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Abstract
Background Para-aortic lymph node (PALN) metastasis of colorectal cancer is rare, and the treatment strategy for PALN
metastasis (PALNM) is not established in contrast to liver or lung metastases. We sought to evaluate the survival outcomes
and prognostic factors among patients undergoing surgery combined with extended lymphadenectomy for PALNM from left-
sided colorectal cancer.
Methods From 1992 to 2012, 322 patients who underwent PALN dissection (PALND) synchronously with primary resection,
among 1819 left-sided colorectal surgical cases, were retrospectively examined. We investigated the overall survival (OS) and
prognostic factors for patients with PALNM.
Results Of the 322 patients, 62 (19.3%) were histologically confirmed to have PALNM. The 5-year OS in patients with and
without PALNM was 19.5% and 67.0% (p < 0.001), respectively. Among patients with PALNM, on the multivariable analysis,
the positive resection margin (hazard ratio (HR) 3.61; 95% confidence interval (CI) 1.85–7.06), undifferentiated histological type
((por/muc/sig), HR 4.51; 95% CI, 2.22–9.19), ≥ 4 PALNMs (HR 3.34; 95% CI 1.53–7.31), and preoperative CEA ≥ 10 ng/mL
(HR 2.1; 95%CI 1.11–4.27) were significant prognostic factors. Among R0 resected cases, the 5-year OS of the 17 cases with ≤ 3
PALNM and well/moderately differentiated adenocarcinoma was 54.2%, which was comparable to that of patients undergoing
PALND and diagnosed with stage IIIC (49.6%).
Conclusion Patients with PALNMof colorectal cancer had a poor prognosis. However, curative resection, ≤ 3 PALNM, and well/
moderately differentiated histology type were associated with the long-term survival.
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Introduction

Approximately 10–20% of newly diagnosed colorectal cancer
(CRC) patients have simultaneous distant metastasis [1, 2]. At

present, aggressive resection is the standard strategy for man-
aging liver or lung metastasis when negative margin resection
can be achieved [3, 4]. In contrast, due the low frequency of
para-aortic lymph node (PALN) metastasis (PALNM) com-
pared with liver or lung metastasis, the efficacy of PALNM
resection has not yet been proven.

According to the 8th American Joint Committee on Cancer
(AJCC) staging, when the sigmoid colon or rectal cancer me-
tastases to the inferior mesenteric lymph nodes, they are con-
sidered regional lymph nodes belonging to the N category,
whereas, when the cancer metastasis to the PALN, they are
categorized as systemic lymph nodes and are considered to
belong toM category [5]. Although PALNM is defined as M1
in the AJCC guideline, a subset of patients may be able to
achieve similar benefits from PALNM removal as at other
metastatic sites. Several studies have reported the oncologic
impact of PALNM resection, but data demonstrating the effi-
cacy of PALNM removal remain scarce [6–10].
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The aim of this study was to evaluate the survival outcomes
of patients with left-sided colorectal cancer surgery combined
with extended lymphadenectomy of PALNM and the prog-
nostic factors for patients with PALNM.

Patients and method

Patients and study design

From December 1992 to October 2012, 1819 patients
underwent surgery at two institutions, Yokohama City
University Hospital and Yokohama City University Medical
Center, for left-sided CRC. Left-sided CRC was defined as a
tumor with its major part located in the descending colon (D),
sigmoid colon (S), recto-sigmoid colon (Rs), or rectum.
Among such cases, the 322 patients (17.7%) who underwent
PALN dissection (PALND) synchronously with primary re-
section were analyzed. During the study period, the indication
of PALND was determined by a radiologic evaluation based
on enhanced computed tomography (CT). PALND was
attempted for patients with PALN ≥ 10 mm in diameter (long
axis). Institutional approval for this retrospective study was
obtained from the Ethical Advisory Committee of
Yokohama City University School of Medicine before initiat-
ing the study.

Following surgery, all patients underwent general follow-up
examinations and measurements of serum CEA levels every
three months, as well as chest and abdominal CT every six
months and a colonoscopy every year until five years after their
surgery. Recurrence was confirmed in the tumor that had been
diagnosed histologically and/or radiologically. The overall sur-
vival (OS) was defined as the time from the date of surgery to
the date of death, and the disease-free survival (DFS) was cal-
culated as the time from the date of surgery to the date of
diagnosed local recurrence, distant metastasis, or death.

Patient characteristics were compared among patients with
and without PALNM. Prognostic factors were investigated
separately in patients with PALNM, and in those with only
R0 resection. The definitions of curability of surgical resection
were as follows: R0 resection, no macroscopic or microscopic
residual tumor; R1 resection, no macroscopic residual tumor
but with microscopic tumor at the resection margin; R2 resec-
tion, regional macroscopic residual tumor and/or unresected
distant metastasis.

Surgical procedure

After primary tumor resection with central vascular ligation,
PALN dissection was performed via an open approach. The
Japanese Society for Cancer of the Colon and Rectum
(JSCCR) defines PALN as #216b2 from inferior mesenteric
artery (IMA) to bifurcation of the common iliac artery, and as

#216b1 from left renal vein to IMA [2]. Our routine extent of
PALN dissection is #216b1 and #216b2 (Fig. 1).

Statistical analyses

Quantitative data are expressed as the median and interquartile
range (IQR). Categorical variables were compared using chi-
square tests and Fisher’s exact tests where appropriate.
Continuous variables were compared using the Mann-
Whitney U test. The OS and DFS cases were evaluated using
the Kaplan-Meier method, and the significance was deter-
mined using the log-rank test. The log-rank test was used for
the univariable analysis, and independent prognostic factors
were identified by a multivariable analysis using the Cox pro-
portional hazards model to calculate hazard ratios (HRs). Age
(≤ 65 or> 65 years), sex (female or male), histological type of
primary tumor, T category (T2 or T3, T4), N category (N0–
N1, N2), M category (M1a, M1b), tumor size (< 60 or ≥
60 mm), preoperative CEA (< 10 or ≥ 10 ng/mL), number of
positive PALNs (≤ 3 or > 4), and curability (R0, R1–2) were
included as covariates. N0 and N1 were combined into a sin-
gle group because there were only two N0 patients among the
62 with PALNM. The results of the Cox model analysis are
reported using HRs and 95% confidence intervals (CIs). The
probability (p) values were statistically significant at a level <
0.05. Statistical analyses were performed using the IBM SSPS
Statistics software program, ver. 23.0 (IBM Corporation,
Somers, NY, USA).

Fig. 1 Photograph taken after para-aortic lymph node dissection. IVC,
inferior Vena Cava; CIA, common iliac artery
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Results

Characteristics of the patients in the entire cohort

Of the 322 patients, 62 (19.3%) were histologically confirmed
to have PALNM, whereas 260 (80.7%) did not have PALNM
(Table 1). The median age was 61 years old (IQR 53–67), and
204 (63.5%) were male. In 158 cases (49.1%), the tumor was
in the rectum. The preoperative median CEA level was 6.5 ng/
mL (IQR 3.2–17.2).

Forty-six cases (14.3%) underwent distant metastasis
resection other than PALN, including hepatectomy (N =
31, 9.6%), peritonectomy (N = 14, 4.3%), and both (N = 1,
0.3%). The median numbers of total harvested and meta-
static PALNs were 10 (IQR 5–16) and 2 (IQR 1–5), re-
spectively. The tumor was either well/moderately differ-
entiated adenocarcinoma (N = 281, 87.3%) or poorly dif-
ferentiated/mucinous/signet ring cell carcinoma (N = 41,
12.7%). The median tumor size was 5.2 cm (IQR 4.0–
6.5). Ninety-nine cases (30.8%) were T4, and 113

Table 1 Demographic and patient characteristics in the entire cohort

Total PALNM (+) PALNM (−)

Variable N = 322 N = 62 N = 260 p

Agea 61 (53–67) 63 (55–69) 60 (53–66) 0.159

Male 204 (63.5%) 39 (62.9%) 165 (63.5%) 0.935

Location 0.905

D/S/Rs 164 (50.9%) 32 (51.6%) 132 (50.8%)

Rectum 158 (49.1%) 30 (48.4%) 128 (49.2%)

CEAa (ng/mL) 6.5 (3.2–17.2) 10.1 (4.1–29.2) 6.2 (2.8–15.8) 0.123

Distant metastasis resection other than PALNM 0.013

No 276 (85.7%) 47 (75.8%) 229 (88.1%)

Yes 46 (14.3%) 15 (24.2%) 31 (11.9%)

Procedure of distant metastasis resection 0.024

Hepatectomy (Hx) 31 (9.6%) 9 (14.5%) 22 (8.5%)

Peritonectomy 14 (4.3%) 5 (8.1%) 9 (3.5%)

Hx + peritonectomy 1 (0.3%) 1 (1.6%) 0

Number of PALN dissected a 10 (5–16) 10 (5–14) 11 (3–51) 0.346

Number of PALNM a – 2 (1–5) – –

Histological type 0.003

tub1/tub2 281 (87.3%) 47 (75.8%) 234 (90.0%)

por/muc/sig 41 (12.7%) 15 (24.2%) 26 (10.0%)

Tumor sizea (cm) 5.2 (4.0–6.5) 5.5 (4.0–6.6) 5.0 (4.0–6.5) 0.476

T category < 0.001

T1/T2/T3 222 (69.2%) 29 (46.8%) 193 (74.5%)

T4 99 (30.8%) 33 (53.2%) 66 (25.5%)

N category < 0.001

N0/N1 209 (64.9%) 14 (22.6%) 195 (75.0%)

N2 113 (35.1%) 48 (77.4%) 65 (25.0%)

M category < 0.001

M0 209 (64.9%) 0 209 (80.4%)

M1a 83 (25.8%) 40 (64.5%) 43 (16.5%)

M1b 30 (9.3%) 22 (35.5%) 8 (3.1%)

Margin status <0.001

R0 246 (76.6%) 35 (56.5%) 211 (81.5%)

R1/2 75 (23.4%) 27 (43.5%) 48 (18.5%)

D, descending colon; S, sigmoid colon; Rs, rectosigmoid colon; CEA, carcinoembryonic antigen; PALN, para-aortic lymph node; PALNM, para-aortic
lymph node metastasis; tub1, well differentiated tubular adenocarcinoma; tub2, moderately differentiated tubular adenocarcinoma; por, poorly differ-
entiated tubular adenocarcinoma; muc, mucinous adenocarcinoma; sig, signet ring cell carcinoma; −, not available
aMedian (IQR)
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(35.1%) were N2. There were 83 cases (25.8%) of M1a
with PALNM only and 30 cases (9.3%) of M1b with me-
tastasis other than PALNM. Regarding the final patholog-
ical curability, R0 resection was performed in 246 cases
(76.6%), while 75 cases (23.4%) received R1 or R2
resection.

Patients with PALNM significantly tended to have dis-
tant metastasis resection (24.2% vs. 11.9%, p = 0.013),
tumor with a histological type of por/muc/sig (24.2% vs.
10.0%, p = 0.003), T4 (53.2% vs. 25.5%, p < 0.001), N2
(77.7% vs. 25.0%, p < 0.001), and R1/2 resection (43.5%
vs. 18.5%, p < 0.001). There were no marked differences
between patients with and without PALNM in the age,
gender, tumor location, CEA level, number of PALNs
dissected, or tumor size. Among the 22 patients with
PALNM and other distant metastasis, the distant metasta-
tic site was the liver (N = 18, 81.8%), peritoneal dissemi-
nation (N = 7, 31.8%), lung (N = 2, 9.1%), and spleen
(N = 1, 4.5%), including overlap cases.

The OS stratified by PALNM

After a median follow-up period of 71.8 months (IQR
25.5–124.7), the 5-year OS in the patients with and without
PALNM was 19.5% and 67.0% (p < 0.001), respectively
(Fig. 2a). Regarding patients without PALNM, those with
stage IIIC disease showed a significantly poorer prognosis
than those with stage I to IIIB disease (all p < 0.05), and the
prognosis in patients with stage IV disease was significant-
ly worse than that in those with stage IIIC disease (5-year
OS 49.6% vs. 19.0%, p = 0.001).

Prognostic factors in patients with PALNM

Univariable and multivariable survival analyses of prog-
nostic factors were performed for patients with PALNM
(Table 2). In the univariable analysis, preoperative CEA
≥ 10 ng/mL (p = 0.031), N2 (p = 0.021), undifferentiated
type (por/muc/sig, p < 0.001), number of PALNMs ≥ 4
(p = 0.007), and R1/2 (p < 0.001) were identified as factors.
In the multivariable analysis including factors with a p
value of < 0.05 in the univariable analysis, preoperative
CEA ≥ 10 ng/mL (HR 2.18; 95% CI 1.11–4.27, p =
0.023), undifferentiated type (por/muc/sig, HR 4.51; 95%
CI 2.22–9.19, p < 0.001), number of PALNMs ≥ 4 (HR
3.34; 95 %CI 1.53–7.31, p = 0.002), and R1/2 (HR 3.61;
95% CI 1.85–7.06, p < 0.001) were shown to be signifi-
cantly correlated with the OS. The Kaplan-Meier curves
described the 5-year OS according to the curability of sur-
gical resection, showing that the 5-year OS in patients with
an R0 margin was higher than in those with an R1/2 margin
(29.7% vs. 5.1%, p < 0.001) (Fig. 2c). Among the 35 pa-
tients with PALNM and R0 resection achieved, the 5-year
DFS was 17.1%, and the median disease-free duration was
18.0 months (95% CI 12.8–23.1 months) (Fig. 3). The
proportion of patients undergoing postoperative adjuvant
chemotherapy mainly with a 5-FU agent was 85.7% (N =
30), and only two patients received chemotherapy with
oxaliplatin. Five patients did not receive postoperative ad-
juvant therapy due to postoperative complications or pa-
tient refusal. Univariable and multivariable survival analy-
ses of the prognostic factors for patients with R0 resection
were evaluated (Table 3). In the univariable analysis, un-
differentiated type (por/muc/sig, p = 0.001) and number of

Fig. 2 The overall survival after para-aortic lymph node dissection (a) in patients with and without PALNM, (b) in patients without PALNM stratified by
stage, and (c) in patients with PALNM stratified by margin status
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PALNMs ≥ 4 (p = 0.025) were identified as factors. In the
multivariable analysis including factors with a p value of <
0.05 in the univariable analysis, undifferentiated type (por/
muc/sig, HR 6.05; 95% CI 2.24–16.32, p < 0.001), and
number of PALNMs ≥ 4 (HR 3.81; 95%CI 1.53–9.47,
p = 0.004) were shown to be correlated with the OS.

When patients with R0 resection were stratified by the
histological type and number of PALNMs, the 5-year OS
and MST of the 17 patients with 0 factors (well/mod and
PALNMs ≤ 3), 15 patients with 1 factor (well/mod and
PALNMs ≥ 4 or por/muc/sig and PALNMs ≤ 3), and 3 pa-
tients with both factors (por/muc/sig and PALNMs ≥ 4)
were 54.2% (75 months), 10.0% (32.3 months), and 0%
(7.5 months), respectively (Fig. 4).

Discussion

Unlike liver and lung metastases, PALNM is a relatively rare
pattern of synchronous distant metastases, with an incidence
of < 1.3% [11]. In a separate study, only 0.7–1.7% of patients
with primary colorectal cancer who underwent surgery had
isolated extra-regional lymph node metastasis [10, 12].
Regarding its prognosis, synchronous PALNM from CRC is
categorized as stage IV disease. Indeed, the current study
demonstrated that patients with PALNMwere associated with
poorer prognostic factors, despite the results of the unadjusted
analysis, such as a histological type of por/muc/sig, T4 and
N2, than patients without PALNM (Table 1). Furthermore, the
5-year OS in patients with PALNM was comparable to that in

Table 2 Cox regression analysis
of clinicopathological factors
associated with overall survival
among patients with PALNM

Univariable analysis Multivariable analysis

Variable No. 5-y OS (%) p HR (95% CI) p

Age

< 65 35 17.5

≥ 65 27 22.2 0.837

Gender

Male 39 14.6

Female 23 28.3 0.797

CEA (ng/mL)

≤ 10 28 26.9 Ref

> 10 29 13.7 0.031 2.18 (1.11–4.27) 0.023

Tumor size (cm)

<6.0 33 18.9

≥6.0 27 22.3 0.587

T category

T2/3 29 27.9

T4 33 12.7 0.257

N category

N0/1 14 38.1 Ref

N2 48 17.2 0.021 1.48 (0.69–3.16) 0.313

M category

M1a 40 20.1

M1b 22 18.7 0.413

Histological type

tub1/tub2 47 24.0 Ref

por/muc/sig 15 6.7 < 0.001 4.51 (2.22–9.19) < 0.001

Number of PALNM

1–3 42 27.0 Ref

≥ 4 20 5.0 0.007 3.34 (1.53–7.31) 0.002

Margin status

R0 35 30.6 Ref

R1/2 27 4.6 < 0.001 3.61 (1.85–7.06) < 0.001

CEA, carcinoembryonic antigen; PALNM, para-aortic lymph node metastasis; tub, well differentiated tubular
adenocarcinoma; tub2 moderately differentiated tubular adenocarcinoma; por, poorly differentiated tubular ade-
nocarcinoma; muc, mucinous adenocarcinoma; sig, signet ring cell carcinoma
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patients without PALNMbut with stage IV disease (19.5% vs.
19.0%). Since PALNM can be considered a systemic disease,
there is no argument that chemotherapy is useful, but literature
regarding the efficacy of PALNM resection remains scarce.

Several articles have described the role of extended lymph
node dissection in CRC patients by comparing the long-term
survival between patients with and without PALNM.Bae et al.
reported that the 5-year OS and DFS in patients with PALNM
were comparable to those values in patients with resectable
liver metastasis in cases that achieved R0 resection [8]. In
addition, Choi et al. noted that the 5-year OS rate in patients
undergoing PALNM dissection (N = 24) was significantly
higher than that in control patients without PALNMdissection
(N = 53) (53.4% vs. 12.0%, p = 0.045) [6]. Furthermore, the
importance of R0 resection was mentioned by Nakai et al.;
among 30 patients with synchronous PALNM including dis-
tant metastases other than PALNM, the 5-year OS rates for 18
patients who underwent R0 resection and 12 who did not were
29.1% and 10.4%, respectively (p = 0.017) [9]. Ogura et al.
noted that the 5-year cancer-specific survival differed signifi-
cantly between the R0 and control groups (70.3% vs. 12.5%;
p = 0.0003) in 28 patients with synchronous isolated PALNM

Fig. 3 The disease-free survival after para-aortic lymph node dissection
among patients with R0 resection

Table 3 Cox regression analysis
of clinicopathological factors
associated with overall survival
among patients with PALNM and
R0 margin

Univariable analysis Multivariable analysis

Variable No. 5-y OS (%) p HR (95% CI) p

Age
< 65 19 31.1
≥ 65 16 31.3 0.994

Gender
Male 23 23.6
Female 12 46.3 0.336
CEA (ng/mL)
≤ 10 21 36.1
> 10 13 22.4 0.154

Tumor size (cm)
< 6.0 21 24.8
≥ 6.0 13 42.7 0.731

T category
T2/3 14 47.1
T4 21 20.2 0.177

N category
N0/1 10 46.7
N2 25 24.5 0.073

M category
M1a 28 25.2
M1b 7 57.1 0.583
Histological type
tub1/tub2 26 38.3 Ref
por/muc/sig 9 11.1 0.001 6.05 (2.24–16.32) < 0.001

Number of PALNM
1–3 23 43.6 Ref
≥ 4 12 8.3 0.025 3.81 (1.53–9.47) 0.004

Adjuvant chemotherapy
No 5 0
Yes 30 36.0 0.066

CEA, carcinoembryonic antigen; PALNM, para-aortic lymph node metastasis; tub1, well differentiated tubular
adenocarcinoma; tub2, moderately differentiated tubular adenocarcinoma; por, poorly differentiated tubular ad-
enocarcinoma; muc, mucinous adenocarcinoma; sig, signet ring cell carcinoma
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[10]. The current study built on previous work and suggested
that the 5-year OS rates among patients with R0 or R1/2 re-
section were 29.7% and 5.1%, respectively (p < 0.001) (Fig.
2b). Of interest, the rates of achieving R0 resection for
PALNM are relatively low, ranging from 56–60% [9, 10],
including in the present study. Therefore, it is necessary to
thoroughly evaluate the possibility of R0 resection in preop-
erative imaging diagnosis.

The lack of clear guidelines makes it difficult to determine
the indications for PALNM dissection. As mentioned, infor-
mation on specific prognostic factors for patients with
PALNM can help physicians avoid performing unnecessary
surgery in patients. In the present study, four prognostic
factors—the preoperative CEA level, histological type, num-
ber of PALNMs, and completeness of resection—were iden-
tified in the whole population; these factors were all stronger
than the M category (Table 2). Furthermore, among patients
who achieved R0 resection, the histological type and number
of PALNMs remained weighty prognostic factors. Stratifying
by these factors showed that the subset of patients with well/
mod differentiation and 1–3 PALNMs had a relatively good
prognosis of 54.2% for the 5-year OS, which was comparable
to that of patients undergoing PALND and diagnosed with
stage IIIC (5-year OS 49.6%), despite the small sample size
(Fig. 2b and 4). Bae et al. noted that ≥ 7 positive PALNs was
an independent poor prognostic factor for the OS [13]. In a
different study by Nakai et al., the factors associated with a
poor postoperative survival among patients who achieved R0

resection were the presence of conversion therapy, lack of
adjuvant chemotherapy, carcinoembryonic antigen > 20 ng/
mL, and lateral lymph node metastasis [9]. No factors have
yet been established, so prospective studies with a larger pop-
ulation are desired.

Regarding recurrence after PALNM dissection, the 5-year
DFS rate was 17.1% in the present study, which was compa-
rable with that of other studies (14–22%) [9, 14]. Only the
study by Ogura et al. reported a good DFS of 60%, but that
study excluded M1b cases and was performed relatively re-
cently compared with other studies [10]. In terms of adjuvant
chemotherapy, a multidisciplinary treatment may be required
rather than surgery alone owing to the high recurrence rate of
82% in the current study. Specifically, the addition of
oxaliplatin to 5-FU-based adjuvant chemotherapy that has
been shown to improve DFS and OS will be noteworthy for
patients with PALNM dissection [15–17]. As such, the exten-
sion of disease control benefit from PALNM dissection is
expected with the development of multimodality treatments,
including chemotherapy, in the current era. In addition, the
benefits associated with removing PALNM should be
weighed against the risk of complications. Although our
group has not analyzed the risk of complications, several arti-
cles have mentioned the risk of postoperative complications,
with reported rates of overall complications ranging from 7.8–
50.0% [7, 8, 14, 18]. In addition, excessive lymph node dis-
section, which includes dissection of the neural plexus, results
in serious morbidities, including diarrhea and sexual

Fig. 4 The overall survival after para-aortic lymph node dissection among patients with R0 resection stratified by histological type and number of para-
aortic lymph node metastasis
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dysfunction [19, 20]. Therefore, adopting PALNM for pa-
tients suspected of R1 resection, PALNM > 3 or an undiffer-
entiated histological type may not be warranted.

This study has several limitations. This was a retrospective
study with a small sample size and selection bias. The study
period was long, lasting over 20 years; during this time, the
surgical staff, chemotherapy regimen, and surgical quality/
methods likely changed. Optimal indication for PALNM dis-
section cannot be predicted with total accuracy based on the
present results. A larger-scale prospective, multi-institutional
study is therefore needed to confirm our findings.

In conclusion, R0 resection with PALNM dissection was
achieved in roughly half of patients, regardless of the presence
of distant metastasis other than PALNM. Among patients who
achieved R0 resection, well/mod differentiation and ≤ 3
PALNMs were strongly associated with the OS. PALNM re-
section might be beneficial in carefully selected patients with
highly differentiated tumors and less-extensive PALNM.
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