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ABSTRACT

Background. Despite advances in the treatment of

patients with gastric cancer, the debate over the optimal

extent of lymphadenectomy continues.

Method. A review of the classification, rationale for, and

boundaries of lymphadenectomy is presented. A review of

the available literature comparing D1 versus D2 versus D3

lymphadenectomy was performed and included random-

ized controlled trials, and prospective and retrospective

comparative and non-comparative studies.

Results. Earlier studies demonstrated increased morbidity

with D2 compared with D1 lymphadenectomy, with no

significant survival benefit. More recent studies have

demonstrated survival benefit of a pancreas and spleen-

sparing D2 lymphadenectomy in patients with advanced,

node-positive tumors. Para-aortic/D3 dissections contribute

to increased morbidity, with no survival benefit.

Conclusions. In patients with resectable gastric adeno-

carcinoma, a D2 lymph node dissection preserving the

pancreas and spleen should be considered standard for

optimal staging and treatment, provided it is performed by

surgeons with sufficient expertise. Extended lymph node

dissections beyond D2 should not be routinely performed

as it has been shown to have increased morbidity, with no

improvement in outcomes. While systemic chemotherapy

should be considered standard in patients undergoing D2

lymphadenectomy, the role of adjuvant radiation continues

to evolve.

Despite advances in early diagnosis and treatment,

gastric cancer remains one of the most common causes of

cancer-related deaths worldwide, with almost 1 million

cases estimated to occur per year.1,2 Surgery is the only

potentially curative treatment and lymphadenectomy is

recommended as a main component of radical gastrectomy

to optimally stage the disease, prevent locoregional recur-

rence, and thereby potentially improve overall survival

(OS).3 While Eastern surgeons have traditionally focused

surgical techniques on radical control of the lymph node

basins, Western surgeons have been hesitant to adopt this

rationale on the basis of several studies that have shown

increased perioperative morbidity and mortality with this

approach, without any significant benefit of prolonging

survival outcomes. The debate over the optimal extent of

lymphadenectomy, therefore continues.

EVOLUTION OF THE DEFINITIONS

AND CLASSIFICATIONS OF LYMPH NODE

STATIONS AND LYMPHADENECTOMY

Prior to the establishment of the American Joint Com-

mittee on Cancer (AJCC) system, the first Japanese edition

of the Japanese Classification (JC) of Gastric Carcinoma

was published in 1962 to standardize pathological classi-

fication of gastric cancer.4 Three English editions of the JC

have since been published, corresponding to the 10th, 12th,

and 13th Japanese editions in 1981, 1995, and 1998,

respectively.5 The terms D1, D2, and D3, as originally

defined in the 2nd English edition of the JC, were used in

most large randomized controlled trials (RCTs) of gastric

cancer surgery, including the Dutch, Medical Research

Council (MRC), and Taipei Veterans study trials6–11 Based

on the seminal work by Sasako et al., which involved

calculation of the incidence of metastasis and 5-year
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survival for each nodal station independent of overall

pathological stage, a complex definition of the nodal

groups was established.12 The regional lymph nodes were

classified into one of three N ‘compartments’ (N1, 2, 3, or

M) based on their anatomical position in relation to the

geographic location of the primary tumor.5 These ‘com-

partments’ correlated with the extent of lymphadenectomy

(D1–3 dissections corresponding with N1–3 lymph node

stations). However, outside these fairly well-controlled

clinical trials, owing to the complexity of this classifica-

tion, the terms D1, D2, and D3 have been used loosely and

rather erroneously, with N1 referring to perigastric nodes,

N2 denoting nodes along the celiac artery and its branches,

and N3 corresponding to nodes in the retropancreatic and

transverse mesocolic region, with the corresponding dis-

sections designated as D1, D2, and D3, respectively.

Therefore, in 2010, to simplify classification, the Japa-

nese Gastric Cancer Association published an integrated

version of the JC and the Japanese Gastric Cancer Treat-

ment Guidelines (JGL), which adopted similar definitions

and classifications as the AJCC 7th Edition.13 Nodal

grouping was replaced by the number of metastatic lymph

nodes.13,14 The definition of lymphadenectomy was

markedly simplified, with the lymph node dissection in D1,

D1 ?, and D2 defined for total and distal gastrectomy

regardless of the tumor location (Fig. 1).15 D3 (also called

para-aortic lymph node dissection) was not included after

the negative results of the Japan Clinical Oncology Group

(JCOG) 9501 trial comparing D2 and D3 dissection.16 With

the release of the AJCC 8th Edition, although several

changes have been made to the clinical, post-neoadjuvant,

and pathological staging, the classification of N status

based on the number of involved nodes has remained

unchanged.17

Rationale for the Boundaries of Systematic

Lymphadenectomy in Gastric Cancer

The Maruyama Computer Program and Maruyama

Index In 1989, the Japanese National Cancer Center

database of 3843 prospectively collected cases was used to

create the Maruyama computer program.18 The program

estimates the risk of metastasis to each nodal station based

on the input of eight variables, including age, sex,

endoscopic or Bormann’s classification, depth of

invasion, maximal diameter, tumor location, position, and

WHO histological classification. By matching input

variables to a large database of patients, the program

gives a percentage likelihood of disease in each of the

lymph node stations. An estimate of the added 5-year

survival benefit of dissecting each nodal station is

calculated by multiplying the frequency of metastasis to

the station by the 5-year survival rate of patients with

metastasis to this station. The index of estimated benefit

from dissection of the various stations was maximum for

N2 nodes, providing a rational basis for the boundaries of

D2 lymphadenectomy.12 By determining the 5-year

survival of patients with positive nodes independently for

each lymph node station without reference to the overall

pathological stage, the Maruyama program circumvents the

problem of stage migration. The Maruyama Index (MI) has

been defined as the sum of Maruyama Program predictions

for those Japanese-defined regional node stations (stations

1 through 12) left in situ by the surgeon. For patients

enrolled into the Macdonald Chemoradiation Trial

(Intergroup 0116) and the Dutch gastric cancer RCT, the

MI proved an independent predictor of both overall and

disease-specific survival, with low MI demonstrating better

long-term prognosis.19,20 In lieu of the ‘one size fits all’

approach, the use of a low MI operation guided by

prospective use of the Maruyama computer program can

potentially better impact survival in patients undergoing

radical gastrectomy.21 However, this approach is limited by

the need to preoperatively assess several parameters,

lending itself to error and resultant over- or under-

treatment during surgery.

Extent of Dissection and Adequacy of Staging The

likelihood of adequately determining the truly negative

incidence of regional lymph nodes is extremely low when

the number of nodes retrieved is \ 10.22,23 The risk of

downstaging when an inadequate number of nodes is

retrieved is especially high for patients with early T stage

and N0 tumors, thereby underscoring the need for a more

radical lymphadenectomy.24–27

Deng et al.28 showed that a D2 lymphadenectomy with

retrieval of at least 16 nodes provided the best prognosti-

cation for 5-year OS of patients with resectable gastric

cancer. Similarly, in their study of 2090 consecutive

patients with noncardia gastric cancer, Marelli et al.

demonstrated improved prognosis of patients with N2b

(7–15 positive nodes) compared with those with N3b dis-

ease (C 16 nodes), thus emphasizing the importance of

retrieving 16 or more nodes for an adequate lym-

phadenectomy. While a minimum total number of lymph

nodes examined is important to adequately assess N stage,

some studies from high-volume centers indicate lymph

node ratio may be a better way of analyzing stage to assess

its effects on survival because it obviates the stage

migration phenomenon.29–31

Lymph Node Retrieval and Recommended Lymph Node

Counts Although the AJCC 7th and 8th editions do not

mandate a minimum number of nodes to be considered

adequate to assign an appropriate N stage, 16 has been

suggested as the standard threshold for adequate
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lymphadenectomy, and has also been recommended by the

Japanese Gastric Cancer treatment guidelines, Clinical

Practice Guidelines for Gastric Cancer in Korea, European

Society of Radiotherapy and Oncology (ESTRO), and the

international RAND/UCLA Expert Panel.13,14,32–34 The

National Comprehensive Cancer Network (NCCN), British

Society of Gastroenterology and British Association of

Surgical Oncology, and the American College of Surgeons

Commission on Cancer (CoC) guidelines recommend

retrieval of C 15 nodes for adequate pathologic

assessment.35–37

However, there is wide variation in practice patterns for

lymphadenectomy during curative resection of gastric

cancer and the optimal extent continues to be debated. A

review of the available literature was therefore performed

to better define optimal node dissection in the context of

morbidity, mortality, and long-term outcomes.

METHODS

PubMed was searched for articles published from Jan-

uary 1990 through December 2017 that addressed the

question of lymphadenectomy in patients with gastric

cancer. Combinations of the following Medical Subject

Heading (MeSH) terms or keywords were used: ‘gastrec-

tomy’, ‘gastric cancer’, ‘gastric carcinoma’,

‘lymphadenectomy’, ‘lymph node dissection’, ‘D1’, ‘D2’,

‘D3’, ‘PAND’, and ‘paraaortic node dissection’. Our initial

search yielded 5897 articles. To simplify ease of discussion

and avoid the confounding effect of neoadjuvant or adju-

vant therapies on outcomes, we excluded articles that

included the terms ‘neoadjuvant’ or ‘adjuvant’. This yiel-

ded 4814 articles, of which 3242 pertained to human beings

and were published in the English language. Articles

relevant to the key question were then selected based on

whether they addressed the issue of morbidity/mortality

and survival in D1, D2, or D3 lymphadenectomies. Studies

in which comparison of extended lymph node dissection

was made to a historical control group belonging to a

previous clinical era were excluded. A total of 47 unique

full-text articles were identified from the reviewed

abstracts. Twenty articles comprising 11 studies were

RCTs (including interim analysis of the data), and 27

studies included prospective or retrospective analyses, of

which 19 were comparative and 8 were non-comparative.

Each article was then reviewed by two authors (HM and

KV) to achieve the final list of suitable studies. The search

methodology is summarized in the CONSORT (Consoli-

dated Standards of Reporting Trials) diagram in Fig. 2.

RESULTS

Tables 1, 2 and 3 summarize findings from RCTs and

prospective and retrospective comparative and non-com-

parative studies. Most studies used the Japanese Research

Society for Gastric Cancer 1st English edition or the

Japanese Classification of Gastric Cancer 2nd English

edition in their methods section to define the extent of

lymphadenectomy. All of the studies excluded patients

with metastatic cancer or obvious metastasis to the para-

aortic nodes (considered M1 disease), except one retro-

spective study by Tokunaga et al.38 None of the studies

(except the study by Galizia et al.39 comparing D1 ? and

D2 dissections) used systemic or radiation therapy in a

neoadjuvant or adjuvant manner, except when patients

were found to have recurrent disease during follow-up.

Given the improvement in adjuvant/neoadjuvant protocols

FIG. 1 a Location of lymph node stations (from ‘Japanese Classification of Gastric Carcinoma: 3rd English edition’,14 with permission).

b Extent of lymphadenectomy based on type of surgery (from ‘Japanese Gastric Cancer Treatment Guidelines 2010 ver. 3’,15 with permission)
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for gastric cancer in recent years, the role of lym-

phadenectomy in the era of modern chemotherapy and

chemoradiotherapy merits further discussion.

DISCUSSION

D1 Versus D2 Lymphadenectomy

Several studies conducted in the 1980s from high-vol-

ume Japanese and Korean institutions have demonstrated

the role of extended lymphadenectomy in improving sur-

vival of patients with gastric cancer. As a result, surgeons

from Japan and Korea have considered the need for a

randomized trial between D1 and D2 lymphadenectomy

rather futile. However, survival results and operative

morbidity and mortality that have been noted in many

Eastern studies have not been replicated in the Western

literature. As a result, two large multicenter randomized

trials were conducted by the MRC in the UK and the Dutch

group in The Netherlands to assess the short- and long-term

results of D2 lymphadenectomy in gastric cancer. Early

data from both of these trials showed increased morbidity

(43–46%) and mortality (10–13%) rates, with a failure to

demonstrate any survival benefit (33–45% 5-year OS).6–9,40

However, these trials were criticized for the relative lack of

experience among participating institutions and surgeons

performing extended lymphadenectomy, which is subject

to a learning curve. Another criticism was the routine

performance of pancreatosplenectomy for patients with

proximal tumors. This contributed to the observed excess

morbidity and mortality, which is believed to have negated

any survival benefit from extended lymphadenectomy.

Additionally, patients were older and had more comor-

bidities than traditional Eastern patients, which may have

contributed to a higher complication rate. A high non-

compliance rate (failure to remove requisite lymph nodes)

of 51% in the D2 arm may have further contributed to

understaging and poorer survival outcomes. In the final

analysis of the Dutch trial data after mature follow-up,

survival was statistically significantly improved after

excluding patients who underwent pancreatosplenectomy

(35% vs. 22%) and in those with stage II (33% vs. 15%)

5897 abstracts between 1990 and 
2017

3242 abstracts reviewed

47 full-text articles identified

Abstracts not addressing 
morbidity/mortality and survival 

related outcomes excluded

Excluded non-English language 
and non-Human studies and those 
involving neoadjuvant or adjuvant 

treatment

20 articles involving 11 RCTs 27 non randomized studies

19 non-randomized comparative 
studies

8 non-randomized non-
comparative studies

FIG. 2 CONSORT diagram.

CONSORT Consolidated

Standards of Reporting Trials,

RCTs randomized controlled

trials
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and N2 disease (19% vs. 0%), leading investigators to

recommend D2 as the standard procedure if performed by

experienced surgeons and when a spleen- and pancreas-

sparing technique was used to dissect nodes around the

splenic hilum.41 In order to circumvent the issue of quality

control, the Italian Gastric Cancer Study Group conducted

a phase II prospective study in 191 patients and demon-

strated that by using a spleen/pancreas-sparing operation

performed by surgeons who had reached their learning

curve for D2 lymphadenectomy, morbidity/mortality and

survival outcomes similar to Eastern series could be

achieved,78,79 This study provided the background for a

prospective multicenter RCT initiated by the same group.

Long-term analysis showed that although there was no OS

advantage between the D1 and D2 arms (66% vs. 65%),

disease-specific survival was significantly improved for

patients with advanced tumors (T2-4 and node-positive)

undergoing D2 lymphadenectomy.44

Many retrospective studies have demonstrated improved

survival with D2 dissection in patients with higher T- and

N-stage tumors.53,56–59,62 Whether the improved survival

observed in these studies was a result of stage migration

(secondary to higher lymph node retrieval for D2 patients)

or because of clearance of micrometastatic disease in

clinically and pathologically negative nodes is unknown.

However, the majority of authors believe that D2 dissection

is the recommended procedure in patients with T2-4 dis-

ease or N? patients when performed by experienced

surgeons and when avoiding routine removal of the distal

pancreas and spleen.

Role of Splenectomy

Whether the spleen should routinely be removed in

order to improve oncological outcomes, even if this can be

performed with relatively low perioperative mortality, has

been addressed by two prospective randomized clinical

trials from Korea and Chile.46,80 Both of these studies

showed no significant improvement in survival for routine

splenectomy in node-negative patients, and only a marginal

benefit was noted for stage IIIB patients in the Chilean

study. In their study of 73 patients, Galizia et al.39

demonstrated that using a modified D2 dissection, also

called a D1 ? dissection, routine dissection of 10, 11d, and

12a can be avoided, with similar oncological outcomes and

reduced morbidity, compared with standard D2 dissections,

in patients with advanced node-positive, non-junctional

gastric carcinomas. However, the study was limited by the

small number of patients and resulting low statistical

power. A randomized trial by the JCOG study compared

splenectomy and spleen preservation in patients with

proximal gastric adenocarcinoma of T2-4/N0-2/M0 not

invading the greater curvature.81 Splenectomy wasT
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associated with higher morbidity and increased blood loss,

with no effect on 5-year survival. Routine splenectomy

should therefore only be considered for potentially curable

T2–T4 tumors invading the greater curvature of the prox-

imal stomach.15

Learning Curve for D2 Gastrectomy

Several studies have suggested that gastrectomy with D2

is a complex procedure that is accompanied by a significant

learning curve, and that the quality of surgery and lymph

node retrieval directly affects outcomes.82,83 In their study

of 2797 patients treated at a single high-volume institution

in South Korea, Jang et al.84 demonstrated that node

retrieval and OS of patients improved with institutional

experience over time and that surgeon subspecialty asso-

ciation with gastric cancer was an independent predictor of

improved outcomes. Most studies, including the Italian

Gastric Cancer Collaborative, suggest a learning curve of

approximately 15–25 cases or between 8 and 24 months in

establishing a plateau, at which point a D2 gastrectomy can

be accomplished with reasonable morbidity and mortal-

ity.42,82,85 Similarly, improved quality of surgery, as judged

by the adequacy of node retrieval, is affected by cancer

center recognition and can indirectly impact outcomes.86

Role of Adjuvant Treatment After D1/D2

Lymphadenectomy

While the role of lymphadenectomy in the management

of patients with locally advanced, node-positive disease has

been established in large-scale RCTs and non-randomized

comparative studies, the benefit of adjuvant therapies in

regional nodal control in the setting of lymphadenectomy

continues to evolve. INT-0116 was an early randomized

clinical trial aimed at defining the role of postoperative

chemoradiation (CRT) in improving outcomes for patients

with resected gastric cancer.87 In that trial, patients ran-

domized to the surgery plus CRT arm showed improved

OS and a decreased recurrence rate compared with patients

randomized to the surgery-only arm. However, the trial

was heavily criticized for the lack of surgical quality

control since only 10% of patients underwent a D2 dis-

section, and subgroup analysis of these patients showed no

survival benefit in the CRT plus surgery arm.88 Thus, the

OS and local control benefit observed in the CRT arm was

attributed to the compensatory effect of adding radiation to

surgically inadequately treated patients. Western surgeons,

especially in the US, have used this study as a rationale for

routine postoperative CRT in patients undergoing surgery

with limited lymphadenectomy. However, Eastern sur-

geons have criticized this standard of care, citing

equivalent outcomes with a well-performed D2T
A
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lymphadenectomy with no added morbidity, and simulta-

neously avoiding the added morbidity and cost of CRT.89

This differential treatment paradigm is also reflected in

more recent trials of adjuvant CRT in the West, such as the

Cancer and Leukemia Group B (CALGB) 80101 RCT,

which compared 5-fluorouracil plus leucovorin with

epirubicin, cisplatin, and 5-fluorouracil (ECF) to assess

which chemotherapeutic regimen combined with radiation

would yield better outcomes after gastrectomy with D0/D1/

D2 lymphadenectomy. Overall, there was no difference in

OS and disease-free survival (DFS) between study arms,

including within any specific patient subgroup, based on

the number of nodes retrieved. However, only 55% of

patients in this trial had C 15 nodes, with no comparisons

made between different nodal subgroups within each

arm.90 The ARTIST (Adjuvant Chemoradiation Therapy in

Stomach Cancer) trial randomized patients with gastric

cancer who received gastrectomy with D2 lymph node

dissection to either postoperative chemotherapy or post-

operative chemotherapy with CRT, and observed no

significant benefit with the addition of radiotherapy to

adjuvant capecitabine and cisplatin compared with cape-

citabine and cisplatin alone after resection of gastric cancer

with D2-lymphadenectomy.91 With 7 years of follow-up,

OS (hazard ratio [HR] 0.740, 95% confidence interval [CI]

0.520–1.050; p = 0.0922) and DFS (HR 1.130, 95% CI

0.775–1.647; p = 0.5272]) remained similar between

treatment arms. However, post hoc subgroup analyses

showed that chemoradiotherapy significantly improved

DFS in patients with node-positive disease. Whether there

is selective benefit of adjuvant CRT in node-positive

patients after an adequate D2 dissection is currently being

studied in the prospective ARTIST-2 RCT (ClinicalTri-

als.gov identifier: NCT0176146). Similarly, the Dutch

Gastric Cancer Group recently reported on the CRITICS

trial, which compared postoperative CRT with preoperative

chemotherapy versus perioperative chemotherapy in

resected patients with gastric cancer.92 Surgical quality in

this study was good, with a median lymph node yield of 20,

with 89% of patients undergoing at least a D1 ? dissection,

an R0 resection rate of at least 81%, and an MI of 1. OS

was not improved with the addition of CRT to preoperative

chemotherapy. At a median follow-up of 61.4 months,

median OS was 43 months in the chemotherapy group and

37 months in the chemoradiotherapy group (HR 1.01, 95%

CI 0.84–1.22; p = 0.90).92 Given the lack of benefit of

adjuvant therapies in patients undergoing adequate nodal

dissection, the CRITICS II trial is currently comparing

neoadjuvant strategies (chemotherapy vs. chemotherapy

followed by CRT vs. CRT) to assess the benefit of these

adjunct therapies when administered upfront. Contrary to

this, in the East, adjuvant radiation is routinely avoided.

Additionally, chemotherapy after D2 lymphadenectomy

has only recently been adopted as standard of care for

adjuvant treatment of stage II/III gastric cancer after the

results of the ACTS-GC Japanese RCT comparing surgery

alone with surgery and adjuvant chemotherapy using S-1,

which demonstrated that there was a significant survival

benefit to adjuvant chemotherapy (3-year OS 80.1% vs.

70.1%, and HR for death 0.68, 95% CI 0.52–0.87;

p = 0.003).93 The Korean phase III CLASSIC study

reported a significant benefit in DFS with adjuvant com-

bination chemotherapy versus observation in stage II–IIIb

gastric cancer after curative D2 gastrectomy.94 Thus, while

perioperative chemotherapy is standard in patients under-

going curative gastrectomy with D2 lymphadenectomy, the

role of adjuvant/neoadjuvant CRT continues to evolve,

with potential benefit noted in node-positive patients.

D1/D2 Versus Para-Aortic Lymph Node Dissection

The JCOG 9501 trial randomized patients to D2 versus

D2 with para-aortic lymphadenectomy (PAND). While

operative times (300 vs. 237 min; p\ 0.001), blood loss

(660 ml vs. 430 ml; p\ 0.001), and minor complications

(20.0% vs. 9.1%; p\ 0.001) were significantly higher in

the PAND plus D2 arm versus the D2-only arm, there was

no OS (HR 1.03, 95% CI 0.77–1.37; p = 0.85]) or recur-

rence-free survival (HR 1.08, 95% CI 0.83–1.42;

p = 0.56]) benefit. Five-year OS was 69.2% in the D2

lymphadenectomy arm versus 70.3% in the D2 plus PAND

arm. In fact, the pattern of relapse was similar in both arms

and PAND did not prevent recurrence in the regional

nodes.16,47 Two studies by Yonemura et al.50,51 from the

East Asia Oncology group showed similar findings, with no

improvement in oncological outcomes. However, some

retrospective studies suggest a small benefit for PAND in

clinically or macroscopically node-negative patients, with

a possibility of long-term survival.38, 76,77 Yet others have

investigated the utility of adding dissection of only 13D

(retropancreatic) or 14v (superior mesenteric) nodes, which

likely act as ‘gate-keepers’ to the para-aortic nodes. When

performed by experienced surgeons, additional 13D and

14v dissections achieved modest survival benefit compared

with D2-only dissections in patients with advanced stage

middle- and lower-third tumors, with no added morbidity

or mortality risk.69,70

Overall, although D3 and PAND may be performed

relatively safely by surgeons experienced in super-ex-

tended lymphadenectomy, the oncological benefit is

negligible and is limited to an extremely small subset of

patients. With improvements in adjuvant systemic therapy

options, this could change; however, based on available

data, it should not be routinely recommended.
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CONCLUSIONS

A D2 dissection without routine distal pancreatectomy

and splenectomy should be considered the standard

approach for all patients with resectable gastric carcinoma,

and can be carried out safely provided it is performed by

surgeons with sufficient experience in the conduct of this

surgery. In patients with T1 tumors, advanced age, poor

functional status, or multiple comorbidities, D1 dissections

may be considered on an individual basis when the treating

physicians feel that the increased morbidity of D2 lymph

node dissection may outweigh the potential benefit of an

extended lymph node dissection. Extended para-aortic

node dissections (D3 and beyond) are not associated with

survival benefit and should be performed selectively. While

perioperative chemotherapy should be considered standard

in patients undergoing curative gastrectomy with D2 lym-

phadenectomy, the role of CRT continues to be defined,

with potential benefit in node-positive patients.
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