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Background: The prognostic value of positive circumferential resection margins (CRM) in resected 
esophageal squamous cell carcinoma (ESCC) is unclear. The Royal College of Pathologists criteria and the 
College of American Pathologists criteria are the two commonly used definitions of CRM involvement. The 
aim of this report was to compare the prognostic performance of the two criteria and to propose a modified 
stratification in patients who underwent radical esophagectomy for ESCC.
Methods: We retrospectively reviewed 112 patients with pathologically confirmed T3N0M0 ESCC 
and without neoadjuvant therapy from June 2009 and July 2011. The optimal cutoff point was obtained 
by the X-tile. The prognostic performance of different classifications of CRM was assessed in terms of 
homogeneity, discriminatory ability, and monotonicity. 
Results: According to the Royal College of Pathologists criteria, a positive CRM was detected in 87 
patients (77.7%); and 24 patients (21.4%) were found with positive CRM according to the College of 
American Pathologists criteria. Non-significant associations between overall survival and CRM were 
observed according to either of the two criteria. The analysis of reclassifying the CRM criteria demonstrated 
that the optimal cutoff CRM value for best prognostic power was 600 μm. Patients with CRM more than 
600 μm showed better overall survival (P<0.05) than the cases with CRM less than 600 μm. Furthermore, the 
improved homogeneity, discriminatory ability, and monotonicity gradients were also found in this modified 
criteria, as compared with the two existing criteria. 
Conclusions: Our study highlighted that CRM was an independent prognostic factor for survival in 
esophageal cancer patients, and the modified CRM criteria had better prognostic power than the traditional 
criteria in patients with ESCC.
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Introduction

Surgery is still the cornerstone of the treatment of advanced 
esophageal cancer, and the most important principles 
of surgical resection of primary esophageal cancer is 
complete resection. Positive proximal and distal resection 
margins have repeatedly been reported to decrease the 
effect of operative resection (1,2). In contrast, the role of 
circumferential resection margin (CRM) in esophageal 
cancer is elusive for contrary results of previous studies on 
this topic (3). 

The CRM represents the adventitial soft tissue margin 
closest to the deepest tumor penetration. Currently, there 
are two common criteria given the definition of CRM 
involvement. First, the College of American Pathologists 
(CAP) defines only a presence of tumor at the cut margin as 
CRM positive. Second, the Royal College of Pathologists 
(RCP) defines a positive CRM as a tumor at or within 1 mm 
of the circumferential cut margin (4).

One explanation for this discrepancy result may be 
the heterogeneity of the studies. The patients with mixed 
different T stage, various preoperative therapy (with 
or without neoadjuvant treatment), and inconsistent 
tumor node metastasis (TNM) classification version (5) 
contributed to the conflict results. In order to make further 
exploration of the exclusive role of CRM on ESCC patients, 
we only included the patients at pT3N0M0 stage and 
without receiving neoadjuvant radiochemotherapy in this 
study.

Methods

Patients 

From June 2009 to July 2011, patients who underwent 
esophagectomy for esophageal squamous cell carcinoma 
(ESCC) at West China hospital of Sichuan University were 
retrospectively selected. In order to investigate the sole 
function of CRM, only pT3N0M0 patients were enrolled 
in this study. The additional inclusion criteria are complete 
resection (without microscopic tumor at the proximal and 
distal resection margin), and without surgical mortality 
(defined as death occurring within 30 days of operation). 
The Ethics Committees of West China Hospital of Sichuan 
University approved the study (No. 201649).

Operative procedure

Curative-intent resection were undergone in all patients. 

Approach of left thoracotomy (single incision) and Ivor 
Lewis were performed in patients with tumor in middle or 
lower thoracic esophagus and no evidence of lymph node 
involvement in the superior mediastinum or in the neck. 
McKeown approach was performed in patients with tumor 
in the middle or upper thoracic esophagus or with possible 
LN metastasis in the superior mediastinum or neck.

Pathologic examination

Multiple records of each patient were re-evaluated and 
modified by certified pathologists. When compared to the 
proximal and distal margins, the circumferential margin 
was defined as the lateral cut edge of the resected specimen, 
which is parallel to straight esophageal axis. The CRM 
status was judged by measuring the minimum distance from 
the tumor cells to the vertical margin. The CAP or RCP 
criteria was used to identify the CRM status including R0 
and R1. The 8th edition of the American Joint Committee 
on Cancer TNM staging system was used to determine the 
pathologic stages of ESCC.

Statistical analysis

Chi-square or Fisher’s exact probability test was used to 
perform the comparisons of categorical data. Continuous 
variables were compared by two-tailed t test. Mann-
Whitney U test was applied wherever required. Overall 
survival curve was computed by the Kaplan-Meier curve, 
and the log-rank test was used to compare the differences 
among survival curves. Univariate and multivariate analyses 
were performed by the Cox proportional hazards model. 
Variates with P values <0.20 in univariate analysis were 
entered into multivariate analysis. Optimal cutoff points 
for CRM were determined by minimum P value from 
log-rank χ2 statistics through the X-tile program (Version 
3.1.2, Yale University). The prognostic performance of 
different classification of CRM was compared in terms of 
homogeneity, discriminatory ability, and monotonicity: 
(I) the likelihood ratio χ2 test related to the cox regression 
model was used to measure homogeneity; (II) the linear 
trend χ2 test was conducted to measure the monotonicity of 
gradients assessments; (III) Harrell’s c statistics was carried 
out to measure the discriminatory ability. In order to obtain 
the potential bias in comparing different classification, 
the Akaike information criterion (AIC) within the Cox 
proportional hazard model was used. The AIC was defined 
as: AIC = −2 log maximum likelihood ×2 (the number of 
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parameters in the model). A smaller AIC value indicates 
a better model for predicting outcome. Harrell’s C index 
range from 0.5 (no discrimination for predicting OS) to 1.0 
(perfect discrimination). All statistical analyses were carried 
out by SPSS, version 20.0 (SPSS Inc., Chicago, IL), and a P 
value of less than 0.05 was considered significant.

Result

A total of 112 patients were included in the study. The 
median follow-up time for all patients was 42.23 months 

(range, 2.6–87.7 months). The 1-, 3- and 5-year OS rates 
were 83.9%, 50.9%, and 44.9%, respectively. Patients were 
stratified into CRM positive and negative group based on 
CRP and RCP criteria. The characteristic and correlation 
of patients between CRM status and clinicopathological 
parameters were listed in Table 1. 

According to RCP, a positive CRM (CRM+) was 
identified in 87 patients (77.7%) with the median-survival 
time of 29.1-month; whereas CRM+ was achieved in 
24 patients (21.4%) with the median-survival time of 
24.3-month according to criteria of CAP. No significant 

Table 1 Patient characteristic and correlation between CRM and clinicopathological parameters

Variables All
RCP CAP Modified criteria

Negative  Positive P Negative  Positive P Negative  Positive P

Age, years 0.822 0.819 0.843

≤60 55 (49.1) 13 (23.6) 42 (76.4) 44 (80.0) 11 (20.0) 20 (36.4) 35 (63.6)

>60 57 (50.9) 12 (21.1) 45 (78.9) 44 (77.2) 13 (22.8) 19 (33.3) 38 (66.7)

Gender 0.732 0.617 0.767

Female 14 (12.5) 2 (14.3) 12 (85.7) 11 (78.6) 3 (21.4) 4 (28.6) 10 (71.4)

Male 98 (87.5) 23 (23.5) 75 (76.5) 77 (78.6) 21 (21.4) 35 (35.7) 63 (64.3)

Location of tumor 0.709 0.261 0.611

Upper 16 (14.3) 3 (18.8) 13 (81.3) 14 (87.5) 2 (12.5) 4 (25.0) 12 (75.0)

Middle 63 (56.3) 13 (20.6) 50 (79.4) 46 (73.0) 17 (27.0) 22 (34.9) 41 (65.1)

Lower 33 (29.5) 9 (27.3) 24 (72.7) 28 (84.8) 5 (15.2) 13 (39.4) 20 (60.6)

Tumor length, cm 0.284 0.804 0.438

≤3 35 (31.3) 10 (28.6) 25 (71.4) 28 (80.0) 7 (20.0) 14 (40.0) 21 (60.0)

>3 77 (68.8) 15 (19.5) 62 (80.5) 60 (77.9) 17 (22.1) 25 (32.5) 52 (67.5)

Differentiation 0.461 0.383 0.701

Well 3 (2.7) 0 (0) 3 (100.0) 3 (100.0) 0 (0) 1 (33.3) 2 (66.7)

Moderate 49 (43.8) 13 (26.5) 36 (73.5) 36 (73.5) 13 (26.5) 15 (30.6) 34 (69.4)

Poorly 60 (53.6) 12 (20.0) 48 (80.0) 49 (81.7) 11 (18.3) 23 (38.3) 37 (61.7)

Operation 0.546 0.631 0.584

Sweet 86 (76.8) 21 (24.4) 65 (75.6) 67 (77.9) 19 (22.1) 31 (36.0) 55 (64.0)

Ivor-Lewis 16 (14.3) 3 (18.8) 13 (81.3) 12 (75.0) 4 (25.0) 6 (37.5) 10 (62.5)

McKeown 10 (8.9) 1 (10.0) 9 (90.0) 9 (90.0) 1 (10.0) 2 (20.0) 8 (80.0)

Adjuvant therapy 0.977 0.816 0.115

None 63 (56.3) 14 (22.2) 49 (77.8) 49 (77.8) 14 (22.2) 18 (28.6) 45 (71.4)

Yes 49 (43.8) 11 (22.4) 38 (77.6) 39 (79.6) 10 (20.4)  21 (42.9) 28 (57.1)  

CAP, College of American Pathologists; RCP, Royal College of Pathologists; Percentages are shown in parentheses.
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associations between overall survival and CRM were 
observed according to neither CAP nor RCP criteria  
(Figures 1,2). 

X-tile plots indicated that the optimal cutoff points 
for CRM were 600 μm from minimum P value of log-
rank χ2 test (Figure 3). According to this modified CRM 
classification, CRM+ was identified in 39 patients (34.8%) 
with the median survival time of 23.9-month and was 
associated with a significant worse overall survival (P=0.003) 
when compared with CRM+ (Figure 4). 

Apart from the three criteria, other clinicopathologic 
factors, such as age, gender, histologic grading, tumor 
location, pathological tumor length, adjuvant therapy 
were included in both univariate and multivariate analysis. 
The results showed that only the modified CRM criteria 
has significant effect on overall survival from multivariate 
analysis (Table 2). 

In addition, when compared with CAP and RCP, the 
modified CRM criteria (reclassified by 600 μm) showed 
improved homogeneity, monotonicity of gradients, and 
discriminatory ability (Table 3).

Discussion

This study revealed that a positive circumferential resection 
margin did not associate with a decreased overall survival 
according to neither the CAP nor RCP criteria. In order 
to emphasize the prognostic value of CRM, a modified 
stratification was proposed based on this cohort. A standard 
set of CRM definitions should be eligible to cover the 
following major aspects: (I) the difference in survival time 
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Figure 1 Kaplan-Meier curves for overall survival according to 
RCP criteria. RCP, Royal College of Pathologists.

Figure 2 Kaplan-Meier curves for overall survival according to 
CAP criteria. CAP, College of American Pathologists.
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is minimal among patients who are classified into the same 
group by that system (homogeneity); (II) as compared with 
this difference, patients classified into different groups 
have much greater survival time differences (discriminatory 
ability); (III) the mean survival time for a group classified 
as favorable by staging system is always longer than the 
survival times of groups classified as less than favorable 
(monotonicity) (6). Based on the above three evaluation 
criteria, we carried out multiple analyses which highlighted 
that the modified stratification had a better prognostic 
performance. 

Some studies suggested that CRM involvement be a 
powerful prognostic indicator for ESCC, whereas others 
failed to find a significant influence of CRM involvement. 
(3,4,7-9) In fact, whether CRM of ESCC should be 
recognized as an independent prognostic factor for survival 
or not is a controversial issue in clinical research (10). As 
mentioned above, the heterogeneity on T stages could 
partly explain for the discrepancy result, since that much 

of the previous studies included patients from T0–T4 
stage. On the one hand, the most pertinent population for 
comparison should be the patients at T3 stage, and CRM 
involvement is not significant in patients with early (T1 or 
T2) or advanced (T4) tumor (3). On the other hand, T1 or 
T2 tumor with CRM involvement is surgical failure and 
should not be mixed up with the T3 tumors (9). Another 
considerable heterogeneity should be the lymph node 
involvement, since lymph node status has been shown 
to be a strong independent prognostic factor in patients 
with esophageal cancer (11,12). Given that CRM+ was 
more frequently found in ESCC patients with lymph node 
metastasis (3,4,9), a mixed population with varied lymph 
node status would subsequently confound the role of CRM 
in ESCC. In order to eliminate such confounded factors, 
our study only included patients at pT3N0M0 stage. To 
our best knowledge, the present study is the first study to 
evaluate the individual prognostic value of CRM through 
merely selecting ESCC patients with negative lymph node.

Table 2 Univariate and multivariate analysis for overall survival

Characteristic
Univariate Multivariate (RCP) Multivariate (CAP) Multivariate (modified criteria)

P HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI

Age 0.739 1.089 0.661–1.793 – – – – – – – – –

Gender 0.913 1.042 0.496–2.191 – – – – – – – – –

Location 0.143 1.395 0.798–2.439 0.929 1.036 0.473–2.271 0.229 1.430 0.798–2.564 0.257 1.401 0.782–2.512

Tumor length 0.106 1.049 0.714–1.542 0.275 1.388 0.771–2.498 0.953 1.012 0.671–1.527 0.692 1.084 0.728–1.615

Differentiation 0.159 0.905 0.582–1.409 0.829 1.046 0.697–1.569 0.738 0.921 0.569–1.492 0.880 0.963 0.594–1.563

Adjuvant therapy 0.105 0.718 0.430–1.198 0.718 0.916 0.568–1.477 0.162 0.685 0.403–1.164 0.267 0.737 0.429–1.264

Operation 0.716 1.073 0.739–1.571

RCP 0.097 1.740 0.905–3.344 0.140 0.669 0.392–1.141

CAP 0.114 1.570 0.898–2.746 0.146 1.517 0.864–2.663

Modified criteria 0.004 2.345 1.307–4.206 0.007 2.253 1.244–4.082

CAP, College of American Pathologists; RCP, Royal College of Pathologists.

Table 3 Comparison in homogeneity, discriminatory ability, and monotonicity of gradient

Criteria
Homogeneity  

(Cox Likelihood Ratio)
Monotonicity (Linear Trend χ2)

Discriminatory  
(Ability Harrell’s c Statistic)

AIC

RCP 3.09 1.665 0.556 539.122

CAP 2.33 2.934 0.535 539.882

Modified criteria 11.3a 9.323a 0.608a 533.625b

a, higher score = better; b, lower score = better. CAP, College of American Pathologists; RCP, Royal College of Pathologists.
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When compared with the existed conflicting evidence 
about CRM involvement as a prognostic marker in 
ESCC patients, CRM status has been a well-established 
predictor of local recurrence and long-term survival in 
rectal cancer (13,14). The histo-anatomical heterogeneity 
may be responsible for the different oncological outcomes 
and impacts of CRM in either esophageal or rectum 
cancer. In detail, the rectum is surrounded by a physical 
barrier constructed by mesorectum, but the esophagus is 
surrounded without a real anatomic barrier. The absence of 
serous layer will facilitate the local invasion to the adjacent 
structures and tissue, which in return, revealing more 
positive CRM in esophageal cancer. 

Several limitations to this study should be mentioned, 
such as its retrospective work with observational data. The 
CRM was not measured by a single specialist. An inter-
observer bias, therefore, may exist. The Sweet procedure 
is the predominant type of operation. Since its limitation 
in the extent of lymphadenectomy as compared with Ivor-
Lewis and McKeown, the false-negative lymph nodes 
maybe happen to some patients. Furthermore, there lacks 
validation within an external patients cohort in order to 
assess accuracy and calibration of this novel stratification. 
Future studies will be required to ascertain the prognostic 
significance of criteria based on the results of this study. 

In summary, our study suggested that 600 μm should 
be considered as an optimal cut-off point of CRM for 
prognostic evaluation of patients with ESCC. Prospective 
studies may be warranted to further validate the prognostic 
performance of this modified criteria.
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