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Abstract

BACKGROUND

The global incidence of intrahepatic cholangiocarcinoma (ICCA) is soaring. Due to
often delayed presentation, only a narrow spectrum of the disease is usually
surgically resectable. To more accurately stage the disease, reduce recurrence, and
improve overall survival, surgical teams are increasingly performing intraop-
erative lymph node dissection (LND) as well. This procedure has its associated
morbidity, while there is no consensus or formal guidelines on its role in this
setting. Hence, there is a need to better delineate the evidence for performing
LND alongside surgical resection of the ICCA.

AIM
To perform a systematic review and meta-analysis on the role of LND in
improving prognostication and survival post-resection of ICCA.

METHODS

We performed a systematic literature search using Pubmed, Medline, Embase,
and the Cochrane Library, for all studies involving LND, ICCA, and surgical
resection using several keywords, Medical Subject Headings (MeSH) tags, and
appropriate synonyms. All clinical studies comparing curative intent resection of

November 15,2023 | Volume15 | Issuell |


https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v15.i11.2017
mailto:vasileios.mavroeidis@nhs.net

Atif M et al. Lymphadenectomy for intrahepatic cholangiocarcinoma: A meta-analysis

ICCA with LND wvs resection without LND were included, while single-arm case series, studies with insufficient
data, and duplicates were excluded. We included all English-language studies from the different academic
databases up till early December 2022. The primary outcome measures were set for overall survival (OS) and
disease-free survival (DFS).

RESULTS

This systematic review and meta-analysis included 15 studies that fulfilled the selection criteria comprising 11413
patients with surgically-resectable ICCA, of whom 6424 (56.3%) underwent hepatectomy with LND while the
remainder underwent hepatectomy only. In patients who underwent LND, on average, 27.7% of the resected
lymph nodes were positive for metastatic disease. Overall, the results showed that performing LND did not
significantly improve OS or DFS. However, the effect of LND on OS showed a degree of variability by geographical
region, in Eastern and Western countries. As LND is increasingly being performed, further time-based analysis was
undertaken to identify time-dependent changes in the role of LND. An increasing adoption of LND was not
associated with improved OS. Furthermore, no roles were identified for neoadjuvant/adjuvant chemotherapy or
increasing lymph node retrieval in improving OS either.

CONCLUSION
LND might aid in staging, prognosticating, and deciding further management of resected ICCA, but does not
improve OS and DFS and is unsuitable for high-risk patients unlikely to benefit from further treatments.

Key Words: Cholangiocarcinoma; Periductal-infiltrating; Mass-forming; Lymphadenectomy; Lymph node metastasis;
Hepatectomy

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The overall survival (OS) from surgically resectable intrahepatic cholangiocarcinoma remains poor. Lymph node
dissection is increasingly being performed in the setting of hepatic resection with the aims of improving patient outcomes
such as OS, minimising recurrence, as well as for accurate staging. However, no consensus exists in the literature regarding
its use for these purposes. This systematic review and meta-analysis of hepatic resection with and without lymph node
dissection for surgically resectable intrahepatic cholangiocarcinoma was performed with the primary outcome measures of
OS and disease-free survival.
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INTRODUCTION

The incidence of intrahepatic cholangiocarcinoma (ICCA) continues to increase globally[1-3]. Unfortunately, due to late
presentation and diagnosis at an advanced stage, only a narrow spectrum of the disease is amenable to hepatic resection
[4-7]. While complete surgical resection is the only established treatment with curative intent, more recent studies have
shown favourable results with liver transplantation in early ICCA, indicating that, under defined criteria, it may play a
role in the future[6]. Considering that 5-year survival is only 5% for inoperable cases and reaches up to 30% after curative-
intent resection, it is imperative to identify novel treatment strategies[8,9].

To precisely determine subsequent ICCA management and prognosis, it is important to accurately stage ICCA. In this
regard, patients undergoing surgical resection may also undergo concomitant lymph node dissection (LND) of some
degree[5,10,11]. This is based on the premise that ICCA dissemination occurs primarily through the lymphatics[3]. The
presence of lymph node metastases is an established negative prognostic indicator for ICCA[5,10-14]. Further, confirming
their presence by LND allows consideration of adjuvant chemotherapy. Although there is no consensus on the use of
adjuvant chemotherapy, there is limited evidence that it may improve overall survival (OS) in ICCA[10,15-17]. In the
event that a liver transplant is considered, the presence of lymph node metastases is an absolute contraindication[6].
Hence, a significant proportion of hepatobiliary surgeons, consider LND as an important stage of the resection procedure
to restage disease, assess prognosis and, long-term survival.

Remarkably, the evidence base for LND during ICCA resection is conflicting regarding whether it adds any morbidity
or confers long-term oncological benefit[10,11,14,18-23]. In the American Surveillance, Epidemiology, and End Results
Program (SEER), 54.7% of patients underwent some form of concomitant LND during liver resection[24]. They had a
mean of 4 (range 2-8) lymph nodes (LNs) resected of which, 41.3% were positive for metastatic disease. The presence of
even one positive lymph node was associated with significantly poorer OS compared to those without nodal disease (18
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mo vs 45 mo). This study also identified that increasing the total number of LNs examined (TNLE) to 6 or more was
significantly associated with an increase in the detection of positive LNs. This study also suggested that in node-negative
disease, TNLE > 6 had a trend towards increased OS vs TNLE < 6 (69.8 mo vs 39.5 mo, P = 0.069). TNLE had no
association with OS where there was at least one confirmed lymph node metastasis. This was then taken further by
another team who re-analysed the same data and found patients with nodal-positive disease had poorer median survival
compared to those without (20 mo vs 52 mo)[10].

Similarly, in a larger multi-centre retrospective study of 449 patients undergoing resection of ICCA, 55% had a
concomitant lymphadenectomy[1]. They had a median of 3 LNs harvested (range 1-76) of which, 29.8% were positive.
These patients also had significantly poorer OS compared to those with node-negative disease (22.9 mo vs 30.1 mo). This
was also identified in another study in which, patients who did not undergo LND had poorer OS compared to those with
NO (post-LND) disease[21]. In comparison, a smaller Japanese study performed a multivariate analysis of 44 patients with
ICCA (of whom 30 underwent extended LND) and found no association between the presence of lymph node disease and
OS (at 1 and 3 years)[14]. Broadly, these studies do not conclusively indicate LND as a procedure to improve OS.
However, they do suggest it as a manner of identifying underlying metastatic disease and avoiding inaccurate staging of
patients.

The upper abdominal lymphatic drainage is split into 17 lymph node stations based on anatomical location. They can
be further divided depending on their direction of lymphatic drainage into hepatoduodenal and cardinal[25]. In a
retrospective Korean study, stations 8 and 12 (both hepatoduodenal outflow) had the highest rates of likely positive nodal
disease[26]. However, resecting both of these stations was not associated with improved OS.

In terms of consensus on performing LND, the international societies have expressed a range of perspectives. For
example, the European Association for the Study of Liver (EASL) and the International Liver Cancer Association (ILCA)
recommend that patients with ICCA who are amenable to surgical resection should have lymph node sampling
performed for pre-operative staging[27]. For those that eventually undergo a resection, all should undergo an LND (of 6
nodes) for more precise disease staging and prognosis. Similarly, the National Comprehensive Cancer Network in the
United States also recommends a regional lymphadenectomy be performed[28]. However, a minimum quantity of LNs to
harvest is not specified. This procedure is to be performed for more precise prognosis estimation. In the event of positive
lymph node identification, patients could be considered for adjuvant chemotherapy. Furthermore, the American Hepato-
Pancreato-Biliary Association (AHPBA) recommends that a regional lymphadenectomy be considered rather than
routinely performed. They also do not stipulate a minimum quantity of LNs to harvest and consider the procedure to be
useful for prognostication as well[20]. Conversely, the Japanese Liver Cancer Study Group does not offer a definitive
view on the role of LND[29]. This is especially the case if no clear evidence of lymphatic disease is identified on pre-
operative imaging or staging laparoscopy.

As of today, the American Joint Committee on Cancer (AJCC) 8" edition recommends the evaluation of at least 6
regional LNs to improve the precision of disease staging[5].

Precise staging post-LND is also important to decide on offering adjuvant chemotherapy to patients. The AHPBA
consensus guidelines suggest that patients undergoing an R1/R2 resection or with nodal-positive ICCA should be
considered for gemcitabine, or 5-fluorouracil (5-FU)[20]. As mentioned above, sampling an adequate number of LNs is
necessary to pick up the nodal disease. If a patient does not undergo LND, it is theoretically plausible that underlying
nodal disease is not identified, leading to the patient not receiving adjuvant chemotherapy and thus negating their
prognostic outlook. In a meta-analysis comprising 5060 patients across 15 retrospective studies, adjuvant chemotherapy
was associated with improved OS post-R0 resection compared to the control (HR: 0.66, 0.55-0.79, P < 0.001)[30]. In
particular, gemcitabine (not 5-FU) use led to significantly improved OS compared to surgical resection-only control (HR:
0.493, 0.34-0.72, P < 0.001). However, in comparison, a Cochrane review based on 4 randomised controlled trials involving
approximately 900 patients with cholangiocarcinoma (intra- and extra-hepatic) and bile duct cancers found that adjuvant
chemotherapy post-R0 resection did not affect 5-year all-cause mortality[16]. Notably, these trials consisted of patients
with heterogeneous pathology and they were found to be at a high risk of detection bias due to the majority of trials being
open-label. Overall, it is still unestablished whether adjuvant chemotherapy plays a role in promoting OS or preventing
recurrence post-resection. Depending on local surgical practice, patients will have this performed routinely (or not),
locally (or regionally) with varying quantities of LNs harvested. LND involves complex dissection around critical vessels
that adds further operative morbidity to the patient. These patients are more likely to undergo a longer operation (hence,
anaesthetic risk), develop wound infections as well as to develop a Class III Clavien-Dindo complication afterward[2,31].
A previous systematic review found that patients undergoing any operation (abdominal/neurosurgical/thoracic etc.)
lasting more than 2 h had a twofold higher risk of developing any complication[32]. This risk increased by 21% for every
hour. In the context of potential LND for ICCA, these factors need to be further balanced against the incidence of positive
LNs. Nevertheless, LND may facilitate more precise disease staging and may improve OS[19,27] and the 8" Edition of the
AJCC recommended harvesting of at least 6 LNs[34], despite the absence of any definitive evidence regarding this.

It is thus important to delineate whether routine LND is of any clinical value. In light of this, we performed a
systematic review and meta-analysis of all published relevant studies, to better delineate the link between LND in the
context of surgical resection of ICCA, and subsequent prognosis and survival.

MATERIALS AND METHODS

This systematic review and meta-analysis was performed per the PRISMA framework and Cochrane Handbook for
Systematic Reviews[35,36]. The study protocol was pre-emptively published on the PROSPERO database (CRD-
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42023395146). The statistical methods of this study were reviewed by a biomedical statistician.

Search strategy and study selection

We searched the following databases: Pubmed, Medline, Embase, and the Cochrane Library. All English-language studies
from these databases were included up till the search period of early December 2022. All clinical studies comparing
curative intent resection of ICCA with LND vs resection without LND were included. Single-arm case series were
excluded. Studies without sufficient data for meta-analysis were excluded also. Where there were multiple publications
about the same cohort of patients, only the most recent publication was included.

We used the following keywords and MeSH: “Intrahepatic AND cholangiocarcinoma”, “cholangiocarcinoma” as well
as “bile duct/biliary” and “cancer”, “carcinoma”, “
“resection”, “excision”, “removal”. We used the following search terms to exclude unrelated studies: “Gastric
pullary”, “pancreaticoduodenectomy”, “Whipple’s”, “oesophageal”, “case report”, and “review”.

All 3638 studies were compiled into a single database on the Rayyan.ai online platform (Figure 1)[35].

After removing duplicates, all studies underwent an initial screen of the title and abstract independently by two
authors (Atif M and Borakati A). After the initial screen, the remaining studies underwent a full-text screen again

independently by the same authors. Any conflicts were resolved through mutual assessment and discussion.

”ou

adenocarcinoma”, “lymphadenectomy”, “lymph node”, “dissection”,

”ou

, “periam-

Data extraction

Two authors (Atif M and Borakati A) extracted the following data fields from the included studies: Number of patients,
country of origin, morphological characteristic of the tumour (periductal infiltrating or mass forming), neoadjuvant/
adjuvant chemotherapy, the extent of resection (R0/R1), extent of LND (hilar, regional, distal), the number of LNs
harvested, number of positive LNs and survival data (overall and disease-free).

Outcomes

The primary outcomes were hazard ratios for overall and disease-free survival (DFS) with LND vs no LND in curative
intent resection of ICCA. Secondary outcomes were the effect of positive LNs, tumour morphology, and adjuvant
therapies on survival.

Study quality assessment
Quality assessment was conducted using the ROBINS-I tool as recommended by the Cochrane Collaboration.

Statistical analysis

Data were analysed using RStudio (R 4.3.0; R Foundation, Austria) with meta and dmetar packages. Survival data was
extracted if there was sufficient data available for meta-analysis of time-to-event outcomes and converted to log hazard
ratios and standard errors for pooling of effect sizes using the methods described by Tierney et al[37]. Pooled hazard
ratios (HR) with 95% confidence intervals (95%CI) for both overall and DFS were generated using the generic inverse
variance method using random effects models. Fixed effect modelling is presented as a sensitivity analysis in a Supple-
mentary file.

Statistical significance was considered at a level of P < 0.05. We used the I’ test to assess for heterogeneity between the
included studies. Publication bias was assessed using funnel plots and Egger’s test.

Assessment of the effect of reported co-variates including the country of origin, morphological characteristics of the
tumour, presence of lymph node metastases, and adjuvant chemotherapy was performed using sub-group analysis for
categoric variables where survival is reported for each group. Otherwise, univariable meta-regression was used where
only numbers of patients in each category were reported or for continuous variables to generate hazard ratios for survival
for each co-variate.

RESULTS

Overall, we identified 15 eligible studies with a total of 11413 patients for meta-analysis, of whom 6424 (56.3%)
underwent hepatectomy with LND while the remainder underwent hepatectomy only[21,38-50]. In patients who

underwent LND, in the total of harvested LNs, the incidence of metastases was 27.7% overall (range 14.9%-42.5%)[31,38,
42-46,48].

0s

All studies reported on OS. We found that LND did not significantly improve OS in patients undergoing resection; HR:
0.90 (95%CI: 0.77-1.06) (Figure 2A). However, there may be a trend toward improved OS given the narrow confidence
interval and minimal overlap with equivalence.

There was moderate heterogeneity (I’ = 61%) between the various cohorts. This data was not affected by publication
bias as evidenced by the lack of asymmetry on Figure 2B.

Fixed effect modelling also showed no difference in OS (HR: 1.03, 95%CI: 0.96-1.11) (Supplementary Figure 1). The
prediction interval of the hazard ratio of OS with lymphadenectomy was also wide (0.54-1.51) reflecting the uncertainty
of the treatment effect of LND.
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Identification of studies via databases and registers
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Figure 1 PRISMA flow chart demonstrating study selection commencing from all studies identified during initial search.

DFS
Overall, we pooled 2340 patients from 7 studies that reported on DFS survival, of whom 1296 (55.3%) underwent LND.
There was moderate heterogeneity (I = 42%) between these studies. We found that LND was not associated with
improved DFS; HR: 1.11 (0.99-1.23) (Figure 3A). This analysis was largely influenced by a single large study which
contributed 68.1% of the weight (Kang et al)[46]. As a sensitivity analysis, this study was removed and the pooled effect
remained non-significant with HR: 1.05 (95%ClI: 0.79-1.39), however, heterogeneity increased to I* = 52%.

Importantly, although there was no publication bias as evidenced by the lack of asymmetry of data on Figure 3B, fewer
studies reported this measure compared to OS (7 vs 15).

Effects of LND on OS by geographical region and over time

In a series of sub-group analyses, we studied the role of geographical region and time in the effects of LND on OS. Three
studies reporting on 7546 (66.1%) patients were conducted on Western populations whilst the remainder of the studies
were performed on Japanese, South Korean, or Chinese patients. In Japanese patients, there was improved OS with LND;
HR: 0.73 (95%CI: 0.56-0.96). Conversely, in the two South Korean studies, there was reduced OS with HR 1.15 (95%CI:
1.02-1.31). There were no significant associations with OS in Chinese or Western studies (Figure 4A). There were also no
significant associations with OS and the year of publication (Figure 4B).

Effect of LND on OS depending on concomitant chemotherapy and tumour morphology
To dissect the role of LND further, we performed a univariate meta-regression analysis based on a range of key patient-
and tumour-related factors (Figure 5). Firstly, we found that performing LND in the Korean population demonstrated
only a trend towards worse survival compared to the reference Chinese population (HR: 1.432, 95%CI: 0.981-1.272, P =
0.063). Secondly, we found that concomitant neoadjuvant and/or adjuvant chemotherapy with LND did not improve OS.
Finally, we found that the effect of LND differed depending on tumour morphology. Resection of periductal infiltrating
tumours was associated with significantly worsened OS (HR: 5.494, 95%CI: 2.106-14.334, P = 0.0005) whereas resection of
mass-forming tumours was associated with improved OS (HR: 0.311, 95%ClI: 0.164-0.590, P = 0.0003).

Neither the presence of positive LNs at lymphadenectomy (HR: 0.809, 95%CI: 0.279-2.346, P = 0.700) nor retrieval of > 6
LNs was associated with a difference in survival (HR: 1.716, 95%CI: 0.001-3607, P = 0.89). The latter was only reported in
4 studies, with high heterogeneity (I = 61%), however, meaning this estimate is likely to be inaccurate.
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A
Study No. Lymphadenectomy No. Hepatectomy only Hazard ratio HR 95%CI Weight
Umeda 2022 224 86 —i— 0.58 [0.40;0.85] 7.3%
Yang 2022 67 80 — 1.09 [0.54;2.20] 3.6%
Hu 2021a 177 55 0.91 [0.55;1.51] 5.5%
Rafecas 2021 23 44 — 1.06 [0.58;1.92] 4.5%
Hu 2021b 1147 389 I 3 1.15 [1.02; 1.30] 11.9%
Wu 2019 3290 2653 L 0.76 [0.42;1.38] 4.5%
Ke 2021 114 298 —— 0.66 [0.46;0.95] 7.6%
Kim 2015 113 103 —— 1.36 [0.94;1.96] 7.5%
Zhang 2019 53 25 L 0.68 [0.39;1.19] 4.9%
Hu 2017 73 349 i 1.29 [0.90; 1.85] 7.6%
Yoh 2019 132 60 —&— 0.71 [0.44;1.16] 5.8%
Xiao 2017 35 14 = 0.50 [0.26;0.98] 3.9%
Miyata 2017 23 39 L 0.75 [0.41;1.37] 4.5%
Kang 2021 725 413 3 1.13 [0.99; 1.29] 11.7%
Uchiyama 2011 228 111 —-—— 0.85 [0.64;1.12] 9.1%
Hazard ratio for overall survival 6424 4719 ‘- 0.90 [0.77; 1.06] 100.0%
Heterogeneity: 12 = 61%, ©2 = 0.0506, P < 0.01
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B Funnel plot of studies reporting overall survival with lymphadenectomy in intrahepatic cholangiocarcinoma
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Figure 2 Lymph node dissection and overall survival. A: Forest plot demonstrating the effect of lymph node dissection (LND) on overall survival (OS); B:
Funnel plot of all included studies reporting OS in patients undergoing LND. 95%Cl: 95% confidence intervals; HR: Hazard ratios.

Perioperative complications
Few studies reported on operative complications of hepatectomy with LND. The most consistently reported complication
was intra-operative blood loss, in 5 studies (Table 1). However, this was not reported in a consistent form to allow for

meta-analysis. In general, those studies that reported intra-operative blood loss found significantly higher rates of blood
loss with LND.

Quality assessment

The majority of studies were assessed as having serious or critical risk of bias (Figure 6) using the ROBINS-I tool; this is
predominantly due to the retrospective nature of all of the studies included and the lack of confounding information such
as the use of neoadjuvant therapy and selection of LND based on pre-operative imaging suggesting lymphadenopathy.

DISCUSSION

Summary

Improving the OS and DFS of patients post-resection for ICCA remains a clinical challenge[51]. This systematic review
and meta-analysis of 15 studies comprising 11413 patients demonstrated that performing LND for surgically-resectable
ICCA did not significantly improve OS or DFS, overall. In sub-group analyses, however, the effect of LND on OS showed

WJGO | https://www.wjgnet.com 2022 November 15,2023 | Volume15 | Issuell |

Jaishideng®



Atif M et al. Lymphadenectomy for intrahepatic cholangiocarcinoma: A meta-analysis

Table 1 Summary of included studies

Percentage of LND Estimate of
Lymph Percentage of LND . g. . Blood loss
. LND Hepatectomy . ) patients with hazard ratio for Blood loss
Ref. Country  Design nodes patients with 2 6 i Outcomes . hepatectomy
(n)  only(n) . . positive lymph overall survival LND (ml)
retrieved (n) nodes retrieved o only
nodes (95%Cl)

Uchiyama et Japan Retrospective 228 111 - - 61 Neoadjuvant, adjuvant, tumour 0.85 (0.64-1.12) - -
al[38], 2011 cohort morphology
Kim et al South Retrospective 113 103 - - Disease free survival, - -
[39], 2015 Korea cohort neoadjuvant, adjuvant, tumour 1.36 (0.94-1.96)

Morphology
Hu et al[40],  China Retrospective 73 349 - - Disease free survival, adjuvant 1.29 (0.90-1.85) - -
2017 cohort
Miyataetal  Japan Retrospective 23 39 - - 26.1 Disease free survival, tumour 0.75 (0.41-1.37) Mean: 765 + Mean: 552 + 88
[41], 2017 cohort morphology, lymph node 116

positivity
Xiao et al China Retrospective 35 14 - - Tumour morphology 0.50 (0.26-0.98) - -
[42], 2017 cohort
Wuetal[43], United Retrospective 3290 2653 - 23.8 725 Neoadjuvant, adjuvant, lymph 0.76 (0.42-1.38) - -
2019 States cohort node metastasis, number of

lymph Nodes harvested
Yoh et al[44], France Retrospective 132 60 - - 16.7 Disease free survival, 0.71 (0.44-1.16) - -
2019 and Japan cohort neoadjuvant, lymph node

metastasis
Zhang et al China Retrospective 53 25 - - Disease free survival 0.68 (0.39-1.19) - -
[24], 2021 cohort
Hu et al[46], China Retrospective 177 55 - 373 40.1 Disease free survival, 0.91 (0.55-1.51) Percentage >  Percentage > 300
2021 cohort neoadjuvant, adjuvant, lymph 300 ml: 52% ml: 30.9%

node metastasis, number of

lymph nodes harvested
Hu et al[45],  United Retrospective 1147 389 - 27.6 33.9 Lymph node metastasis, number  1.15 (1.02-1.30)
2021 States cohort of lymph nodes harvested
Kang et al South Retrospective 725 413 Mean: 5.9 (SD: - 40.4 Disease free survival, lymph node 1.13 (0.99-1.29)
[47], 2021 Korea cohort 8.3) metastasis
Keetal[48],  China Retrospective 114 298 Median: 3.5 283 Neoadjuvant, adjuvant, tumour 0.66 (0.46-0.95) Percentage >  Percentage > 400
2021 cohort (IQR: 1-39) morphology, number of lymph 400 ml: 25.5% ml: 3.6%

nodes harvested
Rafecasetal ~ Spain Retrospective 23 44 - - 43.4 Neoadjuvant, adjuvant, lymph 1.06 (0.58-1.92)
[49], 2021 cohort node metastasis
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Umedaetal  Japan
[50], 2022

Yang et al China
[51], 2022

Retrospective 224 86 - - Adjuvant, lymph node metastasis  0.58 (0.40-0.85)
Retrospective 67 80 Mean: 5 - Neoadjuvant, adjuvant, lymph 1.09 (0.54-2.20)
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a degree of variability by geographical region, most characteristic of which was a positive effect in Japanese patients and
conversely, a negative effect in South Korean studies. Furthermore, in sub-group analyses, OS was neither impacted by
time nor concomitant chemotherapy. Importantly, tumour morphology was associated with divergent effects on OS, with
the resection of mass-forming tumours being associated with improved OS compared to the resection of periductal infilt-
rating tumours.

Contextualisation

Routine lymph node evaluation (radiological and/or pathological) is important in staging gastrointestinal, biliary, and
hepatic cancers to inform subsequent treatment[20,51]. In ICCA, the presence of lymph node metastasis/es is both a
reliable sign of malignancy dissemination and an established indicator of poorer prognosis[20,52]. An expert consensus
statement from the AHPBA recommended that regional lymphadenectomy be “considered a standard part” of the
resection procedure[20]. In comparison, the AJCC cancer staging guidelines also recommend harvesting a minimum of 6
regional LNs for completion of staging[5].

Similarly to ours, a previous systematic review of 1377 patients found no difference in OS between the LND and non-
LND groups[53]. This was regardless of subsequent identification of lymph node metastases. Concerningly, the LND
group had increased postoperative morbidity (odds ratio 2.67 LND vs non-LND.) A key contributor to this outcome was
one study reporting that wound infections were significantly increased in the LND cohort with cirrhosis[2]. Such
morbidity was also identified in another cohort where those undergoing LND were significantly more likely to undergo a
longer operation, concomitant bile duct resection, and develop a complication requiring an invasive intervention to
manage ( Clavien-Dindo III)[31]. Whilst the AJCC guidelines recommend evaluating at least 6 LNs for staging, our meta-
analysis demonstrated that many studies reported the extent of the LND as “local”, “regional”[31,39,43,45,48,49], or
“extended”[38] instead. In those studies, with the available quantity data, comparing > 6 vs < 6 LNs dissected was
associated with no difference in overall or DFS[40,44-46,50]. In comparison, one multicentre retrospective Chinese study
with 380 patients found improved OS in the LND group (HR: 0.66 95%ClI: 0.46-0.95)[47]. This group had an average of 3.5
LNs resected. The same was also concluded in two further retrospective studies comprising of French, Japanese, and
Chinese cohorts with improved OS and DFS post-LND[41,43]. However, these two studies did not quantify the mean/
routine number of LNs resected or evaluated.

Despite this, our data suggests that the decisive parameter is not the quantity of LNs dissected but rather the identi-
fication of LNs with metastatic disease. Of the LNs evaluated, the incidence of metastases was 27.7% overall (range
14.9%-42.5%)[31,38,42-46,48,50]. In that regard, several studies report that regardless of how many LNs are resected, the
subsequent identification of LN metastasis/es was associated with poorer patient survival[31,38,42-46,50]. Evaluating > 6
LNs has been associated with improved prognosis, especially for patients with node-negative disease[11,42]. Hence, one
may consider it useful to perform routine LND to stratify those with node-negative disease and those with LN
metastasis/es (and refer them for adjuvant chemotherapy or close surveillance for the development of recurrence).
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Figure 3 Lymph node dissection and disease-free survival. A: Forest plot demonstrating the effect of lymph node dissection (LND) on disease-free
survival (DFS); B: Funnel plot of all included studies reporting DFS in patients undergoing LND.

Our finding that chemotherapy does not improve OS broadly reflects the available literature. In a Cochrane review,
adjuvant chemotherapy was not associated with improved survival post-resection[16]. However, this work included only
5 trials with heterogeneity in design and outcomes reporting. In comparison, a meta-analysis involving 5060 patients,
found adjuvant chemotherapy to be associated with improved OS instead[30]. This in particular favoured intravenous
administration and a gemcitabine-based regime. With regards to neoadjuvant chemotherapy, very few patients presently
receive it so a clear effect can only be identified through collating larger registry cohorts[54].

Although we found no difference overall in long-term survival between the Eastern and Western populations, it is
notable that only a small proportion of the included studies originated from Asia[11]. Routine LND is also less commonly
performed in that region.

Limitations

Our review has some limitations. Firstly, the high level of heterogeneity between the included studies suggests a wide
variation of the observed effect of LND. Not all studies defined the exact quantity of LNs dissected. This is important as
the AJCC guidelines recommend the removal of at least 6 to improve the identification of potential metastases[5]. The
included studies also had no inter-centre standardisation of local oncological and surgical protocols (e.g., provision of
chemotherapy regimens, operative technique, patient selection). The retrospective nature of many studies may
demonstrate underlying selection bias as well. Furthermore, the differences in reporting of outcomes were the key reason
for excluding several studies from our regression analysis. For example, some studies reported a lymph node ratio
instead of the number of LNs dissected. The AJCC TNM staging system recommends removing at least 6 LNs to
accurately stage ICCA[5], which is not met if LND is insufficiently performed.
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Figure 4 Geographical and Time-Based effects of lymph node dissection on overall survival. A: Forest plot demonstrating regional differences
(Eastern vs Western) between the effect of lymph node dissection (LND) on overall survival (OS); B: Forest plot demonstrating time-dependent differences of the
effect of LND on OS.
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Univariable meta-regression analysis of risk factors for overall survival in surgery for intra-hepatic cholangiocarcinoma

Variable No. studies Total No. patients No. with variable Hazard ratio

Country/Region:

-China 6 1340 (reference)

-Japan 3 711 0.867 95% CI (0.591-1272), p=0.4648

-South Korea 2 1354 1.432 95% CI (0.981-2.09), p=0.063

-Westem 3 7546 1.255 95% CI (0.863-1.825), p=0.2342

Publication Year 15 11413 0.993 95% CI (0.943-1.045), p=0.7854

Percentage Neoadjuvant Chemotherapy 8 7519 1623 0.542 95% Cl (0.026-11.159), p=0.6916 }

Percentage Adjuvant Chemotherapy 9 8088 1502 0.616 95% CI (0.302-1.257), p=0.1828

i
|
L
France and Japan 1 192 0.849 95% CI (0.451-1.599), p=0.6126 l—.—{
|
i
il

Periductal Infiltrating Tumours 3 637 256 5494 95% Cl (2.106-14.334), p=0.0005 —l—
Mass Forming Tumours 4 1049 635 0.311 95% CI (0.164-0.59), p=0.0003 }—.—{
Positive Lymph Nodes 9 5812+ 3349 0.809 95% CI (0.279-2.346), p=0.6964 S
Retrieval of 6 or More Lymph Nodes 4 8123 2042 1.716 95% CI (0.001-3607.538), p=0.89 | | |
Lymphadenectomy Meta-analysis 15 11413 6424 0.902 95%Cl (0.771-1.056), P = 0.2016 ¢
I T T T T T T T T 1
0.016 0.062 0.250 1.00 2.00 4.00 8.00

Hazard Ratio for overall survival
DOI: 10.4251/wjgo.v15.i11.2017 Copyright ©The Author(s) 2023.

Figure 5 Univariate meta-regression analysis of the risk factors for overall survival in all patients undergoing resection.

Finally, it was not possible to reliably assess for interactions in important variables in the regression analysis, such as
the presence of lymph node positivity and adjuvant therapy and whether this improved survival in this group. This was
due to the small number of studies that reported both such variables. For the same reason, it was not possible to reliably
perform multivariable regression, and only univariable regression was conducted. Similarly, no regression or sub-group
analysis was performed for DFS as there were significantly fewer studies reporting this.

CONCLUSION

Overall, the results of our meta-analysis show that LND does not improve OS or DFS in patients with ICCA. However, a
significant proportion of patients undergoing LND are found to have LN metastases, suggesting that LND may result in a
more accurate staging. Consequently, it may be beneficial for prognostication and stratification of patients to guide
adjuvant treatments, a factor that may become more important in the future, should more effective chemotherapeutic
agents be discovered for this type of cancer, ultimately leading to survival benefit. Notably, in high-risk patients unlikely
to benefit from further treatments, the current evidence would not support the performance of LND as a standard part of
the surgical resection of ICCA. There is an urgent clinical need for higher-quality studies to dissect the role of LND
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Figure 6 Risk of bias assessment of included studies. A: Summary of risk of bias in each domain of ROBINS-| tool for included studies; B: Risk of bias
using ROBINS-| tool for each included study.

further.

ARTICLE HIGHLIGHTS

Research background
Intraoperative lymph node dissection (LND) is increasingly being performed alongside hepatic resection for intrahepatic
cholangiocarcinoma (ICCA) to more accurately stage the disease, reduce recurrence, and improve overall survival (OS).
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While this procedure may result in associated morbidity, there is no consensus or formal guidelines on its role in this
setting.

Research motivation
There is a need to better delineate the evidence for performing LND alongside surgical resection of the ICCA in
improving prognostication and survival post-resection of ICCA.

Research objectives
To compare curative intent resection of ICCA with LND vs resection without LND with the primary outcome measures of
OS and disease-free survival (DFS).

Research methods

A systematic review and meta-analysis was performed per the PRISMA framework and Cochrane Handbook for
Systematic Reviews. A systematic literature search was performed using Pubmed, Medline, Embase, and the Cochrane
Library, for all studies involving LND, ICCA, and surgical resection. All clinical studies comparing curative intent
resection of ICCA with LND vs resection without LND were included from the different academic databases up till early
December 2022. The primary outcome measures were set for OS and DFS. Quality assessment was conducted using the
ROBINS-I tool. Data were analysed using RStudio (R 4.3.0; R Foundation, Austria) with meta and dmetar packages. Meta-
analyses were conducted depending on feasibility.

Research results

In the total of harvested LNs in patients who underwent LND, the incidence of metastases was 27.7%. LND did not
significantly improve OS and DFS in patients undergoing resection, however, there may be a trend toward improved OS.
The effect of LND on OS showed a degree of variability by geographical region, in Eastern and Western countries.
Concomitant neoadjuvant and/or adjuvant chemotherapy with LND did not improve OS. The effect of LND differed
depending on tumour morphology with resection of periductal infiltrating tumours being associated with significantly
worsened OS and resection of mass-forming tumours with improved OS. Positive lymph nodes (LNs) at lymphaden-
ectomy or retrieval of > 6 LNs were not associated with a difference in survival.

Research conclusions

Overall, the results of this meta-analysis show that LND does not improve OS or DEFS in patients with ICCA. However, a
significant proportion of patients undergoing LND are found to have LN metastases, suggesting that LND may result in a
more accurate staging. Consequently, it may be beneficial for prognostication and stratification of patients to guide
adjuvant treatments. Notably, in high-risk patients unlikely to benefit from further treatments, the current evidence
would not support the performance of LND as a standard part of the surgical resection of ICCA.

Research perspectives
The fact that LND may result in a more accurate staging and consequently aid the prognostication and stratification of
patients to guide adjuvant treatments, may become more important in the future, should more effective chemothera-
peutic agents be discovered for this type of cancer, ultimately leading to survival benefit.

There is an urgent clinical need for higher-quality studies to dissect the role of LND further.
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