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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 SEER database review

Participants: A total of 1 038 patients with node positive CGA were enrolled from SEER database.
Seventy percent of the entire patients were randomly assigned to training set (N = 723) and the
rest was assigned to validating set (N = 315).

Interventions: The major endpoint was cancer specific survival (CSS). Optimal cut-off values
were determined by X-tile software. The prognostic power was evaluated using Akaike
Information Criterion (AIC) and Harrell concordance index (C-index). Cox stepwise regression
analysis was performed to construct nomogram for prediction of 1-, 2-, and 5-year CSS.

Results: The training set and validating set are similar in terms of clinical and demographic
features. The optimal cut-off values for LNR were 0.09 and 0.33, and for LODDS were -2.09 and
-0.65. CSS was significantly different by N, LNR and LODDS categories. The C-index of N stage
was lower than that of LNR or LODDS. The AIC of N stage was higher than that of LNR or
LODDS. Independent predictors included age, race, tumor grade, T stage, M stage and LNR (or
LODDS) and they were incorporated in nomograms for 1-, 2- and 5-year CSS prediction.
Calibration plots showed satisfied results of internal and external validity of the nomogram.
Conclusions: LNR and LODDS staging methods have better prognostic efficacy than traditional N
staging method in CGA patients with regional node metastasis. Besides, the two values are
promising substitute for N staging in nomogram development when other independent prognostic
factors are incorporated.

Key words: Cardia; Adenocarcinoma; Stomach Neoplasms; Lymph Node Ratio; Neoplasm
Staging
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Strengths and limitations of this study

® This study used national cancer registry data for cardia gastric adenocarcinoma research;

® Novel staging methods based on the number of positive lymph node was established for
prognostic prediction;

® Nomograms based on the new staging methods were constructed and validated;

® This study needs to be confirmed by other populations.

Patient consent form: The SEER database review is granted exemption from obtaining patients’

consents.

Word count: 2052 (excluding its abstract, acknowledgments, tables, figure legends, and

references) abstract 274 .
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Introduction

Gastric cancer (GC) generally includes 2 topographical categories: non-cardia GC that arises from
more distant sites and cardia GC that arises in gastroesophageal junction (GEJ). In contrast to
steady decline of non-cardia GC incidence, cardia GC occurs more frequently, particular in
high-income countries (1, 2). This trend is associated with obesity, gastroesophageal reflux
disease (GERD), and Barrett esophagus (2). In addition to different incidence trend,
clinicalpathological feature and long-term survival vary between the two GC subtypes (3). For
accurate prediction of survival, precise staging is required. The Tumor-Node-Metastasis (TNM)
classification 7™ edition by the American Joint Committee on Cancer (AJCC) recommends at least
15 lymph nodes (LN) collection for N staging (4, 5). However inadequate LN harvest frequently
occurs due to many conditions, thus precise staging cannot be obtained sometimes. It has been
demonstrated that LN ratio (LNR) could better estimate survival of GC patients after curative
gastrectomy, regardless of the number of LN examined (6), and may be promising for aiding
TNM staging system (7). Apart from that, log odds of positive LN (LODDS) outperformed N and
LNR staging system when predicting survival of GC patients (8-10). Therefore the traditional N
staging classification may be substituted with different methods, with even improved performance.
Nevertheless little evidence evaluates the performance of the two LN staging systems
aforementioned in cardia GC, since it has distinct clinical characteristics and epidemiology from
overall GC.

Here we use nationwide cancer registry data to appraise the prognostic value of LNR and LODDS
in patients with node positive cardia gastric adenocarcinoma (CGA), and, if possible, construct
nomogram for survival prediction based on the new LN staging system.

Methods
Selection and Description of Participants

The inclusion criteria were as follows: 1) the International Classification of Disease for Oncology,
Third Edition (ICD-O-3) for primary tumor site was C16.0 (cardia); 2) broad histological recode
was 8140-8389: adenomas and adenocarcinomas; 3) diagnostic confirmation was positive
histology; 4) surgery was performed; 5) diagnosed during 2010-2015; 6) the definite number of
regional positive nodes was clear and not zero. We excluded cases with unknown race, T stage
information, tumor size and grade. As shown in Figure 1, the final cohort enrolled 1 038 patients
with node positive CGA, of whom 857 were male and 181 were female. Three hundred and thirty
eight (32.56%) were over 70 years old. Eight hundred and ninety six (86.32%) were white, 64
were black and 78 were other races. Next 70% of the entire patients were randomly assigned to
training set (N = 723) and the rest was assigned to validating set (N = 315).

Patient and Public Involvement

This study is a data review based on SEER program, so it was granted exemption from requiring
informed consent. All procedures performed in studies involving human participants were in
accordance with the ethical standards of the Ethics Committee of the Anhui Medical College. We
used SEER*Stat (version 8.3.8) to access to Incidence - SEER Research Data, 18 Registries, Nov
2019 Sub 2000-2017 (SEER 18 database) (11) for collection of node positive CGA patients
(username: 21268-Nov2019). Patients were not involved in the recruitment to and conduct of the
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study. The findings of the study will be disseminated to all study participants by online article.
Technical Information

The main outcome was cancer specific survival (CSS), which was referred to as death specifically
due to CGA and the period between first diagnosis and death. In addition, we extracted the
following variables for analysis: sex, race, age, AJCC 7™ TNM stage information, tumor size,
grade, number of regional nodes examined and number of regional nodes positive. LNR and
LODDS were calculated as previously reported (12). 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 cutting LNR and LODDS into trichotomous variables were determined
by X-tile software (version 3.6.1) (13), which were based on the maximal log-rank chi-square
value that represented the greatest group difference of CSS probability.

Statistics

The distributions of baseline features between training set and validating set were described and
compared by chi-square test. Survival curves, median survival and CSS rates were generated using
the Kaplan-Meier method. Outcome difference between groups was analyzed by the log-rank test.
Multivariable Cox regression model was used to establish prognostic model for CSS. The
prognostic power was evaluated using Akaike Information Criterion (AIC) and Harrell
concordance index (C-index). A predictive model with lower AIC indicated better model fit, while
with higher C-index indicated better discriminative ability. A value of C-index of 0.5 indicates no
predictive power, and an index of 1.0 indicates complete differentiation. Cox stepwise regression
analysis was also performed to construct nomogram for prediction of 1-, 2-, and 5-year CSS.
Validation of nomogram was performed by internal and external calibration plots (14). Bootstraps
with 1 000 resample were used for validation activities. All statistical analyses were performed
using R software (version 3.5.3). A two-tailed P value of less than 0.05 was considered

statistically significant.
Results

Table 1 summarized the demographic and clinical feature of the participants. Six hundred and
twenty eight patients (60.50%) were diagnosed with a tumor less than Scm. Six hundred and forty
patients (61.66%) were with grade III or IV. The numbers of patients with T1, T2, T3 and T4
respectively were 94, 125, 717 and 102. The numbers of patients with N1, N2 and N3 respectively
were 488, 331 and 219. Seventy five patients (7.23%) were with distant metastasis at presentation.
The median CSS was 27 months. The 1-, 2- and 5-year CSS rates were 76.8%, 53.0% and 29.2%,
respectively. There was no statistical difference of baseline characteristics between training set

and validating set. The detailed information of the two sets was also presented in Table 1.

Table 1. Baseline information of the included patients with node positive CGA,
N(%).

Groups Training set Validating set P-value

(N = 723) (N = 315)
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Sex
Male 596 (82.43) 261 (82.86) 0.939
Female 127 (17.57) 54 (17.14)
Age
<70 490 (67.77) 210 (66.67) 0.781
>70 233 (32.23) 105 (33.33)
Race
White 628 (86.86) 268 (85.08)
Black 40 (5.53) 24 (7.62) 0.437
Others 55 (7.61) 23 (7.30)
Tumor size
<Scm 442 (61.13) 186 (59.05) 0.573
>5cm 281 (38.87) 129 (40.95)
Grade
I-I 279 (38.59) 119 (37.78) 0.850
m1-1v 444 (61.41) 196 (62.22)
T stage
T1 70 (9.68) 24 (7.62)
T2 83 (11.48) 42 (13.33)
0.600
T3 501 (69.30) 216 (68.57)
T4 69 (9.54) 33(10.48)
N stage
N1 348 (48.13) 140 (44.44)
N2 225 (31.12) 106 (33.65) 0.545
N3 150 (20.75) 69 (21.91)
M stage
MO 678 (93.78) 285 (90.48) 0.079
M1 45 (6.22) 30 (9.52)
Median survival (months) 28 (25, 32) 25 (21, 32) 0.361
CSS rate (%)
1-year 77.0 (74.0, 80.2) 76.3 (71.6, 81.2)
2-year 53.7 (50.1, 57.5) 51.4 (46.0, 57.5)
S-year 30.3(26.7,34.5)  26.4(20.9,33.4)

Abbreviation: CGA, cardia gastric adenocarcinoma; CSS, cancer-specific

survival

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 separated into low (R1), medium (R2) or
high LNR (R3) group, or low (L1), medium (L2) or high LODDS (L3) group. Next we illustrated
the survival curves of the patients according to N, LNR or LODDS staging system. As shown in
Figure 2 training set section, CSS was significantly different by all the three staging systems (all
the log-rank P values < 0.0001); however the 95% Cls of N2 and N3 survival curve initially
separated and partly overlapped afterwards. The inferior discriminative ability of N system was
further supported by AIC and C-index. As shown in Table 2, the C-index of N stage was lower
than that of LNR or LODDS. Similarly, the AIC of N stage was higher than that of LNR or
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LODDS. The prognostic value of adjusted model was better than crude mode generally. In
addition, the value of LNR system seemed to be worse than LODDS system; however the
difference was not noticeable, so we considered both of the systems into nomogram construction.

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 AIC HR (95% CI)  C-index AIC
Training set (N = 723)
N stage 0.572 5412 0.633 5379
N1 1 (ref) 1 (ref)
N2 1.44 (1.17,1.79) 1.34 (1.07, 1.66)
N3 1.98 (1.57, 2.51) 1.71 (1.34, 2.19)
LNR* 0.607 5376 0.655 5343
R1 1 (ref) 1 (ref)
R2 1.88 (1.44, 2.44) 1.83 (1.40, 2.39)
R3 3.02 (2.30, 3.97) 2.74 (2.07, 3.63)
LODDS* 0.609 5373 0.656 5339
L1 1 (ref) 1 (ref)
L2 1.93 (1.48, 2.51) 1.86 (1.42, 2.44)
L3 3.13(2.38,4.13) 2.87 (2.16, 3.81)
Validating set (N = 315)
N stage 0.603 1953 0.681 1926
N1 1 (ref) 1 (ref)
N2 1.89 (1.36, 2.63) 1.88 (1.34, 2.64)
N3 2.34(1.62, 3.38) 2.18 (1.47, 3.24)
LNR* 0.646 1927 0.702 1902
R1 1 (ref) 1 (ref)
R2 2.20(1.47,3.30) 2.14 (141, 3.23)
R3 4.16 (2.76, 6.28) 4.00 (2.59, 6.17)
LODDS* 0.647 1927 0.703 1901
L1 1 (ref) 1 (ref)
L2 2.07 (1.39, 3.09) 2.08 (1.38, 3.14)
L3 4.22(2.79, 6.39) 4.10 (2.65, 6.34)

Abbreviations: CGA, cardia gastric adenocarcinoma; HR, hazard ratio; CI, confidence
interval; AIC, Akaike information criterion; LNR, lymph node ratio; LODDS, log odds
of positive lymph nodes.

Adjusted model considered age, sex, race, tumor size, grade, T stage and M stage.

* cut-off values for LNR were 0.09 and 0.33, and for LODDS were -2.09 and -0.65.

Stepwise Cox regression analysis showed age, race, tumor grade, T stage, M stage and LNR (or
LODDS) were independent predictors, so these factors were included in nomograms. For both
LNR and LODDS, the total score was 40, and higher score suggested lower survival (Figure 3A
and 4A). Next calibration plot was used to assess the internal and external validity of the
nomogram (Figure 3B, 3C, 4B and 4C). Since the cross-spot line was generally close to the grey
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reference line, we concluded the predicted CSS was well correlated with the actual situation.
Discussion

The present study analyzes national cancer registry databases and demonstrates that survival of
patients with node-positive CGA is well predicted when the traditional N staging method is
substituted with LNR or LODDS system. This finding both exists in training and validating sets.
In training set, the survival curves separate clearly when patient grouping is implemented by LNR
or LODDS method, which is not achieved by traditional N staging system. Adjusted model that
simultaneously considers staging, clinical and demographic features outperforms crude model that
only takes staging into account. Therefore multiple independent survival factors are incorporated
in nomogram construction, which suggests older age at diagnosis, white, higher grade, greater
tumor infiltration, higher proportion of positive LN, and metastasis as risk factors. The
nomograms perform steadily in 1-, 2- and 5-year CSS prediction as the validation plots show.

Previous studies have demonstrated the superiority of LNR or LODDS for prognostic prediction
in GC after surgical resection (8-10, 15-17). However the GC patients are not further separated
and investigated according to primary tumor site, since there is much difference between cardia
and non-cardia GC in terms of tumor features, etiological factors, and biological behaviors (3). In
AJCC cancer staging 7™ edition, tumors involving EGJ was categorized as esophagus cancer (5),
which was however argued by the viewpoint that GC staging system has a better ability to predict
survival of EGJ tumor (18, 19). In the latest 8™ edition (20), a tumor that has its epicenter within 2
cm of EGJ and involves the EGJ (Siewert type I/II) is classified as esophageal cancer. Other
situation, including a tumor with epicenter more than 2 cm from EGJ or a tumor located with 2 cm
of EGJ but does not involve EGJ, is classified as stomach cancer. The superiority of the new
system is confirmed by a retrospective observational study from two high-volume institutions in
China, regardless of Siewert type (21). In terms of Siewert type Il junctional adenocarcinoma, a
marginal advantage of the esophagus cancer system is found in discriminating survival rates after
3 and 5 years, however the advantage of GC system lies in division of the N3 category into N3a
and N3b, so the authors concludes neither the esophageal nor the stomach staging system is
flawless in predicting survival in Siewert type II junctional cancer (22). Above all, CGA is
probably a special entity that has a different biological property compared with genuine gastric
and genuine esophageal cancer. To the best of our knowledge, the present study first reveals a
superior performance of prognostic prediction based on LNR or LODDS in node positive CGA
patients. Unfortunately we are unable to consider Siewert type due to unavailable information
from SEER database; therefore we encourage further studies to pay special attention on tumor

location.

LNR and LODDS have been proved to be the strongest indictors of survival in gastric
adenocarcinoma when LN harvest is inadequate (16, 17). It is demonstrated that in general, more
LN resected is associated with better survival, which may be the result of either improved N
classification or a therapeutic effect of lymphadenectomy. For esophageal cancer, worldwide data
shows that yielding 10 nodes for pT1, 20 for pT2, and 30 or more for pT3/T4 is recommended for
maximum S-year survival (23). For GC, greater LN harvest also shows improved survival (24). It
is suggested that at least 16 nodes be assessed pathologically and evaluation of more than 30
nodes is desirable (25). Overall it is encouraged to harvest as many LN as possible, balancing the
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extent of LN resection necessary for accurate N staging and maximum survival without
unnecessarily increasing the morbidity of radical lymphadenectomy. Nevertheless, many
conditions would lead to insufficient LN harvest. It is estimated that only one fifth GC patients
have sufficient LN examined in Iran (26), while more than 15 LNs are examined in 64% of
patients in the US (25). The LNR and LODDS staging methods do not require adequate number of
LN assessment. In fact, the new N category method is stable when nodal assessment is insufficient
during surgery not only for GC (8, 15-17) but also for colorectal cancer (27), esophageal cancer
(28), oral squamous cell carcinoma (29), gallbladder cancer (30), etc.

One limitation of this study is that the recruited patients were diagnosed during 2010-2015 and
staged based on TNM 7t edition that defined 3 N categories. In 8" edition, N category of GC
includes N1, N2, N3a and N3b, which improves survival prediction in patients with junctional
cancer (22). So whether LNR or LODDS based staging system outperforms TNM 8% edition
needs to be further investigated. Another limitation is that our results are based on training set and
confirmed by validating set; however the features of the two groups are similar. So this finding
needs to be proved among populations with distinct features.

In conclusion, LNR and LODDS staging methods have better prognostic efficacy than traditional
N staging method in CGA patients with regional node metastasis. Besides, the two values are
promising substitute for N staging in nomogram development when other independent prognostic
factors are incorporated.
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Ilustrations

Figure 1. Flow diagram of patient selection and grouping.

Figure 2. Survival curves of training and validating sets by different staging systems.

Figure 3. Construction and validation of nomogram based on Tumor-Lymph node ratio-Metastasis
stating system. B) Internal validation; C) External validation.

Figure 4. Construction and validation of nomogram based on Tumor-Log odds of positive lymph
node-Metastasis stating system. B) Internal validation; C) External validation.
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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 register-based retrospective cohort study.

Participants: A total of 1 038 patients with node positive CGA were enrolled from SEER database,
and randomly assigned (7:3) in training set (N = 723) or validating set (N = 315).

Interventions: The major endpoint was cancer specific survival (CSS). Optimal cut-off values
were determined by X-tile software. The prognostic power was evaluated using Akaike
Information Criterion (AIC) and Harrell concordance index (C-index). Cox stepwise regression
analysis was performed to construct nomogram for prediction of 1-, 2-, and 5-year CSS. The
prediction model was further evaluated by calibration curve, receiver operator characteristic (ROC)
curve and decision curve analysis (DCA) plot.

Results: The training set and validating set are similar in terms of clinical and demographic
features. The optimal cut-off values for LNR were 0.09 and 0.33, and for LODDS were -2.09 and
-0.65. CSS was significantly different by N, LNR and LODDS categories. The C-index of N stage
was lower than that of LNR or LODDS. The AIC of N stage was higher than that of LNR or
LODDS. Independent predictors included race, T stage, M stage and LNR (or LODDS) and they
were incorporated in nomograms for 1-, 2- and 5-year CSS prediction. Calibration plots showed
satisfied results of internal and external validity of the nomogram.

Conclusions: LNR and LODDS staging methods have better prognostic efficacy than traditional N
staging method in CGA patients with node metastasis. Besides, the two values are promising
substitute for N staging in nomogram development when other independent prognostic factors are

incorporated.

Key words: Cardia; Adenocarcinoma; Stomach Neoplasms; Lymph Node Ratio; Neoplasm
Staging
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Strengths and limitations of this study

® This study used national cancer registry data for cardia gastric adenocarcinoma research;

® Novel staging methods based on the number of positive lymph node was established for
prognostic prediction;

® Nomograms based on the new staging methods were constructed and validated;

® This study needs to be confirmed by other populations.

Patient consent form: The SEER database review is granted exemption from obtaining patients’

consents.

Word count: 3191 (excluding its abstract, acknowledgments, tables, figure legends, and

references) abstract 281.
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Introduction

Gastric cancer (GC) generally includes 2 topographical categories: non-cardia GC that arises from
more distant sites and cardia GC that arises in gastroesophageal junction (GEJ). In contrast to
steady decline of non-cardia GC incidence, cardia GC occurs more frequently, particular in
high-income countries (1, 2). This trend is associated with obesity, gastroesophageal reflux
disease (GERD), and Barrett esophagus (2). In addition to different incidence trend,
clinicalpathological feature and long-term survival vary between the two GC subtypes (3). For
accurate prediction of survival, precise staging is required. The Tumor-Node-Metastasis (TNM)
classification 7™ edition by the American Joint Committee on Cancer (AJCC) recommends at least
15 lymph nodes (LN) collection for N staging (4, 5). However inadequate LN harvest frequently
occurs due to many conditions, thus precise staging cannot be obtained sometimes. It has been
demonstrated that LN ratio (LNR) could better estimate survival of GC patients after curative
gastrectomy, regardless of the number of LN examined (6), and may be promising for aiding
TNM staging system (7). Apart from that, log odds of positive LN (LODDS) outperformed N and
LNR staging system when predicting survival of GC patients (8-10). Therefore the traditional N
staging classification may be substituted with different methods, with even improved performance.
Nevertheless little evidence evaluates the performance of the two LN staging systems
aforementioned in cardia GC, since it has distinct clinical characteristics and epidemiology from
overall GC.

Here we use nationwide cancer registry data to appraise the prognostic value of LNR and LODDS
in patients with node positive cardia gastric adenocarcinoma (CGA), and, if possible, construct
nomogram for survival prediction based on the new LN staging system.

Methods
Study design and Participants Selection

This study is a SEER register-based retrospective cohort study, which aimed to enroll patients
with node positive cardia gastric adenocarcinoma (CGA), review crucial clinical characteristics
and observe survival of this population. The source of SEER data is registered cancer cases from
various locations throughout the United States. The permission of data access was obtained by
sending application form and receiving confirmation mail with valid username (21268-Nov2019)

and password.

We used SEER*Stat (version 8.3.8) to access to Incidence - SEER Research Data, 18 Registries,
Nov 2019 Sub 2000-2017 (SEER 18 database) (11) for collection of node positive CGA patients.
The inclusion criteria were as follows: 1) the International Classification of Disease for Oncology,
Third Edition (ICD-O-3) for primary tumor site was C16.0 (cardia); 2) broad histological recode
was 8140-8389: adenomas and adenocarcinomas; 3) diagnostic confirmation was positive
histology; 4) surgery was performed; 5) diagnosed during 2010-2015; 6) the definite number of
regional positive nodes was clear and not zero. We excluded cases with unknown race, T stage
information, tumor size and grade. As shown in Figure 1, the final cohort enrolled 1 038 patients
with node positive CGA, of whom 857 were male and 181 were female. Three hundred and thirty
eight (32.56%) were over 70 years old. Eight hundred and ninety six (86.32%) were white, 64
were black and 78 were other races. Next 70% of the entire patients were randomly assigned to
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training set (N = 723) and the rest was assigned to validating set (N = 315).
Technical Information

The main outcome was cancer specific survival (CSS), which was referred to as death specifically
due to CGA and the period between first diagnosis and death. In addition, we extracted the
following variables for analysis: sex, race, age, AJCC 7™ TNM stage information, tumor size,
grade, number of regional nodes examined and number of regional nodes positive. The stage
information was further corrected according to AJCC 8™ criteria. LNR and LODDS were
calculated as previously reported (12). 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 cutting LNR and LODDS into trichotomous variables were determined
by X-tile software (version 3.6.1) (13), which were based on the maximal log-rank chi-square
value that represented the greatest group difference of CSS probability. LNR and LODDS were
cut into 3 levels because they are proposed as the alternative indicators for N stage in node
positive GC that included N1, N2 and N3.

Statistics

The distributions of baseline features between training set and validating set were described and
compared by chi-square test. Survival curves, median survival and CSS rates were generated using
the Kaplan-Meier method. Outcome difference between groups was analyzed by the log-rank test.
After testing proportional hazard assumption, multivariable Cox regression model was used to
establish prognostic model for CSS. The prognostic power was evaluated using Akaike
Information Criterion (AIC) and Harrell concordance index (C-index). A predictive model with
lower AIC indicated better model fit, while with higher C-index indicated better discriminative
ability. A value of C-index of 0.5 indicates no predictive power, and an index of 1.0 indicates
complete differentiation. Cox stepwise regression analysis was also performed to construct
nomogram for prediction of 1-, 2-, and 5-year CSS. Validation of nomogram was performed by
internal and external calibration plots (14). Bootstraps with 1 000 resample were used for
validation activities. Receiver operator characteristic (ROC) curves and areas under the ROC
curves (AUCs) were calculated to evaluate how accurately the CSS was predicted by different
models. Decision curve analysis (DCA) was performed to determine the clinical application of
different model: the proportion of true positive results minus the proportion of false positive
results, and then, the relative risks of false positive and false negative results were weighted to
obtain the net benefits of decision-making. All statistical analyses were performed using R
software (version 3.5.3). A two-tailed P value of less than 0.05 was considered statistically

significant.
Patient and Public Involvement

The development of the research question and outcome measures were not informed by patients’
priorities, experience, and preferences. The patients were involved during the retrospective review
of public database where cases were diagnosed during 2010-2015. Patients were not involved in
the recruitment to and conduct of the study. The findings of the study will be disseminated by
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online article to all study participants whose identity kept confidential during the whole research.
Ethics approval statement

The Ethics committee(s) and IRB name: the Ethics Committee of Anhui Medical College; Reason
for exemption: The observational nature of the study

Results

Table 1 summarized the demographic and clinical feature of the participants. Six hundred and
twenty eight patients (60.50%) were diagnosed with a tumor less than 5cm. Six hundred and forty
patients (61.66%) were with grade III or IV. The numbers of patients with T1, T2, T3 and T4
respectively were 94, 125, 717 and 102. The numbers of patients with N1, N2 and N3 respectively
were 479, 330 and 229. Seventy five patients (7.23%) were with distant metastasis at presentation.
The median CSS was 27 months. The 1-, 2- and 5-year CSS rates were 76.8%, 53.0% and 29.2%,
respectively. There was no statistical difference of baseline characteristics between training set
and validating set. The detailed information of the two sets was also presented in Table 1.

Table 1. Baseline information of the included patients with node positive CGA,

N(%).
Groups Training set Validating set P-value
(N =1723) (N =315)

Sex
Male 596 (82.43) 261 (82.86) 0,936
Female 127 (17.57) 54 (17.14)

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

Race
White 628 (86.86) 268 (85.08)
Black 40 (5.53) 24 (7.62) 0.437
Others 55(7.61) 23 (7.30)

Tumor size
<5cm 442 (61.13) 186 (59.05) off73
>5cm 281 (38.87) 129 (40.95)

Grade
I-1I 279 (38.59) 119 (37.78) 0.850
mI-1v 444 (61.41) 196 (62.22)

T stage
Tla 17 (2.35) 4(1.27)
T1b 53 (7.33) 20 (6.35)
T2 83 (11.48) 42 (13.33) 0.224
T3 501 (69.29) 216 (68.57)
T4a 49 (6.78) 28 (8.89)
T4b 20 (2.77) 5(1.59)

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

N3 162 (22.41) 67 (21.27)
M stage

MO 678 (93.78) 285 (90.48) 0.079

MIl 45 (6.22) 30 (9.52)
Low nodes yield

Yes 532 (73.58) 243 (77.14) 0.300

No 191 (26.42) 72 (22.86)
No. of nodes harvest 17 (12, 25) 16 (11, 24) 0.400
No. of positive nodes 3(1,6) 3(1,6) 1.000
Median survival (months) 28 (25, 32) 25 (21, 32) 0.361
CSS rate (%)

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

2-year 53.7 (50.1, 57.5) 51.4 (46.0, 57.5)

S-year 30.3(26.7,34.5)  26.4(20.9,33.4)

Abbreviation: CGA, cardia gastric adenocarcinoma; CSS, cancer-specific

survival

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 separated into low (R1), medium (R2) or
high LNR (R3) group, or low (L1), medium (L2) or high LODDS (L3) group. For model
optimization, LNR and LODDS were also categorized into trichotomous factors using cut-off
values of P,5 and P75. The discrimination ability of the model based on interquartile was lower
(Suppl. Table 1), so this model was not further analyzed. Next we illustrated the survival curves of
the patients according to N, LNR or LODDS staging system. As shown in Figure 2 training set
section, CSS was significantly different by all the three staging systems (all the log-rank P values
< 0.0001); however the 95% CIs of N2 and N3 survival curve initially separated and partly
overlapped afterwards. The inferior discriminative ability of N system was further supported by
AIC and C-index. As shown in Table 2, the C-index of N stage was lower than that of LNR or
LODDS. Similarly, the AIC of N stage was higher than that of LNR or LODDS. The clinical
characteristics with statistical significance for CSS were further incorporated in the Cox regression
model as potential confounders (Suppl. Table 2), and all the variables met proportional hazard
assumption (Suppl. Figure 1). The prognostic value of adjusted model was better than crude mode
generally. In addition, the value of LNR system seemed to be worse than LODDS system;
however the difference was not noticeable, so we considered both of the systems into nomogram

construction.

Table 2. Prognostic values of variables for patients with node positive CGA (N = 1
038).

Crude model
HR (95% CI) C-index AIC

Adjusted model
HR (95% CI)  C-index AIC

Variables

Training set (N = 723)

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

Abbreviations: CGA, cardia gastric adenocarcinoma; HR, hazard ratio; CI, confidence
interval; AIC, Akaike information criterion; LNR, lymph node ratio; LODDS, log odds
of positive lymph nodes.

Adjusted model considered race, tumor size, grade, T stage and M stage.

* cut-off values for LNR were 0.09 and 0.33, and for LODDS were -2.09 and -0.65.

Stepwise Cox regression analysis showed race, tumor grade, low nodes yield, T stage, M stage
and LNR (or LODDS) were independent predictors, so these factors were included in nomograms.
For both LNR and LODDS, the total score was 40, and higher score suggested lower survival
(Figure 3 and Suppl. Figure 2). Next calibration plot was used to assess the internal and external
validity of the nomogram (Figure 3 and Suppl. Figure 2). Since the cross-spot line was generally
close to the grey reference line, we concluded the predicted CSS was well correlated with the
actual situation. 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 (Suppl. Figure 3).
DCA plot also showed that the nomogram model was superior to traditional model (Suppl. Figure
3).

Discussion

The present study analyzes national cancer registry databases and demonstrates that survival of
patients with node-positive CGA is well predicted when the traditional N staging method is
substituted with LNR or LODDS system. This finding both exists in training and validating sets.
In training set, the survival curves separate clearly when patient grouping is implemented by LNR

or LODDS method, which is not achieved by traditional N staging system. Adjusted model that
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simultaneously considers staging, clinical and demographic features outperforms crude model that
only takes staging into account. Therefore multiple independent survival factors are incorporated
in nomogram construction, which suggests older age at diagnosis, white, higher grade, greater
tumor infiltration, higher proportion of positive LN, and metastasis as risk factors. The
nomograms perform steadily in 1-, 2- and 5-year CSS prediction as the validation plots show.

Previous studies have demonstrated the superiority of LNR or LODDS for prognostic prediction
in GC after surgical resection (8-10, 15-17). However the GC patients are not further separated
and investigated according to primary tumor site, since there is much difference between cardia
and non-cardia GC in terms of tumor features, etiological factors, and biological behaviors (3). In
AJCC cancer staging 7™ edition, tumors involving EGJ was categorized as esophagus cancer (5),
which was however argued by the viewpoint that GC staging system has a better ability to predict
survival of EGJ tumor (18, 19). In the latest 8 edition (20), a tumor that has its epicenter within 2
cm of EGJ and involves the EGJ (Siewert type I/Il) is classified as esophageal cancer. Other
situation, including a tumor with epicenter more than 2 cm from EGJ or a tumor located with 2 cm
of EGJ but does not involve EGJ, is classified as stomach cancer. The superiority of the new
system is confirmed by a retrospective observational study from two high-volume institutions in
China, regardless of Siewert type (21). In terms of Siewert type Il junctional adenocarcinoma, a
marginal advantage of the esophagus cancer system is found in discriminating survival rates after
3 and 5 years, however the advantage of GC system lies in division of the N3 category into N3a
and N3b, so the authors concludes neither the esophageal nor the stomach staging system is
flawless in predicting survival in Siewert type II junctional cancer (22). Above all, CGA is
probably a special entity that has a different biological property compared with genuine gastric
and genuine esophageal cancer. To the best of our knowledge, the present study first reveals a
superior performance of prognostic prediction based on LNR or LODDS in node positive CGA
patients. Unfortunately we are unable to consider Siewert type due to unavailable information
from SEER database; therefore we encourage further studies to pay special attention on tumor

location.

LNR and LODDS have been proved to be the strongest indictors of survival in gastric
adenocarcinoma when LN harvest is inadequate (16, 17). It is demonstrated that in general, more
LN resection is associated with better survival, which may be the result of either improved N
classification or a therapeutic effect of lymphadenectomy. For esophageal cancer, worldwide data
shows that yielding 10 nodes for pT1, 20 for pT2, and 30 or more for pT3/T4 is recommended for
maximum S-year survival (23). For GC, greater LN harvest also shows improved survival (24). It
is suggested that at least 16 nodes be assessed pathologically and evaluation of more than 30
nodes is desirable (25). Overall it is encouraged to harvest as many LN as possible, balancing the
extent of LN resection necessary for accurate N staging and maximum survival without
unnecessarily increasing the morbidity of radical lymphadenectomy. Nevertheless, many
conditions would lead to insufficient LN harvest. It is estimated that only one fifth GC patients
have sufficient LN examined in Iran (26), while more than 15 LNs are examined in 64% of
patients in the US (25). The LNR and LODDS staging methods do not require adequate number of
LN assessment. In the present study, low nodes yield is a risk factor for poor survival in univariate
analysis; however it loses significance in LNR or LODDS based multivariate model, which
indicates that it probably exerts little impact with consideration of LNR or LODDS. In fact, the
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new node category method is stable when nodal assessment is insufficient during surgery not only
for GC (8, 15-17) but also for colorectal cancer (27), esophageal cancer (28), oral squamous cell
carcinoma (29), gallbladder cancer (30), etc.

The association between LNR and survival is an exciting aspect of cardia GC that is currently
emerging and may be clinically meaningful. The higher ratio of positive LN indicates worse
outcome in cardia GC. Patients are at 2-3 folds higher risk of cancer specific death if the ratio is
over 33%. The ratio of 9-33% also indicates a double risk. This effect is independent of other
crucial clinical characteristics, thus providing a useful tool for surgeons to predict the prognosis,
and to be taken as evidence for the surgeon to tend towards truly radical, i.e., complete lymph
node clearance rather than limited clearance (31). In addition, LNR minimizes the ‘“stage

migration” phenomenon that can be observed using the current N staging system (32).

One limitation of this study is that some important factors that are associated with survival are not
considered in the model due to unavailable data source. For example, ECOG/KPS score is
commonly taken into account in survival analysis due to its remarkable relationship with general
status and prognosis. Unfortunately the SEER 18 database does not record the score at diagnosis,
so the impact of it is not considered in this analysis. Treatment mode is also associated with
clinical outcome. This study enrolled patients who received gastric resection; however other
information about chemo- or radiotherapy is not available in SEER 18 database. Randomized
clinical trial demonstrates that compared with surgery alone, preoperative administration of
carboplatin and paclitaxel with concurrent radiotherapy significantly improved overall survival
among patients with esophageal or GEJ cancer (HR = 0.657) (33). The NCCN clinical practice
guidelines for GEJ cancer recommend preoperative chemoradiation or perioperative
chemotherapy due to substantial survival benefit compared with surgery alone (34). To overcome
this limitation, a database that provides with fully detailed medical records is needed for analysis.
In addition, consideration of the potential factors aforementioned would greatly improve
prognostic power of survival prediction model. Another limitation is that our results are based on
training set and confirmed by validating set; however the features of the two groups are similar.
So this finding needs to be proved among populations with distinct features.

In conclusion, LNR and LODDS staging methods have better prognostic efficacy than traditional
N staging method in CGA patients with regional node metastasis. Besides, the two values are
promising substitute for N staging in nomogram development when other independent prognostic

factors are incorporated.
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Ilustrations

Figure 1. Flow diagram of patient selection and grouping.

Figure 2. Survival curves of training and validating sets by different staging systems.

Figure 3. Construction of nomogram based on Tumor-Lymph node ratio-Metastasis stating system
and calibration plots for the nomogram.

Suppl. Figure 1. Plots of Schoenfeld, Martingale, and Deviance residuals for proportional hazard
assumption test in models that incorporate N stage, lymph node ratio and log odds of positive
lymph nodes.

Suppl. Figure 2. Construction of nomogram based on Tumor-Log odds of positive lymph nodes
-Metastasis stating system and calibration plots for the nomogram.

Suppl. Figure 3. Receiver operator characteristic (ROC) curves and decision curve analysis (DCA)
plots for comparison of the prediction powers of the different models.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 29



Page 15 of 29 BMJ Open

1

2

3

4

5

6

7

g Inclusion criteria (N =1 255)

I e  Tumor site was cardia (C16.0)

g o Diagnosed during 2010-2015

14 . Surgery performed

12 J Histological diagnosis was adenocarcinomas

Iy e  Regional node exam was positive Excluded cases (N =217)
;g J Unknown race (n =4)

21 g Unknown T stage (n =17)
- A 4 e  Unknown tumor size (n = 164)
o Final cohort (N =1 038) e  Unknown grade (n = 67)
2

28

29

: v v

gg Training set Validating set

34 (N =1723) (N =315)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



specifie Surwivalw ~ -

S

Cance

rgpecific 8
o
3

s 0.254

—
o
o

o
N
o

O
&)
o

Training set 4= N1 == N2 =~ N3
N stage

1.00 1

0.751

Log-ran
p < 0.0001

Cancer-specific Survival
o
(o))
o

0.001

Training $81QReR1 = Ry == R3
LNR

p < 0.0001

25 50 75 100
Months

Validating set 4= N1 == N2 == N3
N stage

1.00+

Cancer-specific Survival
o
(&)
o

0.001

2'5 5'0 7'5 1 68r peer review O
Months

25 50 75
Months

Validating sét wjm R1 == R2 == R3
LNR

100

1.00 1

0.751

Cancer-specific Survival
o
(@]
o

0.001

1.00 1

Cancer-specific Survival
o
(@)]
o

0.00+

P: open.ompfom/site/a gul e;iw axhtml

Months

Training set —= | 1 == 2 £29§36029
LODDS

p < 0.0001

0 25 50 75 100
Months

Validating set wjm | | mpm |2 == L3
LODDS

0 25 50 75 100
Months



Page 17 of 29

Points S S U T T S

Race

T.stage .

oNOYTULT D WN =

LNR | : 1

11 M.stage . '

14 Total Points | L B AL BN RS BLELEL AL B AL B B L UL UL L B AL B A
15 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

17 1'year CSS T T T T T 1
18 0.9 0.8 0.7 0.6 0.5 04

20 2-year CSS T T T T T T T 1
21 0.8 0.7 0.6 0.5 04 0.3 0.2 0.1

5-year CSS T T T T T T 1
24 0.7 0.6 0.5 04 0.3 0.2 0.1

1.0
|
1.0
|
1.0

| |
Actual 5-year CSS

Actual 2-year CSS

e
00 02 04 06 08
| |
= =¥

00 0.2 04 06 08
00 0.2 04 06 08

/

.
.
.
T

/; & B Training set
i}/ B Validating set
I

;
—-
T

| T T T | T T
38 00 02 04 06 FoPBeerteiew only - hth9/brRjdperfdm|.@bn/sitBaboli@guidelinesx@l 02 04 06 08 1.0

40 Predicated 1-year CSS Predicated 2-year CSS Predicated 5-year CSS



‘schoenfeld)

Residuals (type

‘schoenfeld)

Residuals (type

‘schoenfeld)

Residuals (type

025

050

078

100

—_

BN

w

Lo U NE

00

N stage model

N stage model

N stage model

209

G 200 a0 600

) ] 5o ] o RiE ] g | = esidias
1.00 . e o . 03 100 emon
————— g ——— pomr—rrr
ors{ =" 1 . Page 180129
075 oo Bt *7° . . . .
050
050 0s
025
028 06 .
oo oo oo mesm O e o ’—-_ T ?
6 200 40 600 G 200 40 6% 0 200 a0 o0 6 200 400 600 =N
® =
Nomez | Noagers | | acowie H 8
— — - g 5
=} 4 H
06 075 0.00; - g H
W
050 025 I
03 2 8
ey 025 050 g ot
| o £ s
I 22 K
———y, 03 ——— 3 3
6 200 40 600 6 200 4d0 6% o 200 a0 o0 6 200 400 660 3 .. 4
& . .
| D ]
{rvmempremeemen 00 et 5
.,
03
oo —e—
e oo e s 06 . . X

250

500
Observation Id

1000

500 750 1000
Observation Id

LODDS stage model LODDS stage model LODDS stage model
9623 | 9G4 | g 065385 | gnr21.065 | Tesiduals Tesiduals
0,00 | SP—— 100 e /a 6 , .
1.0 ors o5 03 “.
00 050 001 =
-i I 00—
ks 028 03
——— 0
® oo s co coem e
RE L= 000 05 06
2 %0 @ e 6 o o @ 6 o ao s 6 o a0 wo
® =
TowTRUE | MstageM1 | raceBlack | raceWhite 5 8
100 5
() = - 8 5
1 e 0,00 15 o o e 5 H
075 075 g1 g
"
050 050 025 "
g g CondiL) 3
025 025 050 E] £ ettt e
ET . e — 2 2z et -
1 5 000 T 000 g e i 075 8. :
= 3 =1
S 260 4o b0 0 200 400 600 0 200 400 600 0 200 400 600 2 . dﬂ:
4 .
1 | 2] ] . . .
T e cofm e @
e — .
03
T 3..-...---—. ..
e some mame e s 06 . . .
1Q_2e o o o 4 o -4
I 200 450 600 ¢ 20 a0 [ 250 550 750 1000 [ 250 550 750 1000
Observation Id Observation Id
ZO‘IR stage model LNR stage model LNR stage model

2
2
2

100

] E)

Inr(0.33.11 |

residuals,

residuals,

100{ s e e
075
050

/_’.

/-"

D
S R
A

0

2 o 40 w0 6 20 40 o0 6 2 40 wo 6 D a0 w0
® =
e ] | | e H 3
1.00 &
03{ e— g £ §
Zr—"" I Lt 0001 = F. 3
S £ e

050 050 025 "

- g g
26 025 025 050 5 ER
b T ) E—— 2 2

0001 S 0t 0 8 ]
P oo T ET g, E|
200 400 600 0 200 400 600 0 200 400 600 0 200 400 600 2 . dﬂ:
-4
szecal )

For peer review,aonl.y - http://bmjopen.ij.cpm/site/aEout/guiderlz

400 750 1000 [] 250 750 1000

W W NN N

600 500
Observation Id Observation Id



Page 19 of 29
Points

Race

T.stage

oNOYTULT D WN =

LODDS
11 M.stage
14 Total Points
17 1-year CSS
20 2-year CSS

5-year CSS

10

Others

White

T1-2

L2

L1

L3

26 28

0.6

04

1.0

w
1

00 02 04 06 038
|

38 00 02 04

Actual 2-year CSS

1.0

00 02 04 06 038

Y4
'S

Predicated 2-year CSS

0.1

Actual 5-year CSS

1.0

00 02 04 06 038

0.1

% Training set

s

B Validating set

06For®er rbBew only - httB:@bnf@oenttn|.c88/5it@&boli@guidelines. xHi
Predicated 1-year CSS

| T I
06 08 1.0

Predicated 5-year CSS



Training set

3
(4]

_. Sengitiy -
_‘O%W\lmmgww
o

Sensitivity
o
3

— LODDS AUC=0.687
— LNR AUC=0.685
- N.stage AUC=0.667

0.00 7

4421

Training set

model == N.stage

0.25

0.50 0.75 1.00

1-Specificity

=== LNR === LODDS == All == None

0.44

o
N
.

Net Benefit

0.04

For pa&er review only - http://bmjopen.brr_wé'_.g_

0.751

0.251

Validating set
Page 20 of 29 .

. — LNR AUC=0.77
. — LODDS AUC=0.769
. — N.stage AUC=0.742

0.50 0.75 1.00

1-Specificity

0.25

Validating set

bm/site/about/guidelines.xhtml

45
46

0.25

0.50 0.75 1.0¢

Risk Threshold

0.50 075 1.00

Risk Threshold

0.00 0.25



Page 21 of 29

oNOYTULT D WN =

BMJ Open

Supplementary Table 1. Comparison of the discrimination ability of different models based on

different cutoff values.

Crude model

Adjusted model

HR (95% CI) C-index AIC HR (95% CI) C-index
LNR
Cutoff 1 0.607 5376 0.643 5350
<0.09 1 (ref) 1 (ref)
0.09~0.33 1.88 (1.44, 2.44) 1.74 (1.33, 2.29)
>0.33 3.02 (2.30,3.97) 2.63 (1.97, 3.50)
Cutoff 2 0.605 5378 0.641 5355
<0.09 1 (ref) 1 (ref)
0.09~0.40 1.97 (1.52, 2.54) 1.85(1.38, 2.54)
>0.40 3.16 (2.38,4.21) 2.72 (2.02, 3.67)
LODDS
Cutoff 1 0.609 5373 0.644 5346
<-2.09 1 (ref) 1 (ref)
-2.09~-0.65 1.93 (1.48,2.51) 1.80 (1.36, 2.37)
>-0.65 3.13 (2.38,4.13) 2.77(2.07, 3.70)
Cutoff 2 0.605 5378 0.640 5352
<-2.10 1 (ref) 1 (ref)
-2.09~-0.37  2.00 (1.54,2.59) 1.86 (1.42, 2.44)
>-0.37 3.26 (2.45,4.33) 2.83 (2.10, 3.81)

Cutoff 1 was generated by minimal p-value method via X-tile software, cutoff 2 was generated
using P25 and P75.
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Supplementary Table 2. Univariate analysis of the potential confounders.

BMJ Open

Variables HR (95% CI) P-value
Age (increased by 10ys) 1.06 (0.98 — 1.14) 0.065
Tumor size (increased by lem)  1.13 (1.06 — 1.19) <0.001
Sex

Male 1

Female 1.09 (0.89 — 1.34) 0.386
Race

Others 1

Black 1.42 (0.91 -2.21) 0.118

White 1.57 (1.13 -2.19) 0.007
Grade

Gl 1

G2-3 2.08 (1.20 — 3.60) 0.009

G4 3.08 (1.32-7.22) 0.009
T

T1-2 1

T3-4 1.70 (1.38 — 2.10) <0.001
N

N1 1

N2 1.61 (1.34 - 1.93) <0.001

N3 2.15(1.77 - 2.62) <0.001
M

MO 1

M1 2.61 (2.00 —3.39) <0.001
Low nodes yield

No 1

Yes 1.64 (1.35-1.99) <0.001
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Editor's Comments to Author (if any):

- Please revise your title so that it includes your study design. This is the preferred format for the
journal.

Response: The study design is included in the title. It is a register-based retrospective cohort
study.

- Please revise the abstract >> design section. A "database review" is not an appropriate
description of your study.

Response: This section has been revised as “a register-based retrospective cohort study”.

- Please revise the Patient and Public Involvement statement. This section should be included as a
sub-heading in the methods section of all manuscripts. It should provide a brief description of any
patient involvement in study design or conduct of the study, as well as any plans to disseminate
the results to study participants. If patients and or public were not involved please state this.

The Patient and Public Involvement statement should NOT contain details of participant
recruitment, patient consent or ethics approval. This information should be included elsewhere in
your methods section. Please see our blog for further information regarding PPI:
http://blogs.bmj.com/bmjopen/2018/03/23/new-requirements-for-patient-and-public-involvement-

statements-in-bmj-open/

Response: The PPI statement has been revised according to the information from blog.

“The development of the research question and outcome measures were not informed by patients’
priorities, experience, and preferences. The patients were involved during the retrospective review of
public database where cases were diagnosed during 2010-2015. Patients were not involved in the
recruitment to and conduct of the study. The findings of the study will be disseminated by online article
to all study participants whose identity kept confidential during the whole research.”

- Please work on improving the reporting of the methods. For example, what was the study's
design? What are the settings? More information is needed on the data source used. Was it an
anonymised dataset? What permissions were obtained? Did this study require approval from your
ethics committee? If not then please explain why not.

Response: The reporting of the methods has been revised at the beginning of the Methods section.
“This study is a SEER register-based retrospective cohort study, which aimed to enroll patients with
node positive cardia gastric adenocarcinoma (CGA), review crucial clinical characteristics and
observe survival of this population. The source of SEER data is registered cancer cases from various
locations throughout the United States. The permission of data access was obtained by sending
application form and receiving confirmation mail with valid username (21268-Nov2019) and password.
This study was granted exemption from requiring informed consent. All procedures performed in
studies involving human participants were in accordance with the ethical standards of the Ethics
Committee of the Anhui Medical College.”

- Along with your revised manuscript, please provide a completed copy of the STROBE checklist
(http://www.strobe-statement.org/).

Response: We provide a STROBE checklist and each item is linked to the line number of the

revised manuscript.
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##Reviewer: 1
Dr. Rui Zhong, Southwest Medical University

Comments to the Author:

1.The continuous factors evaluated, LNR, age, tumour size, LODDS were all categorized and then
included in the model. Categorization results in substantial loss of statistical power and reduced
interpretability. For instance, by selecting the cutoft of age at 65, the interpretation is that a 64
year old is the same as a 30 year old, but the 64 year old is different than a 65 year old. This makes
no biological sense. Further, although the authors state that the ‘best optimal cutoff” was selected
(which is a form of data dredging), it is questioned that the best optimal cutoff would result in
cutoffs as they did (i.e. age=65, tumour size=25, etc). The best option would be to leave the
continuous variables as continuous for modeling purposes.

Response: Thank you for your suggestion. According to the coding rule of SEER database, age
and tumor size are not always in numeric format (e.g. year of 85+, or tumor size of >990 mm),
nevertheless you kindly remind us that stratification by cutoff values will result in substantial loss
of statistical power. Therefore the revised manuscript transforms age and tumor size into
categorized variables that contain much more strata. Age is transformed as a variable of 9 levels,
with the lowest of 0-10 and the highest of 80+ (interval of 10 years). However univariate analysis
shows that age is not associated with survival (see Suppl. Table 1.), so it is not included in the
final model. Likewise tumor size is transformed as a variable of 6 levels, with the lowest of less
than 1cm and the highest of over Scm (interval of 1cm).

LNR and LODDS are still kept as trichotomous factors because they are used as alternative
indicators for AJCC N stage.

2.What selection process was used to select factors for inclusion in the multivariable model?
Please explain whether a single factor regression analysis was performed before the variables
entered the multivariate COX regression. In addition, please explain how this process addresses
the potential effects of confounding or collinearity.

Response: In previous manuscript, we selected factors due to clinical significance (for example,
higher stage or large tumor size indicates unfavorable outcome). Inspired by your question, we
consider both univariate model results and clinical significance in the revised manuscript, and
finally include tumor size, race, grade, T stage, M stage and low nodes yield as adjusted variables
for stepwise Cox regression model. The results of univariate analyses are listed in the
supplementary table 1. So the confounding effect is addressed by multivariable analysis that
incorporates with potential confounders.

3.Please consider augmenting the discussion of the findings concerning LNR. LNR association
with survival is an exciting aspect of cardia gastric cancer that is currently emerging and may be
clinically meaningful.

Response: Thank you for your suggestion. In the previous paper, we focused on the advantage of
LNR when LN harvest is inadequate. In the revised paper, we further discuss the clinical meaning
of LNR. We are very grateful for the comment that helps us improve this study.

4.Why did the author use the x-titile software for the cutoff value to choose the third quartile
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instead of the binary or interquartile range?

Response: We transformed LNR and LODDS into trichotomous variables and selected two cut-off
points that represented the greatest group difference of CSS probability according to the minimum
p-value method. Thus LNR was re-coded as R1, R2 and R3; LODDS was re-coded as L1, L2 and
L3, which was similar with the trichotomous AJCC N staging (N1, N2 and N3). Since only
node-positive patients were enrolled, no NO patients existed here. We address this issue in the
revised manuscript in order to make it clear and understandable for readers. Thank you for your
question.

5.As the author said whether LNR or LODDS based staging system outperforms TNM 8th edition
needs to be further investigated. We want to know whether all the stagings can be corrected to the
eighth edition based on the existing fields of the seer databases.

Response: Inspired by your suggestion, all the stagings are now corrected to the 8" edition.
Accordingly, the results have been modified. Thank you.

6.Given the importance of the Cox PH model for the development of the nomogram, it would
appropriate to include validation that the assumptions of a Cox PH model are met. Please include
plots (in the main text or a supplemental figure) of the Schoenfeld, Martingale, and Deviance
residuals.

Response: The plots for PH model validation are included in the supplementary figure 1. Plots of
Schoenfeld, Martingale, and Deviance residuals for models that incorporate N stage, LNR and
LODDS are all presented. The tests show that PH assumption is met in all models (P>0.05). Thank
you for the advice.

7.ECOG/Karnofsky performance scores not utilized. Please comment on why these were not
utilized as they serve as significant reference points for PC treatment. If possible, this would be a
great thing to include in this analysis or the analyses suggested above.

Response: Unfortunately, variables that reflect general status are not available in SEER database,
so ECOG or KPS was not utilized. We address this issue as a limitation in the Discussion Section
of the revised paper. Thank you for the comment.

“...One limitation of this study is that some important factors that are associated with survival are
not considered in the model due to unavailable data source. For example, ECOG/KPS score is
commonly taken into account in survival analysis due to its remarkable relationship with general
status and prognosis. Unfortunately the SEER 18 database does not record the score at diagnosis,
so the impact of it is not considered in this analysis...... To overcome this limitation, a database

that provides with fully detailed medical records is needed for analysis.”

8.altered cutoff values would be an essential factor to analyze during the further optimization of
this model. This needs to be further explained in the discussion.

Response: Thank you for your suggestion. In order to cut LNR and LODDS into trichotomous
factor, the previous study selected two points by using the minimal p-value method via X-tile
software. Unlike one cutoff point selection, ROC and maximally selected rank statistics cannot be
applied in two-point selection. Therefore the revised manuscript attempts to generate trichotomous
factors using P25/P75, construct regression model and compare discrimination ability with X-tile
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based cutoff values. As a result, the X-tile based values have higher power and are finally included
in further analysis. We address this issue in the revised paper and present the process in Suppl.
Table 2. Although the previous results remain, this step is very crucial for optimizing the models
and improving the study reliability. We deeply appreciate this comment.

“...For model optimization, LNR and LODDS were also categorized into trichotomous factors
using cut-off values of P25 and P75. The discrimination ability of the model based on interquartile
was lower (Suppl. Table 2), so this model was not further analyzed....”

9.Please explain why the N stages do not appear in this nomogram. For example, they do not show
significance in the multivariate COX regression?

Response: In the present study, we attempt to construct a new alternative indicator for N stage,
because the current N stage classification may not perform well in cardia gastric cancer, so we
presented the nomograms that cooperated with LNR or LODDS, other than N staging. In other
words, N stages DO appear in the nomogram, but in the form of LNR or LODDS. In addition, the
other reviewer suggested us to pick one plot to avoid confusion and unclear message; we only
show one nomogram that cooperates with LNR in the main text, and show the other plot in the
supplementary file. We hope the revision is acceptable.

10.We believe that the nomogram established by the author should be compared with traditional
models, such as ROC curve and Decision Curve Analysis.

Response: In the revised paper, ROC and DCA curve are made to compare the prognostic powers
between the new nomogram models based on LNR and LODDS and the traditional model based
on N stage. The results indicate that the new nomogram models are better. For details, please see
the supplementary figure 3. We really thank you for the suggestion that further confirms our
results.
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##Reviewer: 2
Dr. Rasa Zarnegar , Weill Cornell Medical College

Comments to the Author:
I think this is a nice paper with 2 nomograms for the determination for CGA.

I think there are some revisions that would make this paper better. The SEER DB has access to
total number of nodes analyzed and the number of positive nodes. It is important to use the current
guidelines 8th Edition for this analysis even though the data was from prior to implementation of
the 8th. The concept should still hold and validate the rigor of the study based on current
guidelines.

Response: All the 7" stagings are now corrected to the 8th edition. Thank you for your brilliant

suggestion.

2. Raw data on the patient population No of nodes harvested and total positive is required to
determine the frequency of low yield in the study design.

Response: In the revised paper, we describe the number of nodes harvested and total positive, and
the frequency of low nodes yield (please see Table 1). The frequency of low yield is also in the
multivariable model because it is associated with survival in univariate analysis (Suppl. Table 2).

3. There should be discussion and data on neoadjuvant therapy as this likely impact survival and
the number of patient that received therapy.

Response: Neoadjuvant therapy is likely to influence survival; unfortunately the database,
Incidence - SEER Research Data, 18 Registries, Nov 2019 Sub 2000-2017 (SEER 18 database),
does not provides with information about chemotherapy, therefore it is unavailable for this study.
We treat it as a limitation and discuss the impact of neoadjuvant therapy in the Discussion Section.
“...Treatment mode is also associated with clinical outcome. This study enrolled patients who
received gastric resection;, however other information about chemo- or radiotherapy is not
available in SEER 18 database. Randomized clinical trial demonstrates that compared with
surgery alone, preoperative administration of carboplatin and paclitaxel with concurrent
radiotherapy significantly improved overall survival among patients with esophageal or GEJ
cancer (HR = 0.657) (31). The NCCN clinical practice guidelines for GEJ cancer recommend
preoperative chemoradiation or perioperative chemotherapy due to substantial survival benefit
compared with surgery alone (32). To overcome this limitation, a database that provides with fully

detailed medical records is needed for analysis...."

4. 1 suggest picking one nomogram. I think its important to send a clear message and by
presenting 2 nomograms the authors are creating confusion and an unclear message. | think by
being more focused on one approach would allow for improved implementation. The authors may
want to compare whichever they select with conventional lymphadenectomy is so desired.

Response: Thanks for the advice. We pick the nomogram that incorporates with LNR because the
calculation of LNR is easier than LODDS, which is more convenient in clinical practice. The
nomogram and calibration curves based on LODDS are shown in supplementary figure 2. In
addition, for more clear presentation, we put the calibration curves of training (red) and validating
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set (blue) into one plot.
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STROBE Statement—checklist of items that should be included in reports of observational studies
All line numbers are based on the manuscript with tracked change.

Item
No

Recommendation

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or the
abstract title page

(b) Provide in the abstract an informative and balanced summary of what was done

and what was found page2

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being reported
page 4

Objectives 3

State specific objectives, including any prespecified hypotheses page 4

Methods

Study design 4

Present key elements of study design early in the paper page 4

Setting

Describe the setting, locations, and relevant dates, including periods of recruitment,

exposure, follow-up, and data collection page 4-5

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up page 4

Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls NA

Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants NA

(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed NA
Case-control study—For matched studies, give matching criteria and the number of

controls per case NA

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders, and effect

modifiers. Give diagnostic criteria, if applicable page 5

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods of
assessment (measurement). Describe comparability of assessment methods if there
is more than one grouppage 5

Bias 9

Describe any efforts to address potential sources of bias page 5

Study size 10

Explain how the study size was arrived at NA

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If applicable,

describe which groupings were chosen and why page 5-6

Statistical methods 12

(a) Describe all statistical methods, including those used to control for confounding
page 5-6

(b) Describe any methods used to examine subgroups and interactions page 4-6

(c) Explain how missing data were addressed page 4

(d) Cohort study—TIf applicable, explain how loss to follow-up was addressed NA
Case-control study—If applicable, explain how matching of cases and controls was
addressed NA

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy NA

(e) Describe any sensitivity analyses NA

Results
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Participants 13*

BMJ Open Page 30 of 29

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed page 4

(b) Give reasons for non-participation at each stage page 4

(c) Consider use of a flow diagram figure 1, page 4

Descriptive data ~ 14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and

information on exposures and potential confounders page 6

(b) Indicate number of participants with missing data for each variable of interest figure 1,
page 4

(¢) Cohort study—Summarise follow-up time (eg, average and total amount) Table 1 page
6-7

Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over time page 6
Case-control study—Report numbers in each exposure category, or summary measures of
exposure NA
Cross-sectional study—Report numbers of outcome events or summary measures NA

Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for
and why they were included table 1, page 7-9

(b) Report category boundaries when continuous variables were categorized page 7

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period NA

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity

analyses NA

Discussion

Key results 18  Summarise key results with reference to study objectives page 9

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias page 10-11

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence page 9-11

Generalisability 21

Discuss the generalisability (external validity) of the study results page 11

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based page 11

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.
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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 (SEER) 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-, 2-, 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.

KEY WORDS

Cardia; Adenocarcinoma; Stomach Neoplasms; Lymph Node Ratio; Neoplasm Staging

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 positive lymph nodes have been established
for prognostic 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.

Patient consent form: The SEER database review is granted exemption from obtaining patients’
consents.

Word count: 2962 (excluding its abstract, acknowledgments, tables, figure legends, and
references)
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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 gastroesophageal junction
(GEJ). In contrast to the steady decline in the incidence of non-cardia GC, GC of the cardia occurs
more frequently, particularly in high-income countries (1, 2). This trend is associated with obesity,
gastroesophageal reflux disease, and Barrett esophagus (2). In addition to the difference in the
incidence trend, the clinic pathological features and long-term survival vary between the two GC
subtypes (3). Precise staging is necessary for the accurate prediction of survival. The
Tumor-Node-Metastasis (TNM) classification 7t edition of the American Joint Committee on
Cancer (AJCC) recommends harvesting of at least 15 lymph nodes (LN) for N staging (4, 5).
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 gastrectomy, regardless of the number of LNs
examined (6), 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 GC (8-10). Therefore, the traditional N staging
classification might be substituted 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 epidemiology than other types of GC.

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 adenocarcinoma (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 enroll 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 United States.
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 (version 8.3.8) was used to access the Incidence-SEER Research Data, 18 Registries,
Nov 2019 Sub 2000-2017 (SEER 18 database) (11) 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 (ICD-O-3) code for the primary tumor site was C16.0 (cardia); 2) broad
histological recode was 8140-8389 adenomas and adenocarcinomas; 3) 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, tumor size, or tumor 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
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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 diagnosis and death specifically due to CGA. In addition, we extracted the following
variables for analysis: sex, race, age, AJCC 7™ TNM stage information, tumor size, tumor grade,
number of regional nodes examined, and number of regional nodes that were positive. The
information about the stage of cancer was further corrected according to the AJCC 8™ criteria.
LNR and LODDS were calculated as previously reported (12). 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 (version 3.6.1) (13), which were based on the maximal
log-rank chi-square 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 chi-square test. Survival curves, median survival, and CSS rates
were generated using Kaplan-Meier method. Outcome differences between the groups were
analyzed using log-rank test. After testing proportional hazard assumption, a multivariable Cox
regression model was used to establish a CSS prognostic model. The prognostic power was
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 stepwise regression analysis was also performed to
construct a nomogram for the prediction of 1-, 2-, and 5-year CSS. Validation of the nomogram
was performed using internal and external calibration plots (14). Bootstraps with 1000 resamples
were used for the validation activities. 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 proportion 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 analyses were performed
using R software (version 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
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asked to assess the burden of the intervention and time required to participate in the research. The
findings of the study will be disseminated online and are freely available for public.

Ethics approval statement

The Ethics Committee of Anhui Medical College exempted the requirement for ethics approval
because of the observational nature of the study.

RESULTS

Table 1 summarizes the demographic and clinical features of the participants. In all, 628 patients
(60.50%) were diagnosed with a tumor less than Scm. Six hundred and forty patients (61.66%)
were diagnosed with grade III 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 1, 2, and 5-year CSS was 76.8%, 53.0%,
and 29.2%, respectively. There was no statistical difference in the baseline characteristics between
the training and validating set. The detailed information about the two sets is also presented in

Table 1.

Table 1. Baseline information of the included patients with node positive CGA,

N(%).
Groups Training set Validating set P-value
(N =1723) (N =315)

Sex
Male 596 (82.43) 261 (82.86) 0,936
Female 127 (17.57) 54 (17.14)

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

Race
White 628 (86.86) 268 (85.08)
Black 40 (5.53) 24 (7.62) 0.437
Others 55(7.61) 23 (7.30)

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

Grade
I-I 279 (38.59) 119 (37.78) 0.850
mI-1v 444 (61.41) 196 (62.22)

T stage
Tla 17 (2.35) 4(1.27)
T1b 53 (7.33) 20 (6.35)
T2 83 (11.48) 42 (13.33) 0.224
T3 501 (69.29) 216 (68.57)
T4a 49 (6.78) 28 (8.89)
T4b 20 (2.77) 5(1.59)
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N stage
N1 332 (45.92) 147 (46.67)
N2 229 (31.67) 101 (32.06) 0.921
N3 162 (22.41) 67 (21.27)
M stage
MO 678 (93.78) 285 (90.48) 0.079
MIl 45 (6.22) 30 (9.52)
Low nodes yield
Yes 532 (73.58) 243 (77.14) 0.300
No 191 (26.42) 72 (22.86)
No. of nodes harvest 17 (12, 25) 16 (11, 24) 0.400
No. of positive nodes 3(1,6) 3(1,6) 1.000
Median survival (months) 28 (25, 32) 25 (21, 32) 0.361
CSS rate (%)
1-year 77.0 (74.0, 80.2) 76.3 (71.6, 81.2)
2-year 53.7 (50.1, 57.5) 51.4 (46.0, 57.5)
S-year 30.3(26.7,34.5)  26.4(20.9,33.4)

Abbreviation: CGA, cardia gastric adenocarcinoma; CSS, cancer-specific

survival

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 optimization, LNR and LODDS were also
categorized into trichotomous factors using the cut-off values of P,s and P;s. The discrimination
ability of the model based on the interquartiles was poor (Suppl. Table 1); hence, this model was
not analyzed 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% confidence intervals (Cls) 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 (Suppl. Table 2), and all the
variables met the proportional hazard assumption (Suppl. 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
addition, 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.

Table 2. Prognostic values of variables for patients with node positive CGA (N = 1
038).

Crude model Adjusted model
HR (95% CI)  C-index AIC HR (95% CI)  C-index AIC

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

Abbreviations: CGA, cardia gastric adenocarcinoma; HR, hazard ratio; CI, confidence
interval; AIC, Akaike information criterion; LNR, lymph node ratio; LODDS, log odds
of positive lymph nodes.

Adjusted model considered race, tumor size, grade, T stage and M stage.

Stepwise Cox regression analysis showed race, T stage, M stage, and LNR (or LODDS) were
independent predictors; hence, these factors were included in the nomograms. For both LNR and
LODDS, the total score was 40, and a higher score suggested lower survival (Figure 3 and Suppl.
Figure 2). Next, the calibration plot was used to assess the internal and external validity of the
nomogram (Figure 3 and Suppl. 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 (Suppl. Figure 3). However the
DCA plot does not show advantage of the nomogram (Suppl. Figure 3).

DISCUSSION

The present study analyzed 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
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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 considered
the staging, clinical, and demographic features, outperformed the crude model that only considers
staging. Therefore, multiple independent survival factors were incorporated in the nomogram
construction, which suggested White, deeper infiltration of the tumor, higher proportion of
positive LN, and metastasis as risk factors. The nomograms performed consistently across the 1, 2,
and 5-year prediction of the CSS as seen in the validation plots.

Previous studies have demonstrated the superiority of LNR or LODDS for prognostic prediction
in GC after surgical resection (8-10, 15-17). However, the patients were not further classified
according to the primary tumor site; this is a critical limitation since there is a significant
difference between cardia and non-cardia GC in terms of tumor features, etiological factors, and
biological behaviors (3). In the AJCC cancer staging 7% edition, tumors involving GEJ were
categorized as esophageal cancer (5). This was debatable because the GC staging system has a
better ability to predict survival of a GEJ tumor (18, 19). In the latest 8 edition (20), a tumor that
has its epicenter within 2 cm of the GEJ and involves the GEJ (Siewert type I/I1) is classified as
esophageal cancer. Other types of GCs, including a tumor with an epicenter more than 2 cm from
the GEJ or a tumor located with 2 cm of the GEJ but not involving the GEJ, 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 (21).
In terms of the Siewert type II junctional adenocarcinoma, a marginal superiority of the
esophageal cancer was found in discriminating survival rates after three and five years. 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 esophageal nor the stomach staging system is accurate in
predicting survival in Siewert type Il junctional cancer (22). Moreover, CGA is probably a special
entity that has different biological characteristics compared to distinct gastric or esophageal 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 tumor location.

LNR and LODDS have been proven to be the strongest indicators of survival in gastric
adenocarcinoma when LN harvest is inadequate (16, 17). It has been demonstrated 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 esophageal cancer, the
worldwide data shows that harvesting 10 nodes for pT1, 20 for pT2, and 30 or more for pT3/T4 is
desirable for reaching maximum 5-year survival (23). For GC, a higher LN harvest also shows
improved survival (24). It is suggested that at least 16 nodes be evaluated pathologically and
evaluation of more than 30 nodes is desirable (25). Overall, it is encouraged to harvest as many
LNs as possible; balancing the extent of LN resection 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 US (25). The LNR
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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 prediction of survival based on LNR or LODDS. In fact, the
new node category method is consistent when nodal assessment is inadequate during surgery not
only for GC (8, 15-17) but also for colorectal cancer (27), esophageal cancer (28), oral squamous
cell carcinoma (29), gallbladder cancer (30), and others.

The association between LNR and survival is a promising 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 2-3 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, it is a useful tool for surgeons to predict the prognosis. This is
also evidence supporting truly radical surgery, i.e., complete lymph node resection rather than
limited resection (31). In addition, LNR minimizes the “stage migration” phenomenon that occurs
with the current N staging system (32).

One limitation of this study is that some important factors associated with survival have not been
considered 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 treatment modality is also associated with clinical outcomes. This study enrolled
patients who underwent gastric resection; however other information about chemo- or
radiotherapy is not available in the SEER 18 database. A previous randomized clinical trial
demonstrated that compared with surgery alone, preoperative administration of carboplatin and
paclitaxel with concurrent radiotherapy significantly improved the overall survival among patients
with esophageal or GEJ cancer (HR = 0.657) (33). The National Comprehensive Cancer Network
clinical practice guidelines for GEJ cancer recommend preoperative chemoradiation or
perioperative chemotherapy due to substantial survival benefits compared with surgery alone (34).
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 validation set; however, the baseline characteristics of the two groups are
similar. Hence, these results need to be validated 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
traditional N staging method in patients of CGA with regional lymph node metastasis. Moreover,
the two values are promising substitutes for N staging in nomogram development when other
independent prognostic factors are incorporated.
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FIGURE LEGENDS

Figure 1. Flow diagram of the patient selection and grouping.

Figure 2. Survival curves of the training and validating sets by different staging systems.

Figure 3. Construction of nomogram based on Tumor-Lymph node ratio-Metastasis stating system
and calibration plots for the nomogram.
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Suppl. Figure 1.Kaplan Meier plots for proportional hazard assumption test in models that were
based on N stage, lymph node ratio, and log odds of positive lymph nodes.

Suppl. Figure 2. Construction of nomogram based on Tumor-Log odds of positive lymph nodes
-Metastasis stating system and calibration plots for the nomogram.

Suppl. Figure 3. Receiver operator characteristic curves and decision curve analysis plots for
comparison of the prediction powers of the different models.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 23



Page 15 of 23 BMJ Open

1

2

3

4

5

6

7

g Inclusion criteria (N =1 255)

I e  Tumor site was cardia (C16.0)

g o Diagnosed during 2010-2015

14 . Surgery performed

12 J Histological diagnosis was adenocarcinomas

Iy e  Regional node exam was positive Excluded cases (N =217)
;g J Unknown race (n =4)

21 g Unknown T stage (n =17)
- A 4 e  Unknown tumor size (n = 164)
o Final cohort (N =1 038) e  Unknown grade (n = 67)
2

28

29

: v v

gg Training set Validating set

34 (N =1723) (N =315)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



specifie Surwivalw ~ -

S

Cance

rgpecific 8
o
3

s 0.254

—
o
o

o
N
o

O
&)
o

Training set 4= N1 == N2 =~ N3
N stage

1.00 1

0.751

Log-ran
p < 0.0001

Cancer-specific Survival
o
(o))
o

0.001

Training $81QReR1 = Ry == R3
LNR

p < 0.0001

25 50 75 100
Months

Validating set 4= N1 == N2 == N3
N stage

1.00+

Cancer-specific Survival
o
(&)
o

0.001

2'5 5'0 7'5 1 68r peer review O
Months

25 50 75
Months

Validating sét wjm R1 == R2 == R3
LNR

100

1.00 1

0.751

Cancer-specific Survival
o
(@]
o

0.001

1.00 1

Cancer-specific Survival
o
(@)]
o

0.00+

P: open.ompfom/site/a gul e;iw axhtml

Months

Training set = | == L2 529§360f23
LODDS

p < 0.0001

0 25 50 75 100
Months

Validating set wjm | | mpm |2 == L3
LODDS

0 25 50 75 100
Months



Page 17 of 23

Points S S U T T S

Race

T.stage .

oNOYTULT D WN =

LNR | : 1

11 M.stage . '

14 Total Points | L B AL BN RS BLELEL AL B AL B B L UL UL L B AL B A
15 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

17 1'year CSS T T T T T 1
18 0.9 0.8 0.7 0.6 0.5 04

20 2-year CSS T T T T T T T 1
21 0.8 0.7 0.6 0.5 04 0.3 0.2 0.1

5-year CSS T T T T T T 1
24 0.7 0.6 0.5 04 0.3 0.2 0.1

1.0
|
1.0
|
1.0

| |
Actual 5-year CSS

Actual 2-year CSS

e
00 02 04 06 08
| |
= =¥

00 0.2 04 06 08
00 0.2 04 06 08

/

.
.
.
T

/; & B Training set
i}/ B Validating set
I

;
—-
T

| T T T | T T
38 00 02 04 06 FoPBeerteiew only - hth9/brRjdperfdm|.@bn/sitBaboli@guidelinesx@l 02 04 06 08 1.0

40 Predicated 1-year CSS Predicated 2-year CSS Predicated 5-year CSS



Strata = {=T1-2 === {=T3-4

Strata = Nstage")’:'\erlomhn Nstage=N2 =— Nstage=I

Strata = Mstage=MQ =— Ms?;?@&]l@lffz'?’

© © ©
= = =
£ 1.001 2 1.001 2 1.001
& @ @
b 0.751 © 0757 © 0757
'é 0.50- 'S 0.501 'S 0.501
o o
T 0.25 T 0.25- T 0.25-
(] (]
& 0.001, . . . _ 20.001, . . . _ 20.001, . . : .
0 25 50 75 100 § 25 50 75 100 § 0 25 50 75 100
12 Months Months Months
13
14
_15trata == |nr=[0.0102,0.09] == Inr=(0.09,0.33] == Inr= Strata == IgInr=[-4.17,-2.1]==IgInr=(-2.1,-0.65F=IgInr=(: _ Strata == low=FALSE =— low=TRUE
6 -~ ®
) = =
%1.00- 2 1.001 2 1.001
) )
79 0.75- D 0.75- D 0.75-
x| = =
$ 0.501 S 0.501 S 0.501
o o
20.25- T 0.25- T 0.25-
(] (]
£ 0.001, . . . _ 20.001, . . . _ 20.001, . . . .
gg 0 25 50 75 100 § 25 50 75 100 § 0 25 50 75 100
29 Months Months Months
30
31 Strata == race=0Others == race=Black == race=Wt! Strata == g=G1 =— g=G2-3 = g=G4 Strat == sjzecat=0 == sizecat=2 == sizecat=4
i rata
§ C>U T = sizecat=1 == sizecat=3 == sizecat=5
> 1.00 'S 1.00 2
S S bt 1.00-
‘ﬁ; 0.751 D 0.751 A
= = o 0.754
$0.50- S 0.50- =
;% 1 S 0.50-
o
4_1 0.251 % 0.251 | (In 0.251
% 0.001, y y y rpeé rg\'/Pe?v-o o8 open.bmFom/sie/a guider xhté 0.001, y y y T
@ 0 25 50 75 100" 100™S 0 25 50 75 100
> Months Months O Months

46



Page 19 of 23
Points

Race

T.stage

oNOYTULT D WN =

LODDS
11 M.stage
14 Total Points
17 1-year CSS
20 2-year CSS

5-year CSS

10

Others

White

T1-2

L2

L1

L3

26 28

0.6

04

1.0

w
1

00 02 04 06 038
|

38 00 02 04

Actual 2-year CSS

1.0

00 02 04 06 038

Y4
'S

Predicated 2-year CSS

0.1

Actual 5-year CSS

1.0

00 02 04 06 038

0.1

% Training set

s

B Validating set

06For®er rbBew only - httB:@bnf@oenttn|.c88/5it@&boli@guidelines. xHi
Predicated 1-year CSS

| T I
06 08 1.0

Predicated 5-year CSS



Training set

3
(4]

_. Sengitiy -
_‘O%W\lmmgww
o

Sensitivity
o
3

— LODDS AUC=0.687
— LNR AUC=0.685
- N.stage AUC=0.667

0.00 7

4421

Training set

model == N.stage

0.25

0.50 0.75 1.00

1-Specificity

=== LNR === LODDS == All == None

0.44

o
N
.

Net Benefit

0.04

For pa&er review only - http://bmjopen.brr_wé'_.g_

0.751

0.251

Validating set
Page 20 of 23 .

. — LNR AUC=0.77
. — LODDS AUC=0.769
. — N.stage AUC=0.742

0.50 0.75 1.00

1-Specificity

0.25

Validating set

bm/site/about/guidelines.xhtml

45
46

0.25

0.50 0.75 1.0¢

Risk Threshold

0.50 075 1.00

Risk Threshold

0.00 0.25



Page 21 of 23

oNOYTULT D WN =

BMJ Open

Supplementary Table 1. Comparison of the discrimination ability of different models based on

different cutoff values.

Crude model

Adjusted model

HR (95% CI) C-index AIC HR (95% CI) C-index
LNR
Cutoff 1 0.607 5376 0.643 5350
<0.09 1 (ref) 1 (ref)
0.09~0.33 1.88 (1.44, 2.44) 1.74 (1.33, 2.29)
>0.33 3.02 (2.30,3.97) 2.63 (1.97, 3.50)
Cutoff 2 0.605 5378 0.641 5355
<0.09 1 (ref) 1 (ref)
0.09~0.40 1.97 (1.52, 2.54) 1.85(1.38, 2.54)
>0.40 3.16 (2.38,4.21) 2.72 (2.02, 3.67)
LODDS
Cutoff 1 0.609 5373 0.644 5346
<-2.09 1 (ref) 1 (ref)
-2.09~-0.65 1.93 (1.48,2.51) 1.80 (1.36, 2.37)
>-0.65 3.13 (2.38,4.13) 2.77(2.07, 3.70)
Cutoff 2 0.605 5378 0.640 5352
<-2.10 1 (ref) 1 (ref)
-2.09~-0.37  2.00 (1.54,2.59) 1.86 (1.42, 2.44)
>-0.37 3.26 (2.45,4.33) 2.83 (2.10, 3.81)

Cutoff 1 was generated by minimal p-value method via X-tile software, cutoff 2 was generated
using P25 and P75.
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Variables HR (95% CI) P-value
Age (increased by 10ys) 1.06 (0.98 — 1.14) 0.065
Tumor size (increased by lem)  1.13 (1.06 — 1.19) <0.001
Sex

Male 1

Female 1.09 (0.89 — 1.34) 0.386
Race

Others 1

Black 1.42 (0.91 -2.21) 0.118

White 1.57 (1.13 -2.19) 0.007
Grade

Gl 1

G2-3 2.08 (1.20 — 3.60) 0.009

G4 3.08 (1.32-7.22) 0.009
T

T1-2 1

T3-4 1.70 (1.38 — 2.10) <0.001
N

N1 1

N2 1.61 (1.34 - 1.93) <0.001

N3 2.15(1.77 - 2.62) <0.001
M

MO 1

M1 2.61 (2.00 —3.39) <0.001
Low nodes yield

No 1

Yes 1.64 (1.35-1.99) <0.001
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the
abstract title page
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found page2

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
page 3

Objectives 3 State specific objectives, including any prespecified hypotheses page3

Methods

Study design 4 Present key elements of study design early in the paper page 3

Setting Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection page 3-4

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up page 4
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls NA
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants NA
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed NA
Case-control study—For matched studies, give matching criteria and the number of
controls per case NA

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable page 4

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group page 3-4

Bias 9 Describe any efforts to address potential sources of bias page 4

Study size 10 Explain how the study size was arrived at NA

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why page 4

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
page 4
(b) Describe any methods used to examine subgroups and interactions page 4
(c) Explain how missing data were addressed page 4
(d) Cohort study—If applicable, explain how loss to follow-up was addressed NA
Case-control study—If applicable, explain how matching of cases and controls was
addressed NA
Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy NA
(e) Describe any sensitivity analyses NA

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
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examined for eligibility, confirmed eligible, included in the study, completing follow-up, and

analysed page 5

(b) Give reasons for non-participation at each stage page 5

(c) Consider use of a flow diagram figure 1, page 3

Descriptive data

14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and

information on exposures and potential confounders page 5-6

(b) Indicate number of participants with missing data for each variable of interest figure 1,

page 3

(c) Cohort study—Summarise follow-up time (eg, average and total amount) Table 1 page
5-6

Outcome data

15%

Cohort study—Report numbers of outcome events or summary measures over time page 5

Case-control study—Report numbers in each exposure category, or summary measures of

exposure NA

Cross-sectional study—Report numbers of outcome events or summary measures NA

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for

and why they were included table 1, page 5-6

(b) Report category boundaries when continuous variables were categorized page 6

(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period NA

Other analyses

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity

analyses NA

Discussion

Key results

18

Summarise key results with reference to study objectives page 7-8

Limitations

19

Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias page 9

Interpretation

20

Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence page 8-9

Generalisability

21

Discuss the generalisability (external validity) of the study results page 9

Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based page 10

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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