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Main, Germany; 2Department of Surgery, Universitätsmedizin Mannheim, Medical Faculty Mannheim, Heidelberg

University, Mannheim, Germany; 3Department of General, Visceral and Transplantation Surgery, University Hospital of

Mainz, Mainz, Germany; 4Department of Surgery, Regensburg University Medical Center, Regensburg, Germany;
5Department of Surgery, Klinikum rechts der Isar, Technische Universität München, Munich, Germany; 6Department for

Medicine I, University Hospital Frankfurt, Goethe-University Frankfurt, Frankfurt/Main, Germany; 7Department of

General and Thoracic Surgery, University Hospital of Giessen, Giessen, Germany; 8Department of General, Visceral and

Thoracic Surgery, University Medical Centre, Hamburg-Eppendorf, Hamburg, Germany; 9Department of General and

Abdominal Surgery, Faculty of Medicine, Asklepios Hospital Barmbek, Semmelweis University Campus, Hamburg,

Germany; 10Department of Gastrointestinal, Thoracic and Vascular Surgery, University Hospital Carl Gustav Carus,

Technische Universität Dresden, Dresden, Germany; 11Department of General, Visceral and Vascular Surgery, Jena

University Hospital, Jena, Germany

ABSTRACT

Background. Surgical resection is associated with the best

long-term results for intrahepatic cholangiocarcinoma

(ICC); however, long-term outcomes are still poor.

Objective. The primary aim of this study was to validate the

recently proposed MEGNA score and to identify additional

prognostic factors influencing short- and long-term survival.

Patients and Methods. This was a retrospective analysis

of a German multicenter cohort operated at 10 tertiary

centers from 2004 to 2013. Patients were clustered using

the MEGNA score and overall survival was analyzed. Cox

regression analysis was used to identify prognostic factors

for both overall and 90-day survival.

Results. A total of 488 patients undergoing liver resection for

ICC fulfilled the inclusion criteria and underwent analysis.

Median age was 67 years, 72.5% of patients underwent major

hepatic resection, and the lymphadenectomy rate was 86.9%.

Median overall survival was 32.2 months. The MEGNA score

significantly discriminated the long-term overall survival: 0

(68%), I (48%), II (32%), and III (19%) [p\0.001]. In addition,

anemia was an independent prognostic factor for overall sur-

vival (hazard ratio 1.78, 95% confidence interval 1.29–2.45;

p\0.01).

Conclusion. Hepatic resection provides the best long-term

survival in all risk groups (19–65% overall survival). The

MEGNA score is a good discriminator using histopatho-

logic items and age for stratification. Correction of anemia

should be attempted in every patient who responds to

treatment. Perioperative liver failure remains a clinical
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challenge and contributes to a relevant number of periop-

erative deaths.

Cholangiocarcinoma is a tumor with a great regional

variance in prevalence, and is increasingly prevalent

worldwide. In Germany, the number of cholangiocarci-

noma cases have more than doubled during the last

15 years, from approximately 5000 newly diagnosed and

treated patients in the year 2000 to over 10,000 patients per

year in 2015.1 The median age at diagnosis was 71 years

for male patients and 74 years for female patients. Notably,

the long-term survival data at 5 and 10 years was still very

poor (13% and 7%).1 The overall survival data after

curative surgery varies in the literature and is difficult to

assess because most studies only consider small cohorts of

patients; thus, the range is considerably wide, with 32–64%

5-year overall survival rates in highly selected populations.

For a German cohort of 4667 patients operated between

2010 and 2015, the Federal Statistical Office data reveal a

hospital mortality rate of 11.0%.2 Factors associated with

outcome analysis on specific subgroups show that patients

with extraordinarily good prognosis do exist.3–5 Undoubt-

edly, surgical resection is the gold standard and leads to the

best long-term survival rates.4,6 Although surgery imposes

the highest risk of dying in the perioperative period, when

compared with interventional and chemotherapeutic treat-

ments, it outnumbers both these treatment options because

of the advantage in overall survival.6 In this project, we

established a cooperative of German centers, which is a

unique first accomplishment and is therefore worthwhile

mentioning. Our primary aim was to validate the recently

proposed MEGNA score,3 which is based on histopatho-

logical factors plus patient age, and has been shown to be

of higher predictive value than the AJCC classification for

intrahepatic cholangiocarcinoma (ICC). As a secondary

aim, prognostic factors influencing short- and long-term

survival should be identified.

PATIENTS AND METHODS

Study Design

This was a retrospective analysis of a multicenter cohort

of patients who were operated for ICC at 10 German ter-

tiary care centers from 1 January 2004 to 31 December

2013. The primary objective was to validate the MEGNA

score, which is based on tumor number, T classification,

grading, nodal status, and patient age.3 The Institutional

Review Board of the Medical Faculty Mannheim of the

University of Heidelberg provided permission for the study

on 4 April 2016 (2016-816R-MA). The data were retro-

spectively collected from patient charts and tumor

databases. Each patient was followed up until 5 years after

surgery, death, or to the date of last contact.

Inclusion and Exclusion Criteria

Adult patients ([ 18 years) with a histologic diagnosis

of ICC and who were operated with curative intent were

included in this study. Patients with metastatic tumors prior

to resection and who had undergone exploratory laparo-

tomies or laparoscopies were excluded from the analysis,

as were patients who had limited peritoneal spread or extra

regional lymph node metastases. Follow-up data were

obtained from local patient charts, tumor databases, and by

phone calls to the general practitioner or requests to the

national registration offices to obtain the most recent sur-

vival status.

Variables and Statistical Analysis

The data were evaluated and analyzed in a dichotomous

binary fashion. The age groups were defined as 18–60 years

and[60 years. Information regarding sex and concomitant

disease, including diabetes, smoking, cardiovascular risk, liver

disease and ascites, were collected. Imaging modalities inclu-

ded ultrasound, computed tomography (CT) scan and magnetic

resonance imaging (MRI). The extent of resection was divided

into major and minor resections in accordance with the Bris-

bane classification,7 while complications were classified in

accordance with the Dindo–Clavien classification.8 Perioper-

ative biliary leakage, post-hepatectomy hemorrhage, and post-

hepatectomy liver failure were classified in accordance with the

International Study Group for Liver Surgery (ISGLS) defini-

tions.9–11 Additionally, data on preoperative pathologic work-

up, the requirement for the transfusion of packed red blood cells

within the first 24 h after resection, and their number, were

collected. Preoperative laboratory values included serum

albumin, serum bilirubin, and serum creatinine. Serum crea-

tinine values[1.2 mg/dL were defined as pathologic and

indicating renal damage in accordance with the study by

Chawla et al., which found a correlation of a 50% increase in

odds for chronic kidney disease following surgery for every

increase in serum creatinine unit.12 Preoperative hemoglobin

values were collected to detect anemia, which was defined as

hemoglobin values lower than 11.5 g/dL for female patients

and lower than 13.5 g/dL for male patients, in accordance with

the recommendations from the German Patient Blood Man-

agement Network.13–15 Tumor-specific data were classified in

accordance with the 8th edition of the American Joint Com-

mittee on Cancer (AJCC) classification of ICC.16

In the initial request to the centers, we asked for data on

all consecutive patients operated in the defined period;

however, selection bias cannot be ruled out completely.

Statistical analysis was performed using SPSS version 25

1148 A. A. Schnitzbauer et al.



(IBM Corporation, Armonk, NY, USA). Data were ana-

lyzed for frequency and were reported as total numbers

with percentages. Differences among groups and the uni-

variable analyses were tested using the Chi square test.

Multivariable analysis was performed using a Cox regres-

sion model for survival with stepwise backward

elimination. The binary data revealing a p value of\ 0.1

were entered into the multivariable analysis. Variables with

a p value\ 0.05 were considered relevant for the prog-

nosis after resection of ICC. Patients who were lost to

follow-up prior to 5 years after resection were censored at

the day of last contact. The ELM (extrahepatic extension,

large tumors, multiple tumors) and ISS (intrahepatic, small,

single tumors) groups were defined in accordance with the

studies by Spolverato et al.17 and Hyder et al.18 The

MEGNA risk score was calculated as outlined in the study

by Raoof et al.3 Patients with more than 25% of data

missing were excluded from the analysis.

RESULTS

Demographics and Tumor Characteristics

The 10 German sites identified a total of 793 patients at

their sites who were eligible due to their diagnosis of ICC.

A total of 305 patients were excluded from the analysis;

280 patients either had irresectable tumors on imaging

(n =168) or they underwent exploratory laparotomy or

laparoscopy and showed signs of diffuse intrahepatic

spread or peritoneal carcinomatosis (n =112). For 25

patients, more than 25% of data were missing. Finally, a

total of 488 patients undergoing liver resection for ICC

fulfilled the inclusion criteria and were included in the

analysis, of whom 250 (51.2%) were male and 348 (71.3%)

were older than 60 years.

Diabetes, smoking, and cardiovascular disease (19.3%,

17.8%, and 34.0%, respectively) were the most common

concomitant diseases, and approximately 38% of patients

had a biopsy prior to surgery. Importantly, 43 patients

(8.8%) had a slightly increased serum creatinine level and

124 patients (25.4%) had anemia prior to resection. Most

patients (72.5%) underwent major resection and 17.8%

required a blood transfusion within the first 24 periopera-

tive hours. Tumor characteristics in accordance with the

8th edition of the AJCC showed the following distribution

in Union for International Cancer Control (UICC) stages:

Ia (15.6%), Ib (9.2%), II (19.5%), IIIa (11.1%), and IIIb

(44.7%). Patients with stage IV cancer were excluded from

the analysis. A total of 9% of patients had T4-staged

tumors, 28.9% of patients had N ? tumors, and 13.1% of

patients had an Nx situation in pathologic work-up. More

than 40% of patients had G3 tumors. Multifocal tumors

were present in 43.3% of patients, and the tumor diameter

of the largest tumor was 4.7 cm (median).

Resection margins were positive in one-quarter of the

resected patients, accounting for 223 patients in the ELM

group and 265 patients in the ISS group. Based on this, the

MEGNA classification classified patients as 0 in 7.4% of

patients, I in 25.8% of patients, II in 28.5% of patients, and

III in 38.3% of all patients. Each patient was followed up

for a median of 18 months.

Complications and Mortality

Of the 511 analyzed patients, 215 (44.1%) experienced

at least one complication. Major complications occurred in

119 patients, representing[ 50% of all complications and

24.4% of all patients. Severe post-hepatectomy liver fail-

ure, grades 2 and 3 biliary leakage, and grades 2 and 3

hemorrhage occurred in 21 (4.3%), 80 (16.4%), and 22

(4.5%) patients, respectively. Another 16 patients died due

to various infectious complications following biliary

complications. A total of 15 patients required intensive

care treatment with reversible problems during the hospital

stay, which led to a 90-day overall survival rate of 90.0% in

all patients. The median overall survival for all patients

was 32.2 months, showing significant differences between

MEGNA risk groups, UICC stages, and ELM and ISS

categories (Table 1). The MEGNA risk groups had an

overall survival of 68% (0), 48% (I), 32% (II), and 19%

(III), while UICC stages had an overall survival of 70%

(Ia), 54% (Ib), 42% (II), 28% (IIIa), and 25% (IIIb). Data

are displayed in Figs. 1 and 2, and the supplementary fig-

ures highlight stratification by T and N status.

Univariable and Multivariable Analysis and Risk

Groups

For the univariable analysis, 28 items were tested using

the Chi square test. Three different analyses were per-

formed identifying predictors for 90-day survival, overall

survival, and the occurrence of severe (grade II and III)

post-hepatectomy liver failure (Table 2). The items that

delivered a p value\ 0.1 were regarded as good predictors

and were entered into the multivariable analysis. By mul-

tivariable analysis, post-hepatectomy liver failure was

The MEGNA Score and Preoperative Anemia are Major Prognostic Factors 1149



TABLE 1 Demographics, concomitant disease, tumor specifics and outcome

Characteristics All

[n =488]

ELMf

[n =223]

ISSg

[n =265]

Age, years [median (min; max)] 67.0 (27.8; 90.0) 66.1 (27.8; 90.0) 67.4 (32.0; 88.8)

Age group, years

18–60 140 (28.7) 71 (31.8) 69 (26.0)

[ 60 348 (71.3) 152 (68.1) 196(74.0)

Sex

Female 238 (48.8) 114 (51.1) 124 (46.8)

Male 250 (51.2) 109 (48.9) 141 (53.2)

Concomitant disease

Diabetes 94 (19.3) 40 (17.9) 54 (20.3)

Smoking 87 (17.8) 37 (16.6) 50 (18.9)

CVD 166 (34) 72 (32.3) 94 (35.5)

Liver diseaseh 23 (4.7) 13 (5.8) 10 (3.8)

Ascites 10 (2.0) 5 (2.2) 5 (1.9)

Histology before surgery 185 (37.9) 84 (37.7) 101 (38.1)

Extent of resectiona

Minor 134 (27.5) 52 (23.3) 82 (30.9)

Major 354 (72.5) 171 (76.7) 183 (69.1)

Perioperative transfusion within 24 h 87 (17.8) 40 (17.9) 47 (17.7)

PRBC (units) within 24 h after surgery [median (min; max)] 0 (0; 37) 0 (0; 18) 0 (0; 37)

Any complication 215 (44.1) 95 (42.6) 120 (45.3)

Dindo–Clavien grade (during hospital stay)

Major ([ II) 119 (24.4) 58 (26.0) 61 (23.0)

IIIa 34 (6.9) 17 (7.6) 17 (6.4)

IIIb 38 (7.8) 18 (8.0) 20 (7.5)

IVa 9 (1.8) 3 (1.3) 6 (2.3)

IVb 6 (1.2) 2 (0.8) 4 (1.5)

V 32 (6.6) 16 (7.2) 16 (6.0)

Biliary leakage C ISGLS 2 80 (16.4) 40 (17.9) 40 (15.1)

Post-hepatectomy hemorrhage C ISGLS 2 22 (4.5) 8 (3.6) 14 (5.3)

Post-hepatectomy liver failure C ISGLS 2 21 (4.3) 12 (5.4) 9 (3.4)

Adjuvant CTxb 75 (15.4) 42 (18.8) 33 (12.5)

Serum albumin\ 3.5 g/dL 95 (19.4) 48 (21.5) 47 (17.7)

Serum bilirubin[ 1.4 mg/dL 40 (8.2) 19 (8.5) 21 (7.9)

Serum creatinine[ 1.2 mg/dL 43 (8.8) 22 (9.9) 21 (7.9)

Anemia prior to surgeryc 124 (25.4) 58 (26.0) 66 (24.9)

UICC AJCC 8th edition for the staging of intrahepatic cholangiocarcinoma

Ia 76 (15.6) 0 76 (28.7)

Ib 45 (9.2) 5 (2.2) 40 (15.1)

II 95 (19.5) 50 (22.4) 45 (17.0)

IIIa 54 (11.1) 33 (14.8) 21 (7.9)

IIIb 218 (44.7) 135 (60.5) 83 (31.3)

T4d 44 (9.0) 44 (19.7) 0

N ? or xd 141 (28.9)

64 (13.1)

88 (39.5)

31 (13.9)

53 (20)

33 (12.5)

G3 197 (40.4) 105 (47.1) 92 (35.1)

Multifocal tumors 212 (43.3) 212 (95) 0

Maximal tumor diameter, cm [median (min; max)] 4.7 (1.9; 12.1) 4.6 (1.9; 12.1) 4.7 (1.9; 7.0)

1150 A. A. Schnitzbauer et al.



detected as a significant predictor for 90-day survival

(hazard ratio [HR] 10.3, 95% confidence interval [CI]

3.97–26.7; p\0.01). Overall survival was predicted by

post-hepatectomy liver failure (HR 5.07, 95% CI

2.93–8,78; p\0.01) and anemia prior to surgery (HR 1.54,

95% CI 0.61–3.87; p\0.01), and severe liver failure was

predicted by the necessity for transfusion within 24 h of

surgery (HR 4.33. 95% CI 1.22–15.4; p = 0.02), reflecting

post-hepatectomy hemorrhage (HR 29.2, 95% CI

6.82–124.6; p\0.01). Data are displayed in Table 2.

DISCUSSION

To the best of our knowledge, this is currently the lar-

gest ever published multicentric German cohort in

hepatobiliary surgery. By classifying the operated patients

with the MEGNA score that was proposed by Raoof et al.,

we confirmed their findings and usefulness of the MEGNA

sore in a cohort of 488 patients in a non-US cohort of

patients undergoing surgery for ICC.3 Overall survival data

at 5 years were slightly better in the German cohort (0:

68%; I: 48%; II: 32%; III: 19%) when compared with the

US cohort (0: 61%; I: 35%; II: 20%; III: 0%). However,

data in the original publication were classified in accor-

dance with the 6th and 7th editions of the AJCC for ICC,

whereas in this study, the 8th edition of the AJCC for ICC

was applied, which may have led to the slight shift in

prognosis.16 The MEGNA score, which scores 1 point each

for patients over 60 years of age, multifocal tumors, G3

tumor, and T4 and N ? tumors, delivers a good discrimi-

nation for the patient’s long-term prognosis. As guidelines

recommend that a patient should be operated, when sur-

gically resectable,4,6 the MEGNA score adds up tumor-

specific items and a patient-specific item (age) that can be

used in the decision-making process of an elderly

population.

In addition to the above findings, the present analysis

helped to identify prognostic factors for early outcome

(severe liver failure) and the reasons for severe liver

failure (severe hemorrhage, transfusion, and biliary

leakage), as well as long-term predictors (anemia prior

to surgery). Although various items were significantly

TABLE 1 continued

Characteristics All

[n =488]

ELMf

[n =223]

ISSg

[n =265]

Pn? 23 (4.7) 12 (5.4) 11 (4.2)

L? 112 (23.0) 69 (30.9) 43 (16.2)

V? 117 (24.0) 66 (29.6) 51 (19.2)

R? or x 120 (24.6) 73 (32.7) 47 (17.7)

MEGNA scoree

0 36 (7.4) 2 (9.0) 34 (12.8)

I 126 (25.8) 14 (6.3) 112 (42.3)

II 139 (28.5) 71 (31.8) 68 (25.7)

III 187 (38.3) 136 (61.0) 51 (19.2)

Follow up, months [median (min; max)] 18 (0; 204) 16 (0; 134) 20 (0; 204)

90-Day survival 439 (90) 198 (88.8) 241 (90.0)

Median overall survival, months 32.2 24.6 51.6

Data are expressed as n (%) unless otherwise specified

ELM extrahepatic extension, large tumors, multiple tumors, ISS intrahepatic, small, single tumors, PRBC packed red blood cells, min minimum,

max maximum, CVD cardiovascular disease, ISGLS International Study Group for Liver Surgery, CTx chemotherapy, UICC Union for Inter-

national Cancer Control, AJCC American Joint Committee on Cancer
aMajor resection is defined as the resection of three or more segments in accordance with the Brisbane Criteria for liver resection7

bPredominantly cisplatin- and/or gemcitabine-based therapeutic regimens
cDefined as hemoglobin values\ 13.5 g/dL in male patients and\ 11.5 g/dL in female patients15

dIn accordance with the UICC AJCC staging of intrahepatic cholangiocarcinoma 8th edition, 201716

eMEGNA: multifocal (more than one tumor), extrahepatic extension (T4), grade (G3: high), nodal status positive, and age[ 60 years3

fELM: T4 tumors and/or C 7 cm tumor diameter and/or multiple tumors3,17,18

gISS: T1–3 tumors and/or\ 7 cm tumor diameter and/or single tumors3,17,18

hAlcoholic steatohepatitis, non-alcoholic steatohepatitis, cirrhosis
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FIG. 1 Kaplan–Meier survival curves stratified by the MEGNA score for intrahepatic cholangiocarcinoma. MEGNA multifocal (more than one

tumor), extrahepatic extension (T4), grade (G3: high), nodal status positive, and age[ 60 years

p<0.01 

UICC Ia

UICC Ib
UICC II

UICC IIIa

UICC IIIb

,0 6,0 12,0 18,0 24,0

Time after surgery (months)

Su
rv

iv
al

30,0 36,0 42,0 48,0 54,0 60,0

0,0

0,1

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

0,2

FIG. 2 Kaplan–Meier survival curves stratified by the 8th edition of the UICC AJCC staging systems for intrahepatic cholangiocarcinoma.

UICC Union for International Cancer Control, AJCC American Joint Committee on Cancer
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TABLE 2 Results of the univariate and multivariate analysis of risk factors for overall survival (OS), 90-day-mortality and post hepatectomy liver failure (PHLF)

Variable Chi square (univariable) Cox proportional hazard (multivariable)g

90-Day

survival

Overall

survival

Severe

liver

failure

90-Day survival Overall survival Severe liver failure

p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Age group,[ 60 years \ 0.01 0.98 0.61 3.8 (0.88–16.5) 0.07

Male sex 0.98 0.99 0.58

Concomitant disease

Diabetes 0.15 0.16 0.08 0.30 (0.04–2.45) 0.26

Smoking 0.09 0.09 0.46 0.87 (0.30–2.53) 0.79 1.46 (0.98–2.16) 0.06

CVD 0.09 0.61 0.18 0.95 (0.37–2.46) 0.91

Liver diseaseh 0.62 0.32 0.29

Ascites 0.99 0.19 0.02 3.27 (0.42–25.6) 0.26

Histology before surgery 0.17 0.09 1.28 (0.93–1.77) 0.14

Extent of resection (major) 0.13 0.11 0.70

Perioperative transfusion within 24 h 0.19 \ 0.01 \ 0.01 1.28 (0.88–1.85) 0.19 4.33 (1.22–15.4) 0.02

Biliary leakagea \ 0.01 0.17 \ 0.01 1.16 (0.49–2.95) 0.74 1.10 (0.28–4.25) 0.89

Post-hepatectomy hemorrhagea \ 0.01 0.07 \ 0.01 2.76 (0.93–8.20) 0.07 1.32 (0.70–2.46) 0.39 29.2 (6.82–124.6) \ 0.01

Post-hepatectomy liver failurea \ 0.01 \ 0.01 10.3 (3.97–26.7) \ 0.01 5.07 (2.93–8.78) \ 0.01

Adjuvant CTxb \ 0.01 0.13

Serum albumin\ 3.5 g/dL 0.07 0.34 0.05 1.19 (0.46–3.09) 0.72 1.68 (0.50–5.63) 0.40

Serum bilirubin[ 1.4 mg/dL 0.12 0.83 0.07 0.99 (0.15–6.48) 0.99

Serum creatinine[ 1.2 mg/dL \ 0.01 0.04 0.08 2.35 (0.97–5.66) 0.06 1.59 (0.99–2.55) 0.05 3.08 (0.70–13.6) 0.14

Anemia prior to surgeryc \ 0.01 \ 0.01 0.07 1.54 (0.61–3.87) 0.36 1.78 (1.29–2.45) \ 0.01

T4d 0.76 0.04

Single vs. multiple tumors 0.26 \ 0.01

N?d 0.76 \ 0.01

G3 0.59 0.35

ELM vs. ISSe 0.43 \ 0.01 0.76 (0.53–1.09) 0.13

MEGNA scoref 0.48 \ 0.01 1.45 (1.21–1.74) \ 0.01

Pn? 0.83 0.89

L? 0.79 0.14

V? 0.25 0.05

R? or x 0.99 0.99

HR hazard ratio, CI confidence interval, CVD cardiovascular disease, CTx chemotherapy, ELM extrahepatic extension, large tumors, multiple tumors, ISS

intrahepatic, small, single tumors, ISGLS International Study Group for Liver Surgery, AJCC American Joint Committee on Cancer, ELM extrahepatic extension,

large tumors, multiple tumors, ISS intrahepatic, small, single tumors
aISGLS grades 2 and 39–11

bPredominantly cisplatin- and/or gemcitabine-based therapeutic regimens
cDefined as hemoglobin values\ 13.5 g/dL in male patients and\ 11.5 g/dL in female patients15

dIn accordance with the AJCC staging classification 8th edition, 201716

eELM: T4 tumors and/or C 7 cm tumor diameter and/or multiple tumors vs. ISS (T1-3 tumors and/or\ 7 cm tumor diameter and/or single tumors)3,17,18

fMEGNA: multifocal (more than one tumor), extrahepatic extension (T4), grade (G3: high), nodal status positive, and age[ 60 years3

gData delivering a p value of\ 0.1 entered the multivariable analysis3

hAlcoholic steatohepatitis, non-alcoholic steatohepatitis, cirrhosis
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associated with short-term outcome after resection, only

liver failure remained as a determinant of 90-day sur-

vival. However, the only risk factors for severe liver

failure were biliary leakage and hemorrhage. These

findings are in major agreement with a recent systematic

review by Ray et al.,19 which highlighted, in particular,

perioperative blood loss and intra-abdominal infections,

such as biliary leakages and renal impairment, as driving

factors for post-hepatectomy liver failure.

Importantly, anemia was associated with long-term, but

not short-term, outcome. In a recent publication by our

group, Keding et al. found a strong correlation of pre-

treatment anemia with late outcome.13 Basically, anemia

leads to late-term effects that are currently not well

understood. However, the findings of the previously pub-

lished data were reproducible in another independent

cohort of patients, which supports the validity of the data.

Correction of presurgical anemia is currently recom-

mended by an expert panel in patient blood management,

but further academic exploration is required to identify

cohorts that have modifiable anemia.20

Notably, we excluded nodal status from the multi-

variable analysis, although there was a strong association

with survival. However, nodal status is part of the

MEGNA score and thus may interact during analysis. The

MEGNA score was a strong predictor of overall survival

when excluded from the analysis. In one of their recent

publications, Pawlik and coworkers found that the lym-

phadenectomy rate had increased from 44 to 82% over

the last years and that systematic lymphadenectomy is

associated with better prediction of the prognosis. In the

current publication, the lymphadenectomy rate was over

85% for a time period of more than 10 years, which

reflects the long-term established surgical oncological

quality at German academic centers for hepatobiliary

surgery.5

Critically reviewing the literature, network publishing

cooperation among German academic surgical hepatobil-

iary centers is rare and is mostly achieved by cooperation

of the transplanting centers.21,22 Therefore, this detail is

one of our major accomplishments and is a model for

future sustainability in national publication strategies. To

cooperate creates transparency and scalability, and creates

knowledge about treatment patterns in a particular envi-

ronment.23 It helps to put the data into a context on any

scale (e.g. the center, (inter-)nationally, highly vs. normally

specialized centers, etc.), enables the detection of weak-

nesses, and displays particular strengths. It promotes future

cooperation, fosters new research ideas, and creates

working groups.

Limitations

This was a retrospective analysis of risk factors from

multiple sites in Germany without external data audit; thus,

selection bias cannot be excluded. However, this study

constitutes a protocol-based collection of all consecutive

cases. A structured database for data entry reduced the

heterogeneity of data collection. Moreover, the first-time

formation of a dedicated surgical group with international

leaders in hepatobiliary surgery suggests high motivation

for high-quality output.

CONCLUSIONS

This analysis confirmed the validity of the MEGNA score

to estimate prognosis in ICC patients in a German cohort.

Long-term survival of more than 65% of patients can be

achieved in selected groups. If a patient is surgically,

oncologically, and functionally resectable, resection should

be performed. Importantly, patients in this analysis had a

twofold longer median overall survival (32 vs. 15 months)

than palliatively treated patients in the ABC 01-03 clinical

trials with liver-limited disease. Moreover, the worst prog-

nostic group (MEGNA 3, 19% at 5 years) still had a better

overall survival than the palliative chemotherapy group at

3 years (0%).24 Correction of anemia may be of further

benefit for patients undergoing liver resection for ICC.

Systematic lymphadenectomy has a pivotal role for esti-

mation of the long-term prognosis of patients. Perioperative

liver failure remains a clinical challenge and contributes to a

relevant number of perioperative deaths.
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