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Background: The aim of this study was to explore the influence of preoperative tumor volume,
length, maximum diameter and the number of postoperative pathologically lymph node metastasis
(LNM) regions on survival prognosis of esophageal squamous cell carcinoma (ESCC) patients.
Methods: A total of 296 patients with ESCC treated by standard curative esophagectomy were
retrospectively analyzed. These patients were grouped for further analysis according to the optimal
threshold of preoperative tumor volume, length, maximum diameter and the number of post-
operative pathologically LNM regions. Kaplan—-Meier method was used to calculate survival rate
and survival comparison was performed by Log rank test. The Cox proportional hazards model was
used to carry out univariate and multivariate analyses. Nomogram model was established by
integrating statistically significant clinicopathological parameters, and the predictive value was
further verified by calibration curve, concordance index (C-index) and decision curve.

Results: The univariate and multivariate Cox regression analysis all showed that differentiation
grade, TNM stage, adjuvant therapy, preoperative tumor volume and the number of post
operative pathologically LNM regions were independent prognostic factors for PFS and OS
(all P<0.05). The C-indexes of PFS and OS by nomograms were predicted to be 0.747 (95% CI:
0.717-0.777) and 0.732 (95% CI: 0.697-0.767), respectively, which were significantly higher
than the 7th AJCC TNM stage, the C-indexes 0.612 (95% CI: 0.574-0.650) and 0.633 (95% CI:
0.595-0.671), separately. In addition, the calibration curves of nomogram models were highly
consistent with actual observation for the five-year PFS and OS rate, and the decision curve
analysis also showed that nomogram models had higher clinical application potentials than TNM
staging model in predicting survival prognosis of thoracic ESCC after surgery.

Conclusion: The nomograms incorporated preoperative tumor volume and the number of
postoperative pathologically LNM areas are of great value in predicting survival prognosis of
patients with thoracic ESCC.

Keywords: esophageal neoplasm/post-operation, tumor volume, the number of lymph node

metastasis areas, nomograms, prognosis

Introduction

Esophageal cancer (EC) is one of the most aggressive gastrointestinal tumors,
which is the seventh leading cancer type for males in the United States.'
According to cancer statistics in 2020, there were approximately 18,440 new
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cases of EC and 16,170 deaths from EC, while there were
about 17,650 new cases of ECin 2019.%° It is evaluated
that the global incidence and mortality rate of EC will
increase in the future years, particularly in Asia.* The
two main types of EC are adenocarcinoma (AC) and
squamous cell carcinoma (SCC), of which esophageal
SCC (ESCC) accounts for more than 90% in China.>¢
Despite the management and treatment is improved with
the progress of science and technology in recent years, the
prognosis in patients with ESCC is still poor. Therefore,
the detection and prediction of methods for patients with
ESCC become more and more essential.

Currently, the TNM staging system is considered to be
the most extensively used system for prognostic evaluation
and clinical treatment of cancer patients. It contains tumor
invasive depth, regional lymph node involvement and dis-
tant metastasis, however, in clinical practice, it is often
found that patients in the same TNM stage, receiving
similar adjuvant therapy, there are still a huge difference
in survival prognosis. The reason may be that the estab-
lishment of TNM staging system of esophageal cancer
mainly depends on the Caucasian population, and its
main pathological type is adenocarcinoma, but in the
Asian population, esophageal squamous cell carcinoma is
the dominant type, resulting in that the TNM staging
system cannot thoroughly predict the prognosis of ESCC
patients.

Consequently, it is critical to find other clinicopatholo-
gical factors that may affect the prognosis of ESCC
patients besides TNM staging. The main purpose of this
study is to explore the influence of preoperative tumor
volume, length, maximum diameter and the number of
postoperative pathologically lymph node metastasis
(LNM) regions on survival prognosis for patients with
thoracic ESCC, and to evaluate the predictive survival
rate of clinicopathological variables with statistical signif-
icance visually and individually by establishing nomogram
model.”

Patients and Methods

Patients

From January 2011 to December 2014, 296 consecutive
ESCC cases who underwent esophagectomy and lymph
node dissections at the Department of Thoracic Surgery,
The Affiliated Taixing People’s Hospital of Yangzhou
University, were retrospectively analyzed. Patients accord-
ing to the following inclusion criteria were included in the

current study: (1) patients were pathologically diagnosed
with ESCC, (2) patients in stage TNM I-III with radical
resection were conducted, (3) patients received no preo-
perative treatments, (4) patients were included without any
other tumors or distant metastases, (5) Preoperative
detailed imaging data were acquired, including pneumo-
barium double contrast examination, a comprehensive
assessment of computed tomography (CT) scans, and
detailed records of esophagoscopy; (6) The number of
postoperative pathologically lymph node metastasis
regions was recorded in detail; This study was conducted
in accordance with the Declaration of Helsinki and was
approved by the ecthics committee of The Affiliated
Taixing People’s Hospital of Yangzhou University. The
written informed consents were acquired from all patients
for the use and publication of their information.

Measurement of Preoperative Tumor
Volume, Length and Maximum Diameter
and Determination of Optimal Cut-Off

Value

All patients underwent enhanced CT scan of the chest
before operation, with a slice thickness of 3 mm. The CT
images were transmitted to TPS through the network.
After image reconstruction, the gross tumor volume of
esophagus was delineated by two or more attending phy-
sicians. The value of tumor volume was automatically
measured by the system. The tumor diameter was the
largest slice diameter on CT image, and the tumor length
mainly depended on the lesion length of esophagoscopy,
with reference to imaging data.

X-tile is an optimal cutpoint analysis software, parti-
cularly in regard to parsing continuous data, which was
established by Yale University, and its principle is the
minimum Pvalue method. With progression-free survival
(PFS) as the research end point, according to X-tile ana-
lysis, the optimal cut-off values of preoperative tumor
volume, tumor length and maximum diameter were
28 cm’ and 64 cm?, 3 cm and 5 cm, 2.5 cm and 3.5 cm,
respectively. All patients were divided into three groups
according to the cut-off values.

When overall survival (OS) was the research end point,
according to X-tile analysis, the optimal cut-off values of
preoperative tumor volume, tumor length and maximum
diameter were 32 cm® and 72 cm®, 3 cm and 5 cm, 2.5 cm
and 3.5 cm, respectively. All patients were also divided
into three groups according to the cut-off values.
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Definition of the Number of
Postoperative Pathologically Lymph Node
Metastasis (LNM) Regions

According to the lymph node classification criteria of
American Thoracic Association® and the number of regio-
nal lymph node metastasis recorded in postoperative
pathology, this study defined no lymph node metastasis
as non-regional lymph node metastasis (non-regional
LNM), 1-2 regional lymph node metastasis as oligo-
regional lymph node metastasis (oligo-regional LNM),
and >3 regional lymph node metastasis as multi-regional
lymph node metastasis (multi-regional LNM).

Treatment and Follow-Up

In the current study, McKeown or Ivor Lewis procedure
with two-field lymphadenectomy was the main surgical
resection for patients with ESCC. McKeown and Ivor
Lewis are commonly used procedures of esophagectomy
for surgeons because they can make adequate lymph nodes
dissection. According to the poor prognostic factors, can-
cer metastasis or recurrence, in the present study, the
adjuvant radiotherapy (45-50.4 Gy) and/or chemotherapy
(based on fluoropyrimidine and cisplatin) were conducted
after operation.

In our hospital, patients were generally followed up
every 3 months in the first two years, every 6 months for
the next three years, and once a year after five years. The
follow-up results were obtained from our medical records.
The last follow-up was completed in December 2019.

Statistical Analysis

According to X-tile analysis, the optimal cut-off values of
preoperative tumor volume, tumor length and maximum
diameter were determined and all patients were divided
into three groups. Kaplan-Meier method was used to cal-
culate survival rate and survival comparison was per-
formed by Log rank test. The univariate and multivariate
Cox models were used to analyze the relationship between
clinical variables and survival prognosis. ROC curves
were also plotted to verify the accuracy of preoperative
tumor volume and the number of postoperative pathologi-
cally LNM regions for PFS and OS prediction. A 2-tailed
P-value<0.05 was considered statistically significant.
Statistical analyses were performed using the Statistical
Package for Social Sciences version 25.0 (SPSS Inc.,
Chicago, IL, USA).

Finally, the nomogram model® was established by inte-
grating statistically significant clinicopathological para-
meters using the rms package in R version 2.14.1 (http://
www.r-project.org/), and the predictive value of this model

was further verified by calibration curve, concordance
index (C-index) and decision curve.

Results

Patient Characteristics

In the present study, there were 239 males and 57 females
with the median age of 63 years (range: 45-81 years). The
distribution of pathological TNM stages was as follows:
TNM I 17 patients (5.7%); TNM II 132 patients (44.6%);
and TNM III 147 patients (49.7%). In stage III or lymph
node-positive stage II-III ESCC patients receiving post-
operative chemoradiation; According to these criteria, in
our cohort, 127 (42.9%) underwent esophagectomy alone,
169 (57.1%) received postoperative chemotherapy or
radiotherapy. The basic characteristics of the enrolled
patients are shown in Table 1.

Effect of Preoperative Tumor Volume,
Length and Maximum Diameter
Combined with the Number of
Postoperative Pathologically LNM
Regions on PFS

Among the 296 patients, the median PFS time was 17.0
months (95CI: 13.312-20.688); The PFS rates at the 1-, 3-
and S-year period were 60.5%, 26.7% and 23.0%, respec-
tively; As is shown in Figure 1, in the preoperative tumor
volume <28 c¢cm® group, the 1-, 3-, and 5-year PFS rates
were 89.5%, 54.7% and 47.7% separately; In the
28-64 cm® group, the 1 -, 3 - and 5-year PFS rates were
52.8%, 23.1% and 19.4%; while in the >64 cm’ group, the
1 -, 3 - and 5-year PFS rates were 44.1%, 6.9% and 5.9%,
respectively (see Figure 1A, y*=67.328, P<0.001). In the
preoperative tumor length <3 c¢cm group, the 1-, 3-, and
5-year PFS rates were 80.6%, 56.5% and 46.8%; In the
3-5 cm group, the 1-, 3-, and 5-year PFS rates were
59.6%, 24.7% and 21.9%; while in the >5 cm group, the
PFS rates were 42.0%, 9.1% and 8.0%, respectively (see
Figure 1B, y*=49.507, P<0.001). In the preoperative max-
imum diameter <2.5 cm group, the 1-, 3-, and 5-year PFS
rates were 90.2%, 60.8% and 54.9%; In the 2.5-3.5 cm
group, the 1-, 3-, and 5-year PFS rates were 62.8%, 29.8%
and 24.0%; In the >3.5 cm group, the PFS rates were
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Table | Clinicopathological Characteristics of 296 Patients with
Esophageal Squamous Cell Carcinoma Receiving Surgery

Table | (Continued).

Characteristics Patients, n (%)

The number of LNM regions

Non-regional LNM 147 (49.7)
Oligo-regional LNM 95 (32.1)
Multi-regional LNM 54 (18.2)

46.0%, 9.7% and 8.9%, respectively (see Figure 1C,
2’=55.502, P<0.001). Finally, in the patients of non-
regional lymph node metastasis group, the PFS rates in
1-, 3- and 5-years were 68.7%, 34.0% and 29.3%, sepa-
rately; In the patients of oligo-regional lymph node metas-
tasis group, the 1-, 3- and 5-year PFS rates were 61.1%,
28.4% and 25.3%, respectively; In the patients of multi-
regional lymph node metastasis group, the 1-, 3- and
5-year PFS rates were 37.0%, 3.7% and 1.9%, separately,
(see Figure 1D, x*=18.257, P<0.001).

Effect of Preoperative Tumor Volume,
Length and Maximum Diameter
Combined with the Number of
Postoperative Pathologically LNM
Regions on OS

The median overall survival (OS) time was 37 months for
the 296 patients, and the OS rates in 1-, 3- and 5-year
were 97.6%, 50.4% and 33.4%, respectively. Among the
patients whose tumor volume was <32 cem?, the 1 -, 3 -
and 5-year survival rates were 100%, 84.0% and 68.1%;
In the 32-72 cm® group, the 1 -, 3 - and 5-year survival
rates were 98.3%, 42.4% and 24.6%; In the >72 cm’
group, the 1 -, 3 - and 5-year survival rates were
94.0%, 25.0 and 7.1% (see Figure 2A, y* = 86.639, P<
0.001). The patients with tumor length < 3.0 cm, the 1 -,
3 -, and 5-year OS rates were 100.0%, 87.1% and 69.4%;
In the 3.0-5.0 cm group, the 1 -, 3 -, and 5-year OS rates
were 98.6%, 47.9% and 30.1%; In the >5.0 cm group, the
1 -, 3 -, and 5-year OS rates were 94.3%, 29.5%, 13.6%,
respectively (see Figure 2B, y* = 53.607, P< 0.001). The
1, 3 and 5-year OS rates were 99.5%, 84.3% and 74.5%
in the maximum diameter < 2.5cm group; the 1-, 3- and
S-year survival rates were 98.3%, 57.0% and 36.4% in
the 2.5-3.5cm group; the 1, 3 and 5-year survival rates
were 96.0%, 29.0% and 13.7% in the maximum diameter
> 3.5¢cm group (see Figure 2C, y* = 62.109, P < 0.001). In

Characteristics Patients, n (%)
Sex

Male 239 (80.7)

Female 57 (19.3)
Age (years)

<63 140 (47.3)

263 156 (52.7)
Tumor location

Upper /3 13 (4.4)

Middle 1/3 184 (62.2)

Lower 1/3 99 (334)
Differential grade

Well 20 (6.8)

Moderately 220 (74.3)

Poor 56 (18.9)
T stage

TI 22 (74)

T2 102 (34.5)

T3 164 (55.4)

T4 8 (2.7)
N stage

NO 146 (49.3)

NI 93 (314)

N2 45 (15.2)

N3 12 (4.1)
TNM stage

| 17 (5.7)

Il 132 (44.6)

1] 147 (49.7)
Adjuvant therapy

No 127 (42.9)

Yes 169 (57.1)
Preoperative tumor volume (cm?®)

<28 86 (29.1)

28-64 108 (36.5)

>64 102 (34.4)
Preoperative length (cm)

<3.0 62 (20.9)

3.0-5.0 146 (49.3)

>5.0 88 (29.8)
Preoperative maximum diameter (cm)

<25 51 (17.2)

2.5-35 121 (40.9)

>3.5 124 (41.9)

(Continued)
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Figure | Kaplan—Meier survival curves for progression-free survival (PFS) in patients with ESCC receiving surgery. (A) |-, 3-, and 5-year PFS of patients with preoperative
tumor volume <28 cm® were longer than those with 28-64 cm® group or >64 cm® group. (P< 0.001, log-rank). (B) |-, 3-, and 5-year PFS of patients with preoperative tumor
length <3 cm were obvious different from those with 3—5 cm group or >5 cm group. (P < 0.001, log-rank). (C) I-, 3-, and 5-year PFS of patients with preoperative maximum
diameter <2.5 cm group were obviously improved compared with patients of 2.5-3.5 cm group or >3.5 cm group. (P < 0.001, log-rank). (D) |-, 3-, and 5-year PFS of patients
with non-regional lymph node metastasis group were longer than those with oligo or multiple-regional lymph node metastasis group. (P< 0.001, log-rank).

the patients of non-regional lymph node metastasis
group, the OS rates in 1-, 3- and 5-years were 99.1%,
61.9% and 44.9%, separately; In the patients of oligo-
regional lymph node metastasis group, the 1-, 3- and
5-year OS rates were 95.8%, 51.6% and 33.7%, respec-
tively; In the patients of multi-regional lymph node
metastasis group, the 1-, 3- and 5-year OS rates were
96.3%, 18.5% and 1.9%, separately, (see Figure 2D,
2*=57.208, P<0.001).

Univariate and Multivariate Survival
Analyses

The results of univariate analysis of the factors related to
PFS and OS are shown in Table 2. In univariate analysis,
the following factors were significantly associated with

PFS and OS: differentiation grade, T stage, N stage,
TNM stage, adjuvant therapy, preoperative tumor volume,
length, maximum diameter and the number of postopera-
tive pathologically LNM regions (all P<0.05, see Table 2).
Furthermore, multivariate Cox regression analysis showed
that differentiation grade, TNM stage, adjuvant therapy,
preoperative tumor volume and the number of postopera-
tive pathologically LNM regions were independent prog-
nostic factors for PFS and OS in ESCC patients following
surgery (all P<0.05, see Table 3).

ROC Curve for Survival Prediction

Figure 3 shows the ROC curve analysis of preoperative
tumor volume and the number of postoperative pathologi-
cally LNM regions for PFS prediction. As shown in Figure
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Figure 2 Kaplan—Meier survival curves for overall survival (OS) in patients with ESCC after surgery. (A) |-, 3-, and 5-year OS of patients with preoperative tumor volume
<32 cm® were longer than those with 32-72 cm? group or >72 cm?® group. (P< 0.001, log-rank). (B) I-, 3-, and 5-year OS of patients with preoperative tumor length <3 cm
were obvious different from those with 3—5 cm group or >5 cm group. (P < 0.001, log-rank). (C) I-, 3-, and 5-year OS of patients with preoperative maximum diameter
<2.5 cm group were obviously improved compared with patients of 2.5-3.5 cm group or >3.5 cm group. (P < 0.001, log-rank). (D) |-, 3-, and 5-year OS of patients with non-
regional lymph node metastasis group were longer than those with oligo or multiple-regional lymph node metastasis group. (P< 0.001, log-rank).

3A, the area under the curve (AUC) for preoperative tumor
volume and the number of postoperative pathologically
LNM regions was 0.751 (95% CI: 0.687-0.815,
P<0.001) and 0.627 (95% CI: 0.559-0.695, P= 0.002),
respectively. The results indicated that preoperative
tumor volume was superior to the number of postoperative
pathologically LNM regions as a predictive factor for PFS
in patients with ESCC receiving surgery.

ROC curves for OS were also plotted. As shown in
Figure 3B, the AUC was 0.780 (95% CI: 0.724-0.830,

P<0.001) for preoperative tumor volume and 0.670 (95%
CI: 0.609-0.730, P<0.001) for the number of postopera-
tive pathologically LNM areas, indicating that preopera-
tive tumor volume was also superior to the number of
postoperative pathologically LNM regions as a predictive
factor for OS in patients with ESCC after surgery.

Prediction Nomogram for PFS and OS
The multivariate COX regression analysis identified differ-
entiation grade, TNM stage, adjuvant therapy, preoperative
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Table 2 Univariate and Multivariate Analysis for PFS in 296 Esophageal Squamous Cell Carcinoma Treated by Surgery
Factors Univariate Multivariate
HR 95% ClI P value HR 95% CI P value
Age (263 versus <63) 1.163 0.896—1.511 0.257 - - -
Sex (male versus female) 1.074 0.770-1.496 0.675 - - -
Tumor location (upper + middle versus lower) 1.193 0.954-1.492 0.122 - - -
Differential grade Well + moderate versus Poor) 0.709 0.515-0.975 0.034 0.738 0.554-0.984 0.038
T stage (T3+T4 versus T1+T2) 1.441 1.103-1.883 0.007 - - -
N stage (NI+N2+N3 versus NO) 1.550 1.193-2.014 0.001 - - -
TNM stage (III+IV versus I+l1) 1.544 1.189-2.005 0.001 1.219 1.138-2.218 0.012
Adjuvant therapy (Yes versus No) 0.596 0.459-0.774 <0.001 0.473 0.361-0.619 0.001
Preoperative tumor volume (cm®) <0.001 0.045
<28 | - - I - -
28-64 2.625 1.828-3.772 <0.001 2716 1.852-3.984 0.023
>64 4.061 2.828-5.832 <0.001 3.535 2.397-5.214 <0.001
Preoperative length (cm) <0.001 0.690
<3.0 I - - I - -
3.0-5.0 2.320 1.572-3.425 <0.001 1.016 0.588-1.755 0.954
>5.0 3.906 2.592-5.888 <0.001 1.208 0.624-2.338 0.575
Preoperative maximum diameter (cm) <0.001 0.119
<25 | - - I - -
2.5-35 2.506 1.585-3.963 <0.001 1.529 0.838-2.788 0.166
>35 4.494 2.854-7.077 <0.001 2.080 1.013-4.273 0.046
The number of LNM regions <0.001 0.036
Non-regional LNM | - - | - _
Oligo-regional LNM 1.153 0.852—1.559 0.356 0.682 0.167-2.788 0.594
Multi-regional LNM 2.881 2.056-4.038 <0.001 2.576 1.387-6.428 0.021

tumor volume and the number of postoperative pathologi-
cally LNM regions were independent prognostic factors for
PFS (see Table 3). The model that incorporated the above
independent predictors was developed and presented as the
nomogram (Figure 4A). The C-index for the prediction
nomogram was 0.747 (95% CI: 0.717-0.777) by internal
bootstrapping validation, which was significantly higher
than the 7th AJCC TNM stage, the C-index 0.612 (95%
CI: 0.574-0.650); The calibration curve of the nomogram
for the 5-year PFS demonstrated good agreement between
prediction and observation in the primary cohort (Figure
4B); The decision curve analysis for the 5-year PFS nomo-
gram model is presented in Figure 4C. The decision curve
showed that if the threshold probability >30%, using the
nomogram model to predict the 5-year PFS could add more
benefit than TNM staging-based model.

The prognostic nomogram that integrated all significant
independent factors for OS in the primary cohort is shown in
Figure 5A. By internal bootstrapping validation, the C-index
for OS prediction was 0.732 (95% CI: 0.697-0.767), which
was significantly higher than the 7th AJCC TNM stage, the
C-index 0.633 (95% CI: 0.595-0.671). The calibration plot
for the probability of OS at 5 year after surgery showed an
optimal agreement between the prediction by nomogram and
actual observation (see Figure 5B). In the decision curve
analysis, the nomogram model demonstrated high potential
of clinical application because it ensured better net benefits
throughout the entire range of threshold probabilities for 5
years OS compared with the TNM staging systems (see
Figure 5C). These results suggest that our nomogram
model has better performance for predicting OS than the
7th AJCC TNM classifications.
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Table 3 Univariate and Multivariate Analysis for OS in 296 Esophageal Squamous Cell Carcinoma Followed by Surgery

Factors Univariate Multivariate
HR 95% CI P value HR 95% CI P value
Age (263 versus <63) 1.296 0.978-1.717 0.071 - - -
Sex (male versus female) 1.247 0.861-1.804 0.243 - - -
Tumor location (upper + middle versus lower) 1.303 1.031-1.647 0.037 1.011 0.867-1.998 0.128
Differential grade (Well + moderate versus Poor) 0.530 0.409-0.793 0.001 0.514 0.366-0.723 0.019
T stage (T3+T4T1+T2) 1.915 1.423-2.577 <0.001 - - -
N stage (N1+N2+N3/NO) 1.935 1.454-2.576 <0.001 - - -
TNM stage (HI+IV/1+11) 1.876 1.412-2.493 <0.001 1.757 1.267-2.612 0.015
Adjuvant therapy (Yes versus No) 0.759 0.574-0.991 <0.001 0.669 0.503-0.889 0.006
Preoperative tumor volume (cm?) <0.001 <0.001
<32 | - - | - _
32-72 3.976 2.622-6.028 <0.001 3.689 2.415-5.637 <0.001
>72 6.269 4.075-9.644 <0.001 5.720 3.606-9.075 <0.001
Preoperative tumor length (cm) <0.001 0.677
<3.0 | - - | - -
3.0-5.0 3.571 2.185-5.835 <0.001 1.007 0.499-2.321 0.851
>5.0 5.582 3.360-9.274 <0.001 1.234 0.634-2.404 0.536
Preoperative tumor maximum diameter (cm) <0.001 0.373
<25 | - - [ - -
2.5-35 3.486 1.936-6.279 <0.001 1.477 0.691-3.159 0314
>3.5 6.791 3.800-12.125 <0.001 1.755 0.763—4.128 0.183
The number of LNM regions <0.001 0.011
Non-regional LNM | - - | _ —
Oligo-regional LNM 1.384 1.002-2.924 0.018 1.166 1.002-2.289 0.045
Multi-regional LNM 3.573 2.501-5.104 <0.001 2316 1.073-4.997 0.032

Correlations Among Preoperative Tumor

Volume, Length, and Maximum Diameter
Univariate analysis showed that preoperative tumor volume,
length, and maximum diameter were all associated with
survival outcome; Furthermore, the correlations of preopera-
tive tumor volume, length, and maximum diameter were
examined using Pearson correlation analysis (see Figure 6).
The results showed that there were moderate correlations
among preoperative tumor volume and length, preoperative
tumor volume and maximum diameter, and preoperative
tumor length and maximum diameter (correlation coefficient
R? =0.655, 0.684 and 0.440, respectively).

Discussion
To the best of our knowledge, this is the first report to
demonstrate the clinical significance of preoperative tumor

volume, length, maximum diameter and the number of
postoperative pathologically LNM regions on survival
prognosis of ESCC patients. In this present study, the
univariate and multivariate analysis all showed that pre-
operative tumor volume and the number of postoperative
pathologically LNM regions were independent prognostic
factors for PFS and OS in ESCC patients following sur-
gery. We further integrated these factors into the nomo-
gram model to forecast probabilities of OS and PFS in 5
years, which demonstrated high accuracy of this nomo-
gram through internal validation. Compared with the TNM
stage, the nomogram was more predictive, guiding the
prognosis evaluation of thoracic ESCC patients receiving
surgery in terms of visualization and individualization.

In addition to histology, depth of invasion, and number
of positive nodes, which are currently reflected in the
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American Joint Committee on Cancer (AJCC) staging
system, other factors such as preoperative tumor volume,
length, maximum diameter and the number of postopera-
tive pathologically LNM regions have been examined and
are significant prognostic variables in esophageal cancer.
With the advent of 3D CT-based treatment planning for
radiotherapy, we now have the ability to routinely evaluate
tumor volume as a predictor of response and outcome. The
importance of tumor volume as a prognostic factor has
been established in many disease sites, including non-
small cell lung cancer (NSCLC) and head and neck
cancer,””'" Tumor volume as a prognostic factor in eso-
phageal cancer has been examined in patients receiving
surgery alone for squamous cell carcinoma'? and
adenocarcinoma,'? as well as for squamous cell carcinoma

treated with radiotherapy alone.'* In the present study, the

delineation of preoperative tumor volume is determined on
the basis of CT images combined with comprehensive
evaluation of lesion length shown by esophageal barium
meal examination and esophagoscopy. The advantages of
the three examinations complement each other making the
tumor volume of esophageal cancer delineation closer to
the actual tumor situation. The cut-off value of preopera-
tive tumor volume is finally determined according to the
analysis of X-tile software developed by Yale University;
Univariate and multivariate analysis all showed that pre-
operative tumor volume had important value in predicting
survival prognosis.

At present, the tumor length is still controversial for the
prognosis of esophageal cancer. Bollschweiler et al'
showed that length of tumor correlated with pT/ypT-
category (P<0.01). Univariate but not multivariate analysis
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(regression line: Y= 0.697+1.236xX, correlation coefficient: R? =0.440, P<0.001).

showed better survival for tumors <3 cm (P<0.05) in
patients with esophageal carcinoma, while Zhang et al'®
found that the tumor length was found to be an important
prognostic factor for ESCC patients without receiving
neoadjuvant therapy. The modification of EC staging sys-
tem may consider tumor length to better predict ESCC
survival and identify higher risk patients for postoperative
therapy. The reasons for the controversy may be as fol-
lows: Firstly, most of the studies were retrospective stu-
dies, and the sample size was different, which affected the
reliability of the conclusions; Secondly, there were both
squamous cell carcinoma and adenocarcinoma in the
enrolled patients, which are two diseases with different
biological behaviors in the current research, and analysis
together would affect the authenticity of the conclusion;
Finally, the methods to measure the tumor length were
different, and the determination of optimal cut-off value
was also quite different. In this research, the recruited
targets were all operable thoracic ESCC patients, and the
tumor length mainly depended on the lesion length of
esophagoscopy, with reference to imaging data. The

univariate analysis demonstrated that the preoperative
tumor length was a risk factor for survival prognosis, but
the multivariate analysis did not reach statistical
significance.

At present, studies have proved that the esophageal
mucosa and submucosal lymphatic vessels are rich. Once
the tumor invades the submucosa, the degree of regional
lymph node metastasis will increase significantly. The dee-
per the tumor invades, the more chances the tumor cells
enter the lymphatic vessels, and the higher regional lymph
node metastases.'” The maximum diameter of esophageal
cancer indirectly reflects the degree of tumor invasion, and
it can affect T stage and predict the prognosis of patients to
a certain extent.'® In this study, the tumor maximum dia-
meter was the largest slice diameter on CT images. The
survival curve showed that the maximum diameter of the
tumor divided into <2.5 cm group, 2.5-3.5 cm group and
>3.5 cm group, the 1 -, 3 -, and 5-year survival rates were
significantly different; However, in multivariate analysis, it
was found that the survival prognosis of thoracic ESCC

patients was not statistically significant.
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As an important part of TNM staging, lymph node
metastasis is also one of the main factors affecting the
prognosis of esophageal cancer patients. The seventh edi-
tion AJCC-TNM staging published in 2009 only included
the number of lymph node metastasis into the staging
system,'” but the number of lymph node metastasis
regions was not considered. Xu et al*’ reported that
N-classification of esophageal carcinoma depending on
the extent of LN metastasis, rather than by number
alone, might be a better means of staging that could sub-
group patients more effectively and result in different rates
of survival. In this study, according to the American
Thoracic Association of lymph node classification criteria
and the number of LNM areas, the patients were divided
into non-regional LNM group, oligo-regionalLNM group
and multi-regional LNM group, in the univariate and mul-
tivariate COX analysis, the results showed that the number
of LNM areas was independent prognostic factors for PFS
and OS for patients with ESCC after radical resection.

In view of the advantages of visualization and individua-
lization of medical nomogram in predicting the survival rate
of patients, many malignant tumors have developed corre-
sponding nomogram models, whose predictive value is better
than the traditional TNM staging model. Some experts sug-
gest that it should be used as an alternative, or even become
a new standard.”' In this paper, the clinicopathological para-
meters with statistical significance, such as differentiation
grade, TNM stage, adjuvant therapy, preoperative tumor
volume and the number of postoperative pathologically
LNM regions, were included in the nomogram model, and
the C-indexes of PFS and OS were predicted to be 0.747 and
0.732, respectively, which were significantly higher than the
7th AJCC TNM stage, the C-indexes 0.612 and 0.633, sepa-
rately. In addition, the calibration curves of nomograms
model were highly consistent with actual observation for
the five-year PFS and OS rate, and the decision curve analy-
sis also showed that nomograms model had higher clinical
application potentials than TNM staging model in predicting
survival prognosis of thoracic ESCC after surgery.

The study has some limitations. Firstly, this study was
limited due to a single-center study in small sample with
the retrospective character. Secondly, the cut-off values for
preoperative tumor volume, length and maximum diameter
were identified from a single center, which may pose some
influences to the results of our study; Thirdly, the valida-
tion of nomogram was limited to cases in our research
center, and the validation of external data was not strictly
performed. Therefore, the validity of nomogram needs to

be expected with more large-sample, double-blinded, ran-
domized prospective trials in the future.

In conclusion, the results of this study found that the
nomograms incorporated the preoperative tumor volume
and the number of postoperative pathologically LNM
areas have important value in predicting PFS and OS
time for patients with thoracic ESCC. However, consider-
ing the retrospective nature of this study, large-scale pro-
spective trials are still warranted to verify our results.
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