male. (B) iCCA
is more common than eCCA. (C) There is a significant increase in the overall number of CCA cases
between 2010 and 2019. (D) The number of inpatient CCA cases per 100,000 inhabitants is highest in
Thuringia, Saarland, and Berlin (BB: Brandenburg, BE: Berlin, BW: Baden-Württemberg, BY: Bavaria,
HE: Hesse, HB: Bremen, HH: Hamburg, MV: Mecklenburg-Western Pomerania, NI: Lower Saxony,
NW: North Rhine-Westphalia, RP: Rhineland-Palatinate, SH: Schleswig-Holstein, SL: Saarland,
SN: Saxony, ST: Saxony-Anhalt, TH: Thuringia).

3.2. In-Hospital Mortality of CCA in Germany Is Associated with Patients’ Age and the
Anatomical Localization of CCA

The total in-hospital mortality of CCA in Germany between 2010 and 2019 was 11.4%
(Figure 2A). In-hospital mortality did not significantly change during the observation
period (Figure 2B). We observed a non-significant trend towards a higher in-hospital
mortality among male patients (11.48%) compared to females (11.19%, p = 0.075, Figure 2C).
In addition, in-hospital mortality significantly correlated with patients’ age and was highest
in patients above 70 years (12.8%) and lowest among patients between 31 and 50 years
(8.4%, Figure 2D). Interestingly, in-hospital mortality was significantly higher in patients
with eCCA (11.82%) compared to iCCA (11.07%, Figure 2E). Of note, in-hospital mortality
significantly differed between geographical regions and ranged from 8.9% in Saarland to
13.6% in Lower-Saxony (Supplementary Figure S2A).
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during the observation period. (C) There is a non-significant trend towards a higher in-hospital
mortality among male patients. (D) In-hospital mortality significantly correlates with patients’ age
and is highest in patients above 70 years. (E) In-hospital mortality is significantly higher in patients
with eCCA compared to iCCA. n.s.: not significant.

3.3. Pulmonary, Renal, and Infectious Clinical Complications Increase In-Hospital Mortality
of CCA

Next, we aimed at identifying potential clinical complications that might be associated
with an increased in-hospital mortality of CCA. First, we assessed the incidence of com-
mon hepatic, infectious, pulmonary, renal, and abdominal complications in CCA patients
(Figure 3A). Among these, acute renal failure (ARF, 4.12%) and sepsis (4.02%) were most
present, followed by pneumonia (3.18%), spontaneous bacterial peritonitis (2.3%), and ileus
(1.94%). Acute respiratory distress syndrome (ARDS) was only observed in a small subset
of cases (0.12%). In a second step, we evaluated the impact of each complication on the
patients’ in-hospital mortality. Overall, all investigated complications led to a significantly
increased in-hospital mortality (all p < 0.001, Figure 3B). In particular, the presence of
(sub)acute liver failure or ARDS both dramatically increased in-hospital mortality to over
75% compared to only 10.1/11.2% for a patient without liver failure or ARDS, respectively
(Figure 3B). In addition, the presence of hepatic encephalopathy (55.5%), ARF (47.6%),
and sepsis (38.1%) were key factors associated with an increased in-hospital mortality
(Figure 3B).
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Figure 3. Clinical complications associated with an increased in-hospital mortality of CCA. (A) In-
cidence of common hepatic, infectious, pulmonary, renal, and abdominal complications in CCA
patients (HE: hepatic encephalopathy, LF: liver failure, SBP: spontaneous bacterial peritonitis, ARDS:
acute respiratory distress syndrome, ARF: acute renal failure, PE: pulmonary embolism). (B) All
investigated complications lead to a significantly increased in-hospital mortality. In particular, the
presence of (sub)acute liver failure or ARDS both dramatically increase in-hospital mortality to
over 75%.

3.4. Chemotherapy Represents the Most Common Treatment Modality for Inpatient CCA Cases
in Germany

To gain further insights into the treatment landscape of hospitalized CCA patients
in Germany, we subsequently analyzed the frequency of antitumoral therapies based
on the respective OPS codes that were coded during the hospital stay. At 23.45%, the
application of chemotherapy (CTX) was by far the most frequently coded antitumor therapy,
followed by surgical resection, which was coded in 6% of all CCA cases (Figure 4A). Local-
ablative therapies such as TACE (1.35%), SIRT (0.74%), or radiation therapy (1.31%) were
applied less frequently (Figure 4A). Endoscopic retrograde cholangiography (ERC)-guided
therapeutic approaches including radiofrequency ablation (RFA, 0.74%) and photodynamic
therapy (PDT, 0.53%) were performed in less than one percent of CCA patients (Figure 4A).
Further therapies such as liver transplantation (LT, 0.02%) or hyperthermic intraperitoneal
chemotherapy (HIPEC, 0.02%) were only used in individual cases (Figure 4A). In a next step,
we examined the frequency of application of the individual therapies over the observation
period between 2010 and 2019. Interestingly, both surgical tumor resection and CTX
showed an increase in the number of cases over time (p < 0.001, Figure 4B). In contrast,
the number of local-ablative therapies (TACE, SIRT, RT) remained largely constant over
the observation period (Figure 4B). With regard to ERC-guided procedures, we observed a
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significant decrease in the number of PDT cases, while RFA, which was coded for the first
time in Germany in 2014, showed an increasing trend (Figure 4B). As eCCA in particular
are frequently associated with tumor-induced cholestasis, we finally looked at the number
of coded ERC procedures involving stent implantation as a supportive cancer treatment.
Overall, 23.7% of patients received stent insertion or exchange during the hospital stay.
This number increased significantly between 2010 and 2019 (Supplementary Figure S3A).
Looking at the different stent systems available (plastic vs. (un)covered self-expanding
mental stent (SEMS)), there was a significant increase in all groups, although it should be
noted that the percentage increase in uncovered SEMS, first coded in 2011, was the largest
(Supplementary Figure S3B).
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Figure 4. Inpatient treatment paradigms of CCA in Germany. (A) Chemotherapy (CTX) is by far the
most frequently coded antitumor therapy, followed by surgical resection. Local-ablative therapies
such as transarterial chemoembolization (TACE), selective internal radiation therapy (SIRT), or
radiation therapy as well as ERC-guided therapeutic approaches including radiofrequency ablation
(RFA) and photodynamic therapy (PDT) are less frequently applied. Liver transplantation (LT)
or hyperthermic intraperitoneal chemotherapy (HIPEC) are only performed in individual cases.
(B) Surgical tumor resection and CTX show a significant increase in the number of cases over time. In
contrast, the number of local-ablative therapies (TACE, SIRT, RT) remains largely constant over the
observation period. n.s.: not significant.

3.5. In-Hospital Mortality Is Significantly Higher among CCA Patients Treated at Low Annual
Case Volume Centres

We finally analyzed whether the annual CCA case volume had an influence on in-
hospital mortality or treatment paradigms of CCA patients. We therefore established four
groups of hospitals according to the quartiles of annually treated CCA patients (low case
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volume (LCV) hospitals: 1–16 CCA cases/year, medium-low case volume (MLCV) hospitals:
17–35 cases/year, medium-high case volume (MHCV) hospitals: 36–75 cases/year and
high case volume (HCV) hospitals: >75 cases/year). Interestingly, in-hospital mortality
was significantly reduced in MHCV (9.0%) or HCV (7.1%) centers compared to LCV (11.4%)
or MLCV (12.2) hospitals (Figure 5A). In addition, we observed significant differences with
respect to the various therapeutic interventions between the different caseload categories.
As such, the majority of surgical resections (48.5%) or TACE (43.3%), SIRT (67.4%), and
radiation therapy (40.6%) procedures were performed at HCV (Figure 5B). In contrast,
most CTXs (36.1%) were administered at MHCV. While most ERC/stent interventions
were performed at LVC or MLVC, ERC-guided therapeutic interventions (PDT/RFA) were
mainly performed at MHCV (38.0/37.0%) and HCV (38.6/33.2%) centers, respectively
(Figure 5B).
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Figure 5. Inpatient care for CCA in terms of the annual case volume. (A) In-hospital mortality is
significantly lower in MHCV (9.0%) or HCV (7.1%) centers compared to LCV (11.4%) or MLCV (12.2)
hospitals. (B) The majority of surgical resections (48.5%) or TACE (43.3%), SIRT (67.4%), and radiation
therapy (40.6%) procedures are performed at HCV. Most CTXs (36.1%) are administered at MHCV.
While most ERC/stent interventions are performed at LVC or MLVC, ERC-guided therapeutic
interventions (PDT/RFA) are mainly performed at MHCV (38.0/37.0%) and HCV (38.6/33.2%)
centers (LCV: low case volume hospitals: 1–16 CCA cases/year, MLCV: medium-low case volume
hospitals: 17–35 cases/year, MHCV: medium-high case volume hospitals: 36–75 cases/year and
HCV: high case volume hospitals: >75 cases/year).
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4. Discussion

To our knowledge, our study is the first comprehensive analysis evaluating the
presentation, clinical management, and outcome of patients with CCA in Germany. By
analyzing a total of 154,515 hospitalized CCA cases, we show that the total number
of CCA hospital cases significantly increased between 2010 and 2019. In contrast, in-
hospital mortality rates remained constant over the same period of time. In-hospital
mortality was significantly associated to the tumor localization and the presence of clinical
complications including ileus, COPD, and sepsis. In-hospital mortality was significantly
lower among patients treated at high annual case volume centers, which is in line to
our finding that chosen treatment strategies showed decisive differences with respect to
the hospitals’ annual case volume, highlighting the role of the case volume in guiding
patients’ clinical management.

CCA is a highly lethal, epithelial cell malignancy that represents the second most
common primary malignancy of the liver [1]. Our finding on increasing CCA-related
hospitalization rates during the last decade is consistent with recent reports on globally
increasing CCA incidences [2]. In our study, iCCA accounted for the majority of CCA
and the increase in CCA hospitalization affected the intrahepatic and extrahepatic forms
equally, which is in contrast to previous data [2]. However, when comparing different
datasets on CCA epidemiology, it is important to note that the interpretation iCCA/eCCA
ratios is hampered by the fact that historical versions of the International Classification
of Diseases (ICD) did not include a separate code for pCCA, and previous versions of
ICD-Oncology (ICD-O) cross-referenced pCCA to iCCA [7–9]. Thus, the lack of a specific
code for pCCA may have led to systematic errors, particularly with the miscoding of
pCCA as iCCA [8] that may explain the differences between our and previous studies. Just
recently, the amended versions of the ICD and ICD-O (ICD-11 and ICD-O-4, respectively)
were released, which for the first time feature separate codes to record iCCA, pCCA, and
dCCA [10], and will likely lead to more homogeneous and precise data.

Interestingly, we observed regional differences in CCA hospitalization rates between
the different German federal states, with higher rates found in the southern/eastern federal
states compared to the other states. This finding goes along with previous data describing
a tremendous regional heterogeneity in CCA incidences. While differences in CCA rates
might be explained by a different distribution of risk factors such as hepatitis virus infection
or infections with specific trematodes on a global level, the regional differences in Germany
are not so easy to explain. It should be noted that in our analysis we did not record
incidences or prevalence per se, but hospital cases. In this respect, it cannot be excluded
that the observed regional differences in CCA hospital cases might only reflect differences
in local health care structures. On the other hand, differences in lifestyle factors such as an
increased consumption of alcohol might be a potential underlying factor, which has been
described for the eastern parts of Germany in a different context [11].

In recent years, the therapeutic landscape of CCA has changed considerably. Extended
surgical procedures allow tumor resections even in advanced tumors and numerous new lo-
cal ablative treatment procedures can be offered to CCA patients non amendable to surgery.
In our study, however, systematic chemotherapy is by far the most common treatment
modality with a continuous and stepwise increase in the last years. This increase is most
probably due to the introduction of new indications for systemic treatment in the context
of CCA such as adjuvant treatment after complete tumor resection [12] and new second
line treatment options [13,14] as well as novel molecular guided treatments [15]. A very
similar trend was observed for surgical resection as well as for SIRT, while, interestingly,
the number of photodynamic therapies significantly decreased from 2010 to 2019. With
respect to the rise of different new treatment modalities, it is important to note that, at
least in our analysis, no effect on in-hospital mortality was found. We further analysed an
association between the annual CCA case volume and the numbers of specific treatments.
Here, our analysis revealed that certain treatment modalities such as SIRT or extended
surgery are significantly overrepresented in high volume centres. Interestingly, while these
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invasive antitumor measures were almost restricted to larger centres, our data revealed a
different picture for systemic therapy and endoscopic treatments such as ERC plus stenting,
which were performed in nearly identical proportions in small and large hospitals.

Taken together, our study is the first to provide overall CCA-related in-hospital mor-
tality rates in Germany. We found that 11.4% of all hospital cases ended with the patients´
death. The mortality rate remained almost constant between 2010 and 2019. It is important
to note that in our analysis, only death during the individual patients´ hospital stay was
recorded, which means that no conclusions can be drawn about the mortality or lethality of
CCC in Germany. This is important when comparing our results with other analysis on
CCA mortality in Germany, Europe, or worldwide [16,17]. These previous analyses showed
global increases in mortality from the ICC and declines from ECC for both sexes (ref). More-
over, substantial variations were shown, with the highest rates in East Asia and northern
and central Europe [16]. Specifically, in Germany the ICC showed a strong increase in age-
standardized mortality rates in the period from 1990 to 2010 (a period not covered by our
analyses). The plateau reached hereafter is in line with our data [16]. Our analyses further
revealed that in-hospital mortality significantly increased with the patients´ age and that
the age group of patients above 70 years showed a significantly increased hospital mortality
of 12.8%. A higher prevalence of comorbidities and clinical complications in older patients
represents a possible explanation for this observation. We further identified the underlying
anatomic tumor localization as a factor associated with hospital mortality, since patients
with eCCA demonstrated a by far higher in-hospital mortality than patients with iCCA,
most probably reflecting the different clinical presentation of iCCA and eCCA, with eCCA
being associated with a more complicative clinical course in many patients. Consistent with
previous published data [18], we observed a significantly increased in-hospital mortality at
centres with a low annual CCA case volume (see Figure 5). Although this result should
be viewed with caution and does not allow generalized conclusions to be drawn, this
analysis provides evidence that care in highly specialized centres that offer all therapeutic
treatment options could have a favourable effect on the course of the disease in patients
with CCA. Even if we cannot attribute the differences in mortality rates between high- and
low-volume centres to individual therapeutic modalities, it seems likely that, particularly
in the field of surgery, the respective expertise is associated with the patients´ outcome.
In Germany, 19,000 patients undergo liver resection each year, 2500 of which are major
(30 per million population per year) [19]. A recent analysis revealed an overall in-hospital
mortality rate of 5.8 per cent and 10.4 per cent for major resections, which was unchanged
in a 6 year period of time [19]. Similar to our data, in this analysis, a significantly lower
mortality rate was observed in high-volume centres (45–71 major resections per year) and
very high-volume centres (72–171 per year) compared with very low-volume hospitals [19].
Whether such differences between high and low volume centres might lead to regional
differences in CCA-related in-hospital mortality cannot be answered from our analysis.

Our study is subject to important limitations. Most importantly, no information on
coding quality is available and the database is not subject to systematic quality control
between individual hospitals. In particular, difficult codes such as iCCA or eCCA may be
recorded differently, which may limit the usability for specific epidemiological questions.
CCA patients undergoing surgical tumor resections were identified by the OPS codes
5502 (anatomical (typical) liver resection) and 5515 (operations on gallbladder and bile
ducts: excision and resection of diseased tissue in bile ducts) only, which may result
in some cases (e.g., patients with distal CCA undergoing pancreatic head resection) not
being correctly attributed to the surgical subgroup. In addition, our retrospective database
features information on the in-hospital mortality of patients with CCA, but do not allow
performing longitudinal analysis on individual patients, which is due to the fact that only
anonymized data are provided by the Federal Statistical Office (DESTATIS; Wiesbaden,
Germany). Moreover, no detailed information of the specific patients´ history or underlying
cause or circumstances of death are available, considerably hampering a detailed analysis on
the specific cause of death in the individual patient. Accordingly, to illuminate these factors
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in more detail, additional prospective randomized controlled trials are needed. These
future studies should also include multivariate analyses to further dissect the influence of
individual factors on in-hospital mortality.

5. Conclusions

Together, our data provide a systematic overview on hospitalized CCA patients in
Germany. We identified relevant clinical and epidemiological risk factors associated with
an increased in-hospital mortality that could help to further improve framework conditions
for the management of CCA patients in the future.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers14164038/s1, Supplementary Figure S1: (A) The percentage
of male CCA patients significantly increases over time. (B) The mean CCA patients’ age significantly
increases over time. (C) There is a significant difference regarding the distribution of iCCA and eCCA
between the different German federal states (BB: Brandenburg, BE: Berlin, BW: Baden-Württemberg,
BY: Bavaria, HE: Hesse, HB: Bremen, HH: Hamburg, MV: Mecklenburg-Western Pomerania, NI:
Lower Saxony, NW: North Rhine-Westphalia, RP: Rhineland-Palatinate, SH: Schleswig-Holstein, SL:
Saarland, SN: Saxony, ST: Saxony-Anhalt, TH: Thuringia). Supplementary Figure S2: (A) In-hospital
mortality significantly differs between geographical regions and ranges from 8.9% in Saarland to
13.6% in Lower-Saxony (BB: Brandenburg, BE: Berlin, BW: Baden-Württemberg, BY: Bavaria, HE:
Hesse, HB: Bremen, HH: Hamburg, MV: Mecklenburg-Western Pomerania, NI: Lower Saxony, NW:
North Rhine-Westphalia, RP: Rhineland-Palatinate, SH: Schleswig-Holstein, SL: Saarland, SN: Saxony,
ST: Saxony-Anhalt, TH: Thuringia). Supplementary Figure S3: (A) The total number of CCA patients
receiving stent insertion or exchange during significantly increased between 2010 and 2019. (B) There
is a significant increase in all groups of stent types, although the percentage increase in uncovered
SEMS was highest. Supplementary Table S1. Detailed description of study population from 2010
to 2019.

Author Contributions: S.H.L., C.R., L.K. and T.L. designed the study; S.H.L. and T.E. wrote the
proposal and coordinated remote data access with the Federal Statistical Office of Germany; T.E. and
S.H.L. performed statistical analyses; T.E. and S.H.L. generated Figures and Tables. S.K., J.K., T.L.,
S.L. and L.K. provided intellectual input. S.H.L., T.E. and C.R. drafted the manuscript with the help
of all authors. All authors have read and agreed to the published version of the manuscript.

Funding: This result is part of a project that has received funding from the European Research
Council (ERC) under the European Union’s Horizon 2020 research and innovation programme
(Grant agreement No. 771083). The lab of TL was further supported by the German Cancer Aid
(Deutsche Krebshilfe 110043 and a Mildred-Scheel-Professorship), and the German-Research-
Foundation (SFB-TRR57/P06, LU 1360/3-1, CRC1380/A01, and CA 830/3-1).

Institutional Review Board Statement: A contract for remote data extraction and data analysis was
signed between the Federal Statistical Office and the University Hospital Duesseldorf in 2020. Due to
the complete anonymization of data, no additional ethics approval was necessary.

Informed Consent Statement: Not applicable.

Data Availability Statement: The underlying data are available at the Federal Statistical Office
of Germany.

Acknowledgments: The authors thank Janina Loske and Melanie Heiliger at the Federal Statistical
Office of Germany for their professional assistance during remote analysis of data.

Conflicts of Interest: Linde Kehmann is head of medical science liaison manager oncology at Servier
Germany GmbH. The authors declare no conflict of interest.

References
1. Valle, J.W.; Kelley, R.K.; Nervi, B.; Oh, D.Y.; Zhu, A.X. Biliary Tract Cancer. Lancet 2021, 397, 428–444. [CrossRef]
2. Sarcognato, S.; Sacchi, D.; Fassan, M.; Fabris, L.; Cadamuro, M.; Zanus, G.; Cataldo, I.; Capelli, P.; Baciorri, F.; Cacciatore, M.; et al.

Cholangiocarcinoma. Pathologica 2021, 113, 158–169. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/cancers14164038/s1
https://www.mdpi.com/article/10.3390/cancers14164038/s1
http://doi.org/10.1016/S0140-6736(21)00153-7
http://doi.org/10.32074/1591-951X-252
http://www.ncbi.nlm.nih.gov/pubmed/34294934


Cancers 2022, 14, 4038 13 of 13

3. Moazzami, B.; Majidzadeh, A.K.; Dooghaie-Moghadam, A.; Eslami, P.; Razavi-Khorasani, N.; Iravani, S.; Khoshdel, A.; Shahi, F.;
Dashti, H.; Mehrvar, A.; et al. Cholangiocarcinoma: State of the Art. J. Gastrointest. Cancer 2020, 51, 774–781. [CrossRef] [PubMed]

4. Renzulli, M.; Ramai, D.; Singh, J.; Sinha, S.; Brandi, N.; Ierardi, A.M.; Albertini, E.; Sacco, R.; Facciorusso, A.; Golfieri, R.
Locoregional Treatments in Cholangiocarcinoma and Combined Hepatocellular Cholangiocarcinoma. Cancers 2021, 13, 3336.
[CrossRef] [PubMed]

5. Taylor, A.C.; Maddirela, D.; White, S.B. Role of Radioembolization for Biliary Tract and Primary Liver Cancer. Surg. Oncol. Clin.
N. Am. 2019, 28, 731–743. [CrossRef] [PubMed]

6. Rizzo, A.; Cusmai, A.; Ricci, A.D.; Brandi, G.; Palmiotti, G. Combination Systemic Therapies with Immune Checkpoint Inhibitors
in Biliary Tract Cancer: Effective but Not Enough? Expert Rev. Gastroenterol. Hepatol. 2022, 16, 307–310. [CrossRef] [PubMed]

7. Banales, J.M.; Marin, J.J.G.; Lamarca, A.; Rodrigues, P.M.; Khan, S.A.; Roberts, L.R.; Cardinale, V.; Carpino, G.; Andersen, J.B.;
Braconi, C.; et al. Cholangiocarcinoma 2020: The next Horizon in Mechanisms and Management. Nat. Rev. Gastroenterol. Hepatol.
2020, 17, 557–588. [CrossRef] [PubMed]

8. Brindley, P.J.; Bachini, M.; Ilyas, S.I.; Khan, S.A.; Loukas, A.; Sirica, A.E.; Teh, B.T.; Wongkham, S.; Gores, G.J. Cholangiocarcinoma.
Nat. Rev. Dis. Primers 2021, 7, 65. [CrossRef] [PubMed]

9. Khan, S.A.; Emadossadaty, S.; Ladep, N.G.; Thomas, H.C.; Elliott, P.; Taylor-Robinson, S.D.; Toledano, M.B. Rising Trends in
Cholangiocarcinoma: Is the ICD Classification System Misleading Us? J. Hepatol. 2012, 56, 848–854. [CrossRef] [PubMed]

10. Nagtegaal, I.D.; Odze, R.D.; Klimstra, D.; Paradis, V.; Rugge, M.; Schirmacher, P.; Washington, K.M.; Carneiro, F.; Cree, I.A. The
2019 WHO Classification of Tumours of the Digestive System. Histopathology 2020, 76, 182–188. [CrossRef] [PubMed]

11. Schaller, K.; Kahnert, S.; Mons, U. Alkoholatlas; Deutsches Krebsforschungszentrum: Heidelberg, Germany, 2017; ISBN 9783958533349.
12. Bridgewater, J.; Fletcher, P.; Palmer, D.H.; Malik, H.Z.; Prasad, R.; Mirza, D.; Anthony, A.; Corrie, P.; Falk, S.; Finch-Jones, M.; et al.

Long-Term Outcomes and Exploratory Analyses of the Randomized Phase III BILCAP Study. J. Clin. Oncol. 2022. [CrossRef]
[PubMed]

13. Lamarca, A.; Palmer, D.H.; Wasan, H.S.; Ross, P.J.; Ma, Y.T.; Arora, A.; Falk, S.; Gillmore, R.; Wadsley, J.; Patel, K.; et al. Second-Line
FOLFOX Chemotherapy versus Active Symptom Control for Advanced Biliary Tract Cancer (ABC-06): A Phase 3, Open-Label,
Randomised, Controlled Trial. Lancet Oncol. 2021, 22, 690–701. [CrossRef]

14. Rizzo, A.; Cusmai, A.; Giovannelli, F.; Acquafredda, S.; Rinaldi, L.; Misino, A.; Palmiotti, G. Fluoropyrimidine-Based Doublet
Chemotherapy as Second-Line Treatment for Advanced Biliary Tract Cancer: A Meta-Analysis of ABC-06 and NIFTY. Expert Rev.
Gastroenterol. Hepatol. 2022, 16, 273–278. [CrossRef] [PubMed]

15. Lamarca, A.; Edeline, J.; Goyal, L. How I Treat Biliary Tract Cancer. ESMO Open 2022, 7, 100378. [CrossRef] [PubMed]
16. Bertuccio, P.; Malvezzi, M.; Carioli, G.; Hashim, D.; Boffetta, P.; El-Serag, H.B.; la Vecchia, C.; Negri, E. Global Trends in Mortality

from Intrahepatic and Extrahepatic Cholangiocarcinoma. J. Hepatol. 2019, 71, 104–114. [CrossRef] [PubMed]
17. Bertuccio, P.; Bosetti, C.; Levi, F.; Decarli, A.; Negri, E.; la Vecchia, C. A Comparison of Trends in Mortality from Primary Liver

Cancer and Intrahepatic Cholangiocarcinoma in Europe. Ann. Oncol. 2013, 24, 1667–1674. [CrossRef] [PubMed]
18. Liu, C.; Rein, L.; Clarke, C.; Mogal, H.; Tsai, S.; Christians, K.K.; Gamblin, T.C. Comparison of Overall Survival in Gallbladder

Carcinoma at Academic versus Community Cancer Centers: An Analysis of the National Cancer Data Base. J. Surg. Oncol. 2020,
122, 176–182. [CrossRef] [PubMed]

19. Filmann, N.; Walter, D.; Schadde, E.; Bruns, C.; Keck, T.; Lang, H.; Oldhafer, K.; Schlitt, H.J.; Schön, M.R.; Herrmann, E.; et al.
Mortality after Liver Surgery in Germany. Br. J. Surg. 2019, 106, 1523–1529. [CrossRef] [PubMed]

http://doi.org/10.1007/s12029-020-00390-3
http://www.ncbi.nlm.nih.gov/pubmed/32157571
http://doi.org/10.3390/cancers13133336
http://www.ncbi.nlm.nih.gov/pubmed/34283065
http://doi.org/10.1016/j.soc.2019.07.001
http://www.ncbi.nlm.nih.gov/pubmed/31472916
http://doi.org/10.1080/17474124.2022.2055548
http://www.ncbi.nlm.nih.gov/pubmed/35302426
http://doi.org/10.1038/s41575-020-0310-z
http://www.ncbi.nlm.nih.gov/pubmed/32606456
http://doi.org/10.1038/s41572-021-00300-2
http://www.ncbi.nlm.nih.gov/pubmed/34504109
http://doi.org/10.1016/j.jhep.2011.11.015
http://www.ncbi.nlm.nih.gov/pubmed/22173164
http://doi.org/10.1111/his.13975
http://www.ncbi.nlm.nih.gov/pubmed/31433515
http://doi.org/10.1200/JCO.21.02568
http://www.ncbi.nlm.nih.gov/pubmed/35316080
http://doi.org/10.1016/S1470-2045(21)00027-9
http://doi.org/10.1080/17474124.2022.2047651
http://www.ncbi.nlm.nih.gov/pubmed/35220866
http://doi.org/10.1016/j.esmoop.2021.100378
http://www.ncbi.nlm.nih.gov/pubmed/35032765
http://doi.org/10.1016/j.jhep.2019.03.013
http://www.ncbi.nlm.nih.gov/pubmed/30910538
http://doi.org/10.1093/annonc/mds652
http://www.ncbi.nlm.nih.gov/pubmed/23378539
http://doi.org/10.1002/jso.25907
http://www.ncbi.nlm.nih.gov/pubmed/32383268
http://doi.org/10.1002/bjs.11236
http://www.ncbi.nlm.nih.gov/pubmed/31339558

	Introduction 
	Materials and Methods 
	Study Design 
	Patient Eligibility Criteria and Variables 
	Statistical Analysis 

	Results 
	The Total Number of Inpatient CCA Cases in Germany Is Increasing between 2010 and 2019 
	In-Hospital Mortality of CCA in Germany Is Associated with Patients’ Age and the Anatomical Localization of CCA 
	Pulmonary, Renal, and Infectious Clinical Complications Increase In-Hospital Mortality of CCA 
	Chemotherapy Represents the Most Common Treatment Modality for Inpatient CCA Cases in Germany 
	In-Hospital Mortality Is Significantly Higher among CCA Patients Treated at Low Annual Case Volume Centres 

	Discussion 
	Conclusions 
	References

