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Systems After Curative Intent Resection

for Gastric Adenocarcinoma
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Objective: To compare the prognostic performance of American Joint Com-

mittee on Cancer/International Union Against Cancer seventh N stage relative

to lymph node ratio (LNR), log odds of metastatic lymph nodes (LODDS),

and N score in gastric adenocarcinoma.

Background: Metastatic disease to the regional LN basin is a strong predictor

of worse long-term outcome following curative intent resection of gastric

adenocarcinoma.

Methods: A total of 804 patients who underwent surgical resection of gastric

adenocarcinoma were identified from a multi-institutional database. The

relative discriminative abilities of the different LN staging/scoring systems

were assessed using the Akaike’s Information Criterion (AIC) and the

Harrell’s concordance index (c statistic).

Results: Of the 804 patients, 333 (41.4%) had no lymph node metastasis,

whereas 471 (58.6%) had lymph node metastasis. Patients with �N1 disease

had an increased risk of death (hazards ratio¼ 2.09, 95% confidence interval:

1.68–2.61; P < 0.001]. When assessed using categorical cutoff values, LNR

had a somewhat better prognostic performance (C index: 0.630; AIC: 4321.9)

than the American Joint Committee on Cancer seventh edition (C index:

0.615; AIC: 4341.9), LODDS (C index: 0.615; AIC: 4323.4), or N score

(C index: 0.620; AIC: 4324.6). When LN status was modeled as a continuous

variable, the LODDS staging system (C index: 0.636; AIC: 4304.0) out-

performed other staging/scoring systems including the N score (C index:

0.632; AIC: 4308.4) and LNR (C index: 0.631; AIC: 4225.8). Among patients

with LNR scores of 0 or 1, there was a residual heterogeneity of outcomes that

was better stratified and characterized by the LODDS.

Conclusions: When assessed as a categorical variable, LNR was the most

powerful manner to stratify patients on the basis of LN status. LODDS was a

better predicator of survival when LN status was modeled as a continuous

variable, especially among those patients with either very low or high LNR.

Keywords: AJCC staging, gastric adenocarcinoma, LNR, LODDS, lymph

node

(Ann Surg 2015;262:991–998)

G astric adenocarcinoma is the fourth most common cancer world-
wide and the second most common cause of cancer-related

deaths.1,2 Despite the relatively low incidence of gastric cancer in
Western versus Eastern countries, there is an estimated 22,000 new
cases and 11,000 deaths related to gastric cancer annually in the United
States.3 The 5-year overall survival for patients with gastric cancer is
wide-ranging and estimated to range from 5% to 90%, depending on
the extent of disease at presentation.4–10 Depth of tumor invasion and
lymph node (LN) involvement are important prognostic factors associ-
ated with overall survival.11

In fact, metastatic disease to the regional LN basin is one of the
strongest predictors of worse long-term outcome following curative
intent resection of most gastrointestinal cancers, including gastric
adenocarcinoma.12–14 Several studies have suggested that survival
after surgery is impacted not only by overall LN status (ie, no meta-
stasis vs metastasis) but also the number of LNs with metastatic
disease.15–17 In addition, several studies have suggested that inde-
pendent of metastatic LN status, a higher number of total LNs
examined (TNLE) is associated with survival—a finding that cannot
be attributable to understaging.18,19 In turn, multiple different LN
staging/scoring systems have been proposed to stratify patients’ long-
term prognosis according to LN status.20–23 Probably, the most widely
used staging system is the American Joint Committee on Cancer/
International Union Against Cancer (AJCC/UICC) tumor-node-meta-
stasis classification. Only on the basis of the total number of metastatic
LNs (NMLNs), the AJCC/UICC staging system does not take into
account the number of LNs retrieved at the time of surgery.24–30 As
such, other investigators have proposed that lymph node ratio (LNR),
defined as the ratio of NMLNs relative to TNLE, may be a better
indicator of the impact of LN status on survival.31,32 More recently,
several investigators have begun to question the accuracy of LNR and
have offered alternative LN scoring schemes to predict survival. For
example, Wang et al33 and Sun et al34 have advocated log odds of
metastatic lymph nodes (LODDS), defined as the natural logarithm
of the ratio of the probability of an LN to contain metastasis versus the
probability of an LN to be free of metastatic disease.35 In addition, our
own group has proposed a novel ‘‘N score,’’ which is a prognostic
model that takes into account the differential impact of TNLE among
patients with and without LN metastasis, as well as the possible
nonlinear interaction between TNLE and NMLN.15

There is a relative paucity of data regarding the validation of
these various LN staging/scoring systems when applied to patients
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with resected gastric adenocarcinoma.34,36 Most previous studies
have either been small, single institution reports consisting exclu-
sively of Asian patients37,38 or large reports using administrative
data.36,39 Interpreting the clinical value and use of these prognostic
scoring systems among US patients with gastric cancer remains
somewhat debatable. Therefore, the objective of this study was to
define the relationship of LN status—including NMLN, number of
nonmetastatic LN, and TNLE—with survival among patients under-
going surgical resection of adenocarcinoma of the stomach. Specifi-
cally, we sought to assess the comparative performance of several of
the more widely used LN staging/scoring systems to identify the
optimal manner to utilize LN status to predict survival among
patients with resected gastric cancer.

METHODS

Patient Selection
Patients who underwent curative intent resection for gastric

adenocarcinoma between 2000 and 2012 in 1 of 7 major academic
institutions participating in the US Gastric Cancer Collaborative
(Johns Hopkins Hospital, Baltimore, MD; Emory University, Atlanta
GA; Stanford University, Palo Alto, CA; Washington University, St
Louis, MO; Wake Forest University, Winston-Salem, NC; University
of Wisconsin, Madison, WI; and The Ohio State University, Colum-
bus, OH) were identified. Patients with gastric cancer other than
adenocarcinoma (eg, carcinoid, gastrointestinal stromal tumor, etc)
and those who did not undergo an oncological resection with curative
intent, or those patients who had missing LN data were excluded
from analysis.

Standard data on demographic, clinicopathological, and
tumor- and therapy-related variables were collected.40 Where
applicable, information on the type and duration of perioperative
chemotherapy and radiotherapy was noted. Data on pathological
tumor details, stage, and margin status were obtained. Date of
last follow-up and vital status were also collected on all patients.
Of particular note, the extent of lymphadenectomy was recorded
on the basis of the Japanese Gastric Cancer Association classi-
fication system (D1 vs D2 vs D3)41 and data on TNLE, non-
metastatic LN, and NMLN were also determined. On the basis of
this information, data on LN status was categorized for com-
parative purposes into several different LN staging/scoring
systems: seventh edition AJCC/UICC N categories,42 LNR,34

LODDS,39 and N score.15

Statistical Analyses
Demographic and clinical characteristics of the study popu-

lation were reported as numbers (percentage) or medians with
interquartile ranges (IQRs). Univariate and multivariate Cox pro-
portional hazard regression models were constructed to explore the
association of clinicopathological factors with overall survival. All
parameters that were statistically significant in the univariate Cox
regression model (P < 0.05) were included in the multivariate Cox
model. Overall survival was estimated using the Kaplan-Meier
method and differences in survival were examined with the log-rank
test. In particular, Kaplan-Meier estimates of survival and Cox
proportional hazards models were used to explore differences in
survival among the strata established by the seventh edition AJCC/
UICC N categories,42 LNR,34 LODDS,39 and N score.15 LNR was
evaluated both as a continuous and categorical variable using the
cutoff values proposed by Wang et al.33 Patients with positive LNs
were classified into node ratio group 1 (Nr1) to node ratio group 4
(Nr4) on the basis of the following intervals: Nr1: 0 < LNR � 1/15;
Nr2: 1/15 < LNR � 3/10; Nr3: 3/10 < LNR � 7/10; and Nr4: LNR
> 7/10.

LODDS was calculated using an established formula and was
similarly analyzed as both a continuous and a categorical variable
using the cutoff values advocated by Sun et al.34 The N score was
derived using the formula proposed by Gleisner et al15 and assessed
as both a continuous and a categorical variable. For the purposes
of analyses, N score cutoff values were partitioned into several
categories: >2, 2 to 4, 4 to 8, 8 to 12, and >12. Finally, the impact
of TNLE on prognosis was determined using different TNLE cutoff
points: 0 to 10, 11 to 15, more than 15 LNs.34

The relative discriminative abilities of the different LN stag-
ing/scoring systems were assessed using the Akaike’s Information
Criterion (AIC) and the Harrell’s concordance index (c statistic), a
generalization of the area under the receiver operating characteristic
curve that quantifies the proportion of all patient pairs for whom
the predicted and observed survival outcomes are concordant.43 A
value of c¼ 0.5 indicates no predictive ability as compared with
chance alone and a value of 1 indicates perfect discrimination. In
general, a predictive model with a low AIC indicates a better model
fit and a high c statistic represents a better discrimination ability. All
analyses were carried out with STATA version 12.0 (StataCorp, LP,
College Station, TX). All tests were 2-sided and a P > 0.05 was
considered statistically significant.

RESULTS

Patient Characteristics and Impact on Overall
Survival

Overall, 804 patients with gastric adenocarcinoma who under-
went curative intent resection and who met inclusion criteria were
identified. Median age was 66.1 years (IQR: 56.7–74.3) and the
majority of patients were male (n¼ 468, 58.2%). Approximately 1 in
5 patients (n¼ 164, 20.4%) received neoadjuvant chemotherapy
before resection, with more patients receiving neoadjuvant therapy
in the recent time period (2000–2006, 6.3% vs 2007–2013, 29.4%;
P < 0.001). Most patients had tumors in the gastric antrum or body
(n¼ 293, 37.2% and n¼ 283, 35.9%) with a small portion of patients
having tumors at the gastroesophageal junction (n¼ 57, 7.2%). At
the time of surgery, patients underwent either a partial (n¼ 468,
58.5%) or total (n¼ 332, 41.5%) gastrectomy. On pathology, most
tumors were solitary (n¼ 782, 97.2%) and the median tumor size was
4.0 cm (IQR: 2.5–6.5). Tumors were most often diffuse or mixed-
type (n¼ 370, 68.3%) with the remaining being of the intestinal type
(n¼ 172, 31.7%).

Of the 804 patients, 333 (41.4%) had no LN metastasis,
whereas 471 (58.6%) had LN metastasis. On final pathologic
analysis, the TNLE was 17 (IQR: 11–25) (2000–2006, 14 vs
2007–2003, 17; P < 0.01). The median TNLE in the node-negative
group was 15 versus a median TNLE of 18 in the group with LN
metastasis (P < 0.001). Among patients with nodal disease, the
median number of metastatic LNs was 4 (IQR: 2–9); as such, most
patients were either pN1 (n¼ 153; 32.5%) or pN2 (n¼ 139; 29.5%),
whereas a small subset of patients had pN3a (n¼ 125; 26.5%) or
pN3b (n¼ 54; 11.5%) disease. Most patients with �N1 disease had
an LNR less than 0.07 (n¼ 49; 10.4%); however, some patients had
an LNR of greater than 0.07 to 0.3 (n¼ 177; 37.6%), greater than 0.3
to 0.7 (n¼ 174; 36.9%) or greater than 0.7 (n¼ 71; 15.1%). Of note,
patients were relatively equally distributed among the different
N score categories, whereas they were not equally distributed among
the different LODDS groups (Table 1).

With a median follow-up of 21 months, the median and 3- and
5-year survivals were 35.8 months and 49.4% and 38.7%, respect-
ively. Several factors were associated with survival on multivariate
analysis. Age was associated with a 2% decrease in survival per
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patient year [hazards ratio (HR)¼ 1.02, 95% confidence interval
(CI): 1.01–1.03; P < 0.001]. Patients with a T3 tumor had a 2-fold
increase in the risk of death (HR¼ 2.08, 95% CI: 1.40–3.09),
whereas patients with T4 tumors had a near threefold increased risk
(HR¼ 2.98, 95% CI: 1.96–4.54) compared with patients who had T1
tumors (both P < 0.001). Gastroesophageal tumor location was also
associated with worse survival, even after adjusting for T stage
(HR¼ 1.68, 95% CI: 1.03–2.73; P¼ 0.036).

Impact of LN Status on Risk of Death: Performance
of Various LN Staging/Scoring Systems

LN status was strongly associated with prognosis. Specifi-
cally, patients with N0 disease had a median survival of 68.2 months
compared with a median survival of 23.8 months for patients with
�N1 disease (HR¼ 2.07, 95% CI: 1.66–2.59; P � 0.001). Both
TNLE and NMLN were associated with long-term outcome. Specifi-
cally, among patients with no LN metastasis, the risk of death
increased considerably for each LN examined up to 20 TNLE
(HR¼ 1.12, 95% CI: 1.08–1.15; P < 0.001). Among patients with
LN metastasis, the risk of death increased with the NMLN, inde-
pendent of TNLE (HR¼ 1.07, 95% CI: 1.05–2.00; P < 0.001).
When the TNLE was low (ie, <10), however, the risk of death was
higher than predicted by the independent effects of either TNLE
or NLMN.

Survival data according to the 4 LN staging/scoring systems
are presented in Figure 1. The seventh edition AJCC/UICC N system
was able to stratify patients into 5 distinct prognostic cohorts: pN0
53.3%, pN1 39.6%, pN2 28.8%, pN3a 20.7%, and pN3b 14.0%
(log rank: P < 0.001) (Fig. 1A). The 5-year overall survival of the
different LNR categories, according to the classification proposed by
Wang et al,33 was: Nr0 60.1%, Nr1 45.6%, Nr2 42.4%, Nr3 21.9%,
and Nr4 4.9% Fig. 1B); of note, the Nr2 and Nr3 classifications failed
to prognostically discriminate patients (log rank: P¼ 0.27). The
5-year overall survival of the different LODDS categories was:

LODDS1 49.9%, LODDS2 46.5%, LODDS3 28.8%, LODDS4
28.0%, and LODDS5 10.3% (Fig. 1C); patients in the LODDS2
and LODDS3 categories had overlapping survival curves (log rank:
P¼ 0.46). Finally, the 5-year overall survival of the different N score
stages based on the classification by Gleisner et al.15 was: N score
0–2 58.9%, N score 2–4 48.0%, N score 4–8 35.3%, N score 8–12
31.7%, N score >12 10.8% (Figure 1D); using the N score, patients
with N score 4 to 8 and 8 to 12 had similar survival curves (log rank:
P¼ 0.19) (Table 2).

Through regression modeling, the LN staging/scoring system
with the best prognostic discriminatory ability was then assessed
through iterative statistical models and comparison of AIC and
c-statistic values. When assessed using the established categorical
cutoff values, LNR was noted to have a somewhat better prognostic
performance (C index: 0.630; AIC: 4321.9) than the N score
(C index: 0.620; AIC: 4324.6); the AJCC seventh edition (C index:
0.615; AIC: 4341.9) and LODDS (C index: 0.615; AIC: 4323.4) were
comparable, both performing slightly less well than LNR and the
N score. When stratified by TNLE, LNR remained the best perform-
ing model among patients with less than 10 LNs examined (C index:
0.592; AIC: 916.9) and more than 15 LNs examined (C index: 0.641;
AIC: 1906.2); interestingly, among patients with 11 to 15 nodes
examined, LODDS was the best prognostic model (C index: 0.642;
AIC: 672.2).

To assess whether the relative performance of the different LN
staging/scoring systems was impacted by the chosen categorical
cutoff values, repeat analyses were performed using continuous
variables in the statistical models. When LN status was modeled
as a continuous variable, the LODDS staging system (C index: 0.636;
AIC: 4304.0) outperformed other staging/scoring systems including
the N score (C index: 0.632; AIC: 4308.4) and LNR (C index: 0.631;
AIC: 4225.8) (Table 3). Of note, all 3 LN scoring schemas performed
superiorly to the AJCC seventh edition N staging system (C index:
0.625; AIC: 4341.9). Although LODDS had the highest discrim-
inatory power overall, among patients who had less than 10 TNLE,

TABLE 1. Type of Nodal Dissection, Number of Positive Nodes, Total Harvested Nodes, and 5-Year Survival According to
Different Staging Systems

Type of Nodal Dissection NMLN, TNLE, 5-Year

N (%) D1 (%) D2 (%) Median (IQR) Median (IQR) Survival, %

AJCC/UICC 7th edition
N0 333 (41.4) 125 (67.2) 186 (55.9) 0 (0–0) 15 (8–22) 53.3%
N1 153 (19.0) 60 (69.0) 87 (56.9) 1 (1–2) 17 (10–25) 39.6%
N2 139 (17.3) 46 (52.3) 88 (63.3) 4 (3–5) 15 (10–23) 28.8%
N3a 125 (15.6) 36 (40.4) 89 (71.2) 9 (8–11) 19 (14–24) 20.7%
N3b 54 (6.7) 15 (42.9) 35 (64.8) 21 (18–26) 33 (27–42) 14.0%

LN ratio
0 of >15 161 (20.4) 50 (31.1) 111 (68.9) 0 (0–0) 22 (18–30) 60.1%
0–0.07 or 0 of �15 205 (26.0) 81 (39.5) 109 (53.2) 0 (0–0) 11 (6–15) 45.5%
0.07–0.3 177 (22.5) 54 (30.5) 119 (67.2) 3 (2–4) 18 (13–26) 42.4%
0.3–0.7 174 (22.1) 61 (35.1) 108 (62.1) 8 (5–11) 17 (11–25) 21.9%
>0.7 71 (9.0) 30 (42.3) 36 (50.7) 13 (7–20) 14 (9–22) 4.9%

N score
<2 186 (23.2) 54 (41.2) 131 (70.4) 0 (0–0) 23 (19–32) 58.9%
2–4 187 (23.3) 78 (72.9) 107 (57.2) 0 (0–2) 13 (10–20) 48.0%

4–8 186 (23.2) 66 (64.7) 102 (54.8) 2 (1–4) 11 (5–17) 35.3%
8–12 113 (14.1) 44 (75.9) 58 (51.3) 6 (3–8) 14 (6–20) 31.8%
�12 130 (16.2) 39 (45.3) 86 (66.2) 13 (10–20) 21 (15–29) 10.8%

LODDS
��1.5 459 (57.2) 163 (58.4) 279 (60.8) 0 (0–1) 17 (11–25) 49.9%
�1.5 to �1.0 61 (7.6) 17 (39.5) 43 (70.5) 4 (3–5) 18 (13–26) 46.5%
�1.0 to �0.5 63 (7.9) 21 (52.5) 40 (63.5) 5 (3–8) 14 (10–25) 28.8%
�0.5 to 0 87 (10.8) 29 (60.4) 48 (55.2) 7 (3–10) 15 (6–24) 28.0%
>0 132 (16.5) 51 (68.9) 74 (56.1) 11 (7–18) 16 (10–24) 10.3%
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LNR performed the best (LODDS, C index: 0.593; AIC: 987.7
vs LNR C index: 0.594; AIC: 915.3).

Scatter plots were created to evaluate the relationship between
LODDS, LNR, and the N score staging systems (Fig. 2). Specifically,

to understand the relationship of LODDS to the AJCC/UICC and
LNR classifications, scatter plots of the relationship between
LODDS and the number or the ratio of LN metastasis were created,
as previously described by Sun et al.34 The value of LODDS

FIGURE 1. Kaplan-Meier curves for overall survival stratified by LN categories based on the AJCC/UICC (A) seventh edition, LNR33

(B), LODDS (C), and N score (D).

TABLE 2. Overall Survival Rates on the Basis of N Stage, LN Ratio, and N Score Classification According to the LODDS Staging
System

LODDS 1 LODDS 2 LODDS 3 LODDS 4 LODDS 5

No. 5-yrs (%) No. 5-yrs (%) No. 5-yrs (%) No. 5-yrs (%) No. 5-yrs (%) P

N stage
N0 313 53.2 4 — — — 14 58.0 — 0.058
N1 119 43.7 11 35.1 12 24.7 6 — 5 — 0.197
N2 27 36.3 38 51.1 32 30.0 18 8.3 24 13.9 0.068
N3a — — 8 41.7 18 39.6 39 29.2 60 9.3 0.023
N3b — — — — 1 — 10 3.9 43 7.5 0.073
P 0.104 0.221 0.958 0.493 — 0.314

LN ratio
0 of >15 161 60.1 — — — — — — NA
0–0.07
or 0 of �15 201 46.2 4 — — — — 0.057
0.07–0.3 97 42.5 57 49.0 23 32.3 32.3 — 0.738
0.3–0.7 — — — — 40 26.1 73 21.8 61 18.9 0.076
>0.7 — — 71 4.9 NA
P 0.018 0.171 0.576 NA 0.342

N score
<2 186 58.9 — — — — — — NA
2–4 187 48.0 — — — — — — NA
4–8 86 39.2 57 45.5 34 28.8 9 — 0.097
8–12 — — 4 50.0 29 28.2 53 38.1 27 18.2 0.268
�12 — — 25 32.1 105 70.4 0.056
P 0.056 0.377 0.963 0.233 0.106

yrs indicates years.
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increased as the number of LN metastasis increased, suggesting that
LODDS and the number of LN metastasis correlated with each other.
Interestingly, the correlation was not linear, as the scatter plot
relationship plateaued when the TNLE was less than 10. Similarly,
the correlation between LODDS and LNR was near, but not perfectly,
linear. When LNR was in between 0.2 and 0.8, the LODDS increased
much more slowly and plateaued. In contrast, when the LNR was 0 or
1, the relationship was more heterogeneous, suggesting that the
LODDS system may have more discriminatory power among
patients with either very low or high LNR. In essence, many patients

who seemingly had the same prognosis based on either a very low or
high LNR, still had a heterogeneous LODDS. These data suggested
that the prognosis of patients with LNR of 0 or 1 was not homo-
geneous and LODDS had more power to discriminate the difference
in outcome among patients with LNR of 0 and 1.

DISCUSSION

The accuracy of a staging system to predict long-term survival
among patients with cancer is pivotal to help guide postoperative

TABLE 3. Prognostic Performance of Different Lymph Node Staging Systems Before and After Stratifying for Total Number
of Lymph Nodes Harvested

No. LNs Recovered

All �10 11–15 >15

C Index AIC C Index AIC C Index AIC C Index AIC

AJCC/UICC 7th edition 0.615 4341.9 0.582 991.7 0.625 673.5 0.636 1911.4
LN ratio (continuous) 0.631 4225.8 0.594 915.3 0.638 664.7 0.649 1895.9
LODDS (continuous) 0.636 4304.0 0.593 987.7 0.634 663.7 0.649 1895.6
N score (continuous) 0.632 4308.4 0.589 986.6 0.633 665.4 0.644 1900.8
LN ratio (categorical) 0.630 4321.9 0.592 916.9 0.627 672.2 0.641 1906.2
LODDS (categorical) 0.615 4323.4 0.590 992.6 0.642 672.2 0.617 1906.1
N score (categorical) 0.620 4324.6 0.575 992.9 0.623 673.2 0.634 1907.9
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FIGURE 2. Distribution of LODDS vs NMLN (A), LNR (B), and N score (C).
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treatment decisions and surveillance. Because of the importance
of LN status in determining prognosis after resection of gastric
adenocarcinoma, there has been considerable interest in defining
an optimal LN staging/scoring system. In fact, over the last decade, a
large number of different methods have been proposed to stratify
the long-term prognosis of patients after resection of gastric
cancer.32,35,44 Currently, the AJCC seventh edition system is the
most widely utilized staging system, but the reliability of the LN
staging system has recently come into question.24–30 Specifically, the
AJCC/UICC LN staging system stratifies patients on the basis of the
NMLN; however, the NMLN is highly dependent on the TNLE.39 In
turn, both the optimal extent of lymphadenectomy during gastric
resection for adenocarcinoma and the average number of LNs
harvested at the time of surgery varies widely.45 As such, there is
still significant variability in the extent of LN dissection and average
number of nodes retrieved and then analyzed, particularly among
patients treated in Western and Eastern centers.46–49 Given this,
multiple alternative staging systems have been proposed to address
the shortcomings of the AJCC LN staging system. Several studies
have provided mixed results with the evaluations of these different
staging systems, with some supporting the prognostic ability of
the LNR staging system36 and other advocating for the use of the
LODDS staging system.34,39 Unlike previous studies, which used
administrative data,36 or were from Eastern institutions,34 our study
is unique in that it was first to evaluate the prognostic ability of 4 of
the most commonly cited LN staging systems using a multi-institu-
tional US cohort of patients: AJCC seventh edition, LNR, LODDS,
and N score.15,33,34,44,50 When assessed using the established categ-
orical cutoff values, LNR was noted to have the best prognostic
performance, whereas when LN status was modeled as a continuous
variable, the LODDS staging system outperformed other staging/
scoring systems. Of note, all 3 alternative staging systems (LNR,
LODDS, and N score) performed superior to the AJCC seventh
edition staging system when analyzed either as categorical or
as continuous variables, as well as when stratified by number of
LNs retrieved.

The importance of LN involvement in determining prognosis
in patients with gastric adenocarcinoma has been well-established.11

Our data confirm the important prognostic role of LN status while
also quantitating the risk of death to increase by 4% with each
metastatic LN, even after adjusting for competing risk factors such as
age, T stage, and location of the tumor. All 4 staging/scoring systems
stratified patients incrementally with regard to long-term outcome
(Fig. 1). However, patients who were stage Nr2 versus Nr3 had
overlapping survival curves, as did patients with stage LODDS2 and
LODDS3 and those patients who were N score 4 to 8 versus 8 to 12
also had overlapping survival curves. These findings suggest that
each of the staging systems had some prognostic deficiencies when
patients were stratified using specific categorical cutoff values.
When data were stratified according to the previously proposed
categorical cutoff values, we found that LNR had a somewhat better
prognostic performance than LODDS, the N-score, and the AJCC/
UICC seventh edition (Table 3). The AJCC/UICC in particular has
been criticized for not accounting for the number of LNs actually
evaluated. Several authors have noted that a minimal number of LNs
need to be evaluated for a patient to be ‘‘adequately’’ staged. For
example, Sun et al34 have advocated that at least 10 LNs be retrieved,
whereas AJCC/UICC recommendations consider 15 LNs to be
adequate.50 Some investigators, such as the German Gastric Cancer
Study Group, have even suggested a much higher minimum of 25
LNs to achieve accurate staging.35,51,52 LNR was proposed as a
means to take TNLE into account when assessing LN status to avoid
the ‘‘Will-Rogers’’ stage migration phenomenon.31,37,53,54 In this
study, we noted that LNR—when examined as a categorical

variable—was the best performing model among patients with less
than 10 LNs examined. However, the prognostic discriminatory
power of LNR seemed poor among patients with either a very
low or high LNR (Fig. 2B). These findings may be somewhat
intuitive as most clinicians would agree a patient with 1 TNLE
and 1 NMLN has a different prognosis compared with a patient with
12 TNLE and 12 NMLN—even though both patients have a LNR
of 1.

For patients with either a very low or high LNR, LODDS had a
superior discriminatory ability. Although LODDS has been
previously examined in a large cohort of patients with colon cancer,
the role of LODDS among patients with gastric cancer has not been
well studied.55 In this study, we noted that the heterogeneity of
LODDS among patients with LNR scores of 0 or 1 indicated that
these patients had varying prognoses despite the fact that they had
similar LNR (Fig. 2B). Sun et al34 demonstrated that LODDS may be
a better predictor of survival than LNR. In particular, these
investigators found that, whereas the AJCC/UICC and LNR staging
systems were dependent on the TNLE, LODDS was able to
discriminate patients into distinct prognostic groups, regardless of
how many LNs were evaluated. Of note, we also found that LODDS
had the highest discriminatory power among patients who had less
than 10 TNLE. Collectively, these data strongly suggest that LODDS
should be the preferred mechanism to stratify patients with regard to
LN status when the TNLE is less than 10. Given that many patients,
especially in Western series, have low TNLE, inclusion of LODDS
into future editions of the AJCC staging manual should be con-
sidered. Although a more complicated calculation than simple
number of metastatic nodes or LNR, LODDS seems to be the most
reliable method to stratify patients with regard to N classification.

When stratifying patients according to LN status, several
different ‘‘ideal’’ cutoffs for each system have been proposed. For
example, Zhou et al56 proposed Nr cutoffs of 0.2 and 0.5, whereas
Zeng et al57 proposed 4 different Nr categories, and Wang et al39

advocated for 5 categories. The heterogeneity in establishing cutoff
values to categorize different LN groups is undoubtedly multifacto-
rial and likely because of the differing statistical power (number of
patients), data type (administrative vs clinical data), and the different
average number of LN retrieved in these various studies. The lack of
consensus on any ideal cutoff value, as well as the fact that NMLN is
inherently a discrete integer value (ie, 1, 2, 3, etc), suggest that LN
status is better assessed as a continuous variable. Our data support
this impression as the prognostic power of all staging systems
improved when the LN scores of each system were treated as
continuous, rather than categorical, variables. Given this, data from
this study emphasize that scoring/staging systems should assess
LN status as continuous variables rather than applying indiscriminate
categorical cutoffs.

This study has several limitations. As this study was a multi-
institutional collaboration among 7 academic institutions across the
United States, operative and adjuvant treatment protocols were not
standardized. Specifically, with regard to LN retrieval and evalu-
ation, the extent of lymphadenectomy was left to the discretion of the
operating surgeon. However, the variable number of TNLE was
factored into the analyses and the performance of the different
scoring/staging systems were stratified based on TNLE. Finally,
although the data from this study were derived from a broad
experience of 7 major academic centers across the United States,
the findings may not be generalizable to patients treated in different
hospital settings.

CONCLUSIONS

Our data suggest that LODDS, N score, and LNR were all
more accurate means of predicting long-term survival after curative
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intent resection of gastric adenocarcinoma versus the AJCC/UICC N
staging. When assessed as a categorical variable, LNR was, on
average, the most powerful manner to stratify patients on the basis
of LN status. However, outcomes among patients with either a very
low or high LNR were heterogeneous and poorly characterized by
LNR alone. Rather, LODDS was a better predicator of survival. In
fact, LODDS was the most accurate scoring system when LN status
was modeled as continuous variable. In addition, all staging systems
performed better when LN status was treated as continuous variable,
indicating that there are likely no ‘‘perfect’’ categorical cutoff values
for any LN scoring/staging system. Pathological staging of nodal
disease is central to prognosis. Data from this study would strongly
suggest that the current means of stratifying patients with regard to
prognosis and risk of subsequent death using the AJCC method is
inadequate. Especially among patients with low TNLE, AJCC—and
even LNR—staging may not provide patients and providers with
accurate prognostic information. When weighing the risks and
benefits of adjuvant therapy, accurate prognostic information is
critical to allow for informed treatment decisions. As such, LODDS
and N score should be considered when assessing the prognosis of
patients with gastric adenocarcinoma to allow a more reliable means
to stratify patient survival after surgery.
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