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Objective: The aim of this study was to construct a risk model to assess overall survival (OS)
and disease-free survival (DFS) in patients with esophageal cancer (EC) after surgery.
Patients and methods: A total of 872 consecutive EC patients who had undergone surgery
between February 2009 and October 2012 were retrospectively analyzed. The cutoff for risk value
(RV) was inferred by receiver operating characteristic curves and the Youden index. A log-rank
test was used to compare the survival curves, and a Cox regression analysis was performed to
clarify the significant prognostic factors.

Results: The area under the curve was 0.688 for OS and 0.645 for DFS. The survival rates
were 69.4% (259/373) and 39.1% (195/499), and the rates of recurrence were 19.2% (70/364)
and 27.6% (132/479), respectively, for RV<0.218 and RV>0.218 (»*=78.83, P<0.001; x*>=9.07,
P=0.003; respectively). A multivariate Cox regression analysis identified cases suffering from
higher overall mortalities with RV>0.218 compared to RV<0.218 (HR=1.45; 95% CI, 1.21-2.02;
P=0.015); similar results were also found for DFS (HR=1.38; 95% CI, 1.03—1.86; P=0.033).
Kaplan—Meier survival curves showed that cases with RV<0.218 had better OS and DFS than
cases with RV>0.218 (log rank = 75.80, P<0.001; log rank = 24.78, P<0.001).

Conclusion: This model could be applied to an integrated assessment of recurrence and prog-
nostic risk after the surgical treatment of EC.
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Introduction

Esophageal cancer (EC) is the eighth most common malignancy in the world; the
incidence of EC is rapidly increasing,' and it is associated with an overall 5-year sur-
vival rate of 15%-25%.!2 Treatment options for EC include surgery, chemotherapy,
and radiation, which are dependent on tumor site, histopathologic type, tumor stag-
ing, and medical comorbidities. Surgery seems to be the most appropriate therapy
for early-stage patients with a 5-year survival rate of 34%-36% after radical resec-
tion.> However, despite comprehensive preoperative assessments to select patients
for potentially curative surgery, many patients with advanced EC present with tumor
recurrence within 2 years after surgical treatment, and 5-year survival rates remain
low.** Therefore, it is essential to build a reliable model that can predict the risk of
recurrence and outcomes in patients to accurately tailor their therapy. Determination
of a prognosis in patients suffering from EC is still primarily performed by using
postoperative pathological features and is based on the TNM staging system. The
accuracy of the current TNM staging system has been questioned because of issues
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such as stage migration.*’” Many studies have reported the
impact on the survival of patients with EC of assessing the
number of metastatic lymph nodes (LNs) or the ratio between
metastatic LNs and the total removed LNs.3!° A previous
study proposed a new prognostic tool, the LN ratio (LNR),
which is the ratio of the number of metastatic LNs to the
total number of examined LNs. This ratio reflects the degree
of LN metastasis and may help resolve stage migration. Tan
et al claimed that LNR is an independent prognostic factor
after tri-incisional esophagectomy and has more potential
for predicting patient outcomes.® However, few studies have
considered the effect of reasonable recurrence and prognostic
models for evaluating the risk value (RV) for esophageal car-
cinoma due to the different sample sizes, different inclusion
criteria, and different statistical methods for determining a
model." Therefore, this study aimed to construct a prognostic
model using a single institutional surgical database in China
to identify patients who may have a high risk of relapse or
favorable prognosis; this model could be beneficial for choos-
ing a more appropriate treatment.

Patients and methods

Construction of the model

There are four essential variables that have a major influ-
ence on postoperative overall survival (OS) and disease-free
survival (DFS) for EC: the number of pathologically positive
LNs (pN),'>" the pT stage (T) value," the degree of tumor
differentiation (G),'* and the number of resected LNs (N).!*
Previous studies have demonstrated that a higher number of
positive LNs, deeper tumor invasion, and poor differentia-
tion are related to poor prognosis, whereas a large number
of removed LNs usually leads to a higher OS rate.” Conse-
quently, we take (pN + T + G) as the numerator and N as the
denominator, in accordance with which we calculate the RV
as follows: RV = (pN + T + G)/N.

Study population and data collection

From February 2009 to October 2012, a total of 1,281
consecutive patients with esophageal squamous cell car-
cinoma (ESCC) underwent curative esophagectomy at
Sun Yat-sen University Cancer Center. Patients included
in this cohort study had preoperative biopsy or postopera-
tive pathologically confirmed ESCC and were treated by
primary esophagectomy. The exclusion criteria were as fol-
lows: 1) patients were excluded if tumors were located at
the cervical esophagus or esophagogastric junction or had
other histological subtypes of EC besides ESCC. 2) Patients
with T4 disease or undergoing surgical exploration without

esophagectomy were excluded. 3) Patients died because of
surgery, and postoperative complications were excluded.
4) Patients with a history of concurrent malignant disease
or other primary cancers were excluded. 5) Patients with
deficient data or those who were lost to follow-up were
also excluded. The final study population consisted of 872
patients. The data collected included patient demographics,
tumor location, the number of examined LNs, length and
depth of tumor invasion, the degree of tumor differentiation,
surgical types, and preoperative and postoperative treat-
ments. All the patients provided written informed consent,
and the study was approved by the Ethics Committee of Sun
Yat-sen University Cancer Center.

Surgical procedure and pathology of

specimens

The initial evaluation included upper gastrointestinal (GI)
barium swallow, computed tomography of the chest and upper
abdomen, ultrasound of the cervical region, GI endoscopy,
and tumor biopsy. Patients were considered for surgical resec-
tion if preoperative evaluation revealed no evidence of distant
metastases, and there was no evidence of direct invasion of
the trachea or major vascular structures. Pulmonary and car-
diac functions were evaluated to assess medical operability.
All patients had an ECOG performance status of 0—1. The
surgical techniques for each procedure have been described
elsewhere.®'® In brief, the most common surgical procedures
were the Sweet approach (467 patients), the Ivor—Lewis
approach (53 patients), and the three-incision technique
(352 patients). All resected specimens were submitted for
pathological examination. The pathological tumor stage
and LN involvement were identified according to the eighth
edition of the International Union Against Cancer (UICC)
and the American Joint Committee on Cancer (AJCC) TNM
classification.!316

Participant follow-up

Patients were recommended for follow-up examinations
at our outpatient department every 3 months for the first 2
years, every 6 months during the next 3 years, and annually
thereafter. Patients were subjected to the following follow-
up examinations: history taking, physical examination,
chest radiography, barium esophagography, GI endoscopy,
cervical ultrasonography and thorax-abdomen computed
tomographic scans. Follow-up of patients in the present study
was performed until December 2016. The mean follow-up
time was 44.65 months (range 1-93 months). Twenty percent
of patients were lost to follow-up.
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Statistical analysis

The endpoint of the study was OS. OS was calculated from
the date of diagnosis to the date of any-cause death or the date
of last follow-up. DFS was defined as the time from radical
surgery (RO resection) to the first local recurrence or distant
metastasis of EC to avoid unrelated causes of death affecting
survival. The RV cutoff was confirmed by the receiver oper-
ating characteristic (ROC) curve and Youden index. A chi-
squared test was used to compare the categorical variables.
ANOVA was used to compare the continuous variables. The
survival curves were plotted by the Kaplan—-Meier method,
and the log-rank test was used to assess differences in survival
between groups. Multivariate analysis with a Cox propor-
tional hazards model was carried out to identify significant
prognostic factors. All calculations were performed using
SPSS 17.0 software (SPSS, Chicago, IL), and a P-value
<0.05 was considered statistically significant. The Methods
section has been reported in line with STROCSS guidelines.”

Results

Patient characteristics, OS, and DFS

A total of 872 cases fit the inclusion criteria and were included
in the analysis. Male patients accounted for most of the cases
(78.8%) in our series, with 687 male patients and 185 female
patients. The median RV was 0.200 and 0.311 for surviv-
als and deceased patients, respectively (Figure 1), and the
median RV was 0.203 and 0.263 for patients with no relapse
and with disease recurrence, respectively (Figure 2). The RV
cutoff for both was 0.218, as inferred by the ROC curve and
Youden index (Youden index = sensitivity + specificity — 1).

0.40

0.30

RV

0.20

0.10

0.00

Survival (n=454)

Figure | RV bar plot for survival and dead.

In addition, the area under the curve was 0.688 for OS (95%
CI 0.653-0.723; P<0.001; Figure 3) and 0.645 for DFS
(95% CI 0.582—0.708; P<0.001; Figure 4). To determine the
prognostic and recurring impact of RV, patients were divided
into two groups based on the RV cutoff. This resulted in the
following distribution: 373 patients in group 1 (RV <0.218)
and 499 patients in group 2 (RV 20.218).

The relationship between patient demographics and
the RV cutoff is summarized in Table 1. The clinical and
pathological factors were compared between the two
groups. Overall, the RV cutoff was significantly associated
with the number of resected LN, pathological type, TNM
stage, number of positive nodes, grade of differentiation,
T (tumor) stage, surgical approach, preoperative or postop-
erative chemoradiation therapy (CRT), and complications
(all P<0.05). However, there were no significant differences
regarding the distribution of age, sex, tumor location, margin
status, clinical staging'® on endoscopic ultrasonography, and
tumor length between patients in the two groups according
to the RV cutoff (all P>0.05). At the time of this analysis,
the median OS was 58.1 months (95% CI 55.6—60.6 months)
and the median DFS was 43.4 months (95% CI 41.6—45.2
months). The overall 1-, 3-, and 5-year OS rates were 86.0%,
60.0%, and 33.7%, respectively. The 1-, 3-, and 5-year DFS
rates after radical surgery were 83.3%, 57.7%, and 32.2%,
respectively, for all patients. The mortality rates were 30.6%
(114/373) and 60.9% (304/499), and the rates of recurrence
were 19.2% (70/364) and 27.6% (132/479), respectively,
for RV<0.218 and RV>0.218 (¥*=78.83, P<0.001; »*=7.87,
P=0.005; respectively) (Table 2). The 1-, 3-, and 5-year OS

Dead (n=418)

Notes: The median RV was 0.200 and 0.311 for survivals and deceased patients, respectively.

Abbreviation: RV, risk value.
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Figure 2 RV bar plot for free recurrence and recurrence.

Recurrence (n=202)

Notes: The median RV was 0.203 and 0.263 for patients with no relapse and with disease recurrence, respectively.

Abbreviation: RV, risk value.
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Figure 3 ROCs were employed to assess the RV discriminative performance of
the prognosis.

Notes: The AUC was 0.688 for OS (95% Cl 0.653-0.723; P<0.001).
Abbreviations: AUC, area under the curve; OS, overall survival; ROC, receiver
operating characteristic; RV, risk value.

rates for EC after radical surgery were 92.2%, 73.5%, and
43.4%, respectively, for RV<0.218, whereas the OS rates
were 81.4%, 50.0%, and 25.7%, respectively, for Rv>0.218.
The 1-, 3-, and 5-year DFS rates for EC after radical surgery
were 85.3%, 71.6%, and 42.4%, respectively, for RV <0.218,
but 77.9%, 47.3%, and 24.7%, respectively, for RV >0.218.

RV and patient survival and recurrence
During the follow-up period, there were a total of 202
patients with recurrence and 418 overall death among the 782
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Figure 4 ROCs were employed to assess the RV discriminative performance of
the prognosis.

Notes: AUC was 0.645 for DFS (95% Cl 0.582-0.708; P<0.001).

Abbreviations: AUC, area under the curve; DFS, disease-free survival; ROC,
receiver operating characteristic; RV, risk value.

patients. We performed Cox regression analysis to evaluate
whether the RV was associated with survival and relapse
after adjusting for potential confounders. The variables
tested in the univariate analysis showed that the factors sig-
nificantly associated with OS were RV, sex, age, the number
of removed LNs, N stage, T3 tumor stage, moderate or poor
differentiation, recurrence, and postoperative CRT (Table
S1). After incorporating significant covariates, multivariate
Cox regression analysis identified cases suffering from higher
overall mortalities with RV2>0.218 compared to RV <0.218
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Table | Baseline characteristics of patients stratified for the cut off of RV

Group | (RV<0.218) Group 2 (RV=20.218) P-value
Demographics Total n (%)
Number 872 373 499
Age (years) 58.8749.12 58.31+8.53 59.28+9.53 0.121
Sex
Female 185 79 (21.2) 106 (21.2) 0.982
Male 687 294 (78.8) 393 (21.2)
Resected LNs (n) 25.28+13.56 30.95+13.97 20.79+8.80 0.025
Histological type
SCC 833 335 (89.8) 498 (99.8) <0.001
After CRT 39 38(10.2) 1(0.2
Tumor
0 39 38(10.2) 1 (0.2)
| 93 58 (15.5) 35 (7.0) <0.001
2 179 80 (21.4) 99 (19.8)
3 561 197 (52.8) 364 (72.9)
Node
0 464 265 (71.0) 199 (39.9)
| 234 77 (20.6) 157 (31.5) <0.001
2 129 30 (8.0) 99 (19.8)
3 45 1(0.3) 44 (8.8)
Grade
GO 43 40 (10.7) 3 (0.6)
Gl I51 86 (23.1) 65 (13.0) <0.001
G2 427 177 (47.5) 250 (50.1)
G3 251 70 (18.8) 181 (36.3)
Location
Upper third 98 39 (10.5) 59 (11.8)
Middle third 362 165 (44.2) 197 (39.5) 0.361
Lower third 412 169 (45.3) 243 (48.7)
Pathological stage
0 39 38(10.2) 1 (0.2)
| 22 13 (3.5) 9(1.8)
1l 273 105 (28.2) 168 (33.7) <0.001
1l 493 216 (57.8) 277 (55.5)
\ 45 1(0.3) 44 (8.8)
Clinical stage on EUS
0 | 0(0) 1 (04
| 39 25 (10.6) 14 (54)
Il 229 113 (47.9) 116 (45.0) 0.141
1l 209 91 (38.6) 118 (45.7)
\ 16 7 (3.0 9 (3.5
Margin status
Not involved (RO0) 843 364 (97.6) 479 (96.0) 0.194
Involved (R1) 29 9 (24) 20 (4.0
Tumor length 3.73£3.77 3.45+1.63 3.93+4.74 0.065
Preoperative CRT
No 778 314 (84.2) 464 (93.0) <0.001
Yes 94 59 (15.8) 35 (7.0)
Postoperative CRT
No 554 268 (71.8) 286 (57.3) <0.001
Yes 318 105 (28.2) 213 (42.7)
Surgical approach
Left thoracotomy 467 133 (35.7) 334 (66.9)
Ivor-Lewis 53 25 (6.7) 28 (5.6) <0.001
3-Incision 352 215 (57.6) 137 (27.5)
Complication
No 724 295 (79.1) 429 (86.0) 0.007
Yes 148 78 (20.9) 70 (14.0)

Notes: Data are mean = SD or n (%).The clinical and pathological factors were compared between the two groups (373 patients in group | [RV<0.218], and 499 patients
in group 2 [RV20.218]). The RV cutoff was significantly associated with the number of resected LNs, pathological type, TNM stage, number of positive nodes, grade of

differentiation, T (tumor) stage, surgical approach, preoperative or postoperative CRT, and complications (all P<0.05).

Abbreviations: CRT, chemoradiation therapy; EUS, endoscopic ultrasonography; GO, after neoadjuvant CRT and no residual carcinoma; Gl, well differentiated; G2,

moderately differentiated; G3, poorly differentiated; LN, lymph node; RV, risk value; SCC, squamous cell carcinoma.
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(HR =1.45; 95% CI 1.21-2.02; P=0.015). In addition, the
following variables were independent factors in poor survival:
older age, N metastasis, and tumor recurrence. In contrast,
postoperative CRT was a protective prognostic factor for bet-
ter OS (HR =0.80; 95% CI 0.71-0.93; P=0.037) (Table 3).

Table 2 Comparison of the prognosis and recurrence for
patients of RV<0.218 with Rv=0.218

RV<0.218 RV=20.218 Total (n)

Prognosis

Survival 259 195 454

Dead 114 304 418

Total (n) 373 499 872
Recurrence

No 294 347 641

Yes 70 132 202

Total (n) 364 479 843

Notes: The overall |-, 3-, and 5-year OS and DFS rates for RV<0.218 and RvV=0.218
were summarized in Table 2.

Abbreviations: DFS, disease-free survival; OS, overall survival; RV, risk value.

Similarly, the variables included in the univariate analysis
showed that sex, RV, positive LN count (LNC), and postopera-
tive CRT were significantly related to DFS. Then, multivari-
ate analysis showed that RV>0.218 compared to RV<0.218
(HR=1.38; 95% CI 1.03—1.86; P=0.033) and positive LN
status of N2 and N3 were independent negative factors for
DFS, while postoperative CRT presented as an independent
protective factor for DFS (HR=0.20; 95% CI 0.14-0.28;
P<0.001) (Table 3). According to the Kaplan—Meier survival
curves, cases with RV<0.218 had better OS and DFS than
cases with RV>0.218 (log rank =75.80, P<0.001; log rank
=24.78, P<0.001; Figures 5 and 6).

Relationship and comparison between
TNM and RV in predicting prognosis

The relationship between TNM and RV in predicting a prog-
nosis for EC after surgery is presented in Table 4. In TNM
stages 2, 3, and 4, patients with RV>0.218 had a worse prog-

Table 3 Multivariate cox regression analysis of prognostic factors influencing OS and DFS

oS DFS
Variables HR 95% CI P-value HR 95% CI P-value
RV
<0.218 | [ | |
>0.218 1.45 1.21-2.02 0.015 1.38 1.03-1.86 0.033
Age 1.02 1.01-1.04 <0.001 -
Sex
Female | | | |
Male 1.27 0.98-1.64 0.069 .16 0.80-1.68 0.015
Resected LNs 0.99 0.97-1.00 0.096 -
Tumor
0 | | -
| 0.59 0.27-1.26 0.172
2 0.77 0.38-1.56 0.460
3 1.10 0.56-2.18 0.778
Node
0 | | | |
| 1.93 1.50-2.47 <0.001 1.31 0.94-1.84 0.110
2 2.86 2.10-3.90 <0.001 1.62 1.11-2.37 0.012
3 527 3.46-8.04 <0.001 1.73 0.96-3.10 0.070
Grade
0 | | -
| 0.6l 0.31-1.21 0.157
2 0.70 0.37-1.36 0.294
3 0.69 0.37-1.34 0.273
Postoperative CRT
No | | | |
Yes 0.80 0.71-0.93 0.037 0.20 0.14-0.28 <0.001
Recurrence
No | | -
Yes 1.74 1.37-2.20 <0.001

Notes: Multivariable cox regression indicated that RV was an independent risk predictor of OS and DFS.
Abbreviations: CRT, chemoradiation therapy; DFS, disease-free survival; LN, lymph node; OS, overall survival; RV, risk value.
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Figure 5 OS in the cohort grouped by the cutoff of RV.

Notes: Patients with RV<0.218 had better OS compared with RV>0.218 (log rank =75.80, P<0.001).

Abbreviations: OS, overall survival; RV, risk value.
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RV20.218 censored
80.00 100.00
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Figure 6 DFS in the cohort grouped by the cutoff of RV.

Notes: Patients with RV<0.218 had better DFS compared with RV>0.218 (log rank =24.78, P<0.001).

Abbreviations: DFS, disease-free survival; RV, risk value.

nosis than those with RV<0.218. A total of 139, 220, and 41
cases died in stages 2, 3, and 4, of which 106 (76.3%), 154
(70.0%), and 40 (97.6%) cases, respectively, had RV>0.218.
Twenty-eight (71.8%) patients (RV<0.218) showed a favor-
able prognosis among 39 patients in stage 0. Analysis of
stage 1 (n=22) subgroups was omitted because the number

was too small. The comparison in the prediction of prognosis
between RV and TNM stage was further analyzed. As the
ROC analysis showed, RV performed better in predicting
patient’s outcome than TNM stage. The AUC was 0.544 for
OS (95% C1 0.506-0.582; P=0.025) and 0.532 for DFS (95%
CI10.458-0.605; P=0.405) in TNM classification (Figure 7).
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Table 4 Relationship between TNM and RV in predicting

prognosis

Stage RV Prognosis Total (n)

Survival (n) Dead (n)

0 <0.218 28 10 38
>0.218 0 | I

I <0.218 9 4 13
>0.218 6 3 9

2 <0.218 72 33 105
>0.218 62 106 168

3 <0.218 150 66 216
>0.218 123 154 277

4 <0.218 0 | |
>0.218 4 40 44

Abbreviation: RY, risk value.

Discussion

Many previous studies have used multicenter databases, such
as the Surveillance, Epidemiology and End Results (SEER)
cancer registry.”'>2! We believe that a retrospective study
using a database from a single institute may produce more
homogenous results than a multicenter database, considering
that the surgical practices in a single institute are more likely
to be uniform. This cohort study using postoperative patho-
logical characteristics from our cancer center constructed
a simple risk model that could aid risk prediction for EC.

The prognosis for patients with EC undergoing surgery
remains unsatisfactory. Previous evidence has found that
there is a high frequency of recurrence within 1 year after
surgery,?>2* and the probability of surviving 3 years is less
than 5% after salvage therapy.” Thus, stratifying patients with
a high risk of poor prognosis is important. However, there
was no method to accurately stage patients before defini-
tive therapy, and this lack limited the precise management
of EC. Preoperative imaging cannot be used to accurately
stage EC, and even preoperative ultrasound gastroscopy
is rarely sufficient for the determination of tumor invasion
and LN metastases. Therefore, our model used postopera-
tive markers to guarantee predictive power and accuracy in
identifying the risk of recurrence and poor prognosis after
radical surgery for EC.

It is well recognized that a finding of metastatic nodes
after esophageal resection has an adverse effect on survival,
whereas our study also stressed that estimating positive LNCs
is not sufficient for stratifying patient outcomes. As reported,
the number of negative lymph nodes is an important indicator
of the accuracy of staging.?® Twine et al claimed that the total
LNC has emerged as a significant factor influencing the assess-

ment of prognosis in patients diagnosed with EC. Therefore,
they proposed that the TNM staging system should not only
be based on the LNR or the number of LN metastases but
should also require a minimum LNC (which they suggested
should be at least 10).!1° A study conducted by Bogoevski et
al examined whether the number of nodes resected should be
higher. They suggested that a minimum of 18 nodes should be
examined to allow accurate staging.”’” In addition, histologic
grade has been reported to be a significant prognostic factor for
patients with EC.?8 As previously reported, a poor differentia-
tion grade was associated with a decreased chance of achieving
a pathologically complete response in patients with EC who
are receiving neoadjuvant chemoradiotherapy.” Accordingly,
the risk model in our study included histologic grade, number
of positive LNs, and number of LNs resected, which could
reflect the interaction effect among differentiation, the total
removed LN number and pT stage in operative patients with
EC, especially for cases in which all LNs were negative (NO).
We inferred that the RV cutoff was 0.218 by ROC curve
and Youden index (Figures 3 and 4). The current study indi-
cated that patients suffered a higher risk of recurrence and
poor outcomes with RV>0.218 (Figures 5 and 6). In addi-
tion, Cox regression indicated that RV was an independent
risk predictor of OS and DFS, and potential cases could be
recommended for further adjuvant treatment (Table 3). We
also described the relationship between TNM stage and RV
in predicting outcomes (Table 4). In TNM stages 2, 3, and
4, patients with RV>0.218 had a worse prognosis than those
with RV<0.218. Mortality rates of cases (RV>0.218) in stages
2,3, and 4 were 76.3%, 70.0%, and 97.6%, respectively. The
finding was consistent with previous studies that patients with
pathologically positive LN, especially patients with locally
advanced disease, should receive postoperative adjuvant
therapy.>***! Therefore, this model would be valuable in clini-
cal practice to estimate the prognosis for individual patients,
and this estimation is essential for customized treatment.
As we can see, RV primarily depends on the number of
retrieved LNs and the number of pathologically positive LNs,
which would indicate that a higher number of resected LNs
means there is a greater possibility of finding positive LNs.
A favorable prognosis is obtained from optimal lymphad-
enectomy compared with partial resection for patients with
the same number of metastatic LNs because RV decreases
with optimal lymphadenectomy. This suggests that RV not
only reflects tumor staging but also considers the extent of
LN dissection. However, the extent of LN resection remains
controversial, and some studies have reported similar out-
comes after minimal resection compared with extensive
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Figure 7 ROCs were employed to compare the performance in predicting OS and DFS between RV and TNM stage.

Notes: (A) AUC was 0.544 (95% Cl 0.506—0.582; P=0.025) for OS in TNM stage compared with RV (AUC =0.688). (B) AUC was 0.532 (95% Cl 0.458-0.605; P=0.405) for
DFS in TNM stage compared with RV (AUC =0.645).

Abbreviations: AUC, area under the curve; DFS, disease-free survival; OS, overall survival; ROC, receiver operating characteristic curve; RV, risk value.

dissections.* In our study, univariate Cox regression analysis  statistically significant association was not observed between
showed that the number of removed LNs was significantly  the number of resected LNs and OS in the further multivari-
associated with OS (P=0.013) (Table S1). However, the able analysis (P=0.096) (Table 3), suggesting the harvested
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LN was not an independent risk factor for OS. In our opinion,
if the number of LNs examined is inappropriate, downstaging
of patients will manifest in pN staging because the prognostic
efficacy is greatly affected by the number of examined LNss.
When the number of LNs resected and examined is insuf-
ficient, potentially metastatic LNs may be neglected, resulting
in a stage migration phenomenon because of inappropriate
UICC/AJCC staging and overestimating patient outcomes.>
A higher LNC may contribute to reduced stage migration and
favorably influence survival. Altorki et al previously demon-
strated that the total number of resected nodes is a significant
determinant of survival in node-positive patients treated
with surgery alone.” As reported, compared to patients with
resected LNs <6, the HR for death was significantly reduced
to 0.51 when 17-25 LNs were resected and 0.39 when 2640
nodes were retrieved. Extended lymphadenectomy may be
essential even after neoadjuvant therapy because in most
patients, preoperative treatment does not reliably eliminate
nodal disease.** However, for patients with early or localized
disease, LN dissection should be as optimal as possible to
manifest low RV, without increasing the incidence of postop-
erative complications. However, for patients with advanced
tumors, multidisciplinary therapy should be stressed because
surgery alone with excessive lymphadenectomy may result in
improperly low RV, which might increase the risk of postop-
erative complications and be no help to survival. Moreover,
in terms of a fixed count of positive LNs, excessive LN dis-
section will subjectively reduce RV, and patient prognosis
will be overestimated. Therefore, T stage and degree of
differentiation were included in our risk model to reconcile
the interplay between pN and N.

The current study showed the RV performed better in the
prediction of patient’s outcome than TNM stage (Figure 7).
We hypothesize that the model was consisted of not only the
number of positive LNs but also the number of resected LNs,
which takes into consideration the false-negative due to the
de-normalized lymphadenectomy. Therefore, the designed
risk model can easily be used in clinical practice to predict
survival more accurately than can the conventional TNM
staging system. It is clinically helpful to provide more cred-
ible prognostic factors for individual patients. Moreover, it
might help to establish follow-up schedules with precise
adjuvant treatment strategies. Nevertheless, the current risk
model estimates relapse and prognosis postoperatively in
patients who undergo potentially radical surgery. The model
is based on pathological findings in the resected specimen
and therefore cannot be used preoperatively. It is essential to
develop new preoperative prognostic models for improved

preoperative prognostication to assess patients who will not
sufficiently benefit from surgery.

The current study also analyzed clinical factors that may
be associated with prolonged DFS and OS. The number of
involved LNs, postoperative therapy, and tumor recurrence
emerged from the Cox regression models as independent
predictors of OS, and only classification of N2 and adjuvant
therapy followed by surgery presented as independent predic-
tors of DFS. A recent report by Yang et al found that neoadju-
vant chemoradiotherapy plus surgery improves survival over
surgery alone among patients with locally advanced ESCC.*
However, the protective effect of neoadjuvant therapy on OS
and DFS was not suggested in our study, probably because
of the small number of patients who received preoperative
treatment (94/872). Future studies need to be performed
to explore the efficacy of the model in a greater amount of
patient with preoperative treatment.

Given the retrospective nature of this single-institution
study, selection bias is inherent in our study population,
and we were unable to determine the exact number of
resected LNs. In addition, cervical lymphadenectomy was
not systematically undertaken in our series. All of these
issues may lead to improper staging. Therefore, to collect an
appropriate number of LNs for accurate staging, we suggest
that surgeons should prioritize the dissection and labeling
of LNs embedded in the en bloc specimen before sending
them for pathological diagnosis. Moreover, adjuvant che-
motherapies and radiotherapies were variably administered,
which may affect patient outcomes differently. In addition,
other potential prognostic inflammatory markers, such as
C-reactive protein and cytokines, were not available due to
limited data, which may add additional prognostic value to
the model.

In conclusion, we constructed a risk model for Rv>0.218
that may be a simple and useful tool for the evaluation of
DFS and OS after surgery for EC. Moreover, our model might
help to offer patients with a high risk of recurrence and poor
prognosis precise adjuvant treatment strategies. Prospective
validation is warranted to confirm these results.
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Supplementary material

Table S| Univariate Cox regression analysis of prognostic factors influencing OS and DFS

Variables oS DFS

HR 95% CI P-value HR 95% CI P-value
RV
<0.218 | | | |
>0.218 2.51 2.02-3.11 <0.001 2.03 1.53-2.70 <0.001
Age 1.02 1.01-1.03 <0.001 0.99 0.98-1.01 0.236
Sex
Female | | | |
Male 1.37 1.06-1.76 0.015 1.58 1.09-2.28 0.015
Resected LNs 0.98 0.96-0.99 0.013 0.99 0.98-1.00 0.459
Tumor
0 | | | |
| 0.93 0.46-1.87 0.831 0.94 0.40-2.24 0.892
2 1.50 0.79-2.82 0.213 1.32 0.60-2.94 0.491
3 2.28 1.25-4.17 0.007 1.57 0.74-3.36 0.242
Node
0 | | | |
| 0.50 0.39-0.63 <0.001 2.12 1.53-2.94 <0.001
2 1.50 1.15-1.96 0.003 3.57 2.49-5.11 <0.001
3 2.62 1.85-3.73 <0.001 4.09 2.31-7.22 <0.001
Grade
0 | | | |
| 1.56 0.84-2.89 0.160 1.01 0.46-2.20 0.986
2 1.98 1.11-3.54 0.022 1.53 0.75-3.14 0.244
3 2.21 1.22-3.99 0.009 1.67 0.80-3.48 0.172
Preoperative CRT
No | | | |
Yes 1.05 0.77-1.44 0.759 1.13 0.73-1.76 0.580
Postoperative CRT
No | | | |
Yes 0.39 0.14-0.68 0.001 0.16 0.12-0.22 <0.001
Recurrence
No | | -
Yes 1.93 1.58-2.35 <0.001

Notes: The variables tested in the univariate analysis showed that the factors significantly associated with OS were RV, sex, age, the number of removed LNs, N stage, T3
tumor stage, moderate or poor differentiation, recurrence, and postoperative CRT.
Abbreviations: CRT, chemoradiation therapy; DFS, disease-free survival; LN, lymph node; OS, overall survival; RV, risk value.
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