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Abstract: Background: Patients undergoing surgery for esophageal cancer are at risk of prolonged
hospital stay for postoperative malnutrition. Postoperative early oral feeing is a part of the “enhanced
recovery after surgery protocol” for coping with this risk. However, the usefulness of early oral
intake during perioperatively is questionable. Methods: In total, 117 patients treated surgically for
esophageal cancer were analyzed in the study. We assessed the oral energy sufficiency rate per
nutritional requirement (oral-E/NR) at the fourth week postoperatively and classified the patients
into two groups: Poor oral intake group (POI group; <25% oral-E/NR) and the control group (≥25%
oral-E/NR). We analyzed the relationship among postoperative oral intake and prognoses. Results:
The POI group had worse postoperative nutritional status and a lower survival rate than the control
group. In a multivariate analysis, <25% oral-E/NR was one of the independent factors contributing to
negative outcomes postoperatively (adjusted hazard ratio: 2.70, 95% confidence interval: 1.30–5.61).
Conclusions: In patients undergoing surgery for esophageal cancer, poor postoperative oral intake
negatively affected not only on their postoperative nutritional status but also their overall prognosis. It
is necessary to improve the adequacy of oral intake postoperatively for patients with esophageal cancer.
Keywords: esophagectomy; energy intake; nutrition therapy; administration; outcomes
research/quality

1. Introduction
Esophagectomy is one of the most invasive surgeries performed in patients with esophageal
cancer; in addition to tumor resection, this surgery requires a wide operative field with lymph node
dissection and resection. Because the function of the esophagus affects the metabolic, neuroendocrine,
and immune systems, the nutritional status significantly deteriorates postoperatively because of
hypermetabolism and digestion-absorption disorders [1–8]. In addition, oral intake is considerably
diminished after the operation because of the mechanical and functional gastrointestinal tract changes
that cause swallowing disorders, early satiety, and postprandial dumping syndrome [9].
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Therefore, some patients treated surgically for esophageal cancer require supplemental nutritional
management using enteral and parenteral nutrition to fulfill their nutritional requirements (NRs)
during perioperatively. On the other hand, in order to shorten postoperative hospital stays, patients
often get discharged after fulfilling NRs using enteral nutrition (EN) and parenteral nutrition (PN)
only, despite still displaying inappropriate oral intake.
The most general algorithms for nutrition administration have recommended that oral intake, the
physiological food administration route, be re-established as soon as possible and that it should take
priority over EN and PN [10,11]. Based on these guidelines, studies on nutrition administration in
critically ill patients have questioned the nutrition quantity and timing of administration using EN
and PN [12–15]. Furthermore, several studies have addressed the topic of efficacious postoperative
direct oral feeding as part of the “enhanced recovery after surgery (ERAS) protocol [16]”. Several
studies have reported that patients undergoing surgery for esophageal cancer resumed oral feeding
at postoperative meal start [postoperative day (POD) 1] [17,18], and the importance of oral intake is
increasing. In the present study, we enrolled patients between June 2009 and December 2010, and some
differences existed due to the current trends of nutritional support. As we had been in the process
of shifting the major nutritional management from total parenteral nutrition (TPN) to gut (EN and
oral), we secured TPN and EN routes (standardizing at the time) in almost all patients at our hospital,
and nutrition management was primarily based on EN.
The cephalic phase responses (CPRs) can explain the benefits of oral intake because they prepare
the gastrointestinal tract for digestion and absorption [19–21]. However, no studies have assessed
whether postoperative nutritional management including oral intake affects short-term and long-term
outcomes in patients with esophageal cancer.
In this study, we re-analyzed the patients enrolled in our previous prospective study [22] to
investigate the relationship between postoperative oral intake and prognosis, because we obtained
substantial follow-up data in these patients.
2. Participants and Methods
2.1. Participants
This was a retrospective study re-analyzing patients enrolled in our previous prospective study [22]
to investigate the correlation between postoperative oral intake and prognosis, after obtaining
substantial follow-up data (five-year survival) of these patients. All patients were diagnosed with
esophageal cancer and signed informed consents before participating in the study that was approved
by the Ethics Committee of Osaka City University Medical School who approved the study (No.1611).
All procedures followed were in accordance with the ethical standards of the responsible committee on
human experimentation (institutional and national) and with the Helsinki Declaration of 1964 and
later versions.
In the present study, the inclusion criteria were as follows: (1) Patients with thoracic esophageal
cancer undergoing elective surgical treatment (irrespective of the tumor stage, operation procedure,
or esophageal reconstruction) between June 2009 and December 2010. Conversely, the exclusion
criteria were as follows: (1) Emergency esophagectomy; (2) cervical esophageal cancer requiring
pharyngolaryngectomy; (3) severe cardiac, liver, or renal failure; or (4) patients in whom the nutrient
intake quantity could not be recorded.
All patients underwent standard open esophagectomy through a conventional right posterolateral
incision in the bed of the resected the fifth rib or video-assisted thoracoscopic esophagectomy
(VATS) in Osaka City University Hospital. Details of the surgical techniques have been published
elsewhere [22,23]. Reconstruction was performed using a gastric conduit or a jejunal graft through the
posterior mediastinum. A jejunostomy was inserted for postoperative enteral feeding.
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2.4. Survey Items
2.4. Survey Items
Clinical data were collected from medical charts. The tumor stages were classified according to the
Clinical data were collected from medical charts. The tumor stages were classified according to
seventh edition of the tumor-node-metastasis (TNM) classification of the Union for International Cancer
the seventh edition of the tumor-node-metastasis (TNM) classification of the Union for International
Control [24]. During the postoperative hospital stay, postoperative complications included those
Cancer Control [24]. During the postoperative hospital stay, postoperative complications included
concerning postoperative oral intake (e.g., anastomotic leakage, gastrointestinal obstruction, chyle
those concerning postoperative oral intake (e.g., anastomotic leakage, gastrointestinal obstruction,
hydrothorax, etc.), and postoperative morbidity included fever. For the anthropometry data, we defined
chyle hydrothorax, etc.), and postoperative morbidity included fever. For the anthropometry data,
usual body weight (UBW) as self-reported weights of patients 3–6 months preoperatively (the period
we defined usual body weight (UBW) as self-reported weights of patients 3–6 months preoperatively
from diagnosis to surgery). The previous study reported the validity of the recall method to examine
(the period from diagnosis to surgery). The previous study reported the validity of the recall method
the weight by 3–6 months ago [25]. We used this method in the present study. We determined the
to examine the weight by 3–6 months ago [25]. We used this method in the present study. We
prognostic nutritional index (PNI) [3], nutritional risk index (NRI) [26], and controlling nutritional status
determined the prognostic nutritional index (PNI) [3], nutritional risk index (NRI) [26], and
(CONUT) [27] in patients in order to obtain an itemized list of nutrients to assess the nutritional status.
controlling nutritional status (CONUT) [27] in patients in order to obtain an itemized list of nutrients
PNI, NRI, and CONUT were calculated using the following formulas (Tables S1 and S2). The follow-up
to assess the nutritional status. PNI, NRI, and CONUT were calculated using the following formulas
of patients who were surgically treated for esophageal cancer was conducted according to the protocol
(Tables S1 and S2). The follow-up of patients who were surgically treated for esophageal cancer was
conducted according to the protocol planned by the surgical team. In principle, they visited the
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planned by the surgical team. In principle, they visited the hospital once in 3–6 months postoperatively
and received surgical consultation, diagnostic imaging (CT or ultrasound), anthropometric test,
biochemical test (e.g., nutritional status), and nutritional surveillance (by dietician). The data were
recorded via medical charts. This follow-up was continued for up to five years after the surgery.
2.5. Statistical Analysis
Descriptive statistical analyses of variables were represented as mean ± standard deviations,
number of patients, or percentages. We used multiple imputations to handle missing data because
it improves accuracy and statistical power relative to other techniques to handle missing data. To
impute the missing data, we constructed multiple regression models including potentially related
variables and also variables correlated with outcomes. The item-level missing data rates were
<25% [28] for all variables studied: (Preoperative data: Transthyretine, 19.7%; retinol-binding protein
(RBP), 24.8%; NRI, 15.4%; CONUT, 0.9%; data at the 4th week postoperatively: %UBW, 1.7%;
transthyretine, 0.7%; RBP, 1.7%; data at the 6th month postoperatively: C-reactive protein (CRP),
18.8%; albumin, 17.9%; PNI, 17.9%; CONUT, 23.1%; postoperative chemotherapy within one year,
7.7%; recurrence within 1 year postoperatively, 7.7%). The results across 20 imputed data sets were
combined by averaging, and standard error were adjusted to reflect both within-imputation variability
and between-imputation variability using Rubin’s rules [29]. The imputed data (marked by “*”)
are represented as mean ± standard error. The unpaired t-test and the chi-square test were used to
compare the data. Split-plot analysis of variance and Bonferroni adjustment for multiple comparisons
were used for time-dependent data between the two study groups. Survival data were analyzed
using the Kaplan–Meier survival model and calculated using the data from the surgery until the
date of death or the most recent follow-up. As a sub-analysis, the two groups were analyzed for
overall survival with stratification of patients by tumor stage (Stages 0–II and III–IV). The log-rank test
and Bonferroni adjustment for multiple comparisons were used to determine statistical differences
between the two groups. Univariate and multivariate Cox proportional hazards models were used to
determine independent prognostic factors. Analytical factors included oral-E/NR at the fourth week
postoperatively (≥25%, Control group vs. <25%, POI group), gender (women vs. men), tumor stages
(0–II vs. III–IV), operation procedure (open esophagectomy vs. VATS), esophageal reconstruction
(jejunal graft vs. gastric conduit), neoadjuvant therapy (absent vs. present), preoperative morbidities
[mastication disorder (absent vs. present), dysphagia (absent vs. present), obstruction (absent vs.
present)], postoperative complications (absent vs. present), postoperative morbidity (absent vs.
present), postoperative meal interruption (absent vs. present), preoperative weight loss (<5% weight
loss vs. ≥5% weight loss), and preoperative oral-E/total-E preoperatively (≥80% vs. <80%). We adopted
preoperative weight loss for variance because we found a tendency for it to effect prognoses and
nutritional status in a preceding study [30,31]. Moreover, we adopted the preoperative oral-E/total-E for
variance because of the median result. For the multivariate analysis, we used the backward elimination
method (elimination criteria: p > 0.10). SPSS version 24.0 for Windows (SPSS, Chicago, IL, USA) was
used for all statistical analyses. A p-value < 0.05 indicated statistical significance.
3. Results
3.1. Patients’ Characteristics, Preoperative Characteristics, and Nutrient Intake between the Study Groups (POI
Group vs. Control Group)
According the inclusion and exclusion criteria, 119 patients were enrolled, and two patients were
excluded because their quantity of nutrients intake could not be recorded. Finally, 117 patients were
analyzed in this study. The patients’ characteristics are listed in Table 1. All patients were followed
up until May 2017 (mean survival time: 4.5 ± 2.3 years; survival rate, 68.4%). The patients in the POI
group had significantly longer postoperative hospital stays and worse postoperative mean survival
time. Additionally, the POI group exhibited a markedly higher rate of postoperative complications,
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morbidity, and meal interruption. However, we found no significant differences in anthropometrical
data between the two groups.
Table 1. Patients’ characteristics.

Gender (Men/Women)
Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2 )
UBW (kg)
Preoperative morbidities
Mastication disorder
Dysphagia
Obstruction
Glucose intolerance
Hypertension
Dyslipidemia
Tumor stage
(0/IA/IB/IIA/IIB/IIIA/IIIB/IV)
Operative procedure
(VATS/Open esophagectomy)
Esophageal reconstruction
(Gastric conduit/Jejunal graft)
Postoperative complications
Postoperative morbidity
Postoperative meal start (POD)
Postoperative meal interruption
Neoadjuvant therapy
Postoperative hospital stay (days)
Postoperative chemotherapy within 1 year postoperatively *
Recurrence within 1 year postoperatively *
Postoperative mean survival time (years)

Total
(n = 117)

Control Group
(n = 89)

POI Group
(n = 28)

p-Value
(Control vs. POI)

88/29
64.0 ± 7.9
163.4 ± 7.8
56.0 ± 8.9
20.9 ± 2.7
60.2 ± 10.0

68/21
63.7 ± 7.5
164.0 ± 7.5
56.0 ± 9.4
20.8 ± 2.7
59.9 ± 9.5

20/8
65.0 ± 9.2
161.5 ± 8.6
56.0 ± 7.5
21.5 ± 2.7
61.1 ± 11.3

0.595
0.435
0.137
1.000
0.203
0.567

10 (8.5%)
10 (8.5%)
42 (35.9%)
30 (20.4)
32 (27.4%)
8 (6.8%)

7 (7.9%)
9 (10.1%)
33 (37.1%)
23 (25.8%)
24 (27.0%)
5 (5.6%)

3 (10.7%)
1 (3.6%)
9 (32.1%)
7 (25.0%)
8 (28.6%)
3 (10.7%)

0.638
0.280
0.635
0.929
0.868
0.351

13/24/9/12/17/24/0/18

9/17/6/11/13/21/0/12

4/7/3/1/4/3/0/6

0.502

76/41

56/33

20/8

0.411

110/7

84/5

26/2

0.767

77 (65.8%)
61 (52.1%)
13.9 ± 13.6
61 (52.1%)
60 (51.3%)
36.3 ± 26.3
55 (47.0%)
37 (31.6%)
4.5 ± 2.3

51 (57.3%)
39 (43.8%)
10.1 ± 3.9
39 (43.8%)
48 (53.9%)
26.7 ± 8.3
43 (48.3%)
26 (29.2%)
4.7 ± 2.2

26 (92.9%)
22 (78.6%)
26.1 ± 23.7
22 (78.6%)
12 (42.9%)
66.9 ± 38.4
11 (39.3%)
10 (35.7%)
3.5 ± 2.4

<0.001
0.001
0.002
0.001
0.306
<0.001
0.403
0.516
0.016

Data are expressed as the mean ± standard deviation or as the number of patients. Imputed data (*) are expressed
as the mean ± standard error or as number of patients. Differences among two groups were analyzed using
the unpaired t-test and chi-square test. BMI, body mass index; UBW, usual body weight; VATS, video-assisted
thoracoscopic esophagectomy.

3.2. Nutrient Intake and Nutritional Status during the Follow-Up Period between the Study Groups (POI
Group vs. Control Group)
The nutrient intakes and nutritional statuses of both study groups are shown in Table 2, Figure 2,
and Figure 3a,b. The preoperative energy and protein intake did not differ significantly between
the study groups [(energy) POI group, 1521 ± 319 kcal/day; control group, 1582 ± 324 kcal/day;
p = 0.390 and (protein) POI group, 60.3 ± 12.8 g/day; control group, 61.4 ± 14.2 g/day; p = 0.717].
Both the groups fulfilled NRs using oral diet, EN, and PN (POI group, 97.3 ± 21.4%; control group,
100.1 ± 24.7%; p = 0.596). There were no other considerable differences in the preoperative nutrient
intake for each nutritional administration route and their total. At the fourth week postoperatively,
the patients in the control group principally used oral intake and displayed a shortage of energy
[(energy) POI group, 1856 ± 693 kcal/day; control group, 1211 ± 413 kcal/day; p < 0.001 and (protein)
POI group, 77.5 ± 32.4 g/day; control group, 51.3 ± 19.5 g/day; p < 0.001]; however, the patients in
the POI group principally used EN and supplemental PN, and fulfilled NRs [(total-E/NR) POI group,
118.4 ± 41.6%; control group, 77.1 ± 30.2%; p < 0.001, (oral-E/NR) POI group, 5.5 ± 8.3%; control group,
57.2 ± 17.6%; p < 0.001, (enteral-E/NR) POI group, 95.4 ± 40.2%; control group, 17.4 ± 25.8%; p < 0.001,
and (parenteral-E/NR) POI group, 17.5 ± 27.5%; control group, 2.5 ± 6.9%; p < 0.001].
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Total
(n = 117)

Control group
(n = 89)

POI group
(n = 28)

p-value
(control vs POI)

TablePreoperatively
2. Comparison of nutrient intake in the hospital between the study groups.
Energy intake in the hospital (kcal/day) 1,567 ± 323
1,582 ± 324
1,521 ± 319
0.390
Total
POI
Group
Via oral route (kcal/day)
1,136 ± 505 Control
1,115Group
± 520
1,204
± 458
0.422 p-Value
(n86=±89)
= 28)
(Control vs. POI)
Via enteral route (kcal/day) (n = 117)
70 ± 262
295
21 ±(n81
0.065
Preoperatively
Via parenteral route (kcal/day)
361 ± 429
381 ± 462
297 ± 302
0.369
Energy intake
in theintake
hospital
323 ± 13.8
1582
± 319
Protein
in (kcal/day)
the hospital (g/day)1567 ±61.1
61.4±±324
14.2
60.31521
± 12.8
0.717 0.390
Via oral route (kcal/day)
1136 ± 505
1115 ± 520
1204 ± 458
0.422
Per preoperative weight (g/kg)
1.12 ± 0.31
1.12 ± 0.33
1.09 ± 0.26
0.656
Via enteral route (kcal/day)
70 ± 262
86 ± 295
21 ± 81
0.065
Via(kcal/day)
oral route (g/day)
45.2±±462
21.9
48.9297
± 18.1
0.415 0.369
Via parenteral route
361 ±46.1
429 ± 21.0
381
± 302
enteral
route (g/day) 61.1 ± 13.8
3.0 ± 11.6
3.7±±14.2
13.2
0.860.3
± 2.9
0.056 0.717
Protein intake in theVia
hospital
(g/day)
61.4
± 12.8
Per preoperative
(g/kg) route (g/day) 1.12 ±12.1
0.31 ± 13.8
1.12
± 0.26
Viaweight
parenteral
12.5± ±0.33
14.6
10.61.09
± 10.9
0.524 0.656
ViaThe
oral4th
route
(g/day)
46.1 ± 21.0
45.2 ± 21.9
48.9 ± 18.1
0.415
week
postoperatively
Via enteral route (g/day)
3.0 ± 11.6
3.7 ± 13.2
0.8 ± 2.9
0.056
Nutrient requirement (kcal/day) 12.1 ±1,599
± 192
1,605 ± 200
1,578
± 192
0.514 0.524
Via parenteral route (g/day)
13.8
12.5 ± 14.6
10.6 ± 10.9
Energy intake in the hospital (kcal/day) 1,366 ± 564
1,211 ± 413
1,856 ± 693
< 0.001
The 4th week postoperatively
Via oral route (kcal/day) 1599 ± 716
± 434
913 ± 279
88 1578
± 156± 192
< 0.001 0.514
Nutrient requirement (kcal/day)
192
1605 ± 200
enteral
route (kcal/day) 1366 ± 557
260±±413
373
1,501
± 654
< 0.001 <0.001
Energy intake in theVia
hospital
(kcal/day)
564 ± 698
1211
1856
± 693
Via parenteral
92 ± 240
38±±279
103
268 88
± 414
< 0.001 <0.001
Via oral route
(kcal/day) route (kcal/day)716 ± 434
913
± 156
Via enteral
(kcal/day)
698 ± 26.7
260
± 654
Proteinroute
intake
in the hospital (g/day)557 ±57.6
51.3±±373
19.5
77.51501
± 32.4
< 0.001 <0.001
Via parenteral
route
(kcal/day) weight (g/kg)92 ± 240
38 ± 103
± 414
Per
postoperative
1.10 ± 0.50
0.99
± 0.43
1.45268
± 0.57
< 0.001 <0.001
Protein intake in the hospital (g/day)
57.6 ± 26.7
51.3 ± 19.5
77.5 ± 32.4
<0.001
Via oral route (g/day)
30.8 ± 20.6
39.4 ± 15.4
3.51.45
± 5.8
< 0.001 <0.001
Per postoperative weight (g/kg)
1.10 ± 0.50
0.99 ± 0.43
± 0.57
Via(g/day)
enteral route (g/day) 30.8 ±24.4
11.4±±15.4
16.8
65.6 3.5
± 30.1
< 0.001 <0.001
Via oral route
20.6 ± 31.0
39.4
± 5.8
route (g/day) 24.4 ± 31.0
2.7 ± 8.1
0.9± ±16.8
3.5
8.4 65.6
± 14.1
0.010 <0.001
Via enteral Via
routeparenteral
(g/day)
11.4
± 30.1
Via parenteral route (g/day)

2.7 ± 8.1

0.9 ± 3.5

8.4 ± 14.1

0.010

Data are expressed as the mean ± standard deviation. Differences among two groups were analyzed
Data are expressed as the mean ± standard deviation. Differences among two groups were analyzed using the
using
the unpaired t-test. POI group, poor oral intake group.
unpaired t-test. POI group, poor oral intake group.

Figure 2. Changes of energy intake for each administration route in hospital. Differences between
Figure
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two study
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and
two study
points
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using
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variance two
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study
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0.05
Bonferroni
adjustment
multiple
comparisons.
arepoor
shown
meangroup.
± standard error. a, p < 0.05
(vs. control);
b, p < 0.05for
(vs.
preoperatively);
POI Data
group,
oralas
intake
(vs. control); b, p < 0.05 (vs. preoperatively); POI group, poor oral intake group

Nutrients 2019, 11, 1338
Nutrients 2019, 11, x FOR PEER REVIEW

7 of 14
7 of 14

Figure 3. Changes of nutritional status during the follow-up period. (a) from preoperatively to the 6th
Figure 3. Changes of nutritional status during the follow-up period. (a) from preoperatively to the 6th
month postoperatively, (b) from preoperatively to the 4th week postoperatively. Differences between
month postoperatively, (b) from preoperatively to the 4th week postoperatively. Differences between
two study groups and two study time points were analyzed using split-plot analysis of variance
two study groups and two study time points were analyzed using split-plot analysis of variance and
and Bonferroni adjustment for multiple comparisons. Data are shown as mean ± standard error.
Bonferroni adjustment for multiple comparisons. Data are shown as mean ± standard error. a, p < 0.05
a, p < 0.05 (vs. control); b, p < 0.05 (vs. preoperatively); c, p < 0.05 (vs. the fourth week postoperatively);
(vs. control); b, p < 0.05 (vs. preoperatively); c, p < 0.05 (vs. the fourth week postoperatively); BW/UBW,
BW/UBW, body weight at each study time points per usual body weight.
body weight at each study time points per usual body weight.
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The patients in the POI group showed a tendency toward higher albumin levels than those
in the control group preoperatively; however, both group averages were within the normal range
(Albumin*: POI group: 4.14 ± 0.06 g/dL vs. control group: 4.01 ± 0.03 g/dL, p = 0.086). Concerning
other laboratory data and nutritional indexes, there were no significant differences between the two
groups preoperatively. On the other hand, the patients in the POI group had significantly higher
inflammatory indicators and worse nutritional statuses at the fourth week postoperatively. Moreover,
CONUT scores continued to differ significantly at the sixth month postoperatively, mean value in POI
group indicated “light malnutrition” (CONUT*: POI group: 2.22 ± 0.39 vs. control group: 1.48 ± 0.16,
p = 0.040).
3.3. Long-Term Outcomes after Esophagectomy
The postoperative survival rates in both study groups are shown in Figure 4a,b. The patients
in the POI group had a significantly lower postoperative survival rate compared with those in the
control group (mean survival time: POI group: 4.6 ± 0.5 years, control group: 6.1 ± 0.3 years, p = 0.046).
As the result of sub-analysis, the POI group had a significantly lower postoperative survival in the
patients with stage 0–II esophageal cancer (mean survival time: POI group: 4.8 ± 0.6 years, control
group: 6.9 ± 0.3 years, p = 0.003). The results of univariate and multivariate Cox proportional
hazards model are shown in Table 3. Univariate analysis showed that tumor stage (Stages III–IV),
operation procedure (open esophagectomy), neoadjuvant therapy, and preoperative energy intake
(<80% oral-E/total-E) had a significant negative correlation with the postoperative prognosis. Moreover,
mastication disorder and energy intake at the fourth week postoperatively (POI group) showed a
tendency to correlate negatively with postoperative prognosis. Based on the results of the univariate
Cox proportional hazards model, we used gender, tumor stage, neoadjuvant therapy and analyzed
correlation and valiance inflation factor (VIF) among variates to avoid multicollinearity. Finally,
we selected mastication disorder, preoperative weight loss, and energy intake (preoperatively and
at the fourth week postoperatively) as variables in the multivariate Cox proportional hazards model
because these factors had a marginal significance based on the univariate Cox proportional hazards
model, correlation and VIF. We performed multivariate analyses using the backward elimination
method (elimination criteria: p > 0.100). Based on the multivariate Cox proportional hazards model,
energy intake at the fourth week postoperatively was an independent factor negatively contributing to
the postoperative prognosis [objective variables: POI group (<25% oral-E/NR), control group (≥25%
oral-E/NR), adjusted hazard ratio (HR): 2.70, 95% confidence interval (CI): 1.30–5.61, p = 0.008].
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Table 3. Univariate and multivariate Cox regression analyses of prognostic factors in patients with esophageal cancer.
Univariate Analysis

Multivariate Analysis

Factors

Objective Variables

Control

Crude HR
(95% CI)

p-Value

Gender
Age
Tumor stage
Operation procedure
Esophageal reconstruction
Neoadjuvant therapy
Preoperative morbidities
Mastication disorder
Dysphagia
Obstruction
Postoperative complications
Postoperative morbidity
Postoperative meal interruption
Preoperative weight loss
Energy intake at preoperatively

Male
≥65
III–IV
Open esophagectomy
Jejunal graft
Present

Female
<65
0–II
VATS
Gastric conduit
Absent

1.85 (0.77–4.45)
1.22 (0.64–2.32)
3.51 (1.82–6.74)
2.23 (1.17–4.26)
0.91 (0.22–3.77)
1.96 (1.01–3.82)

0.167
0.548
<0.001
0.015
0.905
0.048

Present
Present
Present
Present (77)
Present (61)
Present (61)
≥5% weight loss
<80% oral-E/total-E
<25% oral-E/NR
(POI group)

Absent
Absent
Absent
Absent (40)
Absent (56)
Absent (56)
<5% weight loss
≥80% oral-E/total-E
≥25% oral-E/NR
(Control group)

2.25 (0.87–5.78)
1.83 (0.65–5.18)
1.42 (0.74–2.75)
0.80 (0.41–1.54)
1.32 (0.69–2.53)
1.07 (0.56–2.03)
1.70 (0.88–3.28)
2.14 (1.12–4.07)

0.093
0.253
0.292
0.498
0.410
0.847
0.112
0.021

1.99 (1.00–3.98)

0.051

Energy intake at the 4th week postoperatively

Adjusted HR
(95% CI)

p-Value

3.72 (1.92–7.20)

<0.001

2.33 (1.16–4.70)

0.018

2.70 (1.30–5.61)

0.008

The univariate Cox proportional hazards model included gender, age, tumor stage, operation procedure, neoadjuvant therapy, preoperative morbidities (mastication disorder, dysphagia
and obstruction), postoperative complications, postoperative morbidity, postoperative meal interruption, preoperative weight loss, and energy intake (at preoperatively and the fourth
week postoperatively). The multivariate Cox proportional hazards model [backward elimination method (elimination criteria: p > 0.10)] included gender, tumor stage, operation procedure,
neoadjuvant therapy, mastication disorder, preoperative weight loss, and energy intake (at preoperatively and the fourth week postoperatively).
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4. Discussion

Our retrospective analysis of previous cases with postoperative nutritional management primarily
4. Discussion
based on the EN route suggested that the POI group demonstrated poor prognosis compared to
Our retrospective analysis of previous cases with postoperative nutritional management
the control group that could manage oral feeding (as a more physiological route). In this study, we
primarily based on the EN route suggested that the POI group demonstrated poor prognosis
revealed that assessing the oral intake at the fourth week postoperatively in patients treated surgically
compared to the control group that could manage oral feeding (as a more physiological route). In this
for esophageal cancer was not only a predictor of postoperative nutritional status but also a novel
study, we revealed that assessing the oral intake at the fourth week postoperatively in patients treated
predictor of the postoperative prognosis. Hence, we believe that this study supports the validity of
surgically for esophageal cancer was not only a predictor of postoperative nutritional status but also
active nutritional management using oral intake.
a novel predictor of the postoperative prognosis. Hence, we believe that this study supports the
In postoperative nutritional management, the most general algorithm of nutrition administration
validity of active nutritional management using oral intake.
has recommended that oral intake should take priority over EN and PN [10,11]. We followed these
In postoperative nutritional management, the most general algorithm of nutrition
algorithms and prioritized oral intake for perioperative nutritional management.
administration has recommended that oral intake should take priority over EN and PN [10,11]. We
In nutritional management for critically ill patients such as those undergoing surgical treatment
followed these algorithms and prioritized oral intake for perioperative nutritional management.
for esophageal cancer, reports about the selection of nutrition administration and nutrient quantity
In nutritional management for critically ill patients such as those undergoing surgical treatment
within at the first week postoperatively exist [32–36], and their results stated the importance of early
for esophageal cancer, reports about the selection of nutrition administration and nutrient quantity
EN administration and the criteria of energy administration. However, these studies referred to the
within at the first week postoperatively exist [32–36], and their results stated the importance of early
exclusive use of EN and PN. Moreover, those studies contain no suggestions about a relation between
EN administration and the criteria of energy administration. However, these studies referred to the
oral intake postoperatively and prognosis. Currently, several studies address the topic of efficacious
exclusive use of EN and PN. Moreover, those studies contain no suggestions about a relation between
postoperative direct oral feeding as part of “ERAS protocol [16]”. In patients undergoing surgery for
oral intake postoperatively and prognosis. Currently, several studies address the topic of efficacious
esophageal cancer, although the effect of postoperative early oral intake on long-term weight has been
postoperative direct oral feeding as part of “ERAS protocol [16]”. In patients undergoing surgery for
reported [37], its effect on postoperative prognosis is unknown. Therefore, our finding suggesting a
esophageal cancer, although the effect of postoperative early oral intake on long-term weight has
direct relation between postoperative oral intake and prognosis of patients is important and novel.
been reported [37], its effect on postoperative prognosis is unknown. Therefore, our finding
Although patients in the POI group fulfilled NR as calculated at the fourth week postoperatively
suggesting a direct relation between postoperative oral intake and prognosis of patients is important
using EN by jejunostomy, they had a significantly worse nutritional status at the sixth month
and novel.
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postoperatively and their prognosis was worse than that for control group patients. This suggests
that the fulfilling of NR at the fourth week postoperatively by EN or PN was insufficient. Our study
suggests that it is important for patients to attain an adequate oral intake to improve their prognosis.
Hospital stay of the patients in the POI group was longer than that of the control group because
the POI group exhibited a markedly higher rate of postoperative complications, morbidity, and meal
interruption. Thereby, the POI group had a large number of patients whose transition from EN or
PN to oral intake was delayed. However, owing to lack of marginal significance in the results of
the univariate Cox proportional hazards model for these factors, we did not use these factors in the
multivariate Cox proportional hazards model. Hence, we consider that “oral-E/NR < 25%” was a
valuable prognostic factor than postoperative complications because “oral-E/NR < 25%” synthetically
signifies more postoperative parameters (e.g., complications and comorbidities associated with oral
intake, the motivation of oral intake, and patient’s appetite).
The benefits of oral alimentation are explained in part by the action of the CPRs. The role
of CPRs is to prepare the gastrointestinal tract for food digestion and absorption by promoting
physiological changes before food intake [20,21]. CPRs stimulate the vagus nerve [38]; this results
in the release of biological active substances (saliva [39], gastric juice [40], and exocrine pancreatic
juices [41]) and hormones (insulin and glucagon [42]). Furthermore, CPRs lead to increase in stomach
motility [21], changes in cardiac function [21], rise in blood pressure [21], increase in the respiratory
quotient (as described in a study using rats [43]), and increase in the metabolic rate by postprandial
thermogenesis [44] as a non-secretory reaction. A randomized controlled trial and an animal experiment
in colorectal surgery indicated that oral and sham feedings (using chewing gum) enhance the autonomic
nervous system more than enteral and parenteral routes, reducing inflammatory-based complications
and length of hospital stay [45–47]. Additionally, in upper gastrointestinal surgery, oral feeding reduces
the complications and length of stay more than enteral route [48].
Our study focused on patients surgically treated for esophageal cancer, and the study subjects
were substantially different from those in the abovementioned reports. However, it is conceivable that
the same benefits of the oral route of alimentation apply to our patients. In this study, we identified a
novel independent predictor of the treatment outcome.
The present study suggests that a smooth transition to oral intake enhances not only the
perioperative nutritional status but also the prognosis. At present, EN using jejunostomy primarily
involves perioperative nutritional management in patients treated surgically for esophageal cancer to
ensure adequate caloric intake. Conversely, focusing on the medical staff’s efforts on fulfilling the NRs
using EN and PN could account for a delay in the transition from EN or PN to oral intake. Recently,
development of the rehabilitation techniques of speech-language-hearing therapists and care food has
contributed toward the improvement in patients with poor oral intake. In addition, improvement
in oral intake was possible despite postoperative complications (e.g., dysphagia or obstruction and
mastication disorder). Thus, a multidisciplinary team should engage even those patients who fulfill the
NRs using EN and PN so that they too can re-establish an adequate oral intake during the postoperative
hospital stay.
We are aware of the limitations of our study. First, the study included a relatively smaller
sample size, which may confound the overall conclusion of this study. However, the 117 patients
were treated at a single facility by the same surgical and nutrient management teams. Accordingly,
we considered that the patients received uniform treatment and avoided problems associated with
non-uniform treatment in multicenter studies. Second, our study did not investigate the differences in
the expected and actual nutrient intakes to be provided in the hospital during the perioperative period
and those after discharge. In a future study, we believe it will be interesting to consider a diet survey
after hospital discharge and compare the oral intake between study groups at the sixth or twelfth
month postoperatively.
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5. Conclusions
In patients undergoing surgery for esophageal cancer, poor postoperative oral intake negatively
affected not only their postoperative nutritional status but also their overall prognosis. It is necessary
to improve the adequacy of oral intake postoperatively for patients with esophageal cancer. Hence,
we believe that this study supports the validity of efficacious postoperative direct oral feeding as part
of the “ERAS protocol”.
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