
Abstract. Background/Aim: Postoperative pneumonia after
esophageal cancer can lead to additional pain, prolonged
hospital stay, and respiratory failure. These adverse events
might lead to early recurrence and/or death. We investigated
the influence of postoperative pneumonia on the esophageal
cancer survival and recurrence after curative surgery. Patients
and Methods: This study included 122 patients who underwent
curative surgery for esophageal cancer between 2008 and
2018. The patients were classified into: i) those with
postoperative pneumonia (pneumonia group) and ii) those
without postoperative pneumonia (non-pneumonia group). The
risk factors for the overall survival (OS) and recurrence-free
survival (RFS) were identified. The rate of postoperative
pneumonia was measured by the revised Uniform Pneumonia
Score. Results: Postoperative complications were found in 34
of the 122 patients (27.9%). The OS rate at 5 years following
surgery was 28.2% in the pneumonia group and 55.1% in the
non-pneumonia group (p=0.006). The RFS rate at 5 years
after surgery was 18.9% in the pneumonia group and 49.2%
in the non-pneumonia group (p=0.061). A multivariate
analysis showed that postoperative pneumonia was a
significant independent risk factor for OS. Conclusion: The
development of postoperative pneumonia was a risk factor for
a decreased overall survival in patients who underwent
curative surgery for esophageal cancer. The surgical
procedure, perioperative care and surgical strategy should be
carefully planned in order to avoid postoperative pneumonia.

Esophageal cancer is the eighth-most common cancer in the
world and the sixth-most common cause of death due to cancer
(1). More than 450,000 new esophageal cancer diagnoses and
more than 400,000 deaths per year were reported in 2012
worldwide. Complete resection is essential for curing
esophageal cancer (2, 3), however, although the resection rate
has gradually increased, patients with esophageal cancer often
develop tumor recurrence even after complete curative
resection. Therefore, it is important to identify reliable
predictive factors for patients at high risk of recurrence.

Recent studies have shown that the development of
postoperative complications decreases patients’ survival or
increases the risk of disease recurrence in various types of
malignancies (4-7). Esophageal cancer surgery frequently
causes postoperative complications (in 20-60% of cases),
which might be one reason for the poor survival (8-11).
Among the postoperative surgical complications, postoperative
pneumonia is a major complication following esophagectomy,
and rates have been reported to range from 20-40% (11-13).
Postoperative pneumonia can lead to additional pain,
prolonged hospital stay, and respiratory failure. These adverse
events might lead to early recurrence and/or death.

We hypothesized that postoperative pneumonia has some
clinical influence on the overall survival (OS) and/or
recurrence in esophageal cancer patients who receive
curative resection. To test our hypothesis, we evaluated
whether or not the OS and recurrence-free survival (RFS)
were shortened by the development of postoperative
pneumonia in patients who underwent curative resection for
esophageal cancer.

Patients and Methods
Patient data. Our study cohort was selected from medical records
to be consecutive patients who underwent esophagectomy for
esophageal cancer at Yokohama City University from January 2005
to September 2018. The patients met the following inclusion
criteria: i) histologically proven primary esophageal squamous cell
carcinoma, ii) clinical stage IB to III (excluding T4) disease, as
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evaluated using the 7th edition of the tumor-node-metastasis
classification established by the Union for International Cancer
Control (UICC) (14), and iii) complete (R0) resection of the
esophageal cancer with radical lymph node dissection. Patients who
had undergone R2 or R1 resection were excluded from the study.

Surgical procedure. Our standard procedures consisted of open
subtotal esophagectomy via right thoracotomy, reconstruction with
a gastric tube through the posterior mediastinal route or retrosternal
route, and anastomosis in the cervical incision. In principle, two-
field lymph node dissection is indicated when tumors are located at
the middle thoracic to lower thoracic esophagus, while three-field
dissection is applied for upper thoracic tumors. A feeding tube was
routinely placed at the stomach or duodenum.

Perioperative care. All of the patients received the same
perioperative management. Antibiotics were administered 30
minutes before surgical incision and then again every 3 hours during
surgery as well as on postoperative day (POD) 2. The patients were
allowed to eat 30% rice porridge until midnight the day before the
surgery. The patients remained on ventilation overnight. Ambulation
and enteral nutrition started on POD 1. Oral intake was initiated on
POD 5, beginning with water and gelatinous foods. The patients
began to eat solid food on POD 10, starting with rice gruel and soft
food and progressing in three steps to regular food intake.

Definition of postoperative pneumonia. All data were retrospectively
retrieved from the patients’ records. The rate of postoperative
pneumonia was measured using the revised Uniform Pneumonia
Score (15). This scoring system uses the variables: i) temperature, ii)
leucocyte count, and iii) chest X-ray findings, to determine whether
or not treatment of pneumonia is indicated (Table I) (16, 17). Chest
X-ray was performed according to unstandardized local routine care
policies. On the days when chest X-ray was performed, the local
researcher assessed the variables of the Uniform Pneumonia Score. 

Follow-up. In principal, the patients were followed-up at outpatient
clinics. The follow-up program of postoperative surveillance
principally consisted of: i) a physical examination, ii) blood
chemistry assessments, including SCC tumor markers, every three
months for the first year and every six months thereafter, and iii)
computed tomography of the neck, chest, and abdomen every six
months. Disease recurrence was diagnosed based on radiographic
evidence of a new suspicious low-density mass in the region of the
mediastinum, lymph nodes, liver, lung, or at other distant sites. 

Evaluations and statistical analyses. The OS was defined as the
period between the date of surgery and death. The RFS was defined
as the period between surgery and the occurrence of an event,
recurrence or death, whichever came first. The data of patients who
had not experienced an event were censored at the date of the final
observation. The OS and RFS curves were calculated using the
Kaplan–Meier method and were compared using the log-rank test.
The Cox proportional hazards model was used for the univariate and
multivariate survival analyses to identify prognosticators. An
unpaired Student’s t-test or the chi-squared method was used to
compare the two groups, with p-values of <0.05 considered
statistically significant. The survival data were obtained from
hospital records. The SPSS software program (v11.0J Win, SPSS,
Chicago, IL, USA) was used to perform all statistical analyses.

Ethics. The present study was conducted in compliance with the
‘ethical guidelines for clinical research’ (18). This study was approved
by the Institutional Review Board (IRB) of the Yokohama City
University. Informed consent for using clinical data without identifying
personal information was obtained before surgery from all patients.

Results

Patient characteristics. A total of 122 patients underwent
esophagectomy for esophageal cancer between October 2008
and September 2018. The patients’ ages ranged from 40 to 82
years (median: 68 years); 106 patients were male, and 16 were
female. The median follow-up period was 72.5 months (13.9-
125.2 months). Thirty-four patients were categorized as those
with postoperative pneumonia (pneumonia group), and 88 were
categorized as those without postoperative pneumonia (non-
pneumonia group). The patient characteristics are summarized
in Table II. The relationship between the occurrence of
postoperative pneumonia and clinicopathological parameters
are shown in Table II. The patient’s age, gender, and clinical
lymph node metastasis status were associated with the
incidence of postoperative pneumonia.

Survival analyses. The OS rates at 3 and 5 years following
surgery were 33.8% and 28.2% in the pneumonia group
patients, respectively, and 65.8% and 57.4% in the non-
pneumonia group patients, respectively, which were
significantly different (p=0.002). The OS curves are shown
in Figure 1. Univariate analyses for the OS showed that
postoperative pneumonia was a significant prognostic factor,
as were the depth of tumor invasion, lymph node status, and
lymph vascular invasion (Table III). Postoperative
pneumonia was selected for the final model to be analyzed
by a multivariate analysis.

The RFS rates at 3 and 5 years following surgery were
28.3% and 18.7% in the pneumonia group patients,
respectively, and 56.3% and 49.2% in the non-pneumonia
group patients, respectively, which were marginally
significantly different (p=0.061). The RFS curves are shown
in Figure 2. Univariate analyses for the RFS showed that
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Table I. Revised uniform pneumonia score.

Diagnostic parameter                                   Value                          Score

Temperature (˚C)                                  ≥36.1 and ≤38.4                     0
                                                              ≤36.0 and ≥38.5                     1
Leucocyte count (×109/L)                    ≥4.0 and ≤11.0                      0
                                                               <4.0 and >11.0                      1
Pulmonary radiography                           No infiltrate                        0
                                                            Diffused infiltrate                    1
                                                   Well circumscribed infiltrate           2



postoperative pneumonia was a significant prognostic factor,
as were the depth of tumor invasion, lymph node status, and
lymph vascular invasion (Table IV). However, postoperative
pneumonia was not selected for the final model to be
analyzed by multivariate analysis.

Recurrence pattern and causes of death. Regarding the sites
of first relapse, some patients had a first relapse at more than
one sites, however, there were no significant differences
between the patients with and without pneumonia (Table V).
The cause of death was analyzed for all patients. The rate of
esophageal-cancer-related death was similar between the
patients with and without pneumonia (81.0% versus 89.2%).
The rate of death due to other causes was slightly higher in
patients with pneumonia compared to those without
pneumonia (19.0% vs. 10.8%).

Discussion

The aim of the present study was to evaluate whether or not
the OS and RFS were shortened by the development of
postoperative pneumonia in patients who underwent curative

resection for esophageal cancer. Our major findings show
that: i) postoperative pneumonia was observed in almost
30% of patients following esophageal cancer surgery and ii)
was an independent prognostic factor for the OS. To improve
the survival among esophageal cancer patients, it is
necessary to prevent them from developing postoperative
pneumonia following esophageal cancer surgery. 

We found a significant difference in OS between patients
with and without postoperative pneumonia. Only few reports
have described the relationship between postoperative
pneumonia and the survival in patients who have undergone
esophageal cancer surgery (15, 16). For example, Kataoka et
al. have evaluated the clinical influence of infectious
complications, such as postoperative pneumonia, and leakage
in patients who have gone under preoperative chemotherapy,
followed by surgery for clinical stage II/III esophageal cancer,
using data from a randomized controlled trial (JCOG9907)
(19). In the present study, postoperative pneumonia was
observed in 30% of patients. The OS of the patients with
pneumonia was shorter compared to those without pneumonia
[hazard ratio (HR)=1.52, 95% confidence interval
(95%CI)=1.00-2.31, p=0.048). The OS rate at 3 years after
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Table II. Clinicopathological data.

                                                                                                                                                 Postoperative pneumonia

                                                                             All cases                                     No (n=88)                                     Yes (n=34)

Characteristics                                       Number                  %                     Number                   %                  Number                  %                      p-Value

Age (year)                                                                                                                                                                                                                    0.013
   ≤68                                                          65                     53.3                        53                     60.2                     12                     35.3                          
   >68                                                          57                     46.7                        35                     39.8                     22                     64.7                          
Gender                                                                                                                                                                                                                          0.039
   Male                                                      106                     86.9                        73                     83.0                     33                     97.1                          
   Female                                                     16                     13.1                        15                     17.0                       1                       2.9                          
Site of tumor                                                                                                                                                                                                                0.314
   Upper thoracic                                        36                     29.5                        29                     33.0                       7                     20.6                          
   Middle thoracic                                      56                     45.9                        37                     42.0                     19                     55.9                          
   Lower thoracic                                        30                     24.6                        22                     25.0                       8                     23.5                          
Pathological depth of invasion                                                                                                                                                                                    0.741
   T1                                                            43                     35.2                        32                     36.4                     11                     32.4                          
   T2-T4                                                      79                     64.8                        56                     63.6                     23                     67.6                          
Pathological lymph node status                                                                                                                                                                                  0.003
   Negative                                                  62                     50.8                        52                     59.1                     10                     29.4                          
   Positive                                                   60                     49.2                        36                     40.9                     24                     70.6                          
Lymph vascular invasion                                                                                                                                                                                             0.259
   Negative                                                  38                     31.1                        30                     34.1                       8                     23.5                          
   Positive                                                   84                     68.9                        58                     65.9                     26                     76.5                          
Lymph node dissection                                                                                                                                                                                                0.708
   Two-field                                                 75                     61.5                        55                     62.5                     20                     58.8                          
   Three-field                                              47                     38.5                        33                     37.5                     14                     41.2                          
Neoadjuvant chemotherapy                                                                                                                                                                                         0.464
   Yes                                                           51                     41.8                        35                     39.8                     16                     47.1                          
   No                                                            71                     58.2                        53                     60.2                     18                     52.9                          



surgery was 59.1% in the pneumonia group and 66.0% in the
non-pneumonia group. The RFS also tended to be shorter in
patients with pneumonia than in those without it (HR=1.39,
95%CI=0.93-2.07, p=0.10). The RFS rate at 3 years after
surgery was 40.9% in the pneumonia group and 53.7% in the
non-pneumonia group. In addition, Booka et al. have evaluated
the prognostic influence of postoperative pneumonia in 284
esophageal cancer patients who underwent esophagectomy
(20). In that study, among the total 284 patients, 64 (22.5%)
developed pneumonia following surgery. When comparing the
OS of patients according to the pneumonia status, significant
differences were noted. Indeed, the OS rates at 1 and 5 years
following surgery were 76.6% and 40.6% in the pneumonia
group, respectively, and 85.5% and 52.3% in the non-
pneumonia group, respectively. Furthermore, the univariate and
multivariate analyses showed that pneumonia was a significant
prognostic factor for the OS (HR=1.456, 95%CI=1.020-2.079,
p=0.039). In contrast, no marked differences in the RFS were
noted depending to the pneumonia status. 

There are several possible reasons why postoperative
pneumonia affects the long-term outcome of esophageal
cancer patients. For example, patients who developed
postoperative pneumonia may have affected pathways that
led to decreased host immunity against the tumor (21-23).
However, the detailed mechanism is unclear at present. 

Although postoperative pneumonia did have some clinical
influence on the OS, neither the present study nor the
previous two studies have found any significant clinical
influence of this factor on RFS. This discrepancy suggests
that postoperative pneumonia might be associated not only
with cancer-related death but also with increased risk of non-
cancer-related death. In the present study, the rate of death
due to other causes was slightly higher in patients with
pneumonia compared to those without pneumonia.
Therefore, postoperative pneumonia might have some
clinical influence on death unrelated to esophageal cancer.
Similar trends have been observed in previous studies. For
example, in Booka’s study, in the pneumonia group, 79.1%
of patients died of causes related to esophageal cancer, while
20.9% died of causes unrelated to esophageal cancer (22). In
contrast, in the non-pneumonia group, 88.0% of patients died
of causes related to esophageal cancer, while 12.0% died of
causes unrelated to esophageal cancer. This marginal
significance might become more important if the number of
patients increases or with a long-term follow-up.

In the present study, we defined postoperative pneumonia
based on the revised Uniform Pneumonia Score and diagnosed
almost 30% of patients with postoperative pneumonia.
However, the rate of postoperative pneumonia has ranged
widely in previous studies. Although patients’ background
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Table III. Uni- and multivariate Cox proportional hazards analysis of the relationship between clinicopathological factors and overall survival.

Characteristics                                          Number                           Univariate analysis                                                  Multivariate analysis

                                                                                          HR                    95%CI                   p-Value                 HR                 95%CI                 p-Value

Age                                                                                                                                              0.121                                                                             
  <68 year                                                      65              1.000                                                                                                                                         
  ≥68 year                                                      57              1.507              0.898-2.529                                                
Gender                                                                                                                                         0.139                                                                             
  Female                                                        16              1.000                                                                                                                                         
  Male                                                           106             2.153              0.780-5.949                                                                         
Site of tumor                                                                                                                               0.392                                                                             
  Lower-Middle thoracic                              86              1.000                                                                                                                                         
  Upper thoracic                                            36              1.331              0.691-2.564                                                
Pathological depth of invasion                                                                                                   0.006                                                                         0.011
  T1                                                                43              1.000                                                                             1.000                                                   
  T2/T3                                                          79              2.387              1.286-4.430                                           2.243           1.206-4.170                    
Pathological lymph node status                                                                                                 0.019                                                                             
  Negative                                                      62              1.000                                                                                                                                         
  Positive                                                       60              1.885               1.111-3.196                                                                                                       
Lymph vascular invasion                                                                                                            0.020                                                                             
  Negative                                                      38              1.000                                                                                                                                         
  Positive                                                       84              2.182              1.131-4.210                                                
Postoperative pneumonia                                                                                                           0.002                                                                         0.006
  No                                                               88              1.000                                                                             1.000                                                   
  Yes                                                              34              2.304              1.344-3.950                                           2.146           1.250-3.684
Neoadjuvant chemotherapy                                                                                                        0.881                                                
  No                                                               71              1.000                                                                                  
  Yes                                                              51              1.041              0.612-1.771                     



characteristics, surgical procedure, and postoperative care
might influence the incidence of postoperative pneumonia, the
lack of a standardized definition of postoperative pneumonia
has certainly not helped matters. The present and previous
studies lack a consensus regarding the appropriate cut-off

points and definitions for the evaluation of the postoperative
pneumonia (12, 13, 20). Postoperative pneumonia in the
present study was reported by individual physicians and was
not based on a specific protocol. As such, the rate of
postoperative pneumonia might have been under- or

Tamagawa et al: Pneumonia and Survival of Esophageal Cancer

2675

Table IV. Uni- and multivariate Cox proportional hazards analysis of the relationship between clinicopathological factors and recurrence-free
survival. 

Characteristics                                      Number (%)                       Univariate analysis                                                  Multivariate analysis

                                                                                          HR                    95%CI                   p-Value                 HR                 95%CI                 p-Value

Age                                                                                                                                              0.742                                                                             
  <68 year                                                      65              1.000                                                                                                                                         
  ≥68 year                                                      57              1.091              0.651-1.828                                                
Gender                                                                                                                                         0.282                                                                             
  Female                                                         16              1.000                                                                                                                                         
  Male                                                          106              1.590              0.683-3.702                                                                                                       
Site of tumor                                                                                                                               0.853                                                                             
Lower-Middle thoracic                                 86              1.000                                                                                                                                         
Upper thoracic                                               36              1.032              0.737-1.447                                                
Pathological depth of invasion                                                                                                 <0.001                                                                      <0.001
  T1                                                                43              1.000                                                                             1.000                                                   
  T2/T3                                                           79              4.623              2.265-9.434                                           3.765           1.801-7.783                    
Pathological lymph node status                                                                                                <0.001                                                                        0.029
  Negative                                                      62              1.000                                                                             1.000                                                   
  Positive                                                        60              2.664              1.546-4.590                                           1.873           1.066-3.291                    
Lymph vascular invasion                                                                                                            0.005                                                                             
  Negative                                                      38              1.000                                                                                                                                         
  Positive                                                        84              2.588              1.341-4.995                                                
Postoperative pneumonia                                                                                                           0.029                                                                             
  No                                                                88              1.000                                                                                                                                         
  Yes                                                               34              1.838              1.063-3.180                                                
Neoadjuvant chemotherapy                                                                                                        0.089                                                
  Yes                                                               71              1.000                                                                                  
  No                                                                51              1.620              0.928-2.827                                                

Table V. Patterns of recurrence between the patients with postoperative pneumonia and those without postoperative pneumonia.

                                                                                                                                                 Postoperative pneumonia

                                                                             All cases                                     No (n=88)                                     Yes (n=34)

Recurrence site                                     Number                  %                     Number                   %                  Number                  %                      p-Value

Lymph node                                                                                                                                                                                                                      
   Regional                                                  23                     18.9                       15                      17.0                       8                     23.5                     0.412
   Distant                                                       7                       5.7                         4                       4.5                        3                       8.9                     0.362
Local site                                                   12                       9.8                         8                       9.1                        4                     11.8                     0.657
Distant site                                                                                                                                                                                                                        
   Lung                                                        12                       9.8                         8                       9.1                        4                     11.8                     0.657
   Liver                                                        11                       9.0                         8                       9.1                        3                       8.9                     0.963
   Bone                                                          5                       4.1                         5                       5.7                        0                       0                        0.156
   Others                                                        9                       8.0                         6                       6.8                        3                       8.9                     0.704
Disseminated                                               3                       2.5                         2                       2.3                        1                       2.9                     0.831



overestimated. Future studies should focus on how to best
define and diagnose postoperative pneumonia.

Special attention is required when interpreting the current
results, as there are some potential limitations associated

with this study. First, this was a retrospective, single-center
study with a small sample size. Our findings may, therefore,
have been observed merely by chance in this series. Second,
there may be a selection bias in the present study. Generally,
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Figure 2. The recurrence-free survival curves of patients with and without postoperative pneumonia.

Figure 1. The overall survival curves of patients with and without postoperative pneumonia.



esophagectomy itself has a 30%-40% morbidity rate and 1%-
2% mortality rate. Surgeons thus avoid performing
esophagectomy for certain patients, particularly elderly
patients. The impact of postoperative pneumonia may,
therefore, have been artificially emphasized in this cohort.
Third, there was a time bias in this study, as the data were
collected between 2008 and 2018. Surgical procedures and
perioperative care might have changed over this period.
Considering these limitations, the current results should be
validated by another study.

In conclusion, the present study confirms that the
development of postoperative pneumonia is a risk factor for
OS in patients who undergo esophagectomy for esophageal
cancer. To improve these patients’ survival, it is necessary to
prevent them from developing postoperative pneumonia
following esophagectomy.
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