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Abstract

BACKGROUND

Preoperative biliary drainage in patients with presumed resectable perihilar
cholangiocarcinoma (PHC) is hypothesized to promote the occurrence of seeding
metastases. Seeding metastases can occur at the surgical scars or at the site of
postoperative drains, and in case of percutaneous biliary drainage, at the catheter
port-site. To prevent seeding metastases after resection, we routinely treated PHC
patients with preoperative radiotherapy (RT) for over 25 years until January 2018.

AIM
To investigate the incidence of seeding metastases following resection of PHC.

METHODS
All patients who underwent resection for pathology proven PHC between
January 2000 and March 2019 were included in this retrospective study. Between
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2000-January 2018, patients received preoperative RT (3 x 3.5 Gray). RT was
omitted in patients treated after January 2018.

RESULTS

A total of 171 patients underwent resection for PHC between January 2000 and
March 2019. Of 171 patients undergoing resection, 111 patients (65%) were treated
with preoperative RT. Intraoperative bile cytology showed no difference in the
presence of viable tumor cells in bile of patients undergoing preoperative RT or
not. Overall, two patients (1.2%) with seeding metastases were identified, both in
the laparotomy scar and both after preoperative RT (one patient with endoscopic
and the other with percutaneous and endoscopic biliary drainage).

CONCLUSION

The incidence of seeding metastases in patients with resected PHC in our series
was low (1.2%). This low incidence and the inability of providing evidence that
preoperative low-dose RT prevents seeding metastases, has led us to discontinue
preoperative RT in patients with resectable PHC in our center.

Key Words: Perihilar cholangiocarcinoma; Seeding metastases; Preventive radiotherapy

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Routine preoperative radiotherapy (3 times 3.5 Gray) to prevent the
occurrence of seeding metastases was used in our tertiary center for 28 years in patients
undergoing resection for perihilar cholangiocarcinoma. Seeding metastases occurred in
2 out of 171 patients (1.2%) undergoing resection between 2000 and 2019.
Intraoperative bile cytology showed no significant difference in the presence of tumor
cells in the bile of patients undergoing preoperative radiotherapy or not. Due to the
current low incidence of seeding metastases, preoperative radiotherapy to prevent
seeding metastases is now abandoned in our institution.

Citation: Franken LC, Roos E, Saris J, van Hooft JE, van Delden OM, Verheij J, Erdmann JI,
Besselink MG, Busch OR, van Tienhoven G, van Gulik TM. Occurrence of seeding metastases
in resectable perihilar cholangiocarcinoma and the role of low-dose radiotherapy to prevent
this. World J Hepatol 2020; 12(11): 1089-1097

URL: https://www.wjgnet.com/1948-5182/full/v12/i11/1089.htm

DOI: https://dx.doi.org/10.4254/wjh.v12.i11.1089

INTRODUCTION

Patients with perihilar cholangiocarcinoma (PHC) have been treated with low-dose
radiotherapy (RT) preoperatively at our institution since the early 90s with the aim to
prevent seeding metastases. Preoperative radiotherapy was introduced in our practice
based on a study published by our institution in 1999, showing that 8 of 41 patients
(20%) undergoing resection for PHC who were drained preoperatively, developed
implantation metastases within 1 year after resection. In this study, endoscopic biliary
drainage was performed in all 41 patients, combined with percutaneous biliary
drainage in 4 of these patients. In addition, in 11 patients without biliary drainage, no
seeding metastases were found!l It was hypothesized that biliary drainage, with
perturbation of the tumor, enhances bile contamination with tumor cells, thereby
increasing the risk of seeding metastases with bile spill incurred during resection.

In an effort to prevent this complication, all patients with resectable PHC at our
tertiary center, received three times 3.5 Gray (Gy) external radiation therapy to the
primary tumor on three consecutive days before surgery to Kkill free-floating tumor
cells in the bile and destabilize the tumor cells that might be spilled during the
operation. This concept of preventive, preoperative radiation therapy and dose
regimen was based on a suggestion of a Mayo clinic study® and a study® in bladder
carcinoma in which 3 times 3.5 Gy external radiation therapy had shown to be
effective to reduce scar implementation metastases following surgery. Initial results of
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twenty-one patients with resected PHC who had undergone preoperative radiation,
were promising with none of the patients developing seeding metastases!.

Seeding metastases resulting from spill of bile during operation may become
manifest in the tract of previous abdominal drains or laparotomy scar after resection.
In addition, most patients with resectable PHC undergo preoperative biliary drainage
which in itself, was thought to promote seeding metastases. Biliary drainage can be
performed by two different approaches: Percutaneously or by the endoscopic route.
Several studies have suggested that percutaneous biliary drainage carries an
additional risk of developing seeding metastases along the catheter tract compared to
endoscopic approaches, in which no catheter tract is created. Based on a described
incidence of seeding metastases in the catheter tract after percutaneous biliary
drainage of 2.6%-6.3%, several Asian authors"™'" suggested that endoscopic biliary
drainage should be the preferred approach.

The aim of this study was to update the occurrence of seeding metastases in our
institution and evaluate the role of preventive pre-operative low-dose radiotherapy in
patients with resectable PHC.

MATERIALS AND METHODS

All consecutive patients who underwent resection for pathology proven PHC at the
Amsterdam UMC (location AMC) between January 2000 and March 2019 were
included in this retrospective study. The need for ethical approval was waived by the
Medical Ethics Review Committee of the Amsterdam UMC, location AMC (W19_155).

Whereas patients with intraductal papillary neoplasm of the bile duct (IPNB) were
included in this analysis, patients with other final pathology diagnosis were excluded.
Patient and tumor characteristics were obtained from a prospectively maintained
database including all patients undergoing resection for suspicion of PHC. Data
regarding preoperative work-up, biliary drainage, radiotherapy, type of surgery,
postoperative course, follow-up and recurrence was collected. Jaundiced patients were
treated by endoscopic biliary drainage or percutaneous biliary drainage, or a
combination of both, with a preference at our institution for initial endoscopic biliary
drainage.

Patients were stratified according to type of biliary drainage, while patients
undergoing both percutaneous and endoscopic biliary drainage were analyzed as a
separate group. Surgical procedures generally consisted of resection of the
extrahepatic bile duct in combination with (extended) hemihepatectomy. After 2009,
intra-operative bile sampling for cytology was routinely performed in the majority of
the patients. Results of bile cytology were compared between patients undergoing
preoperative radiotherapy or not. Standard follow up after resection was 5 years.
Imaging was not standard incorporated in oncological follow-up, but performed when
patients showed symptoms of recurrent disease.

Between 2000 and January 2018, patients undergoing resection for PHC were
irradiated to 3 times 3.5 Gy to the tumor in the liver hilum, administered on three
consecutive days prior to resection. Up to 2004, the hilar area was identified using a
conventional simulator, based on the position of the biliary stents. From 2004 onwards,
computerized tomography (CT) based planning was used. Throughout, a 3D
conformal technique was applied. Patients treated between 2000 and 2012, were also
included in the study by Wiggers et all'l. Primary outcome of this study was the
occurrence of seeding metastases, defined as metastases occurring in the laparotomy
scar or in tracts of previous abdominal drains. Recurrence was defined as
radiologically suspected or pathologically proven recurrence and time of recurrence
was documented. Peritoneal recurrence, unlike in other studies, was not considered as
seeding metastases. Only the initial location of recurrence was registered.

Statistical analyses

Descriptive statistics were used to describe the data using statistical product and
service solutions version 25 (International Business Machines Corporation, Armonk,
NY, United States). The Chi-square test was used to compare the incidence of seeding
metastases and the occurrence of tumor cells in bile cytology between groups.
Duration of drainage was compared using Mann-Witney U test.
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RESULTS

A total of 171 patients who underwent resection for pathology proven PHC between
2000 and March 2019 were identified (Table 1). The median follow-up of survivors was
36 mo [interquartile range (IQR): 16-81]. Biliary drainage prior to resection was
performed in 145 patients (85%). In 81 (56%) patients endoscopic biliary drainage took
place, 14 (10%) patients underwent percutaneous biliary drainage and 50 (34%)
patients underwent both drainage routes, due to the absence of therapeutic success of
one route. Median duration between (first) biliary drainage and surgery was 76 d
(IQR: 53-101 d) for endoscopic drainage, 53 d (IQR: 36-80 d) for percutaneous biliary
drainage and 76 d (range 61-99 d) for both endoscopic and percutaneous biliary
drainage, respectively (P = 0.026). Of these 171 patients, there were 161 patients treated
between January 2000-January 2018 and ten patients treated between February 2018
and March 2019.

Radiotherapy

A total of 111 patients (65%) underwent preoperative radiotherapy (3 times 3.5 Gy) to
reduce the risk of seeding metastases (Figure 1). As part of another study!'”, 13 patients
were additionally treated with postoperative radiotherapy (as well as preoperative
radiotherapy) between 2000 and 2001 (20 x 2.2 Gy).

Intraoperative bile cytology

After 2009, intraoperative bile cytology was obtained in 76 of 125 patients (61%). Bile
cytology showed (suspicion of) tumor cells in 24 of 76 patients (32%) and was negative
in 33 of 76 patients (45%). In the remaining patients, bile cytology was inconclusive in
9 (12%) and not assessable in 10 of 76 patients (14%). Malignant cells were found in the
conclusive bile samples of 18 of 41 patients (44 %) treated with radiotherapy and in 6 of
16 (37%) patients not treated with radiotherapy. No difference in the distribution of
positive or negative bile cytology was observed between patients who were treated
with preoperative radiotherapy or not (P = 0.660).

Seeding metastases

Two patients with metastases in the laparotomy scar (1.2%) were identified (Figure 1).
Both patients had been treated with preoperative radiotherapy and one patient was
additionally treated with postoperative radiotherapy. Histopathology showed
moderately differentiated adenocarcinoma in both cases and both resections were R1
resections. The seeding metastases occurred 21 and 17 mo after resection, respectively.
Overall, the incidence of seeding metastases was 1.4% (1 of 81 patients) after
endoscopic biliary drainage, 2% (1 of 50 patients) after combined endoscopic and
percutaneous biliary drainage, and 0% after both percutaneous biliary drainage (14
patients) and no biliary drainage (26 patients) (P = 0.852).

DISCUSSION

The hypothesis underlying this study was that low-dose preoperative radiotherapy
eradicates free-floating vital tumor cells in bile, thereby reducing the risk of seeding
metastases incurred during bile spill at the time of resection. The outcome of this study
including 171 patients who had undergone resection for PHC, was that only two
patients (1.2%) developed seeding metastases (both at the laparotomy scar).
Intraoperative bile cytology showed no significant difference in the presence of tumor
cells in bile of patients who underwent preoperative radiotherapy or not.

To our knowledge, literature on application of preoperative radiotherapy in patients
with resectable PHC from other centers is lacking. As mentioned above, preoperative
radiotherapy was introduced at our institution based on a 20% incidence of seeding
metastases reported back in 1999 that has shown a striking decrease to currently 1.2%,
suggesting a positive effect of preoperative radiotherapy. However, Wiggers ef all'']
published a combined analysis of 234 patients from our institution (Academic Medical
Center, Amsterdam and Memorial Sloan Kettering Cancer Center, New York)!"!. This
study included 106 patients from the Academic Medical Center (Amsterdam) who
were subjected to preoperative radiotherapy and 128 patients from the Memorial Sloan
Kettering Cancer Center (New York) were no preoperative radiotherapy is given. The
difference in the percentage of seeding metastases between both centers (2 of 106; 1.9%
vs 5 of 128; 3.9% P = 0.46) was not significant and the overall incidence was low (3.0%)
1. Therefore, evidence of a potential benefit of low dose preoperative radiotherapy
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Table 1 Characteristics of patients undergoing resection for perihilar cholangiocarcinoma

Characteristics

Patients with PHC (n = 171)

Age, mean * SD

Male, 1 (%)

ASA, n (%)

1

2

B

Missing

Drainage, 1 (%)

None

Endoscopic biliary drainage
Percunatenous biliary drainage
Both

Bismuth-Corlette type, n (%)

I

II

IITa

b

v

Missing

Portal vein embolization, n (%)
Radiotherapy, 1 (%)

Resection type, 1 (%)

Left hemihepatectomy
Extended left hemihepatectomy
Right hemihepatectomy
Extended right hemihepatectomy
Minor liver resection

External bile duct resection only
+ Pancreatoduodenectomy

+ Portal vein reconstruction
90-d mortality, n (%)

90-d morbidity, 1 (%)

Severe morbidity (Clavien-Dindo 2 3), n (%)
Recurrence, 11 (%)

Local recurrence

Liver metastases

Lung metastases

Peritoneal metastases

Other

64 (10)

104 (61)

30 (18)
112 (65)
27 (16)

2(1)

26 (15)
81 (48)
14 (8)

50 (29)

4(2)
12 (7)
85 (50)
42 (25)
24 (14)
4(2)
20 (12)

111 (65)

61 (36)
6 (4)
40 (23)
47 (27)
4(2)
13 (8)
4(2)
43 (26)
22 (13)
126 (74)
96 (56)
61 (36)
37 (22)
10 (6)
2(1)
7(4)

50)

SD: Standard deviation; ASA: American society of anesthesiologists.
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cannot be delivered, since this would require a randomized study with approximately
1200 patients per arm, which is not feasible for such a rare disease. In view of the
incidence of local and distant recurrences and the overall prognosis of PHC, the
overall incidence of seeding metastases is clinically less relevant. Hence, in January
2018 we decided to discontinue low dose preoperative radiotherapy. Interestingly, the
potential of treatment with stereotactic body radiation therapy for patients with
unresectable perihilar cholangiocarcinoma is currently being investigated by multiple
group[\},uj.

The concept of 3 times 3.5 Gy preoperative radiation therapy to reduce the risk of
seeding metastases was based on a study in bladder carcinoma first published in
19691°). Follow-up studies on the effect of preoperative low-dose radiotherapy in
bladder carcinoma however, are lacking while low-dose radiotherapy seems to have
been abandoned in these patients. In current literature, indeed, a trend of a lower
seeding metastases rate is observed (Table 2)'%"l For example, incidence reported by
investigators from Hokkaido University Hospital decreased from 6.3% (3 of 48)"! to
4.5% (3 of 67)!"Vin their publications from 2011 and 2014, respectively. Likewise in
Nagoya University Hospital, catheter tract recurrence was reported to be 5.6% (19 of
339) in a study performed by Kim et all'l in 2015!'), whilst this decreased to 3.6% (6 of
168) in a study published in 2017\ Surgical techniques for resection of PHC have been
refined reducing bile spill, which may have contributed to this decrease.

Our reported incidence of 1.2%, based one of the largest series on this topic, remains
lower than the incidence reported in other studies (up to 6.3%)F'%'l. Several factors
may contribute to the development of seeding metastases. As mentioned above,
preoperative biliary drainage is thought to increase the risk of seeding metastases by
enhancing bile contamination with tumor cells. There are some drainage related
factors that potentially influence the development of seeding metastases, one of them
being the duration of biliary drainage. A recently published study by Komaya et all’],
including 341 resected PHC patients, did not describe the duration of biliary drainage
in their patients, although in another study originating from the same group, duration
of percutaneous biliary drainage of 60 d or more was identified as an independent risk
factor for the development of catheter tract recurrence in distal and perihilar
cholangiocarcinomal”. In other studies reporting on seeding metastases, duration of
biliary drainage was often not reported. In our series, the median duration of biliary
drainage of 73 d in case of endoscopic biliary drainage and 77 d after percutaneous
biliary drainage. Although this would suggest an increased risk in the majority of our
patients, the overall incidence was low (1.2%). Therefore, we cannot fully exclude the
possibility that there was an effect of preoperative radiotherapy based on this series
alone.

Related to biliary drainage, the type (endoscopic or percutaneous), placement
(proximal or transtumoral) may also play a role. Komaya ef al”@ showed that the
incidence of seeding metastases was higher after percutaneous biliary drainage (44 of
165, 26.7%) compared to endoscopic biliary drainage (25 of 150, 16.7%). Their
definition of seeding metastases included right-sided pleural dissemination as well as
peritoneal dissemination and catheter tract recurrences, due to the use of the
transpleural approach of percutaneous biliary drainage in this cohort, resulting in
relatively high seeding metastases rates. Separate analysis of catheter tract recurrence,
showed occurrence of catheter tract recurrence in 6 of 164 patients (3.7%) undergoing
percutaneous drainage, while recurrence at the laparotomy scar was not described!..
In contrary, the previously mentioned study by Wiggers including 234 patients
showed no significant difference in the occurrence of seeding metastasis between
different drainage approaches: 3.4% after percutaneous and 2.7% after endoscopic
biliary drainage (P = 0.71)["1.

This study has several limitations, the main limitation being the retrospective design
of this single-center study, introducing a significant risk of bias. A direct comparison
between patients undergoing preoperative radiation to those who did not is not
possible within this study. Before January 2018, patients who did not undergo
preoperative radiotherapy (35%) were not randomly assigned and most likely there
was a reason not to treat them with preoperative radiotherapy (for example because
they did not undergo biliary drainage or for logistic reasons). For some patients
treated after stopping preoperative radiotherapy in January 2018, follow-up might be
too short for seeding metastases to develop, as seeding metastases occurred after a
median of 17 mo in the study by Wiggers ef al'"l. In addition, due to the absence of
standardized follow-up imaging after resection, not all seeding metastases or
recurrences may have been detected. When comparing cytology results of patients
with and without radiotherapy, we could not account for viability of the cells.
Although cells may stain positively, this does not mean that these cells are still viable
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Table 2 Overview of studies reporting on incidence of seeding metastases in patients with perihilar cholangiocarcinoma

Incidence

Patients

Sakata et all*l, 2005 3/67 (4.4%), cumulative 6%

Kang et all’), 2013 6/232 (2.6%) + 8 abdominal wall/ wound implant

metastases (3.4%)

Niigata University Graduate School of Medical and Dental Sciences;
Percutaneous biliary drainage, 1998-2002

Seoul National University Hospital; Percutaneous biliary drainage, 1991-2011

Kim et all'’, 2015 2/52 (3.8%) Samsung Medical Center Seoul; Percutaneous biliary drainage, 2000-2012
Kawakami et all’], 3/48 (6.3%) Hokkaido University Hospital; Percutaneous biliary drainage, 1999-2009
2011
Hirano et all'l, 2014 3/67 (4.5%) Hokkaido University hospital; Percutaneous biliary drainage, 2000-2008
Takahashi et all’),  19/339 (5.6%) Nagoya University hospital, 1977-2007
2010
Komaya et all®), 6/168 (3.6%) Nagoya University Hospital Percutaneous biliary drainage, 2003-2012
2017
Ten Hoopen et all'l, 8741 (20%) AMC Amsterdam; Biliary drainage, 1983-1990
1999
Wiggers et all''], 2/106 (1.9%) AMC Amsterdam; Percutaenous + endoscopic biliary drainage, 1991-2012
2013
Pathology proven
perihilar cholangiocarcinoma
2000-2019(3)
n=171
No biliary drainage
n =26 (15%)
Radiotherapy
(3 x 3.5Gy)
8/26 (31%)
| |
Endoscopic biliary Percutaneous Endoscopic + Percutaneous
drainage biliary drainage biliary drainage
n =281 n=14 n =50
Radiotherapy No Radiotherapy No Radiotherapy No
(3 x 3.5Gy) radiotherapy (3 x 3.5Gy) radiotherapy (3 x 3.5Gy) radiotherapy
51/81 (63%) 30/81 (37%) 12/14 (86%) 2/14 (14%) 40/50 (80%) 10/50 (20%)

|

1 recurrence
laparotomy scar

Figure 1 Flowchart of patients with perihilar cholangiocarcinoma.

|

1 recurrence
laparotomy scar

and therefore, we could have overlooked an effect of radiotherapy. Due to the overall
low number of events (seeding metastases), proper statistical analysis was not feasible
in this series and confidence limits are huge.
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CONCLUSION

The incidence of seeding metastases in patients with resected PHC has decreased and
is currently low (1.2% in our institution). As the only center in the world reporting on
preventive low-dose radiotherapy, we were unable to deliver evidence of a potential
benefit of preoperative radiotherapy and therefore preoperative radiotherapy in
patients with resectable PHC has been discontinued in our institution.

ARTICLE HIGHLIGHTS

Research background

Routine preoperative radiotherapy (3 times 3.5 Gray) to prevent the occurrence of
seeding metastases was used in our tertiary center for 28 years in patients undergoing
resection for perihilar cholangiocarcinoma.

Research motivation
Previous research from our department showed that seeding metastases occurred in
up to 20% of the patients undergoing resection of perihilar cholangiocarcinoma.

Research objectives
To investigate the occurrence of seeding metastases among patients with resectable
perihilar cholangiocarcinoma.

Research methods
A retrospective study was conducted, including all patients undergoing resection of
perihilar cholangiocarcinoma in a larger tertiary center between 2000 and March 2019.

Research results

Seeding metastases occurred in 2 out of 171 patients (1.2%) undergoing resection for
perihilar cholangiocarcinoma. These seeding metastases occurred at the laparotomy
scar in both patients, after 17 and 21 mo, respectively. Intraoperative bile cytology
showed no significant difference in the presence of tumor cells in the bile of patients
undergoing preoperative radiotherapy or not.

Research conclusions

The incidence of seeding metastases in patients with resected perihilar
cholangiocarcinoma has decreased. Evidence of a potential benefit of preoperative
radiotherapy could not be delivered and therefore preoperative radiotherapy in
patients with resectable perihilar cholangiocarcinoma has been discontinued in our
institution.

Research perspectives

As we are the only center reporting on the use of low-dose radiotherapy to prevent
seeding metastases in patients with perihilar cholangiocarcinoma, it is unlikely that
other reports on this topic will appear and future research may focus more on the
potential of stereotactic body radiation therapy to treat patients with unresectable
perihilar cholangiocarcinoma.
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