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Multicenter study of prognostic factors in paraaortic 
lymph node dissection for metastatic colorectal cancer
Jun Woo Bong*, Sanghee Kang*, Pyoungjae Park
Department of Surgery, Korea University Guro Hospital, Korea University College of Medicine, Seoul, Korea

INTRODUCTION
Twenty percent of patients with colorectal cancer (CRC) have 

stage IV, metastatic colon cancer at the initial diagnosis, with 
a reported 5-year survival rate of 12.5% [1]. Recently, with the 
development of various treatment options such as surgery, 
chemotherapy, and radiation therapy, the mortality rate of 
CRC, including that of patients with stage IV, has been steadily 
decreasing [2]. Among them, the essential treatment option 
is whether resection of the metastasized area is possible. 

This is the only method to achieve a cure [3]. In particular, 
patients with metastases in the lung and liver can expect an 
improvement of more than 50% in overall survival (OS) through 
complete resection of the metastatic area.

While surgical treatment is recommended for liver and 
lung metastases, there is no straightforward recommended 
treatment for paraaortic lymph node metastasis (PALNM) of 
CRC. Although several studies have shown favorable outcomes 
regarding paraaortic lymph node dissection (PALND) [4,5], these 
studies’ cohorts have a small number of patients enrolled, and 

Received August 28, 2023, Revised September 6, 2023,  
Accepted September 6, 2023

Corresponding Author: Pyoungjae Park
Department of Surgery, Korea University Guro Hospital, Korea University 
College of Medicine, 148 Gurodong-ro, Guro-gu, Seoul 08308, Korea 
Tel: +82-2-2626-1147, Fax: +82-2-2626-1148
E-mail: parkur@korea.ac.kr
ORCID: https://orcid.org/0000-0001-6624-7522

*Jun Woo Bong and Sanghee Kang contributed equally to this work as co-
first authors.
Copyright ⓒ 2023, the Korean Surgical Society

cc  Annals of Surgical Treatment and Research is an Open Access Journal. All 
articles are distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Purpose: The role of paraaortic lymph node dissection (PALND) in colorectal cancer (CRC) has been less evaluated than 
surgical treatments for other distant metastases. We evaluated surgical outcomes after PALND and identified prognostic 
factors.
Methods: The medical records of patients who underwent PALND for paraaortic lymph node metastasis (PALNM) were 
reviewed retrospectively. All patients were categorized into the M1a group (isolated PALNM, n = 27), and the M1bc group 
(distant metastases other than PALNM, n = 26). Three severity factors (PALNM-SF: number of harvested paraaortic lymph 
nodes [hLN], ≥14; number of metastatic paraaortic lymph nodes [mLN], ≥5; and lymph nodes ratio [mLN/hLN], ≥0.5) 
were defined to determine their effects on survival.
Results: The 5-year overall survival (OS) of the M1a and M1bc groups were 61.1% and 6.4%, respectively (P = 0.0013). The 
5-year disease-free survival (DFS) of the M1a group was 47.4%, and the 3-year DFS of the M1bc group was 9.1% (P < 0.001). 
Patients with 2 or more PALNM-SFs showed worse OS than those with 1 PALNM-SF (P = 0.017). In multivariate analysis, 
M1bc (non-isolated PALNM) was the only significant factor for survival. In the M1a group, patients with 2 or more PALNM-
SFs showed significantly worse survival than those with a single PALNM-SF. In multivariate analysis, 2 or more PALNM-SF 
was a significant factor for survival.
Conclusion: PALND for CRC provided favorable outcomes in the survival of an isolated PALNM, although this was uncertain 
for non-isolated PALNMs. The PALNM-SFs helped assess the prognosis after PALND.
[Ann Surg Treat Res 2023;105(5):271-280]
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there aren’t many randomized control trials. This is because 
the incidence of PALNM is significantly low and is reported 
to be less than 2% in all CRCs. A systematic review revealed 
that PALND can improve survival outcomes with minimal 
complications and several factors, including well-differentiated 
histology, complete (R0) resection, a low number of PALNM, and 
metachronous metastasis with primary cancer, were reported as 
significant factors associated with good prognoses [6].

When considering the surgical risks of PALND, it is crucial 
to identify the prognostic factors that enable the selection of 
patients who would benefit from PALND. Based on the results 
of PALND conducted at 2 tertiary hospitals, we aimed to verify 
the prognostic factors proven in previous studies and suggest 
new factors.

METHODS
The Institutional Review Boards of the Korea University Guro 

Hospital and Korea University Anam Hospital approved the 
ethical clearances of this study (2021GR0332 and 2022AN0573). 
This study was performed in accordance with the Declaration 
of Helsinki and written informed consent was waived due to its 
retrospective nature.

Patients
The medical records of patients who underwent PALND 

for CRC between January 2013 and July 2022 were collected 
retrospectively from the clinical data warehouse of the Korea 
University Guro Hospital and Korea University Anam Hospital. 
PALND was defined as radical peritoneal and retroperitoneal 
lymphadenectomy of at least 1 of 5 areas: the right inferior vena 
cava (IVC), aortocaval, left paraaorta, right common iliac, and 
left common iliac area (below the renal vessels and above the 
common iliac bifurcations) (Fig. 1). Patients who underwent 
PALND for a diagnostic biopsy were excluded. Patients with 

<1 month of follow-up after PALND were also excluded. Age, 
sex, body mass index, American Society of Anesthesiologists 
physical status (ASA PS) grade, primary cancer characteristics 
including T and N categories, CEA levels, histologic types, 
microsatellite instability status, and neoadjuvant chemotherapy 
(NAC) were evaluated.

Paraaortic lymph node dissection
PALND was performed in patients with the possibility of 

complete resection of the metastatic site, including PALNM. 
PALNM was preoperatively evaluated based on radiological 
modalities, including abdominopelvic CT or PET-CT. 
Radiologists and nuclear radiologists in the multidisciplinary 
team of each institution reviewed all preoperative PALNM 
diagnoses. PALND was performed concurrently with primary 
tumor resection and metastasectomy for other metastases in 
the M1bc group that were determined as completely resectable 
by preoperative imaging based on the multidisciplinary 
team’s decision. Furthermore, we investigated whether they 
had synchronous or metachronous metastasis with primary 
cancer (SYNCH-PALNM or METACH-PALNM, respectively). In 
addition, the number of harvested lymph nodes (hLN) and 
metastasized lymph nodes (mLN) were analyzed, and the 
lymph node ratio (LNR) was derived by dividing mLN by hLN. 
Based on the results of statistical differences in survival rates, 
the severity factors for 3 PALNMs (PALNM-SF) were derived: 
hLN of ≥14, mLN of ≥5, and LNR of ≥0.5 (Supplementary Fig 
1). The number of PALNM-SF (1, 2, or more) that patients had 
was assessed to analyze the disseminated status of PALNM. 
The clinical features of lymph nodes (LNs) for PALNM-SF were 
evaluated based on the outcomes of LNs harvested after radical 
lymphadenectomy in paraaortic lymph node (PALN) areas. 
The information on LNs harvested in the regional area of the 
primary tumor was not included.

The patients were divided into 2 groups according to the 
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presence of distant metastases. The M1a group consisted 
of patients with isolated PALNM, whereas the M1bc group 
consisted of patients with PALNM and distant CRC metastases. 
OS represents the period from the time of surgery for PALND 
to death, and disease-free survival (DFS) represents the period 
from the time of surgery for PALND to disease progression. 

Statistical analysis
All statistical analyses were performed using the R software 

version 4.1.0 (R Foundation for Statistical Computing). 
Proportional survival analysis, including OS and DFS, was 
performed using the Kaplan-Meier method and log-rank test. 
Risk factors and hazard ratios for OS and DFS were evaluated 
using the Cox proportional regression analysis in the univariate 
and multivariate analysis. LNR was not independent of mLN 
and hLN, and PALNM-SFs were not included in the univariate 
analysis. The statistical significance was defined as a 2-sided 
P-value of <0.05.

RESULTS

Patient characteristics and postoperative results
The clinical data of 98 patients who underwent PALND were 

collected. Forty-five patients were excluded due to the following 
factors: biopsy only (n = 5), pelvic lateral side LN dissection 
only (n = 25), less than 1 month of follow-up after PALND (n = 
4), and insufficient information (n = 11). Therefore, 53 patients 
were included in the analysis. The M1a group consisted of 27 
individuals, while the M1bc group consisted of 26 patients. The 
clinical characteristics of the 2 groups are presented in Table 
1. The T and N categories of the primary tumors in the M1bc 
group were more aggressive than those in the M1a group. NAC 
was performed more frequently in the M1bc group. The hLN 
was 14.7 ± 12.7 and 14.1 ± 10.9 in the M1a and M1bc groups, 
respectively. The mLN in the M1bc group (9.4 ± 10.0) was 
higher than that in the M1a group (7.2 ± 10.6); however, the 
difference was not statistically significant. LNR of the M1bc 
group was higher than that of the M1a group (0.6 ± 0.3 vs. 0.4 
± 0.3, P = 0.029). PALND was mainly performed in 3 areas: the 
aortocaval (n = 42, 79.2%), right IVC (n = 41, 77.3%), and left 
aorta (n = 42, 79.2%). There was no significant difference in 
the PALND area between the 2 groups (Supplementary Table 1). 
Postoperative complications occurred in 5 (18.5%) and 2 (7.6%) 
patients in the M1a and M1bc groups, respectively. One case of 
mortality (3.7%) occurred in the M1a group due to pneumonia. 
Table 2 shows the proportion of patients with PALNM-SF in 
both groups; no statistically significant difference was observed.

Survivals
Tables 3 and 4 show that the number of PALNM-SF and 

M categories was a significant factor for OS and DFS in the 

univariate analysis. In multivariate analysis, only the M 
category was significantly related to OS and DFS. The 5-year 
OS rates of the M1a and M1bc groups were 61.1% and 6.4%, 
respectively (P = 0.0013) (Fig. 2). The 5-year DFS rate of patients 
with M1a was 47.4%. The 5-year DFS of the M1bc group was 
not available, and the 3-year DFS rate was 9.1% (P < 0.001). 
As shown in Fig. 3, patients with 2 or more PALNM-SFs had 
worse OS than those with 1 PALNM-SF (P = 0.017). The DFS of 
patients with 2 or more PALNM-SFs was also worse than that of 
patients with 1 PALNM-SF; however, the statistical difference 
was marginal (P = 0.065). 

In the univariate and multivariate analyses for OS and DFS 
of the M1a group, the number of PALNM-SFs was significant 
(Supplementary Tables 1 and 2). Patients in the M1a group with 
2 or more PALNM-SFs showed significantly worse OS and DFS 
than those with 1 PALNM-SF (Fig. 4). 

For subgroup analysis, we divided the M1bc group into the 
‘M1bc-resection’ group and the ‘M1bc-no resection’ group. 
The M1bc-resection group consisted of 15 patients who had 
undergone metastasectomy for distant metastases before or 
at the time of PALND. The M1bc-no resection group consisted 
of 11 patients who received palliative chemotherapy without 
metastasectomy for other distant metastases due to disease 
progression after PALND. The OS and DFS of the M1bc-resection 
and M1bc-no resection groups showed no significant difference 
(Supplementary Fig. 2).

DISCUSSION
In the current study, survival after PALND for patients with 

CRC with an isolated PALNM yielded acceptable outcomes. In 
addition, 3 PALNM-SFs were suggested to increase prognosis 
precision after PALND. Previous research indicated that PALND 
should be selectively considered as a treatment option for 
PALNM [7,8]. Researchers recommended that, if R0 resection 
can be achieved, PALND should be considered when an 
enlarged PALN is identified during surgery. Several researchers 
have reported that the median OS of patients with non-
resected PALNM is lower (12–33 months) than that of patients 
with resected PALNM (34–64 months) [4,9]. PALND may offer 
a survival advantage for specific patient subgroups; hence, it is 
imperative to define appropriate criteria and anticipate survival 
outcomes subsequent to PALND.

In our study, we set 3 PALNM-SFs related to the prognosis 
of patients with PALNM according to the subgroup analysis 
in Supplementary Fig 1. The first factor was the mLN. The 
5-year OS rates for patients with mLN of <5 and ≥5 were 
51.2% and 15.8%, respectively (P = 0.049), while the 5-year 
DFS rates for patients with mLN of <5 and ≥5 were 39.4% 
and 18.1%, respectively (P = 0.16). Bae et al. [10] reported that 
mLN of >7 was significantly related to worse survival on an 
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Table 1. Characteristics of colorectal cancer patients with paraaortic lymph node dissection

Characteristic M1a group M1bc group P-value

No. of patients 27 26
Age (yr) 0.808

<65 19 (70.4) 17 (65.4)
65– 75 7 (25.9) 7 (26.9)
>75 1 (3.7) 2 (7.7)

Male sex 13 (48.1) 16 (61.5) 0.482
Body mass index (kg/m2) 0.624

<18.5 1 (3.7) 1 (3.8)
18.5–25 17 (63.0) 13 (50.0)
>25 9 (33.3) 12 (46.2)

ASA PS grade 0.034
I 1 (3.7) 1 (3.8)
II 23 (85.2) 14 (53.8)
III 3 (11.1) 11 (42.3)

Characteristics of primary cancer
Location 0.320

Right colon 5 (18.5) 3 (11.5)
Left colon 10 (37.0) 15 (57.7)
Rectum 12 (44.4) 8 (30.8)

CEA (ng/mL) 17.2 ± 30.2 8.7 ± 11.5 0.244
T category 0.042

0–1 3 (11.1) 1 (3.8)
2 5 (18.5) 0 (0)
3 11 (40.7) 19 (73.1)
4 7 (25.9) 6 (23.1)

N category   0.042
0 9 (33.3) 2 (7.7)
1 3 (11.1) 3 (11.5)
2 13 (48.1) 21 (80.8)

LVI, yes 15 (55.5) 14 (53.8) 0.739
PNI, yes 9 (33.3) 14 (53.8) 0.318
Cell type 0.574

Adenocarcinoma 22 (81.4) 25 (96.2)
Mucinous adenocarcinoma 3 (11.1) 1 (3.8)

Histologic differentiation       0.054
Well 0 (0) 3 (11.5)
Moderate 18 (66.6) 21 (80.7)
Poor 5 (18.5) 1 (3.8)

MSI 0.095
Stable 17 (62.9) 23 (88.4)
High 4 (14.8) 0 (0)

Characteristics of paraaortic lymph node
CEA (ng/mL) 11.8 ± 15.5 10.2 ± 10.3 0.659
NAC, yes 12 (44.4) 20 (76.9) 0.033
SYNCH-PALNM, yes 11 (40.7) 8 (30.8) 0.638

Severity factor
hLN 14.7 ± 12.7 14.1 ± 10.9 0.857
mLN 7.2 ± 10.6 9.4 ± 10.0 0.433
LNR 0.4 ± 0.3 0.6 ± 0.3 0.029

Values are presented as number only, number (%), or mean ± standard deviation. 
M1a group, patients with isolated paraaortic lymph node metastasis; M1bc group, patients with metastasis of paraaortic lymph node 
and other distant organs; ASA PS, American Society of Anesthesiologists physical status; LVI, lymphovascular invasion; PNI, perineural 
invasion; MSI, microsatellite instability; NAC, neoadjuvant chemotherapy; SYNCH-PALNM, synchronous paraaortic metastasis with 
primary cancer; hLN, number of harvested paraaortic lymph nodes; mLN, number of metastatic paraaortic lymph nodes; LNR, lymph 
node ratio (mLN/hLN). 
Severity factors were analyzed with only paraaortic lymph nodes, not including regional nodes of primary cancer.
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isolated PALNM. Song et al. [7] also reported that only mLN of 
≥4 was associated with survival after PALND. Although the 
cut-off values of mLN vary in previous studies, greater mLN 
represents a worse prognosis [11]. The second factor was the 
hLN. In our study, >14 harvested PALNs were associated with 
worse survival. We hypothesized that this was because of the 
association between hLN and the distribution of PALNM. 
Unlike the dissection of regional LNs in primary cancer, the 
principle of PALND has not been thoroughly established. The 
areas of PALND were selectively determined according to 
preoperative or operational findings. The scope of PALND may 
vary depending on the patient’s condition. In our study, the 
number of dissected areas in patients with hLNs of ≥14 were 
greater than those in patients with hLNs of <14 (Supplementary 
Fig. 3). Thus, greater hLNs may represent a more broadly 
disseminated distribution of PALN over the PALN areas. The 

Table 2. Severity factors of paraaortic lymph node metastasis

Severity factor M1a group 
(n = 27)

M1bc group 
(n = 26) P-value

hLN, ≥14 10 (37.0) 10 (38.5) >0.999
mLN, ≥5 11 (40.7) 14 (53.8) 0.496
LNR, ≥0.5 14 (51.9) 18 (69.2) 0.311

Values are presented as number only, number (%), or mean ± 
standard deviation.  
M1a group, patients with isolated paraaortic lymph node 
metastasis; M1bc group, patients with metastasis of paraaortic 
lymph node and other distant organs; hLN, number of harvested 
paraaortic lymph nodes; mLN, number of metastatic paraaortic 
lymph nodes; LNR, lymph node ratio (mLN/hLN). 
Severity factors were analyzed with only paraaortic lymph nodes, 
not including regional nodes of primary cancer. 

Table 3. Univariate and multivariate analysis for overall survival after paraaortic lymph node dissection

Variable 
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Characteristics of primary cancer
Location

Right colon 1
Left colon 1.985 (0.548–7.187) 0.296
Rectum 2.475 (0.638–9.599) 0.190

CEA, >5 ng/mL 0.673 (0.233–1.946 0.465
T category 

0–1 1
2 7.650 (0.761–76.81) 0.183
3 4.749 (0.616–36.59) 0.134
4 4.199 (0.513–34.37) 0.181

N category 
0 1
1 1.263 (0.228–6.966) 0.789
2 2.167 (0.726–6.460) 0.165

Histologic differentiation 
Well 1
Moderate 0.752 (0.169–3.340) 0.708
Poor 0.426 (0.058–3.115) 0.401

MSI, high 0.487 (0.111–2.141) 0.341
Characteristics of paraaortic lymph node metastasis

CEA, >5 ng/mL 1.443 (0.650–3.202) 0.367
SYNCH-PALNM 0.615 (0.245–1.548) 0.302
No. of severity factors

1 1 1
≥2 2.589 (1.152–5.816) 0.021 1.862 (0.797–4.349) 0.151

M category
M1a 1 1
M1bc 3.908 (1.609–9.495) 0.002 3.230 (1.277–8.163) 0.013

HR, hazard ratio; CI, confidence interval; MSI, microsatellite instability; SYNCH-PALNM, synchronous paraaortic lymph node 
metastasis with primary cancer; M1a, isolated paraaortic lymph node metastasis; M1bc, metastasis of paraaortic lymph node and 
other distant organs. 
Severity factors were analyzed with only paraaortic lymph nodes, not including regional nodes of primary cancer.
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Table 4. Univariate and multivariate analysis for disease-free survival after paraaortic lymph node dissection

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Characteristics of primary cancer
Location

Right colon 1
Left colon 1.448 (0.475–4.417) 0.515
Rectum 1.366 (0.426–4.378) 0.599

CEA, >5 ng/mL 0.831 (0.324–2.130) 0.701
T category 

0–1 1
2 2.276 (0.371–13.969) 0.374
3 1.639 (0.763–0.647) 0.518
4 2.447 (0.508–11.781) 0.265

N category   
0 1
1 1.390 (0.327–5.892) 0.655
2 1.697 (0.614–4.688) 0.308

Histologic differentiation
Well 1
Moderate 0.588 (0.134–2.575) 0.482
Poor 0.265 (0.035–1.968) 0.194

MSI-H 0.465 (0.108–1.992) 0.302
Characteristics of paraaortic lymph node metastasis

CEA, >5 ng/mL 1.552 (0.729–3.300) 0.254
SYNCH-PALNM, yes 0.651 (0.286–1.480) 0.306
No. of severity factors

1 1 1
≥2 2.008 (1.048–4.256) 0.048 1.189 (0.529–2.668) 0.674

M category
M1a 1 1
M1bc 4.733 (2.025–11.060) <0.001 4.403 (1.771–10.942) 0.001

HR, hazard ratio; CI, confidence interval; MSI, microsatellite instability; SYNCH-PALNM, synchronous paraaortic lymph node 
metastasis with primary cancer; M1a, isolated paraaortic lymph node metastasis; M1bc, metastasis of paraaortic lymph node and 
other distant organs. 
Severity factors were analyzed with only paraaortic lymph nodes, not including regional nodes of primary cancer.
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third factor was the LNR. The role of LNR has been elucidated 
in previous research on the regional LNs of CRC [12]. Through 
their systematic review analysis, Ceelen et al. [13] reported that 
the prognostic effect of LNR on patients with stage III CRC was 
superior to that of the N category in the conventional TNM 
staging system. However, the effects of parameters related 
to the distribution of LNs have not yet been evaluated for 
PALNM. In our study, we applied LNR to PALNM and found 
that LNR was a significant prognostic factor (Supplementary 
Fig. 1C). Moreover, PALNM with 2 or more PALNM-SFs showed 
significantly worse survival than PALNM with a single PALNM-
SF. Therefore, in this study, we evaluated the severity of PALNM 
more accurately by considering the distribution, ratio, and 
absolute PALNM count.

There are more conflicting reports on the non-isolated 

PALNM (M1bc group) than on the isolated PALNM (M1a group) 
in patients with CRC. In a series of 25 patients, Gagnière et al. 
[5] demonstrated that the 5-year OS of patients with isolated 
and non-isolated PALNM was 56% and 51%, respectively. Nakai 
et al. [14] reported in their study on the prognosis of 30 patients 
with PALNM that adjuvant chemotherapy, high CEA level, and 
the presence of lateral LNs were related to survival. However, 
simultaneous distant metastasis was not associated with poor 
survival. On the other hand, there are reports that isolated 
PALNM has a better prognosis. Ushigome et al. [15] did not 
show statistical significance of the M1bc categories for worse 
survival than the M1a category. However, the authors specified 
the early recurrence and poor OS of M1bc after PALND and 
emphasized that distant metastases other than PALNM may 
have prognostic potential for PALNM. Yamada et al. [16] 
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reported that the recurrence-free survival of patients in the 
M1bc group was significantly worse than that of patients in the 
M1a group (27.6% vs. 0.0%). In our study, patients in the M1bc 
group showed substantially worse survival than those with 
isolated PALNM (M1a group). In addition, the subgroup analysis 
did not demonstrate the usefulness of other metastasectomies. 
This result contradicted that of previous studies in which 
survival rate improvements required repeated resection for 
complete resection of PALNM and distant metastasis [11,12,17-
19]. 

SYNCH-PALNM and METACH-PALNM are also significant 
factors in determining the treatment strategy for PALNM. 
In our study, the survival outcomes of patients with SYNCH-
PALNM were better than those of patients with METACH-
PALNM, although a statistical difference was not observed 
(Tables 3–5, Supplementary Fig. 4). Although the survival 
difference between synchronous and metachronous 
liver metastasis in CRC is debatable, there is a trend that 
metachronous liver metastasis correlates with better survival 
than synchronous liver metastasis [11,20]. Arimoto et al. [21] 
showed a similar trend regarding those with SYNCH-PALNM 
which had a significantly worse OS than those with METACH-
PALNM. Choi et al. [9] also reported that the median OS of 
SYNCH-PALNM was worse than that of METACH-PALNM (29 
months vs. 61 months). This may be because SYNCH-PALNM 
has a more significant tumor burden than METACH-PALNM. In 
our study, SYNCH-PALNM appeared to elicit a better prognosis 
than METACH-PALNM. However, there was no statistical 
difference, and the sizes of the 2 groups were too small to 
generate conclusive evidence.

PALND is not commonly performed because of the low 
incidence and risk of surgery, as well as the evolution of 
chemotherapeutic agents [17]. In our institutions, the NAC 
regimens were based on combination therapy of target 
agents, including cetuximab or bevacizumab plus irinotecan 
or oxaliplatin. In our study, the proportion of patients who 
received NAC was significantly higher in the M1bc group than 

in the M1a group (76.9% vs. 44.4%). The purpose of NAC was to 
reduce the tumor burden to render the metastasis resectable. 
In addition, we could predict survival after surgery according to 
the response to NAC, and it helps clinicians select patients who 
could benefit from invasive surgery [22,23]. Previous studies 
reported improved curability and survival after good response, 
or even complete response, in patients who underwent NAC 
for PALNM of CRC [24,25]. In our study, 5 patients were 
diagnosed with a complete response to NAC (3 in the M1a 
group and 2 in the M1bc group), and 1 received neoadjuvant 
chemoradiotherapy (NCRT) for PALNM. Similar to the recent 
developments in total neoadjuvant therapy for advanced rectal 
cancer, the effect of NAC or NCRT for PALNM on the survival of 
patients with PALNM needs to be further elucidated [26].

In our study, 6 patients (13.2%) showed 7 morbidities (1 ileus, 
1 intraabdominal abscess, 1 pneumonia, 1 wound infection, 
and 3 bleeding), which was comparable with other reports (8%–
38.9%) and 1 patient died in the M1a group (5, 7, 16). There is no 
consensus on the anatomical areas to be dissected by PALND, 
which requires invasive procedures that can potentially injure 
retroperitoneal organs, including ureters and large vessels. 
Since CT scans and PET-CT have 80.3%–89.4% accuracy for 
PALNM, a multidisciplinary team is required to more correctly 
and safely plan for PALND and reduce postoperative morbidity 
and mortality [17]. In addition, the recent application of an 
indocyanine green fluorescence imaging-guided approach for 
PALND of rectal cancer showed a potentially safer method of 
performing PALND and yielded a sufficient harvest [27].

This study has several limitations. The first is the 
heterogeneous characteristics of the patients in each group. The 
pattern of metastasis varies according to the organ and extent. 
Although we divided the patients into M1a and M1bc groups, 
heterogeneity may exist in each group, which may hinder the 
reproducibility of the statistical analysis. The second limitation 
is cancer-sidedness. In this study, most primary cancers were on 
the left side, including the left sigmoid colon and rectum (81.4% 
in the M1a group and 88.8% in the M1bc group). Right-sided 

Table 5. Multivariate analysis for overall survival and disease-free survival after paraaortic lymph node dissection of the M1a 
group

Variable
Overall survival Disease-free survival

HR (95% CI) P-value HR (95% CI) P-value

CEA, >5 ng/mL 4.157 (0.592–29.181) 0.151 3.184 (0.507–19.989) 0.216
SYNCH-PALNM 0.102 (0.008–1.219) 0.071 0.079 (0.006–1.006) 0.051
No. of severity factors

1 1 1
≥2 11.758 (1.796–76.968) 0.010 8.345 (1.405–49.564) 0.019

M1a group, patients with isolated paraaortic lymph node metastasis; HR, hazard ratio; CI, confidence interval; SYNCH-PALNM, 
synchronous paraaortic lymph node metastasis with primary cancer. 
Severity factors were analyzed with only paraaortic lymph nodes, not including regional nodes of primary cancer.



 Annals of Surgical Treatment and Research 279

colon cancer is known to have different immune responses 
than left-sided CRC, and tumor aggressiveness of right-sided 
colon cancer is worse than that of left-sided CRC, especially in 
stage IV [28]. In this study, there was no statistical relationship. 
However, we cannot exclude an association between tumor-
sidedness and PALNM prognosis owing to each group’s 
composition and reduced size. Third, patients who received 
PALND other than the aortic area (including the aortocaval 
and both the right IVC and left aorta) were also included. 
Pelvic lateral LN metastases are a significant prognostic factor, 
particularly in advanced rectal cancer [29]. In this study, 10 
patients (18.8%) received PALND and pelvic lateral LN dissection 
simultaneously. In addition, 7 patients (14%) underwent radical 
retroperitoneal lymphadenectomy over the common iliac area 
without aortic area dissection. This might make the patient 
characteristics in this study less reliable. Finally, only after 
surgery could PALNM-SF be obtained. As a result, PALNM-
SF has a relatively limited role in determining indications for 
PANLD.

According to the present results, PALND showed favorable 
outcomes in isolated PALNM; however, its survival benefits 
in PALNM with other distant metastases are uncertain. In 
addition, this study suggests that the PALNM-SF is a new 
prognostic factor for PALND.

SUPPLEMENTARY MATERIALS
Supplementary Tables 1 and 2 and Supplementary Figs. 1–4 

can be found via https://doi.org/10.4174/astr.2023.105.5.271.
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