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survival outcomes between the two entities, the
newest tumor—node—metastasis (TNM) staging
system proposed by the American Joint Committee
on Cancer (AJCC) introduced a separate stage
grouping system for ESCC and esophageal adeno-
carcinoma.* Currently, although combined-
modality therapy with curative intent has been
recommended for ESCC patients, the 5-year sur-
vival outcome remains at 30-40% for patients
with local disease.> The presence of regional
lymph node (ILN) metastases is occurs in at least
40% of ESCC patients at initial treatment and is
an important prognostic factor.5%’

To avoid stage migration, it is important to
examine a sufficient number of LNs and evaluate
their malignant involvement. However, the larg-
est data analysis evaluating esophagectomy
patients found that nearly 40% of patients did
not receive adequate LN examinations.” Given
these circumstances, novel measures of LN sta-
tus that can be integrated with the number of
retrieved LLNs are warranted. In addition to the
traditional positive LN (pN)-stage classification,
two other algorithms, namely, the lymph node
ratio (LNR) and the log odds of positive lymph
nodes (LODDS) have been developed. LNR,
which is defined as the ratio of pN to the total
number of LNs examined (TLN), has been sug-
gested to have greater prognostic value than pN
stage for EC patients.® LODDS is calculated as
the log of the ratio of pN to the number of nega-
tive LNs. The effectiveness of the LODDS in
predicting the survival outcomes of patients with
several malignancies has been demonstrated.®-1!
However, the prognostic effectiveness of LODDS
in ESCC patients is still unclear and has not been
evaluated in a large, real-world data set.
Moreover, the most feasible staging algorithm for
predicting the prognosis of ESCC remains
undetermined.!?

The primary aim of this study was to compare the
prognostic ability of the three aforementioned LN
algorithms for ESCC patients who underwent
surgical resection using data from a Chinese mul-
ticenter cohort. We then validated our findings
externally in the Surveillance, Epidemiology, and
End Results (SEER) data set. Our secondary aim
was to build the optimal LN algorithm-based
nomograms, in which we further combined the
T-stage with the optimal LN classification to pro-
pose a novel staging system for predicting survival
in ESCC patients.

Methods

Patients

A multi-institutional Chinese cohort consisting
of 3902 ESCC patients who received treatment
between January 2003 and December 2013 at 10
institutions in People’s Republic of China (The
Second Affiliated Hospital of Soochow University,
Suzhou; The First Affiliated Hospital of Soochow
University, Suzhou; Zhongda Hospital Southeast
University, Nanjing; Fudan University Shanghai
Cancer Center, Shanghai; Shanghai Chest
Hospital of Shanghai Jiaotong University School
of Medicine, Shanghai; Shanghai Pulmonary
Hospital, Shanghai; Suzhou Kowloon Hospital
of Shanghai Jiaotong University School of
Medicine, Suzhou; Taicang Affiliated Hospital
of Soochow University, the First People’s
Hospital of Taicang, Taicang; Zhangjiagang
Hospital Affiliated to Suzhou University,
Zhangjiagang First People ‘s Hospital,
Zhangjiagang; and the Affiliated Hai’an Hospital
of Nantong University, Hai’an) was established.
Prior to surgery, all patients received computed
tomography (CT) of the chest and abdomen and
EUS (endoscopic ultrasound) as part of their
routine staging workup. Patients received whole
body fluorodeoxyglucose-positron emission
tomography (FDG-PET) to eliminate the possi-
bility of distant metastases if the attending physi-
cian considered it was necessary. All patients
received a surgical RO resection, and those who
received an R1 or R2 resection were excluded.
Notably, there has been nothing approaching a
consensus on the extent of LN dissection for
ESCC patients. As previous studies focused on
the LN schemes,%13:14 patients who received neo-
adjuvant therapy were excluded due to the influ-
ence of neoadjuvant therapy on LN status and
pathologic T-stage. All resected tumors and LNs
were carefully reviewed by pathologists special-
izing in gastrointestinal histology. Eligible ESCC
patients were then restaged according to the 8th
edition of the AJCC TNM staging system. Data
regarding age, gender, tumor location, histologi-
cal grade, type of resection, T-stage, N-stage,
total number of retrieved LNs, number of posi-
tive LN, status of vascular invasion, and peri-
neural involvement were extracted. The primary
endpoints were overall survival (OS), which was
defined as the time between date of surgery and
death from any cause, and cancer-specific sur-
vival (CSS), defined as the time from date of sur-
gery to death caused by ESCC. CSS with a
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competing risk of death from non-CSS causes
was defined as the secondary endpoint. After
receiving esophagectomy, patients were followed
up by clinical examination every 3 months for the
first year, every 3—6 months for the second year,
and every 6—12 months from then on. A cutoff
date of December 30, 2018, was selected to
ensure a 5-year postoperative follow-up time.
ESCC patients with a survival time shorter than
3 months were excluded to rule out a contribu-
tion of postoperative complications to mortality.

In order to validate the findings derived from the
multicenter cohort, an independent cohort com-
posed of 2465 ESCC patients was obtained from
the SEER database using the software SEER*
Stat, version 3.5.15 The eligibility criteria including
(1) primary tumor located in the esophagus and
diagnosed between 1988 and 2013; (2) age older
than 18 years; (3) primary tumor surgery and no
neoadjuvant radiotherapy; (4) histologically con-
firmed ESCC (see Supplementary Information);
(5) at least one LN examined; (6) survival time of
at least 3 months. All patients were required to
have sufficient information for restaging according
to the 8th edition of the TNM staging system.

Definitions of LN-based staging algorithms

All eligible ESCC patients were classified accord-
ing to their AJCC 8th edition N stages (8th pN
stages), LINR stages and LODDS stages.
According to the 8th edition of AJCC TNM stag-
ing, pNO was defined as no regional LN metasta-
sis, pN1 was defined as metastasis in one to two
regional LLNs, pN2 was defined as metastasis in
three to six regional LNs and pN3 was defined as
metastasis in seven or more regional LNs. LNR
was defined as the ratio of the number of positive
LNs (pLN) to the total number of LNs examined
(TLN). Using recursive partitioning analysis,!%17
LNR was divided into four categories: LNRO
(LNR=0), LNRl (0<LNR=0.11), LNR2
(0.11<INR=<0.19), and ILNR3 (0.19<LNR=<1).
LODDS was calculated as log(pLN +0.5)/
(TLN - pLN +0.5), where 0.5 was added to both
the numerator and the denominator to avoid sin-
gularity.® Similarly, a four-subgroup LODDS
stage was measured using the following thresh-
olds by recursive partitioning analysis: LODDSI1
(LODDS <=-1.43),LODDS2(-1.43 <LODDS =<
-1.04), LODDS3 (-1.04 <LODDS=<-0.58), and
LODDS4 (LODDS >-0.58).

Proposal of novel TN, ypps classification

According to the depth of tumor invasion/LN sta-
tus by combing 5 T categories (1a/1b/2/3/4a) and
4 N;opps categories (1/2/3/4), ESCC patients
were initially divided into 20 groups, from
T1aN; oppsi> T1aN;oppss --- to T4aN; gppss- By
combining with T and N g after adjusting for
significant clinicopathological factors in the mul-
tivariable Cox analysis, adjusted HRs (AHRs)
were calculated and integrated into three groups
using the k-means clustering analysis.

Statistical analysis

Spearman coefficients were used to evaluate the
correlation of three LN algorithms. The log-rank
test and Kaplan—Meier survival curves were
employed to compare OS and CSS between dif-
ferent subgroups. For the competing-risk model,
death from ESCC and death from other causes
were two competing events. The cumulative inci-
dence function (CIF) was used to describe the
probability of death.!® To evaluate the relation-
ship between three LN staging algorithms and
ESCC survival, the univariate Cox regression
model with a restricted cubic spline function was
used. We investigated the prognostic performance
of the LN staging algorithms using time-depend-
ent receiver operating characteristic (tdROC)
curve analyses. For OS analysis, multivariable
Cox regression analyses were applied to assess the
prognostic ability of the LN staging algorithms as
well as other prognostic factors. For the compet-
ing-risk model analysis, the proportional subdis-
tribution hazards regression method was used. To
assess the performance of the OS model, we cal-
culated R2, Harrell’s concordance index (C-index),
and the likelihood ratio chi-square score. A higher
R? indicated a better prognostic model;!° a higher
likelihood ratio chi-square score indicated better
homogeneity; a high C-index indicated better dis-
criminatory ability.20 The prognostic variables
identified by the multivariate analyses were used
to develop nomograms to predict OS and cancer-
specific mortality.?2! A calibration plot described
the fitting degree between the actual survival and
the nomogram predicting survival. The clinical
utility of the nomograms was assessed by decision
curve analysis (DCA). A two-sided p value <0.05
was considered statistically significant. Statistical
analyses were conducted with R software version
3.5.2 (Institute for Statistics and Mathematics,
Vienna, Austria; https://www.r-project.org/).
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Results

Clinicopathological characteristics

As shown in Table 1, this study included a total of
3902 ESCC patients from the Chinese multi-
center cohort as well as another 2465 patients
from the SEER database. ESCC patients tended
to be male, to have tumor located in the middle
third of the esophagus and to be diagnosed with
high histological grades. In the multicenter
cohort, a median of 23 TLN was identified, while
the number was 10 TLN in the SEER database.
More than half of ESCC patients were in pNO
stage (multicenter cohort vs SEER data set:
56.8% and 57.1%).

Characteristics of three LN staging algorithms
Supplementary Figure S1 demonstrates the rela-
tionships between LNR and LODDS, between
pN and LODDS and between pN and LNR. The
Spearman rank test showed a stronger correlation
between ILNR and LODDS than between
LODDS and pN (r: 0.876 wvs 0.768). The
restricted cubic spline analyses suggested the risk
of mortality increased as scores from the three LN
staging algorithms rose, and the associations were
nonlinear (Supplementary Figure S2A-C).
Interestingly, for ESCC patients with pNO stage,
the mortality risk also increased as LODDS
increased (Supplementary Figure S2D).

Prognostic abilities of three LN

staging algorithms

According to the results of the tdROC analyses,
LODDS showed better discriminatory capacity
than pN or LNR, not only for OS but also for
CSS (see Supplementary Figure S3A-F and
Supplementary Table S1). When we compared
the AUC (area under curve) values of the three
LN staging algorithms in the competing-risk
model considering a competing risk of death due
to non-ESCC cause, LODDS had higher 1-, 3-
and 5-year AUCs than either of the other algo-
rithms (5-year AUC: LODDS wvs pN wos LNR,
69.92%, 67.39%, and 63.43%, respectively)
(Supplementary Figure S3G-I and Supplementary
Table S1). Kaplan—Meier analyses showed that
patients stratified by LODDS (p<<0.001), LNR
classifications (p<<0.001), and pN classification
(p<0.001) could discriminate OS rates effec-
tively (Supplementary Figure S4A-C and
Supplementary Table S2). Similar results were
noted when CSS was used as the outcome

(Supplementary Figure S4D-F and Supplementary
Table S2). Moreover, the CIF for cancer-specific
mortality suggested that patients with advanced
LNR and LODDS stages had an increased risk of
death (Figure 1).

In the SEER database, stratification by LODDS
classification showed good discriminatory ability
in predicting OS (Supplementary Figure S5A—
C), and the results were similar for CSS
(Supplementary Figure S5D-F) and cumulative
ESCC death probability (Supplementary Figure
S6). The 5-year OS and CSS rates for ESCC
patients in the SEER database when stratified by
the three LN staging schemes are displayed in
Supplementary Table S2.

Selecting potential variables

In the multivariate analysis of OS in the multi-
center cohort, after adjustment for clinicopatho-
logical variables including age, gender, tumor
location, histological grade and T stage, we iden-
tified LODDS, LNR, and pN classification as
independent factors (Table 2). Next, we per-
formed the likelihood ratio test and calculated the
C-index and R? of three LN classifications. The
results suggested that among three classifications,
the LODDS classification had the greatest R?
(0.136), likelihood ratio (569.8), and C-index
(0.636, 95% CI: 0.624-0.648). Thus, we found
that the LODDS classification offered the most
accurate prognostic stratification (as measured by
R? and by the C-index) and the best homogeneity
(as measured by the likelihood ratio test). The
results of multivariate analysis for the competing
risk model are provided in Table 2, which also
shows that the LODDS, LNR, and pN classifica-
tions were significantly associated with cancer-
specific mortality in patients with ESCC. Relative
to those with lower stages, patients with higher
stages had a substantially increased risk of cancer-
specific mortality (Table 2). The discrimination
performance of the three cancer-specific mortal-
ity models also suggested that the LODDS classi-
fication-based model (C-index: 0.622, 95% CI:
0.569-0.680) had the best discriminatory ability.

Development and validation of the

prognostic nomograms

Since the LODDS classification outperformed
the other two classifications for both OS and
cumulative ESCC death probability, we con-
structed two nomograms integrating the LODDS
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Table 1. Clinicopathological characteristics of patients with esophageal squamous cell carcinoma in the
multicenter cohort and SEER database.

Variables Multicenter cohort SEER database
n=3902 n=2465
Age (mean (SD)) 60.14 (7.77) 63.91(10.01)
Sex (%) Female 731 (18.7) 916 (37.2)
Male 3179 (81.3) 1549 (62.8)
Ethnicity (%) African NR 488 (19.8)
Others NR 289 (11.7)
Caucasian NR 1688 (68.5)
Marital status (%) No NR 974 (39.5)
Yes NR 1409 (57.2)
CHSDA region (%) Alaska NR 5(0.2)
East NR 883 (35.8)
Northern Plains NR 334 (13.5)
Pacific Coast NR 1175 (47.7)
Southwest NR 68 (2.8)
Tumor location (%) Lower 1544 (39.6) 1035 (42.0)
Middle 2038 (52.2) 1182 (48.0)
Upper 320(8.2) 248 (10.1)
Tumor size (mean (SD)) 3.35(0.49) 4.23(0.23)
Histological grade G1 248 (6.4) 167 (6.8)
G2 1922 (49.3) 1163 (47.2)
G3 1732 (44.4) 1135 (46.1)
8th T stage (%) T1a 253 (6.5) 200 (8.1)
T1b 533 (13.7) 341 (13.8)
T2 875 (22.4) 478 (19.4)
T3 2049 (52.5) 1185 (48.1)
T4a 192 (4.9) 261 (10.6)
8th pN stage (%) pNO 2216 (56.8) 1408 (57.1)
pN1 1229 (31.5) 742 (30.1)
pN2 435 (11.1) 246 (10.0]
N3 22(0.6) 69 (2.8)
Surgical type (%) Ivor-Lewis 2609 (66.9) NR

[continued)
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Table 1. (continued)

Variables Multicenter cohort SEER database
n=3902 n=2465
McKeown 984 (25.2) NR
Sweet 309 (7.9) NR
PORT Yes 977 (25.0) 525 (21.3)
No 2925 (75.0) 1940 (78.7)
Vascular invasion (%) No 2979 (76.2) NR
Yes 931 (23.8) NR
Perineural involvement (%) No 3085 (78.9) NR
Yes 825 (21.1) NR
Total number of LN retrieved 23(16,32) 10 (5,17)
(median (IQR))
Number of positive LN 1(0,2) 0(0,1)
(median (IQR))
LNR (median (1QR)) 0.03(0,0.10) 0(0,0.12)
LODDS (median (IQR)) -1.28 (-1.63,-0.86) -1.04 (-1.39, -0.56)
LODDS classification (%) LODDS1 1607 (41.1) 609 (24.7)
(<-1.43)
LODDS2 925 (23.7) 679 (27.5)
(-1.43 ~ -1.04)
LODDS3 905 (23.1) 550 (22.3)
(-1.04 ~ -0.58)
LODDS4 473 (12.1) 627 (25.4)
(>-0.58)
LNR classification (%) LNRO 1879 (48.1) 1544 (62.6)
(0)
LNR1 1114 (28.5) 266 (10.8)
(0~0.11)
LNR2 437 (11.2) 182 (7.4)
(0.11~0.19)
LNR3 480 (12.3) 473 (19.2)
(>0.19)

CHSDA, Contract Health Service Delivery Areas; IQR, interquartile range; LN, lymph node; LNR, lymph node ratio; LODDS,
log odds of positive lymph nodes; NR, not recorded; PORT, postoperative radiotherapy; SD, standard deviation; SEER,

Surveillance, Epidemiology, and End Results.

classification and other clinicopathological risk
factors associated with OS as well as cancer-spe-
cific mortality (Figure 2). The calibration curves
also showed good consistency in between the
observed and nomogram-predicted 1-, 3-, and

5-year OS in both the multicenter cohort (Figure
3(a)—(c)) and the SEER database (Supplementary
Figure S7TA-C). In addition, the DCA demon-
strated that the nomogram had great positive net
benefits across almost all of the threshold
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Figure 1. Cumulative probability of death owing to ESCC according to LODDS classification (a), LNR classification (b, and 8th pN

classification (c) in the multicenter cohort, respectively.

ESCC, esophageal squamous cell carcinoma; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes; pN, pathological positive lymph node.

probabilities at different time points, indicating
the favorable potential clinical effect of the nomo-
gram (Figure 3(d)—(f), Supplementary Figure
S7D-F). In the nomogram for predicting cancer-
specific mortality, calibration plots also showed
good concordance between predicted and actual
outcomes in the two cohorts (Supplementary
Figure S8A-C and Supplementary Figure SOA—
C). In the multicenter cohort, the results of the
DCA revealed the great potential for clinical
application of the nomogram, as the nomogram
ensured greater net benefits than the treat-all or
the treat-none option throughout the range of
threshold probabilities for 1-, 3- and 5-year can-
cer-specific mortality (Supplementary Figure
S8D-F). Similar results were obtained in the
SEER cohort (Supplementary Figure SOD-F).

Proposal and validation of novel

TN, opps Staging system

Using the AHRs based on the multivariable Cox
model, a novel staging system incorporating
LODDS classification was proposed, and ESCC
patients were categorized into three new groups
(Appendix 1). The survival curves showed that the
novel TN ypps classification had great ability to
allow prognostic stratification for OS (5-year OS:
stage I os II vs III, 32.39%, 16.73% and 6.20%,
$<0.001), CSS (5-year CSS: stage I vs II s III,
52.20%, 32.20%, and 14.7%, p<<0.001) and can-
cer-specific mortality in the multicenter cohort
(5-year: stage I vs II os III, 40.43%, 55.40%, and
66.97%; Figure 4). The novel classification also
has the ability to predict prognosis in the SEER
data set (Supplementary Figure S10). For patients

in the multicenter cohort, as measured by
C-index, the TN;gpps staging system (OS:
0.652, 95% CI: 0.596-0.713; CSS: 0.650, 95%
CI: 0.608-0.695) showed better discriminability
capacity than the AJCC TNM (OS: 0.615, 95%
CI: 0.565-0.670; CSS: 0.621, 95% CI: 0.578-
0.667) and the TN,y staging systems (OS:
0.638, 95% CI: 0.623—-0.653; CSS: 0.639, 95%
CI: 0.602-0.678). Meanwhile, the TN;yppg
staging system had higher R? (OS: 0.180; CSS:
0.176) than the AJCC TNM (OS: 0.134; CSS:
0.127) and the TN,y staging systems (OS:
0.158; CSS: 0.153). Regarding the results of
tdROC analyses, the TN|opps staging system
had 5-year AUC value of 0.695 (95% CI: 0.642—
0.752) for OS and 0.691 (95% CI: 0.652-0.732)
for CSS, which were higher than other two stag-
ing systems. In the SEER cohort, the TN opps
staging system also had higher R2, AUC, and
C-index value than those of other staging systems
(Supplementary Table S3 and Supplementary
Figure S11).

Discussion

Not until the 7th edition of the AJCC TNM stag-
ing system were the N criteria for esophageal car-
cinoma subclassified according to the number of
regional LNs containing metastases.??2 Moreover,
many studies have reported LNR, is of prognostic
value for EC patients.23:2¢ However, neither TLN
nor LNR is included as a prognostic factor in the
revised TNM staging system for ESCC patients.*
Based on a large multicenter cohort, our study
compared the predictive ability of three LN stag-
ing algorithms for the outcomes of ESCC patients.
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Our analysis suggested that LODDS outper-
formed the 8th pN and LNR as a classification
method, whether the patterns were continuous or
stratified. Furthermore, we developed and vali-
dated the first two nomograms to predict OS and
cancer-specific mortality for ESCC patients using
the LODDS classification postoperatively.

Only a few previous studies have compared the
three LN staging algorithms for EC. Cao ez al.?>
suggested that LODDS was more accurate than
either number of pLN or LNR in patients under-
going resection for EC, which was consistent with
our results. However, the findings of Cao’s study
were mainly derived from the SEER database,
which lacks details regarding the choice of surgi-
cal approach and the resection margins. In addi-
tion, that study contained far fewer patients with
ESCC than with adenocarcinoma. The small
sample size of the validation cohort also limited
the credibility. Moreover, no existing study has
accounted for competing risks; this methodologi-
cal weakness could lead to a substantial bias in
risk estimation. In this study, OS, CSS, and CSS
with a competing risk of non-ESCC death were
all selected as survival endpoints; those who
underwent radical surgery and treatment at the
real-world institutions were recruited, which
makes our results statistically convincing.

The 8th AJCC staging system divides ESCC
patients into different pN subsets based on the
absolute number of pLLN, which is significantly
affected by TLN. However, neither pN nor LNR
is capable of distinguishing among cases where
none or all of the LNs are involved. For example,
suppose that patient A has a pLN number of 7
out of a TLN number of 7, patient B has 30 of 30,
patient C has 0 of 7, and patient D has 0 of 30.
Patients A and B have the same pN stage (pN3)
and LNR stage (LNR?3), as do patients C and D
(pNO and LNRO). However, their LODDS val-
ues are different (LODDS=1.176 for patient A,
1.785 for patient B, —1.176 for patient C, —1.785
for patient D, respectively). The LODDS classifi-
cations of patients C and D are different
(LODDS?2 for patient C and LODDSI] for patient
D). As shown in Supplementary Table S2, OS,
CSS, and cancer-specific mortality were differed
significantly between them, which mean that
patients with the same pN and LNR have differ-
ent prognoses. Besides the aforementioned exam-
ple, there is another one which also highlights the
prognostic value of LODDS for ESCC patients
with inadequate LN examined. For patients with

one PLN out of six TLNs, the N stage could
move from pN1 stage (pLN=1) to LNR2 stage
(LNR=0.167) and to LODDS4 stage
(LODDS =-0.564). According to our results, the
5-year CSS and cancer-specific mortality rates
were estimated to be significantly different for this
patient (5-year CSS and cancer-specific mortal-
ity: pN1 stage, 29.3% and 59.2%; LNR2 stage,
26.6% and 60.0%; LODDS4 stage, 18.8% and
64.6%, respectively). Given that the estimated
prognoses can vary by different classifications has
been observed, this example illustrated that com-
putation of the LODDS was able to change the
prognosis for individual patients (especially those
with small number of LN examined) in a mean-
ingful way. Furthermore, theoretically, patients
who had insufficient TLN retrieved were at an
increased risk of stage migration or the probabil-
ity of false negatives.2%27 Thus, it is important to
identify a minimum number of LLNs for harvest-
ing by lymphadenectomy for ESCC patients to
optimize survival and tumor staging. Regrettably,
the value of extended lymphadenectomy remains
controversial. Some researchers have even sug-
gested that extensive lymphadenectomy can
increase mortality among patients in certain
tumor stages.®13:28 Since there is no consensus
about the minimal number of LNs that should be
retrieved in ESCC patients, when the TLN is dif-
ferent, the ability of LODDS classification to
separate NO patients into different prognostic cat-
egories for different TLN is of great value for cli-
nicians in decision-making.

Moreover, we conducted subgroup analysis to
compare the prognostic discriminability between
the LODDS and pN classifications according to
the retrieved TLN. Similar with previous litera-
ture, ESCC patients were subdivided into insuffi-
cient and sufficient retrieved TLN groups by using
15 TLN as the threshold number.2%30 For patients
with less than 15 TLN, the LODDS classification
showed better prognostic discriminatory capaci-
ties than the pN classification (Supplementary
Figure S12 and S13). In addition, this difference
decreased in the sufficient retrieved TLN sub-
groups (Supplementary Figure S14 and S15). Our
findings demonstrated that the small number of
retrieved LLN's might influence the prognostic dis-
criminability of the staging systems.

In our final nomograms based on the results of the
multivariate analyses, we included the LODDS
classification, age, and gender in addition to path-
ological T-stage and the prognostic factors used in
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Figure 2. Nomograms for predicting overall survival (a) and cancer-specific mortality (b) for ESCC postoperatively.
ESCC, esophageal squamous cell carcinoma; LODDS, log odds of positive lymph nodes.
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Figure 3. (a-c] Calibration curves showing the probability of 1-, 3-, and 5-year OS between the nomogram prediction and the actual
observation in the multicenter cohort. Nomogram predicted survival is plotted on the x-axis; actual survival is plotted on the y-axis.
A plot along the 45° line indicated a perfect calibration model in which the predicted probabilities were consisted with the actual
outcomes. (d-f) Decision curves of the nomogram predicting OS in the multicenter cohort. The x-axis represents the threshold
probabilities, and the y-axis measures the net benefit. The dashed line represents the nomogram for OS.

0S, overall survival.

the AJCC system. In the external validation
cohort, both calibration plots and DCAs showed
optimal agreement between the prediction and
actual observation, which guarantees the repeata-
bility and reliability of the established nomogram.
Our nomograms provide clinicians and patients

the opportunity to assess the probabilities of OS
and cancer-specific mortality.

This study should be considered in the context of
its limitations. First, due to the complicated cal-
culation method of the index, LODDS might not
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easily be obtained in clinical setting. We regarded
our study as a preliminary exploration of the novel
LODDS-based staging proposal for ESCC
patients and hope to have the nomogram as a
digital/online calculator in the future, which
would allow clinicians to enter clinical informa-
tion, and the calculator could calculate the
LODDS or TN, opps and provide prognosis pre-
diction. Second, although our findings have been
verified in both the Eastern and the Western
cohorts, the optimal threshold for LODDS world-
wide warrants further validation due to the het-
erogeneous backgrounds of tumor, patient and
therapeutic approaches. Furthermore, we
acknowledged that the new staging system
embodied limited discriminatory advantages for
prognosis for patients with early stage disease
(especially those diagnosed with pT1NOMO).
Moreover, in our study, patients received neoad-
juvant therapy and patients with early stage who
received endoscopic submucosal dissection
(ESD) treatment were excluded, which decreased
the generalizability of our findings. The surgical
procedures, assessments, and enumeration of
LNs varied among regions, surgeons, laborato-
ries, and pathologists because our study was
based on real-world patient information.
However, the large sample size of this study partly
compensates for this weakness. Last but not the
least, it is warranted to have a clinical algorithm
based on our findings to inform surveillance and
adjuvant treatment for ESCC patients.

In conclusion, our study compared the prognostic
ability of three staging algorithms for ESCC. We
found that LODDS classification was superior in
predicting the outcomes of ESCC in both a Chinese
multicenter cohort and the SEER database. We
then established and validated two nomograms as

well as a novel staging system for predicting the sur-
vival of patients with resected ESCC; these could
serve as precise tools to assist clinicians in estimat-
ing the postoperative survival of individual patients
and improving clinical outcomes.
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Appendix 1. Proposed novel TNLODDS system for ESCC patients.
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ESCC, oesophageal squamous cell carcinoma.
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