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Abstract

Treatment modalities in esophageal squamous cell carcinoma (ESCC) depend largely on lymph 

node metastasis (LNM) status. With sub-optimal detection sensitivity of existing imaging 

techniques, we propose a methylation signature which identifies patients with LNM with greater 

accuracy. This would allow precise stratification of high-risk patients requiring more aggressive 

treatment from low-risk ESCC patients who can forego radical surgery. An unbiased genome-wide 

methylation signature for LNM detection was established from an initial in-silico discovery phase. 

The signature was tested in independent clinical cohorts comprising 249 ESCC patients. The 

prognostic potential of the methylation signature was compared to clinical variables including 

LNM status. A 10-probe LNM associated signature (LNAS) was developed using stringent 

bioinformatics analyses. The area under the curve values for LNAS risk scores were 0.81 and 0.88 

in training and validation cohorts respectively in association with lymphatic vessel invasion and 

tumor stage. High LNAS risk-score was also associated with worse overall survival [HR (95% CI) 

3 (1.8 to 4.8), p < 0.0001 training and 3.9 (1.5 to 10.2), p = 0.001 validation cohort]. In conclusion, 

our novel methylation signature is a powerful biomarker that identifies LNM status robustly and is 

also associated with worse prognosis in ESCC patients.
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Introduction

Esophageal cancer is the eighth most common cancer with the sixth highest mortality rate 

worldwide 1, 2. Among the two major histological subtypes of esophageal cancer, 

esophageal squamous cell carcinoma (ESCC) accounts for ~80% of all patients 3. Although 

ESCC is more frequently seen in developing countries, there has been a dramatic increase in 

its incidence rates even in the western world over the past few decades, with 16,940 new 

cases and 15,690 deaths annually in United States alone 4, 5. One of the major clinical 

concerns with ESCC is the dismal overall 5-year survival rates associated with this 

malignancy in spite of advances in its management and treatment 5.

Among various clinical risk factors associated with ESCC pathogenesis, lymph node 

metastasis (LNM) remains the most significant contributor to poor prognosis; with overall 5-

year survival rates post-surgery dropping from 70–92% to 18–47% in patients with LNM 1. 

ESCC patients with LNM often reveal a more aggressive disease behavior with a higher 

tendency for loco-regional and distant recurrence, leading to worse prognosis 6. Surgical 

decision-making for performing less invasive endoscopic tumor resection over radical 

esophagectomy or determining extent of lymphadenectomy depends largely on whether the 

tumor is associated with LNM or not 7–9. Hence accurate identification of LNM status plays 

a crucial role in determining treatment strategies as well as prognostic outcomes 10, 11.

Current LNM detection strategies fall short of being a gold standard modality for multiple 

reasons. Non-invasive conventional imaging techniques have been found to be inaccurate in 

approximately 40% of patients where they are unable to detect micro-metastases, which 

often leads to under-staging and subsequent inadequate treatment 12. There have also been 

few recent reports wherein false positive cases of inflammatory lymphadenopathy were 

misdiagnosed as LNM positive [LNM(+)] by positron emission tomography/computed 

tomography (PET/CT) scans 13. In view of these clinical concerns, there is a dire need for 

development of molecular biomarkers that can facilitate LNM detection and allow clinicians 

in reaching a more informed decision-making for performing radical surgeries and 

improving patients’ quality of life.

Epigenetic alterations are recognized as key contributors to cancer initiation and progression 
14. Among these, DNA methylation is one of the most extensively studied epigenetic 

modifications, even within a clinical context, essentially because methylation changes are 

dynamic yet stable, are disease-specific, and can be quantitatively measured in clinical 

specimens without relying upon the availability of an endogenous normalization control 
15–19. There are candidate methylation markers reported in the literature that can distinguish 

normal tissues from esophageal cancers and even differentiate both histologic subtypes of 

esophageal cancers, namely squamous and adenocarcinoma 20, 21; however, such individual 

methylated genes or a signature for the identification of LNM remain limited 17, 22, 23. 

Recent studies indicate that a biomarker signature consisting of multiple targets offers 
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superior performance compared to individual candidates as it integrates the effect of 

multiple genes and accordingly improves the predictive and prognostic accuracy for a given 

disease state 24, 25. Keeping this in mind, we systematically developed and established a 

novel methylation signature with well-defined risk scores for identifying LNM (+) ESCC 

patients which offers a distinct superiority and potential clinical application.

Materials and methods

Patient cohorts and sample selection

A total of 261 ESCC patients who underwent surgical resection were included in this study 

from the Nagoya University Hospital, Japan, between February 2001 and February 2015; 

and from the National Cancer Center Hospital, Japan, between January 2004 and January 

2006. The tumor stage was evaluated according to American Joint Committee on Cancer 

(AJCC) Tumor-Node-Metastasis (TNM) grading system 7th edition26 and 

clinicopathological profiles of the patients were analyzed according to the classification of 

esophageal cancer proposed by the Japanese Society of Esophageal Diseases 27, 28. The 

LNM status was determined from histopathologic examination of resected LNs. The patient 

cohort from the Nagoya University Hospital (N = 219) were considered as the training 

cohort, while the patients from the National Cancer Center Hospital (N=42) comprised of 

the validation cohort. In the training cohort, out of 219 patients, 16 cases were treated with 

neo-adjuvant chemoradiotherapy (7.1%), 90 cases treated with neo-adjuvant chemotherapy 

(41.1%). Written informed consent was obtained from all patients and the study was 

approved by the institutional review boards of all participating institutions.

The biomarker discovery analysis

For the comprehensive biomarker discovery step, we first performed in-silico analysis on 

The Cancer Genome Atlas (TCGA) data which included normalized methylation profiling 

results (Infinium HumanMethylation450) and clinical data from esophageal cancer patients, 

which was downloaded from the UCSC Cancer Browser portal in February 2017 (https://

genome-cancer.ucsc.edu/). The methylation and clinical data was available for 186 

esophageal cancer patients from which information on 86 ESCC cases was extracted. TCGA 

dataset comprised of 34 lymph node metastasis positive (LNM (+)) and 52 lymph node 

metastasis negative (LNM (−)) patients. The normalized beta-values for methylation ranged 

from −0.5 to 0.5.

Sample preparation

DNA was extracted from fresh frozen primary tissues using AllPrep DNA/RNA/miRNA 

Universal (Qiagen, Hilden, Germany) as per manufacturer’s instructions. Following DNA 

quantification using Nanodrop system (ThermoFisher Scientific, Massachusetts, USA), 500 

ng of genomic DNA was bisulfite converted with EZ-DNA methylation Gold-Kit (Zymo, 

Irvine, CA, USA).

Bisulfite PCR and quantitative pyrosequencing

Primers for bisulfite-specific PCR (BSPCR) were designed using the PyroMark Assay 

Design Software 2.0 (Qiagen) and with amplicon size ranging from 120– 250 base pairs 

Roy et al. Page 3

Int J Cancer. Author manuscript; available in PMC 2020 July 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://genome-cancer.ucsc.edu/
https://genome-cancer.ucsc.edu/


(Supplementary Table 1. Bisulfite converted DNA was amplified by BSPCR using 

PyroMark PCR Mastermix (Qiagen). Briefly, 10ng of bisulfite converted DNA was mixed 

with the HotStarTaq Master Mix (Qiagen) and bisulfite specific primers under the following 

conditions: 95 °C for 10 min, 45 cycles of 94 °C for 30 s, 56 °C for 30 s and 72 °C for 30 s, 

and an elongation step of 72 °C for 10 min. The amplified products were run on 2% agarose 

gels to check the specificity of primers. Pyrosequencing was performed on Pyromark Q48 

Autoprep using Q48 advanced CpG Reagents (Qiagen). Concisely, 10 μl of BSPCR product 

was added to 3 μl of magnetic beads and 2 μl of 4 μM sequencing primer on the Pyromark 

Q48 discs as per manufacturer’s instructions. Output data were analyzed using PyroMark 

Q48 Autoprep Software (Qiagen), which calculates the CpG methylation value as the 

percentage (methylated cytosine/ [methylated cytosine+ unmethylated cytosine]) for each 

CpG site, allowing quantitative comparisons. Controls to assess proper bisulfite conversion 

of the DNA were included in each assay to ensure the fidelity of the measurements. Analysis 

was performed on the average methylation of all CpGs of a particular gene taken together.

Statistical analysis

Mann Whitney U test was carried out to compare methylation levels between LNM (+) and 

LNM (−) samples in TCGA dataset followed by Benjamini Hochberg’s multiple testing 

correction. Mann Whitney U test was performed in R using Wilcoxson’s signed rank test 

with (paired =FALSE) setting. A p-value of less than 0.05 was considered significant. All 

the above-mentioned analyses along with the heatmap construction were performed in R 

version 3.3.1 (Vienna, Austria). Criteria including at least 20% difference in methylation 

between two groups and at least 50% of probes in a CpG island being methylated were 

imposed to identify top methylated candidates. For both the training and validation cohorts, 

receiver operating characteristic (ROC) curves, area under the curve (AUC) and binary 

logistic regression analyses were performed using IBM SPSS version 23 (IBM, Armonk, 

NY, USA). Sensitivity, specificity, positive predictive values (PPV), negative predictive 

values (NPV), false discovery rate (FDR=1-PPV) and false omission rate (FOR=1-NPV 

were calculated using the median cut-off of the risk scores in both the cohorts. The Kaplan–

Meier method was used to analyze the correlation between methylation signature and patient 

survival, and the log-rank test for comparing survival differences between groups using the 

MedCalc Statistical Software version 16.4.3 (MedCalc Software bvba, Ostend, Belgium; 

https://www.medcalc.org; 2016). The hazard ratio of the signature as well as the other 

clinical variables was calculated with Cox proportionality hazard model. The regression 

model and median cut-off derived from the methylation signature in the training cohort was 

applied to the independent validation cohort for calculating the AUC for LNM detection. 

Univariate binary logistic regression analysis was performed on age, sex, T-stage, 

differentiation, lymphatic vessel invasion (LVI), venous invasion, and LNM status along 

with the proposed LNM associated signature (LNAS). Only the significant variables in the 

univariate model were used to perform the multivariate logistic regression analysis.
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Results

Genome wide methylation profiling for a methylation signature to detect LNM in ESCC 
patients

Eighty-six ESCC patients from in-silico TCGA dataset were analyzed in the discovery step 

to identify the most differentially methylated CpG islands between LNM (+) and LNM (−) 

patients (Figure 1A). At the outset, we selected 396,061 probes with data availability in at 

least 50% of the cases. After comparing the median normalized beta values of the LNM (+) 

and LNM (−) groups followed by multiple testing correction, 22,378 probes were found to 

be significant (Figure 1B-volcano plot). Using stringent criterion of at least 20% hyper or 

hypo methylation in LNM (+) vs. LNM (−) patients, we identified 22 hyper-methylated and 

1 hypo-methylated probe (depicted by red and blue dots respectively in Figure 1B). 

Spearman’s rank coefficient (r2) was calculated between the 23 probes for determining the 

correlation between the probes. Hyper-methylated probes belonging to the same CpG island 

positively correlated with each other (r2 >0.6; depicted by darker shades of blue, Figure 1C) 

while the hypo-methylated probe negatively correlated with the other probes (depicted in 

yellow, Figure 1C). The heatmap shows the methylation values of these 23 probes in the 

LNM (+) and LNM (−) groups were hyper-methylated in the majority of the probes in LNM 

(+) group, while there were more hypo-methylation observed in the latter group (Figure 1D). 

The details of the 23 probes are summarized in Supplementary Table 2. As differential 

methylation is not an isolated event and is observed to be present in adjacent probes of a 

CpG island as well, we selected probes that belonged to CpG islands or differentially 

methylated regions (DMRs; in case of non-CpG probe) with more than half of probes with 

more than 10% differential methylation (Supplementary Figure 1). In the end, by using these 

stringent elimination criteria, we identified a panel of 10 probes representing regions that 

were hyper-methylated in ESCC patients with LNM (+) tumors.

Training and validation of a lymph node metastasis associated signature in two 
independent ESCC patient cohorts

To further train and validate the methylation signature in independent clinical cohorts, we 

designed and established optimal pyrosequencing assays and analyzed patient specimens in 

both the training (n = 219) and validation cohorts (n = 42). The final 10-gene methylation 

signature was referred to as lymph node metastasis associated signature (LNAS) henceforth, 

for convenience and consistency (Supplementary Tables 3 & 4). A very few cases (9 in the 

training cohort and 3 in the validation cohort) had missing LNM status information; and 

hence were excluded from subsequent analysis. The LNAS score was calculated by binary 

logistic regression analysis on methylation frequency values of all the 10 probes in the 

training cohort. The coefficients of the methylation signatures derived from the training 

cohort were applied to the independent validation cohort. In other words, risk score for each 

patient, in both cohorts, was based on the methylation frequency values for the 10 probes as 

follows: 1/ {1 + EXP [-(−0.015*cg01834022 + 0.031*cg20693607 – 0.003*cg22352818 – 

0.019*cg24505892 + 0.005*cg13045134 + 0.034*cg25903779 + 0.002*cg21530266 + 

0.009*cg04008703 – 0.015*cg04618333 + 0.01*cg08151857)]}. The demographic details 

of the cohorts based on their risk scores are summarized in Table 1. On plotting the risk 

scores, 88% of LNM (+) cases had a negative score while 62% of the LNM (−) cases had a 
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positive score in in-silico dataset. Likewise, 56% of LNM (+) cases had a negative score 

while 63% of the LNM (−) cases had a positive score in the training cohort and 59% of 

LNM (+) cases had a negative score while 100% of the LNM (−) cases had a positive score 

in validation cohort (risk score distribution plots in Figures 2B, 2D and 2F). LNAS scores 

were used for ROC curve construction and an area under the curve (AUC) value of 0.68 was 

observed in the training cohort and 0.74 in the validation cohort (Figure 2C and 2E). The 

specificity of the signature in identifying LNM (+) cases was 81% in in-silico dataset, 70% 

in training cohort and 100% in validation cohort, while the sensitivity was 65% in in-silico 

and 53% in both the cohorts (Supplementary Table 5). As primary tumor size (T) and LVI 

were two important clinical variables that were associated with LNM in univariate logistic 

regression analysis in the training cohort, we combined these two factors along with the 

LNAS. This resulted in an improved AUC value of 0.81 in the training cohort and 0.88 in 

validation cohort, implying improved accuracy of the signature combined with clinical 

variables in identifying LNM in ESCC patients (Figures 2C and 2E; Supplementary Table 

6). We also compared the AUCs of the LNAS in a subset of training cohort with respect to 

T1-T2 stages and neoadjuvant therapy, and observed similar AUCs in all the three scenarios 

(Supplementary Figure 2).

Risk assessment of clinicopathological variables for LNM in ESCC patients

Association between various clinicopathological factors including LNAS with LNM risk 

was calculated by univariate and multivariate logistic regression analysis. In univariate 

analysis, venous invasion [OR (95% CI) = 1.94 (1.04 to 3.62), p = 0.04], T stage [OR (95% 

CI) = 4.58 (2.47 to 8.48), p < 0.001] and LVI [OR (95% CI) = 6.51 (3.36 to 12.58), p < 

0.001] significantly increased risk of LNM in the training cohort along with the LNAS [OR 

(95% CI) = 13.79 (4.13 to 46.04), p < 0.001] (Table 2). Even after adjustment for these 

significant variables, the LNAS remained as an independent risk factor for LNM [OR (95% 

CI) = 11.83 (3.02 to 46.40), p < 0.001] in multivariate analysis.

In the validation cohort, LVI [OR (95% CI) = 9.62 (1.04 to 88.65), p = 0.04] was the only 

significant clinical variable in univariate analysis and LNAS again remained as a significant 

risk factor for LNM [OR (95% CI) = 226 (1.44 to >1000), p = 0.034] (Table3).

Association of LNAS signature with survival in the training and validation cohorts

To determine the prognostic potential of LNAS and compare it to that of pathologically 

determined LNM status, survival analysis was performed for overall survival (OS) and 

disease-free survival (DFS). Patients in the high-risk group demonstrated shorter OS than 

those in the low-risk group in both the training and validation cohorts [HR (95% CI) 2.7 (1.7 

to 4.2), p < 0.001 in training cohort, HR (95% CI) 3.5 (0.9 to 12.9), p = 0.003 in validation 

cohort] (Figures 3A & 3B). Positive LNM status was expectedly associated with worse OS 

in both cohorts. However, while the hazard ratio was significant and markedly similar to 

LNAS in the training cohort [HR (95%CI) 2.7 (1.7 to 4.3), p = 0.003], it did not reach 

statistical significance in the validation cohort [HR (95% CI) 2.9 (1.1 to 8.05), p = 0.11; 

Figures 3C & 3D). While DFS analysis for validation cohort could not be performed due to 

unavailability of recurrence data, higher LNAS risk score was also associated with worse 
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DFS in the training cohort [HR (95% CI) 2.6 (1.6 to 4.3), p < 0.001; Supplementary Figure 

3].

In multivariate analysis with other clinicopathological factors like presence of LVI and 

higher T stages were strongly associated with worse OS in both cohorts (Figures 3E & 3F).

Functional annotation of genes in LNAS

The annotation of the 10 probes constituting LNAS showed that three of these probes were 

located in the 5’ UTR of protein coding genes (cg01834022–EVC2, cg04008703–EVX1, 

cg0461833–PRAC2) while cg08151857 was located in the first exon of HOXB8. Two 

probes were at the 3’ UTR (cg20693607–EPHB3 and cg24505892–LBX1) while two of the 

remaining probes were located near long intergenic non-coding (LINC) RNA (cg22352818–

LOC105373496 and cg21530266–LINC01391). Remaining probe cg13045134 was 

interestingly located in a gene desert marked by active H3K27Ac marks. Overall, we 

observed that three out of the ten methylated probes were associated with homeobox family 

of genes (EVX1, LBX1 and HOXB8).

Discussion

LNM is a major determinant of recurrence and prognosis in ESCC patients; hence 

identification of the LNM status is critical for deciding the course of treatment as well as 

extent of invasive surgery in this malignancy. However, in 20–40% of ESCC cases, LNM is 

misdiagnosed due to the limitations of current diagnostic methodologies 9, 12, 13, 29. This 

accentuates the need for molecular biomarkers that can detect these patients with increased 

accuracy. In this study we developed a methylation signature (lymph node metastasis 

associated signature or LNAS) that can identify lymph node metastasized cases of ESCC 

more accurately using an unbiased genome-wide discovery, followed by clinical validation 

with quantitative pyrosequencing in two independent clinical cohorts. This signature is of 

utmost clinical significance as it can help in risk stratification of patients that will directly 

impact treatment modality and patient care.

DNA methylation-based markers have emerged as clinically-relevant disease markers due to 

their stability and tissue-specificity 15–18. Previous studies have primarily focused on single 

candidates and emphasized more on their prognostic role in ESCC 30–32. Furthermore, these 

previous studies have additional shortcomings with respect to sample size analyzed and the 

inadequate representation of various stages of patients in the discovery and validation steps 
17, 22, 23. To overcome these drawbacks, in this current study, we have systematically and 

comprehensively identified and developed a methylation signature by using stringent criteria 

during the biomarker discovery phase. Considering the regional “spread” of methylation, we 

also took into account the methylation status of adjacent probes in a CpG island or DMR 

while selecting our candidates, thereby reducing the false positive hits and maximizing 

signal to noise ratio 33. The LNAS had similar AUCs when evaluated within the early tumor 

stages (T1-T2), as well as within patients who had not received neoadjuvant chemo or 

chemoradiation therapy which underscores the stability of our model. Testing the 

performance of our risk scores in two independent cohorts in combination with T stage and 

LVI status revealed a 0.13 increase in the AUC in both cohorts. This is a significant finding 
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with respect to the current treatment norms. With advancement in endoscopy, clinicians are 

now opting for endoscopic submucosal dissection (ESD) or endoscopic mucosal resection 

(EMR) methods, where they extract superficial lesions to evaluate tumor stage and assess the 

adequacy of resection 34. Our methylation signature-based risk scores can be easily 

measured from these specimens together with the determination of tumor stage and LVI 

status in the identification of LNM status more robustly. Through this study, we 

demonstrated that incorporating existing clinical variables along with our newly developed 

LNAS can enhance the detection accuracy of LNM in ESCC patients.

LNM is also the single most powerful predictor of poor prognosis in ESCC patients and it 

was interesting to find that LNAS was as strong a predictor of OS rates as pathologically 

determined LNM status, if not better. We propose that if this signature can be measured in 

the endoscopically resected/dissected specimens, clinicians can evaluate the 5-year overall 

and recurrence survival rates, as well help develop personalized treatment regimens for these 

patients.

We observed a few genes of homeobox family in our signature. LBX1 or ladybird homeobox 

1 gene has been reported to be hyper methylated in prostate and lung cancer 35, 36 and is 

known to play a role in epithelial-mesenchymal transition by regulating genes like ZEB1, 

ZEB2 and TGFB2 37. EVX1 or even skipped homeobox-1 hyper methylation is also 

associated with prostate and lung cancer progression while a recent report by Mallak et al 

demonstrated reduced expression of EVX1 to be associated with ESCC aggressiveness by 

being a target gene in BMP signaling pathway 38–40. Lastly, HOXB8 was the other 

homeobox candidate and it is not surprising as HOX A and B gene clusters are frequently 

hyper methylated and silenced in cancer types with poor prognosis 41–43.

We would like to acknowledge few of the limitations of our present study. The validation 

cohort in our study was relatively modest in size and lacked some clinical data including 

recurrence free survival information. Also, there was a difference in the proportion of lymph 

node metastasis cases (32% in a larger training cohort and 17% in the smaller validation 

cohort). Hence future prospective studies will be necessary to confirm our findings. We did 

not have access to such clinical specimens, but the true potential and clinical utility of LNAS 

should to be evaluated using endoscopic submucosal dissected or mucosal resected patient 

samples in future studies.

To conclude, in the recent times, radiation and chemotherapy have been incorporated in 

multimodal treatment but surgical resection remains a standard procedure for resectable 

esophageal cancer. In this regard, outcome of surgery is largely dependent on extent of 

lymphadenectomy. Even in early stage esophageal cancer, endoscopic tissue removal is 

appropriate only in the absence of LNM. Use of our molecular signature with selected 

clinical features can increase the accuracy of LNM detection as well as predict prognosis in 

ESCC patients that can improve overall patient treatment and outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and impact

Lymph node metastasis (LNM) is the single most significant determinant of disease 

recurrence and prognosis in esophageal squamous cell carcinoma (ESCC); however, 

currently there is a paucity of reliable molecular signatures that can identify LNM is 

ESCC patients. We developed a comprehensive methylation signature that can distinguish 

LNM cases with very high specificity in independent training and validation cohorts, 

which allows prediction of prognosis in ESCC patients.
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Figure 1: Identification of methylation signature for lymph node metastasis detection in 
esophageal squamous cell carcinoma.
A) Flowchart illustrating the in-silico discovery, training and validation steps. B) 23 

differentially methylated probes identified from TCGA data analysis. Red dots are probes 

with > 0.2 delta beta values and blue dot is the probe with < −0.2 delta beta value. C) 

Spearman correlation coefficient between the 23 CpG probes. D) Heatmap representing the 

methylation frequencies of the 23 probes in lymph node metastasis positive (LNM +) 

(N=34) and lymph node metastasis negative (LNM -) (N=52) samples.
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Figure 2: AUC and associated risk scores of LNAS signature.
A) AUC of LNAS in TCGA. B) Risk score distribution plot along with heatmap of 

signature. C) AUC of LNAS and LNAS along with clinical variables T stage (T) and 

lymphatic vessel invasion (LVI) in training cohort. D) Risk score distribution plot in training 

cohort along with heatmap of signature. E) AUC of LNAS and LNAS along with clinical 

variables T and LVI in validation cohort. F) Waterfall plot of modified risk score in 

validation cohort along with heatmap of signature. Modified risk score was obtained from 

subtracting individual risk score from median value.
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Figure 3: Kaplan Meier survival and Cox hazard ratio analysis of LNAS.
A) Kaplan Meier plot for 5 years OS (OS) associated with LNAS in training cohort. B) 

Kaplan Meier plot for 5 years OS associated with LNAS in validation cohort. C) Kaplan 

Meier plot for 5 years OS associated with lymph node metastasis in training cohort. D) 

Kaplan Meier plot for 5 years OS associated with lymph node metastasis in validation 

cohort. E) Forrest plot with hazard ratio of clinical variables and LNAS in training cohort. F) 

Forrest plot with hazard ratio of clinical variables and LNAS in validation cohort. Red bar 

indicate significantly higher hazard ratio. LVI-lymphatic vessel invasion, LNM-lymph node 

metastasis.
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Table 1:

Baseline characteristics of the training and validation sets stratified with LNAS risk-score

Training cohort (N=210) Validation cohort (N=39)

Total Low Risk High Risk p-value Total Low Risk High Risk p-value

Sex

Male 161(77) 81(77) 80(76) 0.87 35(90) 17(90) 18(90) 1

Female 49(23) 24(23) 25(24) 4(10) 2(10) 2(10)

Tumor Size

<45mm 99(47) 44(42) 55(52) 0.14 18(46) 9(47) 9(45) 0.88

≥45mm 104(50) 57(54) 47(45) 21(54) 10(53) 11(55)

Undefined 7(3) 4(4) 3(3) 0(0) 0(0) 0(0)

Differentiation

Well 22(10) 11(11) 11(11) 0.91 17(44) 6(32) 11(55) 0.65

Moderate 148(71) 76(72) 72(69) 9(23) 4(21) 5(25)

Poor 29(14) 14(13) 15(14) 0.9 13(33) 9(47) 4(20) 0.06

Undefined 11(5) 4(4) 7(7) 0(0) 0(0) 0(0)

T category

T1 44(21) 22(21) 22(21) 0.69 3(8) 3(16) 0(0) 0.27

T2 33(16) 15(14) 18(17) 3(8) 2(10) 1(5)

T3 119(57) 63(60) 56(53) 0.73 32(82) 14(74) 18(90) 0.06

T4 12(6) 4(4) 8(8) 0.3 1(2) 0(0) 1(5) 0.04

Undefined 2(1) 1(1) 1(1) 0(0) 0(0) 0(0)

Lymph Node metastasis

Absent 67(32) 42(40) 25(24) 0.19 7(18) 6(32) 1(5) 0.03

Present 143(68) 63(60) 80(76) 32(82) 13(68) 19(95)

Distant Metastasis

Present 189(90) 91(87) 98(93) 0.1 36(92) 18(95) 0(0) 0.003

Absent 21(10) 14(13) 7(7) 3(8) 1(5) 2(100)

TNM stage

Stage I 41(20) 26(25) 15(14) 0.11 4(10) 3(16) 1(5) 0.85

Stage II 45(21) 21(20) 24(23) 5(13) 4(21) 1(5)

Stage III 101(48) 43(41) 58(55) 0.02 27(69) 11(58) 16(80) 0.19

Stage IV 21(10) 14(13) 7(7) 0.8 3(8) 1(5) 2(10) 0.27

Undefined 2(1) 1(1) 1(1) 0(0) 0(0) 0(0)

Lymphatic vessel Invasion

Absent 56(27) 35(33) 21(20) 0.02 18(46) 8(42) 10(50) 0.62

Present 151(72) 68(65) 83(79) 21(54) 11(58) 10(50)

Undefined 3(1) 2(2) 1(1) 0(0) 0(0) 0(0)

Venous Invasion

Absent 128(61) 61(58) 67(64) 0.39 15(38) 9(47) 6(30) 0.26

Present 80(38) 43(41) 37(35) 24(62) 10(53) 14(70)

Undefined 2(1) 1(1) 1(1) 0(0) 0(0) 0(0)
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Table 2:

Multivariate logistic regression of clinicopathological factors and 10 gene methylation signature in the training 

cohort

Univariate Multivariate

Characteristics OR 95%CI p Value OR 95%CI p Value

Age (< 66 vs ≥ 66) 0.63 0.34–1.1 0.1

Sex (male vs female) 1.26 0.62–2.5 0.52

Pathology (well vs moderate + poor) 1.28 0.83–1.95 0.25

T stage(T1+T2 vs T3+T4) 4.58 2.47–8.48 <0.01 3.88 1.91–7.85 <0.01

Venous Invasion (present or absent) 1.94 1.04–3.62 0.04 1.04 0.48–2.26 0.91

Lymphatic Vessel Invasion(present or absent) 6.51 3.36–12.58 <0.01 3.52 1.63–7.60 0.01

LNAS (risk score < 0.67 or ≥ 0.67) 13.79 4.13–46.04 <0.01 11.83 3.02–46.40 <0.01

Bold values indicate statistically significant values
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Table 3:

Multivariate logistic regression of clinicopathological factors and 10 gene methylation signature in the 

validation cohort

Univariate Multivariate

Characteristics OR 95% CI p Value OR 95% CI p Value

Sex (male vs female) 0.62 0.05–7.03 0.7

Pathology (well vs moderate + poor) 0.67 0.11–3.99 0.65

T stage (T1+T2 vs T3+T4) 2.8 0.40–19.60 0.3

Venous invasion (present or absent) 5.5 0.90–33.34 0.06

Lymphatic vessel invasion (present or absent) 9.62 1.04–88.65 0.04 18.38 1.53–220.74 0.02

LNAS (Risk score < 0.67 or ≥ 0.67) 57.28 0.69–4692 0.07 226 1.44–35357 0.03

Bold values indicate statistically significant values
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