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Abstract

Background We conducted a systematic review and meta-analysis to summarize the predictive and prognostic abil-
ity of the log odds of positive lymph nodes (LODDS) staging system and compare it with pathological N (pN) classifi-
cation and the ratio-based lymph node system (rN) for the overall survival (OS) of gastric cancer (GQ).

Methods Through a systematic review till March 7, 2022, we identified population-based studies that reported the
prognostic effects of LODDS in patients with GC. We compare the predictive effectiveness of the LODDS staging sys-
tem with that of the rN and pN classification systems for the OS of GC.

Results Twelve studies comprising 20,312 patients were included in this systematic review and meta-analysis. The
results showed that LODDS1, LODDS2, LODDS3, and LODDS4 in GC patients were correlated with poor OS compared
with LODDSO (LODDS1 vs. LODDS0: HR=1.62, 95% Cl (1.42, 1.85); LODDS2 vs. LODDS0: HR=2.47,95% Cl (2.02, 3.03);
LODDS3 vs. LODDS0: HR=3.15, 95% Cl (2.50, 3.97); LODDS4 vs. LODDS0: HR=4.55, 95% Cl (3.29, 6.29)). Additionally,
significant differences in survival were observed among patients with different LODDS classifications (all P-values
were <0.001) with the same rN and pN classifications. Meanwhile, for patients with different pN or rN classifications
with the same LODDS classification, prognosis was highly similar.

Conclusion The findings show that LODDS is correlated with the prognosis of GC patients and is superior to the pN
and rN classifications for prognostic assessment.

Keywords Log odds of positive lymph nodes (LODDS), Gastric cancer, Prognostic predictor, Overall survival, Meta-
analysis
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Introduction

Gastric cancer (GC), a common highly recurrent malig-
nant tumor, is the fifth most prevalent tumor, and is
the third most frequent primary cause of tumor-related
death worldwide [1]. Multiple markers or methods pre-
dict the prognosis and therapeutic outcomes of patients
with GC. Among these, nodal involvement has long been
considered as one of the greatest maker for prognosis
and metastasis [2, 3]. For this reason, the International
Union Against Cancer (UICC) and the American Joint
Committee on Cancer (AJCC) have adopted categories
based on the number of metastatic lymph nodes (LNs)
as the basis for the N stage of the tumor—node—metas-
tasis (TNM) classification. The TNM staging system is
the most widely used system for GC staging assessment.
For optimal staging of GC, the latest edition recommends
the examination of 16 or more LNs for nodal metastatic
status determination [4]. Unfortunately, poor compliance
was demonstrated with the recommendation: >15 LNs
were removed in only 29% of patients, and no nodes were
removed at all in 9% [5-7]. Multiple studies have dem-
onstrated that the accuracy of pathological N (pN) clas-
sification for patients’ prognostic assessment is affected
by the number of examined LNs [6, 8]. Particularly, if the
number of examined LNs is less than 16, N3b patients
may be inappropriately classified as N3a because the cut-
off for N3a/N3b is 15 metastatic LNs [9]. This phenome-
non has been referred to as stage migration. To overcome
the potential bias associated with the pN classification,
other parameters have been proposed. Some authors
have claimed that the ratio-based lymph node system
(rN) can be an alternative for patients with fewer than 15
LNs examined, defined as the ratio of metastatic LNs to
examined LNs [10-12]. Chen et al. showed that lymph
node ratio (LNR) carries more information than the pN
classification in patients with an inadequate node count
[13]. However, the rNO classification was congruent
with the pNO classification in prognostic assessments of
node-negative patients with GC [12, 14]. For this reason,
another novel solution, the log odds of positive lymph
nodes (LODDS), was proposed recently [11]. LODDS, as
a novel prognostic indicator, is defined as the log of the
ratio between the number of positive nodes and the num-
ber of negative nodes and further discriminates patients
with NO GC [14, 15]. LODDS, first proposed in breast
cancer in which it performed equally well as a prognos-
tic indicator in node-positive and node-negative patients
[16], was later generalized to several cancers, including
GC [17-22]. The LODDS classification was superior in
predicting the prognosis of GC patients with< 15 exam-
ined LNs and those with NO status compared with the rN
and pN classifications [11, 23-25]. However, the studies
supporting this finding have several limitations, including
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a lack of large, multicenter surveillance studies and avail-
able inclusion criteria for patients and different predica-
tive capabilities of LODDS in different studies.

We conducted a systematic review and meta-analysis
to summarize the predictive and prognostic ability of the
LODDS staging system and compare it with the rN and
pN classification systems to address these limitations.

Methods

Data sources

We searched PubMed, Medline, Embase, Web of Sci-
ence and the Cochrane Library for relevant studies from
inception to March 7, 2022, which formed the basis for
evidence used to conduct the meta-analysis. The fol-
lowing keywords were used: “log odds of positive lymph
nodes’, “LODDS’, and “gastric cancer”. We used the fol-
lowing strategy: (((((((((gastric neoplasms[MeSH Terms])
OR (stomach neoplasms)) OR (stomach carcinoma)) OR
(gastric tumor)) OR (gastric carcinoma)) OR (stomach
cancer)) OR (stomach tumor)) OR (gastric neoplasms))
OR (GC)) AND ((log odds of positive lymph nodes) OR
(LODDS)). We followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement for reporting systematic reviews [26] and reg-
istered our review on Prospero (https://www.crd.york.ac.
uk/prospero/). The PROSPERO registration number is
CRD42021274996.

Inclusion and exclusion criteria

We included studies that enrolled > 100 patients with GC
(diagnosed with the gold standard test) who were classi-
fied by the LODDS, rN, and pN classification systems of
the AJCC and followed for at least five years. We included
studies that reported at least one of the outcomes of
interest or studies wherein the outcome could be calcu-
lated according to data extracted from the published data.
We excluded conference abstracts, reviews, case reports,
ongoing trials, open-label trials, comments, letters, meet-
ing records, and studies that enrolled patients with a total
sample size of less than 100 patients, as studies with very
small samples are more prone to bias and contribute lit-
tle information to pooled analyses. We excluded articles
that shared a study population with another article and
those that did not provide crucial information needed for
detailed stratification.

Study selection

Using a standardized form, two reviewers independently
screened the titles and abstracts identified by the search,
and the full text was obtained to check eligibility. When
a disagreement arose and they were unable to reach
a consensus, an adjudicator was consulted to resolve
discrepancies.
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Data extraction

Using a standardized form, two reviewers worked inde-
pendently to perform duplicate data abstraction in each
eligible study. When a disagreement arose and they were
unable to reach a consensus, an adjudicator helped to
resolve disagreements. We collected information regard-
ing study characteristics (including year of publication,
single-center/multicenter study, clinical study design,
country of patients, and patient year), patient character-
istics (including patient number, tumor stage, patient age,
population, neoadjuvant therapy, number of harvested
LNs, and number of metastatic LNs), and all patient-
important outcomes (overall survival (OS)).

Outcomes and quality assessment

Prognostic values (OS) were used to compare the dif-
ferent LODDS groups. We compared the predictive and
prognostic abilities of the LODDS staging system with
those of the rN and pN classification systems.

Using the Newcastle-Ottawa Scale (NOS) [27], two
investigators, independently and in duplicate, assessed
the quality of the included articles, including study group
selection, comparability of groups and outcome of inter-
est. The full score was 9 points, and a score of 1-4 points
indicated low-quality, while a score of 5-9 points indi-
cated high-quality.

Data analysis and statistical methods
The data were analyzed using Stata statistical software
version 16.0 (Stata Corporation, College Station, TX) and
SPSS version 22 (IBM Corporation).

To statistically assess the prognostic effects of LODDS,
we extracted the hazard ratio (HR) and 95% confidence
interval (CI) of 5-year OS from the included studies. If
not directly provided in the original literature, the esti-
mated HR and 95% CI were used to assess prognostic
effects based on the method described by Tierney et al.
[28], and an HR greater than 1 suggested a higher risk of
disease progression or death in the patients. A random-
effects model (REM) was used to pool the data. All sta-
tistical values were combined with 95% ClIs and P values
for two-sided testing at a«=0.05. To assess the existence
of heterogeneity among studies, we tested OS for het-
erogeneity across cohorts using Cochran’s Q statistic and
used I to measure the extent of heterogeneity [29]. For
the I statistic, heterogeneity was defined as low (25%—
50%), moderate (50%—75%) or high (>75%) [30]. For the
Q statistic, P<0.1 was considered to indicate significant
heterogeneity. In addition, subgroup analyses were per-
formed based on the differences in baseline characteris-
tics and risk factors in the data retrieved. Then, we also
conducted a sensitivity analysis in which each study was
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removed in turn to evaluate the undue influence of the
study on the overall summary estimates including Duval
and Tweedie’s trim-and-fill method [31], and Galbraith
plots [32]. Publication bias was investigated with quali-
tative and quantitative methods, including funnel plots
and Egger’s test [33]. The groups in each pN and rN stage
were regrouped in accordance with LODDS, and the OS
differences within groups and between groups were ana-
lyzed using chi-squared tests to compare the homogene-
ity of the three staging methods. P values for the pooled
results were two-sided, and the significance level was
0.05.

Results

Study characteristics

Based on the search strategy mentioned above, the origi-
nal search yielded 209 records. Finally, we included 12
unique studies [11, 12, 14, 15, 23-25, 34—38] published
between 2010 and 2021 with 20,312 patients accord-
ing to the eligibility criteria. The flowchart of the search
and selection process is shown as a PRISMA flowchart in
Fig. 1.

Tables 1 and 2 summarizes the main characteristics of
the studies included in the meta-analysis. Because of the
different hierarchical levels of LODDS in the included stud-
ies, we re-stratified the groups in the meta-analysis. Eleven
studies were retrospective, and one study used a prospec-
tively maintained database. Among these studies, eight
studies were from China [11, 12, 14, 23, 24, 35, 37, 38], and
one study each was from Hungary [25], Korea [34], Amer-
ica [15], and Italy [36]. Among the included studies, only
five studies [11, 24, 25, 35, 36] included patients without
neoadjuvant therapy, three studies [15, 23, 37] did not limit
the number of patients who received or did not receive
neoadjuvant therapy, and the remaining studies [12, 14,
34, 38] did not report the relevant information. Four stud-
ies [11, 12, 14, 38] compared the predictive and prognostic
abilities of the LODDS staging system with those of the rN
or pN classification systems.

Study analysis

LODDS and OS in GC

We analyzed OS in different LODDS categories accord-
ing to the data from the included articles. The results of
the pooled analysis are summarized in Table 3.

When pooling the HR for OS, LODDS1, LODDS2,
LODDS3, and LODDS4 in GC patients were correlated
with poor OS compared with LODDSO (Fig. 2). Patients
with LODDSI had inferior OS compared with those with
LODDSO0 (HR=1.62, 95% CI (1.42, 1.85)), and the het-
erogeneity was significant (I statistic=63.5%, P heteroge-
neity=0.003). The pooled results indicated that LODDS2
GC patients had a worse OS (HR=2.47, 95% CI (2.02,
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Fig. 1 Flow diagram of study selection

3.03)) than LODDSO0 GC patients. There was significant
heterogeneity (F statistic=86.2%, P heterogeneity < 0-001).
Compared with LODDSO GC patients, LODDS3 GC
patients had a worse OS (HR=3.15, 95% CI (2.50, 3.97)),
and the heterogeneity was significant (F statistic =92.1%,
P jeterogeneity <0-001). The results of the pooled analysis
using the REM showed that LODDS4 GC patients were
also associated with poorer OS (HR=4.55, 95% CI (3.29,
6.29)) than LODDS0 GC patients, and between-study
heterogeneity was significant (P statistic=96.6%, P ,,,
erogeneity < 0-001). Overall, as the LODDS grade increases,
the prognosis of patients with GC becomes increasingly
worse.

Subgroup analysis

To analyze the potential sources of between-study het-
erogeneity, we performed subgroup analysis according
to differences in the variables, including the publication
year, country, patient number and whether patients
received neoadjuvant therapy. The results are sum-
marized in Table 3. Consistent with the above results,

Articles were included into the

study

LODDS1, LODDS2, LODDS3, and LODDS4 GC
patients had a worse OS than LODDS0 GC patients in
all subsets. After subgroup analysis, it was found that
the heterogeneity was mainly from whether patients
received neoadjuvant therapy. In patients without neo-
adjuvant therapy, the result of the pooled analysis using
the REM showed that LODDS1, LODDS2, LODDSS3,
and LODDS4 GC patients were also associated with
poor OS (LODDS1 vs. LODDSO: HR=1.85, 95% CI
(1.64, 2.07); LODDS2 vs. LODDS0: HR =3.04, 95% CI
(2.58, 3.58); LODDS3 vs. LODDS0: HR =4.03, 95% CI
(3.66, 4.43); LODDS4 vs. LODDS0: HR=6.36, 95% CI
(4.50, 8.99)) compared with LODDSO GC patients. The
heterogeneity of OS decreased to a nonsignificant level
except for patients in the LODDS4 vs. LODDSO0 group
(LODDS1 vs. LODDS0: I statistic =0.0%, P ,rerogene.
=0.381; LODDS2 vs. LODDSO0: I statistic =29.2%,
0.227; LODDS3 vs. LODDS0: P statis-
=0.975; LODDS4 vs. LODDSO:
<0.001).

ity
p heterogeneity
ie— 0

tic=0.0%, P heterogeneity

P statistic=81.3%, P jorerogencity
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Table 3 Results of subgroup analyses on prognostic effects of ~ Table 3 (continued)

GC patients Comparisons OS
; (vs LODDS0)

(Cv‘;’[‘opaD'g‘;’(;‘)s 0s No. of HR(95%CI) Heterogeneity Egger’s
No. of HR (95% Cl) Heterogeneity Egger’s studies 2o P Testp
studies S Testp ° Value

(%) P Value
LODDS2 6 247201,  832% <0001
TOTAL studies 3.04)
LODDS1 10 162(142,  635% 0003 0608 LODDS3 6 323271, 837% <0001
1.85) 3.85)
LoDDS2 11 247202,  862% <0001 0799 LODD4 6 405(263,  980% <0001
303) 6.24)
LODDS3 1 315(250,  921% <0001 0943 <Median
3.97) LODDST 5 176 (124, 73.7% 0.004
LODDS4 11 455(329, 966% <0001 0216 249)
6.29) LODDS2 5 250(155  87.0% <0.001
Year< 403)
~ Median LODDS3 5 317(1.77,  920% <0001
= 568
LODDS1 5 150 (1.23,  794% 0.001 )
182) LODDS4 5 543304, 910% <0001
9.69
LODDS2 6 241188, 833% <0001 . )
3.09) Neoadjuvant therapy
LODDS3 6 295004,  957% <0001 No
427) LODDST 3 185(1.64, 00% 0381
LODDS4 6 582 (430, 90.8% <0.001 207)
7.87) LODDS2 5 304 (258, 292% 0227
<Median 3.58)
LODDST 5 1780156, 00% 0714 LODDS3 4 403366, 00% 0975
LODDS2 5 258(1.76,  89.3% <0001 LODDs4 5 6.36 450, 813% <0001
LODDS3 5 338(280, 539% 0.07 Al
4,09) LODDS1 3 138(1.05,  67.1% 0048
LODDS4 5 332211,  959% <0001 1.82)
523) LODDS2 3 200(139,  875% <0.001
Country 2.88)
East Asia LODDS3 3 247142, 956% <0.001
430
LODDST 8 165(149,  399% 0.113 )
1.84) LODDS4 2 241134, 975% <0.001
436
LODDS2 8 256 (.15, 775% <0001 )
3.05) UKN
LODDS3 8 333(286, 778% <0.001 LODDs1 4 159(1.35,  49.0% 0118
387) 1.89)
LODDS4 8 489390,  906% <0001 LobDsz 3 226(1.54,  830% 0003
6.14) 3.31)
non-East Asia LODDS3 4 307253, 662% <0.001
371
LODDST 2 157 (069, 867% 0006 )
357) LODDS4 4 429317,  864% <0001
582
LODDS2 3 221104, 887% <0001 )
4.71) Abbreviations: GC Gastric cancer, HR hazard ratio, OS overall survival, DFS
LODDS3 3 279(1.21 902%  <0.001 disease-free survival, LODDS log odds of positive lymph nodes, UKN Unknown
6:44) o A ' 2 P-value for estimates of HR
LODDS4 3 360(155  90.1% <0001 ® P-value for heterogeneity
8.32) “The median year of LODDS1, LODDS2, LODDS3, and LODDS4 was 2015, 2016,
Patient no.% 2015, and 2016, respectively
> Medi 9The median patient number of LODDS1, LODDS2, LODDS3, and LODDS4 was
= Median 172, 160, 142, and 132, respectively
LODDS1 5 160 (142,  560% 0.059
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LODDS1Vs. LODDS0

(2023) 23:523

%
HR (95%CI) ~ Weight

I, 1.79 (1.58,2 .03) 15.54

Gu P 2021
Pan S 2019 —— 1.49 (1.24,1.79) 1335
Lee JW 2016 - 1.32(1.10,1.58) 13.45
Jian-Hui C 2016 e 2.14(146,3.15) 7.0l
Spolverato G 2015 —— ! 1.07 (0.83,1.37) 10.87
Aurello P 2014 e 248(1.44,430) 433
QiuMZ 2013 e 1.81(1.44,227) 11.69
XuJ2013 — 1.90 (1.21,2.97) 5.77
Liu H 2013 — - 1.83(1.16,2.90) 5.61
Sun Z 2010 — 1.64 (1.33,202) 1238
Subtotal (I-squared = 63.5%, p = 0.003) <> 1.62(1.42,1.85)  100.00
Overall (I-squared = 63.5%, p = 0.003) <> 1.62(1.42,1.85)  100.00
NOTE: Weights are from random effects analysis

2'33 1 4'3
Study %
D HR (95%Cl) ~ Weight
LODDS?2 vs. LODDS0 :
Gu P 2021 - 2.84(2.54,3.18) 11.52
Pan S 2019 = 2,04 (1.72,2.42) 11.01
Cao H 2019 —— 2.65(1.89,3.73) 8.95
Toth D 2017 A 1.99(0.82,4.82) 3.65
Lee JW 2016 e 1.55(1.19,202) 9.92
Jian-Hui C 2016 —%— 3.84(2.76,533) 9.10
Spolverato G 2015 — 1.42(1.19,1.70) 10.93
Aurello P 2014 —*——3.92(2.53,6.10) 7.65
XuJ2013 ——  2091(1.96,434) 8.19
Liu H 2013 ——*—  3.06(2.07,4.52) 828
Sun Z 2010 - 2.63(2.17,3.19) 10.78
Subtotal (I-squared = 86.2%, p = 0.000) <> 247(202,3.03)  100.00
Overall (I-squared = 86.2%, p = 0.000) <> 247(202,3.03)  100.00
NOTE: Weights are from random effects analysis

|I6‘ 1 S'|
Study %
D HR (95%Cl) ~ Weight
LODDS3 VS. LODDS0 :
Gu P 2021 - 4.03 (3.63,4.47)  10.69
Pan S 2019 - 2.80(2.40,327) 10.42
Cao H 2019 —— 4.00 (2.97,5.39) 9.25
Toth D 2017 ————>4.83(1.97, 11.87) 4.13
Lee JW 2016 - 2.73(2.27,329) 10.21
Spolverato G 2015 - : 1,44 (1.22,1.69) 10.37
Aurello P 2014 —— 3.81(2.39,6.09) 7.55
XulJ 2013 —— 3.73(2.56,5.45) 8.46
Liu H 2013 = 3.93(2.74,5.66) 8.61
QiuMZ 2013 - 2.57(2.10,3.15) 10.08
Sun Z 2010 - 3.65(3.04,4.38) 10.23
Subtotal (I-squared = 92.1%, p=0.000) 3.15(2.50,3.97) 10000
Overall (I-squared = 92.1%, p=0.000) <> 3.15(2.50,3.97) 10000
NOTE: Weights are from random effects analysis :

UBI42 1\'9
Study %
D HR (95%Cl) ~ Weight
LODDS4Vs. LODDS0
Gu P 2021 - 5,06 (4.57,5.60) 10.06
Pan S 2019 - 3.27(281,3.81) 9.93
Cao H 2019 - 5.90 (4.41,7.89) 9.39
Toth D 2017 ———— 9.17(3.25,25.87) 4.97
Lee JW 2016 - 5.81(4.68,7.21) 9.72
Jian-Hui C 2016 ——  12.03(8.23,17.59)8.91
Spolverato G 2015 - 1.79 (1.61,1.99) 10.05
Aurello P 2014 —— 4.08(2.55,6.55) 835
XuJ2013 —— 4.43 (3.06,6.41) 8.97
Qiu MZ 2013 - 2.96 (2.44,3.59) 9.80
Sun Z 2010 +* 4.53(3.79,5.41) 9.85
Subtotal (I-squared = 96.6%. p = 0.000) <> 455(3.29.629)  100.00
Overall (I-squared = 96.6%. p = 0.000) <> 455(3.29,629)  100.00
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Fig. 2 Estimated HR summary for OS. a LODDS1 vs. LODDSO, b
LODDS?2 vs. LODDSO0, ¢ LODDS3 vs. LODDSO0, d LODDS4 vs. LODDSO.
HR> 1 indicates more disease progression or deaths in the patients.
Data were pooled using a random-effects model (REM). All statistical
values were combined with 95% Cls and two-sided P-values, the
threshold of which was set to 0.05. Abbreviations: HR, hazard ratio;
OS, overall survival; LODDS, log odds of positive lymph nodes

To explore the potential sources of heterogeneity in
the LODDS4 vs. LODDSO0 group, we also used Galbraith
plots and Duval and Tweedie’s trim-and-fill method to
further explore the source of heterogeneity in OS, and
the results showed that the training set of the study by
Jian-Hui C et al. [35] might have mainly contributed
substantial heterogeneity to OS (Fig. 3a). After omit-
ting this study, the pooled HR was not obviously affected
(HR=5.13, 95% CI (4.46, 5.68); Fig. 3b), but the hetero-
geneity for OS dropped to a nonsignificant level (from /2
statistic=81.3%, <0.001 to ? statistic =2.2%,

P heterogeneity
—0.381; Fig. 3¢).

p heterogeneity
Publication bias

Publication bias was assessed by funnel plots and Egger’s
test. Formal evaluation using Egger’s test failed to identify
significant publication bias in the analyses of LODDS1 vs.
LODDSO0 (p=0.608), LODDS2 vs. LODDSO0 (p=0.799),
LODDS3 vs. LODDS0O (p=0.943), and LODDS4 vs.
LODDSO0 (p=0.216) for OS. The results with P values for
Egger’s test are listed in Table 3. In addition, we used fun-
nel plots to detect publication bias, as shown in Figure
S1. All of the funnel plots of the included articles showed
a symmetrical distribution. Thus, no significant publica-
tion bias was found in the meta-analyses of OS.

Comparison of the homogeneity of prognostic
assessments

Four studies [11, 12, 14, 38] compared the predictive and
prognostic abilities of the LODDS staging system with
those of the rN or pN classification systems. OS rates
were compared among different pN and rN classifications
when stratified by the LODDS classification and among
different LODDS classifications when stratified by the pN
or rN classification. The data from all these studies were
therefore pooled, as shown in Table 4. Thus, for patients
in each of the pN classifications, significant differences in
survival were consistently observed among patients with
different LODDS classifications. And, for patients in each
of the rN classifications, significant differences in survival
were consistently observed among patients with different
LODDS classifications. Meanwhile, for patients in each
LODDS classification, prognosis was highly homologous
for those with different pN or rN classifications. These
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a b/se(b) Fitted values
34.452
< Jian-Hui C b
3 2016
Study %
ID HR (95% CI) Weight
2
0
2 No
0 1/se(b) 192863 GuP2021 . 506(4.57,560) 8251
. . Omitted Cao H 2019 = 590(441,7.89) 1192
Meta-analysis random-effects estimates S :
. Jian-Hui C Toth D 2017 — e 0.17(325,2587) 096
Study omitted :
2016 Aurello P 2014 — 408 (2.55,6.55)  4.61
Gu P 2021 A
Subtotal (I-squared=2.2%, p=0.381) o 5.13 (4.64,5.68) 100.00
Cao H 2019 Overall (I-squared=2.2%, p=0.381) 0 5.13(4.64,5.68)  100.00
Toth D 2017 = ;
Jian-Hui C 2016
Aurello P 2014
3.97 450 6.36 8.99 11.55
C
HRO95% CI) I (%) P Omitted HR(95% CI) I (%) P
6.36 (4.50, 8.99) 81.3 <0.001 J'a';'ol'llgl C 5.13 (4.64, 5.68) 22 0.381

Before omitting
Jian-Hui C 2016

After omitting
Jian-Hui C 2016

Fig. 3 Process of exploring the potential sources of heterogeneity on OS. a galbraith plot for OS. b Forest plot for OS after Jian-Hui C et al. (2016)
is omitted. ¢ change of heterogeneity before and after Ogawa S et al. (2016) is omitted. Weights are from random-effects analysis. P value for
heterogeneity. Abbreviations: HR, hazard ratio; OS, disease-free survival; SE, standard error

results indicated that the LODDS classification might be
superior to the pN and rN classifications for prognostic
assessment.

Discussion

Despite recent advances in the treatment of patients
with GC, the OS is far from satisfactory. The accuracy
of staging systems for patients with GC is important for
predicting long-term survival, guiding treatment, and
identifying patients for clinical trials. Because of the
importance of nodal involvement in assessing prognosis
and defining the management of patients with GC [2, 3],
there has been intense interest in defining an optimal LN
staging system. In fact, numerous different parameters
have been proposed to stratify the long-term prognosis
of patients with GC according to the status of LN metas-
tasis [39, 40]. The UICC/AJCC staging systems for GC
stratify the nodal staging, namely pN stage, according

to the number of positive LNs. The major flaw of the
pN classification is that it only considers the number of
metastatic LNs, but ignores the influence of the num-
ber of examined LNs, which may lead to stage migration
[13, 41-44]. To overcome the potential bias associated
with the pN classification, other parameters have been
proposed by analyzing both the number of examined
LNs and the number of metastatic LNs. The rN is a sim-
ple method for nodal staging that is less influenced by
the number of examined LNs than the pN classification.
Some authors have claimed that the rN classification can
be an alternative to the pN classification for patients with
fewer than 15 LNs examined [45—47], and the rN classifi-
cation can minimize the phenomenon of stage migration
[48, 49]. However, the rNO classification was congruent
with the pNO classification in prognostic assessments
of node-negative patients with GC [12, 14], and a mini-
mum number of LN still need to be examined to ensure
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Table 4 Overall survival rates according to different pN and rN classifications stratified by the LODDS staging system

LODDSO LODDS1 LODDS2 LODDS3 LODDS4 X p?
No 5-YSR No 5-YSR No 5-YSR No 5-YSR No 5-YSR
pN stage
NO 2524 83.1% 1331 713% 216 61.8% 27 38.9% 131.606 <0.001
N1 42 70.8% 981 68.2% 956 49.7% 429 31.5% 87 18.9% 179.709 <0.001
N2 143 68.2% 835 52.2% 772 333% 326 18.6% 171.909 <0.001
N3 8 75.0% 204 473% 871 29.8% 1232 14.6% 152,506 <0.001
X2 3416 2.981 11473 2625 3.991
p° 0.065 0.395 0.009 0453 0.136
N stage
rNO 2497 82.9% 1328 71.2% 214 61.4% 25 38.4% 12564 <0.001
N1 39 74.7% 907 68.7% 496 49.1% 18 33.0% 60.39 <0.001
rN2 231 67.0% 1471 51.1% 966 32.5% 30 15.4% 138074 <0.001
N3 1070 30.6% 993 17.3% 50.051 <0.001
N4 612 12.8% - -
X 1417 2493 9.203 1742 581
p* 0.235 0.287 001 0628 0.055

LODDS log odds of positive lymph nodes, NO. number of patients, 5-YSR 5-year survival rate

@ Comparison of overall survival rates among different LODDS groups
b Comparison of overall survival rates among different pN groups

€ Comparison of overall survival rates among different rN groups

accuracy for prognostic assessment. LODDS, a novel
prognostic LN-related index that considers the effects of
the numbers of both positive LNs and negative LNs, was
developed to improve the accuracy of prognostic assess-
ment, particularly in patients with NO status or with<15
total harvested LNs [50]. The LODDS classification is
also considered superior to the rN and pN classifica-
tions because it can be used to study LN involvement in
patients at all classification levels [11, 51-53].

This is the first meta-analysis that focused on the
crucial roles of LODDS in predicting the progno-
sis of patients with GC. As a result, our study is more
informative than any previous study. Our meta-analysis
of twelve articles including 20,312 GC patients indi-
cated that LODDS1, LODDS2, LODDS3, and LODDS4
patients have poor OS compared with LODDS0O
patients, which shows that LODDS has prognostic
value in patients with GC. When pooling the HR for
OS, LODDS1, LODDS2, LODDS3, and LODDS4 in
GC patients was correlated with poor OS compared
with LODDS0 (LODDS1 vs. LODDS0: HR=1.62, 95%
CI (1.42, 1.85), I statistic=63.5%, P heterogeneity = 0-003;
LODDS2 vs. LODDS0: HR=2.47, 95% CI (2.02, 3.03),
P statistic=86.2%, P heterogeneity < 0:001; LODDS3 vs.
LODDS0: HR=3.15, 95% CI (2.50, 3.97), I’ statis-
tic =92.1%, P jererogencity < 0-001; LODDS4 vs. LODDSO:
HR=4.55, 95% CI (3.29, 6.29), I statistic=96.6%, P

heterogeneity < 0-001). As the LODDS grade increases, the
prognosis of patients with GC becomes correspond-
ingly worse. However, we discovered high levels of
heterogeneity in all groups. To analyze the potential
sources of between-study heterogeneity, we performed
subgroup analysis according to differences in the vari-
ables, including the publication year, country, patient
number and whether patients received neoadjuvant
therapy. After subgroup analysis, it was found that
the heterogeneity was mainly from whether patients
received neoadjuvant therapy. Additionally, we found
that patients without neoadjuvant therapy had poorer
OS than patients with neoadjuvant therapy in the same
group. Therefore, the results suggest that whether
patients receive neoadjuvant therapy is one of the most
important factors affecting the prognostic effectiveness
of LODDS in patients with GC. Although we performed
a subgroup analysis according to whether patients
received neoadjuvant therapy, significant heterogene-
ity was still found in the pooled analysis of OS in the
LODDS4 vs. LODDSO group. To explore the potential
sources of heterogeneity, we also used Galbraith plots
and Duval and Tweedie’s trim-and-fill method to fur-
ther explore the source of heterogeneity in OS, and the
results showed that the training set of the study by Jian-
Hui C et al. [35] might have mainly contributed sub-
stantial heterogeneity to OS.



Li et al. BMC Cancer (2023) 23:523

Additionally, we assessed differences in survival among
patients in different LODDS classifications for each
of the pN or rN classifications. We summarized the
results from four studies [11, 12, 14, 38] that compared
the predictive and prognostic abilities of the LODDS
staging system with those of the rN or pN classification
systems. For patients in each of the rN and pN classifica-
tions, significant differences in survival were consistently
observed among patients in different LODDS classifica-
tions. Meanwhile, for patients in each LODDS classifica-
tion, prognosis was highly similar between patients with
different pN or rN classifications (see Table 4). Thus, we
considered that the superiority of the LODDS classifica-
tion to the rN and pN classifications was mainly because
of its potential to discriminate patients with the same
ratio of node metastasis but different survival.

However, several limitations of the current meta-
analysis should be emphasized. First, as several studies
did not report HRs, HRs in this meta-analysis were esti-
mated based on the method described by Tierney et al.
[28]. Second, due to the lack of relevant information on
the anatomic nodal group locations, we did not analyze
the effect of the anatomic nodal group locations on the
prognostic effectiveness of LODDS in patients with GC.
Third, the optimal cutoff value of LODDS is not con-
cluded. One critical problem is lack of consensus on the
optimal cutoft value of LODDS when using it in the clinic
and in experiments. Thus, LODDS is not yet used clini-
cally on a large scale. Fourth, we were unable to apply the
AUC, C-index, or AIC values to determine which of the
LODDS, rN or pN classifications is superior because
we did not have access to detailed patient information.
Despite these limitations, this is the first meta-analysis
focusing on the crucial roles of LODDS in predicting the
prognosis of patients with GC. The results suggest that
LODDS can predict the survival of GC patients. More-
over, it may be a novel prognostic predictor and a more
accurate and sensitive stratification tool for use in clinical
studies.

Conclusion

Our systematic review demonstrated that LODDS is
correlated with the prognosis of GC patients and more
accurately predicts the survival of GC patients than
previous methods. As the LODDS grade increases, the
prognosis of patients with GC becomes correspond-
ingly worse. Additionally, we found that patients with-
out neoadjuvant therapy had poorer OS than patients
with neoadjuvant therapy in the same LODDS group.
Therefore, the results suggest that whether patients
receive neoadjuvant therapy is one of the strongest fac-
tors affecting the prognostic effectiveness of LODDS.
Moreover, the LODDS classification is superior to
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the pN and rN classifications for prognostic assess-
ment. Incorporating LODDS into the staging system
of GC will enable clinicians to predict the prognosis of
patients more accurately. Further high-quality, large-
scale, international, well-designed multicenter pro-
spective studies are needed to obtain the optimal cutoff
point of LODDS and to find a simple and repeatable
way to calculate LODDS values to facilitate the utiliza-
tion of LODDS in the clinic.

Abbreviations

GC Gastric cancer

LODDS Log odds of positive lymph nodes

@ Confidence interval

oS Overall survival

uicc Union for International Cancer Control
AJCC American Joint Committee on Cancer
LN Lymph node

LNR Lymph node ratio

TNM Tumor-node—metastasis

NOS Newcastle-Ottawa scale

REM Random-effects model

HR Hazard ratio

HNC Head and neck cancer

pN Pathological N

N Ratio-based lymph node
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Additional file 1: Figure S1. Assessment of publication bias using Funnel
plot analysis. a-b Funnel plot analysis of studies on OS ((a) LODDST1 vs.
LODDSO, (b) LODDS2 vs. LODDSO, (c) LODDS1 vs. LODDSO, (d) LODDS2 vs.
LODDSO0); e-h Funnel plot analysis of studies which included the patients
without neoadjuvant therapy on OS ((e) LODDS1 vs. LODDSO, (f) LODDS2
vs. LODDSO0), (g) LODDS1 vs. LODDSO, (h) LODDS2 vs. LODDSO). Publication
bias was not found in the meta-analyses of OS. All of the funnel plots of
the included articles showed a symmetrical distribution. Thus, no signifi-
cant publication bias was found in the meta-analyses of OS. Abbreviations:
HR, hazard ratio; OS, overall survival; LODDS, log odds of positive lymph
nodes.
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