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Background: Definitive chemoradiotherapy (dCRT) is widely accepted for esophageal squamous cell 
carcinoma (ESCC), although the outcomes can vary. Therefore, we aimed to develop a nomogram for the 
pre-treatment prediction of survival after dCRT for ESCC.
Methods: This retrospective study evaluated 204 patients (169 patients in a primary cohort and 35 patients 
in a validation cohort) who received dCRT for ESCC between July 2013 and June 2017.
Results: Pre-treatment parameters that predicted long-term survival in this setting were body mass index 
(BMI), absolute lymphocyte count (ALC), neutrophil-to-lymphocyte ratio (NLR), wall thickness, concurrent 
chemoradiotherapy, radiotherapy modality, and American Joint Committee on Cancer (AJCC) stage. The 
nomogram incorporated these factors and provided C-index values of 0.691 [95% confidence interval 
(CI): 0.641–0.740] in the primary cohort and 0.816 (95% CI: 0.700–0.932) in the validation cohort. The 
calibration curve analysis revealed that the nomogram had good ability to predict 2-year progression-free 
survival (PFS). The nomogram also performed better than the AJCC staging system by the C-index values 
(0.691 vs. 0.560) and the area under the curve values (0.702 vs. 0.576). Decision curve analysis (DCA) also 
indicated that the nomogram had better clinical utility.
Conclusions: These results suggest that pre-treatment parameters may help predict the efficacy of dCRT 
for ESCC. Furthermore, as the nomogram provided better prognostic accuracy than the AJCC staging 
system, the nomogram may be useful in clinical practice for prognostication among patients who are going 
to receive dCRT for ESCC.
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Introduction

Esophageal cancer is the sixth most deadly malignancy (1), 
and the most common type in Asia is esophageal squamous 
cell carcinoma (ESCC), whereas adenocarcinoma is 
currently more common in Australia, the UK, the USA, and 
some western European countries (2). Previous studies have 
indicated that chemoradiotherapy can provide a median 
survival time of 11–22 months and a 5-year survival rate of 
27%, which are similar to the outcomes after surgery (3-7). 
Thus, definitive chemoradiotherapy (dCRT) has become a 
widely accepted treatment for esophageal cancer, due to the 
less adverse effects (8). However, outcomes can vary broadly 
among patients with the same stage of ESCC, as survival 
is influenced by multiple factors. Furthermore, to the best 
of our knowledge, few studies have investigated whether 
pre-treatment clinical parameters can be used to predict 
survival among patients with ESCC who are undergoing 
dCRT. Therefore, the present study aimed to identify pre-
treatment factors that could be used to predict survival after 
dCRT for ESCC. Moreover, this study aimed to develop a 
prognostic nomogram using these factors, and to compare 
that nomogram’s accuracy to that of the American Joint 
Committee on Cancer (AJCC) staging system. We present 
the following article in accordance with the TRIPOD 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-1460).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by our institutional review board (SDTHEC201901006). 
The requirement for informed consent was waived based 
on the study’s retrospective analysis of secured patient data. 
The results of this study did not affect the patients’ future 
management.

This study included 204 patients from our registry who 
received dCRT for ESCC between July 2013 and June 2017. 
To minimize heterogeneity, patients were required to be  
<80 years old and to have stage II–IVa squamous cell carcinoma 
of the thoracic esophagus, based on the eighth edition 
of the AJCC staging system [2017]. The other eligibility 
criteria were good general condition (Eastern Cooperative 
Oncology Group performance status of 0 or 1), normal liver 
function, normal renal function and normal bone marrow. 
The exclusion criteria were gastric cardia infiltration, distant 

or supraclavicular lymph node metastasis, tracheobronchial 
involvement, respiratory insufficiency, Child-Pugh class B 
or C cirrhosis, and symptomatic coronary heart disease. To 
develop the nomogram, we divided the patients into a primary 
cohort (169 patients who were treated between July 2013 and 
December 2016) and a validation cohort (35 patients who were 
treated between January 2017 and June 2017).

The patients’ characteristics were collected from 
their  medical  records and included age,  sex,  and 
carcinoembryonic antigen concentration. Two radiologists 
with >10 years of experience separately reviewed the 
medical imaging records and collected data regarding tumor 
length, tumor location, X-ray type, minimum stenosis 
diameter based on barium swallow or endoscopic ultrasound 
findings, wall thickness, esophageal diameter, tumor status, 
and lymph node status. Missing values for the 27 clinical 
characteristics were replaced by the average value for the 
corresponding variable.

Treatment and follow-up

The patients underwent treatment using three-dimensional 
conformal radiotherapy or intensity-modulated radiotherapy 
(dose: 50–68 Gy), and were categorized according to 
whether their chemotherapy was provided concurrently 
(Table 1). The progression-free survival (PFS) interval was 
calculated from the end of radiotherapy to the first instance 
of recurrence, metastasis, or death.

Factor selection and construction of nomogram

Univariate Cox regression analyses were performed to 
identify potential prognostic factors. Variable selection was 
refined using the least absolute shrinkage and selection 
operator (LASSO) method, which is suitable for regression 
analysis of high-dimensional data with multicollinearity  
(9-12). A nomogram was constructed based on the results 
of the LASSO Cox regression model (13). The nomogram 
was subjected to bootstrapping validation (500 bootstrap 
resamples) to calculate a relatively corrected C-index. A 
calibration curve was applied to assess the nomogram and 
the area under the curve (AUC) was used to quantify the 
discriminative performance. The Hosmer-Lemeshow test 
was used to evaluate the nomogram’s goodness-of-fit.

Internal validation

Internal validation was performed using the calibration 
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Table 1 Characteristics of patients in the primary and validation cohorts

Demographic or characteristic Primary cohort (n=169) Validation cohort (n=35)

Gender, n (%)

Male 123 (72.8) 25 (71.4)

Female 46 (27.2) 10 (28.6)

Age, median (range, yr) 67 (43.0–80.0) 71 (55.0–80.0)

Height, median (range, cm) 166 (139.0–182.0) 168 (150.0–180.0)

Weight, median (range, kg) 62 (34.5–97.0) 65 (48.0–85.0)

BMI index, n (%)

<18.5 20 (11.8) 3 (8.6)

≥18.5 149 (88.2) 32 (91.4)

Weight loss, n (%)

<5 kg 140 (82.8) 34 (97.1)

≥5 kg 27 (16.0) 1 (2.9)

Unknown, n (%) 2 (1.2) 0 (0)

Dysphagia, n (%)

Absent or solid 58 (34.3) 14 (40.0)

Semiliquid or liquid 111 (65.7) 21 (60.0)

Past history, n (%)

Yes 85 (50.3) 14 (40.0)

No 84 (49.7) 21 (60.0)

HGB, median (range, g/L) 139 (85.0–177.0) 139 (107.0–169.0)

ALB, n (%)

<40 g/L 25 (14.8) 4 (11.4)

≥40 g/L 144 (85.2) 31 (88.6)

CEA, median (range, ng/mL) 2.46 (0.26–10.25) 3.11 (0.92–8.71)

Unknown, n (%) 46 (27.2) 11 (31.4)

Lymphocyte, median (range, cells/μL) 1,730 (390.0–3,420.0) 1,880 (840.0–3,210.0)

Neutrophil, median (range, cells/μL) 3,640 (1,040.0–11,490.0) 4,420 (1,660.0–9,300.0)

Monocyte, median (range, cells/μL) 460 (200.0–990.0) 550 (300.0–1,040.0)

NLR 2.22 (0.76–16.14) 2.51 (1.02–7.11)

LMR 3.95 (0.83–53.50) 3.36 (1.78–8.25)

X-ray type, n (%)

Medullary type 109 (64.5) 26 (74.3)

Fungating type 24 (14.2) 3 (8.6)

Constrictive type 13 (7.7) 1 (2.8)

Ulcerative type 23 (13.6) 5 (14.3)

Table 1 (continued)
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Table 1 (continued)

Demographic or characteristic Primary cohort (n=169) Validation cohort (n=35)

Tumor location, n (%)

Upper thoracic 78 (46.1) 16 (45.7)

Middle thoracic 54 (32.0) 15 (42.9)

Lower thoracic 37 (21.9) 4 (11.4)

Tumor length, median (range, cm) 4.8 (1.0–10.0) 5 (2.3–10.0)

Wall thickness, median (range, mm) 14 (4.0–45.4) 15.6 (6.0–28.0)

Unknown, n (%) 27 (16.0) 0 (0)

Minimum stenosis diameter, median (range, mm) 24.25 (10.0–52.0) 27.8 (13.0–45.0)

Unknown, n (%) 27 (16.0) 0 (0)

Maximum LN diameter, median (range, mm) 7 (0–20.0) 6 (0–12.0)

Stage, n (%)

II 51 (30.2) 8 (22.9)

III 102 (60.4) 16 (45.7)

IV 16 (9.4) 11 (31.4)

RT technology, n (%)

3DCRT 56 (33.1) 10 (28.6)

IMRT 113 (66.9) 25 (71.4)

RT dose, n (%)

≤50.4 Gy 14 (8.3) 3 (8.6)

>50.4 Gy 155 (91.7) 32 (91.4)

RT fraction, n (%)

<2 Gy 57 (33.7) 15 (42.9)

≥2 Gy 112 (66.3) 20 (57.1)

Concurrent chemotherapy, n (%)

No 69 (40.8) 15 (42.9)

Yes 100 (59.2) 20 (57.1)

BMI, body mass index; HGB, hemoglobin; ALB, albumin; CEA, carcinoembryonic antigen; NLR, neutrophil-to-lymphocyte  
ratio; LMR, lymphocyte-to-monocyte ratio; RT, radiotherapy; 3D-CRT, three-dimensional conformal radiotherapy; IMRT, intensity  
modulated radiotherapy. 

curve and AUC analysis in the validation cohort.

Clinical utility

Decision curve analysis (DCA) was performed for all 
subjects to examine the nomogram’s clinical utility based 
on net benefits that were calculated at a series of threshold 
probabilities (14).

Statistical analysis

The Cox regression model with LASSO penalties was 
subjected to a 10-fold cross-validation method based on 
minimum criteria. Detailed descriptions of the LASSO 
algorithm and DCA are provided in the figure legends. The 
“glmnet” and “survival” packages in R statistic software 
were used for the LASSO Cox regression analysis, and the 
“car” package was used to calculate the variance inflation 
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factors. The “pROC” package was applied to plot the 
receiver operating characteristic curve and the “rms” 
package was used for the nomogram’s construction and 
calibration plotting. The DCA was performed using the 
“dca.R” package. Differences were considered significant 
in the univariate Cox regression analyses at two-sided 
P-values of <0.1. All statistical analyses were performed 
using R software (version 3.4.4, http://www.R-project.
org), EmpowerStats software (www.empowerstats.com, 
X&Y Solutions Inc., Boston, MA) and IBM SPSS software 
(version 21.0; IBM Corp., Armonk, NY, USA).

Results

Clinical characteristics

The study flowchart is presented in Figure 1. The 204 
eligible patients were assigned to a primary cohort (169 
patients who received treatment between July 2013 and 
December 2016) and a validation cohort (35 patients who 
received treatment between January 2017 and June 2017). 
The patients’ characteristics are shown Table 1. The primary 
and validation cohorts had similar clinical characteristics 
and 2-year PFS rates (P=0.381).

Survival and treatment failure patterns

The median follow-up time was 42.0 months [95% 

confidence interval (CI): 38.4–45.6 months] and the 
estimated median PFS time was 22.0 months (95% CI: 
12.7–31.3 months). The estimated PFS rates were 58.8% 
at 1 year and 45.6% at 2 years. The treatment failure 
manifested as local failure (73% of cases) or distant failure 
(22% of cases). The locoregional recurrences involved local 
failure at the primary tumor site (86% of cases) and the 
lymph nodes (21% of cases).

Factor selection and model construction

The univariate Cox regression analyses revealed that 12 of 
the 27 pre-treatment clinical parameters were significantly 
associated with PFS in the primary cohort (Table 2). 
According to the results of LASSO cox regression model, 
the nomogram ultimately included body mass index 
(BMI), absolute lymphocyte count (ALC), neutrophil-
to-lymphocyte ratio (NLR), wall thickness, concurrent 
chemoradiotherapy, radiotherapy modality, and AJCC 
stage (Figure 2A,B,C, Table 2). No collinearity was observed 
by analyzing the variance inflation factors for those 7 
parameters (Table S1).

Performance evaluation

The nomogram’s performance was evaluated in the primary 
cohort and the C-index for PFS was 0.691 (95% CI: 
0.641–0.740), which was confirmed by 1,000 bootstrap 

Figure 1 The flowchart of study procedure.
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Primary Cohort Primary Cohort
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https://cdn.amegroups.cn/static/public/ATM-20-1460-supplementary.pdf
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Figure 2 Feature selection using the least absolute shrinkage and selection operator (LASSO) Cox regression model (A,B). (A) Tuning 
parameter (λ) selection in the LASSO model via 10-fold cross-validation based on minimum criteria. The partial likelihood deviance curve 
was plotted versus log(λ). Dotted vertical lines define the optimal values of λ, where the model provides its best fit to the data. The optimal 
λ value of 0.092 with log (λ) =−2.38 was selected. (B) LASSO coefficient profiles of the 12 features. A coefficient profile plot was produced 
against the log(λ) sequence. Vertical line was drawn at the value selected using 10-fold cross-validation, where optimal lambda resulted in 
seven features with nonzero coefficients. (C) Nomogram. BMI, body mass index; ALC, absolute lymphocyte count; NLR, neutrophil-to-
lymphocyte ratio; CCRT, concurrent chemoradiotherapy; AJCC stage, American Joint Committee on Cancer staging system.
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resamples. The calibration curve for 2-year PFS suggested 
that the nomogram’s predictive ability was aligned with the 
actual clinical outcomes (Figure 3A). The AUC of 0.702 
for 2-year PFS also indicated that the nomogram had good 
discriminative ability (Figure 3B). The Hosmer-Lemeshow 
test revealed good calibration, with a non-significant result 
(P=0.201).

Validating predictive accuracy

The calibration curve also revealed good agreement 
between the predicted 2-year PFS probability and the actual 
clinical outcomes (Figure 3C). The predictive accuracy was 
also evaluated in the validation cohort, which revealed a 
C-index value of 0.816 (95% CI: 0.700–0.932) and an AUC 
of 0.869 for predicting 2-year PFS (Figure 3D, Table S2).

Comparing the predictive accuracies of the nomogram and 
AJCC staging system

The eighth edition of the AJCC staging system generally 
provides good prognostic stratification, although the 
stratification was not satisfactory for patients with stage 
II–III ESCC (Figure 4A,B). In the primary cohort, our 
nomogram provided better ability to predict PFS than the 
AJCC staging system based on the C-index values (0.691 vs. 
0.560, P=0.016) (Table S2). Furthermore, the nomogram 
had better discriminative ability than the AJCC staging 
system according to the higher AUC value for 2-year PFS 
(0.702 vs. 0.576) (Figure 4C, Table S2). When considered 
together, these results suggested that the nomogram 
might be more effective than the AJCC staging system for 
predicting PFS after dCRT for ESCC.

The 2-year DCA curves also revealed that the nomogram 

Table 2 Univariate cox regression model and LASSO Cox regression model for PFS

Characteristics
Univariate analysis (PFS) LASSO Cox

HR 95% CI P value Coefficient

BMI (<18.5 vs. ≥18.5 kg/m2) 0.353 0.211–0.591 <0.001 −0.505

Weight loss (≥5% vs. <5%) 1.668 1.020–2.725 0.041 –

CEA 1.103 0.982–1.240 0.099 –

ALB (<40 vs. ≥40 g/L) 0.567 0.347–0.927 0.024 –

ALC 1.000 0.999–1.000 0.030 <0.001

NLR 1.189 1.079–1.311 <0.001 0.045

Tumor location –

Upper thoracic

Middle thoracic 1.536 0.976–2.418 0.064 –

Lower thoracic 1.589 0.600–2.628 0.071 –

Tumor length 1.129 1.025–1.244 0.014 –

Wall thickness 1.079 1.044–1.114 <0.001 0.041

Concurrent chemotherapy (no vs. yes) 0.683 0.461–1.013 0.058 −0.057 

RT technology (3D-CRT vs. IMRT) 0.619 0.415–0.925 0.019 −0.041

AJCC stage 0.109

II

III 1.400 0.879–2.231 0.157

IVa 2.478 1.283–4.786 0.007

LASSO, least absolute shrinkage and selection operator; PFS, progression-free survival; BMI, body mass index; CEA, carcinoembryonic  
antigen; ALB, albumin; ALC, absolute lymphocyte counts; NLR, neutrophil-to-lymphocyte ratio; RT, radiotherapy; 3D-CRT,  
three-dimensional conformal radiotherapy; IMRT, intensity modulated radiotherapy.

https://cdn.amegroups.cn/static/public/ATM-20-1460-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-1460-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-1460-supplementary.pdf
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had better clinical performance than the AJCC staging 
system among all study subjects (Figure 5).

Discussion

The present study evaluated 27 pre-treatment clinical 
parameters for patients who received dCRT for ESCC, 
including their general condition, hematological indicators, 
imaging findings, and treatment parameters. The LASSO 
Cox model was used to identify prognostic factors because 
it is suitable for analysis of data with multicollinearity, it 

is more robust than stepwise regression analysis, and can 
avoid overfitting (15). Based on the results of that analysis, 
the nomogram ultimately included BMI, ALC, NLR, wall 
thickness, concurrent chemoradiotherapy, radiotherapy 
modality, and AJCC stage.

Previous studies have indicated that nutritional support 
can help limit the adverse effects of radiotherapy and 
improve outcomes among patients with colorectal, head, 
and neck cancers (16,17). However, the baseline nutritional 
status is not generally considered for patients with 
esophageal cancer who are receiving dCRT. The present 

Figure 3 Performance of the nomogram (A,C). Calibration plots showing the consistency between the predicted probabilities based on 
the nomogram and actual values in the primary cohort (A) and validation cohort (C). The diagonal green solid line represents a perfect 
prediction by an ideal model. The red dotted line represents the performance of the nomogram, of which a closer fit to the diagonal green 
solid line represents a better prediction. The blue dotted lines represent 95% CIs of the nomogram. ROC curves presenting the predictive 
power of the nomogram for 2-year PFS in primary cohort (B) and validation cohort (D). ROC, receiver operator characteristic; PFS, 
progression-free survival; NNE, Nearest neighbor estimate; AUC, area under the curve; time =24 months (2 years).
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study revealed that survival outcomes were correlated 
with baseline BMI, weight loss, and albumin serum 
concentration, which are nutritional indicators (Table 2). 
Moreover, a baseline BMI of <18 kg/m2 was independently 
associated with poor survival, which suggests that baseline 
nutritional parameters may be related to dCRT response 
and survival among patients with esophageal cancer. 
Therefore, adding supportive nutritional management to 
the dCRT regimen might help improve survival outcomes.

Lymphocytes in the peripheral blood are considered 
crucia l  immune components  and ref lect  immune 
responsiveness (18). Furthermore, survival outcomes 
for various cancers can be predicted by immune and 
inflammatory factors, such as ALC and NLR (19-22).  
Moreover, Davuluri et al .  demonstrated that CRT 
dramatically reduced the lymphocyte count in patients with 

esophageal cancer, and that CRT-induced lymphopenia 
was associated with poor survival outcomes (23). Similarly, 
the present study revealed that the pre-treatment ALC 
and NLR values were independently associated with PFS 
after dCRT for ESCC. Therefore, caution is warranted 
when selecting CRT for patients with pre-treatment 
lymphopenia, who might benefit from a modified dosage or 
alternative treatment methods.

Only a few studies have evaluated whether esophageal 
wall thickness, which can be evaluated using computed 
tomography, can predict chemoradiotherapy response. 
Swisher  e t  a l .  suggested  that  the  maximal  post-
chemoradiotherapy esophageal wall thickness was associated 
with the response to chemoradiotherapy among patients 
with esophageal adenocarcinoma (24). In addition, the pre-
treatment maximal esophageal wall thickness is independently 

Figure 4 Kaplan-Meier survival curves of the primary cohort (A) and the validation cohort (B). (C) ROC curves presenting the predictive 
power of the nomogram for 2-year PFS in the validation cohort. ROC, receiver operator characteristic.
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associated with the response to chemoradiotherapy among 
patients with T3–4 ESCC (25). Similarly, the present 
study revealed that the response to chemoradiotherapy and 
treatment outcomes were significantly correlated with the 
pre-treatment maximal esophageal wall thickness.

Several studies have demonstrated that, relative to 
sequential CRT, concurrent CRT can provide a significantly 
higher survival rate among patients with esophageal cancer. 
Although it had been suggested that concurrent CRT would 
be associated with more adverse effects, clinical experience 
has revealed that concurrent CRT is well-tolerant and 
can be recommended to patients with esophageal cancer. 
Retrospective studies have also suggested that the 
dosimetric advantage of intensity-modulated radiotherapy, 
relative to three-dimensional conformal radiotherapy, was 
related to improved clinical outcomes (26).

The AJCC staging system provides impressive prognostic 
value for some patients with ESCC, although it was not 
specifically developed for the prediction of post-treatment 
outcomes (27). Moreover, among patients undergoing 
dCRT for ESCC, the predictive accuracy of the AJCC 

staging system might be affected by other important factors, 
such as nutritional status, hematological biomarkers, and 
therapeutic regimen. Thus, we developed a comprehensive 
nomogram that evaluates various important pre-treatment 
parameters, such as nutritional status (BMI), radiographic 
characteristics (wall thickness), immune and inflammatory 
biomarkers (ALC and NLR), therapeutic regimen 
(concurrent chemotherapy and radiotherapy modality), 
and AJCC stage. The performance of the nomogram was 
satisfactory based on the calibration curve and C-index 
values (primary cohort: 0.691, validation cohort: 0.816). 
Moreover, we found that the nomogram was better than 
the AJCC staging system for predicting survival outcomes, 
and the DCA results also demonstrated that our nomogram 
provided greater clinical value than the AJCC grading 
system. In addition, Factors included in the nomogram 
can be judged during a pre-treatment clinical examination, 
which would be useful in clinical practice for predicting 
survival after dCRT for ESCC. Finally, most patients who 
do not experience recurrence within 2 years after dCRT are 
likely to remain without recurrence during the first 5 years 
after treatment (19). Thus, our model may help predict the 
likelihood of long-term survival (28).

The present study has several limitations. First, we did 
not consider all potentially relevant characteristics, such as 
genetic markers, tumor differentiation status, and pulmonary 
function. Second, the specific chemotherapy regimens 
were not analyzed. Third, the retrospective study design is 
associated with possible sources of bias. Thus, multicenter 
studies with larger sample sizes are needed to validate our 
nomogram, identify areas for improvement, and generate 
additional evidence regarding its clinical application.

Conclusions

We developed a nomogram for ESCC that included BMI, 
ALC, NLR, wall thickness, concurrent chemoradiotherapy, 
radiotherapy modality, and AJCC stage. This nomogram 
was useful for predicting 2-year PFS among patients who 
were receiving dCRT for ESCC. Therefore, it may be 
prudent to consider these pre-treatment parameters when 
planning dCRT for ESCC patients. Our new nomogram 
may be useful for predicting clinical and survival outcomes 
among patients who are going to receive dCRT for ESCC.
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