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ABSTRACT

Objective To investigate the prognostic efficacy of lymph
node ratio (LNR) and log odds of positive lymph nodes
(LODDS) in node-positive cardia gastric adenocarcinoma
(CGA).

Design A registry-based retrospective cohort study.
Setting Patients diagnosed with node-positive CGA in the
Surveillance, Epidemiology, and End Results database from
2010 to 2015.

Participants A total of 1038 patients were enrolled and
randomly assigned (7:3) to the training set (n=723) or
validating set (n=315).

Primary outcome measure Cancer-specific survival
(CSS).

Results The baseline characteristics of the training and
validation sets were similar. Based on the optimal cut-
off values, LNR was classified into low (<0.09), medium
(0.09~0.33) and high (>0.33) groups; LODDS was also
classified into low (<—2.09), medium (-2.09~-0.65)

and high (>-0.65) groups. CSS was significantly
different across LNR and LODDS subgroups. The Harrell
concordance index of the N stage was lower than that

of the LNR or LODDS. The Akaike information criterion of
the N stage was higher than that of the LNR or LODDS.
Independent predictors included race, T stage, M stage
and LNR (or LODDS), and they were incorporated into
nomograms for 1-year, 2-year and 5-year CSS prediction.
Calibration plots showed satisfactory results for internal
and external validity of the nomogram.

Conclusions LNR and LODDS staging methods have
better prognostic efficacy than the traditional N staging
method in CGA with node metastasis. Moreover, the

two values are promising substitutes for N staging

in nomogram development when other independent
prognostic factors are incorporated.

INTRODUCTION

Gastric cancer (GC) generally includes two
topographical categories: non-cardia GC that
occurs at a more distal part of the stomach
and GC of the cardia that occurs at the gastro-
oesophageal junction (GOJ). In contrast to
the steady decline in the incidence of non-
cardia GC, GC of the cardia occurs more
frequently, particularly in high-income coun-
tries.! 2 This trend is associated with obesity,

2

Strengths and limitations of this study

» This study used the national cancer registry data for
cardia gastric adenocarcinoma research.

» Novel staging methods based on the number of pos-
itive lymph nodes have been established for prog-
nostic prediction.

» Nomograms based on the new staging methods
were constructed and validated.

» The validity of the outcomes of the study needs to be
confirmed in other populations.

gastro-oesophageal reflux disease and Barrett
oesophagus.” In addition to the difference in
the incidence trend, the clinic pathological
features and long-term survival vary between
the two GC subtypes.” Precise staging is neces-
sary for the accurate prediction of survival.
The tumour, node, metastases (TNM) clas-
sification seventh edition of the American
Joint Committee on Cancer (AJCC) recom-
mends harvesting of at least 15 lymph nodes
(LNs) for N staging.*® However, inadequate
LN harvest is frequent because of various
reasons; thus, precise staging is difficult. It has
been demonstrated that the LN ratio (LNR)
could provide a better estimate of the survival
of patients with GC after curative gastrec-
tomy, regardless of the number of LNs exam-
ined,’ and might be a promising aid along
with the TNM staging system.7 Furthermore,
in previous reports, the log odds of positive
LN (LODDS) outperformed the N and LNR
staging systems in predicting the survival of
patients with Ge Therefore, the tradi-
tional N staging classification might be substi-
tuted with different methods with improved
performance. Nevertheless, few studies have
evaluated the performance of the two LN
staging systems in GC of the cardia, which has
distinct clinical characteristics and epidemi-
ology than other types of GC.
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Here, we used the data of a nationwide cancer registry
to evaluate the prognostic value of LNR and LODDS in
patients with node-positive cardia gastric adenocarci-
noma (CGA) and, if possible, construct a nomogram for
the prediction of survival based on the new LN staging
system.

METHODS

Study design and participant selection

This study was a Surveillance, Epidemiology, and End
Results (SEER) registry-based retrospective cohort study,
which aimed to enrol patients with node-positive CGA,
review their critical clinical characteristics and observe
the survival of this population. The source of the SEER
data is registered cases of cancer from various locations
throughout the USA. Permission for data access was
obtained by sending an application form and receiving
confirmation mail with a valid username (21268-Nov2019)
and password.

A SEER*Stat (V.8.3.8) was used to access the Incidence-
SEER Research Data, 18 Registries, Nov 2019 Sub
2000-2017 (SEER 18 database)'' and to obtain data of
node-positive patients with CGA. The inclusion criteria
were as follows: (1) the International Classification of
Disease for Oncology, Third Edition code for the primary
tumour site was C16.0 (cardia); (2) broad histological
recode was 8140-8389 adenomas and adenocarcinomas;
(8) diagnostic confirmation was by positive histology; (4)
surgery was performed; (5) diagnosis was during 2010—
2015; and (6) the definite number of positive regional
nodes was known and was not zero. Cases with unknown
race, T stage information, tumour size or tumour grade
were excluded. As shown in figure 1, the final cohort
comprised 1038 patients with node-positive CGA, of
whom 857 were male and 181 were female. A total of
338 (32.56%) patients were above 70 years of age. Eight
hundred and ninety-six (86.32%) patients were white, 64
were black and 78 were of other races. Of the total cohort,

70% of the patients were randomly assigned to the
training set (n=723), and the remaining were assigned to
the validation set (n=315).

Technical information

The main outcome was cancer-specific survival (CSS),
which was defined as the period between the first diag-
nosis and death specifically due to CGA. In addition, we
extracted the following variables for analysis: sex, race,
age, AJCC seventh TNM stage information, tumour size,
tumour grade, number of regional nodes examined and
number of regional nodes that were positive. The infor-
mation about the stage of cancer was further corrected
according to the AJCC eighth criteria. LNR and LODDS
were calculated as previously reported.'” Briefly, LNR
was defined as the ratio of the number of positive nodes
divided by the total number of examined nodes. LODDS
was calculated using the formula: log(NPLN +0.50)/
(NDLN-NPLN +0.50), in which 0.50 was added to both
the numerator and denominator to avoid an infinite
number.

The optimal thresholds for dividing LNR and LODDS
into trichotomous variables were determined using the
X-tile software (V.3.6.1),'” which were based on the
maximal log-rank y” value that represented the greatest
group difference in CSS probability. LNR and LODDS
were classified into three levels because they are proposed
as alternative indicators for N stage in node-positive GC,
including N1, N2 and N3.

Statistics

The distributions of baseline characteristics between the
training and validation sets were described and compared
using x” test. Survival curves, median survival and CSS rates
were generated using Kaplan-Meier method. Outcome
differences between the groups were analysed using log-
rank test. After testing proportional hazard assumption,
a multivariable Cox regression model was used to estab-
lish a CSS prognostic model. The prognostic power was

Inclusion criteria (N =1 255)
Tumor site was cardia (C16.0)
Diagnosed during 2010-2015
Surgery performed

Regional node exam was positive

Histological diagnosis was adenocarcinomas

Excluded cases (N =217)

Unknown race (n =4)

A

Unknown T stage (n =17)
Unknown tumor size (n = 164)

Final cohort (N =1 038)

Unknown grade (n = 67)

v v

Training set Validating set
(N =723) (N =315)
Figure 1 Flow diagram of the patient selection and grouping.
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evaluated using Akaike information criterion (AIC) and
Harrell concordance index (C-index). A predictive model
with a lower AIC indicated a better model fit, while a
higher C-index indicated a better discriminative ability. A
C-index value of 0.5 indicated no predictive power, and an
index of 1.0 indicated complete differentiation. Cox step-
wise regression analysis was also performed to construct
a nomogram for the prediction of I-year, 2-year and
5-year CSS. Validation of the nomogram was performed
using internal and external calibration plots.'* Bootstraps
with 1000 resamples were used for the validation activi-
ties. Receiver operator characteristic (ROC) curves and
areas under the ROC curves (AUCs) were calculated to
evaluate the accuracy of CSS prediction using different
models. Decision curve analysis (DCA) was performed to
determine the clinical application of different models:
the proportion of true positive results minus the propor-
tion of false positive results, and the relative risks of false-
positive and false-negative results were weighted to obtain
the net benefits of decision making. All statistical anal-
yses were performed using R software (V.3.5.3). A two-
tailed p value of less than 0.05 was considered statistically
significant.

Patient and public involvement

Due to the retrospective and observational nature of the
study, the research question and outcome measures were
not developed and influenced by patients’ priorities,
experiences and preferences. Patients were not involved
in the design, recruitment and conduct of this study.
Patients were not asked to assess the burden of the inter-
vention and time required to participate in the research.
The findings of the study will be disseminated online and
are freely available for public.

RESULTS

Table 1 summarises the demographic and clinical features
of the participants. In all, 628 patients (60.50%) were
diagnosed with a tumour less than 5cm. Six hundred
and forty patients (61.66%) were diagnosed with grade
IIT or IV cancer. The number of patients with T1, T2, T3
and T4 stage was 94, 125, 717 and 102, respectively. The
number of patients with N1, N2 and N3 stage was 479, 330
and 229, respectively. Seventy-five patients (7.23%) had
distant metastasis at presentation. The median CSS was
27 months. The rate of l-year, 2-year and 5-year CSS was
76.8%,53.0% and 29.2%, respectively. There was no statis-
tical difference in the baseline characteristics between
the training and validating set. The detailed information
about the two sets is also presented in table 1.

According to X-tile software results, the optimal cut-off
values for LNR were 0.09 and 0.33, and for LODDS were
-2.09 and —0.65. Thus, patients were classified into the low
(<0.09, R1), medium (0.09~0.33, R2) or high LNR (>0.33,
R3) groups, or low (<-2.09, L1), medium (-2.09~-0.65,
L2) or high LODDS (>-0.65, L3) groups. For model opti-
misation, LNR and LODDS were also categorised into

trichotomous factors using the cut-off values of P,, and
P... The discrimination ability of the model based on
the interquartiles was poor (online supplemental table
1); hence, this model was not analysed further. Next, we
created the survival curves of the patients according to
the N staging, LNR or LODDS staging system. As shown
in figure 2 in the training set, CSS was significantly
different between all the three staging systems (all the
log-rank p values <0.0001); however, the 95% CIs of N2
and N3 survival curve were initially divergent and partly
overlapped afterward. The inferior discriminative ability
of the N system was further reinforced by the AIC and
C-index. As shown in table 2, the C-index of the N stage
was lower than that of LNR or LODDS. Similarly, the AIC
of the N stage was higher than that of the LNR or LODDS.
The clinical characteristics with statistical significance for
CSS were further incorporated in the Cox regression
model as potential confounders (online supplemental
table 2), and all the variables met the proportional hazard
assumption (online supplemental figure 1, all the p values
>0.05). The prognostic value of the adjusted model was
generally better than that of the crude model. In addi-
tion, the prognostic value of the LNR system seemed to
be poorer than that of the LODDS system; however, the
difference was not significant; hence, we incorporated
both the systems for nomogram construction.

Stepwise Cox regression analysis showed race, T stage,
M stage and LNR (or LODDS) were independent predic-
tors; hence, these factors were included in the nomo-
grams. For both LNR and LODDS, the total score was
40, and a higher score suggested lower survival (figure 3
and online supplemental figure 2). Next, the calibration
plot was used to assess the internal and external validity
of the nomogram (figure 3 and online supplemental
figure 2). Since the cross-spot line was generally close to
the grey reference line, we concluded that the predicted
CSS was well correlated with the actual state. In addition,
ROC curves indicated that the AUC of the model based
on N stage was lower than that of the model based on
the nomogram of LNR or LODDS (online supplemental
figure 3). However, the DCA plot does not show advan-
tage of the nomogram (online supplemental figure 3).

DISCUSSION

The present study analysed the databases of the national
cancer registry and demonstrated that survival of patients
with node-positive CGA could be well predicted when the
traditional N staging method is substituted with an LNR
or LODDS system. This outcome was seen both in the
training and validation set. In the training set, the survival
curves clearly separated when the patient grouping was
implemented following the LNR or LODDS method,
which was not achieved by the traditional N staging
system. An adjusted model that simultaneously consid-
ered the staging, clinical and demographic features
outperformed the crude model that only considers
staging. Therefore, multiple independent survival
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Training set
(n=723)

Validating set

Groups (n=315) P value

Male
Female

596 (82.43)
127 (17.57)

261 (82.86)
54 (17.14)

0.939

<70 490 (67.77) 210 (66.67) 0.781
>70 233 (32.23) 105 (33.33)

White 628 (36.86) 268 (85.08) 0.437
Black 40 (5.53) 24 (7.62)

Others 55 (7.61) 23 (7.30)

<5cm 442 (61.13) 186 (59.05) 0.573
>5cm 281 (38.87) 129 (40.95)

-1l 279 (38.59) 119 (37.78) 0.859
=V 444 (61.41) 196 (62.22)

Tia 17 (2.35) 4 (1.27) 0.224
Tib 53 (7.33) 20 (6.35)

T2 83 (11.48) 42 (13.33)

T3 501 (69.29) 216 (68.57)

T4a 49 (6.78) 28 (8.89)

Tab 20 (2.77) 5 (1.59)

N1 332 (45.92) 147 (46.67) 0.921
N2 229 (31.67) 101 (32.06)

N3 162 (22.41) 67 (21.27)

MO 678 (93.78) 285 (90.48) 0.079
M1 45 (6.22) 30 (9.52)

Yes 532 (73.58) 243 (77.14) 0.300

No. of nodes harvest 17 (12, 25) 16 (11, 24) 0.400

Median survival (months) 28 (25, 32) 25 (21, 32) 0.361

1year 77.0 (74.0, 80.2) 76.3 (71.6, 81.2)

5years 30.3 (26.7, 34.5) 26.4 (20.9, 33.4)

CGA, cardia gastric adenocarcinoma; CSS, cancer-specific survival.

factors were incorporated in the nomogram construc-
tion, which suggested white, deeper infiltration of the
tumour, higher proportion of positive LN and metastasis

as risk factors. The nomograms performed consistently
across the l-year, 2-year and 5-year prediction of the CSS
as seen in the validation plots.
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Figure 2 Survival curves of the training and validating sets by different staging systems.

Previous studies have demonstrated the superiority of
LNR or LODDS for prognostic prediction in GC after
surgical resection.”" 77 However, the patients were
not further classified according to the primary tumour
site; this is a critical limitation since there is a significant
difference between cardia and non-cardia GC in terms
of tumour features, aetiological factors and biological
behaviours.” In the AJCC cancer staging seventh edition,
tumours involving GOJ were categorised as oesopha-
geal cancer.” This was debatable because the GC staging
system has a better ability to predict survival of a GOJ
tumour.'® ' In the latest eighth edition,QO a tumour that
has its epicentre within 2cm of the GOJ and involves
the GOJ (Siewert type I/1I) is classified as oesophageal
cancer. Other types of GCs, including a tumour with an
epicentre more than 2cm from the GOJ or a tumour
located with 2cm of the GOJ but not involving the GOJ,
are classified as GC. The superiority of the new system
was confirmed by a retrospective observational study from
two institutions in China that have a high volume of cases
of GC, regardless of the Siewert type.”' In terms of the
Siewert type II junctional adenocarcinoma, a marginal
superiority of the oesophageal cancer was found in
discriminating survival rates after 3 and 5years. However,
the advantage of the GC system lies in the division of
the N3 category into N3a and N3b. Hence, the authors
concluded that neither the oesophageal nor the stomach
staging system is accurate in predicting survival in Siewert
type II junctional cancer.”” Moreover, CGA is probably a
special entity that has different biological characteristics
compared with distinct gastric or oesophageal cancer. To
the best of our knowledge, the present study is the first
to demonstrate a superior prognostic prediction based
on LNR or LODDS in patients with node-positive CGA.

Unfortunately, we were unable to consider the Siewert
type due to a lack of information in the SEER database;
hence, further studies are necessary with a special focus
on tumour location.

LNR and LODDS have been proven to be the stron-
gest indicators of survival in gastric adenocarcinoma
when LN harvest is inadequate.'® ' It has been demon-
strated that, in general, more extensive LN resection
is associated with better survival, which might be due
to either improved N classification or a therapeutic
effect of lymphadenectomy. For oesophageal cancer,
the worldwide data show that harvesting 10 nodes for
pT1, 20 for pT2 and 30 or more for pT3/T4 is desir-
able for reaching maximum 5-year survival.*> For GC,
a higher LN harvest also shows improved survival.** It
is suggested that at least 16 nodes be evaluated patho-
logically and evaluation of more than 30 nodes is desir-
able.” Overall, it is encouraged to harvest as many
LNs as possible, balancing the extent of LN resec-
tion necessary for accurate N staging and maximum
survival without unnecessarily increasing the morbidity
caused by radical lymphadenectomy. Nevertheless,
many conditions can lead to inadequate LN harvest.
It is estimated that only one-fifth of the patients with
GC have an adequate number of LN examined in
Iran,26 while more than 15 LNs are examined in 64%
of the patients in the USA.*® The LNR and LODDS
staging methods do not require an adequate number
of LNs to be evaluated. In the present study, a low LN
yield was found to be a risk factor for poor survival in
univariate analysis; however, it was not significant in
the LNR or LODDS based multivariate model, which
indicates that LN harvest has little impact on predic-
tion of survival based on LNR or LODDS. In fact, the
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Table 2 Prognostic values of variables for patients with node positive CGA (n=1 038)

Crude model

Adjusted model

Variables HR (95% CI) C-index AlC HR (95% ClI) C-index AIC
Training set (n=723)
N stage 0.582 5403 0.632 5365
N1 1 (ref) 1 (ref)
N2 1.53 (1.24 to0 1.91) 1.42 (1.14 10 1.77)
N3 2.15 (1.70 to 2.71) 2.03 (1.60 to 2.59)
LNR 0.607 5376 0.643 5350
R1 1 (ref) 1 (ref)
R2 1.88 (1.44 to 2.44) 1.74 (1.33 to0 2.29)
R3 3.02 (2.30 to 3.97) 2.63 (1.97 to 3.50)
LODDS 0.609 5373 0.644 5346
L1 1 (ref) 1 (ref)
L2 1.93 (1.48 to 2.51) 1.80 (1.36 to0 2.37)
L3 3.13 (2.38 t0 4.13) 2.77 (2.07 to 3.70)
Validating set (n=315)
N stage 0.596 1957 0.675 1931
N1 1 (ref) 1 (ref)
N2 1.81 (1.31 to 2.51) 1.75 (1.25 to 2.46)
N3 2.18 (1.51 t0 3.15) 2.23 (1.50 to 3.30)
LNR 0.646 1927 0.691 1913
R1 1 (ref) 1 (ref)
R2 2.20 (1.47 to 3.30) 1.91 (1.26 to 2.90)
R3 4.16 (2.76 to 6.28) 3.58 (2.30 to 5.56)
LODDS 0.647 1927 0.789 1914
L1 1 (ref) 1 (ref)
L2 2.07 (1.39 to 3.09) 2.08 (1.38 to 3.14)
L3 4.22 (2.79 t0 6.39) 4.10 (2.65 to 6.34)

Adjusted model considered race, tumour size, grade, T stage and M stage.
AIC, Akaike information criterion; CGA, cardia gastric adenocarcinoma; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.

new node category method is consistent when nodal
assessment is inadequate during surgery for GC® 1*7
and for colorectal cancer,” oesophageal cancer,” oral
squamous cell carcinoma,” gallbladder cancer” and
others.

The association between LNR and survival is a prom-
ising aspect of cardia GC that is currently emerging
and might be clinically relevant. A higher ratio of
positive LN indicates a worse outcome in cardia GC.
Patients are at two to three times higher risk of cancer-
specific death if the ratio is over 33%. The ratio of
9%-33% also indicates a twofold risk. This effect is
independent of other crucial clinical characteristics;
thus, itis a useful tool for surgeons to predict the prog-
nosis. This is also evidence supporting truly radical
surgery, that is, complete lymph node resection rather
than limited resection.’ In addition, LNR minimises
the ‘stage migration’ phenomenon that occurs with
the current N staging system.”

One limitation of this study is that some important
factors associated with survival have not been consid-
ered in the model due to unavailable data. For example,
the Eastern Cooperative Oncology Group or Karnofsky
Performance Status score is commonly considered in the
survival analysis due to its remarkable relationship with
the general status and prognosis. Unfortunately, the SEER
18 database does not record the score at diagnosis; hence,
its impact is not considered in this analysis. The treat-
ment modality is also associated with clinical outcomes.
This study enrolled patients who underwent gastric resec-
tion; however, other information about chemotherapy
or radiotherapy is not available in the SEER 18 database.
A previous randomised clinical trial demonstrated that
compared with surgery alone, preoperative administra-
tion of carboplatin and paclitaxel with concurrent radio-
therapy significantly improved the overall survival among
patients with oesophageal or GOJ cancer (HR=0.657).%
The National Comprehensive Cancer Network clinical

6

Wang X-Q, et al. BMJ Open 2021;11:¢050378. doi:10.1136/bmjopen-2021-050378



0 1 2 3 4 5 6 7 8 9 10
POlntS L 1 1 1 1 1 1 1 1 1 1
Black
Race T L 1
Others White
T3-4
T.stage " !
T1-2
R2
LNR T L |
R1 R3
M1
M.stage r !
MO
Total Points - T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
1-year CSS : T T T T 1
0.9 0.8 0.7 0.6 0.5 0.4
2-year CSS T T T T T T T 1
0.8 0.7 0.6 0.5 04 03 0.2 0.1
5-year CSS T T T T T T 1
0.7 0.6 0.5 0.4 0.3 0.2 0.1
e T e 4 T T — Q T ™
2 31 ’é& a2 24 /# o @ |
1) o Y 1%} o a4 1) o xa
g2 b g M/ g2
8 o 7 8 o 7 g o 7
g J/ 3 < Y 5 < | p
s © - T © /} T ° } /l/ )
‘g ~ ‘3 ~ % ~ | 18 ” Training set
< ° < e l’?;/ < ° li/y B Validating set
e 4.7 o | .7 o |/
e 9 T T T T T e 9 T T T T T e 9 T T T T T
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10

Predicated 1-year CSS

Predicated 2-year CSS

Predicated 5-year CSS

Figure 3 Construction of nomogram based on tumour-lymph node ratio-metastasis staging system and calibration plots for

the nomogram.

practice guidelines for GOJ cancer recommend preop-
erative chemoradiation or perioperative chemotherapy
due to substantial survival benefits compared with surgery
alone.** To overcome this limitation, a database that
provides fully detailed medical records is necessary for
analysis. Moreover, the inclusion of these factors would
greatly improve the prognostic power of the survival
prediction model. Another limitation is that our results
are based on the training set and confirmed by the vali-
dation set; however, the baseline characteristics of the two
groups are similar. Hence, these results need to be vali-
dated among populations with different characteristics.
The third limitation is clinical usability. The DCA result is
proposed for assessing the potential clinical impact of risk
models for recommending treatment or intervention,
and the suggested clinical usability of the nomogram
may be poorer than that of other models. In this regard,
although this model may have some merits regarding
outcome prediction, its use for guiding clinical decisions
should be further studied.

In conclusion, staging methods based on LNR and
LODDS have better prognostic ability than the tradi-
tional N staging method in patients of CGA with regional
lymph node metastasis. Moreover, the two values are
promising substitutes for N staging in nomogram devel-
opment when other independent prognostic factors are
incorporated.
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