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Effective dissecting range and
prognostic significance of
lateral pelvic lymph node
dissection for middle-low rectal
cancer patients with lateral
pelvic lymph node metastasis:
Results of a large multicenter
lateral node collaborative
group in China
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Wei Fu3, Bo Feng4, Yingchi Yang5, Yi Xiao6* and Qian Liu1* on
behalf of Chinese Lateral Node Collaborative Group
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Beijing, China, 2Department of Colorectal Surgery, The first affiliated hospital, Navy Medical
University, Shanghai, China, 3Department of General Surgery, The Affiliated Hospital of Xuzhou
Medical University, Xuzhou, China, 4Department of General Surgery, Ruijin Hospital, Shanghai Jiao
Tong University School of Medicine, Shanghai, China, 5Department of General Surgery, Beijing
Friendship Hospital, Capital Medical University, Beijing Key Laboratory of Cancer Invasion and
Metastasis Research and National Clinical Research Center of Digestive Diseases, Beijing, China,
6Department of General Surgery, Peking Union Medical College Hospital, Peking Union Medical
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Background: Lateral pelvic lymph node (LPN) metastasis causes increased

lateral local recurrence and poor prognosis. We aimed to investigate the

prognostic significance and effective range of dissection for the LPN

dissection (LPND) in rectal cancer patients with LPN metastasis.

Materials and methods: Through this large, multicenter retrospective cohort

study, we evaluated the therapeutic effect of LPND. From January 2012 to

December 2019, 387 rectal cancer patients with clinical evidence of LPN

metastasis who underwent total mesorectal excision with LPND were

included in the study. According to pathological findings, they were divided

into negative (n = 296) and positive (n = 91) LPN groups. Primary endpoints

were 3-year overall survival (OS), recurrence-free survival (RFS), and local

recurrence-free survival (LRFS).

Results: The OS, RFS, and LRFS in the positive group were significantly worse

than those in the negative group; However, LPN metastases were not
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independent prognostic risk factors for LRFS (hazard ratio [HR]: 2.42; 95%

confidence interval [CI], 0.77–7.64; P=0.132). Among patients with

pathological LPN metastases, LPN metastases to the common and external

iliac arteries were independent prognostic risk factors both for OS (HR: 4.74;

95% CI, 1.74–12.90; P=0.002) and RFS (HR: 2.70; 95% CI, 1.16–6.29; P=0.021).

No significant difference was observed in the 3-year OS (72.3% vs. 70.2%,

P=0.775) and RFS rates (60.9% vs. 52.6%, P=0.408) between patients with

metastases to the obturator or internal iliac arteries and patients at N2b stage.

Conclusions: LPND may be effective in controlling local recurrence in patients

with LPN metastasis but not systemic metastases. Patients with LPN metastasis

limited to the internal iliac and obturator regions achieve a long-term survival

benefit from LPND, and their prognoses may be comparable to those at the

N2b stage. Further metastasis to the external iliac or common iliac region

should be considered systemic disease, and LPND should be avoided.

Clinical Trial Registration: ClinicalTrials.gov, identifier NCT04850027.
KEYWORDS

lateral pelvic lymph node, lateral pelvic lymph node metastasis, rectal cancer,
prognosis, surgical dissection
Introduction

Following the introduction of neoadjuvant chem-

oradiotherapy (nCRT) and standard surgical procedures with

total mesorectal excision (TME) (1), the 5-year local recurrence

(LR) rate of locally advanced rectal cancer was 5%−10% (2–4). For

locally advanced rectal cancer below peritoneal reflection, the

incidence of lateral lymph node (LPN) metastasis is 16%–23% (5–

7), which exceeds the scope of routine TME dissection. Further,

increasing evidence suggests that LPN metastasis is an important

cause of LR after surgery (8). Lateral pelvic lymph node dissection

(LPND), as a preventive and potential curative surgery for lateral

pelvic recurrence, is still controversial worldwide (9–11). In

particular, surgeons in western countries consider LPN

metastasis as a systemic disease (except for internal iliac lymph

nodes) and prefer to implement TME alone (10). Conversely, as

per the guidelines in Japan, LPN metastasis is considered a

regional metastasis that develops mainly in those with middle-

low cT3-T4 rectal cancer; further, the LPND showed

therapeutically beneficial effects (11). Therefore, the Japanese

Society for Cancer of the Colon and Rectum (JSCCR)

recommended TME plus central D3 resection and prophylactic

LPND as the standard procedure for advanced low rectal

cancer (12).

In the JCOG0212 large-scale clinical trial, compared with

TME alone, TME with LPND could not improve the overall

survival (OS), but it was particularly effective in suppressing the
02
LR within the lateral pelvis, including the LPNs (10). Further,

Kanemitus et al. reported that 1,191 patients with rectal cancer

from two large-volume centers in Japan received TME with

LPND; the results showed that dissection of the internal iliac and

obturator lymph nodes was comparable to the treatment of

superior rectal artery lymph node dissection; however, the risk of

LR during the unilateral LPND was twice than that of the

bilateral LPND (13). We did not specifically target patients

with LPN metastases; the JCOG2012 trial excluded almost

20% of the patients with clinically suspected LPN metastasis.

The therapeutic effect of LPND and its prognostic significance in

patients with LPN metastasis have not yet been clarified.

Therefore, we designed a large, multicenter retrospective study

to evaluate the therapeutic effect of LPND on local control and

survival benefit in patients with LPN metastasis; we also

explored the prognostic significance and effective range of

dissection for LPND.
Materials and methods

Patients

This was a large, multicenter retrospective cohort study.

From January 2012 to December 2019, 485 rectal cancer patients

with clinical evidence of LPN metastasis who underwent TME

with LPND were identified in three participating institutions of
frontiersin.org
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the Chinese Lateral Node Collaborative Group in China (195

cases were recruited from the Cancer Hospital, Chinese

Academy of Medical Sciences and Peking Union Medical

College; 152 cases were recruited from the Peking University

First Hospital; and 138 cases were recruited from Peking Union

Medical College).

The patients were included based on the following inclusion

criteria (1): clinical evidence of LPN metastasis based on

magnetic resonance imaging (MRI) evaluation, (2) clinically

advanced rectal cancer (cT3-T4/cN+), (3) pathologically

confirmed adenocarcinoma, and (4) lower margin of the

tumor located below the peritoneal reflection. The exclusion

criteria were as follows: (1) presence of simultaneous distant

metastases, (2) having undergone total or partial pelvic

exenteration, (3) having undergone local resection or R2

resection, and (4) not having undergone standard LPND

according to the JSCCR guidelines. Each of the three

participating institutions received local ethical approval for the

study, and the protocol was registered (NCT04850027) at

ClinicalTrials.gov. Informed consent was obtained from all the

patients prior to enrollment; all the study procedures were in

accordance with the tenets of the Declaration of Helsinki.
Diagnosis and treatment strategies

MRI was used to detect and evaluate the LPN metastasis; the

diagnosis was based on meeting one or more of the following

diagnostic criteria: (1) ≥0.5 cm in the short axis before treatment,

(2) inhomogeneous or intense enhancement, and (3) irregular

shape and rough edges. The details of all patients were discussed

in a multidisciplinary team meeting (MDT) discussion with

radiologists and medical and surgical oncologists to determine

the treatment strategies for individual patients. The American

Joint Committee on Cancer (AJCC) staging system (8th edition)

was used to perform TNM staging (14). Postoperative

complications were defined as events that occurred within 30

days after the surgery and were categorized according to the

Clavien–Dindo classification (15).
LPND procedure

All chief surgeons completed at least 500 cases of

laparoscopic colorectal surgery and mastered the mature

LPND technique. Surgical procedures were generally similar in

the three institutions, and LPND (with preservation of the

autonomic nerves) was performed in accordance with the

previously reported methods (16, 17). Briefly, after total

mobilization of the rectum and distal rectal transection

according to the TME principle, unilateral or bilateral LPND

was performed appropriately according to the location of the

enlarged lateral lymph nodes detected on preoperative MRI.
Frontiers in Oncology 03
LPNs were divided into the common iliac vessel, proximal, distal

internal iliac vessel, obturator, and external iliac vessel regions

(12), and the extent of LPND was defined as resection of

lymphatic tissue in the entire area (described above). Unless

the internal iliac artery or its branches were invaded, they were

dissected by skeletonization and routinely preserved during the

dissection. The autonomic and obturator nerves were carefully

identified and preserved during the procedure.
Follow-up

The indications for postoperative adjuvant chemotherapy

were high-risk stages II and III, and all patients with LPN

metastasis underwent adjuvant therapy. Patients were followed

up through outpatient visits, with clinical examination and

serum tumor markers evaluation every 3 months, along with a

CT examination of the chest, abdomen, and pelvis every 6

months in the first 3 years. Three years after the surgery, the

patients were followed-up every 6–12 months until November

30, 2021. During the LR events, the pelvic MRI was reviewed to

determine the location of metastasis. Relapse includes LR and

distant metastases; LR can be divided into central (anterior,

presacral, anastomotic site, or perineal) and lateral pelvic sites.

The endpoints of this study were 3-year LR-free survival (LRFS),

3-year recurrence-free survival (RFS), and 3-year OS.
Statistical analysis

Categorical and continuous variables were compared using

the chi-squared test and t-test, respectively. LRFS, RFS, and OS

were assessed using the Kaplan–Meier method and compared

using the log-rank test. Univariate logistic and Cox regression

models were used to analyze the effects of the co-variables and to

determine the risk factors. Multivariate analysis was performed

using co-variables with a significant effect (P < 0.05) in the

univariate analysis, and the effect of each variable was assessed

using the hazard ratio (HR) and 95% confidence interval (95%

CI). Statistical significance was set at P < 0.05. Statistical analyses

were performed using SPSS for Windows (version 20.0; SPSS,

Chicago, IL, USA).
Results

Details of patients

In total, 485 patients were identified, of whom 98 were

excluded (12 patients with a neuroendocrine tumor or

melanoma, 14 with distant metastases, 4 who underwent local

resection, 32 who underwent total pelvic exenteration, 5 with

upper rectal tumor, and 49 with insufficient data). Finally, 387
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patients were included and classified into the positive (n = 91)

and negative (n = 296) LPN groups based on the pathological

results (Figure 1). The enrolled patients were mainly male

(61.0%), with an average age of 57.2 years. The CEA level

(42.9% vs. 28.0%, P = 0.008) in the positive LPN group was

significantly higher than that in the negative LPN group.

Mucinous and signet adenocarcinoma (27.5% vs. 8.8%, P <

0.001) and poor differentiation/non-differentiation (44.0% vs.

26.0%, P = 0.002) were more common in the positive LPN

group. The proportion of T3–T4 (87.9% vs. 73.0%, P = 0.003)

and N1–N2 (74.8% vs. 34.5%, P < 0.001) in the positive LPN

group was significantly higher than that in the negative LPN

group. Additionally, patients in the positive LPN group were

more likely to develop perineural (51.1% vs. 35.5%, P = 0.003)

and lymphatic invasion (51.6% vs. 25.0%, P < 0.001); moreover,

a higher proportion of patients in the positive LPN group

received adjuvant chemotherapy (86.8% vs. 58.8, P < 0.001).

There were no statistically significant differences between the

two groups regarding sex, age, body mass index (BMI), distance

from the anal verge, preoperative treatment, surgical approach,

type of operation, duration of surgery, estimated blood loss,

grade 1-2 postoperative complications, and grade 3-5

postoperative complications (P > 0.05) (Table 1).
Prognostic factors of LPND

The mean follow-up period was 41.2 months; 71 of 387

patients died, and 96 had LR or distant metastases. The 3-year

OS (90.6 vs. 59.3%, P <0.001), 3-year RFS (81.6 vs. 38.9%, P

<0.001), and 3-year LRFS (93.6 vs. 80.8%, P = 0.006) were

significantly worse in the positive LPN group than in the

negative LPN group (Figures 2A–C).

The predictors of the OS were CEA levels, histology,

differentiation degree, lymphatic invasion, pN stage, and

pathological LPN metastasis (P < 0.05). The RFS was

significantly affected by preoperative CEA levels, histology,

differentiation degree, pT stage, pN stage, pathological LPN
Frontiers in Oncology 04
metastasis, and adjuvant therapy (P < 0.05). The LRFS was

significantly affected by lymphatic invasion, preoperative pN

stage, and pathological LPN metastasis (P < 0.05). Multivariate

analysis revealed that pN stage and pathological LPN metastasis

were independent prognostic factors for both the OS and RFS

(Tables 2, 3), while perineural invasion was an independent

prognostic factor for LRFS (Table 4).
Postoperative recurrence pattern

Table 5 shows a flowchart with details of up to 3 years of

recurrence after the surgery in both groups. In total, 42 patients

(42/91, 46.2%) with positive LPN relapsed, 12 (12/91, 13.2%)

experienced LR, and 35 (35/91, 38.5%) had distant recurrence.

Further, 54 (54/296, 18.2%) patients with negative LPN showed

relapse: 18 (18/296, 6.1%) experienced LR and 46 (46/296,

15.5%) had distant recurrences. The proportion of local

recurrence in overall recurrence was similar in positive LPN

and negative LPN groups (12/42, 28.6% vs. 18/54, 33.3%).
Prognostic factors of LPN metastasis

Table 6 shows the distribution of the number of LPNs in

patients with LPN metastases. Considering LPNs ≥ 3 as the cut-

off value, the AUC for prognosis in patients with LPN metastasis

was 0.634, showing good concordance. Therefore, we considered

LPNs ≥ 3 as the cut-off value for predicting prognosis in patients

with LPN metastasis in the present study.

Table 7 shows the univariate and multivariate regression

analyses results of the 91 patients with pathological LPN

metastasis. Univariate analysis identified LPN metastasis to the

common iliac and external iliac arteries, LPNs ≥ 3, and bilateral

LPN metastasis as predictors of the OS; the predictors of RFS were

open LPND, N2 stage, LPN metastasis to the common iliac and

external iliac arteries, LPNs ≥3, and bilateral LPN metastasis (P <

0.05). Multivariate analysis revealed that the LPN metastasis to the
FIGURE 1

Research flowchart.
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common iliac and external iliac arteries was an independent

prognostic factor for both the OS (HR, 4.74; 95% CI, 1.74−12.90;

P = 0.002) and RFS (HR: 2.70; 95% CI, 1.16−6.29; P = 0.021).

To further clarify the prognostic significance of the location

of the LPN metastasis, we screened 89 patients at stage N2 from

the negative LPN group and subdivided them into N2a stage (4

−6 regional lymph node metastases) and N2b stage (≥7 regional

lymph node metastases) according to the AJCC tumor staging
Frontiers in Oncology 05
system. The 3-year OS (and the 3-year RFS) rates of the N2a

stage, N2b stage, LPN metastasis to the obturator or internal

iliac, and LPN metastasis to the common iliac and external iliac

arteries were 88.1% (72.1%), 72.3% (60.9%), 70.2% (52.6%), and

14.6% (10.6%), respectively (Figures 3A, B). The OS (P = 0.775)

and RFS (P = 0.408) were not significantly different between

patients with the LPNmetastasis to the obturator or internal iliac

artery and at the N2b stage.
TABLE 1 The baseline data and clinicopathological characteristics.

Variables Positive LPN (n = 91) Negative LPN (n = 296) P

Age (years, mean ± SD) 57.4 ± 12.2 57.2 ± 10.9 0.900

Sex 0.714

Male 54 (59.3) 182 (61.5)

Female 37 (40.7) 114 (38.5)

BMI (kg/m2, mean ± SD) 23.9 ± 3.1 24.2 ± 3.4 0.453

Distance from anal verge (cm, mean ± SD) 4.5 ± 2.5 4.8 ± 2.3 0.348

CEA level(ng/ml) 0.008

≥5 39 (42.9) 83 (28.0)

<5 52 (57.1) 213 (72.0)

Surgical approach 0.240

Open 21 (23.1) 87 (29.4)

Laparoscopic 70 (76.9) 209 (80.6)

Histology <0.001

Adenocarcinoma 66 (72.5) 270 (91.2)

Mucinous/signet 25 (27.5) 26 (8.8)

Differentiated degree 0.002

Well 0 (0) 8 (2.7)

Moderate 51 (56.0) 211 (71.3)

Poor/non-differentiated 40 (44.0) 77 (26.0)

pT stage 0.003

T0 -T2 11 (12.1) 80 (27.0)

T3-T4 80 (87.9) 216 (73.0)

pN stage (mesorectal LN) <0.001

N0 23 (25.3) 194 (65.5)

N1 45 (49.5) 63 (21.3)

N2 23 (25.3) 39 (13.2)

Perineural invasion 48 (51.1) 105 (35.5) 0.003

Lymphatic invasion 47 (51.6) 74 (25.0) <0.001

Type of operation 0.073

Low anterior resection 44 (48.4) 158 (53.4)

Abdominoperineal resection 39 (42.9) 133 (44.9)

Hartmann procedure 8 (8.7) 5 (1.7)

Operative time, median (range) min 280 (140-742) 258 (135-600) 0.409

Estimated blood loss, median (range) mL 100 (10-200) 100 (10-700) 0.566

Postoperative complications (Grade 1-2) 10 (11.0) 33 (11.1) 0.966

Postoperative complications (Grade 3-5) 8 (8.8) 23 (7.8) 0.754

Mortality 1 (1.1) 1(0.3) 0.415

Postoperative hospital stay, median (range) days 12 (5-52) 10 (4-64) 0.367

Adjuvant therapy 79 (86.8) 174 (58.8) <0.001
frontiers
LPN, lateral pelvic lymph node; BMI, body mass index; ASA, American Society of Anesthesiologists; CEA, carcinoembryonic antigen.
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Discussion

Due to the complexity of the anatomical location of the

pelvic lateral wall and the difficulty of preserving the pelvic nerve

plexus, the execution of LPND has high technical requirements

for surgeons. Our study showed that the median operative time

was 265 min, the median estimated blood loss was 100 mL, and

the rate of grade 3-5 postoperative complication rate was 8.0%

(31/387). Ogura et al. reported on 107 patients who underwent

laparoscopic LPND + TME and showed that the mean operation
Frontiers in Oncology 06
duration and blood loss were 461 min and 115 mL, respectively.

Furthermore, no significant difference was found in

postoperative complications, consistent with our results (18).

Therefore, we suggest that LPND is safe and feasible in

institutions with experienced surgeons.

The lateral pelvis is a common site of postoperative

recurrence after rectal cancer surgery (19), and procedures to

suppress the LR are optimized separately in various countries.

The standard treatment in Western countries is nCRT, followed

by TME; however, recent data suggest that nCRT cannot
B CA

FIGURE 2

OS (A), RFS (B), and LRFS (C) curves of patients in the positive LPN and negative LPN groups. OS, overall survival; RFS, recurrence-free survival;
LRFS, local recurrence-free survival; LPN, lateral pelvic lymph node.
TABLE 2 Univariate and multivariate regression analyses of overall survival in 387 patients with clinical LPN metastasis who underwent TME+LPND.

Variables Overall survival

Univariate analysis Multivariate analysis

HR (95%CI) P HR (95%CI) P

Sex: male/female 0.59 (0.35–1.02) 0.058

Age at operation (≥65/<65 years) 0.79 (0.39–1.56) 0.491

CEA level (>5/≤5 ng/L) 1.79 (1.03–3.12) 0.038 1.32 (0.75-2.33) 0.338

Distance from anal verge (>5/≤5 cm) 0.55 (0.29–1.05) 0.069

Operative type: laparoscopic/open 0.93 (0.53–1.63) 0.800

LPND (Bilateral/Unilateral) 1.36 (0.79–2.35) 0.267

Histology (Mucinous or signet/adenocarcinoma) 2.95 (1.33-8.27) 0.028 1.42 (0.50-5.89) 0.430

Differentiated degree (Poor or non-differentiated/moderate or well) 3.22 (1.29–7.11) 0.011 1.54 (0.54-4.38) 0.363

Lymphatic invasion (yes/no) 3.63 (1.44–9.14) 0.006 2.13 (0.74-6.14) 0.163

Perineural invasion (yes/no) 2.34 (0.96–5.72) 0.063

Circumferential Resection Margin (yes/no) 1.45 (0.90-6.21) 0.256

pT stage (T3–T4/T1-T2) 1.68 (0.86–3.27) 0.126

pN stage (mesorectal LN)

N0 – – – –

N1 3.65 (1.65–8.07) 0.001 2.53 (1.12-5.75) 0.026

N2 7.19 (3.35–15.41) <0.001 3.92 (1.73-8.86) 0.001

Pathological LPN metastasis (yes/no) 4.97 (2.87–8.58) <0.001 3.27 (1.80-5.93) <0.001

Grade 3-5 postoperative complication (yes/no) 2.20 (0.88–3.61) 0.114

Adjuvant therapy (yes/no) 3.32 (0.95-4.92) 0.097
frontie
LPN, lateral pelvic lymph node; TME, total mesorectal excision; CEA, carcinoembryonic antigen; LPND, LPN dissection.
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completely eradicate LPN metastasis and has a high risk of

lateral compartment recurrence (18, 20). Therefore, LPND is a

crucial and necessary approach to reducing the LR in patients

with LPN metastasis. In the present study, although the OS and

RFS of patients with LPN metastasis were still poor after LPND,

LPN metastasis was not an independent adverse prognostic

factor for LRFS after the elimination of confounding factors

through multivariate Cox regression analysis. Moreover, by

analyzing the recurrence patterns, we found that the same

proportion of local recurrence accounted for overall recurrence

in both groups. Therefore, we believe that the local control effect

of LPND was satisfactory. However, some patients with LPN

metastasis showed potential micrometastasis at diagnosis, which

is an important cause of frequent distant metastasis after the

surgery. Strengthening systemic adjuvant chemotherapy is

needed to improve patient survival.

The survival benefits of LPND for patients with LPNmetastasis

depend on whether the local metastases can be cured by resection or

if there is distant metastases that cannot be controlled locally.

Previous studies confirmed that the location (5, 13, 21) and the

number of LPN metastases (19, 22–24) are factors that affect the

efficacy of LPND in patients with LPN metastases. In the present

study, multivariate analysis demonstrated that lymph node

metastasis to the common iliac or external iliac artery was an

independent adverse prognostic factor for patients with LPN
Frontiers in Oncology 07
metastasis, with low 3-year OS and RFS rates. Moreover, we

further evaluated the prognostic significance of LPND in patients

with LPNmetastasis, and the results showed that the 3-year OS and

3-year RFS of patients with internal iliac or obturator lymph node

metastases were comparable with those at the N2b stage. Kanemitsu

et al. conducted a retrospective study involving 1,191 patients from

two high-volume centers in Japan, and the results showed that the

survival benefits from LPND of the internal iliac and obturator

areas were comparable to those obtained through dissection of the

superior rectal artery area (13). Similarly, Morohashi et al. reported

that lymph node metastasis outside the internal iliac and obturator

lymph node area was an independent prognostic risk factor for

patients with LPN metastasis (HR: 2.70; 95% CI, 1.20–6.08; P =

0.016) (21). The above literature is consistent with our study results,

suggesting that external iliac or common iliac lymph node

metastasis could be regarded as a systemic disease and that

prognosis cannot improve even with dissection But that leads to

increased urinary and sexual dysfunction; thus, the systemic

comprehensive therapy should be strengthened to replace LPND.

Additionally, patients with internal iliac or obturator lymph node

metastases could obtain survival benefits after LPND, and we

considered that they had regional lymph node metastases (N2b

stage) that can be cured by LPND.

The results of this study suggest that LPND is invalid and

undesirable because only 23.5% (91/387) of patients have
TABLE 3 Univariate and multivariate regression analyses of recurrence-free survival in 387 patients with clinical LPN metastasis who underwent
TME+LPND.

Variables Recurrence-free survival

Univariate analysis Multivariate analysis

HR (95%CI) P HR (95%CI) P

Sex: male/female 0.79 (0.51–1.23) 0.297

Age at operation (≥65/<65 years) 0.78 (0.46–1.33) 0.366

CEA level (>5/≤5 ng/L) 1.57 (1.01–2.45) 0.049 1.19 (0.76–1.89) 0.441

Distance from anal verge (>5/≤5 cm) 0.73 (0.45–1.19) 0.203

Operative type: laparoscopic/open 1.13 (0.72–1.79) 0.593

LPND (Bilateral/Unilateral) 0.90 (0.57–1.42) 0.641

Histology (Mucinous or signet/adenocarcinoma) 2.04 (1.43-5.28) 0.037 1.14 (0.74-2.76) 0.483

Differentiated degree (Poor or non-differentiated/moderate or well) 2.35 (1.21–4.33) 0.018 1.82 (0.78–4.25) 0.224

Lymphatic invasion (yes/no) 1.62 (0.80–3.28) 0.180

Perineural invasion (yes/no) 1.84 (0.94–3.58) 0.075

Circumferential Resection Margin (yes/no) 1.52 (0.92-4.76) 0.182

pT stage (T3–T4/T1-T2) 1.73 (1.05–2.99) 0.048 0.86 (0.46–1.60) 0.630

pN stage (mesorectal LN)

N0 – – – –

N1 3.16 (1.76-5.68) <0.001 2.73 (1.45–5.16) 0.002

N2 5.44 (3.08-9.63) <0.001 3.91 (2.00–7.64) <0.001

Pathological LPN metastasis (yes/no) 3.99 (2.56-6.22) <0.001 2.84 (1.75–4.63) <0.001

Grade 3-5 postoperative complication (yes/no) 1.37 (0.81-2.93) 0.352

Adjuvant therapy (yes/no) 2.45 (1.22-7.32) 0.042 2.87 (0.65-9.32) 0.752
frontie
LPN, lateral pelvic lymph node; TME, total mesorectal excision; CEA, carcinoembryonic antigen; LPND, LPN dissection.
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pathology confirming LPN metastasis, which leads to excessive

unnecessary LPND. The treatment for LPN metastasis is

essentially multidisciplinary and comprehensive. In recent years,

nCRT and LPND have been integrated and become
Frontiers in Oncology 08
complementary; they form a relatively scientific treatment

system. Currently, in China, patients with clinical evidence of

LPN metastasis are recommended to undergo nCRT first,

followed by selective LPND. We have gradually established
TABLE 4 Univariate and multivariate regression analyses of local recurrence-free survival in 387 patients with clinical LPN metastasis who
underwent TME+LPND.

Variables Local recurrence-free survival

Univariate analysis Multivariate analysis

HR (95%CI) P HR (95%CI) P

Sex: male/female 0.97 (0.46-2.05) 0.927

Age at operation (≥65/<65 years) 0.84 (0.34-2.05) 0.695

CEA level (>5/≤5 ng/L) 1.15 (0.54-2.49) 0.714

Distance from anal verge (>5/≤5 cm) 0.40 (0.15-1.04) 0.060

Operative type: laparoscopic/open 2.29 (0.95-5.52) 0.067

LPND (Bilateral/Unilateral) 1.32 (0.63-2.77) 0.460

Histology (Mucinous or signet/adenocarcinoma) 2.04 (0.85-9.42) 0.134

Differentiated degree (Poor or non-differentiated/moderate or well) 2.41 (0.90-6.42) 0.079

Lymphatic invasion (yes/no) 2.16 (0.76-6.20) 0.151

Perineural invasion (yes/no) 3.11 (1.13-8.62) 0.029 3.75 (1.28-10.96) 0.016

Circumferential Resection Margin (yes/no) 3.87 (0.97-8.15) 0.094

pT stage (T3–T4/T1-T2) 1.61 (0.65-3.96) 0.300

pN stage (mesorectal LN)

N0 – – – –

N1 3.16 (1.76-5.68) 0.138 1.18 (0.38-3.70) 0.778

N2 1.98 (0.80-4.88) 0.027 0.57 (0.13-2.52) 0.460

Pathological LPN metastasis (yes/no) 2.85 (1.30-6.24) 0.009 2.42 (0.77-7.64) 0.132

Grade 3-5 postoperative complication (yes/no) 1.25 (0.78-2.63) 0.452

Adjuvant therapy (yes/no) 2.13 (0.82-5.96) 0.189
frontier
LPN, lateral pelvic lymph node; TME, total mesorectal excision; CEA, carcinoembryonic antigen; LPND, LPN dissection.
TABLE 5 Recurrence rate of local and distant metastasis.

Recurrence pattern Positive LPN (n = 91) Negative LPN (n = 296)

Overall recurrence 42 (46.2) 54 (18.2)

Local recurrence 12 (13.2) 18 (6.1)

Central pelvic 8 (8.8) 10 (3.4)

Lateral pelvic 3 (3.3) 6 (2.0)

Central pelvic+Lateral pelvic 1 (1.1) 2 (0.7)

Distant recurrence 35 (38.5) 46 (15.5)

Lung 10 (11.0) 17 (5.7)

Liver 6 (6.6) 8 (2.7)

Bone 3 (3.3) 5 (1.7)

Peritoneum 2 (2.2) 2 (0.7)

Lymph nodes 3 (3.3) 2 (0.7)

Lung+liver 5 (5.5) 8 (2.7)

Liver+Bone 1 (1.1) 1 (0.3)

Liver+Peritoneum 2 (2.2) 0 (0)

Liver+Bone+Lung 3 (3.3) 0 (0)
LPN, lateral pelvic lymph node.
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TABLE 6 The distribution of the number of LPNs in 91 patients with LPN metastases.

Number of positive LPN Number of patients HR 95%CI P AUC

LPNs ≥2 37/54 1.46 0.75-2.86 0.265 0.569

LPNs ≥3 16/75 2.09 1.02-4.30 0.044 0.634

LPNs ≥4 15/76 1.94 0.92-4.07 0.080 0.620

LPNs ≥5 9/82 2.77 1.21-6.36 0.016 0.600

LPNs ≥6 5/86 1.43 0.43-4.68 0.559 0.543

LPNs ≥7 3/88 2.04 0.48-8.56 0.332 0.529
Frontiers in Oncology
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LPN, lateral pelvic lymph node; HR, hazard ratio; AUC, area under the curve
TABLE 7 Univariate and multivariate regression analyses of 91 patients with pathological LPN metastasis.

Variables Overall survival Recurrence-free survival

Univariate
analysis

Multivariate
analysis

Univariate
analysis

Multivariate
analysis

HR (95%
CI)

P HR (95%
CI)

P HR (95%
CI)

P HR (95%
CI)

P

Sex: male/female 0.72 (0.32-
1.61)

0.428 0.90 (0.46-
1.77)

0.760

Age at operation (≥65/<65years) 0.48 (0.16-
1.39)

0.175 0.70 (0.33-
1.50)

0.362

CEA level(>5/≤5 ng/L) 1.66 (0.70-
3.94)

0.247 1.99 (0.99-
4.01)

0.053

Histology (Mucinous or signet/adenocarcinoma) 1.89 (0.49-
8.84)

0.652 1.39 (0.42-
9.68)

0.542

Differentiated degree (Poor or non-differentiated/moderate
or well)

1.73 (0.45-
11.51)

0.579 1.47 (0.62-
10.68)

0.433

Operative type: laparoscopic/open 0.47 (0.21-
1.04)

0.063 0.44 (0.23-
0.87)

0.017 0.57 (0.27-
1.21)

0.145

Lymphatic invasion (yes/no) 4.36 (0.72-
35.89)

0.164 1.76 (0.88-
5.02)

0.131

Perineural invasion (yes/no) 2.74 (0.45-
16.67)

0.275 2.26 (0.56-
9.14)

0.254

Circumferential Resection Margin (yes/no) 1.44 (0.91-
5.82)

0.134 1.70 (0.85-
7.35)

0.381

pT stage (T3-T4/T0-T2) 0.83 (0.28-
2.42)

0.726 0.49 (0.20-
1.19)

0.115

pN stage (mesorectal LN)

N0 – – – –

N1 2.87 (0.36-
22.99)

0.321 2.52 (0.56-
11.30)

0.229 2.17 (0.48-
9.95)

0.318

N2 5.92 (0.78-
44.93)

0.085 4.62 (1.08-
19.77)

0.039 3.28 (0.72-
14.96)

0.125

LPN metastasis (obturator or internal iliac artery/other) 6.10 (2.54-
14.68)

<0.001 4.74 (1.74-
12.90)

0.002 2.74 (1.25-
6.02)

0.012 2.70 (1.16-
6.29)

0.021

Number of LPN metastasis (≥3/< 3) 2.69 (1.18-
6.18)

0.019 1.51 (0.59-
3.82)

0.391 2.09 (1.02-
4.30)

0.044 1.10 (0.48-
2.52)

0.828

LPN metastasis (Bilateral/Unilateral) 3.16 (1.16-
8.60)

0.024 1.33 (0.44-
4.07)

0.617 2.17 (0.90-
5.27)

0.086

Adjuvant therapy (yes/no) 0.87 (0.36-
2.10)

0.753
LPN, lateral pelvic lymph node; CEA, carcinoembryonic antigen; HR, hazard ratio
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standardized and practical indications for selective LPND after

nCRT, and we suggest that patients with LPN diameter ≥ 7 mm

after nCRT or poor differentiation should be offered LPND after

nCRT; moreover, patients without risk factors can adopt a watch-

and-wait treatment strategy after nCRT to avoid over-treatment

(17). Additionally, the presence of distant metastases showed a

dominant recurrence pattern in this study. We hypothesized that

nCRT incompletely eliminated micrometastasis, highlighting the

importance of strengthening adjuvant chemotherapy. However,

poor compliance and a high risk of complications hinder the

progression of postoperative adjuvant chemotherapy. Therefore,

postoperative adjuvant chemotherapy may be considered for

controlling toxicity and chemotherapy before, during, and after

radiotherapy (totally neoadjuvant therapy), or to replace

radiotherapy with intensive chemotherapy (25, 26). These

findings still need to be confirmed by prospective randomized

controlled studies in the future.

This study had several limitations. First, besides the limited

number of participants, the retrospective multicenter nature of

this study has inherent selection bias and heterogeneity of

patients and treatments. Second, the decision to implement

LPND is based on preoperative evaluation, but the prognostic

factor obtained in this study was the location of LPN based on

pathological assessment, and this information is unavailable to

the surgeon before surgery. However, with continuous

development and improvement in radiology, preoperative MRI

can accurately assess the short diameter, location, quantity,

heterogeneity, and other imaging characteristics of the

metastatic LPN. Therefore, we believe that the findings of this

study can still provide some guidance for clinical practice. Third,

the average BMI of all patients in this study was 24 kg/m2, which

was significantly lower than that of patients in Western

countries. Rectal dissection and LPND may be more

technically difficult in obese patients; thus, a large difference in

BMI would undermine the generalizability of this study. Finally,

the mean follow-up time of the whole study was only 41.2

months, which is insufficient for adequately assessing the 5-year

survival outcomes.
Frontiers in Oncology 10
Conclusion

The results of this study suggest that although LPND may be

effective in controlling the LR in patients with LPN metastasis,

systemic spread and metastases frequently develop postoperatively.

Patients with LPN metastases limited to the internal iliac and

obturator regions appear to achieve a long-term survival benefit

from LPND, and their prognoses may be comparable to those of

patients at the N2b stage. Further metastasis to the external iliac or

common iliac region should be considered a systemic disease, and

LPND should be avoided.
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