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Abstract

Background: Postoperative anastomotic leakage (AL) is associated with not only prolonged hospital stay and
increased medical costs, but also poor prognosis in esophageal cancer. Several studies have addressed the utility of
various inflammation-based and/or nutritional markers as predictors for postoperative complications. However, none
have been documented as specific predictors for AL in esophageal cancer. We aimed to identify predictors of AL after
esophagectomy for thoracic esophageal cancer, focusing on preoperative inflammation-based and/or nutritional
markers.

Methods: We retrospectively analyzed 295 patients who underwent radical esophagectomy for thoracic esopha-
geal squamous cell carcinoma between June 2007 and July 2020. As inflammation-based and/or nutritional mark-
ers, Onodera prognostic nutritional index, C-reactive protein (CRP)-to-albumin ratio (CAR) and modified Glasgow
prognostic score were investigated. Optimal cut-off values of inflammation-based and/or nutritional markers for AL
were determined by receiver operating characteristic curves. Predictors for AL were analyzed by logistic regression
modeling.

Results: AL was observed in 34 patients (11.5%). In univariate analyses, preoperative body mass index (> 22.1 kg/
m?), serum albumin level (< 3.8 g/dL), serum CRP level (> 0.06 mg/dL), CAR (= 0.0139), operation time (> 565 min)
and blood loss (> 480 mL) were identified as predictors of AL. Multivariate analyses revealed higher preoperative CAR
(>0.0139) as an independent predictor of AL (p=0.048, odds ratio =3.02, 95% confidence interval 1.01-9.06).

Conclusion: Preoperative CAR may provide a useful predictor of AL after esophagectomy for thoracic esophageal
squamous cell carcinoma.
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also poor prognosis for esophageal cancer [1]. The inci-
dence of AL reportedly shows a wide range of 0-35%
after esophagectomy [2]. The Japanese National Clini-
cal Database (NCD) of digestive surgery demonstrated
an incidence of 12.6% for AL after esophagectomy for
esophageal cancer [3]. Although perioperative man-
agement and surgical techniques have been improved,
the incidence of AL after esophagectomy for esopha-
geal cancer remains unsatisfactory. To reduce AL after
esophagectomy, identifying preoperative and surgical
predictors of AL is important.

Serum albumin has been used as a simple nutritional
marker for predicting postoperative complications in var-
ious gastrointestinal surgeries [4]. Serum C-reactive pro-
tein (CRP) has been used as a simple marker of systemic
inflammation predicting postoperative infectious com-
plications [5]. Several recent studies have reported the
utility of various inflammation-based and/or nutritional
markers as predictors of postoperative complications
and poor prognosis in esophageal cancer, such as the
Onodera’s prognostic nutritional index (PNI), CRP-to-
albumin ratio (CAR) and modified Glasgow prognostic
score (mGPS), which are calculated based on laboratory
data including serum albumin or CRP [6—8]. Some stud-
ies have reported preoperative PNI, CAR and mGPS as
predictors for AL after gastrointestinal cancer surgery
[9-11]. However, no studies appear to have examined the
association between preoperative inflammation-based
and/or nutritional markers and AL after esophageal can-
cer surgery. The significance of inflammation-based and/
or nutritional markers and the optimal cut-off values to
predict AL using these markers have yet to be clarified.

This study therefore aimed to identify specific pre-
dictors of AL after radical esophagectomy for thoracic
esophageal squamous cell carcinoma, focusing on preop-
erative inflammation-based and/or nutritional markers,
such as albumin, CRP, PNI, CAR, and mGPS.

Patients and methods

Patients

We retrospectively analyzed consecutive patients who
underwent subtotal esophagectomy with two- or three-
field lymphadenectomy and reconstruction using a gas-
tric tube by cervical anastomosis for thoracic esophageal
squamous cell carcinoma in the Department of Gastro-
enterological Surgery at Osaka City University Hospital
between June 2007 and July 2020. Patients with clinical
stage IVB, R2 resection, synchronous surgery for other
cancers, combined resection of other organs, two-stage
reconstruction, ante-thoracic route reconstruction, or
mediastinoscopy-assisted esophagectomy were excluded.
The ethics committee at our institution approved this
retrospective study of clinical data, which was conducted
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in accordance with the principles of the Declaration of
Helsinki.

All clinical and surgical data were collected from elec-
tronic medical records as follows: age, sex, body mass
index (BMI), habitual tobacco use, habitual alcohol use,
comorbidities according to the Charlson comorbidity
index (CCI) [12], serum albumin level, serum CRP level,
PNI, CAR, mGPS, the American Society of Anesthesi-
ologists classification of physical status (ASA-PS), tumor
location, clinical T stage, clinical N stage, clinical stage,
preoperative treatment (chemotherapy, chemoradio-
therapy or none), thoracic procedure (open or minimally
invasive esophagectomy: MIE), abdominal procedure
(open or hand-assisted laparoscopic surgery: HALS),
lymph node dissection (three-field or two-field), anasto-
mosis method (hand-sewn or mechanical anastomosis),
reconstruction route (retrosternal or posterior mediasti-
nal), operation time, blood loss, and the timing of surgery
(2007-2014 or 2015-2020). Clinical stage was deter-
mined based on the 8th edition of the Union for Inter-
national Cancer Control TNM classification of malignant
tumors [13]. Preoperative inflammation-based and/or
nutritional markers were calculated as shown in Table 1.
Laboratory data were obtained within 1 week before the
operation.

Preoperative treatment

All the patients had various radiological tests for preop-
erative diagnosis and staging, such as upper gastroin-
testinal endoscopy, esophagography, contrast-enhanced
computed tomography (CT) between the neck and upper
abdomen, and positron emission tomography (PET)
CT if necessary. Preoperative chemoradiotherapy was
performed for patients with clinical T4a disease with
chemotherapy (5-fluorouracil [5-FU]/nedaplatin) and
radiotherapy (total dose, 41.4 Gy) until March 2012.
Additional surgery was performed if the tumor was still
present and considered likely to be resectable. From April
2012, neoadjuvant chemotherapy (NAC) was performed

Table 1 Definitions of preoperative inflammation-based and/or
nutritional markers

Onodera prognostic nutritional index (PNI)

10 x albumin (g/dL) 4+ 0.005 x TLC (/uL)
C-reactive protein (CRP)-to-albumin ratio (CAR)
CRP / albumin (g/dL)

Modified Glasgow prognostic score (MGPS) Score
CRP <0.5 mg/dL and albumin > 3.5 g/dL 0
CRP>0.5 mg/dL or albumin <3.5 g/dL 1
CRP>0.5 mg/dL and albumin <3.5 g/dL 2

TLC total lymphocytes counts, CRP serum C-reactive protein
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for patients with clinical stage II/III disease. The regi-
mens of neoadjuvant chemotherapy included 5-FU/neda-
platin, 5-FU/cisplatin and 5-FU/cisplatin/docetaxel.

Surgical procedure and anastomotic technique

All patients underwent an open esophagectomy or MIE
which included video-assisted transthoracic surgery and
robotic-assisted surgery, accompanied by open surgery or
HALS for mobilizing the stomach. The gastric tube was
pulled up through the retrosternal or posterior mediasti-
nal route. Three-field (cervical, mediastinal, and abdomi-
nal field) lymph node dissection was mainly performed,
with two-field (mediastinal and abdominal fields) lymph
node dissection applied only for non-advanced lower
thoracic esophageal cancer. In terms of the reconstruc-
tion route, the posterior mediastinal route was pre-
ferred until March 2015, after which a retrosternal route
was preferred. For the cervical anastomotic technique,
mechanical end-to-side anastomosis with a circular sta-
pler was mainly performed until March 2015, after which
hand-sewn end-to-end anastomosis with monofilament
absorbable sutures was performed.

Definition of AL

When clinical signs suggestive of AL (redness, swelling
and tenderness of the neck, re-elevation of white blood
cell count and C-reactive protein after oral intake, and
fever) were observed, oral contrast esophagography and
CT were performed to confirm the AL. AL was defined
as a full-thickness gastrointestinal defect involving the
esophagus, anastomosis, staple line, or conduit, irrespec-
tive of presentation or method of identification, accord-
ing to the Esophagectomy Complications Consensus
Group (ECCG) consensus definitions [14]. Severity of AL
was evaluated according to the Clavien-Dindo classifica-
tion (CDC) [15]. Patients with AL were allocated to the
AL group and patients without AL were allocated to the
no anastomotic leakage (NAL) group.

Determination of cut-offs

Cut-off values for age, BMI, CCI, albumin, CRP, PNI,
CAR, mGPS, operation time and blood loss were deter-
mined at the point of maximal Youden index based on
the receiver operating characteristic (ROC) curve. All
patients were classified into one of these two groups
based on the cut-off values.

Statistical analysis

Statistical comparisons of baseline data were performed
using the Mann—Whitney U test for continuous vari-
ables, and the chi-squared test or Fisher’s exact test for
categorical variables. To identify factors predictive of AL
after esophagectomy, multiple logistic regression analysis
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was performed. Odds ratios (ORs) and 95% confidence
intervals (95% Cls) were calculated. Separate multivariate
analyses were performed to compare the predictive val-
ues of albumin, CRP and individual inflammation-based
and/or nutritional markers showing values of p<0.1 in
univariate analyses because PNI, CAR and mGPS include
albumin and CRP level in the estimations. Values of
p<0.05 were considered statistically significant. All data
analysis was conducted using JMP® version 13 (SAS
Institute Inc., Cary, NC, USA).

Results

Patients characteristics

A total of 295 patients (241 male, 54 female) were
included in this study. Median age, BMI, operation
time and estimated blood loss were 65 years (inter-
quartile range [IQR], 59-71 years), 21.2 kg/m? (IQR,
19.5-23.8 kg/m?), 561 min (IQR, 509-613 min), 300 ml
(IQR, 190-550 ml), respectively. Postoperative AL was
observed in 34 patients (11.5%). Among the patients
with AL, 2 patients were categorized to CDC class I, 6
patients to CDC class II, 23 patients to CDC class IIla,
and 3 patients to CDC class IIIb, respectively. There were
no cases of postoperative death due to AL. Table 2 shows
the association between clinicopathological characteris-
tics and AL.

ROC curve analyses

In the present study, values of 53 years for age, 22.1 kg/m?
for BMI, 3 for CCI, 3.8 g/dL for albumin, 0.06 mg/dL for
CRP, 42.5 for PNI, 0.0139 for CAR, 1 for mGPS, 565 min
for operation time, and 480 ml for blood loss provided
the maximal Youden indexes and were used as cut-off
values. When patients were classified into two groups
based on these cut-off values, areas under the curve
(AUCs) predicting AL after esophagectomy were 0.580
for albumin, 0.598 for CRP, 0.617 for CAR, 0.537 for PNI
and 0.534 for mGPS, respectively (Fig. 1).

Uni- and multivariate analyses of preoperative and surgical
factors for AL

Among preoperative factors, AL was significantly associ-
ated with higher BMI (p=0.028), and higher CRP level
(p=0.02) (Table 2). Among inflammation-based and/or
nutritional markers, AL was significantly associated with
preoperative higher CAR (p=0.007) (Table 2). Among
surgical factors, AL was significantly associated with
longer operation time (p=0.008) and greater blood loss
(p=0.036) (Table 3). Multivariate analysis that included
variables showing values of p<0.1 on univariate analy-
ses revealed preoperative higher CAR, but not lower
albumin level or higher CRP level, as an independent



Sugimoto et al. BMC Surg (2021) 21:348 Page 4 of 8
Table 2 Association between clinicopathological factors and patients with or without anastomotic leakage
All case Group NAL Group AL
N=295 N=261 N=34 p value

Age (Years, IQR) 65 (59-71) 66 (59-71) 65 (59-71) 0.845
>53 265 (89.8%) 232 (88.9%) 33(97.1%) 0.224*
<53 0(10.2%) 29 (11.1%) 1(2.9%)

Gender Male 241 (81.7%) 211 (80.8%) 30 (88.2%) 0.355*%
Female 54 (18.3%) 50 (19.2%) 4 (11.8%)

BMI (kg/m2, IQR) 2(194-235) 0(194-235) 22.2(19.8-23.8) 0433
>22.1 (38 6%) 95 (36.4%) 19 (55.9%) 0.028
<221 1(61.4%) 166 (63.6%) 15 (44.1%)

Habitual tobacco use Yes 235 (79.7%) 204 (78.2%) 31(91.2%) 0.11*
No 60 (20.3%) 57 (21.8%) 3 (8.8%)

Habitual alcohol use Yes 235 (79.7%) 205 (78.5%) 30 (88.2%) 0.257*
No 60 (20.3%) 56 (21.5%) 4(11.8%)

Steroid use Yes 4 (1.4%) 3(1.2%) 1(2.9%) 0.389*
No 291 (98.6%) 258 (98.9%) 33(97.1%)

ca (IQR) 0(0-1) 0(0-1) 0(0-1) 0.829
<2 283 (95.9%) 252 (96.6%) 31(91.2%) 0.149
>3 2 (4.1%) 9(3.5%) 3(8.8%)

Albumin (g/dL, IQR) 9(3.7-4.2) 9(3.7-42) 3.8 (3.6-4.1) 0.203
>38 172 (58.3%) 57 (60.2%) 15 (44.1%) 0.075
<38 23 (41.7%) 04 (39.8%) 19 (55.9%)

CRP (mg/dL, IQR) 1(0.04-0.3) 0.10 (0.04-0.28) 0.14 (0.06-0.43) 0.075
>0.06 200 (67 8%) 171 (65.5%) 29 (85.3%) 0.02
<0.06 95 (32.2%) 90 (34.5%) 5 (14.7%)

PNI (IQR) 474 (44.4-50.7) 474 (44.4-50.7) 48.0 (44.3-50.6) 0.82
>425 258 (87.5%) 226 (86.6%) 2(94.1%) 0.279%
<425 7 (12.5%) 35(13.4%) 2 (5.9%)

CAR (IQR) 0.024 (0.01-0.08) 0.024 (0.009-0.073) 0.037 (0.015-0.123) 0.072
>0.0139 200 (67.8%) 0 (65.1%) 0(88.2%) 0.007
<0.0139 95 (32.2%) 91 (34.9%) 4(1 8%)

mGPS 0 235 (79.7%) 210 (80.5%) 25 (73.5%) 0.345
1,2 60 (20.3%) 51 (19.5%) 9 (26.5%)

ASA-PS 1,2 275 (93.2%) 245 (93.9%) 30 (88.2%) 0.265%
3 20 (6.8%) 6 (6.1%) 4(11.8%)

Location of tumor Ut 3(18.0%) 47 (18.0%) 6 (17.6%) 0.887
Mt 172 (58.3%) 151 (57.9%) 21 (61.8%)
Lt 70 (23.7%) 63 (24.1%) 7 (20.6%)

cT (UICC8) 1,2 161 (54.6%) 140 (53.6%) 21 (61.8%) 0.371
3,4 134 (45.4%) 121 (46.4%) 13 (38.4%)

N (UICC8) Yes 162 (54.9%) 44 (55.2%) 18 (52.9%) 0.806

No 3(45.1%) 117 (44.8%) 16 (47.1%)

cStage (UICC8) Al 157 (53.2%) 138 (52.9%) 9 (55.9%) 0.741
I, v 138 (46.8%) 123 (47.1%) 5(44.1%)

Preoperative treatment Chemotherapy 154 (52.2%) 132 (50.6%) 22 (64.7%) 0.158
Chemoradiotherapy 6 (5.4%) 6 (6.1%) 0 (0.0%)
Surgical only 125 (43.4%) 113 (43.3%) 12 (35.3%)

*Fisher's exact test

IQR interquartile range, BMI body mass index, CCl Charlson comorbidity index, CRP serum C-reactive protein;

PNI Onodera’s prognostic nutritional index, CAR C-reactive protein to albumin ratio, nGPS modified Glasgow prognostic score

ASA-PS the American Society of Anesthesiologists classification of physical status



Sugimoto et al. BMC Surg (2021) 21:348

Table 2 (continued)

Page 5 of 8

UICC the Union for International Cancer Control

@ 1.00 1.00 1.00
Albumin < 3.8 g/dL CRP 2 0.06 mg/dL CAR 20.0139
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2 2 2
2 2 2
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Fig. 1 ROC curve-analyses predicting anastomotic leakage after esophagectomy for albumin (A), C-reactive protein (CRP) (B), CRP-to-albumin ratio
(CAR) (C), Onodera prognostic nutritional index (PNI) (D) and modified Glasgow prognostic score (mGPS) (E)

predictive factor for AL (p=0.048, OR=3.02, 95% CI
1.01-9.06) (Table 4).

Discussion

The present study evaluated preoperative and surgi-
cal factors that correlated with AL in 295 patients who
underwent esophagectomy and cervical anastomosis for
thoracic esophageal squamous cell carcinoma. We iden-
tified high preoperative CAR (> 0.0139) as an independ-
ent predictor for AL. To the best of our knowledge, this
is the first study to compare the impact of inflammation-
based and nutritional markers for AL and to identify pre-
operative CAR as an independent predictor for AL after
esophagectomy. Preoperative CAR may represent a use-
ful marker to predict AL after esophagectomy for tho-
racic esophageal squamous cell carcinoma.

Several studies have reported that preoperative inflam-
mation-based and/or nutritional markers are associated
with postoperative complications in various gastrointes-
tinal cancer surgeries [16]. On the other hand, only a few
reports have indicated associations between preopera-
tive inflammation-based and/or nutritional markers and
AL. Yu et al. demonstrated CAR was an independent risk
factor for AL in elderly patients after curative colorectal
surgery [10]. Oshi et al. reported PNI as an independent
risk factor for AL after laparoscopic total gastrectomy [9].
However, associations between preoperative inflamma-
tion-based and/or nutritional markers and AL have not
been reported for esophageal cancer surgery, so the best
markers to predict AL remain unclear. The present study
compared the predictive ability of CAR, PNI and mGPS
for AL, and identified high preoperative CAR (>0.0139),
but not PNI or mGPS, as an independent predictor of AL
after esophagectomy. CAR showed a greater AUC than
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Table 3 Associations between surgical factors and patients with or without anastomotic leakage

All case Group NAL Group AL

N=295 N=261 N=34 p value

Thoracic procedure MIE 220 (74.6%) 192 (75.6%) 28 (82.4%) 0.268
Open 75 (25.4%) 69 (26.4%) 6 (17.6%)

Abdominal procedure HALS 277 (93.9%) 246 (94.3%) 31(91.2%) 0.447%
Open 18 (6.1%) 15 (5.7%) 3 (8.8%)

Lymoph node dissection Three-field 278 (94.3%) 248 (95.0%) 30 (88.2%) 0.118*
Two-field 17 (5.8%) 13 (5.0%) 4(11.8%)

Operation time (minutes, IQR) 561 (509-613) 556 (506-611) 598 (550-636) 0.02
>565 137 (46.4%) 14 (43.7%) 23 (67.7%) 0.008
<565 158 (53.6%) 147 (56.3%) 11 (324%)

Blood loss (mL, IQR) 300 (190-550) 275 (180-540) 335(223-743) 0.078
>480 85 (28.8%) 70 (26.8%) 15 (44.1%) 0.036
<480 210( .2%) 191 (73.2%) W9(559°/)

Anastomosis method Hand-sewn 60 (54.2%) 144 (55.2%) 16 (47.1%) 0372
Mechanical 35 (45.8%) 117 (44.8%) 18 (52. 9%)

Reconstruction route Retrosternal 78 (60.3%) 157 (60.2%) 21 (61.8%) 0.856
Posterior mediastinal 7 (39.7%) 104 (39.8%) 13 (38.4%)

Residual tumor RO 285 (96.6%) 251 (96.2%) 34 (100%) 0.612*
R1 0 (34%) 0 (3.8%) 0(0.0%)

Timing of surgery 2007-2014 25 (42.4%) (42 2%) 15 (44.1%) 0.827
2015-2020 70 (57.6%) 1(57.9%) 19 (55.9%)

*Fisher’s exact test

IQR interquartile range;

MIE minimally invasive esophagectomy, HALS hand-assisted laparoscopic surgery

Table 4 Uni- and multivariate analyses of preoperative and surgical factors for anastomotic leakage

Variables Analysis with CAR Analysis with albumin Analysis with CRP

HR (95% ClI) p value HR (95% ClI) p value HR (95% ClI) p value

BMI>22.1 kg/m2 (vs<22.1 kg/mz) 1.69 (0.80-3.56) 017 1.84 (0.88-3.88) 0.107 1.74 (0.82-3.66) 0.147

Operation time > 565 min (vs <565 min) 1.95 (0.87-4.37) 0.106 2.06 (0.92-4.59) 0.079 1.96 (0.87-4.41) 0.102

Blood loss > 480 mL (vs <480 mL) 142 (0.65-3.11) 0.226 1.52(0.70-3.31) 0.231 145 (0.66-3.17) 0.35

CAR>0.0139 (vs<0.0139) 3.02 (1.01-9.06) 0.048

Albumin <3.8 g/dL (vs>3.8 g/dL)
CRP>0.06 mg/dL (vs <0.06 mg/dL)

1.69 (0.81-3.54) 0.162
2.26(0.82-6.21) 0.113

BMI, body mass index; CAR, C-reactive protein-to-albumin ratio; CRP: C-reactive protein;

OR, odds ratio; 95%Cl, 95% confidence interval

PNI or mGPS for the prediction of AL. Our findings sug-
gest preoperative CAR as a promising predictive marker
for AL of cervical anastomosis after esophagectomy for
thoracic esophageal cancer.

Albumin has been used as a simple nutritional marker
in gastrointestinal surgeries [4, 17]. Preoperative hypoal-
buminemia has been reported as a risk factor for AL in
esophageal cancer [18]. CRP has been used as a simple
marker of systemic inflammation. Previous studies have

reported higher preoperative CRP level to be associ-
ated with postoperative infectious complications follow-
ing gastrointestinal cancer surgery [5, 19]. However, no
association between preoperative CRP and AL has been
reported. In the present study, although univariate analy-
sis revealed higher CAR, higher CRP and lower albumin
levels as significantly associated with AL, multivariate
analyses identified only higher CAR as an independ-
ent predictor for AL. Furthermore, ROC curve analyses
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revealed that the AUC of preoperative CAR for predict-
ing AL was higher than those of preoperative albumin or
CRP level alone. Similar to our findings, Ge et al. demon-
strated that CAR offered higher diagnostic accuracy than
CRP alone for postoperative complications in colorectal
surgery [20]. Our findings suggest that CAR calculated
by serum CRP and albumin level has superior predictive
value for AL after esophagectomy than serum albumin or
CRP level alone.

The exact explanation underlying the association
between preoperative CAR and the development of AL
after esophagectomy for esophageal cancer is unclear.
Patients with esophageal cancer are at risk of malnutri-
tion and systemic inflammation due to several factors,
such as cancer-induced higher metabolism, reduced die-
tary intake, protein turnover and cachexia [21]. Albumin
has a long half-life as a body protein, so hypoalbumine-
mia reflects prolonged malnutrition [22]. Hypoalbu-
minemia has been associated with poor tissue healing
and reduction of tensile strength in anastomoses due
to decreased collagen synthesis at the anastomotic site
or surgical wound [23]. On the other hand, prolonged
inflammation can impair collagen synthesis and induce
anastomotic dehiscence [24]. CRP is primarily synthe-
sized in the liver as an acute-phase response protein, and
CRP levels correlate with severity of inflammation [25].
Tumor cells produce inflammatory cytokines, such as
tumor necrosis factor a and interleukin (IL)-1 and -6, and
IL-6 is a major stimulator inducing CRP synthesis [26].
Increased serum IL-6 levels have been reported as a pre-
dictor of AL in gastrointestinal surgery [27]. The preop-
erative nutritional and inflammatory status represented
by CAR may thus be responsible for the development of
AL.

Improving preoperative systemic inflammation and
nutritional status could represent a potential strategy
to reduce AL after esophagectomy, but no studies have
yet demonstrated associations between preoperative
improvement of inflammation-based and/or nutritional
markers and reductions in the frequency of AL. Previous
studies have revealed that preoperative immunonutri-
tional treatment might improve early postoperative nutri-
tional status and reduce postoperative complications in
gastrointestinal cancer surgery [28]. Although a recent
systematic review could not confirm any superiority of
enteral immunonutrition compared to enteral nutrition
in terms of the development of AL after esophagectomy,
preoperative immunonutrition was reported to improve
postoperative CRP and albumin levels, which might con-
tribute to reduced AL [29]. Further prospective studies
are warranted to validate whether immunonutritional
treatment as assessed by CAR is associated with reduc-
tions in the frequency of AL.
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Several limitations to this study should be acknowl-
edged. First, this study was a retrospective study in a
single institution. Second, important factors that could
potentially affect AL, such as blood flow, tension at
the anastomosis and the technical skill of the surgeon,
were not controlled for in this study. Third, although
we determined cut-off values for inflammation-based
and/or nutritional markers based on the results of ROC
curve analyses as an objective statistical method, no
optimal, standardized method to determine optimal
cut-offs has been established. Finally, since the study
period for this investigation was long, changes in pre-
operative treatment strategies and operative procedures
might have affected the results. Further prospective
studies with larger numbers of patients are needed to
validate the utility of preoperative CAR to predict AL
of cervical anastomosis after esophagectomy for esoph-
ageal cancer.

Conclusion

High preoperative CAR (>0.0139) provided an inde-
pendent predictor of AL after esophagectomy for tho-
racic esophageal squamous cell carcinoma. Although
the cause of AL is considered to be multifactorial, pre-
operative CAR may be a useful indicator in preopera-
tive management to reduce AL using methods such as
neoadjuvant treatment and nutritional intervention.
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Neoadjuvant chemotherapy; ECCG: The Esophagectomy Complications
Consensus Group; CDC: Clavien-Dindo classification; NAL: No anastomotic
leakage; ROC: Receiver operating characteristic; OR: Odds ratio; Cl: Confidence
interval; AUC: Area under the curve.
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