Acta Biomed 2016; Vol. 87, N. 2: 205-211

© Mattioli 1885

ORIGINAL ARTICLE - GENERAL AND SPECIALISTIC SURGERY
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Summary. Background: Gastric cancer mortality rates have remained relatively unchanged over the past dec-
ades, in spite of progressive decrease in incidence. Nodal status represents a key factor for prognostic as-
sessment, allowing a tailored-made adjuvant therapy for the patients. The aim of this study is to evaluate
the prognostic influence of different nodal involvement indicators on the overall survival in a large series of
patients submitted to gastrectomy at our Institution. Mezhods: we retrospectively collected data from 634
newly diagnosed patients with gastric cancer who underwent curative gastrectomy, with D1/D2 lymphad-
enectomy during the last 20 years. Prognostic values of age, histologic type, pN, nodal ratio (LNR) and log
odds of positive lymph nodes (LODDS) of were analyzed. Resu/ts: The median overall survival was 40.2 +/-31
months. Multivariate analysis identified age at diagnosis, diffuse-type tumor, pN and LODDS as independ-
ent predictors of worse prognosis. Scatter plots of relationships between LODDS and LNR showed that
LODDS seems to better assesses prognosis for patients at LNR stage 0 or 1. Conclusions: Nodal involvement
confirmed to be a strong indicator of prognosis. LODDS demonstrated a theoretical advantage over pN and
LNR system allowing more accurate patients stratification, but our results have to be confirmed by further

trials. (www.actabiomedica.it)
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Introduction

Gastric cancer represents the second leading cause
of cancer-related death in the world (1). Although the
incidence of gastric cancer has been substantially de-
clining for several decades, it remains a major cause of
cancer mortality because of its poor prognosis (2).

Adequate surgical resection is still the only cura-
tive therapeutic option for gastric cancer, even though
recent progress in adjuvant therapies has led to im-
provement in overall survival (3). The lack of a reli-
able and non-invasive screening test has prevented any
considerable improvement in early diagnosis, such as
for colon cancer (4, 5), compromising an additional

factor for prognosis amelioration (6). Therefore, it is
crucial to identify reliable indicators of prognosis to
set the therapeutic strategy. The prognosis of patients
with gastric carcinoma is determined by a series of
tumor and patient-related factors (7, 8); in particular,
the evaluation of metastatic lymph nodes has always
been considered a key factor for prognostic assessment
(9-11). Not only does lymph node harvest represent a
marker of tumour aggressiveness, but also a reliable in-
dicator of surgical quality (3). The UICC/AJCC stag-
ing system classifies the nodal stage (pN) according to
the number of metastatic nodes, but the N staging still
presents some drawbacks, such as not considering the
number of lymph nodes retrieved (12-14).
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Ratio-based node staging (LNR) was introduced
to minimize stage migration of pN, but its prognostic
superiority to pN is still subject of debate (15-19).

Log odds of positive lymph nodes (LODDS) is
another novel node staging system that has recently
been proposed. LODDS is defined as the natural loga-
rithm of the ratio of the probability of a lymph node
being positive to the probability of a lymph node being
negative, when a single lymph node is retrieved. Sever-
al studies have shown that LODDS suffers much less
from stage migration and it is more reliable than the
pN or LNR classifications in gastric cancer patients,
when insufficient numbers of lymph nodes have been
retrieved (16-19).

In light of these considerations, the aim of our
study was to evaluate the prognostic influence of dif-
ferent nodal involvement indicators on the overall
survival in a single Institution large series of patients
submitted to curative (RO) gastrectomy during two
decades.

Methods
Study Protocol and Data Collection

The medical records of patients diagnosed with
primary gastric carcinoma and treated at the Parma
City Hospital between 1991 and 2010 were retrospec-
tively reviewed. Patients were identified by reviewing
data from the Cancer Registry of our institution. A
database of patients with a histological diagnosis of
primary gastric adenocarcinoma was created. Exclu-
sion criteria were: non-adenocarcinoma diagnosis,
history of malignancy, gastric stump cancer, esophago-
gastric junction cancer (Siewert I and II), preoperative
chemotherapy. Follow-up data were obtained from the
Parma Tumor Registry and the patient clinical charts.

Demographic and clinical data (age, gender), sur-
gical data (type of operation, perioperative morbid-
ity and mortality), pathological data (tumor location;
histotype according to the Lauren Classification (20);
tumor grade; tumor, node, and metastasis (TNM)
staging according to the American Joint Committee
on Cancer (AJCC) (7th Edition) (12, 13); number of

lymph nodes examined; number of lymph nodes posi-

tive; lymph nodes ratio;), and adjuvant chemotherapy
and radiotherapy were collected. Tumor location was
divided in proximal, defined as lesion of the corpus/
fundus and distal, defined as lesion of the antrum.

Lymph node ratio (LNR) was calculated by di-
viding the total number of lymph nodes harboring
metastases by the total number of examined nodes.
The LNR ranged from 0 to 1 and was classified as fol-
lows: LNRO, 0; 0.01<LNR1<0.2; 0.21<LNR2<0.5;
LNR3>0.51; in accordance to Sun et al (21, 22).

LODDS were calculated by Log (positive nodes
+ 0.5)/(total examined nodes — positive nodes + 0.5)
[loge([pN + 0.5]/[nN + 0.5])], where 0.5 is added to
both the numerator and the denominator to avoid
an infinite number. Values of LODDS were classi-
fied as follows: LODDS0<-1; -1<LODDS1<-0.5;
-0.5<LODDS2<0; 0<LODDS3<0.5; LODDS420.5,
according to the classification published by Xu et al
(23).

Statistical Analysis

Data were analyzed using the SPSS software
(version 22.0; SPSS, Inc., Chicago, IL, USA). Sur-
vival analysis was performed using the Kaplan—-Meyer
method. Possible prognostic factors influencing sur-
vival were first evaluated by univariate analysis (log—
rank test). Only parameters which showed significance
by univariate analysis were further analyzed by multi-
variate analysis (Cox proportional hazards test, meth-
od forward-conditional). Statistical significance was

defined as a p value of less than 0.05.

Results
Clinical and pathological findings

The records of 634 patients with primary gastric
carcinoma were reviewed, of whom 388 were male
(M:F=1.58). The mean age at diagnosis was 70.8
years (range: 25-93). Age-specific incidence rates rise
sharply from around age 60-64, peak in the 85-89 age
group and subsequently drop in those aged 90+. In-
cidence rates are higher for males than for females in
all age categories. Figure 1 shows the trend for age at
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diagnosis characterized by a progressive increase from
1991 to 2010 (r2 = 0.01657 IC95% 0.1144 - 0.4607,
p = 0.0012). The results indicate an increase in this pa-
rameter with a male-specific prevalence (r2 = 0.03022
IC95% 0.1639 - 0.5937, p = 0.0006 — Fig. 2).

The majority of cancers was proximal (65.6%)
with a slight prevalence of diffuse-type tumor accord-
ing to Lauren classification (53.9%).

Patients most frequently had stage I disease (stage
I, 65.2%; stage 11, 21.1%; stage 111, 13.7%). The TNM
staging and pathological data are summarized in Table
1.

Presence of nodal involvement (N+) was reported
in 377 patients (59.5%) and lymphadenectomy was
considered adequate for 474 patients (74.7%).
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Figure 2. Trend for age at diagnosis by gender

Table 1. Clinical and pathological data

n=634 % p value
Age (years) 70.8 (25-93) 0.004
<50 38 6.0

50-59 64 10.1

60-69 166 26.2

70-79 217 34.2

>80 149 23.5

Gender

Male 388 61.2

Female 245 38.8

Location

Upper third 416 65.6
Middle-lower third 218 34.4

Surgical procedure

Total gastrectomy 483 76.2

Distal gastrectomy 151 23.8
Histological Type 0.003
Intestinal 292 46.1

Diffuse 342 53.9

Tumor grading

G1-G2 226 35.6

G3-G4 408 64.4

TNM stage 0.005
I 413 65.2

11 134 21.1

111 87 13.7

Number of LNs retrieved

<15 160 25.3

>15 474 74.7

pN <0.0001
NO 257 40.5

N+ 377 59.5
Survival analysis

Median follow-up was 35 months. The median
overall survival was 40.2 +/-31 months. The overall
actuarial survival at 3 and 5 years was 33 % and 21%,
respectively.

At univariate analysis, age at diagnosis (p 0.004),
histologic type (p 0.003), TNM stage (p 0.005) and
lymph node involvement (p<0.0001) resulted as being
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associated with significant decrease in overall survival
(Table 1; Fig. 3-6). In particular, the curves demon-
strate a different trend for stage I and II in early and
middle-term observation, then their tendency be-
comes similar (Fig. 5). Regarding nodal involvement,
pN, LNR and LODDS staging system demonstrated
a significant association with prognosis (p<0.0001 for
all).

Multivariate analysis identified age at diagnosis,
diffuse-type tumor, pN and LODDS as independent
predictors of worse prognosis (Table 2).

LODDS was positively correlated to pN and
LNR (Fig. 7-8) with a similar patient distribution (ex-
cept less than 10 positive nodes or LNR=0 or 1).
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Figure 3. Kaplan-Meier overall survival depending on age at
diagnosis
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Figure 4. Kaplan-Meier overall survival depending on histotype
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Figure 6. Kaplan-Meier overall survival depending on pN

Discussion

Gastric cancer is the fourth most common can-
cer worldwide and despite its decreasing incidence,
it represents the third leading cause of cancer-related
death (1-3). Although the survival rate for gastric can-
cer has steadily improved in countries such as Japan,
substantial mortality associated with gastric cancer
has remained stable despite technical advances in sur-
gery and the use of new protocols of adjuvant therapy
(24). In recent years the experience of bariatric surgery
(25) contributed to developing minimally invasive ap-
proaches for gastric resections, allowing better post-
operative recovery and a reduced incidence of ventral
hernias (26). However, a complete loco-regional tumor
removal with adequate margins of clearance (RO re-
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Table 2. Multivariate analysis

HR 1C 95% Sig.
LI LS (p. value)
Age> 65 2,088 1,274 3,422 0,004
Gender
Male (Ref)
Female 0,916 0,632 1,325 0,640
Location
Upper-middle third (Ref)
Lower third 1,093 0,723 1,654 0,673
Histologic type
Intestinal (Ref)
Diffuse 1,62 1,116 2,341 0,011
TNM Stage
I (Ref) 1,000 - - -
II 1,497 0,899 2,493 0,121
III 2,485 1,313 4,703 0,005
v 2,545 1,567 4,133 0,000
T (TO Ref)
T1 1,586 0,380 6,611 0,527
T2 1,688 0,389 7,333 0,485
T3 1,479 0,335 6,526 0,605
T4 5,886 0,775 44,642 0,086
N <0.0001
NO (ref) 1,000 - - -
N1 1,227 0,801 1,880 0,347
N2 3,169 1,828 5,494 <0,0001
N3 2,373 1,333 4,225 0,003
LOODS <0.0001
1 (Ref) 1,000 - - -
2 1,685 1,125 2,522 0,011
3 3,174 1,842 5,471 0,000
4 3,130 1,315 7,450 0,010

section) is widely accepted as the major surgical factor
for reduction of loco-regional tumor recurrences and
improvement of survival (7,9).

Our study assessed a population of 634 patients
submitted to curative gastrectomy for cancer. The large
number of patients allowed a multivariate analysis to
identify the frequently interrelated factors that inde-
pendently influence survival, and permitted analysis
of subgroups with different prognosis. Our results
showed that age at diagnosis, histologic type, TNM
stage, pN, LNR, and LODDS were strongly and sig-
nificantly associated with overall survival. Information
on lymph-node involvement in gastric cancer has a

LODDS
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Figure 7. Scatter plot of relationship between LODDS and the
number of lymph nodes involved
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Figure 8. Scatter plot of relationship between LODDS and
nodal ratio

great clinical impact. Lymph node dissection of at least
15 lymph nodes is recommended for optimal staging
of gastric cancer, according to the AJCC and NCCN
guidelines (12, 27), in order to avoid staging migra-
tion, but the reasons for an insufficient number of test-
ed lymph-nodes are related not only to the extent of
lymphadenectomy but also to several biologic factors,
reducing the prognostic predicting value of pN system
(3). The LNR system, considering both the number of
lymph-nodes involved and the total number of lymph-
nodes retrieved, has the power to minimize the stag-
ing migration in case of insufficient number of tested
lymph-nodes, therefore is considered superior by some
authors (28). On the other hand, some authors assert
that patients would not benefit from the ratio-based
classification system, since the definition of the LNRO
classification was congruent with the pNO classifica-
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tion (22, 24, 29, 30). As expected, both the pN sys-
tem and the LNR system were associated with overall
survival, but LNR failed to predict the prognosis at
multivariate analysis, demonstrating weaker associa-
tion than the pN system. More recently, the LODDS
system has been proposed for a more accurate defini-
tion of metastatic nodal involvement, in particular for
breast, colon and gastric cancer (31, 32). The LODDS
system is more complicated and difficult to interpret,
since there is no standard categorization of LODDS
values (33). Many studies compared the discriminatory
capacity and the predictive accuracy of the three stag-
ing methods and assessed that LNR and LODDS are
superior when an insuflicient number of lymph nodes
are analyzed (15-19, 22, 23). Comparing LODDS
and number of metastatic nodes or LNR system, we
found a close but not linear correlation. The value of
LODDS increased as the number of nodal metastasis
increased, indicating that there was close correlation
between LODDS and pN. However, for patients with
few lymph node metastasis (less than 10), it increased
slower than LODDS, suggesting that the LODDS
system might be better than the pN classification for
discriminating patients with different prognosis, espe-
cially for those with less than 10 nodes with metastasis.
Similarly, when the LNR was <0.15 the LNR curve
increased at a slower rate vs. the LODDS, indicating
that LODDS could be superior to LNR in predict-
ing long-term survival. Moreover, when LNR was 0 or
1, the value of LODDS was still heterogeneous, sug-
gesting that the LODDS system could discriminate
different survival outcomes for patients with the same
LNR category, especially for LNR score 0 or 1. This
result has been confirmed by the multivariate analysis,
showing the independent prognostic predicting value
of LODDS system.

Our study presents a limitation due to the retro-
spective analysis of two decades because we cannot de-
scribe a homogenous surgical treatment and a stand-
ardized histopathologic analysis over the years.

In conclusion we confirmed the fundamental role
of lymph node involvement as prognostic indicator.
Furthermore, LODDS demonstrated a theoretical ad-
vantage over the pN and LNR systems, since it allows
more accurate stratification of patients.

References

1. Dicken BJ, Bigam DL, Cass C, Mackey JR, Joy AA, Hamil-
ton SM. Gastric adenocarcinoma: review and considerations
for future directions. Ann Surg 2005 Jan; 241(1): 27-39.

2. Parkin DM, Bray FI, Devesa SS. Cancer burden in the year
2000. The global picture. Eur ] Cancer 2001 Oct; 37 Suppl
8: S4-66.

3. Roukos DH. Current status and future perspectives in gas-
tric cancer management. Cancer Treat Rev 2000 Aug; 26(4):
243-55.

4. Costi R, Azzoni C, Marchesi F, Bottarelli L, Violi V, Bordi
C. Repeated anastomotic recurrence of colorectal tumors:
genetic analysis of two cases.World ] Gastroenterol 2011
Aug 28;17(32): 3752-8.

5. Marchesi F, Pinna F , Percalli L, Cecchini S, Ricco M,
Costi R, Pattonieri V, Roncoroni L. Totally laparoscopic
right colectomy: theoretical and practical advantages over
the laparo-assisted approach ] Laparoendosc Adv Surg Tech
A 2013; 23(5): 418-424.

6. Nakashima H, Nagahama R, Yoshida M. Present and future
state of cancer screening for esophageal cancer and gastric
cancer. Gan To Kagaku Ryoho 2012 Jan; 39(1): 8-12.

7. Siewert JR, Béttcher K, Stein HJ, Roder JD. Relevant
prognostic factors in gastric cancer: ten-year results of the
German Gastric Cancer Study. Ann Surg 1998 Oct; 228(4):
449-61.

8. Green D, Ponce de Leon S, Leon-Rodriguez E, et al. Ad-
enocarcinoma of the stomach: univariate and multivariate
analysis of factors associated with survival. Am J Oncol
2002; 25: 84-89.

9. Qiu MZ, Wang ZQ, Zhang DS, Liu Q, Luo HY, et al.
Comparison of 6th and 7th AJCC TNM Staging Classifi-
cation for Carcinoma of the Stomach in China. Ann Surg
Oncol 2011; 18: 1869-1876.

10. Siewert JR, Bottcher K, Roder JD, et al. Prognostic rele-
vance of systematic lymph node dissection in gastric carci-
noma. German Gastric Carcinoma Study Group. Br J Surg
1993; 80: 1015-1018.

11. Schwarz RE, Smith DD. Clinical impact of lymphadenec-
tomy extent in resectable gastric cancer of advanced stage.
Ann Surg Oncol 2007; 14: 317-28.

12. Edge SB, Compton CC The American Joint Committee
on Cancer: the 7th Edition of the AJCC Cancer Staging
Manual and the Future of TNM. Ann Surg Oncol 2010;
17:1471-1474.

13. Marchet A, Mocellin S, Ambrosi A, Morgagni P, Vittim-
berga G, Roviello F, Marrelli D, De Manzoni G, Minicozzi
A, Coniglio A, Tiberio G, Pacelli F, Rosa F, Nitti D. Vali-
dation of the new AJCC TNM staging system for gastric
cancer in a large cohort of patients (n = 2,155): focus on
the T category. Eur J Surg Oncol 2011; Sep; 37(9): 779-85.

14. Shen JY, Kim S, Cheong JH, Kim YI, Hyung W], et al.
The impact of total retrieved lymph nodes on staging and
survival of patients with pT3 gastric cancer. Cancer 2007;
110: 745-751.



Prognostic assessment of gastric cancer

211

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Liu H, Deng J, Zhang R, Hao X, Jiao X, Liang H. The RML
of lymph node metastasis was superior to the LODDS for
evaluating the prognosis of gastric cancer. Int J Surg 2013;
11(5): 419-24.

Sun Z, Xu Y, Li de M, Wang ZN, Zhu GL, Huang BJ, et
al. Log odds of positive lymph nodes: a novel prognostic
indicator superior to the number-based and the ratio-based
N category for gastric cancer patients with RO resection.
Cancer 2010; 116: 2571-80.

Wang X, Appleby DH, Zhang X, Gan L, Wang JJ, Wan F.
Comparison of three lymph node staging schemes for pre-
dicting outcome in patients with gastric cancer. Br J Surg
2013 Mar; 100(4): 505-14.

Jian-Hui C, Shi-Rong C, Hui W, Si-le C, Jian-Bo X, Er-
Tao Z, Chuang-Qi C,Yu-Long H. Prognostic value of three
different lymph node staging systems in the survival of pa-
tients with gastric cancer following D2 lymphadenectomy.
Tumour Biol 2016; Feb 24.

Calero A, Escrig-Sos J, Mingol F, Arroyo A, Martinez-Ra-
mos D, de Juan M, Salvador-Sanchis JL, Garcia-Granero
E, Calpena R, Lacueva FJ. Usefulness of the log odds of
positive lymph nodes to predict and discriminate prognosis
in gastric carcinomas. ] Gastrointest Surg 2015 May; 19(5):
813-20.

Berlth F, Bollschweiler E, Drebber U, Hoelscher AH, Moe-
nig S. Pathohistological classification systems in gastric
cancer: Diagnostic relevance and prognostic value. World J
Gastroenterol 2014 May 21; 20(19): 5679-5684.

Chen S, Zhao BW, Li YF, Feng XY, Sun XW, Li W, et
al. The prognostic value of harvested lymph nodes and the
metastatic lymph node ratio for gastric cancer patients: re-
sults of a study of 1,101 patients. PloS One 2012; 7: ¢49424.
Sun Z,Xu Y, Li de M, Wang ZN, Zhu GL, Huang BJ, et
al. Log odds of positive lymph nodes: a novel prognostic
indicator superior to the number-based and the ratio-based
N category for gastric cancer patients with RO resection.
Cancer 2010; 116: 2571-80.

Xu J, Bian YH, Jin X, Cao H. Prognostic assessment of dif-
ferent metastatic lymph node staging methods for gastric
cancer after D2 resection. World J Gastroenterol 2013 Mar
28;19(12): 1975-83.

Japanese Gastric Cancer Association. Japanese gastric can-
cer treatment guidelines (ver. 3). Gastric Cancer 2010; 2011:
113-23.

De Panfilis C, Generali I, Dall’Aglio E, Marchesi F, Os-
sola P, Marchesi C. Temperament and one-year outcome of
gastric bypass for severe obesity. Surg Obes Relat Dis 2014
Jan-Feb; 10(1): 144-8.

26.

27.

28.

29.

30.

31.

32.

33.

Marchesi F, Pinna F, Cecchini S, Sarli L, Roncoroni L.
Prospective comparison of laparoscopic incisional ventral
hernia repair and Chevrel technique. Surg Laparosc Endosc
Percutan Tech 2011 Oct; 21(5): 306-10

Ajani JA, Bentrem DJ, Besh S, D’Amico TA, Das P, Den-
linger C, et al. National Comprehensive Cancer Network.
Gastric cancer, version 2.2013: featured updates to the
NCCN Guidelines.] Natl Compr Canc Netw 2013 May 1;
11(5): 531-46.

Bando E, Yonemura Y, Taniguchi K, Fushida S, Fujimura
T, Miwa K. Outcome of ratio of lymph node metastasis in
gastric carcinoma. Ann Surg Oncol 2002; 9: 775-784
Spolverato G, Ejaz A, Kim Y, Squires MH, Poultsides
G, Fields RC, et al. Prognostic Performance of Different
Lymph Node Staging Systems After Curative Intent Re-
section for Gastric Adenocarcinoma. Ann Surg 2015 Dec;
262(6): 991-8.

Aurello P, Petrucciani N, Nigri GR, La Torre M, Magistri P,
Tierno S, D’Angelo F, Ramacciato G. Log odds of positive
lymph nodes (LODDS): what are their role in the prog-
nostic assessment of gastric adenocarcinoma? ] Gastrointest
Surg. 2014 Jul; 18(7): 1254-60.

Wang J, Hassett JM, Dayton MT, Kulaylat MN. The prog-
nostic superiority of log odds of positive lymph nodes in
stage III colon cancer. ] Gastrointest Surg 2008; 12: 1790-6.
Song YX, Gao P, Wang ZN, Tong LL, Xu YY, Sun Z, Xing
CZ, Xu HM. Which is the most suitable classification for
colorectal cancer, log odds, the number or the ratio of posi-
tive lymph nodes? PLoS One 2011; 6(12): €28937.

Smith DD, Nelson RA, Schwarz RE. A Comparison of
Five Competing Lymph Node Staging Schemes in a Co-
hort of Resectable Gastric Cancer Patients. Ann Surg On-
col 2014, 21: 875-882

Received: 26 June 2016

Accepted: 5 July 2016
Correspondence:

Federico Marchesi

Universita degli Studi di Parma
Dipartimento di Scienze Chirurgiche
Sezione di Clinica Chirurgica Generale
e Terapia Chirurgica

Via Gramsci n. 14 - 43100 Parma
Tel. +39 0521 702156

Fax +39 0521 940125

E-mail: fede53@lycos.com



