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Background: Positive esophageal proximal resection margin (ERM+) following esophagectomy was
considered as incomplete or RI resection. The clinicopathological data and long-term prognosis of
esophageal cancer (EC) patients with ERM+ after esophagectomy were still unknown. Therefore, the aim of
this study was to assess the clinical significance of ERM+ and its therapeutic option.

Methods: From November 2008 to December 2014, 3,594 patients with histologically confirmed EC
underwent radical resection in our department. Among them there were 37 patients (1.03%) who had
ERM+. ERM+ was defined as carcinoma or atypical hyperplasia (severe or moderate) at the residual
esophageal margin in our study. For comparison, another 74 patients with negative esophageal proximal
resection margin (ERM-) were propensity-matched at a ratio of 1:2 as control group according to sex, age,
tumor location and TNM staging. The relevant prognostic factors were investigated by univariate and
multivariate regression analysis.

Results: In this large cohort of patients, the rate of ERM+ was 1.03%. The median survival time was
35.000 months in patients with ERM+, significantly worse than 68.000 months in those with ERM-
(Chi-square =4.064, P=0.044). Survival in patients with esophageal residual atypical hyperplasia (severe or
moderate) was similar to those with esophageal residual carcinoma. Survival rate in stage I-II was higher
than that in stage IITI-IV (Chi-square =27.598, P=0.000) in ERM-; But there was no difference between the
two subgroups of patients in ERM+. Furthermore, in those patients with ERM+, survival was better in those
who having adjuvant therapy, compared to those without adjuvant therapy (Chi-square =5.480, P=0.019).
And the average survival time which was improved to a well situation for ERM+ patients who have adjuvant
therapy was 68.556 months which is comparable to average survival time (65.815 months) of ERM- for those
patients who are at earlier stages.

Conclusions: ERM+ after esophagectomy nowadays is of low incidence but still an important prognostic
factor for patients with EC. Survival of ERM+ patients who have adjuvant therapy was improved to a well

situation which is comparable to overall survival (OS) rate of ERM- for those patients who are at earlier stages.
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Introduction

Esophageal cancer (EC) is the eighth most common
malignancy and the fifth leading cause of cancer in males
worldwide (1,2). Each year, about 300,000 people died
from EC on earth and the half of those patients were
Chinese (3). The prognosis of EC patients is much poor
with a S-year overall survival (OS) rate of 15-39.2% (4).
Surgical resection has been the standard treatment
for localized EC. Some studies have reported that the
prognosis of EC is associated with several clinicopathologic
characteristics, including pathological stage, lymph
node metastases, lymphovascular invasion, and positive
esophageal proximal resection margin (ERM+) status (3-5).

ERM+ following esophagectomy was considered as
incomplete or R1 resection. The clinicopathological data
and long-term prognosis of EC patients with ERM+ after
esophagectomy were still seldom analyzed. The incidence
of ERM+ was reported mostly between 2.9% to 12%, even
up to 31.3% reported in certain study (6). Microscopic
identification of residual tumor at the proximal or distal
esophageal proximal resection margin (termed as R1)
increases the risk of recurrence and disease-related
mortality. In order to reduce the incidence of ERM+,
many studies (1) had explored the therapeutic strategies
including preoperative evaluation, preoperative neoadjuvant
therapy and postoperative adjuvant treatment and salvage
esophagectomy. Markar ez al. (7) showed that neoadjuvant
chemoradiotherapy did significantly improve survival
of patients with ERM+, and reduced distant tumor
recurrence but failed to significantly influence locoregional
control of the disease. Song e a/. (8) showed that patients
with margin involvement yielded long term survival by
postoperative radiotherapy, suggesting a potential role of
postoperative radiotherapy, especially for patients with
margin involvement. Morita et 4l. (9) showed that salvage
esophagectomy should be considered carefully for recurrent
cancer patients in whom complete resection can be
achieved.

However, each research above has different localization.
These issues remain to be resolved, such as: risk of ERM+,
importance of remedial measures and significance of
postoperative radiotherapy and chemotherapy. These
questions badly needed strong evidence to elucidate.
Therefore, we conducted this retrospective study aiming to
explore these questions. As a retrospective study, we did not
do special pertinence measures according to these patients,
only to analysis current situation. The aim of this study is to
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assess the clinical significance of ERM+ and its therapeutic
option.

Methods
Patients

The patients’ data for this study was collected from the
EC database of our hospital from November 2008 to
December 2014. This study was approved by the Ethics
Committee of West China Hospital (No. 201649). In that
period, 3,594 patients with histologically confirmed EC
underwent radically intended resection in our department.
ERM+ was defined as carcinoma or atypical hyperplasia
(severe or moderate) at the residual esophageal margin after
surgery. All patients with ERM+ had been followed-up in
this study. For comparison, we had successful followed up
3,308 patients (93.0%) in the other patients with negative
esophageal proximal resection margins (ERM-). From these
data, we chose suitable patients to comparing with patients
with ERM+ by specific propensity matching method as a
ratio of 1:2 (10).

All the patients enrolled in the study met the following
criteria: (I) pathologically confirmed thoracic squamous cell
carcinoma; (II) all pathological specimens were examined
by two independent pathologists, at least one being a senior
gastrointestinal pathologist; (III) patient’s demographic
and tumor related data were collected; (IV) and complete
information was available for stage grouping. ERM+ was
defined as carcinoma or atypical hyperplasia (severe or
moderate) at the residual esophageal margin in our study.

Follow-up

All patients were followed up by telephone or interview
at a 3-month interval for the first postoperative 2 years,
at 6-month intervals for the following 3 years, and then
annually thereafter. Survival time was measured from the
operation date to the date of death or last follow-up. The
last general follow-up of survivors was done at the end of
December 2015.

Statistical analysis

Statistical analysis was carried out by using SPSS version
16.0 software. Continuous variables are expressed as
the mean + standard deviation and categorical variables
as percentage. A Mann-Whitney U test was used for
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Table 1 Clinical characteristics of patients in propensity score matched

ERM+ (n=37) ERM- (n=74)

Factor %) (%) P value
Age (years) (mean + SD) 59.5+8.5 60.6+8.3 0.784
Sex 0.859
Male 31(83.8) 61 (82.4)
Female 6(16.2) 13 (17.6)
Pathological stage 0.738
[ 8(21.6) 16 (21.6)
I 19 (51.4) 31 (41.9)
1l 8(21.6) 20 (27.0)
\Y 2 (5.4) 7 (9.5)
Adjuvant therapy 0.635
Yes 10 (27.0) 16 (21.6)
No 27 (73.0) 58 (78.4)
Lymph node metastasis 0.232
Yes 19 (51.4) 29 (39.2)
No 18 (48.6) 45 (60.8)
Pathological type -
Severe or moderate 17 (45.9) -
Carcinoma 20 (54.1) -
Operation time (months) 45.3+22.6 43.2+21.7 0.626

(mean = SD)

Data are expressed as n (%) unless otherwise specified. ERM+,
positive esophageal proximal resection margin; ERM—-, negative
esophageal proximal resection margin.

Group

- ERM-
~ERM+

~+ ERM- -censored
+ERM+ -censored

Cum survival

0.24

0.0

0 20 40 6 8 100
Overall survival (months)
Figure 1 Survival analysis of ERM+ & ERM-: the median survival time
was 35 months in ERM+ and 68 months in ERM- (Chi-square =4.064,
P=0.044). ERM+, positive esophageal proximal resection margin;

ERM-, negative esophageal proximal resection margin.
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intergroup comparisons of continuous variables, whereas
a Chi-square test was used to compare categorical data.
OSs, data had been presented as the median for survival,
were estimated using the Kaplan-Meier method. The log
rank test was used to compare survival curves. On the other
hand, we carried out a propensity score matching analysis
to compensate for the differences in baseline characteristics
between the ERM+ and ERM- groups in the assessment of
relevant outcomes. We matched each ERM+ recipient to
two ERM- recipients with similar covariates, represented
as propensity scores. Variables used in our model for
estimating propensity scores included sex, age, operation
time and TNM staging. All statistical tests were 2-sided
with the threshold of significance set at a P<0.05.

Results
Patient characteristics and results of propensity-matched

In this study, there were 37 patients who had ERM+. For
comparison, 74 patients with ERM- were propensity-
matched at a ratio of 1:2 as control group according to sex,
age, operation time and TNM staging (Table 1).

Result of univariate analysis

In this large cohort of patients, 3,594 patients with
histologically confirmed EC underwent radical intent
resection in our department. Among them there were 37
patients who had ERM+. The rate of ERM+ was 1.03%.
The median survival time was 35 months in patients with
ERM-+, significantly worse than the survival time of 68
months in those with ERM- (Chi-square =4.064, P=0.044)
(Figure I).

In this study, patients with ERM+ were divided into two
subgroups [carcinoma: ERM+ 1, atypical hyperplasia (severe
or moderate): ERM+ 2]. There was no survival difference
between these two groups (Figure 2).

Survival in ERM+ with adjuvant therapy had significant
longer survival than those without adjuvant therapy (Chi-
square =5.480, P=0.019); to understand the survival of
ERM+, we also do some cross comparison. The average
survival time of ERM+ patients who have adjuvant therapy
comparable to average survival time of ERM- patients in
stage I-1I (68.556 versus 65.815 months) (Figure 3).

From these data, lymph node metastasis did not
significantly influence the survival of patients with patients
with ERM+; however, we saw a contrary result for patients
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Figure 2 Survival analysis according to pathological staging system:
overall survival by stump pathological staging system (ERM- 0
versus ERM+ 1, ERM+ 2: P>0.05; ERM+ 1 versus ERM+ 2:
P>0.05). ERM+, positive esophageal proximal resection margin;

ERM-, negative esophageal proximal resection margin.
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Figure 3 (A) Survival analysis according to adjuvant therapy in
ERM-+: overall survival by adjuvant therapy staging system (ERM+ 1
versus ERM+ 0: Chi-square =5.480, P=0.019); (B) the average survival
time of ERM+ patients who have adjuvant therapy comparable to
average survival time of ERM- patients in stage I-II (68.556 versus
65.815 months). ERM+, positive esophageal proximal resection

margin; ERM-, negative esophageal proximal resection margin.
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Figure 4 Survival analysis according to adjuvant therapy: overall
survival by lymph node metastasis staging system (ERM- 0 versus
ERM- 1: Chi-square =18.197, P=0.000; ERM+ 0 versus ERM+
1: P>0.05; ERM- 0 versus ERM+ 1: P<0.05). ERM+, positive
esophageal proximal resection margin; ERM-, negative esophageal

proximal resection margin.
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Figure 5 Survival analysis according to adjuvant therapy: overall
survival by TNM staging system (ERM- I-II versus ERM- ITI-
IV: Chi-square =27.598, P=0.000; ERM+ I-II versus ERM+ ITI-IV:
P>0.05; ERM- I-II versus ERM+ I-1I: P<0.05). ERM+, positive
esophageal proximal resection margin; ERM-, negative esophageal

proximal resection margin.

with ERM- (Chi-square =18.197, P=0.000) (Figure 4).

Survival rate in stage I-II was higher than that in stage
III-IV (Chi-square =27.598, P=0.000) in ERM-; but there
was no difference between the same two subgroups of
patients in ERM+ (Figure 5).

Result of multivariate analysis

In this study, ERM+ is an important prognostic factor
(P=0.003) for patients and adjuvant therapy (P=0.001) too.
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Table 2 Result of multivariate analysis about patients with ERM+

Wang et al. Positive esophageal proximal resection margin

95.0% Exp(B)

Iltem B SE Wald Df P Exp(B)

Lower bound Upper bound
Group -4.054 1.387 8.541 1 0.003 0.017 0.001 0.263
Adjuvant therapy 1.016 0.293 12.016 1 0.001 2.762 1.555 4.905
Lymph node metastasis 0.074 0.391 0.035 1 0.851 1.076 0.500 2.315
Stump pathological grade -0.049 0.493 0.010 1 0.921 0.952 0.362 2.504

ERM+, positive esophageal proximal resection margin; B, regression coefficient; SE, standard of error; Wald, ¢ value; P, P value; Exp(B),

relative risk.

Cum survival
o o o o —
2 3 »® o o

o
«»

0.41
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Overall survival (months)
Figure 6 Survival function of multivariate analysis about patients

with ERM+. ERM-+, positive esophageal proximal resection margin.

However, no significance was found about lymph node
metastasis, stump histological grade in this multivariate
analysis about patients with ERM+ (1able 2, Figure 6).

Discussion

EC is found to have geographic differences in occurrence
rate. China has a high incidence of EC in the world, with
15 million people died of EC each year (11). The 5-year
survival rate of patients with EC after esophagectomy is low
although many progresses have been made in treating EC.
The main factors affecting the long-term survival of patients
with EC were postoperative local recurrence and distant
metastasis. A number of studies (11-13) have shown that the
main prognostic factors for postoperative EC patients’ local
control and survival is the depth and breadth of invasion
as well as the type of the esophagectomy. ERM+, also an
important factor, followed by esophagectomy was considered
as imcomplete or R1 resection. ERM+ is inevitable
in certain surgery. In this study, 3,594 patients with
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histologically confirmed EC underwent radical resection
in our department. Among them there were 37 patients
with ERM+. The rate of ERM+ was 1.03%. This lower
incidence can be accepted digitally. The median survival
time was 35 months in the ERM+, significantly lower
than survival time of 68 months in the ERM- (x’=4.064,
P=0.044). Obviously, there was a difference statistically
significant between the two groups. Therefore, ERM+ in
nowadays is rare but still an important prognostic factor for
patients with EC undergoing esophagectomy. Cao et 4l. (14)
and Watanabe er a/. (15) reported that resection margin
invasion were independent predictors of a poor prognosis. A
large multicenter European study (7) provided evidence to
support the notion that R1 resection margin, as microscopic
residual tumor present at the vertical or circumferential
resection margins of the surgical specimen, was a prognostic
indication of aggressive tumor biology with a poor long-
term prognosis. In this study, the median survival reached
35 months which seems not to be so poor status and not an
evil result for patients with ERM+. We have also analyzed
the situation of these patients in the subgroup in further.

In the past half century, many scholars had reported that
increasing the length of resection even total esophagectomy
could decrease the occurrence of residual stump lesions (16).
However, it can not be achieved to resect the enough length
because of the location of EC. So we need to understand
the influences of various factors, such as ERM+, stump
pathological grade, adjuvant therapy, lymph node metastasis,
TNM stage and age, for the EC recurrence and survival.
For example, the main factors influencing the survival of EC
patients with ERM+ were the depth of tumor infiltration,
histological classification, lymph node metastasis and radical
or conservative resection (17). Another example showed that
tumor length, number of metastatic lymph nodes, stump
pathological grade and treatment modality were important
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prognostic factors for patients with ERM+ (14). And invasion
depth, stump pathological grade and treatment modality
were important influencing factors for locoregional control.

Positive esophageal stump after esophagectomy were
diagnosed with carcinoma or atypical hyperplasia (severe
or moderate) of residual esophageal stump. Therefore, we
grouped these cases into two subgroups, as patients who were
diagnosed with carcinoma: ERM+ 1, and patients who were
diagnosed with atypical hyperplasia (severe or moderate):
ERM+ 2, for patients with ERM+. In this study, Survival
in patients ERM+ 1 was similar with ERM+ 2. In Cao’s
research (14), grade III atypical hyperplasia and carcinoma
were classified as a group because of their similarity. As we
know, it just needed a formation evolution and a little time
from moderately and severe atypical hyperplasia cells to
carcinoma cells. The conversion process was short in the
whole period prognosis due to the high progressing speed of
EC. Therefore, there was no difference in the comparison of
these two subgroups whose survival is below to patients with
ERM-.

Chemotherapy, radiotherapy or chemoradiotherapy
were considered to be necessary for patients with high
risk of distant metastasis and local recurrence, especially
to these patients with ERM+. This strategy can improve
the OS of these patients. Zheng ez a/. (18) reported 3-year
survival rates of patients with and without salvage treatment
were 53.2% and 7.8%, respectively (P=0.027). Three-
year survival rate of patients with salvage radiotherapy was
56.0%. Gilbert er al. (19) and Rice (20) reported the role
of adjuvant systemic therapy in patients with an isolated
microscopically ERM+ merits further evaluation. In ERM+,
survival rate with adjuvant therapy was significantly higher
than those without adjuvant therapy (Chi-square =5.480,
P=0.019); survival remained in a situation comparable to OS
rate of ERM- for those patients who are at earlier stages
and improved for those patients or who have adjuvant
therapy.

The AJCC TNM staging system has been widely used
to stratify patients and select treatment strategies. Due to a
relatively small sample size, we only divided the cases into
two subgroups (stage I-II and stage III-IV). Survival rate in
stage I-1I was higher than that in stage III-IV (Chi-square
=27.598, P=0.000) in ERM-; but there was no difference
between the two subgroups of patients in ERM+. Another
same phenomenon was that lymph node metastasis did not
significantly influence the survival of patients in ERM+;
However, we saw a different result for patients in ERM-
(Chi-square =18.197, P=0.000). Some research suggests
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that advanced T and N stage are the risk factors of residual
cancer after esophagectomy in the patients with squamous
cell carcinoma of the esophagus (18). Other research
suggest that positive nodal status (P=0.002; HR 2.730) were
independent predictors of a poor prognosis (21). Combined
with our research, depth of tumor invasion and lymph node
metastasis are the important component for determining
tumor stage. Although these two factors are the main
determinants causing different survival in ERM- but they
did not show the same effect in ERM+. This may suggest
that ERM+ plays more important role for determining
survival than those factors of T and N stage.

In addition, it should be mentioned that age is not the
key contraindication for the operation along with the
improvement of surgical technique. Whether ERM+ or
ERM-, there was no significant difference comparing
patients with an age of >60 years with those with an age
of <60 years in our study. This suggests that age is not an
important factor in survival.

In conclusion, ERM+ in nowadays is rare but still
an important prognostic factor for patients undergoing
esophagectomy for cancer. In patients with ERM+, survival
remains in a situation comparable to OS rate of ERM- for
those patients who are at earlier stages and improved for
those patients who have adjuvant therapy.
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