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Abstract

Background Although after RO resection of intrahepatic cholangiocarcinoma (ICC) recurrence is frequent, most
guidelines do not address strategies for this. The aim of this study was to analyze the outcome of repeated resection
and to determine criteria when repeated resection is reasonable.

Methods Between 2008 and 2016, we consecutively collected all cases of ICC (n = 176) in a prospective database
and further analyzed them with a focus on tumor recurrence, its surgical treatment, overall survival and recurrence-
free survival.

Results Overall, a total of 22 explorations were performed for recurrent ICC in 17 patients. Resection rate was 18
repeated resections in 13 patients. Three patients underwent repeated resection twice and one patient three times.
Recurrence was solitary in 7 patients and multifocal in 11 re-resected cases. Median overall survival (OS) of patients
who underwent repeated resection was 65.2 months (interquartile range 37-126.5) with a 5-year OS rate of 62%,
calculated from primary resection. Patients who underwent repeated resections had a significant better OS compared
to those receiving chemotherapy, transarterial chemoembolization, selective internal radiotherapy, radiofrequency
ablation or best supportive care (p < 0.001).

Conclusion Repeated resection of recurrent ICC is reasonable and associated with an improved survival. Re-ex-

ploration should be considered as long as resection is technically possible.

Introduction

The incidence of intrahepatic cholangiocarcinoma (ICC)
has increased over the past decades [1, 2]. Complete
resection still provides the only chance of cure, but it is
often difficult to achieve due to the extent of the disease at
diagnosis. However, in experienced centers a large
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proportion of patients may undergo potentially curative
surgery [3].

Many patients develop disease recurrence (40-76%)
after curative surgery within a median period of 18 months
[4-6]. Risk factors for disease recurrence are tumor size,
positive lymph node status or resection margin and
microvascular invasion [7-9]. Although recurrence is fre-
quent, there is hardly any data about the patterns of
recurrence.

Since ICC is a rare malignancy, treatment guidelines for
ICC therapy have a low level of evidence. The more
guidelines for the treatment of recurrence are particularly
difficult to establish. While surgical resection is not clearly
recommended for recurrent ICC in current guidelines, this
approach has been reported as safe and feasible in selected
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patients and should be considered [7, 8, 10-13]. The
European Association for the Study of the Liver (EASL)
guidelines at least mention the possibility of surgical
therapy in a small subset of cases [14].

Our policy is to offer surgical therapy for recurrent ICC
if a RO resection of all visible lesions appears possible. We
herein report our experience with repeated surgery for
recurrent ICC. In particular, this manuscript aims at strat-
ifying treatment for recurrent ICC trying to identify prog-
nostic factors for favorable outcome after surgical therapy
of disease recurrence.

Methods

Between January 2008 and December 2016, data from all
consecutive patients who underwent surgical exploration at
the University Hospital of Mainz for ICC were identified
from our prospective institutional database. Patients with
mixed hepatocellular—cholangiocellular carcinomas, distal,
perihilar and gallbladder carcinomas were excluded. Data
were analyzed with special regard to patterns of recurrence,
treatment of recurrence and outcome after surgical therapy.
Follow-up after primary resection was carried out every
3 months after primary surgery. At least every 6 months, a
computed tomography (CT) was performed. If patients
underwent imaging externally, magnetic resonance
tomography or positron emission tomography (PET)—
CT—was accepted as well. After primary resection, adju-
vant therapy was no standard procedure at our center due to
lacking data at the time the study was conducted.

Surgical therapy and outcome

All cases were discussed with a liver surgeon, oncologist
and radiologist preoperatively during our interdisciplinary
tumor conference. Surgical therapy for recurrence was
considered adequate, if the patients had a sufficient state of
health, a tolerable size and function of the future liver
remnant and sufficient remaining vascular structures.
Preferentially, solitary tumors were candidates, but also
multifocal tumors underwent repeated resection in selected
cases. Time to recurrence had to exceed at least 3 months.
Performance of repeated resection was independent from
the initial extent of resection(s). Even extrahepatic recur-
rence may be a reasonable target for resection in unifocal
cases. Cases of simultaneous intra- and extrahepatic
recurrences were no candidates for surgery.

The type of surgery, histological results, morbidity,
mortality, overall survival and recurrence-free survival
were analyzed. Morbidity was classified using the Dindo—
Clavien classification [15]. Mortality was defined as in-
hospital mortality. As for primary resection, even after
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repeated resection for recurrence no adjuvant therapy was
performed because of the before-mentioned reason.

Follow-up and definition of disease recurrence

After curative resection, all patients had regular surveil-
lance with ultrasound examinations and either magnetic
resonance imaging or computed tomography 3 months
after surgery and every 6 months thereafter. Tumor
recurrence was assumed, whenever new soft tissue lesions
appeared during follow-up, and the radiological criteria for
recurrence were fulfilled, or a tumor marker increase was
documented. A histological proof of disease recurrence
was not generally required.

After surgery for tumor recurrence, follow-up was
continued as for primary surgery.

Statistics

Statistical analysis was performed with SPSS 23 (SPSS
Inc., released 2014, IBM SPSS Statistics for Windows,
Version 23.0, IBM Armonk, NY, USA: IBM Corp). For
survival analyses, we used the Kaplan—Meier method and
the logrank test for statistical comparison. Overall and
recurrence-free survivals were calculated from the day of
re-resection until the respective event according to Punt
et al. [16]. Categorical data were analyzed with cross-tab-
ulation and Chi-square test. p values < 0.05 were consid-
ered significant.

Results

During the period of analysis, a total of 176 patients with
ICC underwent explorative laparotomy at our department.
Of these, 127 (72.2%) patients underwent resections with
curative intent (Fig. 1).

Patterns and treatment of tumor recurrence

The median follow-up of this analysis was 16.6 months
(IQR 6.1-31.5). During this period, 77 patients (60.6%)
developed tumor recurrence.

Surgical exploration for recurrent ICC was performed in
17 patients with 9 of them having the first liver resection in
our center and additional 8 patients who were admitted for
disease recurrence after primary resections at other centers.

Characteristics of patients and the primary resection are
presented in Table 1.
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Fig. 1 Flow diagram for all
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Patterns of recurrence

Detailed patterns of recurrences and conducted therapies
are found in Table 2. Isolated recurrence in the liver was
most common, and patients underwent a variety of differ-
ent treatments. Our decision tree is shown in Fig. 2. One
reason that more than 75% (25/33) of those patients were
no candidates for repeated resection was diffuse multifocal
spread. There was no definitive number of nodules leading
to resign from surgery, but if multifocality had an exces-
sive number or also centrally located nodules, repeated
resection was not considered an option. Also, advanced
centrally located recurrence requiring a too extended
resection was a reason to step back from surgery.

In patients with extrahepatic recurrence, only two
patients underwent potential curative treatment. One
patient was a candidate for repeated resection of isolated
tumor recurrences in interaortocaval lymph nodes, while
another underwent ablation of a singular lung metastasis
(Table 2).

All patients with simultaneous intra-plus extrahepatic
recurrence underwent palliative chemotherapy.

Surgical treatment of recurrences

Surgical therapy was intended in 17 patients with recurrent
ICC. Initial resections had been major (n = 4) or extended
(n = 6) hepatectomy and minor resections/segmentec-
tomies (n = 7) of the primary ICC (Table 3). Lymph node
status at primary surgery was negative in 12, positive in 3
and not known in 2 patients.

Only an exploration was performed in four patients
(23.5%) due to the intraoperative detection of peritoneal
carcinomatosis (n = 2), multifocal disease (n = 1) and a
complex infiltration of the hepatoduodenal ligament
(n = 1). These findings had not been detected in the pre-
operative radiological workup.

Surgical treatment of intrahepatic recurrences

Out of the remaining patients, 12 had intrahepatic recur-
rence only and underwent a total of 17 re-resections with
curative intent. There were 8 patients having 1 re-resection,
three patients with two re-resections and one patient who
underwent three re-resections. Minor liver resection was
performed 14 times. In two patients, liver resection had to
be extended with additional partial resection of the dia-
phragm. In addition, the vena cava inferior had to be
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Table 1 Patients characteristics of primary surgery

Groups All Repeated No recurrence ~ Recurrence @ rep. External
resection® res. primary
n=176 n=7+4 (6) n =150 n=70 n=38
Gender, female/male 86/90 572 23/27 38/32 7/1
Age, median [IQR] 63.7 68.8 [61.3-75.8]  63.7 63.7 [54.8-73.7] 65.9
[55.9-72.9] [56.3-69.8] [59.1-69.9]
Primary resection
Right trisectionectomy 22 2+ (2) 9 11 2
Left trisectionectomy 17 - 5 12 -
Right hepatectomy 22 (nH 9 13 2
Left hepatectomy 15 2) 5 10 2
Mesohepatectomy (> three central 7 1 2 4 -
segments)
ALPPS 6 1 2 3 -
Monosegmentectomy 7 - 2 2 -
Bisegmentectomy 21 14+ (1) 11 9 2
Resection of three liver sg. 8 2 4 5 -
Atypic/wedge resection 2 - 1 1 -
Irresectable 49 - - - -
Histology (TNM 8th Ed.) °
T-status
Tla 19 - 10 9 -
T1b 23 2+ 3) 11 10 3
T2 51 5+ (@2 16 30 2
T3 12 (1) 6 6 1
T4 22 - 15 1
N-status
NO 74 5+0) 29 40 6
N1 38 2 14 22 -
NX 15 (€)) 7 8 1
R-status
RO 108 6+ (5) 44 58 6
R1 17 1 4 12 -
R2 - @)) - - 1
Rx 2 2 0 -
Grading
Gl 2 - 1 1 -
G2 75 4 + (6) 30 45 7
G3 41 3 16 22 -
G4 1 - 1 0 -
Preoperative chemotherapy 8 2 1 -

“Number in brackets is patients with external primary resection

The histology of one patient who underwent primary resection externally is not known

partially resected and reconstructed with a Goretex patchin  Surgical treatment of extrahepatic recurrence
one patient.

Adjuvant systemic chemotherapy was not applied after =~ One patient had isolated extrahepatic recurrence of
resection of recurrent ICC. interaortocaval lymph nodes und underwent repeated
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Table 2 Patterns and therapy of recurrence

Therapy of recurrence Intrahepatic only

n =33 (42.8%)

Extrahepatic only
n =21 (27.3%)

Intra 4 extrahepatic
n =123 (29.9%)

Repeated exploration 16"
Chemotherapy 18
TACE 3
RFA/IRE (ablation) 3
SIRT 1

Best supportive care -

1 _
11 23

1 —

8 —

TACE transarterial chemoebolization, RFA radiofrequency ablation, IRE irreversible electroporation, SIRT selective internal radiotherapy

“Including 8 external primary resections

Intrahepatic only

Sufficient state of health
+ tolerable size and function of the FLR
+ remaining vascular structures

(]

Solitary /
limited multifocal lesions *

][]

Time to recurrence

Extrahepatic only | | Intrahepatic + extrahepatic

Unifocal lesion Diffuse spread

e.g. peritoneal
carcinomatosis

>3 month

Time to recurrence
>3 month

EIE

be] [

TACE / SIRT / Chemotherapy / BSC | | Repeated exploration / resection I I

Chemotherapy / BSC

resection with curative intent. No adjuvant systemic
chemotherapy was applied after resection as well.

Histological factors at primary resection influencing
resectability of recurrence

Comparing different histological parameters at primary
resection between the 13 patients who underwent repeated

Fig. 2 Decision tree for the treatment of different locations of recurrence. *There is no definitive number of nodules leading to resign from
surgery, but if multifocality had an excessive number or also centrally located nodules, repeated resection is no option

resection of recurrence and all patients with recurrence
who were no candidates for repeated surgery (n = 68), only
the R-status showed a statistically significant influence on
the chance of repeated resection (p = 0.019), while the N-
status (p = 0.401) and other factors like T-status
(p = 0.290), L-status, V-status, Pn-status, grading
(p = 0.958), UICC-grade (p = 0.509), tumor size of the
biggest nodule (<5cm vs. 5-10cm vs. > 10 cm;
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Table 3 Repeated resections for recurrence of ICC

Pat. # of Resection Histology/reason =~ TNMR Months until Therapy recurrence  OS in Patient
# resection irresectable recurrence or palliative months  alive
1 Primary  Bisegmentectomy 8 cm, solitary TINxMOG2 11 Rep. expl. 42.4 No
(ext.) RO
1 Ist rep.  Bisegmentectomy 6 cm, solitary RO 7 Rep. expl.
1 2nd rep. Monosegmentectomy 5 cm, multifocal RO 8 Rep. expl.
1 3rd rep.  Atypic resection Solitary RO 4 Chemotherapy
2 Primary  Bisegmentectomy 7.5 cm, multifocal T3 N1 (1/2) MO 7 Rep. expl. 12 No
G3 R1
2 Ist rep.  Exploration Peritoneal Irresectable - BSC
carcinomatosis
3 Primary  Multiple atypic 6.2 cm, solitary T1 NO (0/4) MO 27 Rep. expl. 69.9 No
resections G3
3 Ist rep.  Monosegmentectomy  Multifocal RO 20 Chemotherapy
4 Primary ~ ALPPS (right 7.5 cm, multifocal T3 NO (0/3) MO 15 Rep. expl. 83.7 Yes
trisectionectomy) G2 RO
4 Ist rep.  Monosegmentectomy  Multifocal RO No -
5 Primary  Right Solitary T1 NO (0/4) MO 36 Rep. expl. 47.9 No
trisectionectomy G2 R2
(ext.)
5 Ist rep.  Monosegmentectomy  Multifocal RO 5 BSC
6 Primary  Right hepatectomy 5.1 cm, multifocal T3 NO (0/1) MO 14 Rep. expl. 46.3 Yes
(ext.) G2 RO
6 Ist rep.  Exploration Infil. hepatoduod.  Irresectable - Chemotherapy
ligament
7 Primary  Right Not available T2 NO MO G2 166 Rep. expl. 192 Yes
trisectionectomy RO
(ext.)
Ist rep.  Atypic resection Solitary RO No -
Primary  Trisegmentectomy 0.6 cm, multifocal T2 NO (0/9) MO 3 Rep. expl. 29.5 Yes
G2 RO
Ist rep.  Bisegmentectomy 1.5 cm, multifocal RO 12 Rep. expl.
2nd rep. Bisegmentectomy Multifocal RO 3 Chemotherapy
Primary = Mesohepatectomy 5.7 cm, multifocal T1 NO (0/11) 8 Rep. expl. 31.5 Yes
MO G2 RO
9 Ist rep.  Monosegmentectomy  Solitary RO 7 Chemotherapy
10 Primary  Right 10.2 cm, solitary T2 N1 (2/3) MO 2 Rep. expl. 20.2 No
trisectionectomy G3 RO
10 Ist rep.  Atypic resections Multifocal RO 3 Chemotherapy
11 Primary  Bisegmentectomy Not available Not available 11 Rep. expl. 14 No
(ext.)
11 Ist rep.  Exploration Advanced irresectable - Chemotherapy
multifocality
12 Primary  Left hepatectomy Not known T1 NO (0/1) MO 7 Rep. expl. 13 No
(ext.) G2 RO
12 Ist rep.  Atypic resection Multifocal RO 3 Chemotherapy
13 Primary  Bisegmentectomy 4.8 cm, solitary T1 N1 (3/19) 15 Rep. expl. 61 No
MO G3 RO
13 Ist rep.  Res. of Multifocal (2 LN) RO 7 Chemotherapy
interaortocaval LN
14 Primary  Right 8.5 cm, multifocal T2 NO (0/6) MO 23 Rep. expl. 28.6 Yes
trisectionectomy G2 RO
14 Ist rep.  Atypic resection 1.8 cm, solitary RO 4 Watchful waiting
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Table 3 continued
Pat. # of Resection Histology/reason =~ TNMR Months until Therapy recurrence  OS in Patient
# resection irresectable recurrence or palliative months  alive
15 Primary  Left hepatectomy Not known T3 NO (0/3) MO 19 Rep. expl. 47.3 Yes
(ext.) G2 RO
15 Ist rep.  Bisegmentectomy Solitary RO 22 Rep. expl.
(ext.)
15 2nd rep. Monosegmentectomy 2.3 cm, solitary RO No -
16 Primary  Right hepatectomy 4 cm, multifocal T2 NO (0/2) MO 6 Rep. expl. 62.2 Yes
(ext.) G2 RO
16 Ist rep.  Monosegmentectomy 1.1 cm, multifocal RO 9 Rep. expl.
(ext.)
16 2nd rep. Monosegmentectomy 2.5 cm, multifocal RO 13 RFA
17 Primary  Bisegmentectomy 4.3 cm, solitary T1 NO (0/5) MO 6 Rep. expl. 18.2 Yes
G2 RO
17 Ist rep.  Exploration Peritoneal Irresectable - Chemotherapy
carcinomatosis

TNMR, TNMR stage of TNM classification; OS, overall survival; Rep., repeated exploration; (ext.), external resection; Rep. expl., repeated

exploration; BSC, best supportive care; RFA, radio frequency ablation

p = 0.408) and focality (solitary vs. multifocal; p = 0.984)
did not.

Histological results

ICC recurrence was confirmed in all patients. Tumor
recurrence was solitary in 7 and multifocal in 11 speci-
mens, with a median number of two nodules (range 1-5).
RO resection was achieved in 16 resections with two R1
resections.

Morbidity and mortality

After repeated resection, there were 4 patients having
complications of grade III or IVa. There were bile leakage/
intraabdominal abscesses in 3 cases, requiring drain
placement (Dindo grade IIla). One patient required packing
and ICU therapy due to diffuse bleeding, and depacking
was performed 2 days later (Dindo grade IVa). No patient
died during the hospital stay.

Survival analysis of tumor recurrence

Median follow-up after first repeated exploration was
30.4 months (range 11.7-83.7). The median recurrence-
free survival after initial surgical therapy of ICC primary
(n = 18) was 11 months (range 2—166 months). The time
until repeated recurrence after resection of ICC recurrence
was 7 months (median, range 3-22 months).

At the time of this analysis, seven patients were still
alive and three patients (23.1%) are free of recurrence at
68.7, 26 and 6.3 months after the last repeated resection,

respectively, and at 83.7, 192 and 47.3 months after pri-
mary resection. The median overall survival for patients
who underwent potentially curative surgery for ICC
recurrence calculated from the resection of primary ICC
was 65.2 months (range 13-192) with consecutive 1-, 3-
and 5-year overall survival rates of 100%, 85% and 62%,
respectively.

Patients with surgical therapy of disease recurrence had
a significantly better median overall survival than the entire
cohort of patients with ICC calculated from the day of
primary surgery (p = 0.002). Considering all patients with
recurrent disease, patients who underwent surgical therapy
had superior overall survival compared to patients who had
alternative treatments (Fig. 3, p < 0.001). In patients with
isolated intrahepatic recurrence the repeated resection
group also had a favorable overall survival compared to
patients who were no candidates for surgery and underwent
chemotherapy (Fig. 4, p = 0.003).

Comparing the repeated resection group with patients
who had no recurrence (n = 50), no statistical differences
in overall survival could be shown (Fig. 5, p = 0.941).

Risk factors for repeated disease recurrence
after surgical therapy of recurrent ICC

We did not observe a significant difference between
patients with solitary and multifocal recurrences regarding
overall survival (p = 0.430). Similarly, no significant dif-
ference could be found for recurrence-free survival after
resection of solitary or multifocal recurrences (p = 0.452).
Solitary or multifocal recurrence was no risk factor for
repeated recurrence (p = 0.512) as well as RO versus R1
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Fig. 3 Comparison of Kaplan— 1.0 -
Meier analyses of overall ' - Repeated resection group (n=13)
survival for different treatment -N Chemotherapy group (n=56)
strategies in patients with 3.  -NTACE / SIRT / Ablation group (n=8)
recurrent ICC. Repeated
resection group versus 0,87
chemotherapy (p < 0.001);
repeated resection group versus
TACE/SIRT/ablation -
(p = 0.011). Survival was S 061
calculated from the day of z
primary resection 5’)
E
L 04
o]
E——
0,2
0.0% T T ; ; - T T
0 12 24 36 48 60 72 84
Months after primary resection
number at risk | o 12 24 36 48 60 72 84
Repeated res. group 13 10 8 < 3 3 1 1
Chemotherapy group 56 BS) 18 8 4 0 0 0
TACE/SIRT/Ablation grp.| 8 7 B 1 1 0 0 0

resection (p = 0.584) or morbidity after repeated resection
(p =0.512).

Discussion

Currently, chemotherapy is the common treatment of dis-
ease recurrence of ICC after resection [14, 17, 18]. As for
other malignant diseases, surgery, TACE, SIRT or percu-
taneous tumor ablation could probably be potential treat-
ment alternatives for intrahepatic tumor recurrence.
However, outcome data on these techniques are scarce in
the literature. As we follow an aggressive policy for the
treatment of recurrent ICC, a large proportion of patients
had local therapies including surgery.

Here, we report on 17 patients with ICC tumor recur-
rences, who underwent repeated exploration. Thirteen
patients had repeated resection for recurrent disease, three
of them had two and one even 3 repeated hepatectomies for
recurrent ICC. The survival of these patients was superior
to patients in whom recurrence had been treated by
chemotherapy, interventional treatment or best supportive
care, only. Furthermore, patients who underwent surgery
for disease recurrence revealed an even better overall sur-
vival as the entire group of patients who underwent surgery
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for primary ICC. This is clearly a strong indicator for
biological selection because ICC tending to recur intra-
hepatic only, amenable for repeated surgery, seems to be
less aggressive than those leading to diffuse spread.

Surgery for recurrent ICC has been reported from a
number of groups, but the sample size was mostly very
limited [3-8, 11-13, 19-23] (Table 4).

In our series, more than 60% of patients presented with
tumor relapse after potentially curative resection after a
median of 7.4 months (range 1-68 months) which is
comparable to the literature [4-7, 12, 20, 21, 24]. Only
selected patients with tumor recurrences were candidates
for repeated exploration in our study. Reasons to refrain
from surgery were a future liver remnant that was too
small, limitations of future liver function, or a critical
general state of health. Patients with isolated extrahepatic
tumor recurrences might also be candidates for repeated
resection in very selected cases. We report one patient who
received resection for isolated tumor recurrences in the
interaortocaval lymph nodes who survived 46 months after
repeated resection. Studies analyzing therapy for extra-
hepatic recurrences are lacking, but isolated cases are sel-
dom reported [5, 22]. Lymphadenectomy of the
hepatoduodenal ligament at primary resection was per-
formed standardly in our center. Most patients who
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Fig. 4 Comparison of Kaplan— 10
Meier analyses of overall '
survival of the repeated
resection group and patients
with intrahepatic recurrence
only who underwent 0,84
chemotherapy (p = 0.003).
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the day of primary resection -
©
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»
©
[
Q 04
o
0,24
0.0"l
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Chemotherapy group 18

13 11 8 5 5 2 1
15 7 4 1 - - -

underwent repeated resection had negative lymph node
status at primary resection (n = 10) with two lymph node
positive patients and one with unknown status.

Median time to first recurrence of the repeated resection
group (n = 13) was 15 months (range 2-166), while all
patients who were no candidates for surgery had a median
of 7.2 (range 2—-68). Statistically no significance is reached
(p = 0.326). Nevertheless, the larger time to recurrence
seems to be an expression of a positive tumor biology of
the repeated resection group, whereby three patients had a
time to recurrence equal or below 7 months.

Risk factors for repeated recurrence after repeated sur-
gical recurrence resection are not mentioned in the litera-
ture yet. Our analysis in an admittedly very limited number
of patients showed that neither the R-status, morbidity after
repeated resection nor focality of recurrence are risk fac-
tors for repeated recurrence.

In cases of isolated intrahepatic recurrence, TACE,
SIRT or ablation are treatment alternatives to surgery.
These interventional procedures were used (n = 8) in our
series if we considered surgery not reasonable, i.e., in
small, centrally located nodules, which would have
required the resection of a larger liver volume.

In a multicenter analysis, Spolverato et al. [7] analyzed
563 patients who underwent curative intended hepatic

resection over a 23-year period. Of these, 41 patients
underwent repeated liver resection, with or without addi-
tional ablation for disease recurrence. They reported only
modest benefit in median survival for patients who
underwent repeated surgery over those who had percuta-
neous ablation or intra-arterial therapy. In contrast, Zhang
et al. [11] reported a survival benefit of repeated resection
(n = 32) over thermal ablation (n = 77) in tumors above
3 cm. The authors noted that the inclusion criteria for
resection or ablation differed. Comparable to Zhang, we
also found a significant benefit of repeated resections over
chemotherapy or intervention (TACE/SIRT/ablation)
(Fig. 3).

Regarding the incidence of major complications, Zhang
reported a significantly higher morbidity in the hepatic
resection group (in 15/32 patients) compared to local
ablation. This is in contrast to our results, since we found a
low rate of morbidity (> grade III) in 22% (4/18).

Our patients did not undergo adjuvant chemotherapy
after resection of primary or recurrent ICC due to the lack
of data at the time of clinical presentation. Three patients
were included in the ACTICCA trial after primary resec-
tion. After first results of the BILCAP trial [25] were
presented, adjuvant chemotherapy with capecitabine
became standard treatment, at least at our center. From our
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41 Repeated resection group
~J™1 No recurrence group
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months after primary resection
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Fig. 5 Comparison of Kaplan— 10
Meier analyses of overall '
survival of the repeated
resection group versus patients
who had no recurrence
(p = 0.941). Survival was 0.8
calculated from the day of
primary resection
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point of view, patients with repeated resection (and/or
ablation) for recurrent ICC should be advised by an
oncologist and offered adjuvant treatment. Particularly,
those patients who did not undergo adjuvant chemotherapy
after primary resection or with short time to recurrence
what indicates an obviously more aggressive tumor biology
might benefit most. However, these suggestions are diffi-
cult to discuss because there are no data available on this
particular topic yet.

Data on preoperative/neoadjuvant chemotherapy for
ICC are scarce as well. Buettner and colleagues showed in
a retrospective multicenter study that 5.9% of 1057 patients
who underwent liver resection for ICC received preopera-
tive chemotherapy [26]. These patients had more likely
advanced disease compared to patients who did not
undergo preoperative chemotherapy, but the overall and
disease-free survivals were comparable. These findings
were endorsed by Le Roy et al. [27]. In our cohort, only
one patient who underwent repeated resection for recurrent
ICC received preoperative chemotherapy ahead primary
surgery (patient number 14 of Table 4) and due to the small
number further statistical analysis was not reasonable. In
advanced and borderline resectable ICC, preoperative
chemotherapy can stabilize or even downsize the disease
and lead to later resection. This approach might be used in
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recurrent ICC as well. Three patients underwent
chemotherapy ahead of repeated resection with time to de
novo recurrence of 20, 3 and 3 months, respectively. Fur-
ther studies of preoperative and adjuvant chemotherapy are
necessary to show possible benefits and their impact in the
future.

Due to the small number of patients and study design,
we cannot prove that surgery is superior to chemotherapy
for recurrences of ICC. However, we demonstrate that the
natural history of disease recurrence is as variable as that of
the primary disease, and that repeated surgery in this
subgroup of patients results in favorable outcome. We
would consider patients candidates for surgical therapy, if
the disease is limited to the liver and surgery can be offered
with acceptable morbidity irrespective of the extent of
primary surgery. A long interval between primary tumor
surgery and diagnosis of recurrence appears advantageous
because of a favorable tumor biology, but the shortest time
until repeated resection was 3 months. We did not consider
patients with disease-free interval < 3 months for surgical
therapy. Chemotherapy can still be offered in case of
recurrence after surgery, when a local therapy does not
appear reasonable. However, neoadjuvant chemotherapy
might also be beneficial prior to surgery for recurrent dis-
ease in selected cases.
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Table 4 Literature overview

Author (reference) Year # of resections Cases of rep. resection Focality of 1st recurrence Kaplan—Meier analysis of survival benefit
Yamamoto [6] 2001 123 4 ncd na
Sotiropoulos [19] 2005 - 3 ncd na
Konstadoulakis [3] 2008 54 7? sol. + multi. na

Choi [4] 2009 64 3 ncd na

Lang [5] 2009 83 4 sol. + multi. na
Ohtsuka [23] 2009 57 9 ncd na
Ercolani [20] 2010 72 6 ncd na
Kamphues [22] 2010 107 7 ncd na

Sulpice [21] 2012 87 4 ncd na

Zhang [11] 2013 1372 32 sol. + multi. na®
Doussot [12] 2015 188 12 ncd na

Souche [8] 2015 125 12 sol. only Significant
Takahashi [13] 2015 70 12 sol. + multi. Signiﬁcantd
Spolverato [7] 2016 563 41* sol. + multi. na®
Bartsch (presented) 127 18 sol. + multi. Significant

Ref., reference; rep., repeated; ncd, not clearly defined; na, not analyzed; sol., solitary, multi., multifocal

*With or without additional ablation, all patients underwent adjuvant chemotherapy

*Study designed for comparison of ablation with repeated resection
“Survival was compared through median survival after treatment

9For survival analysis, patients with gallbladder carcinoma, perihilar and distal cholangiocarcinoma were included

In conclusion, an aggressive surgical approach for
recurrent ICC achieved reasonable overall survival. How-
ever, the optimal criteria for patient selection need to be
defined. So far, the indication for surgery for recurrent
disease has remained individual and should be taken after
interdisciplinary discussion in specialized centers in order
to guarantee low morbidity. In guidelines, repeated surgery
should be mentioned as treatment option.
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