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Abstract: The aim of this study was to assess the impact of post-

operative complications after esophagectomy on long-term outcome.

The treatment of esophageal cancer has recently been improved;

however, esophagectomy with thoracotomy and laparotomy carries con-

siderable postoperative morbidity and mortality. The real impact of

postoperative complications on overall survival is still under evaluation.

A retrospective analysis was performed on patients with esophageal

cancer who underwent esophagectomy with thoracotomy and laparotomy,

with R0 or R1 resection between January 1997 and December 2012. Of 402

patients, we analyzed the following parameters 284 patients who could be

followed up for over 5 years: stage of disease, neoadjuvant therapies,

surgical approaches, surgical complications, postoperative medical com-

plications, and overall and relapse-free survivals using medical records.

Of the 284 patients, 64 (22.5%) had pneumonia, 55 (19.4%) had

anastomotic leakage, and 45 (15.8%) had recurrent laryngeal nerve

paralysis (RLNP). Pneumonia had a significant negative impact on overall

survival (P¼ 0.035); however, anastomotic leakage and RLNP did not

affect overall survival. Multivariate analysis revealed that the presence of

pneumonia was predictive of poorer overall survival; the multivariate

hazard ratio was 1.456 (95% confidence interval 1.020–2.079, P¼ 0.039).

Pneumonia has a negative impact on overall survival after esopha-

gectomy. Strategies to prevent pneumonia after esophagectomy should

improve outcomes in this operation.

(Medicine 94(33):e1369)

Abbreviations: ASA = American Society of Anesthesiologists, CD

= Clavien–Dindo, CI = confidence interval, CT = computed

tomography, FLND = field lymph node dissection, HALS = hand-

assisted laparoscopic surgery, ICU = intensive care unit, IL =

interleukin, POD = postoperative day, R0 = resection with negative

margins, R1 = resection with microscopically positive margins, R2

= resection with macroscopically positive margins, RLNP =

recurrent laryngeal nerve paralysis, SIRS = systemic
, MD, PhD, Hirofu MD, PhD,
Kitagawa, MD, PhD

INTRODUCTION

E sophageal cancer is the sixth leading cause of cancer-related
mortality worldwide because of its high malignant potential

and poor prognosis.1 The postoperative 5-year survival rate in
patients with American Joint Committee on Cancer stage I
esophageal cancer is approximately 90%, and it decreases to
45% in patients with stage II disease, 20% in those with stage III
disease, and 10% in those with stage IV disease.2

Although the efficacy of chemoradiotherapy for esopha-
geal cancer has been reported,3 esophagectomy remains the
most important treatment option for esophageal cancer. The
recent improvement in long-term survival after esophagectomy
can be attributed to advancements in surgical techniques for
extended lymph node dissection and perioperative manage-
ment.4 However, esophagectomy is a highly invasive procedure
with several serious postoperative complications, including
pneumonia, anastomotic leakage, and recurrent laryngeal nerve
paralysis (RLNP), which may result in multiorgan failure.5,6 A
significant increase in morbidity and mortality after these
invasive procedures has been reported.5–7

Although most authors agree that postoperative compli-
cations affect perioperative mortality, the possible long-term
impact on overall survival remains unclear.8,9 Pneumonia is a
serious medical complication, and anastomotic leakage and
RLNP are serious surgical complications after esophagectomy;
however, the impact of these complications after esophagect-
omy on long-term outcome has not been fully discussed.10–13 In
this study, we hypothesized that these complications affect the
long-term outcome after esophagectomy. The aim of this study
was to assess the impact of these complications after esopha-
gectomy on the long-term outcome.

PATIENTS AND METHODS

Patients
Between January 1997 and December 2012, 402 patients

underwent esophagectomy with thoracotomy and laparotomy,
with R0 or R1 resection at Keio University Hospital, Tokyo
Japan. In this study, transhiatal resection and R2 resection were
excluded to enable the assessment of the impact of postopera-
tive complications on the long-term outcome. Of the patients
who met the inclusion criteria, we retrospectively analyzed the
records of 284 patients who could be followed up for over 5
years (Table 1). Survival results were obtained from the medical
records and calculated from the date of operation. For the
survival assessment, patients were followed through November
30, 2014, which constituted the censoring date. This study was
proval of the Ethics Committee of Keio
edicine, and the clinical trial information
.
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TABLE 1. Clinicopathological Characteristics

Characteristics All Patients Pneumonia (þ) Pneumonia (�) P Value

Total 284 64 220
Age category, yr 0.117
<55 57 (20.1%) 11 (17.2%) 46 (20.9%)
55–64 117 (41.2%) 20 (31.3%) 97 (44.1%)
65–74 92 (32.4%) 28 (43.8%) 64 (29.1%)
�75 18 (6.3%) 5 (7.8%) 13 (5.9%)

Gender 0.115
Male 256 (90.1%) 61 (95.3%) 195 (88.6%)
Female 28 (9.9%) 3 (4.7%) 25 (11.4%)

Smoking history 0.001
Current (within 1 yr) 177 (62.3%) 47 (73.4%) 130 (59.1%)
Ex-smoker 36 (12.7%) 12 (18.8%) 24 (10.9%)
Never 71 (25.0%) 5 (7.8%) 66 (30.0%)

ASA physical status 0.185
Grade 1 86 (30.3%) 14 (21.9%) 72 (32.7%)
Grade 2 183 (64.4%) 45 (70.3%) 138 (62.7%)
Grade 3 15 (5.3%) 5 (7.8%) 10 (4.5%)

cStage (UICC TNM 7th) 0.255
IA 69 (24.3%) 10 (15.6%) 59 (26.8%)
IB 39 (13.7%) 11 (17.2%) 28 (12.7%)
IIA 26 (9.2%) 9 (14.1%) 17 (7.7%)
IIB 45 (15.8%) 9 (14.1%) 36 (16.4%)
IIIA 66 (23.2%) 18 (28.1%) 48 (21.8%)
IIIB 22 (7.7%) 4 (6.3%) 18 (8.2%)
IIIC 12 (4.2%) 1 (1.6%) 11 (5.0%)
IV 5 (1.8%) 2 (3.1%) 3 (1.4%)

Neoadjuvant therapies 0.605
Chemotherapy 68 (23.9%) 18 (28.1%) 50 (22.7%)
Chemoradiotherapy 24 (8.5%) 6 (9.4%) 18 (8.2%)
None 192 (67.6%) 40 (62.5%) 152 (69.1%)

Adjuvant therapy 0.274
Yes 63 (22.2%) 11 (17.2%) 52 (23.6%)
No 221 (77.8%) 53 (82.8%) 168 (76.4%)

Surgical procedures 0.995
3FLND: cervical anastomosis 214 (75.4%) 49 (76.6%) 165 (75.0%)
2FLND: thoracic anastomosis 56 (19.7%) 12 (18.8%) 44 (20.0%)
Thoracoabdominal procedure 9 (3.2%) 2 (3.1%) 7 (3.2%)
Two-stage operation 5 (1.8%) 1 (1.6%) 4 (1.8%)

Reconstructed route 0.654
Posterior-mediastinal 150 (52.8%) 31 (48.4%) 119 (54.1%)
Antesternal 51 (18.0%) 15 (23.4%) 36 (16.4%)
Retrosternal 17 (6.0%) 5 (7.8%) 12 (5.5%)
Intrathoracic 61 (21.5%) 12 (18.8%) 49 (22.3%)
Resection only 5 (1.8%) 1 (1.6%) 4 (1.8%)

Thoracotomy 0.417
VATS 119 (41.9%) 24 (37.5%) 95 (43.2%)
Open 165 (58.1%) 40 (62.5%) 125 (56.8%)

Laparotomy 0.272
HALS 119 (41.9%) 23 (35.9%) 96 (43.6%)
Open 165 (58.1%) 41 (64.1%) 124 (56.4%)

Feeding jejunostomy 0.249
Yes 73 (25.7%) 20 (31.3%) 53 (24.1%)
No 211 (74.3%) 44 (68.8%) 167 (75.9%)

Tumor location (esophagus) 0.751
Upper thoracic 40 (14.1%) 9 (14.1%) 31 (14.1%)
Middle thoracic 140 (49.3%) 34 (53.1%) 106 (48.2%)
Lower thoracic 104 (36.6%) 21 (32.8%) 83 (37.7%)
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Characteristics All Patients Pneumonia (þ) Pneumonia (�) P Value

Histology 0.840
Squamous cell carcinoma 255 (89.8%) 57 (89.1%) 198 (90.0%)
Adenocarcinoma 19 (6.7%) 4 (6.3%) 15 (6.8%)
Others 10 (3.5%) 3 (4.7%) 7 (3.2%)

pT category (UICC TNM 7th) 0.902
0 5 (1.8%) 1 (1.6%) 4 (1.8%)
1 124 (43.7%) 27 (42.2%) 97 (44.1%)
2 30 (10.6%) 7 (10.9%) 23 (10.5%)
3 122 (43.0%) 29 (45.3%) 93 (42.3%)
4 3 (1.1%) 0 (0.0%) 3 (1.4%)

pN category (UICC TNM 7th) 0.390
0 114 (40.1%) 22 (34.4%) 92 (41.8%)
1 86 (30.3%) 21 (32.8%) 65 (29.5%)
2 54 (19.0%) 16 (25.0%) 38 (17.3%)
3 30 (10.6%) 5 (7.8%) 25 (11.4%)

pM category (UICC TNM 7th) 0.081
0 271 (95.4%) 58 (90.6%) 213 (96.8%)
1 13 (4.6%) 6 (9.4%) 7 (3.2%)

pStage (UICC TNM 7th) 0.193
0 4 (1.4%) 1 (1.6%) 3 (1.4%)
IA 70 (24.6%) 12 (18.8%) 58 (25.9%)
IB 12 (4.2%) 2 (3.1%) 10 (4.5%)
IIA 31 (10.9%) 6 (9.4%) 25 (11.4%)
IIB 42 (14.8%) 7 (10.9%) 35 (15.9%)
IIIA 58 (20.4%) 19 (29.7%) 39 (17.7%)
IIIB 27 (9.5%) 7 (10.9%) 20 (9.1%)
IIIC 27 (9.5%) 4 (6.3%) 23 (10.5%)
IV 13 (4.6%) 6 (9.4%) 7 (3.2%)

R category 0.854
0 259 (91.2%) 58 (90.6%) 201 (91.4%)
1 25 (8.8%) 6 (9.4%) 19 (8.6%)

ASA¼American Society of Anesthesiologists; FLND¼field lymph node dissection; HALS¼ hand-assisted laparoscopic surgery; R0¼ resection
with negative margins; R1¼ resection with microscopically positive margins; TNM¼ tumor-node-metastasis; UICC¼ International Union against

TABLE 1. Continued
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Surgical Procedures
As per the routine clinical protocol, an epidural cannula

was inserted into each patient for the administration of intrao-
perative and postoperative analgesia. All surgeries were per-
formed under general anesthesia with selective intubation to
block the right lung.

In our hospital, most operations included 3-field lymph node
dissection (3FLND) with an anastomosis in the neck (75.4%).
This operation includes a right transthoracic subtotal esophagect-
omy and dissection of cervical (bilateral supraclavicular region),
mediastinal (periesophagus and around the trachea, including the
bilateral recurrent laryngeal nerve), and abdominal (perigastric
and around the celiac axis) lymph nodes. The other procedures
that were used in this study were 2FLND with an anastomosis in
the right thorax (19.7%) and a thoracoabdominal procedure
(3.2%). The 2FLND procedure consisted of a laparotomy and
a right thoracotomy with an anastomosis in the right thorax. The
thoracoabdominal procedure consisted of a single left thoracoab-
dominal incision with an anastomosis in the left thorax.

Cancer; VATS¼ video-assisted thoracic surgery.
The thoracic procedures were performed through a right
thoracic incision (58.1%) or by video-assisted thoracic surgery
(VATS) (41.9%) in the left lateral decubitus position during

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
1997–2008 or novel hybrid position during 2009–2012.14 The
upper mediastinal procedure was performed by initially placing
the patients in the left lateral decubitus position, and the middle
and the lower mediastinal procedures were performed by rotat-
ing the operating table in the prone position.14 VATS procedures
were performed through a minithoracotomy (4–5 cm) with 4 or
5 trocars.14

The abdominal procedures were performed through an
upper midline abdominal incision (58.1%) or by hand-assisted
laparoscopic surgery (HALS) (41.9%).14 HALS procedures
were performed through a transverse minilaparotomy (7 cm)
in the right upper quadrant, with 1 port below the navel and 2
ports in the left abdomen.14

The anastomosis was performed in the neck or thorax. In
patients with cervical anastomoses, the anastomoses were com-
pleted using a circular stapler or were hand-sewn. In patients
with intrathoracic anastomoses, the anastomoses were com-
pleted using a circular stapler.15

After surgery, each patient was admitted to the intensive

care unit (ICU), and mechanical ventilation was continued
overnight. If the patient’s cardiopulmonary condition was
stable, the patient was extubated on postoperative day (POD)

www.md-journal.com | 3



TABLE 2. Postoperative Mortality and Morbidity

n %

Mortality
30-day 2 0.7
In-hospital 6 2.1

Surgical complications
Anastomotic leakage 55 19.4
Recurrent laryngeal nerve paralysis 45 15.8
Wound infection 32 11.3
Pyothorax 7 2.5
Chylothorax 5 1.8
Necrosis of conduit 2 0.7

Medical complications
Pneumonia 64 22.5
Arrhythmia 34 12.0
SIRS 15 5.3
Cerebral infarction 2 0.7

Thromboembolic
lung embolism 3 1.1
peripheral vein 3 1.1

Medicine � Volume 94, Number 33, August 2015
1 and was admitted to the general surgical ward on POD 2.
Postoperative analgesia was provided through patient-con-
trolled epidural analgesia. After an evaluation of the anasto-
mosis using contrast on POD 7, oral intake of thick liquids was
initiated and gradually changed to jellylike food and then to
solid food. Patients were discharged when they could success-
fully ingest solid food.14

Morbidity and Mortality Following
Esophagectomy

Postoperative complications were categorized using the
Clavien–Dindo (CD) classification as follows16: grade I was
any deviation from the normal postoperative course without the
need for pharmacologic treatment or surgical, endoscopic, or
radiologic intervention; grade II required pharmacologic treat-
ment with drugs; grade III required surgical, endoscopic, or
radiologic intervention; grade IV was life-threatening compli-
cations that required ICU management; and grade V was death.
In this study, pneumonia and anastomotic leakage beyond CD
classification grade II and RLNP and other surgical or medical
complications beyond CD classification grade I were con-
sidered as postoperative complications.

Each patient underwent periodic physical and laboratory
examinations at 2- or 3-month intervals. Computed tomography
(CT) was performed every 6 months and periodic endoscopy
was performed annually. Relapse-free survival was calculated
from the date of operation to the date of relapse detected by CT
or endoscopy, or death.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Stat-

istics version 22 (IBM, Armonk, NY). Categorical data were
analyzed using the Fisher’s exact test or x2 test when appro-
priate. Quantitative data were analyzed using an unpaired
Student t test and the Mann–Whitney U test. A P value of
<0.05 was considered statistically significant. Survival out-
comes were analyzed using the Kaplan–Meier method and log-
rank tests. Univariate comparisons of survival time were based
on Cox regression. The variables with P values <0.05 were
included in a stepwise Cox regression model.

RESULTS

Patient Characteristics
The clinicopathological characteristics of all patients are

shown in Table 1. The median age was 62 (range 34–82).
Most patients were male (90.1%) and had squamous cell
carcinoma (89.8%). Almost 1/3 (32.4%) of the patients
received neoadjuvant treatment for locally advanced tumors;
this involved chemotherapy alone in 23.9% and chemora-
diotherapy in 8.5%. The majority of chemotherapy treatments
consisted of 5-fluorouracyl and cisplatin regimens, and the
majority of chemoradiotherapy treatments consisted of con-
comitant regimens based on 5-fluorouracyl-cisplatin and 40
Gy of radiation based on the previous studies.4,17 Seven
patients (2.5%) required additional surgery because the prior
endoscopic submucosal dissections resulted in noncurative
resections. Overall, 279 patients (98.2%) had undergone 1-
stage operations, and 5 patients (1.8%) had undergone 2-stage
operations. For these 5 patients who had undergone 2-stage

Booka et al
operations, both operations were considered in this study to
assess postoperative mortality and morbidity. The patients
were staged using the International Union against Cancer
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(UICC 7th edition) tumor-node-metastasis (TNM) classifi-
cation system.18 According to the clinical staging of the
esophageal cancers, 108 (38.0%) patients were cStage I, 71
(25.0%) were cStage II, 100 (35.2%) were cStage III, and 5
(1.8%) were cStage IV.

Complications
The postoperative results are shown in Table 2. There were

146 surgical complications in 114 patients (40.1%), including
anastomotic leakage, RLNP, wound infection, pyothorax, chy-
lothorax, and necrosis of the conduit. In addition, there were 121
medical complications in 97 patients (34.2%), including pneu-
monia, arrhythmia, systemic inflammatory response syndrome,
cerebral infarction, and thromboembolic events.

Relation of Complications to Outcomes
Compared with patients who did not have postoperative

complications, pneumonia, necrosis of the conduit, or cerebral
infarction had a significantly negative impact on overall survi-
val of the patients. Because there were few patients with
necrosis of the conduit or cerebral infarction, the patients with
pneumonia were analyzed in detail. Patients with pneumonia
had a significantly worse overall survival rate (P¼ 0.035)
(Figure 1A); however, pneumonia did not significantly impact
the relapse-free survival (P¼ 0.108) (Figure 1B). At 12 months,
there was a 8.9% difference in overall survival between patients
with pneumonia (76.6%) and those without it (85.5%). The
magnitude of the overall survival decrement associated with
pneumonia expanded at 5 years after the operation, when the
difference in overall survival between the 2 groups was 11.7%
(40.6% vs 52.3%). Based to the relationship between pneumo-
nia and the cause of death related to esophageal cancer, there
was no significant difference in the cause of death related to
esophageal cancer between the patients with or without pneu-

SIRS¼ systemic inflammatory response syndrome.
monia (Table 3). The subgroup analyses of overall survival and
relapse-free survival regarding age and clinical stage between
the patients with or without pneumonia are shown in Figure 2. In

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. Kaplan–Meier survival curves for patients undergoing esophagectomy. A: Overall survival curves comparing those with and
without pneumonia. B: Relapse-free survival curves comparing those with and without pneumonia. C: Overall survival curves comparing
those with and without anastomotic leakage. D: Overall survival cur
paralysis. RLNP¼ recurrent laryngeal nerve paralysis.

TABLE 3. Cause of Death After Esophagectomy With or
Without Pneumonia

Death
Related to
Esophageal

Cancer

Death
Unrelated to
Esophageal

Cancer

n % n %

Pneumonia (þ) 34 79.1 9 20.9
Pneumonia (�) 103 88.0 14 12.0

P value¼ 0.152.

Medicine � Volume 94, Number 33, August 2015 Long-Term Outcome After Esophagectomy

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
the subgroup analyses, pneumonia had a significantly negative
impact on overall survival of the patients aged over 65
(Figure 2B) or on those in cStage I (Figure 2D); however,
pneumonia did not significantly impact the relapse-free survival
of the patients aged over 65 (Figure 2C) or on those in cStage I
(Figure 2E). On the other hand, pneumonia did not significantly
impact the overall survival of the patients aged under 64
(Figure 2A) or on those in cStage II/III/IV (Figure 2F). With
regard to serious surgical complications, anastomotic leakage
(Figure 1C) and RLNP (Figure 1D) did not affect overall

ves comparing those with and without recurrent laryngeal nerve
survival. There was no relationship between pneumonia and
anastomotic leakage (P¼ 0.828) or RLNP (P¼ 0.266). The
characteristics for patients with and without pneumonia are

www.md-journal.com | 5



FIGURE 2. Subgroup analyses of Kaplan–Meier survival curves for patients with or without pneumonia undergoing esophagectomy. A:
Overall survival curves for the patients aged under 64. B: Overall survival curves for the patients aged over 65. C: Relapse-free survival
curves for the patients aged over 65. D: Overall survival curves for the patients in cStage I. E: Relapse-free survival curves for the patients in
cStage I. F: Overall survival curves for the patients in cStage II/III/IV.
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TABLE 4. Clinicopathological Characteristics of Patients With Major Surgical Complications

Characteristics

Anastomotic
Leakage

Recurrent Laryngeal
Nerve Paralysis

n % n %

Age category, yr
<55 13 22.8 7 12.3
55–64 24 20.5 17 14.5
65–74 17 18.5 17 18.5
�75 1 5.6 4 22.2
P value 0.428 0.428 0.632 0.632

cStage (UICC TNM 7th)
IA/IB 22 20.4 19 17.6
IIA/IIB 19 26.8 13 18.3
IIIA/IIIB/IIIC 13 13.0 11 11.0
IV 1 20.0 2 40.0
P value 0.161 0.161 0.211 0.211

Neoadjuvant therapies
Chemotherapy 11 16.2 17 25.0
Chemoradiotherapy 8 33.3 2 8.3
None 36 18.8 26 13.5
P value 0.175 0.175 0.048 0.048

Surgical procedures
3FLND: cervical anastomosis 49 22.9 39 18.2
2FLND: thoracic anastomosis 3 5.4 5 8.9
Thoracoabdominal procedure 2 22.2 1 11.1
Two-stage operation 1 20.0 0 0
P value 0.032 0.032 0.260 0.260

Thoracotomy
VATS 24 20.2 33 27.7
Open 31 18.8 12 7.3
P value 0.772 0.772 <0.001 <0.001

Tumor location (esophagus)
Upper thoracic 13 32.5 7 17.5
Middle thoracic 27 19.3 26 18.6
Lower thoracic 15 14.4 12 11.5
P value 0.049 0.049 0.315 0.315

is;

Medicine � Volume 94, Number 33, August 2015 Long-Term Outcome After Esophagectomy
also shown in Table 1. Smoking history was strongly correlated
with the development of pneumonia (P¼ 0.001). All current
smokers stopped smoking at least 1 month before the operation.
Table 4 shows the relationship between major surgical com-
plications and patient characteristics. Anastomotic leakage was
significantly less with the 2FLND procedure and more with
upper thoracic esophagus. RLNP was significantly less with
chemoradiotherapy and more with VATS procedure.

In this study, 99 patients (34.9%) with advanced esophageal
cancer pathologically and did not receive neoadjuvant therapy
were candidates for adjuvant therapy. Among them, 6 with
pneumonia (27.3%) and 33 without pneumonia (42.9%) received
adjuvant therapy. Patients without pneumonia were more likely to
receive adjuvant therapy than those with pneumonia, but the
difference was not significant (P¼ 0.187); and adjuvant therapy
did not have an impact on overall survival (P¼ 0.231).

FLND¼field lymph node dissection; TNM¼ tumor-node-metastas
thoracic surgery.
Univariate and Multivariate Analysis
Univariate analysis of the factors that affected the overall

survival, except complications, is shown in Table 5. This

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
analysis revealed that age category, American Society of
Anesthesiologists (ASA) physical status, clinical stage, surgical
procedures, thoracotomy, pathological T-stage, pathological
N-stage, and R category were the relevant prognostic factors.
Because there was no significant difference in overall survival
between 1-stage operations (3FLND, 2FLND, and thoracoab-
dominal procedure) (P¼ 0.868) and few patients underwent
2-stage operation, surgical procedures were not included in
multivariate analysis. Multivariate analysis including relevant
prognostic factors established by univariate analysis and pneu-
monia revealed that pneumonia (P¼ 0.039, hazard ratio: 1.456,
95% confidence interval 1.020–2.079), age category (P¼ 0.042),
ASA physical status (P¼ 0.039), and pathological N-stage
(P< 0.001) were the independent prognostic factors (Table 6).

DISCUSSION
Despite recent improvements in surgical procedures and

UICC¼ International Union against Cancer; VATS¼ video-assisted
perioperative management, esophagectomy has reportedly been
associated with high rates of morbidity and mortality.2 After
Kinugasa et al5 first suggested a potential negative prognostic

www.md-journal.com | 7



TABLE 5. Univariate Analysis of Factor Affecting Overall Survival After Esophagectomy

Overall Survival

Variable n¼ 284 1-Year, % 5-Year, % P Value

Age category, yr 0.024
<55 57 84.2 50.9
55–64 117 88.9 53.8
65–74 92 77.2 45.7
�75 18 72.2 33.3

Gender 0.991
Male 256 82.4 49.2
Female 28 82.1 50.0

Smoking history 0.502
Current (within 1 yr) 177 82.5 52.0
Ex-smoker 36 88.9 52.8
Never 71 78.9 40.8

ASA physical status 0.005
Grade 1 86 86.0 47.7
Grade 2 183 82.5 51.9
Grade 3 15 60.0 26.7

cStage (UICC TNM 7th) <0.001
IA/IB 108 91.7 67.6
IIA/IIB 71 84.5 42.3
IIIA/IIIB/IIIC 100 72.0 35.0
IV 5 60.0 40.0

Surgical procedures 0.013
3FLND: cervical anastomosis 214 81.8 48.6
2FLND: thoracic anastomosis 56 91.1 53.6
Thoracoabdominal procedure 9 66.7 55.6
Two-stage operation 5 40.0 20.0

Thoracotomy 0.008
VATS 119 91.6 57.1
Open 165 77.6 43.6

Tumor location (esophagus) 0.337
Upper thoracic 40 82.5 40.0
Middle thoracic 140 80.0 52.9
Lower thoracic 104 85.6 48.1

Histology 0.948
Squamous cell carcinoma 255 82.0 49.0
Adenocarcinoma 19 84.2 52.6
Others 10 90.0 50.0

pT category (UICC TNM 7th) <0.001
0/1 129 90.7 67.4
2 30 80.0 43.3
3/4 125 74.4 32.0

pN category (UICC TNM 7th) <0.001
0 114 93.9 71.9
1 86 86.0 52.3
2 54 68.5 18.5
3 30 53.3 10.0

pM category (UICC TNM 7th) 0.244
0 271 83.0 49.8
1 13 69.2 38.5

R category <0.001
0 259 83.0 52.5
1 25 76.0 16.0

ASA¼American Society of Anesthesiologists; FLND¼field lymph node dissection; R0¼ resection with negative margins; R1¼ resection with
microscopically positive margins; TNM¼ tumor-node-metastasis; UICC¼ International Union against Cancer; VATS¼ video-assisted thoracic
surgery.
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TABLE 6. Multivariate Analysis of Factor Affecting Overall
Survival After Esophagectomy

Variable P Value
Hazard
Ratio 95% CI

Pneumonia 0.039 1.456 1.020–2.079
Age category, yr 0.042
<64 1

�

�65 1.396 1.012–1.927
ASA physical status 0.039

Grade 1/2 1
�

Grade 3 1.877 1.032–3.413
cStage (UICC

TNM 7th)
0.364

I 1
�

II/III/IV 1.209 0.803–1.820
Thoracotomy 0.514

VATS 1
�

Open 1.126 0.788–1.610
pT category (UICC

TNM 7th)
0.055

0/1 1
�

2 0.156 1.510 0.855–2.669
3/4 0.017 1.655 1.093–2.504

pN category (UICC
TNM 7th)

<0.001

0 1
�

1 0.067 1.505 0.971–2.332
2 <0.001 3.269 2.087–5.120
3 <0.001 3.974 2.277–6.937

R category 0.389 1.245 0.756–2.050

ASA¼American Society of Anesthesiologists; CI¼ confidence
interval; TNM¼ tumor-node-metastasis; UICC¼ International Union
against Cancer; VATS¼ video-assisted thoracic surgery.
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impact of postoperative respiratory complications, there have
been other reports that have indicated the negative impact of
postoperative complications on long-term outcomes.11,19 On the
other hand, some reports have indicated that postoperative
complications did not affect long-term outcomes.8,10,12,13,20

To date, our study is one of the largest studies to analyze the
impact of postoperative complications after esophagectomy on
long-term outocomes.8,10,11

In this study, we observed that pneumonia after esopha-
gectomy had a negative impact on overall survival but did not
affect relapse-free survival. Our results could be explained by 3
factors. First, pneumonia, as a generalized infectious disease,
led to a strong impairment of the immunological system that
may adversely impact the esophageal cancer recurrence. We
had previously reported that infectious complications after
esophagectomy were significant factors in increasing the levels
of inflammatory cytokines such as interleukin (IL)-6 and IL-8,21

and also reported that increased expression of both IL-8 and its
receptor CXCR-2 correlated with tumor progression after eso-
phagectomy.22 It could be explained that pneumonia was related
to tumor progression through the development of inflammatory

�
Reference group.
cytokines such as IL-8. Second, pneumonia after esophagect-
omy worsened the general condition of the patients and led to a
cause of death that was unrelated to esophageal cancer, although

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
not significantly in this study. Third, the worsening of the
general condition after postoperative pneumonia led to a delay
or cessation of additional therapy after esophagectomy and led
to esophageal cancer recurrence, although this was not statisti-
cally significant. Pneumonia, as a whole, did not affect relapse-
free survival or increase the incidence of death unrelated to
esophageal cancer, respectively; however, the combination of
recurrence and increase in the incidence of death unrelated to
esophageal cancer after postoperative pneumonia was thought
to have a negative impact on overall survival.

In our subgroup analyses, pneumonia had a significantly
negative impact on overall survival of the patients aged over 65
or on those in cStage I. In addition, smoking history was
strongly correlated with the development of pneumonia. The
results suggested that patients aged over 65 or in cStage I were
not suitable for esophagectomy if they were at high risk of
esophagectomy such as smoking history, and these patients
might be recommended definitive chemoradiotherapy as one of
the treatment options instead of esophagectomy.3,23

In reviewing the surgical complications after esophagect-
omy, anastomotic leakage and RLNP did not affect overall
survival. Moreover, there was no relationship between medical
complications and surgical complications. This result could be
explained by the hypothesis that surgical complications were
treated as a local issue and did not cause problems systemically.

In this study, only 1/3 of the patients received neoadjuvant
therapy—this seemed to be a low number, particularly in
modern regimes as exemplified by the CROSS study.24 This
is because, in Japan, adjuvant therapy was adopted before 2000,
based on the previous study.25 After that, neoadjuvant therapy
was compared with adjuvant therapy in a nation-wide trial,17

therefore, the patients who underwent neoadjuvant therapy were
few compared with CROSS study.24 This study has a heavy bias
toward squamous cell carcinoma rather than adenocarcinoma,
which is more commonly seen in Western countries.24 Although
there was no relationship between histological type and pneu-
monia and no significant difference in overall survival between
squamous cell carcinoma and adenocarcinoma, it could not be
concluded that there was no relationship in overall survival
between histological types because of a small number of
patients with adenocarcinoma (6.7%).

In this study, patients undergoing chemoradiotherapy were
more likely to have anastomotic leakage than those who under-
went chemotherapy or those who did not undergo neoadjuvant
therapy; however, anastomotic leakage did not affect overall
survival. In recent years, most patients with advanced esopha-
geal cancer have received neoadjuvant chemotherapy or che-
moradiotherapy; this increased the R0 resection rate and
improved the prognosis.26 Although patients with neoadjuvant
chemoradiotherapy required special care for the anastomotic
leakage, neoadjuvant chemoradiotherapy was a safe and effec-
tive treatment for patients with locally advanced esophageal
cancer.

Minimally invasive esophagectomy is becoming more
widespread—41.4% of thoracotomies were performed by
VATS procedures in this study.6 There was no significant
difference in developing pneumonia and anastomotic leakage
between VATS procedure and open procedure; however, VATS
procedure significantly increased the risk of RLNP and special
care must be taken to avoid this risk. Although VATS procedure
improved overall survival by univariate analysis, it was not

Long-Term Outcome After Esophagectomy
found to affect overall survival by multivariate analysis.
Furthermore, surgical procedures among 1-stage operations
did not affect overall survival.
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Recent studies have emphasized a notable improvement in
morbidity and mortality rates at high-volume referral centers
and have recommended that the operation with high rates of
morbidity and mortality should be performed only at specialized
centers.27 We had previously reported that the 30-day and
operative mortality rates after esophagectomy were 1.2% and
3.4%, respectively, using the data from 5354 patients in 713
hospitals included in a Japanese Nationwide web-based data-
base.6 Our hospital is one of the largest high-volume centers that
performs esophagectomy in Japan, and in this study, the 30-day
and operative mortality rates after esophagectomy were 0.7%
and 2.1%, respectively; this indicated that our conclusions
were reliable.

The most important limitation of our study was that our
study was a retrospective study at a single institution. However,
our study had a large sample size and we do believe that the
multivariate analysis may overcome some biases.

CONCLUSION
Our study contributes to the discussion regarding whether

postoperative complications affect long-term outcome after
esophagectomy. We have reported that pneumonia had a nega-
tive impact on overall survival after esophagectomy. Esopha-
gectomy remains the most important treatment option for
esophageal cancer, and it is mandatory to make an effort to
prevent pneumonia for improving overall survival after eso-
phagectomy.
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