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Abstract

Background Lateral lymph node dissection (LLND) can decrease local recurrence to lateral compartments in middle-low
rectal cancer, but pathological evidence for optimal surgical indications, especially after neoadjuvant (chemo)radio-
therapy (nCRT), is lacking. This study aimed to identify the predictive factors and oncological outcomes for different LLN
locations associated with pathological metastasis.

Method In this multicenter study, patients from 19 centers who underwent total mesorectal excision (TME) with LLND
for locally advanced mid-/low rectal cancer from January 2012 to December 2021 were included.

Results All 566 included patients underwent TME with LLND surgery; 241 (37.4%) of the largest LLNs were located in the
obturator area, and 403 (62.6%) of the largest LLNs were located in the internal iliac area. Multivariate analysis revealed
that a short-axis size of 9 mm for the obturator area and 6 mm for internal iliac nodes constituted a reliable indicator of
pathological LLN metastasis in non-CRT patients. In nCRT patients, a short-axis node size of 7 mm for obturator nodes and
4 mm for internal iliac nodes could be used to accurately predict pathological LLN metastasis. In contrast to pathological
internal iliac node metastasis, pathological obturator node metastasis was associated with lower distant metastasis-free
survival (DMFS) (P=0.001), cancer-specific survival (CSS) (P=0.043), and overall survival (OS) (P=0.009), but lower lateral
local recurrence-free survival (LRFS) (P> 0.05) was not statistically significant.

Conclusions The obturator and internal iliac nodes may be two completely different types of LLNs, and the optimal cutoff
value for predicting pathological LLN metastasis is inconsistent regardless of nCRT.

Clinical trial registration The protocol of the current study was registered on ClinicalTrials.gov (NCT04850027), and the
protocols were in accordance with the standards set by the World Medical Association Declaration of Helsinki.

Keywords Lateral lymph node - Pathological features - Survival - Rectal cancer

Fei Huang and Ran Wei have contributed equally to this work.

Supplementary Information The online version contains supplementary material available at https://doi.org/10.1007/s12672-024-
01500-4.

X Wei Xing, Zhouht1977@163.com;< Qian Liu, fcwpumch@163.com | 'Department of Colorectal Surgery, National Cancer
Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical
College, 17 Panjiayuan Nanli, Chaoyang District, Beijing 100021, China. >Department of Gastrointestinal Surgery, The First Affiliated
Hospital, Sun Yat-Sen University, Guangzhou, Guangdong, China. 3Department of Thyroid and Breast Surgery, Peking University First
Hospital, Peking University, Beijing, China. “Department of General Surgery, Hebei Province Hospital of Chinese Medicine, Affiliated
Hospital of Hebei University of Chinese Medicine, Shijiazhuang, China.

Discover Oncology (2024) 15:618 | https://doi.org/10.1007/512672-024-01500-4

Check for
updates

@ Discover


https://doi.org/10.1007/s12672-024-01500-4
https://doi.org/10.1007/s12672-024-01500-4

Research Discover Oncology (2024) 15:618 | https://doi.org/10.1007/s12672-024-01500-4

1 Introduction

The widespread acceptance of neoadjuvant chemoradiotherapy (nCRT) and standardized surgical procedures involving
total mesorectal excision (TME) has significantly diminished postoperative local recurrence rates in middle/low rectal can-
cer patients over the past four decades, but 5% to 10% of patients still experience local recurrence [1-3]. Recent studies
highlight lateral local recurrence (LLR) as the primary type of local recurrence, constituting up to 50-82.7%, with lateral
lymph node (LLN) metastasis emerging as a prevalent and intricate clinical challenge [4, 5]. The treatment strategy for
LLN metastasis has long differed between Western and Eastern countries. Western surgeons consider LLN metastasis to
be indicative of systemic disease and feared complications and neurological dysfunction associated with lateral lymph
node dissection (LLND); thus, nCRT and TME have always been the standard treatments. Surgeons in Japan consider
LLNs as regional lymph nodes; therefore, the guidelines published by the Japanese Society for Cancer of the Colon and
Rectum (JSCCR) advocate routine prophylactic LLND without nCRT for rectal cancers staged T3 to T4 and located below
the peritoneal reflection [6]. Currently, the more consistent view is that LLND can significantly reduce local recurrence in
the lateral pelvic region [7, 8], especially for patients with obvious enlarged LLNs before the operation [9-11].

With the advent of the era of precision medicine, the treatment and prevention of LLN metastasis need to be more
individualized and precise to avoid overtreatment and morbidity. A multicenter study from 12 institutions across 7
countries in both Eastern and Western countries revealed divergent recurrence patterns and oncological outcomes
among patients with node metastases in the internal iliac and obturator regions [11]. Notably, patients with internal iliac
metastasis were at high risk of local reoccurrence after surgery, whereas patients with obturator metastasis were more
likely to have distant metastasis. However, only 90 patients underwent LLND in the present study, and LLN metastasis
was diagnosed based only on malignant features on preoperative pelvic magnetic resonance imaging (MRI), lacking
confirmation from the final pathology. In addition, distant metastases are also detected in patients with LLN metastasis,
and the survival benefit regarding local recurrence and long-term survival after LLND remains ambiguous. Although our
previous studies established size-based criteria for LLNs after preoperative nCRT [12], it is necessary to clarify the recur-
rence patterns and prognostic characteristics of patients with LLN metastasis in different regions and carry out targeted
and precise treatment to improve the prognosis of patients with LLN metastasis.

In this study, all patients underwent LLND with or without preoperative nCRT. Our primary objectives were to delineate
diagnostic size criteria for obturator and internal iliac LLN metastasis before or after nCRT and to explore their correlation
with various oncological outcomes, with the goal of identifying survival benefits associated with LLND.

2 Patients and methods
2.1 Study design and patient selection

Patient information was retrieved from a multicenter, prospective registry study performed at 19 hospitals across China
from January 2012 to December 2021. The protocol was approved by the central ethics committee of the Chinese National
Cancer Center/Cancer Hospital, the Chinese Academy of Medical Sciences and Peking Union Medical College, and the
local ethics committees of all the participating hospitals. The protocol of the current study was registered on ClinicalTrials.
gov (NCT04850027), and the procedures were performed in accordance with the ethical standards of the World Medical
Association Declaration of Helsinki.

The inclusion criteria were patients aged 18-75 years with histologically confirmed rectal adenocarcinoma of stage Il
or lll, who underwent TME combined with LLND surgery, and whose main lesion was located within the peritoneum from
the anal verge confirmed in the intraoperative records. The exclusion criteria were patients with other malignant tumor
diseases within 5 years, the absence of (high-quality) MRI scans for evaluating LLN status preoperatively, a noncurative
(R1 and R2) resection, and a surgical procedure that did not follow the JSCCR guidelines for colorectal cancer whereby
only part of the LLN was dissected instead of a standard LLND [13]. Given the objectives of this study, patients with both
internal iliac and obturator enlarged nodes were also excluded. All the enrolled patients were divided into the nCRT
group and the nonnCRT group according to preoperative treatment. Among the patients in the nCRT group, only those
who had undergone restaging MRI were included.
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2.2 Assessment of LLN

Two independent radiologists specializing in rectal malignancies examined the clinical stage and LLN status before and
after treatment, and MRI was used to evaluate the characteristics of the enlarged LLNs, including the largest short-axis
(SA), quantity, edge, location, and presence of malignant features (e.g., internal heterogeneity or border irregularity). LLN
details in the nCRT group were re-evaluated by MRI 8 to 12 weeks after treatment. Clinically suspected LLN metastasis was
diagnosed according to one or more of the following criteria: (1) SA diameter >5 mm before nCRT or SA diameter>3 mm
after nCRT; (2) inhomogeneous or intense enhancement; and (3) irregular shape and rough edges. Furthermore, the
location of the LLN was divided into the internal iliac and obturator areas and was defined as the lateral boundary of
the main trunk of the internal iliac vessels. The assessment did not include the benign, long-stretched lymph nodes just
behind the external iliac vein. An enlarged LLN was defined as a lymph node with the largest SA on one side, whether
in the obturator or internal iliac area. Bilateral enlarged LLNs were defined as lymph nodes in the lateral areas on both
sides (obturator or internal iliac area) and were analyzed individually on each side. Local recurrence was defined as the
recurrence of new rectal tumors confirmed by imaging within the pelvis after previous resectional surgery [14].

2.3 Treatment strategies

nCRT was performed in patients with circumferential margin (CRM) involvement, multiple lymph node metastases, or
a strong desire to preserve sphincter function. A long-term regimen was administered in the nCRT group, with a total
radiotherapy dosage of 50 Gy in 25 fractions with two cycles of concurrent oral capecitabine. A combination of oxaliplatin
and 5-FU/LV or capecitabine (i.e,, FOLFOX or CAPOX) and 1 to 6 cycles of chemotherapy were subsequently administered,
regardless of the pathological stage. Patients in the nonnCRT group with stage Il and high-risk stage Il disease underwent
standard National Comprehensive Cancer Network (NCCN) postoperative adjuvant chemotherapy. Due to the treatment
strategy standard update for clinical LLN metastasis during the study period, patients with suspected lateral lymph node
metastasis before 2018 received surgical treatment without preoperative chemoradiotherapy. Since 2018, preoperative
nCRT has been recommended before LLND for patients with an LLN SA>10 mm.

All surgeries were generally similar at each hospital and were performed by Chinese Medical Doctor Association-
certified colorectal surgeons, who often perform LLND operations, whether open or laparoscopic. Unilateral or bilateral
LLND was performed according to the location of the enlarged LLNs found on preoperative MR images after total mobi-
lization of the rectum and distal rectal transection. The extent of the surgery was in accordance with the guidelines set
by the JSCCR [13]. In this study, LLND was defined as the removal of all lymphatic tissue from the lateral area, including
the internal iliac and obturator areas. All the autonomic nerves were preserved because lymph node metastasis around
these nerves is rare in patients without clinical lateral pelvic lymph node metastasis [15]. The surgical procedure details
were in accordance with previously reported methods. [16]

2.4 Outcomes and follow-up

Each lymph node was examined pathologically individually and correlated with its size measured on preoperative pelvic
MR images by referring to its anatomical location. The correlation between the lymph node SA diameter and pathologi-
cal LLN metastasis was analyzed, and the sensitivity, specificity, positive predictive value, and negative predictive value
were calculated. For bilaterally enlarged LLNs, each side was compared individually. The oncological outcomes included
lateral local recurrence-free survival (LRFS), distant metastasis-free survival (DMFS), cancer-specific survival (CSS), and
overall survival (OS). Follow-up was performed according to National Comprehensive Cancer Network-recommended
schemes and included postoperative outpatient or telephone interviews. The last follow-up date was the patient’s death
or November 31, 2022, whichever occurred first.

2.5 Statistical analysis

The %2 test and t test were used for comparisons between continuous variables and categorical variables. Multivariate
analysis of variables that had a statistically significant effect (P value <0.05) on pathological LLN metastasis was performed
via Cox and multiple logistic regression models. The Kaplan—Meier method was used to calculate the LRFS, DMFS, CSS,
and OS curves, which were compared via the log-rank test. All the statistical analyses were carried out via SPSS version
24.0 for Windows (IBM Corp., Armonk, NY).

@ Discover



Research Discover Oncology (2024) 15:618 | https://doi.org/10.1007/s12672-024-01500-4

3 Results
3.1 Clinical and pathological characteristics

A total of 566 patients who had LLNs with a preoperative SA diameter of at least 5 mm and underwent TME combined
with LLND were included in the study (Fig. 1); 342 (60.4%) were male, and the mean = SD age was 57.5 + 10.8 years
(Table 1). There were 488 patients (86.2%) with unilateral enlarged LLNs and 78 patients (13.8%) with bilateral
enlarged LLNs. The average number of removed LLNs was 9.1, and a total of 161 (28.4%) were confirmed to have
LLN metastasis through pathology. Among these 161 patients, 110 (19.4%) had LLN metastasis in the internal iliac
vessel area, 41 (7.2%) had LLN metastasis in the obturator area, and 10 (1.8%) had LLN metastasis in both the internal
iliac vessels and the obturator area.

3.2 Size criteria for LLN metastasis in the nCRT cohort

Table 2 describes the sensitivity, specificity, and positive and negative predictive values in the nCRT cohort for diag-
nosing LLN metastasis based on each size criterion. A total of 294 LLNs were dissected from 258 patients, and 80
(27.2%) were pathologically confirmed to have LLN metastasis. The sensitivity, specificity, positive predictive value,
negative predictive value, and area under the curve (AUC) of an internal iliac area SA diameter of 4 mm for predicting
pathological LLN metastasis were 95.7%, 56.9%, 42.7%, 97.5%, and 0.763, respectively. The corresponding values for
the obturator area cutoff LLN size of 7 mm were 94.1%, 90.9%, 81.6%, 95.9%, and 0.910, respectively. Furthermore,
univariate and multivariate analyses were performed to identify the independent predictive factors of LLN metas-
tasis in patients who underwent nCRT. As shown in Supplementary Table S1, poor histological grade (HR 2.62; 95%
Cl1.11-6.17; P=0.028), ycT3/4 stage (HR 3.35; 95% Cl 1.15-9.75; P=0.027), and post-CRT LLN SA diameter >4 mm
(HR 18.20; 95% Cl 4.03-82.09; P < 0.001) were independent and significant predictors of internal iliac LLN metastasis.
An LLN SA diameter >7 mm (HR 70.84; 95% CI 18.13-276.91; P<0.001) was the only independent and significant

January 2012-December 2021
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Fig. 1 Flow chart showing lateral lymph node patterns in patients with middle/low rectal cancer. TME total mesorectal excision, pLLN patho-
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Table 1 Baseline Clinical and
pathological characteristics of
all enrolled patients

Characteristics

Overall cohort (n=566)
N(%)

Age (y, mean +SD) (range)
Gender (%)
Male
Female
Distance of tumor from the AV (cm, mean +SD) (range)
BMI (Kg/m?, mean +SD)(range)
Neoadjuvant chemoradiotherapy
Types of operation
Low anterior resection
Abdominoperineal resection
Hartmann procedure
Total pelvic exeraction
Swollen LLN
Unilateral enlarged LLN
Bilateral enlarged LLN
Location of largest LLN on each side
Internal iliac vessels area
Obturator area
Pathological LLN metastasis
Location of LLN metastasis
Internal iliac vessels area
Obturator area
Both Internal iliac vessels and obturator area
Bilateral LLN metastasis
Pathological T stage (%)
Complete response or T1-T2
T3-T4
Pathological mesorectal LN metastasis (%)
NO
N1-N2
Histology (%)
Moderate
Poor/Mucinous/signet
LLNs removed (n, mean+SD)
Mesorectal LN removed (n, mean +SD)
Adjuvant therapy

57.5+10.8 (18-85)

342 (60.4)

224 (39.6)
44+2.1(1-8)
24.0%£3.0(16.1-38.0)
258 (45.6)

303 (53.5)
203 (35.9)
31(5.5)
29(5.1)

488 (86.2)
78(13.8)

403 (62.6, 403/644)
241 (37.4,241/644)
161 (28.4)

111 (19.6)
45 (8.0)
5(0.9)
5(0.9)

150 (26.5)
416 (73.5)

275 (48.6)
291(51.4)

301(53.2)

265 (46.8)
9.1£6.8 (0-28)
16.4+9.2 (3-48)
425 (75.1)

AV anal verge, BMI body mass index, LLN lateral lymph node, LN lymph node

predictor of obturator LLN metastasis. Thus, it is plausible to adopt LLN SA diameters of 4 and 7 mm in the internal

iliac and obturator areas post-CRT as cutoff values for predicting metastatic LLNs (Fig. 2A, B).

3.3 Size criteria for LLN metastasis in the nonnCRT cohort

In total, 350 LLNs were dissected from 308 patients who did not undergo nCRT, and 104 (29.7%) were pathologi-
cally confirmed to have LLN metastasis (Table 3). The sensitivity was 84.3%, specificity was 81.3%, positive predic-
tive value was 67.8%, negative predictive value was 91.7%, and AUC was 0.828 for an SA diameter of 6 mm in the
internal iliac area for predicting pathological LLN metastasis. A cutoff obturator area LLN size of 9 mm had a sen-
sitivity of 94.1%, a specificity of 90.9%, a positive predictive value of 81.6%, a negative predictive value of 95.9%,
and an area under the curve of 0.978. In univariate and multivariate analyses (Supplementary Table S2), an LLN SA
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Table 2 Diagnosis of LLN

. . Cutoff value Sensitivity Specificity Positive predictive Negative predic- AUC
metastams by short diameter value tive value
in nCRT cohort [n=258
patients; 294 LLNs) Internal iliac area (183 LLNs)
3 mm 100% 20.4% 29.7% 100% 0.602
(46/46) (28/137) (46/155) (28/28)
4 mm 95.7% 56.9% 42.7% 97.5% 0.763
(44/46) (78/137) (44/103) (78/80)
5mm 73.9% 75.9% 50.7% 89.7% 0.749
(34/46) (104/137) (34/67) (104/116)
6 mm 54.3% 86.9% 58.1% 85.0% 0.706
(25/46) (119/137) (25/43) (119/140)
7 mm 41.3% 94.9% 73.1% 82.8% 0.681
(19/46) (130/137) (19/26) (130/157)
8 mm 36.9% 96.4% 77.3% 82.0% 0.667
(17/46) (132/137) (17/22) (132/161)
Obturator area (111 LLNs)
3mm 100% 13.0% 33.7% 100% 0.565
(34/34) (10/77) (34/101) (10/10)
4 mm 100% 26.0% 37.4% 100% 0.630
(34/34) (20/77) (34/91) (20/20)
5mm 100% 39.0% 42.0% 100% 0.695
(34/34) (30/77) (34/81) (30/30)
6 mm 97.1% 59.7% 51.6% 97.9% 0.784
(33/34) (46/77) (33/64) (46/47)
7 mm 94.1% 90.9% 81.6% 95.9% 0.910
(31/34) (70/77) (31/38) (70/73)
8 mm 85.3% 94.8% 87.9% 93.6% 0.900
(29/34) (73/77) (29/33) (73/78)

nCRT neoadjuvant chemoradiotherapy, LLN lateral lymph node, AUC area under curve

diameter>6 mm (HR 38.32; 95% Cl 14.71-99.79; P<0.001) in the internal iliac area and an LLN SA diameter>9 mm
(HR 51.35;95% Cl 10.41-204.55; P<0.001) in the obturator area were found to be independent and significant pre-
dictors of LLN metastasis. Therefore, these findings further validate the reasonableness of using LLN SA diameters of
6 and 9 mm in the internal iliac and obturator regions as non-nCRT cutoffs for predicting metastatic LLNs (Fig. 2C, D).

3.4 Associations between the use of obturators or internal iliac lymph nodes and oncologic outcomes

Table 4 shows the multivariable analyses, and Supplementary Table S3 shows the univariable analyses of onco-
logical outcomes and survival in all 161 patients with pathological LLN metastasis. According to the multivariate
Cox regression analyses, circumferential resection margin status (P=0.020) and pT stage (P =0.004) significantly
affected LRFS, age at operation significantly (P=0.001) affected CSS, and positive lymphatic invasion (P <0.001)
was associated with a worse OS. Compared with patients with internal iliac lymph node metastasis, those with
pathological obturator lymph node metastasis had greater DM (HR 2.90, 1.54 to 5.44; P=0.001), CSS (HR 3.76, 1.04
to 13.55; P=0.043), and OS (HR 3.83, 1.40 to 10.47; P=0.009), but there was no difference in LRFS (P >0.05). These
results were similar to those of separate analyses of patients with internal iliac and obturator lymph node metasta-
sis (Fig. 3A-D). By analyzing all the lymph nodes (including mesorectal lymph nodes), we found that patients with
pN1/2 disease had worse DM (HR 2.90, 1.54 to 5.44; P=0.001), CSS (HR 3.76, 1.04 to 13.55; P=0.043), and OS (HR
3.83, 1.40 to 10.47; P=0.009), but there was no difference in LRFS (P > 0.05). In addition, according to the optimal
predictive cutoff values of lateral lymph nodes determined in Tables 2 and 3, a further subgroup analysis of patients
was performed (Supplementary Table S4, Supplementary Table S5, Supplementary Fig. 1), and the results showed
a strong association between the groups with OS and LRFS.
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Fig.2 The area under the curve values of different LLN diameters. LLN lateral lymph node

4 Discussion

The results of this study, which included 566 patients from 19 centers who underwent LLND operations for stage Il/
[l middle/low rectal cancer, demonstrated that the SA diameter cutoff values for diagnosing obturator and internal
iliac LLN metastasis are different. In this study, an SA diameter of 9 mm or more for obturator lymph nodes and a
diameter of 6 mm or more for internal iliac lymph nodes were shown to be accurate predictors of pathological LLN
metastasis in non-nCRT patients, and an SA diameter of 7 mm or more for obturator lymph nodes and 4 mm or more
for internal iliac lymph nodes could accurately predict pathological LLN metastasis in nCRT patients. In addition,
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Table 3 Diagnosis of LLN

< by short di Cutoff value Sensitivity Specificity Positive predictive Negative Predic- AUC
metastams y short diameter value tive value
in non-nCRT group (n=308
patients; 350 LLNs) Internal iliac area (220 LLNs)
5mm 94.3% 48.7% 46.2% 94.8% 0.715
(66/70) (73/150) (66/143) (73/77)
6 mm 84.3% 81.3% 67.8% 91.7% 0.828
(59/70) (122/150) (59/87) (122/133)
7 mm 75.7% 86.7% 72.6% 88.4% 0.812
(53/70) (130/150) (53/73) (130/147)
8 mm 61.4% 93.3% 81.1% 83.8% 0.774
(43/70) (140/150) (43/53) (140/167)
9mm 51.4% 98.7% 94.7% 81.3% 0.750
(36/70) (148/150) (36/38) (148/182)
10 mm 44.3% 98.7% 93.9% 79.1% 0.715
(31/70) (148/150) (31/33) (148/187)
Obturator area (130 LLNs)
5mm 100% 25.4% 15.8% 100% 0.627
(16/16) (29/114) (16/101) (29/29)
6 mm 100% 49.1% 21.6% 100% 0.746
(16/16) (56/114) (16/74) (56/56)
7 mm 100% 72.8% 34.0% 100% 0.864
(16/16) (83/114) (16/47) (83/83)
8 mm 100% 87.7% 53.3% 100.0% 0.939
(16/16) (100/114) (16/30) (100/100)
9mm 100% 95.6% 76.2% 100.0% 0.978
(16/16) (109/114) (16/21) (100/109)
10 mm 87.5% 100.0% 100.0% 98.3% 0.938
(14/16) (114/114) (14/14) (114/116)

nCRT neoadjuvant chemoradiotherapy, LLN lateral lymph node, AUC area under curve

oncological outcomes were inconsistent between patients with obturator and internal iliac LLN metastasis. LLN
metastasis in the internal iliac area was related to better DMFS, CSS, and OS rates. However, the LRFS rate was not
significantly different between the internal iliac and obturator areas.

LLND is a complicated and challenging technique for LLN metastasis that needs to be performed by skeletonizing
the pelvic blood vessels and nerve plexus. The complex anatomy of the pelvic lateral wall, especially the tissue fibrosis
and edema caused by nCRT, can reduce the clarity of the surgical field, even when surgery is performed by experienced
surgeons. It may increase the risk of complications, such as urinary and sexual dysfunction [15]. In recent years, with
increasing research evidence, especially from international multicenter investigations conducted across Asia, Europe,
and North America, it has been confirmed that for patients with LLN metastasis identified via preoperative imaging, a
comprehensive treatment strategy combining nCRT and selective LLND can improve patient prognosis [10, 11, 17]. China
was one of the first countries in which surgeons performed lateral lymph node dissection, and the initial expert consensus
on lateral lymph nodes in the country was released in 2019 [18]. Therefore, our research population consisted entirely of
patients receiving LLND, which can be used to determine whether there is pathological metastasis in the lateral lymph
nodes. We previously explored the feasibility, indications, and prognostic importance of LLND for middle/low rectal
cancer and reported that a post-CRT LLN short-axis diameter > 7 mm could be used for predicting LLN metastasis. [12]
The diameter of the LLN is significantly associated with lateral local recurrence [19]; even following nCRT in patients with
rectal cancer, the presence of enlarged LLNs and a larger diameter before surgery are crucial risk factors for poor prog-
nosis and lateral local recurrence [5]. However, the size-based optimal SA diameter threshold for LLN metastasis varies
among studies, especially the cutoff value for diagnosis after nCRT. Multiple studies in recent years have shown that an
SA diameter of LLNs greater than 7 mm on MRI in newly diagnosed cases is an independent risk factor for local recurrence
and lateral local recurrence, with a 5-year LLR rate of 19.5%, which is significantly greater than that in patients with an
LLN SA diameter<7 mm (4.9%, P <0.001). [11, 20] When the number of enlarged LLNs is <5 mm, the metastasis rate is
low, ranging from 3.5% to 5.0% [21, 22]. When MRI detects lateral lymph nodes < 3 mm, the negative predictive value can
reach 99% [23]. In several studies that involve measuring the diameter of LLNs through gross pathological specimens,

@ Discover



Research

| https://doi.org/10.1007/512672-024-01500-4

(2024) 15:618

Discover Oncology

apou ydwi| [esaie| N77 ‘Opou ydwA| N7

800 (86'6-06'0) LE'C (ou/saK) uonedidwod aaesadolsod g€ apeln
zL00 (v6'61-St'L) 8E'S 5000 (P¥'S9-€120) L8'LL 2000 (86'0L-VLL) LEY sisejse}aW N J03einiqo pue deljl [eusdiu| yog
6000 (Lv'oL-0v'L) €8°€ €v0'0 (SSEL-V0'L) 9L°€ 1000 (Pr's—vS°1) 06°C sisejselaw N7 403ein1qO

- (9dua1343Y) 00°L - (@>ua1949Y) 00°L - (@>ua1949Y) 00°L siselselaw N7 oel|l [eusaiu]
siselselaw N7 |ed160joyied
000 (6£TL-19°L) ¥S'¥ 6000 (SL'EV-TLL) L9°8 LLO0 (69°€-81°1) 60°C (ON/ZN-LN) (N1 [e1>31059wW) abeys Nd
¢LT0 (L5190 €8'L [4Y4} (#79°01-650) LS'T 000 (98'61-LL1) €6'S (¢Ll-LL/v1-€1) 9bess 1d

0200 FO'EL-STL) YOt (3anebau/annisod) uibiepy UOIIDISDY [B1IUSISJWNDID
L00°0> (10'81-97°7) 6£'9 (annebau/annisod) uoiseau dineydwA

L000 (05'0—-900) 81°0 91,0 (€9'L-6¥'0) 060 (s1e9k 09 > sA s1eak 09 <) uoliesado je aby
8600 (Z1'1-91°0) €¥'0 S[ewdy/ol_W XS
(1D9%56) YH d (1D%S6) YH d (1D%S6) YH d (1D%S6) YH

sisA[eue ajeleAl} NN

sisAjeue ajelI_AI}NIA

sisAjeue ayelI_AI}N|A

sisAjeue ajelIeAI} NI

|RAIAINS |[RISAQ

[BAIAINS DY1Dads-19dueD)

|eAIAINS

99Jj-siselselaw juelsig

|eAIAINS 931)-3dUalindal [e307

s9|qenep

siseyseldw N7 [e1bojoyied

yum mucw_uma L9L Ul |BAIAINS [[BISAO pUB ‘|RAIAINS U_...__umequcmu ‘[eAIAINS 934)-S1SLISRISW JURISIP ‘|BAIAINS 934J-90UB4INJ3J |BDO]| J0) SI01D.) XSl JO mmm>_mcm Co_wmw‘_@w\_ o|geleAl}niA ¥ 9|qel

@ Discover



Research Discover Oncology (2024) 15:618 | https://doi.org/10.1007/s12672-024-01500-4

A Lateral recurrence-free survival curve B Distant metastasis-free survival curve

o 100 & 100

] B

5 ] £ ]

@ 50 - 2 504 -

@ b _ Both Internal iliac and Y ] — Both Internal iliac and

.E ] obturator LN metastasis E ] obturator LN metastasis

]

—': —— Obturator LN metastasis —E' —— Obturator LN metastasis

E ] —— Internal iliac LN metastasis U= . —— Internal iliac LN metastasis
© o0 T T T 1 0] I T T 1

0 20 40 60 80 0 20 40 60 80
Time after operation (months) Time after operation (months)

C Cancer-specific survival curve D Overall survival curve

@ 100 £ 100

] N ]

= o ]

= .

> 2 ]

z ] z ]

. 2 oo

@ 50_. _ Both Internal iliac and @ 50__ —— Both Internal iliac and
E ] obturator LN metastasis -E b obturator LN metastasis
i‘; —— Obturator LN metastasis i‘; ] —— Obturator LN metastasis
E i —— Internal iliac LN metastasis E ] —— Internal iliac LN metastasis
Q ] 8] ]

0 T T T 1 0 T T T 1
0 20 40 60 80 0 20 40 60 80
Time after operation (months) Time after operation (months)

Fig.3 LRFS (A), DMFS (B), CSS (C), and OS (D) according to the location of the pathological LLN metastasis. LRFS lateral local recurrence-free
survival, DMFS distant metastasis-free survival, CSS cancer-specific survival, OS overall survival, LLN lateral lymph node

the most accurate cutoff value for predicting LLN metastasis was shown to be 5 mm [24]. Notably, a recent international
multicenter study led by a Japanese hospital revealed that thresholds for detecting LLN metastasis differ across various
lateral regions. In patients whose SA of LLNs is 7 mm or greater before nCRT, there is no 3-year LLR for obturator lymph
nodes 6 mm or less and internal iliac lymph nodes 4 mm or less after treatment [19]. In the present study, preoperative
nCRT was omitted in 54.4% (308/566) of patients who underwent LLND with suspected LLN metastasis. Regarding the
initial LLN size without nCRT, when a cutoff value of 9 mm was used for the obturator lymph nodes and 6 mm for the
internal iliac lymph nodes, the sensitivity was 94.1% and 84.3%, respectively. However, based on the post-CRT LLN size,
when a cutoff value of 7 mm was used for the obturator lymph nodes and 4 mm for the internal iliac lymph nodes, the
sensitivities were 94.1% and 95.7%, respectively, which means that only approximately 5% of patients may not have
benefited from LLND. Therefore, we believe that for different locations of LLN metastasis and preoperative treatment
strategies, a more accurate LLN size should be developed as a more appropriate standard for LLND.

The second main finding from this study is that oncological outcomes differ based on the lateral lymph node metas-
tasis area. In a multicenter study [11], post-CRT LLNs still behaved aggressively, and internal iliac nodes with a post-
SA>4 mm resulted in a 5-year LLR of 52.3%, whereas this value was 17.8% in patients with obturator nodes with a
post-SA >6 mm. The scholars in that study also demonstrated that internal iliac nodes are less likely to respond to nCRT
than obturator nodes (22% and 63%, respectively), which suggests that enlarged obturator nodes are more likely to be
reactive. Our results indicated that approximately 25.5% (41/161) of the visible pathological LLN metastases were located
in the obturator area (Table 1), but they tended to be a surrogate marker of more advanced disease than internal iliac
LLN metastasis, with a lower DMFS (P=0.001), CSS (P=0.043), and OS (P=0.009) but no statistically significant difference
in LRFS. However, why obturator area LLN metastasis results in much poorer oncologic outcomes remains unknown.
One theory to consider is that pathological obturator LLN metastasis may be more active, aggressive, and destructive,
while the internal lymph nodes act as sentinel nodes and are more likely to respond after treatment. However, in general,
performing LLND of both the internal iliac and obturator areas in China is standard, irrespective of where the involved
node is located. It should be noted that the duration of this study spans 8 years, and the treatment strategies for LLN
metastasis in rectal cancer are constantly being optimized and improved. In the early years of the study, the treatment
strategies in our institution were still being explored, and we performed LLND for all patients with clinical evidence
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of LLN metastasis and conducted an exploratory analysis. In recent years, we have gradually established effective and
practical indications for LLND and we believe that patients with LLN diameter =7 mm after nCRT or poor differentiation
should be supplemented with LLND. This can avoid overtreatment while reducing local recurrence. As previously stated,
this exploratory and hypothesis-generating study is prospective and multi-institutional, leading to heterogeneity in
patients and treatments; therefore, the results must be interpreted cautiously [18]. For example, most LLND procedures
are performed in patients from Chinese National Cancer Center centers. Second, there are surgical thresholds for TME
with LLND, and different surgeons may perform surgical procedures with subtle differences. Although the sample size
in our study was relatively large, this is the result of ten years of research, and there may be differences in the quality of
surgical procedures and pathology reports.

This multicenter cohort study revealed that an SA node size of 9 mm for obturator nodes and 6 mm for internal iliac
nodes is a reliable indicator of pathological LLN metastasis in non-CRT patients. For post-CRT patients, an SA node size
of 7 mm for the obturator nodes and 4 mm for the internal iliac nodes may be used to accurately predict pathological
LLN metastasis. In contrast with the internal iliac area, pathological obturator LLN metastasis is associated with more
advanced disease with reduced DMFS, CSS, and OS rates but does not increase LRFS.
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