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Abstract

After curative treatment of esophageal squamous cell cancer (ESCC), patients are at high risk for recurrence. The objective of this
study was to develop an index with a high sensitivity and specificity to predict ESCC patients’ recurrence and prognosis.
A retrospective analysis was conducted on consecutive patients with EC who underwent esophagectomy. In total, 1417 patients
were included in the current investigation. In total, 770 patients were included in the current study’s exploratory group. Alcohol
consumption, TNM classification, number of lymph node station metastases, and number of lymph node metastases were sig-
nificantly correlated with recurrence. Multivariate logistical regression analysis resulted in the development of an equation for
predicting recurrence and prognosis (REEC). When using the REEC value to predict recurrence, the cutoff value was 1.095, the
area under the curve (AUC) values of the REEC were 0.68 (p < 0.001) in the Exploratory Group and 0.65 (p < 0.001) in the
Validation Group, and the sensitivity and specificity were 76.68% and 51.18%, respectively. When using the REEC value to predict
prognosis, the cutoff value was 1.215, the AUC values of the REEC were 0.65 (p < 0.001) in the Exploratory Group and 0.64 (p <
0.001) in the Validation Group, and the sensitivity and specificity were 73.12% and 50.67%, respectively. In the Exploratory Group,
when the REEC value was >1.095, patients had a longer median overall survival (OS) and median disease-free survival (DFS) than
those whose REEC value was < 1.095 (70.01 +2.01 months versus 50.92+2.85 months and 75.66 + 1.35 months versus
53.68 +2.81 months, respectively, p < 0.001). The differences were confirmed to still exist in the Validation Group (48.12 + 1.47
vs 32.68+2.53 months and 55.61 + 1.32 vs 35.68 + 2.73 months respectively, p < 0.001).This study reported an index that can
predict esophageal cancer recurrence and prognosis, and its use can benefit patients.
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Introduction

Esophageal cancer (EC), which has a dismal prognosis, is the
eighth most common cancer worldwide and the sixth most com-
mon cause of death from cancer.'? The 5-year survival rate for
all patients with EC is only 17%, with better survival for local
(33.7%) and regional (16.9%) ECs compared to those with dis-
tant (2.9%) disease at presentation.’ However, despite recent
advances in diagnosis and staging, improvements in surgical
techniques, and the introduction of multimodal therapies that
have led to significant improvement in survival, the rate of
S-year overall survival (OS) for patients with EC remains poor.
It is widely believed that locoregional recurrence and distant
metastasis are the primary causes of poor prognosis for patients
with EC. An accurate method to forecast locoregional recurrence
and distant metastasis is lacking. Moreover, the majority of
patients have developed locally advanced or metastatic disease
by the time they present with symptoms, and this limits their
survival from any treatment. Although the ability to detect early-
stage EC has improved, most tumors are found when regional
metastasis (in 30% cases) or distant metastasis (in 40% of cases)
has already occurred.* Lack of an accurate method to forecast
early metastases also leads to poor 5-year OS. Moreover, recur-
rent and early metastases must be diagnosed when they are still
minimal or clinically occult to improve the prognosis of patients
with esophageal squamous cell carcinoma (ESCC).

Although previous studies have reported methods or indices
to elevate and predict recurrence or metastasis in EC, such as an
elevated preoperative neutrophil to lymphocyte ratio, the sen-
sitive and specificity are not sufficient, and no significant sur-
vival benefits have been found.” Conventional serum tumor
markers, such as carcinoembryonic antigen (CEA) and SCC
antigen, have been used in monitoring ESCC tumor dynamics.
These serum tumor markers, however, lack sufficient sensitiv-
ity and specificity. Thus, development of novel methods using
less invasive technology is necessary and could allow clini-
cians to monitor tumor dynamics. The 2016 European Society
for Medical Oncology ESCC clinical guidelines recommended
that '®F-fluorodeoxyglucose-positron emission tomography/
computed tomography (PET-CT) is particularly helpful to
identify otherwise undetected distant metastases. The
" F_.FDG-PET should therefore be carried out in patients who
are candidates for esophagectomy, as the finding of otherwise
unknown distant metastases may prevent patients from futile
surgery. However, the availability of PET-CT differs among
countries and centers. In addition, the screening of ESCC dis-
tant metastases using PET-CT was recommended preoperation.
For curatively resected patients with ESCC, using PET-CT for
tumor dynamics screening is not cost-effective. Until now, how
to screen tumor dynamics among patients with ESCC after
curatively resected operation has unknown. Better predictors
of recurrence in ESCC remains to be determined.

Therefore, exploration of a prognostic index with a high
sensitivity and specificity that can accurately predict prognosis
is urgently needed. We performed an analysis to assess the
roles of some preoperative clinical indicator to elucidate which

indicator or combination of indicators is associated with an
increased risk of disease recurrence and distant metastasis.

Patients and Methods

Patient Selection and Data Collection

A retrospective analysis was conducted on consecutive patients
with ESCC who underwent esophagectomy at Sun Yat-sen
University Cancer Center between January 2005 and December
2010. The study was approved by the Medical Ethics Commit-
tee and Clinical Trial Review Committee of this cancer center.
We reviewed 1699 consecutive patients, and patients were
enrolled in this study according to the following eligibility cri-
teria: (1) all patients had pathologically confirmed ESCC; (2) all
patients received radical esophagectomy, confirming RO resec-
tion, with 2- or 3-lymphadenectomy; (3) no evidence of distant
metastasis was detected by preoperative medical imaging exam-
inations, including CT, PET, and endoscopic ultrasonography;
and (4) no patients received neoadjuvant therapy, including che-
motherapy, radiotherapy, or chemoradiotherapy. The exclusion
criteria were as follows: (1) patients who had an additional car-
cinoma, (2) patients who underwent palliative esophagectomy,
and (3) patients whose clinical data were not complete.
Finally, 1417 patients were included in the current investi-
gation. Data were collected from medical records, and survival
data were obtained from the cancer center’s follow-up registry.
The pathologic staging of tumors for patients was based on the
8th edition of the American Joint Committee on Cancer tumor—
node-metastasis (TNM) classification.® The clinical data
obtained were allocated to 2 phases (exploratory group and
validation group) in sequential chronological order (Figure 1).

Study End Points

In this study, the primary end point was disease-free survival
(DFS), and the secondary end point was OS. Disease-free sur-
vival was defined from the date of surgery to the date of disease
locoregional relapse or distant metastasis or death from any
other cause. Overall survival was defined as the interval from
the date of surgery to the date of death from any cause.

Laboratory Tests

Serum CEA and SCC levels were measured using a commercially
available electrochemiluminescence immunoassay (Cobas E602-
2; Hoffmann-La Roche Ltd, Pleasanton, California). The normal
values of CEA and SCC are <5 and <1.5 ng/mL, respectively.
Serum albumin (ALB) and globulin (GLB) levels were determined
using automated techniques (LABOSPECT 008; Hitachi-Hitec
Globe Ltd, Tokyo, Japan). The normal ALB, GLB, and glucose
levels are 40 to 55, 20 to 30, and 20 to 40 g/L, respectively.

The tumor size, volume, pathological type, differentiation,
and numbers of lymph node (LN) metastasis were reported by
at least 3 experienced pathologists who were not informed
about the patients’ preoperative conditions, such as alcohol
consumption or tumor marker level.
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Figure |. Flowchart of 2 groups in this study.

Sociodemographic Information

Sociodemographic details, such as gender, age, duration of
alcohol exposure, daily alcohol intake, and family history, were
collected from all participating patients by a questionnaire. All
participants finished the questionnaire surveys in a quiet room
without any interference or disruptions. Professional staff
members were available to answer questions if any problems
occurred with understanding the survey questions.

Statistical Analysis

Categorical variables were calculated using Fisher exact tests
and ? tests, while continuous variables were analyzed using
Student ¢ tests. Multivariable logistical regression was per-
formed to assess patient and tumor characteristics. All end
points were estimated by the Kaplan-Meier method and

compared using the log-rank test. Multivariable survival anal-
yses were performed using the Cox proportional hazards model
to identify important prognostic factors for OS and DFS.

Two-sided P values of <.05 were considered statistically
significant. All analyses were performed using SPSS20.0 soft-
ware (SPSS Inc, Chicago, Illinois).

Baseline Demographics and Clinical Characteristics
in the Exploratory Group

A total of 770 patients were included in the current study. Of
these, 199 patients with ESCC suffered recurrences (recurrence
group, average age: 56.5 + 8.8 years) and 571 patients did not
(nonrecurrence group average age: 59.7 + 29.2 years). There
were 41 (20.6%) and 147 (25.7%) females in the recurrence
group and nonrecurrence group, respectively. The alcohol
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consumption, TNM classification, number of LN station metas-
tases, and number of LN metastases of the recurrence group
were significantly different from those of the nonrecurrence
group: alcohol consumption: 2.1 + 3.6 versus 1.3 + 3.0;
number of LN station metastases: 1.2 4+ 1.7 versus 0.8 +
1.2; number of LN metastases: 2.1 + 4.2 versus 1.3 + 2.4
(P < .05), as shown in Table 1.

Model Used to Predict Postoperative Recurrence
or Prognosis

Univariate analysis for recurrence indicated that patient age
(odds ratio [OR] = 1.03, P = .006), alcohol consumption
(OR = 0.94, P = .004), CEA level (OR = 0.92, P = .013),
number of LN station metastases (OR = 0.81, P < .001), and
number of LN metastases (OR = 0.90, P = .001) are related to
recurrence. Multivariable analysis revealed that alcohol con-
sumption (OR = 0.91; 95% confidence interval [CI], 0.86-0.97,
P = .002), CEA level (OR = 0.92; 95% CI, 0.86-1.00, P =
.042), and number of LN station metastases (OR = 0.86; 95%
CI, 0.74-1.00, P = .05) were independent factors (Table 2).
Hence, we developed an index to evaluate, grade, and predict
recurrence, which we called “REEC.” The computational for-
mula of the index was as follows: REEC = 1.493 — (0.215 x
number of LN station metastases) — (0.025 x CEA) — (0.067 x
alcohol consumption).

From our calculation and patient data analysis, we drew a
receiver operating characteristic (ROC) curve. A cutoff REEC
value of 1.095 was used in the present study to predict tumor
recurrence. When using the REEC value to predict prognosis,
the cutoff value was chosen as 1.215.

Results

Relationship Between REEC Value and Prognosis
in the Exploratory Group

The REEC value was significantly correlated with the inci-
dence of recurrence (P < .001); the sensitivity and specificity
using the cutoff REEC value of 1.095 were 76.68% and
51.18%, respectively. In addition, the area under the curve
(AUC) was 0.679 (95% CI, 0.64-0.72; Figure 2A). Using this
cutoff of 1.215, the REEC value was highly related to the
prognosis of the patients. The sensitivity and specificity were
73.12% and 50.67%, respectively, and the AUC was 0.65 (95%
CI, 0.61-0.68; Figure 2B).

Impact of the REEC Value on Survival After Surgery
in the Exploratory Group

Using the cutoff value of 1.095, we divided all of the patients in
the exploratory group into 2 groups. The patients whose REEC
values were higher than 1.095 were included in group 1 (high
REEC value group, HRG). Those with REEC values lower than
1.095 were incorporated into group 2 (low REEC value group,
LRG). Overall survival was better among patients in group 1,

Table I. Demographics and Clinical Characteristics of the 2 Groups.

Recurrence Nonrecurrence P

Characteristic Group Group Value
Gender, F/M 41/158 147/424 .152
Age, year 56.5 + 838 59.7 + 29.2 127
Duration of exposure, year 182 + 157 179 + 16.0 779
Alcohol consumption 2.1 + 3.6 1.3 + 3.0 .005
Family history, n 41 116 424
ALB, g/L 435 + 438 43.6 + 4.8 .830
GLB, g/L 264 + 5.0 27.1 + 104 334
Fasting glucose, mmol/L 52 + I.1 52 + I.1 .663
CEA, ng/mL 3.6 + 4.1 30 + 23 .009
SCC, ng/mL 07 + 13 08 + 1.8 .633
Tumor site, n 224

Upper 20 47

Middle 136 359

Distal 43 165
Tumor size, cm 45 + 1.8 46 + 2.1 480
Tumor volume, cm 1.5 + 0.6 14 + 0.7 .599
Differentiation 541

High 54 130

Mid 89 281

Low 56 158

None | |
T staging, n .780

Stage 0 2 10

Stage | 15 57

Stage 2 44 118

Stage 3 135 376

Stage 4 3 10
TNM, n 019

Stage 0 | 9

Stage | 13 73

Stage 2 92 270

Stage 3 92 218

Stage 4 | |
Number of lymph node 12 + 1.7 08 + 1.2 <.001

station metastasis
Number of lymph node 2.1 + 42 1.3 + 24 <.001

metastasis

Abbreviations: ALB, albumin; CEA, carcinoembryonic antigen; F, female; GLB,
globulin; M, male; SCC, squamous cell carcinoma antigen; TNM, tumor—node—
metastasis.

whose median OS was 70.01 + 2.01 months, compared with
that of patients in group 2, who had a median OS of 50.92 +
2.85 months (P < .001; Figure 3A).

Similar to the OS, the DFS of the 770 patients was signif-
icantly different between the 2 groups. Group 1 had a median
DFS duration of 75.66 + 1.35 months, while group 2 had a
median DFS duration of 53.68 + 2.81 months (P < .001;
Figure 3B). The recurrence possibility also showed a similar
difference between the 2 groups (P < .001; Figure 3C).

Relationship Between the REEC Value and Recurrence in
the Validation Group

In the validation group, recurrent disease was found in 156
(24.1%) of 647 cases. The patients who suffered a recurrent



Wang et al

Table 2. Relationships Between Demographic Characteristics and EC Recurrence.

Univariate Analysis

Multivariate Analysis

Variables OR 95% ClI P OR 95% ClI P
Gender, F/M 1.34 0.90-1.98 .15

Age 1.03 1.08-1.05 .006

Duration of exposure 0.992 0.98-1.01 147

Alcohol consumption 0.94 0.90-0.98 .004 091 0.86-0.97 .002
Family history 0.97 0.66-1.42 871

ALB | 0.97-1.04 .830

GLB 1.01 0.99-1.04 .328

Fasting glucose 0.97 0.84-1.12 .663

CEA 0.92 0.86-0.99 013 0.92 0.86-1.00 .042
ScC 1.03 091-1.17 .634

Tumor site 1.33 0.99-1.77 .059

Tumor size 1.03 0.95-1.12 480

Tumor volume 0.94 0.40-1.19 599

Differentiation 1.1 0.87-1.36 474

Number of lymph node station metastasis 0.8l 0.71-0.90 <.001 0.86 0.74-1.00 .05
Number of lymph node metastasis 0.90 0.85-0.95 <.001

Abbreviations: ALB, albumin; CEA, carcinoembryonic antigen; Cl, confidence interval; F, female; GLB, globulin; M, male; OR, odds ratio; SCC, squamous cell

carcinoma antigen.
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Figure 2. The ROC curve when using the REEC value to predict recurrence and prognosis of patients with EC in the exploratory group. A,
Using the REEC value for predict recurrence, we used the AUC to examine the use of the REEC value as an indicator to predict the recurrence
of patients with EC. The AUC was 0.679 (95% CI, 0.64-0.72, P < .001) when the REEC value was >1.095; the sensitivity and specificity were
76.68% and 51.18%, respectively. B, Using the REEC value to predict prognosis, we used the AUC to examine the use of the REEC value as an
indicator to predict the prognosis of patients with EC. The AUC was 0.65 (95% Cl, 0.61-0.68, P < .001). When the REEC value was >1.215, the
sensitivity and specificity were 73.12% and 50.67%, respectively. AUC indicates area under the curve; Cl, confidence interval; EC, esophageal

cancer; ROC, receiver operating characteristic.

disease had a lower REEC score than those who did not
undergo a recurrence (1.16 + 0.03 vs 1.36 + 0.01), and the
difference was of statistical significance (P < .001).

Ability of REEC Values to Predict Recurrence or Prognosis
in the Validation Group

Using the cutoff of 1.095 to predict the recurrence of patients in
the validation group and draw an ROC curve, the AUC was
0.65 (95% CI, 0.60-0.71; P < .001; Figure 4A). This result
indicated that the REEC value was applicable when it used in
the validation group for the purpose of predicting recurrence. In

the same way, using the previous cutoff REEC score to predict
prognosis in these patients, the AUC was 0.643 (95% CI, 0.60-
0.69; P < .001; Figure 4B). This finding indicates that the
REEC score can also play a predictive role in prognosis in the
validation group.

Impact of the REEC Value on Survival After Surgery in the
Validation Group
We used an identical method to divide the 647 patients into 2

groups according to the same cutoff value mentioned previ-
ously. Patients in the high REEC value group (group 1, HRG)
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Figure 3. Overall survival, disease-free survival, and recurrence analysis regarding the REEC score in the exploratory group. A, Overall survival
between patients with high and low REEC scores. B, Disease-free survival between patients with high and low REEC scores. C, Recurrence
between patients with high and low REEC scores. When we used the cutoff score of 1.095, the median OS and DFS in patients whose REEC
scores were higher than 1.095 were 70.01 + 2.0l months and 75.66 + 1.35 months, respectively. The median OS and DFS in patients whose
REEC scores were lower than 1.095 were 50.92 + 2.85 months and 53.68 + 2.81 months, respectively. This difference is of statistical
significance (P < .001). DFS indicates disease-free survival; OS, overall survival.
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Figure 4. The ROC curve when using the REEC value for predicting the recurrence and prognosis of patient with ECs in the validation group. A,
Using the REEC value to predict recurrence, the AUC was 0.65 (95% Cl, 0.60-0.71, P < .001) when the REEC cutoff value was 1.095. B, Using the
REEC value to predict prognosis, the AUC was 0.643 (95% ClI, 0.60-0.69, P < .001) when the REEC cutoff value was 1.215. AUC indicates area

under the curve; EC, esophageal cancer; ROC, receiver operating characteristic.

had a longer OS than those in the low REEC value group
(group 2, LRG); the median survival durations were 48.12 +
1.47 months versus 32.68 + 2.53 months, respectively
(P < .001; Figure 5A). The DFS showed a similar pattern. The
DFS was much better in group 1 patients than in group 2 patients
(55.61 + 1.32 months vs 35.68 + 2.73 months, respectively;
P <.001; Figure 5B). The recurrence possibility also showed a
similar difference between the 2 groups (P < .001; Figure 5C).

Relationship Between the REEC Score and Other
Clinicopathological Characteristics

Overall, 196 (18.2%) of 1079 patients with high REEC scores
had recurrence and 159 (47.0%) of 338 patients with low REEC
scores suffered recurrent disease; the difference was of statis-
tical significance (P < .001).

We analyzed the relationship between the REEC value and
patients’ clinical characteristics. We found that high REEC

scores were significantly correlated with gender (P < .001),
duration of tobacco exposure (P < .001), alcohol consumption
(P <.001), CEA level (P <.001), tumor size (P <.001), tumor
volume (P = .001), T staging (P <.001), TNM stage (P <.001),
number of LN station metastases (P <.001), and number of LN
metastases (P < .001; Table 3).

Discussion

Esophageal cancer is one of the most fatal cancers and is the
sixth leading cause of cancer-related mortality worldwide.” It
affects more than 450 000 people worldwide, and its incidence
is increasing sharply.>®!! Esophageal squamous cell carci-
noma is the histopathological form of the majority of cases
worldwide. Approximately 70% of all EC cases worldwide
occur in China, and ESCC is the predominant form of these
cases (>90%).'? The etiology of ESCC remains unclear, and
epidemiological studies suggest that tobacco smoking, heavy
alcohol drinking, micronutrient deficiency, and dietary
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Figure 5. Overall survival, disease-free survival, and recurrence analysis regarding the REEC score in the exploratory group. A, Overall survival
for patients with high and low REEC scores. B, Disease-free for patients with high and low REEC scores. C, Recurrence between patients with
high and low REEC scores. When we used the cutoff score of 1.095, the mean OS and DFS in patients whose REEC scores were higher than
1.095 were 48.12 + 1.47 months and 55.61 + 1.32 months, respectively. The mean OS and DFS in patients whose REEC scores were lower
than 1.095 were 32.68 + 2.53 months and 35.68 + 2.73 months, respectively. This difference is of statistical significance (P < .001). DFS

indicates disease-free survival; OS, overall survival.

carcinogen exposure may cause this malignancy.'® Despite
increasingly radical surgery for ESCC, chemotherapy and
radiotherapy are frequently used to treat ESCC; the prognosis
for patients with ESCC is poor, as the 5-year OS ranges from
15% to 25%. The poor outcomes in these patients with ESCC
are significantly related to the propensity for recurrence soon
after operation. In our study, we discovered a new method to
easily predict recurrence and metastasis of patients with ESCC,
and it will assist clinicians to rapidly evaluate the occurrence of
recurrence and distant metastasis. This will be conducive to
clinical governance and timely clinical intervention for patients
with ESCC, ultimately improving their prognosis.

A previous study'® that focused on EC recurrence patterns
reported that 75% of all recurrences occurred within the first 2
years after surgery. The median time to recurrence was
5.5 years. The overall recurrence rate was 27 per 100 person-
years in postoperative year 1, which rapidly decreased to 4 per
100 person-years by postoperative year 6. Median postrecur-
rence survival among patients who experienced recurrence was
11 months. Studies that evaluated recurrence patterns in
ESCC!'7 showed that distant, locoregional, and mixed recur-
rences represented 55%, 28%, and 17% of all new events,
respectively. They also pointed out that patients with locore-
gional disease did the best and those with both distant and
locoregional disease did the worst. The treatment of advanced
disease such as multirecurrence and distant metastasis is dis-
appointing, although timely intervention for inchoate locore-
gional recurrence could improve the curative effect
significantly.'® Therefore, early detection of recurrence is of
great importance and can probably prolong survival. For all
these reasons, accurately identifying patients at high risk of
recurrence is important. Analysis of our data shows that we
can accurately predict the occurrence of recurrence and distant
metastasis in patients with ESCC using serum CEA, alcohol
consumption, and number of LN station metastases. Although
our index could not improve prognosis itself, it could actually
define patients at high risk of recurrence. As a result, use of this

model in the clinic would ensure that patients get treatment and
intervention in time, which will lead to a better prognosis in
patients with ESCC.

In the present study, we analyzed the clinicopathological
data from a cohort of patients with ESCC to develop an index,
called “REEC,” as a predictor of recurrent disease. To our
knowledge, this is the first study that combined important clin-
icopathological characteristics to generate an index for the pur-
pose of predicting recurrence of ESCC and to monitor patients
with ESCC at various stages of the disease.

In our research, we found that alcohol consumption is an
independent risk factor associated with distant metastasis and
tumor relapse, which has not been reported to our knowledge.
Alcohol abuse is a major risk factor for the development of
ESCC."! Drinking and smoking have a synergistic effect in
increasing the risk of ESCC,* but drinking has an even greater
effect.>** The OR for oral cavity cancers of chronic alcohol
drinkers is high relative to that of nondrinkers.'® Therefore,
heavy alcohol consumption is a risk factor for the incidence
of EC. A reasonable explanation for the link between alcohol
consumption and ESCC incidence is inactive aldehyde
dehydrogenase-2 (ALDH2). Aldehyde dehydrogenase-2 is a
major enzyme in the metabolism of acetaldehyde, an estab-
lished human carcinogen for ESCC, after alcohol consumption.
A mutant allele (ALDH2_2; rs671) encodes an inactive sub-
unit, and alcohol consumption by East Asians who are inactive
ALDH?2_2 carriers markedly increases their risk of ESCC.>>28
Thus, we devised a simple alcohol questionnaire for patients
with ESCC after operation to predict the risk of tumor progres-
sion. For patients with ESCC with heavy alcohol consumption,
follow-up for screening after operation may need to be more
frequent.

Additionally, our index also includes serum CEA and num-
ber of LN station metastases. Lymph node metastasis is an
independent risk factor for recurrence.'* Node ratio is an inde-
pendent prognostic factor after esophagectomy regardless of
the number of retrieved LNs and has more potential for
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Table 3. Relationship Between the REEC Score and Characteristics.

REEC Group b

Characteristic High Score Low Score Value
Recurrence, n 196 159 <.001
Gender, F/M 281/798 31/307 <.001
Age, year 589 + 9.3 59.1 + 359 875
Duration of exposure, year 170 + 162 235 + 145 <.00l
Alcohol consumption 03+ 1.6 30 + 4.1 <.00l
Family history, n 265 68 13
ALB, g/L 432 + 43 427 + 46 08I
GLB, g/L 275 + 80 268 + 5.1 129
Fasting glucose, mmol/L 53+ 10 52+13 242
CEA, ng/mL 24+ 13 57 +84 <00l
SCC, ng/mL 09+ 1.7 1.1 +18 .09
Tumor site, n 0.146

Upper 106 38

Middle 696 201

Lower 277 99
Tumor size, cm 44 1+ 2.0 48 + 1.9 <.001
Tumor volume, cm 14 4+ 0.6 1.5 + 0.6 .001
Differentiation 0.171

High 245 69

Mid 534 158

Low 294 107

None 6 4
T staging, n <0.001

Stage 0 36 0

Stage | 125 23

Stage 2 207 55

Stage 3 670 246

Stage 4 41 14
TNM, n <.001

Stage 0 32 0

Stage | 609 120

Stage 2 362 199

Stage 3 75 17

Stage 4 | 2
Number of lymph node station 07 + 1.0 1.9+ 1.9 <.00lI

metastasis
Number of lymph node I.I £22 34 + 46 <.00I

metastasis

Abbreviations: ALB, albumin; CEA, carcinoembryonic antigen; F, female; GLB,
globulin; M, male; SCC, squamous cell carcinoma antigen; TNM, tumor—node—
metastasis.

predicting patient outcomes.'> Moreover, CEA was signifi-
cantly increased in patients with ESCC.? Various tumor mar-
kers have been used in attempts to detect EC at an early stage;
CEA is a tumor marker commonly used in the management of
patients with EC.>%*! Another study also reported that CEA
messenger RNA (mRNA) expression in blood can predict
recurrence.’” All this evidence confirms the reasonability and
scientificity of our index. When the cutoff value was consid-
ered to be 1.095, the sensitivity and specificity of this REEC
value were 76.68% and 51.18%), respectively.

Studies have reported the relationship between biomarker
detection and recurrence. Duzgun and Sarici firstly describe
CA125 associated with peritoneal spreading and Glisson

capsule involvement in patients with peritoneal carcinamato-
sis.>® Koike et al showed that ANp63 is potentially useful for
the monitoring of patients with recurrent ESCC, with a sensi-
tivity of 60%.>* Reports on CYFRA21-1 indicated that the
serum CYFRA 21-1 level served as a predictive factor for
patients’ recurrence with EC after surgery, and its sensitivity
was 43.9%.%>3¢ The predictive functions of other biomarkers,
such as serum CEA, CA 19-9, CA 125, and SCC, were also
investigated. However, individual sensitivities for CEA, CA
19-9, CA 125, and SCC were only 28%, 34%, 10%, and
32%, respectively.?® Postoperative mRNA expression was also
considered a predictor of recurrence. A Japanese study revealed
that examination of CEA mRNA in peripheral blood is useful
for the early detection of occult recurrence with a higher sen-
sitivity, specificity, positive predictive value, and negative pre-
dictive value than those for serum CEA or SCC.* In another
report, the detection of SCCA mRNA could detect EC cells in
peripheral blood, which is a useful predictor of recurrent dis-
ease.”’ Nevertheless, all these results indicate that the power of
these biomarkers for predicting recurrence is not sufficient for
ESCC screening and has poor prognostic significance in those
undergoing treatment. In addition, they focused on only one
factor rather than considering all the related clinicopathological
characteristics as a whole. Moreover, the cutoff values of these
biomarkers are not definite and still need further investigation.

In the present study, the incidence of recurrence was signif-
icantly higher in patients with low REEC values than in those
with high REEC levels. In addition, the sensitivity and specifi-
city of REEC were higher than those of serum biomarkers. Inter-
estingly, the relationship between the elevation of preoperative
CEA and clinical outcome remains controversial.?%>%43
However, detecting recurrence at an early stage using these
markers before the recurrent disease is diagnosed by imaging
or symptom onset is difficult. Our study confirmed that the
serum CEA level was a predictive factor related to recurrence
and was included in the equation. Moreover, the REEC level was
an independent factor for recurrence. In this series, a low REEC
level was useful to predict recurrence even before operation;
therefore, it may be a new index for the prediction of ESCC
recurrence.

Moreover, in addition to the function of predicting recur-
rence similar to the tumor markers mentioned before, the
REEC value can play a prognostic role in postoperative
patients with ESCC. Patients in the high REEC group had a
significantly longer DFS and OS than those with low REEC
levels. Previous studies have shown that neoadjuvant che-
motherapy is useful to decrease the size and stage of ESCC
and can prolong OS and DFS.***> REEC, measured before
neoadjuvant chemoradiotherapy (nCRT), is an independent
predictor of final outcome in patients with ESCC, which may
be useful in selecting patients suitable for nCRT to increase the
outcome and decrease the recurrence rate.*°

The treatment response of advanced recurrent ESCC is dis-
appointing. Patients at high risk of developing recurrence need
to be identified, and early diagnosis is essential to improve the
curability and resectability of this cancer. Strategies aimed at
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decreasing the recurrence rate and improving survival must
focus on patients with low REEC levels, such as adjuvant
chemotherapy should be considered to be performed to these
patients. A more meticulous lymphadenectomy and surgery
with an extended field should be used when operating these
patients, for the purpose of delay or prevention of recurrence.
Computed tomography scans were effective at identifying sub-
clinical recurrences; thus, for patients with low REEC values,
follow-up should be more frequent during the first 2 years,"*
and appropriate consideration of using endoscopic ultrasono-
graphy to monitor recurrence, which is better than upper endo-
scopy and CT scan for the evaluation of recurrence, should
occur.*” Follow-up surveillance scans after the sixth year are
likely unnecessary, but for people with low REEC values, this
point should be prolonged to some extent.

However, there are some limitations in our study. Other
authors have indicated®>*® that the pathologic T stage classifi-
cation appears to be an important prognostic factor of recurrent
disease, and the difference in TNM staging between patients
who either suffered a recurrent disease or not is of statistical
significance. However, the TNM stage was not included as a
variate in our equation. However, as we used this equation in an
exploratory group and verified it in a validation group, it is still
being confirmed as a useful and high-efficiency index for pre-
dicting the prognosis of patient with ESCC. On the other hand,
because patients with low REEC values had a higher risk of
recurrence, meticulous follow-up is essential, and adjuvant
therapy for these patients should be considered.

In conclusion, our study confirmed that CEA and LN metas-
tasis are independent risk factors for recurrence. We also found
that alcohol consumption is a novel risk factor for ESCC pro-
gression. Additionally, combining those factors into the REEC
formula could serve as a useful predictive factor for outcome in
patients with ESCC who undergo curative resection. We also
reported here that a low REEC value may suggest a tendency
for recurrent disease. Patients with low REEC values need to be
accurately identified so that they can be offered entry into trials
of multimodality therapy, which may contribute to decreasing
the spreading potential of ESCC and increasing the survival of
these patients.
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