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ARTICLE INFO ABSTRACT

Keywords: Background: Scarce evidence exists for clinical target volume (CTV) definitions of regional lymph nodes (LNs) in
Intrahepatic cholangiocarcinoma intrahepatic cholangiocarcinoma (iCCA) or combined hepatocellular-cholangiocarcinoma (cHCC-CCA). We
Combined hepatocellular-cholangiocarcinoma investigated the mapping pattern of nodal recurrence after surgery for iCCA and cHCC-CCA and provided evi-

Recurrent lymph node mapping

L dence for the nodal CTV definition.
Clinical target volume

Methods: We retrospectively reviewed the medical records of patients with iCCA or cHCC-CCA who underwent
surgery between 2010 and 2020. Eligibility criteria included patients pathologically diagnosed with iCCA or
cHCC-CCA after surgery and a first recurrent event in regional LNs during follow-up. All recurrent LNs were
registered onto reference computed tomography images based on the vascular structures to reconstruct the node
mapping. Fifty-three patients were eligible. LN regions were classified into four risk groups.

Results: Hepatic hilar and portal vein-vena cava were the most common recurrent regions, with recurrence rates
of 62.3 % and 39.6 % (high-risk regions), respectively. Recurrence rates in the left gastric, diaphragmatic,
common hepatic, superior mesenteric vessels, celiac trunk, and paracardial regions ranged from 15.1 % to 30.2 %
(intermediate-risk regions). There were fewer recurrences in the para-aortic (16al, a2, bl) and splenic artery and
hilum regions, with rates <10 % (low-risk regions). No LN recurrence was observed in the para-oesophageal or
para-aortic region (16b2) (very low-risk regions). Based on node mapping, the CTV should include high- and
intermediate-risk regions for pathologically negative LN patients during postoperative radiotherapy. Low-risk
regions should be included for pathologically positive LN patients.

Conclusion: We provide evidence for CTV delineation in patients with iCCA and cHCC-CCA based on recurrent LN
mapping.

Abbreviations: ¢cHCC-CCA, combined hepatocellular-cholangiocarcinoma; CT, computed tomography; CTV, clinical target volume; iCCA, intrahepatic chol-
angiocarcinoma; LN, lymph node; RT, radiotherapy.
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1. Introduction

Intrahepatic cholangiocarcinoma (iCCA) constitutes a diverse group
of malignancies arising from the epithelial cells of the intrahepatic bile
ducts. iCCA is the second most common primary hepatic malignancy,
accounting for 10 %-15 % of all primary liver tumours [1,2]. iCCA is
highly aggressive, and most patients present with advanced-stage dis-
ease [3,4], rendering a dismal prognosis with high recurrence rates after
dissection and 5-year survival rates of 7 %-20 % [5-8]. Combined
hepatocellular-cholangiocarcinoma (cHCC-CCA) is an independent en-
tity that shares the characteristics of iCCA and HCC [9]. It is a rare type
of liver malignancy accounting for 0.4 %-14.2 % of primary liver car-
cinomas [10-13], with an aggressive disease course and a poor prog-
nosis similar to that of iCCA [9,14,15].

Surgical resection remains the mainstay of potentially curative
therapy for iCCA or cHCC-CCA; however, only approximately 35 % of
patients with early stage disease are amenable to curative surgical
resection [16]. The reported median disease-free survival after surgery
is 12-36 months [17,18]. Adjuvant radiotherapy (RT) and chemo-
therapy for iCCA after resection remain controversial according to an
early meta-analysis [19]; however, an increasing number of retrospec-
tive studies have shown a survival benefit of postoperative RT for high-
risk patients with iCCA [20-24]. Lymph node (LN) metastasis is more
frequent in iCCA and cHCC-CCA (20 % to 40 % of patients) than in HCC
(<5% of patients) [19,25]. Furthermore, regional LN involvement is an
important predictor of short disease-free survival [18,26]. Remnant
liver and regional LN recurrence is the prominent pattern of treatment
failure in iCCA after curative surgery [20]. Therefore, the adjuvant RT
clinical target volume (CTV) should be defined as the primary tumour
bed, resection margins, and regional LNs.

Currently, there is little evidence regarding the CTV definitions of
regional LNs in iCCA or cHCC-CCA. Our previous retrospective study
demonstrated the survival benefit of adjuvant RT following narrow-
margin hepatectomy for iCCA, but no unified CTV of regional LNs was
established [24]. Hence, the present study aimed to investigate the
patterns of regional LN recurrence after curative surgery for iCCA and
cHCC-CCA to provide insights into CTV delineation in adjuvant RT.

2. Materials and methods
2.1. Patients

The medical records of patients with iCCA and cHCC-CCA who un-
derwent surgery at the Cancer Hospital of the Chinese Academy of
Medical Sciences between January 2010 and January 2020 were
retrospectively reviewed. Eligibility criteria included patients (a) who
were pathologically diagnosed with iCCA or cHCC-CCA after curative
surgical resection; (b) with a recurrent event in regional LNs during
follow-up after surgery; and (c) who had qualified diagnostic chest-
abdomen-pelvis computed tomography (CT) images acquired during
LN recurrence. Exclusion criteria involved patients who underwent
adjuvant RT. The Ethics Committee of National Cancer Centre/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College approved this study (No. 22/0882-3283), which was
conducted in accordance with both the Declarations of Helsinki and
Istanbul. The requirement of informed consent was waived owing to the
retrospective nature of the study.

2.2. Data collection in initial diagnosis and surgery

Collected data included the following variables: (a) clinical charac-
teristics for the first diagnosis before surgery, including sex, age, Eastern
Cooperative Oncology Group performance status, history of hepatitis,
alpha-foetoprotein and carbohydrate antigen 199, and Child-Pugh
score; (b) operative details, including anatomical or non-anatomical
resection and LN or non-LN dissection; (c) pathological data after
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surgical resection, including tumour size and location, number of pri-
mary tumours, surgical margin, pathological grade, presence of lym-
phovascular invasion, and the number of positive and negative LNs; and
(d) adjuvant chemotherapy after surgery.

2.3. Follow-up and first recurrence with LNs

Patients were followed up every 3 months during the first 2 years and
every 6 months during the next 3 years after primary treatment. During
each follow-up, a complete medical history was obtained and a physical
examination was performed. Additionally, patients underwent CT of the
chest and abdomen, magnetic resonance imaging of the upper abdomen,
or positron emission tomography-CT for evaluation. All available images
were reviewed thoroughly. Recurrence patterns were categorised as
local (intrahepatic), regional LNs, or distant failure. LNs with one or
more of the following characteristics were considered malignant: short
axis >10 mm, necrosis, LN fusion, fluorodeoxyglucose avid, and
responsive to anticancer treatment. Regional failure as the first site of
recurrence, with or without failure elsewhere, was further evaluated.

2.4. Node mapping

Simulation CT images of one female patient (166 cm, 65 kg) treated
in our department after surgery for pathological TINOMO stage iCCA
were selected as a reference. Recurrent LNs for all patients were regis-
tered using hand drawings from diagnostic CT/magnetic resonance
imaging scans onto reference images based on vascular structures. The
epicentre of every node was contoured by dotting the geometric centre
with a pen diameter of 10 mm. Anatomical definitions of LN regions
were based on the classification of nodal stations in gastric cancer [27].

2.5. Statistical analysis

Univariate analysis was performed using Pearson’s chi-square or
Fisher’s exact test for categorical variables. Statistical significance was
set at p < 0.05. Statistical analyses were performed using SPSS for
Windows (version 24.0; IBM Corp., Armonk, NY, USA, released in 2016).

3. Results
3.1. Clinicopathological characteristics at initial diagnosis and surgery

A total of 53 patients were eligible; of these, 42 patients had iCCA
and 11 patients had cHCC-CCA. The median age of the patients was 59
(35-70) years. Table 1 shows the clinical characteristics of the patients
at initial diagnosis and surgery. The cHCC-CCA group had a higher
proportion of patients with a history of hepatitis B and elevated alpha-
foetoprotein levels than the iCCA group. There was no significant dif-
ference in the number of patients with elevated carbohydrate antigen
19-9 levels between the groups. The tumour burden represented by
tumour size as well as pathological T and N stage was similar between
the groups. Approximately one-third of the patients in both groups
received perioperative chemotherapy. LN dissection was performed in
85.7 % (36/42) and 54.5 % (6/11) of patients with iCCA and cHCC-CCA,
respectively; however, the median number of dissected LNs was only 6
(1-31). LN metastasis was observed in 38.1 % (16/42) and 45.5 % (5/
11) of patients with iCCA and cHCC-CCA, respectively. Approximately
70 % of all patients underwent RO resection.

3.2. First recurrence patterns of LNs

The median follow-up time was 13.15 (3.74-52.38) months. Among
the 53 patients, 14 (26.4 %) experienced regional LN recurrence alone,
and 39 (73.6 %) had simultaneous recurrence elsewhere at the first
recurrence. The median time to progression was 7.69 (1.02-43.96)
months. Forty (75.5 %) patients experienced recurrence within 18
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Table 1
Clinicopathological characteristics of all patients at initial surgery.
Characteristics All patients iCCA cHCC-CCA p
n=>53 n =42 n=11
No. % No. % No. %
Age 0.138
>60 25 47.2 22 52.4 3 27.3
<60 28 52.8 20 47.6 8 72.7
Sex 0.602
Male 33 62.3 26 61.9 7 63.6
Female 20 37.7 16 38.1 4 36.4
ECOG 0.792
1 52 98.1 41 97.6 11 100.0
2 1 1.9 1 2.4 0 0.0
HBV 0.010
Negative 28 52.8 26 61.9 2 18.2
Positive 25 47.2 16 38.1 9 81.8
Elevated AFP 0.007
Yes 8 15.1 3 7.1 5 45.5
No 37 69.8 32 76.2 5 45.5
Unknown 8 15.1 7 16.7 1 9.1
Elevated CA19-9 0.561
Yes 34 64.2 26 61.9 8 72.7
No 11 20.8 10 23.8 1 9.1
Unknown 8 15.1 6 14.3 2 18.2
Child-Pugh score 0.095
5 47 88.7 38 90.5 9 81.8
>6 3 5.7 3 7.1 0 0
Unknown 3 5.7 1 2.4 2 18.2
Anatomical resection 0.070
Yes 32 60.4 28 66.7 4 36.4
No 21 39.6 14 33.3 7 63.6
No. of primary tumours 0.340
1 45 84.9 37 88.1 8 72.7
>2 8 15.1 5 11.9 3 27.3
Tumour size 0.277
<5cm 26 49.1 19 45.2 7 63.6
>5cm 27 50.9 23 54.8 4 36.4
Pathological grade 0.017
2 11 20.8 10 23.8 1 9.1
3 38 71.7 31 73.8 7 63.6
Unknown 4 7.5 1 2.4 3 27.3
Surgical margin 0.097
RO 36 67.9 27 64.3 9 81.8
R1 12 22.6 12 28.6 0 0
Unknown 5 9.4 3 7.1 2 18.2
LN dissection 0.037
Yes 42 79.2 36 85.7 6 54.5
No 11 20.8 6 14.3 5 45.5
LN metastasis 0.089
Yes 23 43.4 21 50.0 2 18.2
No 30" 56.6 21 50.0 9 81.8
Lymphovascular invasion 0.736
Yes 21 39.6 16 38.1 5 45.5
No 32 60.4 26 61.9 6 54.5
pT stage 0.059
Tla 24 45.3 17 40.5 7 63.6
T1b 21 39.6 20 47.6 1 9.1
T2 8 15.1 5 11.9 3 27.3
PN stage 0.057
NO 30 56.6 21 50.0 9 81.8
N1 23 43.4 21 50.0 2 18.2
Perioperative chemotherapy 0.503
Yes 17 32.0 14 33.3 3 27.3
No 36 67.9 2 18.2 8 72.7

Abbreviations: iCCA, intrahepatic cholangiocarcinoma; cHCC-CCA, combined
hepatocellular-cholangiocarcinoma; ECOG, Eastern Cooperative Oncology
Group; HBV, hepatitis B virus; AFP, alpha-foetoprotein; CA19-9, carbohydrate
antigen 19-9; LN, lymph node.

" Including 11 patients without LN dissection.

months. Intrahepatic recurrence occurred in 54.7 % of patients, while
distant failure accounted for 35.9 %. Simultaneous intrahepatic recur-
rence and distant metastasis occurred more often in patients with cHCC-
CCA than in patients with iCCA, with proportions of 81.9 % vs. 47.6 %
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and 45.5 % vs. 33.3 %, respectively.
3.3. Distribution of positive dissected and recurrent LNs

Fig. 1 depicts the distribution of pathologically positive LNs at initial
surgery and the first recurrent regional LNs identified in the follow-up
images of the 53 patients. The hepatic hilar (37.7 %), common hepatic
(24.5 %), and portal vein-vena cava (15.1 %) were the most common
regions for pathologically positive dissected LNs, accounting for 77.3 %
of all positive LNs. Metastases to other regions were observed in less
than 10 % patients. Most metastatic LNs were in dissected fields, similar
to the patterns of metastatic LN regions at initial surgery, indicating the
importance of local adjuvant therapy despite regional nodal dissection.

3.4. Risk classification of LN regions

Based on the recurrence rates in different LN regions, we categorised
these regions into high-risk, intermediate-risk, low-risk, and very low-
risk. We defined LN regions with recurrence rates >30 %, 10 %-30 %,
1 %-10 %, and <1 % as high-, intermediate-, low-, and very low-risk
regions (Table 2), respectively. The hepatic hilar was the most com-
mon recurrent region, followed by the portal vein-vena cava, with a
recurrence rate of 40 %-60 %. Recurrence rates in the left gastric, dia-
phragmatic, common hepatic, superior mesenteric, celiac trunk, and
paracardial vessels were similar and moderate, ranging from 15 % to 30
%. Recurrence was less common in the para-aortic (16a2, b1, a2) and
splenic artery and hilum regions, with rates of <10 %. No LN recurrence
in the para-oesophageal or para-aortic region (16b2) was observed in
the study cohort. iCCA and cHCC-CCA had similar LN recurrence dis-
tributions, but the intermediate-risk regions of cHCC-CCA had a rela-
tively high relapse rate (Table 2). Univariate analyses were performed to
find out the relation between different clinical characteristics and
recurrent LNs distribution. The results were listed in Table 3. No char-
acteristic was identified to have significant influence on LN recurrence
pattern,

3.5. Validation of risk classification and low skip LN region recurrence

To validate our risk classification of LN regions, we defined skip
recurrence as LN relapse in intermediate-risk or low-risk regions without
relapse in high-risk regions or relapse in low-risk regions without relapse
in intermediate-risk regions. Table 4 lists the skip recurrences of all
patients. Skip recurrence to intermediate-risk regions without high-risk
region involvement occurred in 13.2 % (7/53) of patients. In contrast,
skip recurrence to low-risk regions without high-risk and intermediate-
risk region involvement only occurred in 3.8 % (2/53) of patients. This
result confirmed the rationality of our risk classification; however, if
postoperative RT is performed for patients without postoperative path-
ological LN involvement, we recommend that CTV include the high-risk
and intermediate-risk regions because the skip recurrence in the
intermediate-risk regions without the high-risk region was higher than
10 %.

3.6. Node mapping and CTV recommendation based on risk classification

Node mapping was reconstructed to show the vessel-based distri-
bution of recurrent LNs for the 53 included patients on digitally recon-
structed radiographic images (Fig. 2A) and typical slices of CT axial
images (Fig. 2B-F). High-risk, intermediate-risk, and low-risk regions
were delineated according to the frequency of recurrent LN distribution
and adjacent anatomical structures (Fig. 2B-F, Table 4). The para-aortic
(16a2) region with a recurrence rate of 7.5 % was classified as a low-risk
region; however, it was included in the intermediate-risk region in
Fig. 2B-E because it was located at the same slices and was completely
attached to high-risk LN regions. In clinical practice, we recommend
CTV delineation of the high-risk and intermediate-risk regions for all
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At first LN recurrence

Fig. 1. The frequency of positive lymph nodes (LNs) at initial surgery and first recurrence.
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Table 2

Risk classification of lymph node regions according to recurrence rate.

Risk classification All patients iCCA cHCC-CCA p
n=>53 n =42 n=11
No. % No. % No. %
High-risk regions
Hepatic hilar 33 623 25 595 8 72.7  0.331
Portal vein-vena cava 21 39.6 17 40.5 4 36.4 0.545
Intermediate-risk regions
Left gastric 16 302 12 286 4 36.4  0.436
Diaphragmatic 14 26.4 11 262 3 27.3  0.608
Common hepatic 13 245 8 190 5 45.5  0.082
Superior mesenteric 13 245 9 214 4 36.4 0.257
vessels
Celiac trunk 11 208 8 19.0 3 27.3  0.410
Paracardial 8 151 5 119 3 27.3  0.206
Low-risk regions
Para-aortic (16a2) 4 7.5 4 9.5 0 0 0.382
Para-aortic (16b1) 4 7.5 4 9.5 0 0 0.382
Splenic artery & hilum 2 3.8 2 4.8 0 0 0.625
Para-aortic (16al) 1 1.9 0 0 1 9.1 0.208
Very low-risk region
Para-oesophageal 0 0 0 0 0 0 NA
Para-aortic (16b2) 0 0 0 0 0 0 NA

Abbreviations: iCCA, cholangiocarcinoma; cHCC-CCA, combined hepatocellu-
lar-cholangiocarcinoma.

patients. Low-risk regions should also be included in the CTV for pa-
tients with dissected positive LNs, especially those with LNs in
intermediate-risk regions.

4. Discussion

This study proposed risk classifications of LN regions and recurrent
LN maps for postoperative patients with iCCA or cHCC-CCA based on the
follow-up images from a large cohort. The main finding of this study-
—the categorisation of LN regions into four risk groups based on

recurrence rates—may provide insight into CTV contouring for radiation
oncologists to deliver adjuvant RT to patients with iCCA or cHCC-CCA.
Furthermore, surgeons may use these findings to determine the extent of
LN dissection in patients with iCCA or cHCC-CCA.

The role of routine lymphadenectomy in patients with iCCA remains
controversial [28]. The incidence of nodal involvement is high, and LN
metastasis has been observed in approximately 40 % of patients
[18,29,30]. However, data from the National Cancer Institute’s Sur-
veillance, Epidemiology, and End Results showed that only 55 % of
patients with iCCA underwent pathologic evaluation of at least one
regional LN [18,30]. LN metastasis is a widely accepted negative prog-
nostic factor [18,29,30]. Therefore, lymphadenectomy has potential
therapeutic benefits for improving staging and decreasing locoregional
recurrence [31,32]. In our cohort, 79.2 % of patients underwent LN
dissection; nevertheless, the median number of dissected LNs was
merely 6 (1-31), and LN metastasis was observed in 43.4 % of patients.
Moreover, the distribution of dissected positive and recurrent LNs
showed that lymphadenectomy did not decrease LN recurrence in the
same LN region, possibly due to the limited number of LN regions and
dissected LNs. Hence, locoregional adjuvant therapy may improve the
prognosis of patients without lymphadenectomy or inadequate LN
dissection.

The literature on adjuvant RT is sparse because of the low incidence
of iCCA and cHCC-CCA. Surgical resection is the most important treat-
ment and is the only potential cure. However, the complete resection
rate remains poor, and RO resection is achievable in only approximately
30 % of patients [33,34]. Patients who undergo R1 resection have sur-
vival rates similar to those who are treated without surgery, and local
recurrence is the most common failure pattern [34,35]. Local failure
rates exceeded 50 % in many studies even after RO resection, indicating
that surgery may be insufficient for most patients [17,18,36-40]. The
tendency of iCCA and cHCC-CCA to recur locally provides a rationale for
additional local therapy after surgery. An analysis of 3,839 patients from
the National Cancer Institute’s Surveillance, Epidemiology, and End
Results database showed that the median overall survival after surgery
and RT was 11 months compared with 6 months after surgery alone
[41]. The role of adjuvant RT remains controversial and calls for future
phase III trials [41-45]; that said, patients with risk factors, including
microscopically positive margins or multiple LN metastases, might
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Table 3
Univariate analysis on recurrent LNs distribution according to different primary clinical characteristics at initial surgery.
Clinical characteristic Total No. High-risk regions P Intermediate-risk regions p Low-risk regions p
No. % No. % No. %
No. of primary tumours 0.611 0.999 0.665
1 45 38 84.4 37 82.2 9 20.0
>2 8 6 75.0 7 87.5 2 25.0
Tumour location 0.219 0.281 0.916
Left upper liver 12 9 75.0 12 100.0 3 25.0
Left lower liver 13 12 92.3 10 76.9 3 23.1
Right upper liver 8 5 62.5 7 87.5 1 12.5
Right lower liver 20 18 90.0 15 75.0 4 20.0
Tumour size 0.142 0.999 0.788
<5cm 26 24 92.3 22 84.6 5 19.2
>5cm 27 20 74.1 22 81.5 6 22.2
Surgical margin*® 0.394 0.394 0.113
RO 36 31 86.1 31 86.1 6 16.7
R1 12 9 75.0 9 75.0 5 41.7
LN metastasis 0.999 0.715 0.999
Yes 23 19 82.6 20 87.0 5 21.7
No 30 25 83.3 24 80.0 6 20.0
Perioperative chemotherapy 0.999 0.126 0.301
Yes 17 14 82.4 12 70.6 5 29.4
No 36 30 83.3 32 88.9 6 16.7

" Four of all 53 patients couldn’t provide status of surgical margin

Table 4
Validation of risk classification and potential skip lymph node region recurrence.

Metastasis to Metastasis to low-risk
intermediate-risk regions

No. of patients

Metastasis to high-risk
regions
No. of patients

regions
No. of patients

(%) (%) (%)
Yes 44 (83.0) Yes 37 (69.8) Yes 5(9.4)
No 32 (60.4)
No 7 (13.2) Yes 2(3.8)
No 5(9.4)
No 9(17.0) Yes 7 (13.2) Yes 2(3.8)
No 5(9.4)
No 2(3.8) Yes 2(3.8)
No 0(0)

benefit. The National Comprehensive Cancer Network guidelines
recommend that patients with iCCA and positive resection margins or
regional LN metastasis receive adjuvant RT. Our previous retrospective
study showed that postoperative RT following narrow-margin hepatec-
tomy is efficacious and well tolerated in patients with iCCA adjacent to
major vessels [24]. However, no consensus has been reached regarding
the failure pattern of regional LNs or CTV delineation.

Few reports on CTV delineation of regional LNs for iCCA or cHCC-
CCA have been published, and existing studies have demonstrated a
lack of clear and detailed clinical practice. Gil et al. [20] explored the
recurrence patterns of iCCA after surgery and observed that 45.2 % of
patients with iCCA had regional LN recurrence. Notably though, this
report did not demonstrate the detailed location and frequency of LN
recurrence. Yu et al. [23] investigated the failure patterns for post-
operative patients with iCCA and discovered that LN regions 16a2, 9, 8,
12, 13, and 14 were common sites of recurrence. However, the study did
not investigate recurrence mapping and risk classification. Thus, our
study provides LN recurrence mapping with detailed data and proposes
four risk classifications of LN regions and CTV suggestions based on
mapping for clinical practice.

Recurrence patterns might be different for different primary tumour
locations due to lymphatic drainage characteristics. Accordingly, we
compared the recurrence rates of high-risk and intermediate-risk LN
regions between the four locations of primary tumours in the liver, and
the results were presented in Table 5. The recurrence rates of dia-
phragmatic and left gastric or paracardial LN regions were considerably

higher when the primary tumour was in the left upper liver than when it
was in other locations. Specifically, 58.3 % (7/12) of tumours located in
the left upper liver had diaphragmatic LN recurrence, compared to 37.5
%, 20.0 %, and no recurrence of tumours in the right upper, right lower,
and left lower liver, respectively. In total, 50 % (10/20) of tumours in
the upper liver had diaphragmatic LN metastasis, compared to approx-
imately 12.1 % (4/33) of tumours in the lower liver. Therefore, a
broader treatment volume, including the diaphragmatic region, is
indicated for patients with upper lobe cancer. Conversely, the dia-
phragmatic region should be spared to reduce the radiation dose to
normal tissues, including the liver.

LN metastasis is more frequent in patients with iCCA than in patients
with cHCC-CCA [19,25]; however, to our knowledge, no study has
compared the differences between the two entities. As such, we inves-
tigated the frequencies of LN metastasis in each LN region according to
different pathological diagnoses. The metastatic rates between the two
groups were similar in each region, although only 11 patients with
cHCC-CCA were included in this analysis. Thus, CTV delineation in
patients with iCCA and cHCC-CCA was similar in this study.

This study had some limitations. Although to our knowledge this
study included the largest cohort and number of characteristics to date,
it was a retrospective investigation, and only 53 patients were eligible
for inclusion. The predictors of LN recurrence in each region were not
analysed because of the sample size. In addition, recurrence rates might
be underestimated in retrospective analyses because of incomplete
evaluation during each follow-up and difficulty in LN recurrence diag-
nosis via radiographic detection only. Despite these limitations, the CTV
may be contoured based on our recommendations in future trials, and
the treatment results may be used to validate our findings.

5. Conclusion

In conclusion, this study provides evidence for CTV delineation in
patients with iCCA and cHCC-CCA based on recurrent LN mapping, of-
fering insights into the design of the range of LN dissection and target
volumes of postoperative RT in future clinical trials of iCCA and cHCC-
CCA.
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Fig. 2. The recurrent nodal gross tumour volume (yellow) for the 53 included patients on (A) a digitally reconstructed radiograph image (light orange: liver; orange:
aorta; lavender: vena cava; purple: kidney vein); and clinical target volume recommendations according to risk classification (high risk: red; medium risk: blue; low
risk: green) on typical slices of computed tomography axial images at the (B) left gastric artery; (C) hepatic hilar; (D) portal vein-vena cava; (E) celiac trunk; and (F)
kidney vein. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 5
Lymph node recurrence rates according to tumour location.
Lymph node regions/location Left upper liver Left lower liver Right upper liver Right lower liver p
n=12 n=13 n=38 n =20
No. of patients % No. of patients % No. of patients % No. of patients %
High-risk regions
Hepatic hilar 8 66.7 8 61.5 4 50.0 13 65.0 0.878
Portal vein-vena cava 3 25.0 5 38.5 1 12,5 12 60.0 0.072
Intermediate-risk regions
Left gastric/paracardial 9 75.0 5 38.5 3 37.5 5 25.0 0.048
Diaphragmatic 7 58.3 0 0 3 37.5 4 20.0 0.008
Celiac trunk/common hepatic 2 16.7 8 61.5 2 25.0 8 40.0 0.112
Superior mesenteric vessels 3 25.0 2 15.4 2 25.0 6 30.0 0.822
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