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Abstract

Background: There is still controversy regarding the clinical value and significance of lateral pelvic lymph node (LPN)
dissection (LPND). The present study aimed to investigate whether the addition of LPND to total mesorectal excision
(TME) confers survival benefits in rectal cancer patients with clinical lateral pelvic node metastasis (LPNM).

Methods: From January 2015 to January 2021, a total of 141 rectal cancer patients with clinical evidence of LPNM
who underwent TME + LPND were retrospectively analysed and divided into the LPNM group (n=29) and the non-
LPNM group (n=112). The LPNM group was further subdivided into a high-risk LPNM group (n = 14) and a low-risk
LPNM group (n=15). Propensity score matching (PSM) was performed to minimize selection bias. The primary out-
comes of this study were 3-year overall survival (OS) and disease-free survival (DFS).

Results: Of the 141 patients undergoing LPND, the local recurrence rate of patients with LPNM was significantly
higher than that of patients without LPNM both before (27.6% vs. 4.5%, P=0.001) and after (27.6% vs. 3.4%, P=0.025)
PSM. Multivariate analysis revealed that LPNM was an independent risk factor for not only OS (HR: 3.06; 95% (I,
1.15-8.17; P=0.025) but also DFS (HR: 2.39; 95% Cl, 1.18-4.87;, P=0.016) in patients with LPNM after TME 4 LPND.
When the LPNM group was further subdivided, multivariate logistic regression analysis showed that OS and DFS were
significantly better in the low-risk group (obturator/internal iliac artery region and < 2 positive LPNs).

Conclusion: Even after LPND, LPNM patients have a poor prognosis. Moreover, LPNM is an independent poor prog-
nostic factor affecting OS and DFS after TME 4 LPND. However, LPND appears to confer survival benefits to specific
patients with single LPN involvement in the obturator region or internal iliac vessel region. Furthermore, LPND may
have no indication in stage IV patients and should be selected carefully.
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Introduction

The lateral lymph node metastasis (LPNM) pathway of

middle and low rectal cancer was first proposed by Ger-

ota in 1895 [1], and the anatomical theoretical system of
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for local recurrence and long-term survival [4, 5]. Lat-
eral pelvic lymph node dissection (LPND), as a poten-
tial radical surgery, is still controversial worldwide. In
Western countries, LPNM (except internal iliac lymph
nodes) is considered a systemic disease. Even if LPND is
performed, the five-year survival rate is only 20-45% [6],
and it may increase the possibility of sexual function and
urinary dysfunction. Therefore, NCCN guidelines and
ESMO guidelines recommend neoadjuvant chemoradio-
therapy (nCRT) combined with total mesorectal resec-
tion (TME) as the standard treatment mode for advanced
rectal cancer, rather than prophylactic LPND alone [7].
However, in Japan, the lateral pelvic lymph nodes (LPNs)
in the area of the obturator, external iliac, and common
iliac were regarded as regional lymph nodes, which were
considered within the scope of the N3 stage. The JSCCR
guidelines clearly indicate that prophylactic LPND
should be performed for patients with T3-T4 rectal can-
cer that is below the peritoneal reflection [8, 9]. However,
the level of evidence is relatively low, and thus, this pro-
cedure is not widely implemented.

Several Japanese studies have suggested that the overall
benefit related to local recurrence and survival of LPND
is not promising in patients with LPNM [10-14]. There-
fore, it is necessary to clarify the effectiveness of LPND
with regard to increasing local control and prolonging
survival. Therefore, we designed a retrospective cohort
study to investigate the prognostic significance related
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to the local control effect and survival benefit of LPND
in rectal cancer patients with clinical evidence of LPNM
and to explore the types of patients with LPNM that
could receive some prognostic benefit from LPND.

Materials and methods

Patients and methods

Rectal cancer patients with clinical evidence of LPNM
who underwent TME+LPND at the National Cancer
Center/National Clinical Research Center for Cancer/
Cancer Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College between January
2015 and January 2021 were identified and reviewed.
The inclusion criteria were as follows: (1) pathology
confirmed as adenocarcinoma; (2) lower margin of the
tumour located below the peritoneal reflection; and (3)
clinically advanced rectal cancer (cT3-T4/cN+). The
exclusion criteria were as follows: (1) patients with a his-
tory of other malignancies; and (2) patients who under-
went local resection or R1-R2 resection. Finally, a total
of 141 cases were included and divided into the LPNM
group (n=29) and the non-LPNM group (n=112)
according to the pathological results. All enrolled
patients were included in the propensity score match-
ing (PSM) process, and 29 matched pairs were eventually
selected (Fig. 1). This retrospective study was approved
by the Ethics Committee of the Cancer Hospital, Chinese
Academy of Medical Sciences (NCC 2017-YZ-026, Oct
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Fig. 1 Group flow chart
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17, 2017). All of the enrolled patients provided informed
consent, and this study complied with the STROBE
Guidelines.

Diagnosis and treatment

Routine preoperative investigations for all patients
included laboratory examination, endoscopy, abdominal
computed tomography (CT), and pelvic magnetic reso-
nance imaging (MRI). Clinical LPNM was diagnosed by
two imaging specialists who specialized in gastrointesti-
nal cancer based on MRI before treatment. Meeting one
or more of the following criteria was considered clini-
cally LPNM, and TME + LPND was performed: (1) short
diameter of LPN >0.8 cm; (2) inhomogeneous or intense
enhancement; and (3) irregular shape with rough edges.
Tumour staging was performed using the American Joint
Committee on Cancer (AJCC) staging system (8th edi-
tion) [15]. Treatment strategies for each patient were
determined by multidisciplinary team meetings (MDTs)
that incorporated radiologists and medical and surgical
oncologists. Postoperative complications were catego-
rized according to the Clavien-Dindo classification [16].
According to the guidelines of the NCCN, all patients
with pT3/T4 or N+ underwent adjuvant chemotherapy
postoperatively.

Subgrouping of LPNM

Twenty-nine patients in the LPNM group were further
divided into two groups based on the distant metasta-
sis, actual number and region of LPNMs. According to
the JSCCR guidelines, LPNs were divided into 5 regions:
the common iliac vessel region, the proximal iliac vessel
region, the distal iliac vessel region, the obturator region
and the external iliac vessel region [8]. Patients with<2
positive LPNs, with positive LPNs in the obturator or
internal iliac artery region and without distant metastasis
were assigned to the low-risk LPNM group (n=15), and
patients without any of these factors were assigned to the
high-risk LPNM group (n=14) (Tablel).

LPND procedure

All patients were treated with standard TME and LPND
with laparoscopic or open procedures. Based on preop-
erative MRI evaluation, therapeutic unilateral or bilateral
LPND was performed. Bilateral LPND is not performed
routinely unless preoperative MRI suggests bilateral
LPNM. As we described previously [17, 18], a five-port
technique was adopted. After total mobilization of the
rectum and distal rectal transection according to the
TME principle, unilateral or bilateral LPND was per-
formed appropriately. The common iliac vessel, exter-
nal iliac vessel, internal iliac and obturator lymph nodes
were dissected. The internal iliac vessels are routinely

Table 1 Grouping criteria for LPNM
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Characteristic

High-risk group
(n=14)

Low-risk group
(n=15)

LPNs Location

Obturator or the external 4 (28.6) 15 (100.0)

iliac vessel region

Other 10(71.4) 0(0)
Distant metastasis

Presence 4(28.6) 0(0)

Absence 10 (71.4) 15 (100.0)
The number of LPNs

<2 5(35.7) 15 (100.0)

>2 9 (64.3) 0(0)

preserved during dissection. During LPND, the ureter,
hypogastric nerves and obturator nerve were carefully
identified and preserved.

Follow-up

After the operation, all patients were followed up by tel-
ephone or outpatient visits until death due to recurrence
or metastasis of rectal cancer or February 1, 2021, which-
ever came first. The follow-up examination consisted of
serum tumour marker measurements, abdominal CT,
and pelvic MRI 3—-6 months for the first three years and
every 6 months for the next two years. The long-term
endpoints of this study were 3-year overall survival (OS)
and disease-free survival (DFS), and the data were col-
lected based on this follow-up survey.

Statistical analysis

Clinical and pathological factors are expressed as fre-
quencies and percentages or means =+ standard deviations
and were analysed separately using the x> test or Fisher’s
exact test and the t test. PSM was performed by logistic
regression to reduce the imbalance in these 2 groups.
The matching ratio was 1:1, and the covariates included
age, sex, body mass index (BMI), CEA level, CA19-9
level, American Society of Anesthesiologists (ASA) cat-
egory, preoperative treatment, distant metastasis, sur-
gical approach, histology, T stage, N stage, perineural
invasion, lymphatic invasion, and vascular invasion. OS
and DFS were calculated by the Kaplan—Meier method
and compared by the log—rank test. The variables deter-
mined to have a P value <0.05 in univariate analysis were
subsequently tested by multivariate analysis through
a Cox regression model, and an odds ratio with a 95%
confidence interval was calculated for each variable. A P
value <0.05 was considered statistically significant. Sta-
tistical analysis was performed using SPSS for Windows
version 20.0 (SPSS, Chicago, Illinois, USA).
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Results
Clinical and pathological characteristics
Of 141 patients with rectal cancer and clinical LPNM,
29 (20.6%) patients were postoperatively diagnosed with
pathological LPNM by pathology. The lymph nodes
around the obturator were the most common LPN met-
astatic site (n=14, 48.3%), followed by the internal iliac
region (n=38, 27.6%), the common iliac region (n=6,
20.7%) and the external iliac region (n=5, 17.2%) (Fig. 2).
The clinicopathological characteristics are listed in
Table 2. After matching, the LPNM group and non-
LPNM group were well balanced in terms of age, sex,
BMI, CEA level, CA19-9 level, ASA category, preopera-
tive treatment, distant metastasis, surgical approach, his-
tology, pT stage, pN stage, perineural invasion, lymphatic
invasion, and vascular invasion (P> 0.05).

Operative and perioperative data
Operative and perioperative data are shown in Table 3.
Patients in both groups had comparable types of
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operations, LPND, operative time, estimated blood loss,
postoperative complications, time to first flatus, and
postoperative hospital stay before and after matching
(P>0.05). No deaths were recorded during the periopera-
tive period in either group.

Postoperative recurrence pattern

Postoperative recurrence is shown in Table 4. The post-
operative overall recurrence rate (51.7% vs. 21.4%,
P=0.001) and local recurrence rate (27.6% vs. 4.5%,
P=0.001) were significantly higher in the LPNM group
than in the non-LPNM group before matching. After
eliminating confounding factors through matching,
patients in the LPNM group still had significantly higher
local recurrence rates (27.6% vs. 3.4%, P=0.025).

Survival analysis

The median follow-up period of the whole group was
25.0 (range, 2—66) months. Before matching, the OS
(P<0.001) and DFS (P<0.001) of patients in the LPNM

Fig. 2 Distribution of lateral lymph node metastases of 29 patients in the LPNM group. #263P (proximal internal iliac lymph nodes); #263D (distal
internal iliac lymph nodes); #273 (common iliac lymph nodes); #283 (lymph nodes around obturator); and #293 (external iliac lymph nodes)
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Table 2 Clinical and pathological characteristics of 141 rectal cancer patients with or without pathological LPNM before and after

matching

Variables Original cohort Matched cohort
LPNM (n=29) Non-LPNM (n=112) P LPNM (n=29) Non-LPNM (n=29) P
Age (years, mean £ SD) 5754+117 5624104 0.551 5754117 586410.1 0.632
Gender 0462 0.594
Male 18 (62.1) 61 (54.5) 18 (62.1) 16 (55.2)
Female 11(379) 51(455) 11379 13 (44.8)

BMI (kg/m?, mean = SD) 243+£30 250+32 0295 243430 245+25 0.930

CEA level (ng/mL, mean£SD) 15.0£320 84+£15.1 0.124  150+£320 1294225 0.811

CA19-9 level (ng/mL, mean £ SD) 479+£101.8 190£17.3 0169 47941018 352+414 0373

ASA category 0.580 1.000
-l 26 (89.7) 106 (94.6) 26 (89.7) 27(93.1)

-V 3(10.3) 6(5.4) 3(10.3) 2(6.9)

Preoperative treatment 16 (55.2) 58(51.8) 0.745  16(55.2) 17 (58.6) 0.791

Distant metastasis 4(13.8) 8(7.2) 0.441 4(13.8) 4(13.8) 1.000

Surgical approach 0.651 1.000
Open 1(34) 9(8.0) 1(34) 2(6.9)

Laparoscopic 28 (96.6) 103 (92.0) 28 (96.6) 27 (93.1)

Histology 0.047 0.588
Moderate 16 (55.2) 83 (74.1) 17 (58.6) 19 (65.5)
Poor/Mucinous/signet 13 (44.8) 29 (25.9) 12 (414) 10 (34.5)

pT stage 0.012 0.666
T1-T2 2(69) 33(29.5) 2(6.9) 4(13.8)

T3-T4 27(93.1) 79 (70.5) 27(93.1) 25(86.2)

pN stage <0.001 0.636
NO 3(10.3) 56 (50.0) 3(10.3) 5(17.3)

N1 12(414) 33(29.5) 12 (41.4) 13 (44.8)
N2 14 (48.3) 23(20.5) 14 (48.3) 11(37.9)

Perineural invasion 14 (48.3) 41 (36.6) 0.251 14 (48.3) 12(41.4) 0.597

Lymphatic invasion 13 (44.8) 28 (25.0) 0.036  13(44.8) 11(37.9) 0.594

Vascular invasion 13 (44.8) 33(29.5) 0.116  13(44.8) 10 (34.5) 0421

Mesorectal lymph nodes harvested 156482 18.7£10.2 0137 156482 173196 0.691

LPLNs harvested 93455 99+6.1 0773  93&£55 10.9+64 0.573

group were significantly worse than those of patients in
the non-LPNM group (Fig. 3a, b). After matching, the
DES of patients in the LPNM group was also found to
be significantly worse than that in the non-LPNM group
(P=0.044) (Fig. 3d), while there was no significant differ-
ence in OS between the two groups (P=0.168) (Fig. 3¢).
Univariate and multivariate regression analyses were
performed to identify prognostic factors for OS and
DES of patients with clinical LPNM who underwent
TME +LPND. In univariate analysis, histology, perineu-
ral invasion, lymphatic invasion, N stage, and LPNM
significantly affected OS (P<0.05). In addition, DFS was
significantly affected by the preoperative CEA level, peri-
neural invasion, lymphatic invasion, N stage, and LPNM
(P<0.05). In multivariate regression analysis, LPNM was

an independent risk factor not only for OS (HR: 3.06; 95%
CI, 1.15-8.17; P=0.025) but also for DFS (HR: 2.39; 95%
CI, 1.18-4.87; P=0.016). Moreover, lymphatic invasion
was another independent risk factor for OS (HR: 3.34;
95% CI, 1.13-9.88; P=0.003) (Table 5).

Univariate and multivariate regression analyses
were performed to identify prognostic factors for OS
and DFS of patients with pathological LPNM. These
patients were divided into a high-risk LPNM group
and a low-risk LPNM group according to the site
(obturator or internal iliac artery region) and num-
ber (<2 positive LPNs) of LPNMs. The OS and DFS
of the patients in the high-risk LPNM group were
significantly worse than those of patients in the low-
risk LPNM group and non-LPNM group (Fig. 4a, b).
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Table 3 Perioperative outcomes of 141 rectal cancer patients with or without pathological LPNM before and after matching

Variables Original cohort Matched cohort
LPNM (n=29) Non-LPNM (n=112) P LPNM (n=29) Non-LPNM (n=29) P
Types of operation (%) 0428 0.883
Low anterior resection 11 (37.9) 54 (48.2) 11(37.9) 10 (34.5)
Abdominoperineal resection 16 (55.2) 55 (49.1) 16 (55.2) 16 (55.2)
Hartmann procedure 2 (6.9 3(2.7) 2(6.9) 3(10.3)
LPND 0.997 0517
Unilateral dissection 22 (75.9) 85 (75.9) 22 (75.9) 24 (82.8)
Bilateral dissection 7(24.1) 27 (24.1) 7(24.1) 5(17.2)

Operative time, min (mean £ SD) 2754+728 2658+76.5 0.542 27544728 28331772 0.680

Estimated blood loss, ml (mean == SD) 83.1£619 8434108.7 0955 831+£619 80.1+£914 0.872

Postoperative complications (Grade2-4) 4(13.8) 21(18.8) 0533  4(13.8) 5(20.7) 0487

Postoperative bleeding 0(0) 2(1.8) 0(0) 0(0)
lleus 1(34) 2(1.8) 1(34) 1(34)
Anastomosis leakage 0(0) 3(2.7) 0(0) 134
Pelvic cavity abscess 134) 2(1.8) 1(3.4) 1(34)
Pneumonia 1(34) 8(7.1) 1(34) 3(10.3)
Wound infection 1(34) 4(3.6) 1(3.4) 1(34)
Urinary retention 0(0) 2(1.8) 0(0) 0(0)

Time to first flatus (day, mean = SD) 31+13 31+14 0868 31413 33+16 0.683

Postoperative hospital stay (day, mean+SD)  89+4.5 8.7+5. 0872 89+45 93456 0.811

Re-operation 0(0) 1(0.9) 1.000  0(0) 0(0) -

Mortality 0(0) 0(0) 0 (0) 0(0) -

Table 4 Postoperative recurrence of 141 rectal cancer patients with or without pathological LPNM before and after matching

Variables Original cohort Matched cohort

LPNM (n=29) Non-LPNM P LPNM (n=29) Non-LPNM P
(n=112) (n=29)

Overall recurrence (%) 15(51.7) 24 (21.4) 0.001 15(51.7) 8(27.6) 0.060
Local recurrence 8(27.6) 5(4.5) 0.001 8(27.6) 1(34) 0.025
Distant metastasis 8(27.6) 19(17.0) 0.195 8(27.6) 7(24.1) 0.764

Liver metastasis 5(17.2) 11(9.8) 5172 5(117.2)
Lung metastasis 1(34) 11(9.8) 1(3.4) 5(17.2)
Bone metastasis 2(6.9) 2(1.8) 2(6.9) 2(6.9)
Peritoneal metastasis 134 0 (0) 1(34) 0(0)

Others 0(0) 2(1.8) 0(0) 0(0)

In univariate analysis, lymphatic invasion and high- Discussion

risk LPNM significantly affected both OS and DFS
(P<0.05). According to multivariate analysis, high-risk
LPNM was an independent risk factor affecting both
OS (HR: 9.23; 95% CI, 1.46-87.35; P=0.032) and DFS
(HR: 4.39; 95% CI, 1.33-13.16; P=0.041) (Table 6).

The prognostic value and significance of LPND is con-
troversial because LPNM represents systemic disease in
Western countries, and RO resection for tumours can-
not be achieved, while LPNM is considered a regional
disease amenable to surgical cure in Japan. Our study
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demonstrated that rectal cancer patients with clinical However, specific patients with single LPN involvement
evidence of LPNM developed a high local recurrence rate  in the obturator region or the internal iliac vessel region
even with TME+LPND. Moreover, LPNM is an inde- could obtain a survival benefit from TME + LPND.
pendent poor prognostic factor affecting OS and DFS.
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Table 5 Univariate and multivariate analyses for overall survival and disease-free survival of the 141 rectal patients with clinical LPNM

who underwent TME + LPND

Variables

Overall survival

Disease-free survival

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

HR(95%Cl) HR(95%Cl) P HR(95%Cl) P HR(95%Cl) P

Gender: male/female 0.86 (0.37-1.98) 0.716 0.85 (0.46-1.56) 0.600
Age 1.02 (0.97-1.06) 0.459 0.99 (0.97-1.03) 0.817
Preoperative treatment 1.70 (0.65-4.48) 0.283 1.59 (0.85-3.00) 0.149
Preoperative CEA level 1.01 (0.98-1.03) 0.587 01 (1.00-1.03) 0.050 1.01 (0.99-1.02) 0.165
Preoperative CA19-9 level 1.00 (0.99-1.01) 0.160 1.00 (0.99-1.01) 0.512
Histology 2.83(1.21-6.64) 0.017 1.38(0.55-3.44) 0.489 1.77 (0.95-3.29) 0.073
Perineural invasion 2.78 (1.19-6.46) 0.018 1.48(0.54-4.09) 0.450 2.06 (1.13-3.76) 0.019 1.77 (0.86-3.65) 0.121
Vascular invasion 1.29 (0.52-3.19) 0.589 0.98 (O 50-1.91) 0.953
Lymphatic invasion 6.00 (2.42-14.89) <0.001 3.34(1.13-9.88) 0.003 1(1.24-4.29) 0.008 1.48(0.70-3.12) 0.303
T stage: T3-4/T1-2 2.36 (0.70-8.00) 0.168 1.24(0.61-2.51) 0.557
N stage

NO Reference Reference Reference Reference

N1 167 (0.51-5.50) 0398 1.08(0.30-3.89)  0.905 1.38 (0.66-2.90) 0390 0.87(038-2.03) 0.751

N2 5.06 (1.74-14.76) 0.003  2.68(0.84-8.54) 0.096 2.32(1.12-4.83) 0.024 1.16 (0.48-2.85) 0.741
LPN metastasis 449(1.82-11.12) 0001 3.06(1.15-8.17)  0.025  2.95(1.59-5.50) 0.001 239(1.18-487) 0016
Mesorectal LN harvested 0.98 (0.93-1.03) 0411 0.99 (0.96-1.03) 0.698
LPN harvested 0.99 (0.98-1.01) 0.345 1.00(0.99-1.01) 0.264
Adjuvant chemotherapy 0.58 (0.25-1.35) 0.209 0.72 (0.39-1.33) 0.292
Anastomosis leakage or SSI 1.11 (0.44-3.10) 0.533 1.66 (0.23-12.06) 0618

This study discovered that 20.6% of patients who
underwent TME 4+ LPND were pathologically confirmed
to have LPNM. Previous studies have reported LPNM
rates varying from 8.6% to 18.6% [13, 19, 20], similar to
our results. In addition, the most common site of LPNM
was the obturator lymph node (48.3%), followed by the
internal iliac lymph node (27.6%), the common iliac
lymph node (20.7%), and the external iliac lymph node
(17.2%), which is also consistent with previous literature
reports [21].

Several studies have demonstrated that LPNs are the
most common site of postoperative recurrence [13, 14,
22]. In the present study, even after TME+ LPND, the
postoperative overall recurrence rate (51.7% vs. 21.4%,
P=0.001) and local recurrence rate (27.6% vs. 4.5%,
P=0.001) of patients with LPNM were significantly
higher than those of patients without LPNM. After the
elimination of confounding factors by PSM, the local
control effect of LPND for patients with LPNM was still
worse (27.6% vs. 3.4%, P=0.025). A retrospective study
involving 899 colorectal cancer patients at a high-volume
cancer centre in Japan conducted by Wang et al. revealed
that even with LPND, patients with LPNM still showed
an elevated risk of local recurrence (30.0% vs. 10.0,
P=0.025) [13]. Similarly, Numata et al. suggested that

additional LPND based on TME cannot achieve obvi-
ous local control compared with TME alone (27.8% vs.
26.4%, P=1.000), while increasing the RO resection rate
is crucial to maximizing the potential merits of LPND
[14]. The literature has shown that both chemotherapy
and TME combined with LPND have the same long-term
survival outcomes in rectal cancer patients with LPNM
and that even the former can achieve a reduction in local
recurrence [23]. Therefore, we suggest that LPND alone
is not sufficient to achieve local control, and comprehen-
sive treatment methods, including chemoradiotherapy
during the perioperative period, should be considered to
confer overall survival benefits for rectal cancer patients
with LPNM.

We investigated prognostic factors in 141 patients with
TME +LPND, and the results showed that the OS and
DES of patients with LPNM were significantly poorer
even after LPND and that LPNM was an independent
predictive value affecting OS (HR: 3.06; 95% CI, 1.15-
8.17; P=0.025) and DFS (HR: 2.39; 95% CI, 1.18-4.87;
P=0.016). Similarly, Sato et al. also proved that LPNM
results in a higher recurrence rate and a poor progno-
sis after LPND in patients with rectal carcinoma below
the peritoneal reflection [12]. The above results sug-
gested that the potential benefits of routine use of LPND
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Table 6 Univariate and multivariate analyses for overall survival and disease-free survival of the 29 rectal patients with pathological

LPNM

Variables

Overall survival

Disease-free survival

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

HR(95%Cl) P HR(95%Cl) P HR(95%Cl) P HR(95%Cl) P
Gender: male/female 0.72(0.19-2.71) 0.625 0.99 (0.37-2.71) 0.998
Age 01 (0.95-1.06) 0.811 0.99 (0.96-1.03) 0.767
Preoperative treatment 2.73(0.56-13.34) 0214 1.78 (0.65-4. 94) 0.265
Preoperative CEA level 0.99 (0.93-1.05) 0.705 01 (1.00-1.02) 0.181
Preoperative CA19-9 level 00 (0.99-1.01) 0.858 1.00 (0.99-1.01) 0677
Histology 0.89 (0.22-3. 64) 0.870 1.00 (0.36-2. 78) 0.999
Perineural invasion 3.89(0.34-18.10) 0.083 2.03 (0.70-5.90) 0.195
Vascular invasion 06 (0.28-3.99) 0.935 0.77 (0.28-2.14) 0612
Lymphatic invasion 664( .35-32.78) 0.020 2.74 (044-17.15) 0.280 3.03 (1.01-9.10) 0.048 1.65 (0.45-5.99) 0.447
T stage: T3-4/T1-2 7(0.15-9.42) 0.884 0.50 (0.14-1.80) 0.289
N stage

NO Reference Reference

N1 0.17 (0.15-1.85) 0.145 0.62 (0.15-2.63) 0517

N2 1.83(0.35-9.68) 0477 1.38(0.34-5.57) 0.654
Mesorectal LN harvested 0.98 (0.91-1.06) 0.638 1.00 (0.94-1.06) 0.994
LPN harvested 1.01 (0.95-1.08) 0.742 0.98 (0.92-1.05) 0.605
Adjuvant chemotherapy 0.69 (0.17-2.77) 0.598 0.39(0.14-1.08) 0.071
Anastomosis leakage or SSI 1.72(0.26-11.53) 0.547 142 (0.45-3.93) 0342
High risk LPNM 15.33(1.77-133.46) 0.013 9.23 (1.46-87.35) 0.032 446 (1.38-14.406) 0.013  4.39(1.33-13.16) 0.041

are limited or even ineffective. It has been reported in
the literature that LPND may provide survival benefits
for patients with certain specific LPN involvement [12,
24-26]. Yokoyama et al. classified LPNs according to
the actual number and region of LPNMs and found that
LPND is an effective treatment for patients with a single
LPNM in the internal iliac vessel region or the obtura-
tor region [24]. Moreover, Ueno and colleagues consid-
ered that the internal iliac vessel region and the obturator
region are “vulnerable fields’, and the value of LPND can
be effectively assessed by estimating the nodal diam-
eter in this “vulnerable field” [26]. Similar to the above
literature, our study also demonstrated that patients in
the low-risk group (obturator/internal iliac artery region
and < 2 positive LPNs) achieved better survival benefits in
terms of OS and DFS. The 8th edition of the AJCC indi-
cated that lymph nodes around the internal iliac artery
should be regarded as regional lymph nodes for rectal
cancer, and the N stage should be included in staging
considerations, which also supports our results to a cer-
tain extent.

There are several potential limitations to this study
that should be considered. First, the accuracy of MRI in
the diagnosis of LPNM was only 20.6% (29/141), which
was related to our relatively loose diagnostic criteria for

clinical LPNM. Therefore, we do not recommend that
this imaging diagnostic standard be used in clinical prac-
tice, as it could result in a high false positive rate. The sec-
ond potential limitation is the retrospective nature of this
study, and only 141 patients were included; in particular,
only 29 patients with pathological LPNM were included
in the prognostic analysis, which may have caused some
bias. However, we conducted PSM according to clinical
and pathological characteristics to minimize selection
bias. Despite these limitations, we believe that our results
will improve the understanding of issues related to LPND
and provide a basis for the management of LPNM in clin-
ical practice.

Conclusion

Our data demonstrated that even after performing
LPND, patients with LPNM still have a poor long-term
survival. Moreover, LPNM was found to be an inde-
pendent poor prognostic factor affecting OS and DFS in
patients with LPNM. However, LPND appears to con-
fer survival benefits to specific patients with single LPN
involvement in the obturator region or internal iliac ves-
sel region. Furthermore, LPND may have no indication in
stage IV patients and should be selected carefully.
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