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Abstract
Approximately 17%-40% of para-aortic lymph node (PAN) metastasis occurs in 
patients with advanced gastric cancer. As the third tier of lymphatic drainage of 
the stomach and the final station in front of the systemic circulation, PAN 
infiltration is defined as distant metastasis and plays a key role in the evaluation 
of the prognosis of advanced gastric cancer. Many clinical factors including tumor 
size ≥ 5 cm, pT3 or pT4 depth of tumor invasion, pN2 and pN3 stages, the 
macroscopic type of Borrmann III/IV, and the diffuse/mixed Lauren classification 
are indicators of PAN metastasis. Whether PAN dissection (PAND) should be 
performed on patients with or without the macroscopic PAN invasion remains 
unascertained, regardless of the numerous retrospective comparative studies 
reported on the improved prognosis over D2 alone. Another paradoxical result 
from many other studies showed no significant difference in the overall survival 
between these two lymphadenectomies. A phase II trial launched by the Japan 
Clinical Oncology Group indicated that two or three courses of S-1 and cisplatin 
preoperatively followed by radical surgery with D2 + PAND and postoperative S-
1 is the current standard strategy for the treatment of patients with extensive 
lymph node metastasis, and this regimen could be substituted by a promising 
strategy with effective combination chemotherapy or suitable chemotherapy 
duration. This review focuses on the advances in radical gastrectomy plus PAND 
with or without chemotherapy for patients with advanced gastric cancer.
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Core tip: Para-aortic lymph node metastasis is defined as lymph node metastasis between 
the aortic hiatus and the aortic bifurcation. To date, it is considered a distant metastasis and 
plays a crucial role in the evaluation of the prognosis of advanced gastric cancer (AGC). 
The necessity of para-aortic lymph node dissection (PAND) remains uncertain for patients 
with AGC. Preoperative S-1 and cisplatin followed by radical surgery with D2 + PAND is 
the current standard treatment strategy for patients with extensive lymph node metastasis. 
The main purpose of this review is to summarize the advances in the therapeutic effects of 
PAND in patients with AGC. The second purpose is to highlight the clinical significance 
of chemotherapy combined with radical surgery for patients with AGC.

Citation: Dong YP, Deng JY. Advances in para-aortic nodal dissection in gastric cancer surgery: 
A review of research progress over the last decade. World J Clin Cases 2020; 8(13): 2703-2716
URL: https://www.wjgnet.com/2307-8960/full/v8/i13/2703.htm
DOI: https://dx.doi.org/10.12998/wjcc.v8.i13.2703

INTRODUCTION
Gastric cancer (GC) is still the fourth most common malignancy and is the second 
leading cause of cancer-related deaths worldwide[1]. Surgical resection is still the only 
effective treatment for localized GC. As lymph node metastasis occurs early in patients 
with GC, the optimal extent of regional lymph node dissection still needs further 
discussion, especially with the goal of radical gastrectomy. The extensive lymph-node 
dissection, D2 lymphadenectomy, has been recommended as the standard modality 
for patients with locally advanced gastric cancer (AGC) worldwide[2,3]. However, the 
benefit of the super-extended lymph-node dissection, D2 plus para-aortic nodal 
dissection (PAND), the so-called D2+ resection, remains unclear and is still under 
investigation by many surgeons.

Among patients with non-early GC, the incidence of metastasis to para-aortic lymph 
nodes (PANs) was mainly 17%-40%[4-11], and the 5-year survival for such subgroup 
reached 13% to 40% after R0 resection[6,12,13]. Although the incidence of PAN metastasis 
differs between studies, PAND has been practiced to improve survival in Japan since 
the late 1980s for patients with AGC[13-22]. According to the Japanese Classification of 
Gastric Carcinoma (JCGC)[23] defined by the Japanese Gastric Cancer Association, 
PAND was defined from the upper margin of the celiac trunk to the root of the inferior 
mesenteric artery, with stations No. 16 a2 and No. 16 b1 routinely removed. As the 
final station irrespective of the tumor location within the abdominal cavity for 
lymphatic metastasis of GC, PANs were drained through the celiac artery from the left 
gastric artery nodes[24]. PANs were termed as regional N3 nodes in past decades[25], 
although have been regarded as distant metastasis (M1) and are now classified as 
Stage IV[26,27]. Moreover, the incidence is deemed to be highly related to the tumor 
location[28], especially in the upper third GC, along with other clinical characteristics. 
Whether or not to clean the PAN for curative intent has been a controversial issue for 
decades. The prophylactic PAND is not recommended in AGC treatment, because 
several trials showed no survival benefit from the D2 + PAND procedures compared 
with the standard D2 lymphadenectomy, and it may result in prolonged operation 
time, larger volume of blood loss, and longer hospital stay[29,30]. Nevertheless, several 
clinical studies reported that therapeutic PAND may help improve the disease-free 
survival rate and prolong the survival time for patients with actual metastasis to 
PAN[31]. Extensive PAND may provide precise nodal staging to inhibit stage migration, 
which might improve the stage-specific survival of AGC[32]. Simultaneously, both 
surgery combined D2 + PAND and neoadjuvant chemotherapy, including the regimen 
of cisplatin (CDDP)/S-1 combined with docetaxel or other combinations of 
chemotherapy, could benefit the survival of patients with extensive lymph node 
metastasis (ELM)[33]. Few previous large-scale trials were able to validate the optimal 
treatment regimen for patients with AGC. Therefore, we conducted a systematic 
review to summarize the therapeutic effects and clinical significance of the PAND in 
patients with AGC.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v8/i13/2703.htm
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PARA-AORTIC LYMPH NODE
PAN metastasis has been defined as the lymph node metastasis between the aortic 
hiatus and the aortic bifurcation, of which the diameter exceeds 1.0 cm according to 
clinical imaging examination (including computed tomography scanning and 
ultrasonography). To our knowledge, PAND implied the complete retrieval of nodes 
between the upper margin of the celiac axis and the lower margin of the left renal vein 
(No. 16a2) and nodes between the lower margin of the left renal vein and the upper 
margin of the inferior mesenteric artery (No. 16b1), whereas dissection of the upper 
No. 16a1 and the lower No. 16b2 nodes were optional and were to be dissected if 
macroscopically involved or based on the tumor location. In addition, the dissection of 
the left upper lateral nodes (“No. 16a2-lat”) was optional, and its controversy still 
remains even with enlarged nodes in this area[21]. In some studies, it was supposed to 
be resected in upper gastric cancer[34], while optionally resected in the distal 
gastrectomy[35]. As the third-tier lymph station, patients with PAN invasion showed 
better survival than those with other single or multiple organ site metastases[36]. Thus, 
it was defined as local lymph node metastasis by the 2ndJCGC[25]. However, 
prophylactic PAND failed to improve the prognosis when compared with standard D2 
alone[30,37]. PAN involvement is thought to be a systemic disease and is currently 
designated as distant metastasis (M1) by the eighth edition of the American Joint 
Committee on Cancer tumor–node–metastasis staging system[26] and the third JCGC[27]. 
This stage IV classification, which is not indicated for intensively curative surgery, 
may preclude patients with PAN metastasis from undergoing surgery on the basis of 
the Japanese Treatment Guidelines for Gastric Cancer[23]. In addition, PAND was 
proved to be effective[6,7,9,10,13,15,16,31,38,39] and helped improve the survival of patients with 
AGC in past decades, nonetheless, recent studies verified that the survival rates 
between these two dissection techniques (D2 vs D2 + PAND) were almost 
identical[20,30,37,40], suggesting that PAND did not benefit the survival of patients with 
AGC.

ANATOMICAL REGULARITY OF PARA-AORTIC LYMPH NODE 
M E T A S T A S I S  A N D  T H E  R E L A T I O N S H I P  B E T W E E N  
CLINICOPATHOLOGICAL FACTORS AND PARA-AORTIC LYMPH NODE 
METASTASIS
Lymphatic drainage from the stomach flows to the first-tier station (perigastric nodes) 
and then passes to the second-tier station (nodes around the celiac artery and its 
branches outside the perigastric region). Then, it finally enters the PANs and the 
systemic circulation via the thoracic duct. Therefore, PANs can be considered the 
terminal regional nodes of gastric lymphatic drainage, which can be dissected to avoid 
the threat of systemic metastases originating from the lymphatic system. Usually, the 
following several sites may exist for lymphatic flow from the stomach to PANs: (1) The 
left para-cardial lymph nodes (No. 2 Station); (2) The lymph nodes along the splenic 
artery (No. 10 Station); (3) The lymph nodes around the celiac artery (No. 9 Station); (4) 
The lymph nodes along the superior mesenteric artery (No. 14a Station); and (5) The 
lymph nodes on the posterior surface of the pancreatic head and the nodes along the 
posterior common hepatic artery (No. 13, No. 8p Station)[24]. However, the route with 
the most frequent access to PANs remains unclear. Therefore, several studies indicated 
that many lymph node station metastases are related to positive PANs. For example, 
No. 1, 2, 3, 4d, 4sb, 5, 6, 7, 8a, 8p, 9, 11p, 12, and 14 lymph node station metastasis may 
be associated with positive PANs as revealed by a meta-analysis[41], whereas No. 1, 3, 7, 
and 9 stations had evidently higher odd ratios than others.

Moreover, numerous studies pointed out that the lymphatics along the celiac 
artery[28] and the left gastric artery[13,24] were the most frequent routes to PANs. The 
most likely route of PAN metastasis is from the left gastric artery nodes through the 
celiac artery[24]. The involvement of stations No. 7 (left gastric artery)[24,28,38,41,42] and No. 9 
(celiac artery)[24,28,34,38,41,43,44] have been identified as indicators for a high incidence of 
PAN metastasis. Of course, No. 1, 3[28,41], and 8[44] are often reported to be related to the 
incidence of PAN metastasis. Particularly, No. 1 and 3 were regarded as the perfect 
factors showing the highest sensitivity with peaked negative predictive value[28]. No 
exact evidence confirmed the definite relationship between the histologic status of 
these lower regional lymph node stations and PAN metastasis or whether an exact 
pathway of lymphatic drainage among all these lymph nodes exists. Thus, further 
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research is needed to suggest an accurate conclusion. Then, based on more accurate 
lymph drainage between the lower regional lymph node stations and PAN metastasis, 
intraoperative histological biopsy of the relevant lymph nodes may be necessary and 
feasible to determine whether further PAND is needed.

As found by many studies, tumor location and perigastric nodal status were 
significant risk factors for PAN invasion[28,45]. As reported, the lymph flows from the 
upper third of the stomach (U) and directly streams into the para-aortic region. 
Consequently, a tumor located in the U is frequently related to PAN 
involvement[11,21,28,29,34,41,43,46,47], which was considered a predictor of positive PANs. 
PAND was then required, especially compared with middle (M) and lower (L) third 
GC[46,48,49], due to the different lymphatic path between the primary tumor locations to 
the PANs[50-52]. Certainly, the above factors and other clinicopathologic characteristics 
were verified to have a high risk of PAN metastasis, such as tumor size ≥ 5 cm[24,41,47]; 
pT3 or pT4 depth of tumor invasion that deeply invades the subserosa, serosa, or 
adjacent organs[11,28,41,42,47,53,54]; pN2 and pN3 stages[24,31,41,43,45,53]; the macroscopic-type 
Borrmann III/IV[31,41,43,45,47]; and the diffuse/mixed Lauren classification[24,28,41,47,54]. 
Multiple studies presented different conclusions regarding the related 
clinicopathologic characteristics (Table 1). Thus, several prospective clinical trials are 
needed to define the exact relevant factors to obtain accurate interventions.

THERAPEUTIC MEASURES FOR PARA-AORTIC LYMPH NODE 
METASTASIS
Currently defined as M1 metastasis, patients with metastasis to PANs have a poorer 
prognosis[31] compared with metastasis to other local lymph nodes. Many studies have 
taken various measures including surgery plus dissection of PANs, chemotherapy or 
the combination of surgery and perioperative chemotherapy as a multimodality 
treatment to improve the survival of locally advanced GC. However, due to different 
eligibility criteria, interventions, and the histology of primary lesions, survival varied 
among studies even those in which the same treatment was administered. In addition, 
patients can develop different degrees of corresponding complications due to different 
treatments. Surgeons must try to find the most appropriate treatment modalities to 
balance the response benefits and decrease the toxicity.

Surgery plus extensive lymphadenectomy
Extensive PAN lymphadenectomy means the first-tier and second-tier lymph nodes 
plus PANs are removed, with node clearance in a wide range and in large numbers. 
Given the high rate of approximately 20% of PANs with micrometastasis[7], which are 
not completely detectable by the current preoperative imaging examinations, 
prophylactic PAND measures were taken to prevent the relapse of local lymph nodes. 
However, many studies did not show survival benefit after prophylactic D2 + 
PAND[30,40]. Among these known studies, a large Japanese prospective randomized 
trial (JCOG 9501) investigated the efficacy of prophylactic PAND for curable patients 
with AGC, which was not considered justified for patients with AGC without 
improved survival. The study also proved that extensive PAN dissection performed 
safely by specialized surgeons did not increase the incidence of major surgical 
complications (anastomotic leak, pancreatic fistula, abdominal abscess, and 
pneumonia) and acquired a low 0.8% rate of hospital mortality. However, the 
operation time was prolonged, and the blood loss was increased with the D2 
dissection[30]. However, some drawbacks existed in the JCOG9501 trials, in which 
patients with macroscopically involved metastasis were excluded. Nevertheless, 
whether harboring pathological micrometastasis was uncertain between the two 
groups, and the numbers of patients with pathological micrometastasis were not be 
balanced.

With the exception of the JCOG9501 study on the role of prophylactic PAND, 
studies on therapeutic PAND have also been performed by many surgeons with 
varying outcomes, as shown in Table 2. The surgical results of patients with PAN 
metastasis were disappointing[54], but many surgeons thought that the potential benefit 
of D2 plus PAND over standard D2 alone should not be ignored. For example, Hu 
et al[44] demonstrated that an improved survival was accomplished after extensive 
nodal dissection. In addition, many studies revealed that the advantages of patients 
who have experienced PAND with survival benefits were from related 
clinicopathological factors. Roviello et al[21] showed that the high probability of survival 
was closely dependent on pT and pN staging. The 5-year survival rate particularly 
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Table 1 Analysis of clinicopathologic characteristics relevant to para-aortic lymph node metastasis

Clinicopathologic characteristics relevant to para-aortic lymph node metastasis

Ref. Year Article 
type Perigastric 

nodal status

Tumor site 
(located in 
the U)

Tumor 
size ≥ 5 
cm

Depth of 
tumor 
invasion

N stage 
of N2 and 
N3

Macroscopic type 
Borrmann III/IV

Diffuse/mixed 
histology

Takashima 
et al[11]

2005 Review — Yes — Yes — — —

Lee et al[54] 2006 Article — — — Yes — — Yes

Nomura 
et al[24]

2007 Article No. 7 — Yes — Yes — Yes

Chen et al[42] 2009 Meta-
analysis

No. 7, 8 — — Yes — — —

Hu et al[44] 2009 Article No. 8a, 9 — — — — — —

Fujimura 
et al[34]

2009 Article — Yes — — — — —

Tokunaga 
et al[31]

2010 Article — — — — Yes Yes —

Roviello 
et al[21]

2010 Article — Yes — — — — —

de Manzoni 
et al[28]

2011 Article No. 1, 3, 7, 8a, 9 Yes — Yes — — Yes

Wang et al[43] 2013 Article No. 9 Yes — — Yes Yes —

Zhou et al[42] 2013 Meta-
analysis

No. 1, 3, 7, 9 Yes Yes Yes Yes Yes Yes

Zhang 
et al[53]

2014 Article — — — Yes Yes — —

Liang et al[45] 2016 Review No. 9 Yes — — Yes Yes —

Douridas 
et al[47]

2018 Mini 
review

— Yes Yes Yes — Yes Yes

U: the upper third of the stomach.

worsened with the growth of pN stage under the premise of node-positive patients 
and worsened with increasing infiltration depth (pT staging) under the premise of 
node-negative patients. Better survival can be achieved by D2 + PAND for patients 
without node invasion (pN0) and those whose tumor was limited to subserosal 
invasion (pT2). However, other studies indicated that patients with tumor diameter 
measuring 50–100 mm and with pN2 staging might benefit from D3 dissection[55]. A 
Chinese study initiated by Zhang et al[53] demonstrated that D2 + PAND may be 
beneficial in patients with T3/T4 tumors with 1–3 PAN clinical involvement as a 
therapeutic method. Moreover, studies demonstrated that PAND may be beneficial in 
patients with a small number (< 3 or 4) of PAN[6,56] and total lymph node (< 11) 
metastases[15] or patients with < 15 total positive lymph nodes but macroscopic type, 
except type 4, on the basis of R0 resection[31]. With more nodes dissected, some 
specialists speculated that the improved survival of PAND may benefit from accurate 
staging information provided by extensive surgery[32,57,58]. Combined with these clinical 
factors, screening the best indications for PAND and then performing the operation by 
well-trained surgeons are both necessary.

Apart from this situation, for patients with proximal GC invading the esophagus, 
the left thoracoabdominal approach was compared with an abdominal–transhiatal 
(TH) approach, and TH was selected as the better method, which was recorded in the 
JCOG9502 trial[59]. Overall, the TH group who underwent a total gastrectomy with D2 
and additional dissection of the left upper PANs showed better survival and less 
morbidity than those who underwent the left thoracoabdominal approach 
accompanied by a thorough lower mediastinal lymphadenectomy. Thus, the fact that 
some western surgeons do not advocate PAND based on partial outcomes is not 
reasonable, because the accurate value of therapeutic PAND in PAN-positive patients 
with curative purpose remains undetermined. Therefore, several rigorous large-scale 
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Table 2 Some reported series of gastrectomy and a comparison of morbidity, mortality and survival between D2 and D2 + PAND

Prognosis differences between D2 vs D2 + PADN (D2+)

Morbidity Mortality Recurrence rate 5-yr survival rateRef. Year Countries and 
continents

Number of 
patients registered

Number of patients 
underwent D2 + PAND or 
D2+

Incidence of 
PAN (%) D2 

(%)
D2 + 
PAND (%)

P 
value

D2 
(%)

D2 + 
PAND (%)

P 
value

D2 
(%)

D2 + 
PAND (%)

P 
value

D2 
(%)

D2 + 
PAND (%)

P 
value

Günther 
et al[18]

2000 Turkey 459 75 — 31.5 34.2 — 6.8 1.3 — — — — — — —

Bostanci 
et al[19]

2004 Turkey 134 34 — 10 35.3 < 0.05 1 8.8 < 0.05 — — — — — —

Sano et al[30] 2004 Japan 523 260 — 20.9 28.1 0.067 0.8 0.8 — — — — — — —

Marrelli 
et al[17]

2007 Italy 330 79 13.9 27 27 0.929 4 4 0.82 — — — — — —

Kunisaki 
et al[55]

2006 Japan 580 150 — — — — — — — 40 50 0.3538 56.0 50.4 0.9899

Kulig et al[20] 2007 Poland 275 134 — 27.7 21.6 0.24 4.9 2.2 0.37 — — — — — —

Sasako et al[37] 2008 Japan 523 260 8.5 — — — — — — — — — 69.2 70.3 —

Yonemura 
et al[40]

2008 Japan 293 134 9.0 — — — — 3.7 0.12 46.7 38.8 — 52.6 55.0 0.801

Hu et al[44] 2009 China 117 62 8.1 27.3 24.2 0.703 1.8 0 0.470 — — — 66.1 65.8 0.946

Roviello 
et al[21]

2010 Italy 286 286 12.9 — 28 — — 2.1 — — — — — 52.2 —

Tokunaga 
et al[31]

2010 Japan 178 178 - — 30 — — 2 — — — — — 13 —

de Manzoni 
et al[28]

2011 Italy 294 294 16 — — — — — — — — — — — —

Zhang et al[53] 2014 China 157 69 40.6 — — — 12.5 21.7 0.122 43.2 39.1 0.628 31.8 43.7 0.044

de Manzoni 
et al[78]

2015 Italy 568 294 11.6 — — — 4 2.4 0.340 45.3 46.3 0.866 — — —

PAN: Para-aortic lymph node; PAND: Para-aortic lymph node dissection.

trials are needed to further verify whether differences exist in survival between these 
two lymphadenectomies (D2 vs D2 + PAND) performed by experienced surgeons.
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Chemotherapy
Systemic chemotherapy is regarded as the standard treatment for systemic macro- or 
micro- metastases involving the PAN region and beyond the PAN area. Nevertheless, 
systemic chemotherapy alone is unlikely to have a meaningful or lasting benefit in 
unresectable tumors, such as those with PAN involvement. However, adjuvant 
chemotherapy partly helps improve surgical survival[60].

Recently, neoadjuvant chemotherapy has gained considerable attention in the 
treatment of patients with distant metastasis. The following three studies, JCOG 0001, 
0405, and 1002 were implemented to investigate the utility and the efficacy of 
neoadjuvant chemotherapy followed by gastrectomy with D2 + PAND. Among these 
studies, due to the same eligibility criteria but different regimens of preoperative 
chemotherapy followed by surgery, patients in JCOG 0001 received two or three cycles 
of irinotecan (70 mg/m2 on days 1 and 15) and CDDP (80 mg/m2 on day 1) therapy. In 
addition, patients in JCOG 0405 received two or three cycles of CDDP (60 mg/m2 on 
day 8) and S-1 (40 mg/m2 twice daily from day 1 to day 21 followed by a 1-week rest 
period) (CS) chemotherapy. JCOG 0001[61] showed a good 3-year survival of 27.0%, but 
the study was terminated due to three treatment-related deaths among the 55 enrolled 
patients. JCOG 0405[33] showed an excellent response rate of 64.7% and a 3-year 
survival of 58.8% with no treatment-related death. Since then, CS chemotherapy has 
been considered the current standard for patients with ELM, in which ELM was 
defined as PAN metastasis (no. 16a2/16b1) or bulky lymph nodes (one larger than 3 
cm or two larger than 1.5 cm) along the celiac, splenic, common hepatic, or proper 
hepatic arteries, or both. Triplet therapy with the addition of docetaxel to CS (DCS) 
was then introduced as neoadjuvant chemotherapy for local patients with AGC and 
ELM (JCOG1002). In JCOG 1002[62,63], with the same eligibility criteria as the above two 
trials, patients received two or three 28-day cycles of docetaxel (40 mg/m2 on day 1), 
CDDP (60 mg/m2 on day 1), and S-1 (40 mg/m2 twice daily for 2 weeks) (DCS) 
therapy. However, this regimen achieved a high rate of R0 resection and a 5-year 
survival of 54.9% (95% confidence interval: 40.3%-67.3%), with an insufficient 
pathological response rate of 50.0% (26/52).

Controversy still exists regarding the best regimen of chemotherapy for patients 
with PAN metastasis (Table 3). Notwithstanding the JCOG 1002 study of DCS that 
failed to show superiority over CS[62,63], many studies were carried out to explore its 
benefits. A triplet therapy of docetaxel added to CDDP and S-1 (DCS) showed longer 
survival of patients with PAN metastasis when compared with 5-fluorouracil. 
Likewise, many other studies incorporated other regimens of different 
chemotherapeutics. A phase II trial performed in China, which adopted capecitabine 
and oxaliplatin as preoperative chemotherapy delivered for a maximum of six cycles, 
introduced the concept of conversion therapy to treat PAN metastasis in patients with 
AGC. The results demonstrated a good response rate and a sufficient R0 resection rate, 
with acceptable toxicities[64].

Many trials have investigated the outcome of different schemes of preoperative 
chemotherapy, showing different survival effects. Currently, as the tentative standard 
chemotherapy in Japan[33], CS together with subsequent radical surgery is still 
considered the de facto standard treatment for patients with AGC and ELM. Thus, 
further investigations on appropriate regimens and suitable durations of perioperative 
chemotherapy should be used in clinical practice for better survival.

Radiotherapy
According to the fundamental role of surgery in the treatment of GC, radiotherapy is 
rarely used, and almost no research is available on radiotherapy alone used for AGC 
and is always a part of a comprehensive treatment in combination with other palliative 
interventions. Radiotherapy is commonly combined with chemotherapy before 
surgery or implemented concurrently with or subsequently to adjuvant chemotherapy 
after surgery in patients with GC[65-68].

Nonetheless, treatment measures including radiotherapy aimed at curing patients 
with PAN involvement are rare. An individualized comprehensive treatment 
including neoadjuvant chemotherapy, subsequent surgery, and radiotherapy for 
patients with AGC and PAN metastasis with a high response rate of 76.1% for positive 
PANs and without treatment-related death is beneficial[68].
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Table 3 Main studies that reported clinical data including survival outcomes following chemotherapy and surgery in patients with pathological positivity of para-aortic lymph nodes

Response rate Survival rate

Ref. Registration 
number

Types 
of 
clinical 
trials 
(Phase 
I/II/III)

Published 
year

Time of 
accrual

Chemotherapy 
regimens

Followed 
by 
surgery

Extent of 
lymphadenectomy

Number of 
patients 
registered

Incidence 
of PAN 
(%)

Primary 
endpoint

R0 
resection 
rate Clinical Pathological

Relapse-
free 
survival

3-
yr 
(%)

5-
yr 
(%)

TRD

Yoshikaw 
et al[61]

JCOG0001 II 2009 2000-
2003

CPT-11/CDDP Yes D2 + PAND 55 54.5 3-yr survival 
rate TRD rate

65 (95%CI 
51-78)

56 15 — 27 NA 3/55

Oyama  et 
al[60]

— — 2012 1990-
2008

S-
1/CDDP/docetaxel

Yes D2 + PAND 44 100 — — — 87.5 75 (2-yr) — — 0/44

Wang 
et al[64]

— II 2014 2008-
2013

XELOX 
(capecitabine and 
oxaliplatin)

Yes D2 48 100 Response rate of 
NAC

50% 85.1 49 — — — —

Tsuburaya
et al[33]

JCOG0405 II 2014 2005-
2007

S-1/CDDP Yes D2 + PAND 51 51 R0 resection 
rate

82(95%CI 
69-92)

65 51 — 59 53 0/51

Ito et al[62] JCOG1002 II 2017 2011-
2013

S-
1/CDDP/docetaxel

Yes D2 + PAND 52 43.4 Response rate 
(RECISTver.1.0)

84.6 57.7 50 — — — 0/52

Takahari 
et al[63]

JCOG1002 II 2019 2011-
2013

S-
1/CDDP/docetaxel

Yes D2 + PAND 52 43.4 Clinical RR — — 34.6 47.7 (5-yr) 62.7 54.9 0/52

PAN: Para-aortic lymph node; PAND: Para-aortic lymph node dissection; CI: Confidence interval; TRD, treatment-related death .

PROGNOSIS OF PATIENTS WITH PARA-AORTIC LYMPH NODE 
METASTASIS
Overall survival
The overall survival rate varies greatly between studies due to different treatments. 
Within the scope of an 8.1%-51% incidence of PAN metastasis, the 5-year survival of 
patients ranges from 43.7% to 70.3%, as listed in Tables 2 and 3.

Morbidity and mortality
Considering the rare application of radiotherapy and other unconventional treatments, 
discussion on the adverse effects of chemotherapy and surgery is included. Many trials 
on the impact of surgery plus extensive lymphadenectomy on prognosis were carried 
out to explore its benefit on survival. In terms of interim/short-term outcomes, studies 
pointed out that extended lymphadenectomy could influence the function of adjacent 
abdominal organs and induce high postoperative morbidity and mortality[30]. In 
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addition, reduced risk can be achieved by preserving the spleen and/or pancreas[17,69]. 
For instance, Kunisaki et al[13] indicated that pancreatic fistula and respiratory 
complications were significantly higher in patients with D2 + PAND as compared with 
standard D2. Conversely, no differences in surgical morbidity between D2 and D3 
lymphadenectomy were found by several studies performed by experienced 
surgeons[14,17,18,20,44,70,71]. In addition, several European studies also reported no 
association between postoperative mortality and extended lymphadenectomy[20,57,72]. 
Abdominal abscess, anastomotic leakage, pancreatic fistula, abdominal abscess[17], and 
pneumonia[21,30,73,74] were reported as the most common complications after extensive 
surgery observed in studies. In addition, these morbidities were highly related to the 
American Society of Anesthesiologists’ class II/III vs I, perioperative blood 
transfusions, low albumin serum levels, and age (> 75 years). The degree of radical 
surgery was regarded as an independent predictor of mortality by Marrelli et al[17]. 
Other less common complications, such as diarrhea, orthostatic hypotonia, and 
lymphocele or lymphorrea, were serious, and measures should be taken to reduce 
these complications[30,73]. However, many studies found that PAND could increase the 
operation time and blood loss, required greater blood transfusion[19,20,30,53,74], had high 
relaparotomy[19,20,30,74], and could prolong hospital stay[55] with no harmful effect on 
quality of life.

At the same time, the side effects of chemotherapy combined with surgery during 
chemotherapy were monitored by numerous trials. Furthermore, neoadjuvant 
chemotherapy subsequent to surgery can lead to different adverse events during 
chemotherapy due to the use of different chemotherapy regimens. Common adverse 
events but different incidences were recorded in three JCOG trials (JCOG 0001, 0405, 
and 1002) with similar inclusion criteria but different preoperative chemotherapy 
regimens[33,61,62]. Among these adverse events, grade 3 or 4 toxicity during 
chemotherapy included leucopenia (31% vs 4% vs 18.9%), neutropenia (55% vs 19% vs 
39.6%), anemia (24% vs 13% vs 7.5%), febrile neutropenia (16% vs 2% vs 5.7%), nausea 
(36% vs 4% vs 1.9%), diarrhea (5% vs 2% vs 7.5%), thrombocytopenia (4% vs 1.9%), 
anorexia (10% vs 9.4%) for 0405 and 1002, vomiting (13%) for 0001, anorexia (10%) for 
0405, hyponatremia (15.1%), hypokalemia (5.7%), and upper respiratory tract infection 
(1.9%) for 1002 (Table 4). Two chemotherapy-related deaths (4%) among all 55 patients 
in 0001 were observed, and no chemotherapy-related deaths were noted in the other 
two trials. Only grade 3 adverse events without grade 4 toxicities were stated by Wang 
et al[64], and gastrointestinal issues and leukocytopenia were the most common. These 
conditions were the result of preoperative capecitabine and oxaliplatin chemotherapy 
followed by D2 gastrectomy without PAND for AGC patients with PAN 
involvement[64]. The outcomes from a retrospective study, showed that neutropenia 
(25.0%), leucopenia (18.8%), febrile neutropenia (6.3%), and diarrhea (6.3%) were the 
most common grade 3/4 toxicities, and no treatment-related deaths were observed[60].

Recurrences
Relapse rates remain high even with extensive lymph node dissection; thus, there is a 
need for other adjuvant treatments[72,75]. Lee’s research[54] concluded that more than 70% 
of patients with positive PANs relapsed within 11 months after surgery. Among the 
seven patients in the trial, two developed recurrences in local regions, and the other 
five patients developed distant metastases to the lung, bone, and left supraclavicular 
lymph node. Following D2 and neoadjuvant chemotherapy, no one had PAN 
recurrences. However, different to the above study, peritoneal metastasis followed by 
extra-regional nodal recurrence were identified as the two most frequent sites of 
relapse[37,73,76]. Among these sites, more than one site including the peritoneum, lymph 
nodes, liver and other areas[37] were involved at the time of first recurrence in the JCOG 
9501 study. Moreover, a multi-institutional study by Kunisaki et al[55] indicated that 
recurrences in the surgical resection nodal area was significantly lower following D3 
dissection, even with a similar overall nodal recurrence rate between D2 and D3 
dissection. This condition may be the result of significant differences in the 
distribution of recurrent lymph nodes between D2 and D3 patients due to the numbers 
of lymph nodes in the second and third tiers, hepatic hilar region, and mediastinal or 
cervical regional lymph nodes. Metastasis may also recur in other regions such as the 
right supraclavicular lymph node[77,78]. However, after preoperative chemotherapy 
followed by surgery, the relapse-free survival rate can be as high as 70% at 2 years as 
shown by Oyama et al[60].
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Table 4 Adverse effects in three Japanese prospective randomized trials exploring neoadjuvant chemotherapy plus surgery for patients 
with extensive lymph node metastasis (Para-aortic lymph nodes metastasis or bulky lymph nodes)

Adverse effect JCOG0001[61] JCOG0405[33] JCOG1002[62,63]

Grade 3/4 toxicity from chemotherapy

Leucopenia 31% 4% 18.9%

Neutropenia 55% 19% 39.6%

Anemia 24% 13% 7.5%

Febrile neutropenia 16% 2% 5.7%

Thrombocytopenia — 4% 1.9%

Hyponatremia — — 15.1%

Hypokalemia — — 5.7%

Anorexia — 10% 9.4%

Vomiting 13% — —

Chemotherapy-related mortality 2/55 0/51 0/52

Surgical complications

Leakage 1/49 3/49 2/49

Pancreatic fistula 6/49 11/49 9/49

Abdominal abscess 2/49 8/49 —

Pneumonia 2/49 2/49 4/49

Wound infection 2/49 0/49 2/49

Anastomotic stenosis 1/49 0/49 1/49

Intestinal obstruction 0/49 0/49 2/49

Cardiac failure 1/49 — —

Renal dysfunction 1/49 — —

Atelectasis — 3/49 —

Abdominal infection — — 5/49

Pleural effusion — — 6/49

Chylous ascites — — 3/49

Delayed gastric emptying — — 1/49

Thromboembolic event — 2/49 2/49

Other 6/49 11/49 —

Postoperative mortality 1/49 0/49 0/49

CONCLUSION
The role of PAND is still worth exploring. Currently, prophylactic D2 + PAND has not 
shown a survival benefit, but improved survival with therapeutic PAND may benefit 
from related clinicopathological factors. Then, based on the survival benefit of PAND, 
given that many clinicopathological factors were reported to be highly related to PAN 
involvement, it is necessary to verify the lymphatic flow to PANs in gastric cancer and 
define accurate predictors for PAN metastasis and then explore indications for PAND. 
To date, CS chemotherapy combined with surgery plus extensive lymphadenectomy is 
considered the standard treatment for advanced gastric cancer in Japan. Therefore, 
neoadjuvant and adjuvant chemotherapy must not be ignored in the treatment of PAN 
metastasis. In the future, multimodal therapy including PAND combined with 
appropriate chemotherapy and with other therapies, such as conversion surgery or 
radiotherapy, remains to be evaluated in the form of a clinical trial to obtain improved 
prognosis and as few complications as possible.
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