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Abstract. Aim: Evaluate impact of lymph node ratio as prognostic factor in gastric cancer. Methods: We 
studied 463 patients with gastric cancer who underwent curative gastric surgery with D1 or D2 lymphad-
enectomy, Data were collected from May 1996 through December 2010 at Department of General Surgery 
of Parma University Hospital. We divided patients in two groups according to number of nodes removed. 
Results: The results of the present nonrandomized retrospective single center study confirm the promising 
role of the LNR as an indipendent prognostic factor. Overall survival between LNR categories are statisti-
cally significant different between LNR0 and LNR1. Conclusion: The ratio between the number of metastatic 
and analyzed lymph nodes in patients with gastric cancer can discriminate patients better than the AJCC/
UICC staging system: it seems to be related to a more sensitive in the evaluation of overall survival. (www.
actabiomedica.it)
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O r i g i n a l  a r t i c l e

Background

Gastric cancer is one of the most important causes 
of cancer-related death in the world. 

The long‑term prognosis for patients with gastric 
cancer following radical resection remains poor. 

Five-year survival varies from 15% to 55% when the 
disease is localized to the stomach, lymph nodal invasion 
reduces the survival to approximately 20 per cent. (1)

The most important prognostic factors of gastric 
cancer are the Tumor invasion (T) and nodal status 
(N). (2,3)

The lymph node ratio (LNR), defined as the ratio 
of metastatic lymph nodes to the total lymph nodes 
examined, has been demonstrated as a valuable prog-
nostic factor for the overall survival (OS) of resectable 
gastric cancer. (4)

Many studies have been demonstrated that LNR 
is an independent prognostic 

more reliable and accurate than N stage in pre-
dicting survival outcomes. (5-7)

Therefore, the aim of our study was to evaluate the 
role of the LNR as a prognostic 

factor in gastric cancer patients treated with D1 
or D2 gastrectomy.

Methods

We retrospectively report 463 patients who 
underwent curative gastric surgery with biopsy-proven 
adenocarcinoma between January 1996 and December 
2010 at Department of General Surgery at University 
Hospital of Parma. Exclusion criteria included: distant 
metastasis (including macroscopically evident nodal 
metastasis to lymph nodes of the superior mesenteric 
vein and middle colic vein and para-aortic lymph 
nodes), previous gastric surgery, post-operative death 
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Table 1. Clinical and histopathological records of patients analyzed and Univariate Analysis

Variables p value n (%)

Sex ns

Males 205 (59%)

Females 144 (41%)

Età ns mean: 71 ± 10.6

<70 228 (65.3%)

>70 121 (34.7%)

Surgical procedure ns

Total gastrectomy 171 (49%)

Subtotal gastric resection 178 (51%)

Anatomic site of primary tumor ns

Upper third 45 (12.8%)

Middle third 107 (30.6%)

Lower third 187 (53.7%)

Whole 10 (2.9%)

(within 30-days after surgery) and palliative surgery 
(R1 or R2). Of 463 patients, 349 were included in our 
study while 114 were excluded for the following rea-
sons: 11 were lost during follow-up, 20 patients had 
incomplete pathology reports, 21 had gastric stump 
cancers, 19 dead within 30 days after surgery and 43 
were underwent palliative surgery. 

A D1 lymphadenectomy was performed in 117 
patients and in the other cases a D2 dissection was 
performed. Nodal status was classified according 
to the AJCC 8th Edition 2017 TNM stage: N0 no 
regional lymph node metastasis, N1 metastasis in 1-2 
regional lymph nodes, N2 metastasis in 3-6 regional 
lymph nodes, N3 metastasis in 7 or more lymph nodes 
(N3a: metastasis in 7 – 15 regional lymph nodes; N3b: 
metastasis in 16 or more regional lymph nodes). The 
LNR intervals were determined as described elsewhere. 
(8-11) We found: LNR0: 0%, LNR1: 1-10%, LNR2: 
11-25% and LNR3: > 25%. We divided patients in two 
groups according to number of nodes removed (group 
1 = less than 15 lymph nodes, and group 2 = more than 
15 lymph nodes) and we calculated survival stratified 
by this parameter.

Five-years overall-survival, survival by N group 
(N status of the AJCC 8th Edition 2017 TNM stage) 
and LNR group were calculated using the Kaplan and 
Meier method and was used log rank test to deter-
minate statistically significance differences. For each 

LNR and N category, 5-years overall-survival was 
calculated in group 1 and 2 and the differences were 
calculated using the log rank test.

We considered only death for events related to 
disease. Statistical analysis was performed with the 
Statistical Product and Service Solution, SPSS version 
17.0 (SPSS, Inc., Chicago, IL, USA). Values of p < 
0,05 were considered significant. 

Variable examinated for statistical analysis were: 
sex (male vs female); type of procedure performed 
(subtotal vs total gastrectomy); location of the primary 
tumor (upper, middle or lower third and whole can-
cer); Lauren histotype; type of lymphadenectomy; pT 
stage of the AJCC TNM 8th Edition; number of nodes 
retrieved; number of metastatic nodes (pN stage of 
the AJCC TNM 8th Edition) and LNR. Relationship 
between the number of metastatic nodes, total number 
of removed nodes and LNR were evaluated with the 
Pearson correlation test. 

Results 

The patients’ characteristics and analysis of vari-
ance for the total population are shown in Table 1. 

At univariate analysis, statistically significant 
prognostic factors were: T and N of TNM staging 
system and LNR. The number of retrieved nodes was 
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not significant. Univariate analysis was performed 
separately on group 1 and group 2 and the number of 
removed nodes was not identified as a prognostic fac-
tor in any of the two groups. 

We also calculated five-years overall survival 
according to Lauren histotype. In the analysed groups 
we found a worse prognosis for patients with diffuse 
type in group 1 (p < 0,0006). No significant differences 
in survival were found in group 2 between intestinal 
and diffuse histotype and between group 1 and 2 for 
intestinal type. 

The mean follow-up was 49,43 months (range: 
0-225 months); overall five-years survival was 34% 
and significant differences in survival between group 1 
and group 2 were not found (30 % vs 36 %,).

Overall survival for both groups inside each pN 
and LNR classes was calculated using the Kaplan-
Meier curves as showed in figures 1 and 2 and the 
results are summarized in table 2. 

Considering the stratification by N class, in the N2 
group, patients with more than 15 removed lymph nodes 
had a better survival rate than group 1 (p < 0,0001); within 
N0, N1 and N3 classes there was no significant differ-
ences in survival between group 1 and 2. If we observe 
the results obtained when the patients were divided 
according to their LNR category, the p value was signifi-
cant for LNR 0 and LNR 2, indicating that LNR may 
be more sensitive when compared to pN (Table 2). In 
table 2, patients with less than 15 lymph nodes removed 
have lower five-year overall survival than group 2 con-
firming that 15 lymph nodes, the minimum number of 
nodes to be retrieved according to AJCC guidelines, was 
significant in term of survival benefit. (12) 

Patients were classified according to their N and 
LNR classes: N0=115 (33%), N1= 45 (12.9%), N2= 
54 (15.5%), N3= 135 (38.6%); LNR0=115 (33%), 
LNR1= 39 (11%), LNR2= 43 (12.4%) and LNR3=152 
(43.6%). In figure 3, patients were divided according 

Variables p value n (%)

Lauren histo-type ns

Diffuse 155 (44.4%)

Intestinal 194 (55.6%)

Number of lymph nodes retrieved ns 7761; mean 22.2 ± 12.1

<15 117

>15 232

pT (7th UICC/AJCC TNM) p < 0.05 

T1 64 (18.3%)

T2 34 (9.7%)

T3 47 (13.5%)

T4 204 (58.5%)

pN (7th UICC/AJCC TNM) p < 0.05

N0 115 (33%)

N1 45 (12.9%)

N2 54 (15.5%)

N3 135 (38.6%)

Number of metastatic nodes p < 0.04 2779

LNR p < 0.05

LNR0 115 (33%)

LNR1 39 (11%)

LNR2 43 (12.4%)

LNR3 152 (43.6%) 

ns: not significant 
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to their LNR category for each N class. In the group 
N0 patients belonged to the same LNR class (LNR0). 
However, inside the N1, N2 and N3 categories, dif-
ferent LNR groups were found and five year-overall 
survival of these subgroups proven to be statistically 
different at log rank test (p < 0.05). N0 patients survived 
longer than N1 patients (p < 0.0001) but there weren’t 
significant differences in survival between other classes 
(N1 vs N2 and N2 vs N3). Analysing five-year overall 
survival between LNR categories we found a statisti-
cally significant difference between LNR0 and LNR1 
(p < 0.003), between LNR1 and LNR2 (p < 0.002) and 
between LNR2 and LNR3 (p < 0.03). These results 
may indicate that LNR is more sensitive than pN to 
discriminate subpopulations of patients with similar 
characteristics and prognosis. The Pearson correlation 
test showed that the number of metastatic lymph node 
was related to the number of lymph nodes removed 
(p < 0.05) but it wasn’t related to LNR. The same test 
was applied within groups 1 and 2: in both groups the 

Table 2. Five-years overall survival according to pN and LNR in group 1 (less than 15 lymph nodes removed) and 2 (more than 15 
lymph nodes removed).

N
Number of 

patients 
five-year 
survival p value LNR

Number of 
patients 

five-year 
survival p value

N0 <15 48 56%
ns

0 <15 48 56%
p < 0.03

>15 67 72% >15 67 72%

N1 <15 16 19%
ns

1 <15 11 0%
ns

>15 29 33% >15 28 36%

N2 <15 21 0%
p < 0.0001

2 <15 18 3%
p < 0.001

>15 33 44% >15 25 27%

N3 <15 16 9%
ns

3 <15 34 8%
ns

>15 119 12% >15 118 12% 

ns: not significant 
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Figure 1. Overall survival according to pN. 
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Figure 2. Overall survival according to LNR. 

number of metastatic lymph nodes wasn’t related to 
the number of retrieved lymph nodes. Moreover, Cox 
regression proved that LNR is an independent prog-
nostic factor on multivariate analysis (p < 0.05). 

Discussion 

Adequate dissection of regional lymph nodes in 
patients with gastric cancer is important to enable 
appropriate determination of the lymph nodes sta-
tus and the extent of lymph node dissection. To date, 
there is still much debate about the creation of uniform 
guidelines regarding the staging and the treatment of 
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patients with gastric cancer. Although the TNM stag-
ing system, the most widely used, is simple and repro-
ducible, the appropriate classification of nodal status is 
still debated, and different staging systems have been 
proposed and investigated (13-17). The limitations of 
the TNM system are that it demands the examination 
of at least 15 lymph nodes, with inadequate staging 
(under-staging) as a result of limited nodes dissection 
(17); indeed, an analysis by Italian Research Group 
for Gastric Cancer (GIRCG) on quality assessment of 
lymph node dissection identified a median of 14 exam-
ined lymph nodes after D1 lymphadenectomy (29).

In limited lymph nodes dissections, a complete 
nodal staging is not possible because there are no infor-
mations regarding the extra-perigastric nodes and a to 
overcome the problem of stage migration induced by 
extended lymphadenectomy (25), a new independent 
prognostic factor was investigated on a large scale and 
subsequently validated. During the last decades sev-
eral studies evaluated the role of lymph node ratio as a 
strong independent indicator of prognosis in patients 
with gastric cancer, even in case of inadequate nodal 
staging (< 15 examinated lymph nodes) (9,11,23-28).

This paper points out two major considerations. 
Firstly, patients with limited lymph nodes dis-

sections (< 15 lymph nodes removed) may experience 
stage migration (14,31,32); in fact, De Manzoni et al. 
(17) observed that the number of metastatic nodes 
increase with the extension of nodal dissection, which 
is an expression of the disease progression. LNR has 
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Figure 3. LNR in different pN classes. 

been proposed as a way to stage gastric cancer in order 
to minimize confounding factors. This study suggests 
that a better stratification of overall survival can be 
obtained using LNR: inside the N1, N2 and N3 cat-
egories, different LNR groups were found and the five 
years-overall survival of these subgroups were statisti-
cally different at log rank test (p < 0.05) (figure 3). N0 
patients survived longer than N1 patients (p < 0.0001) 
but there were no significant differences in survival 
between other classes. Conversely, significant differ-
ences in survival were demonstrated between LNR0 
and LNR1, LNR1 and LNR2, LNR2 and LNR3. The 
LNR was confirmed to be a more sensitive prognostic 
tool compared to AJCC staging system. Nitti et al. (8) 
suggested for the first time that the LNR has a greater 
prognostic value than the TNM and JGCA systems 
after D2 resection. LNR may reduce the influence 
of confounding factors such as the number of lymph 
nodes removed and individual differences in the num-
ber of gastric nodes. LNR present a clear advantage: it 
is minimally influenced by the extent of lymph node 
dissection, as confirm in our work and in a lot of papers 
in literature (6,16,28-32).

Secondly, a limited nodal dissection may not 
allow an appropriate staging of the gastric cancer 
(33,34): in case of D1 dissection the number of lymph 
nodes would be more susceptible to the pathologist’s 
accuracy in isolating and identifying nodes and nodal 
metastasis (35-39). Furthermore, in this paper, despite 
the number of retrieved lymph nodes didn’t result sig-
nificantly related to the survival, patients in N2, LNR 
0 and LNR 2 groups with more than 15 lymph nodes 
removed had a statistically longer survival than group 
1 (Table 2). These data confirm the literature: nowa-
days gastrectomy with D2 lymphadenectomy is not 
only the standard of care for advanced curable gastric 
cancer according to the Japanese Guideline (40) but 
it is also recommended by European Union Network 
of Excellence for Gastric Cancer (II EUNE Gastric 
Cancer International Workshop, Madrid 2010).

The results of the present nonrandomized retro-
spective single centre study confirm the promising role 
of the LNR as an indipendent prognostic factor for 
patients with gastric cancer undergoing curative sur-
gery at univariate and regression analysis. Our results 
suggest that LNR may be more sensitive than the 
number of metastatic lymph nodes in the stratification 
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of survival: LNR can identify classes of patients with 
similar behaviour and life expectancy (Figure 3).

However, LNR-system needs some improvements: 
in literature LNR intervals have not been universally 
established yet and many cut-off have been proposed 
(17,31,32- 41); the minimum number of nodes, if it 
exists, below which the LNR maintains its value and 
correlation with prognosis, has yet to be defined. 

Multicentric randomized trials are still needed 
in the future to better define LNR’s variables and to 
create a complete and accurate LNR staging system, 
helping to identify the best treatment option and the 
correct prognosis for patients affected by gastric cancer. 

Conclusions 

The ratio between the number of metastatic and 
analysed lymph nodes in patients with gastric cancer 
can discriminate patients better than the AJCC stag-
ing system: it seems to be more sensitive in evaluation 
of overall survival. 
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