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Abstract

Background The lymph node ratio (LNR) and log odds of positive lymph nodes (LODDS) have been proposed to minimize the
stage migration phenomenon. The value of the LODDS and LNR staging systems to predict and discriminate prognosis was
assessed and compared to the International Union Against Cancer (UICC) TNM classification (pN).

Methods Three hundred and twenty-six patients with gastric carcinoma were retrospectively studied. Disease-specific survival
rates were calculated for every pN, LNR, and LODDS category.

Results Four LNR categories (0, 1-25,26-75, and >76 %) and four LODDS categories (=5 to —3,>—-3to—1,>—1t0 3, and >3 to
5) were established. In the multivariate analysis, only the stage pT3-4 versus pT1-2 (HR 1.88, 95 % CI 1.11-3.20, p=0.02) and
LODDS as continuous variable (HR 1.40, 95 % CI 1.21-1.61, p<0.001) remained as independent prognostic factors. In patients
with <16 lymph nodes retrieved, only the LODDS system could discriminate different disease-specific survival curves for every
category. LODDS categories were able to discriminate subgroups with different prognoses in pN stages and LNR categories.
Conclusions The LODDS staging system was superior to the pN classification and LNR system to discriminate risk prognosis
especially in patients with an insufficient number of retrieved lymph nodes.

Keywords Gastric cancer - Lymphnodes - Lymphnoderatio - extended lymphadenectomies.” Currently, the benefits of
LODDS - Prognosis extended D2 lymphadenectomy are not well established in
Western countries,™” although current clinical guidelines rec-
ommend the spleen- and pancreas-preserving D2 lymphade-
nectomy for gastric resections.®’

The seventh edition of the International Union Against
Cancer (UICC) TNM staging classification for gastric carci-
nomas is currently widely accepted for LN staging.® It recom-
mends a minimum of 16 LNs to be analyzed even though
gastric tumors can be staged as negative LN (pNO) with fewer
retrieved LNs. Studies on Western population registries have
reported that 15 or more LNs were only retrieved in 18-31 %

Introduction

Lymph node (LN) status and the depth of invasion are the
most important prognostic factors in gastric carcinomas when
peritoneal or distant dissemination is absent.'~ In the setting
of an RO surgical resection, the prognosis of gastric cancer is
poor when LN metastasis exists in spite of the performance of
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probability that an LN is positive and the probability that an
LN is negative when one LN is retrieved. This system can
discriminate between the prognoses for pNO tumors, and it
was shown to be more reliable than the pN or LN ratio
classifications in gastric cancer patients when insufficient
numbers of LNs were retrieved.'®

The aim of our study was to establish a prognostic stratifi-
cation of gastric cancer calculating the LNR and LODDS.
Subsequently, the 5-year survival rates of these staging sys-
tems were compared to pN from the UICC TNM classification
to assess the usefulness of LNR and LODDS staging systems
to predict and discriminate prognoses.

Methods
Patients

Data from patients with non-metastatic gastric carcinoma who
underwent surgical RO resection between 2004 and 2010 were
retrospectively collected from Elche University General
Hospital, Castellon University General Hospital, and La Fe
University and Technological Hospital. These three hospitals
are located in the Comunitat Valenciana at the Mediterranean
coast in the east of Spain (Europe).

Patients with positive peritoneal cytology and non-
resectable tumors or those who were treated with induction
chemotherapy prior resection were excluded. Written in-
formed consent was obtained from all patients before
treatment.

Perigastric LN stations (1 to 6) were removed in the D1
lymphadenectomies. LN stations 7, 8a, 9, and 11p were addi-
tionally removed in the modified D2 lymphadenectomies. D1
or modified D2 lymphadenectomies were chosen according to
the surgeon’s criteria. The tumors were staged according to the
7th edition UICC TNM classification.®

The following variables were studied: age, gender, loca-
tion, histological type, type of gastrectomy, depth of invasion
(pT), total and positive LNs retrieved (pN), extent of the LN
dissection as stated by the surgeon, adjuvant treatment, recur-
rence, and overall and disease-specific mortality.

Patients were followed up after surgery every 4 months for
the first and second years and every 6 months thereafter. The
routine examination during follow-up included a clinical an-
amnesis and physical examination, blood analysis, and ab-
dominal ultrasound or CT scan every 6 months.

LNR and LODDS Intervals
LNR values represent the ratio of the number of positive
lymph nodes to the total number of retrieved LNs and they

range from 0 to 1. Initially, the metastatic LNR was stratified
into five subgroups (0-100 every 25 %) to evaluate the
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increased risk. Subsequently, these LNR intervals were
regrouped in fewer categories considering patients’ disease-
specific survival (log-rank statistic).

LODDS values were defined as the log, ([pLN+0.5]/
[nLN+0.5]), where pLN is the number of positive lymph
nodes and nLN the number of negative lymph nodes. A
value of 0.5 was added to both numerator and denomi-
nator to avoid singularity. The LODDS value was calcu-
lated for each case. Then, the different risk groups from
best to worst were chosen by means of the final cutoffs
established according to the patients’ disease-specific
survival (log-rank statistic).

Statistical Analysis

The Fisher exact test, Student’s ¢ test, and Spearman’s rho
correlation coefficient were used in the univariate analysis.

A Kaplan-Meier survival analysis was performed with the
log-rank test and univariate hazard ratio (HR) to estimate
differences in the overall survival and disease-specific surviv-
al. Multivariate survival analysis was used by means of Cox’s
regression and the hazard ratio with a 95 % confidence inter-
val. To strengthen the prognostic value of LNR and LODDS
in our series, a multivariate survival analysis including the
variables LODDS, LNR, and pN as continuous variables was
performed.

Then, disease-specific survival rates, based on pN, LNR,
and LODDS classifications according to the number of re-
trieved LNs, were compared by the log-rank pairwise test.
Stata for Windows, version 12 (StataCorp, College Station,
Texas), was used to perform the statistical analysis.

Results
Clinical and Pathological Data

Three hundred and twenty-six patients were included in the
study. The clinical and pathological data of the patients are
summarized in Table 1. No differences were found in the
median age and sex distributions among the three centers.
One hundred eleven patients were older than 75 years
(34 %). Two hundred and thirty-one (71 %) patients
underwent modified D2 lymphadenectomies. A higher num-
ber of modified D2 lymphadenectomies were carried out in
patients <75 years (79 %) opposite to patients >75 years
(54 %) being the extent of the LN dissection correlated neg-
atively with the patient’s age (Spearman coefficient=—0.304,
p<0.001).

The percentage of pT3 or pT4 tumors (60.3—64.7 %) and
the percentages of pNO (38.6-47 %) and pN positive (53—
61.4 %) tumors at the three institutions were not significantly
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Table 1  Clinical and pathological data of the series Table2 Disease-specific survival. Univariate and multivariate analysis
Variables Median (range) Cases (%) Univariate analysis Multivariate analysis
Age 71 (32-93) HR 95%CI p HR 95% p
Gender value CI value
Male 212(65) Age 099 0.96-1.03 0.132
Fer?qale 114 (35) Gender
Location Male Ref.
Upper-middie third 144 (44) Female 109 0.76-1.56  0.480
Lower third 182 (56) Location
Gastrectomy Upper-middle Ref.
Subtotal 146 (45) third
Total 180 (55) Lower third 0.59 0.41-0.85 0.005
Histological classification Gastrectomy
Intestinal 187 (58) Subtotal Ref.
Diffuse 132 (40) Total 170 1.19-2.43  0.004
Mixed 7Q) Histological classification
Grade Intestinal Ref.
Well 68 (20) Diffuse 1.97 1.40-2.78 0.000
Moderately 90 (28) Mixed 093 023382 0923
Poorly 168 (52) Grade
Lymphadenectomy Well Ref.
Number LN retrieved 20 (1-69) Moderately 1.39 0.76-2.56 0.288
Number positive LN 2 (0-55) Poorly 2.52 148428 0.001
D1 95 (29) Lymphadenectomy
D2 modified 231 (71) Number of LNs 0.97 0.95-0.99 0.002
15 or less LN retrieved 120 (37) retrieved
. Number of 1.10 1.07-1.12  0.000
16 or more LN retrieved 206 (63) positive LNs
Condensed pT (7th edition) D1 Ref.
T1-T2 119 (37) D2 modified 146 0.96-2.19 0.074
T3-T4 207 (63) 15 or less LNs Ref.
pN (7th Edition) retrieved
BN 135 @41) 1?6(;:‘2? LNs 134 093-1.94 0.117
pN+ 191 (59) Condensed pT (7th edition)
pNI 48 (25) TI-T2 Ref. Ref.
pN2 48 (25) T3-T4 4.86 2.98-7.90 0.000 1.88 I.11- 0.02
pN3a 48 (25) 3.20
pN3b 47 (25) pN (7th edition)
LNR pNO Ref.
All 10 (0-100) pN+ 7.34 4.42-12.29 0.000
LNR 0 135 (42) PNl Ref.
LNR 1-25 7322 pN2 227 122422 0.009
LNR 26-75 79 (24) pN3a 3.80 2.08-6.94 0.000
LNR 76+ 39 (12) pN3b 6.12 3.38-11.10 0.000
LODDS LN ratio
All ~1.9 (-4.7-4.5) All 1.03 1.02-1.04 0.000
LODDS -5 to -3 108 (33) LNRO Ref.
LODDS -3 to —1 99 (30) LNR 1-25 3.30 1.80-6.05  0.000
LODDS -1 to 3 111 (35) LNR 26-75 10.80 6.25-18.65 0.000
LODDS 3 to 5 8(2) LNR 76+ 18.20 9.98-33.19 0.000
Adjuvant treatment LODDS
No 167 (51) All 1.63 1.52-1.79 0.000 1.40 1.211g1 0.000
Yes 159 (49) LODDS ~5to—3 Ref.
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Table 2 (continued)

Univariate analysis Multivariate analysis

HR 95%CI p HR 95% p
value CI value
LODDS 3to—1 2.76 1.46-522 0.002
LODDS -1to3 11.88 6.69-21.09 0.000
LODDS 3to 5 36.03 14.59- 0.000
88.99
Adjuvant treatment
No Ref.
Yes 3.82 2.59-5.63 0.000

Ref reference category

different. A similar percentage of pN2 tumors was diagnosed
in each hospital (13.7-16 %), but differences were observed in
pNI (8.5-18 %) and pN3 (19-39.2 %) carcinomas. Sixteen or
more LNs were harvested in 63 % of the patients although
there were significant differences between one hospital
(83.7 %) and the other two (42-49.3 %). A significant corre-
lation was found between the number of involved lymph
nodes and the number of removed lymph nodes (Spearman
coefficient=0.387, p<0.001).

Fourteen patients died during the postoperative period
(4.3 %). Adjuvant treatment was administered to 21 patients
(15.6 %) with pNO and 138 patients (72.3 %) with pN-positive
carcinomas without differences among the three hospitals.
Median follow-up was 28 months (range 2—105, interquartile
range 12-50).

LNR and LODDS Categories

LNR and LODDS categories were stratified according to the
results of the log-rank test. Finally, four LNR categories were
established (LNR 0=0 %, LNR 1=1-25 %, LNR 2=26—
75 %, LNR 3>76 %), and the differences were significant
between each category in the univariate log-rank test
(Table 2). Related to LODDS, four risk categories were also
established (LODDS 1=-5 to =3, LODDS 2=more than —3 to
—1, LODDS 3=more than —1 to 3, LODDS 4=more than 3 to
5). The disease-specific survival rates decreased with increas-
ing LODDS in the univariate log-rank test (Table 2). To show
how the LODDS system is related with pN classification, a
diagram of the relationship between LODDS and the pN
seventh edition groups were plotted (Fig. 1).

With each pN stage, LNR and LODDS categories were
evaluated with the log-rank pairwise test (Table 3), and it was
found that the LODDS 1 carried the lowest disease-specific
mortality, included pNO tumors with more than 10 LNs ana-
lyzed, and pN1 tumors with an LNR up to 3 %. Any pN2 or
pN3 tumors could be included in this category. The next
LODDS 2 category carried a higher disease-specific mortality
than LODDS 1, included pNO tumors with less than 10 LNs
analyzed, and pN1, pN2, and pN3 tumors with an LNR from 3
to 26 %. The LODDS 3 category, which carried a higher
disease-specific mortality than LODDS 2, included pNI1,
pN2, and pN3 tumors with an LNR of >25 %. Any pNO tumor
was present in this category. Finally, the LODDS 4 category,
which carried ominous risk prognoses, included only pN3a or
pN3b tumors with LNR of 100 %; all these patients had a
disease-specific survival less than 20 months (Fig. 2).

Fig. 1 Correspondence between
LODDSs and pNs

pNO (n =10 or plus)

pNO(n=1to9)

o
-y
N

(LODDS cut-offs distinguished by a circle; n: number of retrieved lymph nodes)

pN2

pN3

PN _groups median(LODDS) min(LODDS) max(LODDS)
pNO (10 or plus) -3.7 -4.7 -3.0
pNO (1 to 9) -2.5 -2.9 -0.3
pN1 -1.9 -3.1 1.6
pN2 -1.2 -2.5 2.6
p3N 0.4 -1.5 4.5
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Table 3 Concordance between LODDS, pN, and LNR

pN 7th ed/LODDS LODDS Patients LNR (%) Positive LNs/

total retrieved

LNs
pNO/LODDS 1 (-4.7t0-3) 103 Min 0 0/16
Max 0 0/56
pN1/LODDS 1 (—4.7 to —=3) 5 Min 3 1/31
Max 3 1/35
pNO/LODDS 2 (-2.9to-1) 32 Min 0 0/1
Max 0 0/9
pN1/LODDS 2 (-29to-1) 33 Min 3 1/29
Max 22 2/9
pN2/LODDS 2 (-2.9to-1) 29 Min 7 3/46
Max 25 6/24
pN3%/LODDS 2 (-29to-1) 5 Min 18  9/50
Max 26  9/35
pN1/LODDS 3 (-0.99t02.9) 10 Min25 2/8
Max 100 1/1
pN2/LODDS 3 (-0.99t02.9) 19 Min27  4/15
Max 100 6/6
pN3%/LODDS 3 (-0.99t029) 82 Min28  16/57
Max 96  26/17
pN3¥LODDS 4 (3.2t04.5) 8 Min 100 12/12
Max 100 45/45
# Grouped pN3a and pN3b

Survival Univariate and Multivariate Analysis

Univariate and multivariate analysis of the disease-specific
cumulated survival is shown in Table 2. After a multivariate
survival analysis, only the stage pT3-4 versus pT1-2 (HR
1.88, 95 % CI 1.11-3.20, p=0.020) and LODDS as a contin-
uous variable (HR 1.40, 95 % CI 1.21-1.61, p<0.001)
remained as independent prognostic factors.

The disease-specific long-term survival curves correspond-
ing to the pN, LNR, and LODDS staging systems are shown
in Fig. 2. All three staging systems could properly discrimi-
nate between categories, as the differences were significant
with the log-rank pairwise comparison. However, when the
three staging systems were assessed depending on whether
<16 LNs or >16 LNs were retrieved, only the LODDS system
could clearly discriminate disease-specific survival curves for
every category (Fig. 3). Thus, in patients with <16 LNs
retrieved, the disease-specific survival curves between pN2
and pN3, LNR 1 and LNR 2, and LNR 2 and LNR 3 were not
significantly different in the log-rank pairwise test. On the
other hand, the differences were significant between all cate-
gories of LODDS. In patients with >16 retrieved LNs, the pNO
and pN1 and the LNR 2 and LNR 3 disease-specific survival
curves were not significantly different in the log-rank pairwise
comparison. In this group, the disease-specific survival curves
of LODDS 3 and LODDS 4 did not reach significant differ-
ences (p=0.074), but all the six patients included in LODDS 4
category died within a period of 20 s (Fig. 3). In addition,
when LODDS, LNR, and pN were analyzed as continuous
variables, only LODDS resulted as a strong independent
prognostic variable (Table 4).

When the pNO and pN1 tumors were assessed together, the
survival curves of those having 10 or more analyzed LNs were
significantly better than the survival curves of those with less
than 10 LNs analyzed (p<0.005).

Discussion

In this study, LODDS classification and pT staging remained
as the only independent variables in the multivariate survival
analysis, which support the usefulness of LODDS to
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Fig. 2 Kaplan-Meier disease-specific survival depending on pN classification, LNR, and LODDS staging systems
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discriminate patients with different prognoses attending to
disease-specific survival. In addition, using a log-rank

Table 4 Multivariate survival analysis of LODDS, LNR, and pN, as

continuous variables

Coefficient p value HR (95 % CI)
LODDS 0.485 0.002 1.61 (1.20-2.25)
N+ 0.099 0.066 1.02 (0.99-1.04)
LNR —0.003 0.707 0.99 (0.97-1.01)

N+ number of positive lymph nodes (pN), HR hazard ratio, C/ confidence

interval
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pairwise comparison, the LODDS categories were able to
discriminate subgroups in pN stages and LNR categories with
different prognoses. Since Sun et al. emphasized the value of
LODDS for prognostic assessment of LN metastasis in gastric
cancer,'® some recent reports have compared pN classification
to LNR and LODDS staging systems'®** with disappointing
conclusions, most likely due to the use of different statistical
tools for assessment. While some of these studies have certi-
fied a superiority of LODDS staging discriminating patients
with the same pN or LNR categories but having different
survival rates,"® 2% others did not find a superiority of
LODDS over pN?' or LNR.**** Altogether, these studies
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strongly support that not only the number of metastatic LNs
but also the number of retrieved LNs are important to discrim-
inate patients with different survival rates.

The superiority of LODDS classification over pN classifi-
cation has been mainly attributed to its potential of minimizing
the stage migration phenomenon when an insufficient number
of LNs are analyzed.'®'” The optimal number of retrieved
LNs to be considered sufficient for avoiding stage migration is
still controversial,®'"**2® and it is an important point in
Western countries where the retrieval of more than 15 LNs
is achieved in less than half of the patients.”'? In our study,
the LODDS staging system was able to discriminate patients
with different survival rates whether >16 or <16 LNs were
retrieved. On the contrary, pN classification and LNR catego-
ries could not properly discriminate patients with different
survival rates in patients with <16 LNs analyzed. These results
are substantially in agreement with those reported by Wang
et al. where LODDS showed a clear advantage over pN
classification regardless of the total number of retrieved
LNs; a superiority of LODDS over LNR was shown although
no significant difference was found between these two staging
systems.”’ Additionally, in the study of Sun et al., the LODDS
staging system was shown to be superior to pN and LNR
classifications, but this was restricted to patients in whom an
insufficient number of LNs were retrieved.'® Two other stud-
ies that compared LN staging systems did not demonstrate
superiority of LODDS over LNR,*** but in one of them, only
patients with more than 15 LNs analyzed were included.**

Some studies have previously reported that the LNR stag-
ing system can also be useful to discriminate prognosis among
pN1 and pN2 patients even when fewer than 15 LNs are
analyzed.'®'” However, the LNR system can only differenti-
ate prognoses between patients with positive LNs; moreover,
the LNR seems not accurate enough in discriminating survival
rates from patients in which all LN are metastatic.”’ Clinical
consequence of the pNO misclassification when few LNs are
retrieved is critical because migration from negative to posi-
tive LNs currently determines the need to administer adjuvant
treatment in gastric carcinomas.®’ For pNO patients with few
LNs harvested, the LODDS staging system seems to be espe-
cially useful to detect different subgroups of risk
prognosis.'*2° This fact was also confirmed in our study in
which two different categories of LODDS with different
disease-specific survival rates were identified in the group of
pNO patients depending on whether <10 or >10 LNs were
analyzed. A minimum number of 10 LNs retrieved has been
shown as crucial in other studies using different approaches to
minimize the stage migration.'%''~

In our study, the retrieval of more than 15 LNs was only
achieved in 64 % of patients. This percentage is sparse com-
pared to those of Asian series and reports from some
esophagogastric units, but it is better than those of other
Western studies based on cancer registries.” "> In this context,

the LODDS staging system can be very useful to discriminate
prognosis in patients classified with UICC TNM classification
especially when an insufficient number of LNs are retrieved.
Although the tumor burden of LNs is better assessed with the
LNR and LODDS staging systems that take into account the
number of LNs analyzed, UICC TNM classification continues
to be the gold standard to classify the nodal status of gastric
cancer. Harvesting as many LNs as possible must be a chal-
lenge for both surgeons and pathologists to decrease the
effects of stage migration.''***® This was also confirmed in
our study where a significant correlation was found between
the number of metastatic LN detected and the retrieved LNs.
Finally, the most important limit of LODDS is that there are no
universal cutoff points that can be used to assess the LN-
related prognosis because they depend on the characteristics
of the particular series.

Conclusions

Our study supports the usefulness of LODDS to discriminate
risk prognosis especially in patients where an insufficient
number of LNs are retrieved. The LODDS system was able
to identify and discriminate different subgroups of risk prog-
nosis in pN stages and LNR categories.
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