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ABSTRACT

Background. Although a survival benefit of neoadjuvant
treatment for patients with esophageal cancer has been
highlighted, the influence of neoadjuvant treatment on the
nutritional status of patients with esophageal cancer is not
well understood.

Methods. Changes in body composition parameters were
assessed in 30 patients who underwent neoadjuvant che-
motherapy (NAC) comprising docetaxel, cisplatin, and
5-fluorouracil followed by esophagectomy from August
2009 to April 2013. Body composition was evaluated
before and after NAC using multifrequency bioelectrical
impedance analysis (InBody 720; Biospace, Tokyo, Japan).
Postoperative complications were graded according to the
Clavien-Dindo classification.

Results. Twenty-three postoperative events occurred in 16
patients. A decrease in body protein was observed in 13
patients (43.3 %), while skeletal muscle (SM), body cell
mass (BCM), and fat-free mass (FFM) declined in 11
patients (36.7 %) during NAC. Changes in these four
parameters during chemotherapy significantly differed
between patients with postoperative complications and
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those without: protein, —1.6 & 0.9 versus +4.4 + 2.1 kg
(P =0.01); SM, —1.3 £+ 1.1 versus +4.7 £ 24 kg (P =
0.02); BCM, —2.4 + 1.6 versus +3.8 £ 2.2 kg (P = 0.03);
and FFM, —1.4 + 1.4 versus +4.3 £ 2.3 kg (P = 0.04).
Ceonclusions. Changes in body composition parameters
are possible predictive markers of postoperative compli-
cations after esophagectomy after NAC. Further analysis is
needed to clarify whether nutritional intervention improves
such parameters and thus contributes to reduced postop-
erative morbidity.

Esophagectomy for esophageal cancer is associated with
high morbidity and mortality rates.!” Moreover, it has been
established that preoperative treatment, which has sub-
stantial toxicity, should be performed for patients with
resectable advanced esophageat cancer.® In Japan, preop-
erative chemotherapy using cisplatin plus 5-fluorouracil
(CF) is the current standard treatment for clinical stage I/
II squamous cell carcinoma based on the results of the
ICOG 9907 trial.* An additional study of this trial revealed
that preoperative CF did not increase the incidence of
postoperative complications compared with surgery with-
out preoperative treatment.”

Docetaxel combined with CF (DCF), which has strong
antitumor activity against esophageal squamous cell car-
cinoma, is considered to be the next candidate for a
standard neoadjuvant chemotherapy (NAC) regimen.®
However, this regimen has relatively high toxicity; thus,
there is concern over a potential increase in perioperative
complications. We previously reported that preoperative
DCF did not negatively affect subsequent esophagectomy
with regard to the frequency of complications. In that
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study, however, we also observed significant decreases in
serum albumin (Alb) levels among patients who underwent
two courses of DCF.” This result indicates that preopera-
tive DCF may negatively affect the nutritional status of
patients with esophageal cancer.

Bioelectrical impedance analysis is a safe and nonin-
vasive method for evaluating body composition.”™” Recent
reports suggested that measurement of body composition is
useful for the evaluation of the nutritional status of surgical
patients and prediction of prognosis.'” However, few
reports have demonstrated changes in the body composi-
tion during NAC for esophageal cancer. In addition, the
correlation between changes in the body composition and
the risk of postoperative complications has not been
clarified.

The aim of this study was to determine the influence of
neoadjuvant DCF on the body composition of patients with
esophageal cancer and to evaluate whether body compo-
sition changes affect the incidence of postoperative
complications.

MATERIALS AND METHODS
Patients

Fifty-two patients with esophageal squamous cell car-
cinoma underwent esophagectomy after NAC from August
2010 to April 2013 at the Department of Gastroentero-
logical Surgery, Kumamoto University Hospital. Thirteen
patients who could not undergo body composition analysis,
four who underwent NAC with a regimen other than DCF,
three with simultaneous double primary cancer, one who
underwent transhiatal esophagectomy, and one who
underwent a two-stage operation were excluded from this
study. The remaining 30 patients were eligible. There were
25 male and 5 female patients with a mean age of
64.0 years (range 53-75 years). This study was approved
by the institutional review board of Kumamoto University
Hospital.

Tumor staging was based on the tumor, node, metastasis
system classification defined by the Union for International
Cancer Control.'! The pretreatment diagnostic evaluations
comprised a barium swallow, endoscopy, computed
tomography, and 3E.fluorodeoxyglucose positron emission
tomography--computed tomography.

NAC

Patients with resectable esophageal cancer with lymph
node metastasis were treated with NAC followed by
esophagectomy. The NAC regimen comprised 60 mg/m?
of docetaxel provided intravenously on day 1, 350 mg/m2

TABLE 1 Patient characteristics

Characteristic Value
Age, year, mean (range) 65 (53-75)
Sex (M/F) 2515
Location of main tumor (U/Mt/Lt) 2/2315

<T factor (1b/2/3/4) 31502210
¢N Tactor (0/1/2/3/4) 07117127770

cStage (IB/HA/UB/IIA/IIB/AIC/Y) 1O/ 1271111

Ut npper thoracic, Mt middle thoracic, Lt lower thoracic esophagus

of 5-fluorouracil provided as a 24-h continuous intravenous
infusion on days 1-5, and 6 mg/m® of cisplatin provided
intravenously on days 1 to 5.°

Nutritional Assessment

The body composition was assessed before and after
NAC using multifrequency bioelectrical impedance with
eight factile electrodes (InBody 720; Biospace, Tokyo,
Japan). Various parameters, including body weight, body
mass index (BMI), protein, fat mass, total body water,
mineral content, skeletal muscle (SM), body cell mass
(BCM), and fat-free mass (FFM), were automatically
measured. We also collected data from blood tests,
including serum total protein (TP) and Alb, from the
patients’ records.

Qutcome Evaluation

Postoperative complications were defined according to
the Clavien-Dindo classification.'”

Statistical Analysis

Data are expressed as mean = standard error. Statistical
analyses were performed by StatView software (SAS
Institute, Cary, NC, USA). When appropriate, data were
submitted to statistical analysis using the Mann-Whitney
U test or Student’s ¢ test. A P value of <0.05 was con-
sidered to be statistically significant.

RESULTS

The clinical characteristics of the patients are summa-
rized in Table 1. The primary tumor was located in the
upper, middle, and lower thoracic esophagus in 2, 23, and 5
patients, respectively. One patient had stage IB cancer, and
the 29 remaining patients had stage IIB to IV cancer.
Twenty-eight patients completed two courses of planned
chemotherapy, while the remaining two patients underwent
only one course. After the NAC, subtotal esophagectomy
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was performed for all 30 patients. A gastric tube was used
for reconstruction in 29 patients, while a left colon graft was
used for 1 patient. Reconstruction via the retrosternal route,
intrathoracic route, and subcutaneous route was performed
in 26, 2, and 2 patients, respectively. Cervical anastomosis
was performed in all patients. The mean operative duration
and blood loss were 550.0 & 19.5 min (median 538.0 min;
range 398.0-961.0 min) and 787 -4 268 ml (median
455 ml; range 138-8375 ml), respectively.

No statistical change in body weight or BMI was
observed as a result of chemotherapy (Supplementary
Fig. la, b). NAC did not affect the parameters of the In-
Body 720, including protein, fat mass, total body water,
mineral content, SM, BCM, or FFM (Fig. 1a~d) (Supple-
mentary Fig. lc-e). In addition, there was no relationship
between the change of body composition and the effect of
NAC.

Overall, 23 postoperative events occurred in 16 patients
(53.3 %). Respiratory complications, surgical site infection,
anastomotic leakage, and other complications developed in
six, six, three, and eight patients, respectively. There was no
relation between the nutritional parameters before NAC and
occurrence of the postoperative complications. Changes in
body weight and BMI were comparable between patients
who did and did not develop postoperative complications. A
decrease in protein secondary to NAC was observed in 13
(433 %) pf 39 patients, while SM, BCM, and FFM declined

in 11 patients (36.7 %). The mean change in protein (Apro-
tein) in patients with and without complications was
—1.6 4 0.9 and +4.4 £ 2.1 kg, respectively (# = 0.01).
Similarly, ASM, ABCM, and AFFM were significantly dif-
ferent between patients with and without complications:
ASM, ~13 % 1.1 versus 4.7+ 24 kg (P = 0.02);
ABCM, —2.4 4 1.6 versus +3.8 = 2.2 kg (P = 0.03); and
AFFM, —14 414 versus +43 £ 23kg (P =004
(Fig. 2). The mean change in other parameters, such as body
weight and BMI, were not significantly different with com-
plications (Supplementary Fig. 2). Changes in the levels of
serum Alb and TP did not affect the occurrence of the
postoperative complications. In addition, no significant dif-
ference was observed in the change of the value of serum TP
and Alb between patients with and without complications:
ATP, —10.9 + 2.6 versus —8.6 & 2.0 g/dl (P = 0.50);
AAlb, 92327 versus —8.7 & 3.6 g/dl (P = 0.92).
Furthermore, the mean changes in the value of serum Alb and
body composition were not correlated (data not shown).

DISCUSSION

In this study, we clarified that changes in some body
composition parameters induced by NAC differed between
patients who developed postoperative complications after
esophagectomy and those who did not. These results
indicate that changes in a patient’s nutritional status
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resulting from NAC may affect the occurrence of mor-
bidity after esophagectomy.

Patients with esophageal cancer frequently develop dys-
phagia, leading to reduced food intake at the initial diagnosis.
In addition, malnutrition is associated with an increased risk
for postoperative complications in patients who have
undergone esophagcctomy.” “* Several recent studies have
reported that intensive perioperative nutritional support was
effective for the reduction of postoperative morbidity and
mortality after esophagectomy. Ryan et al.’ conducted a
randomized controlled trial and found that enteral nutrition
enriched with eicosapentaenoic acid preserved lean body
mass after esophagectomy and prevented the occurrence of
systemic inflammatory response syndrome.

Chemotherapy is associated with a variety of toxicities.
Weight loss is often observed as a result of chemotherapy-
induced anorexia. Previous studies reported that weight loss
during chemotherapy was associated with decreased survival
in some patients with cancer.'™'"” However, the influence of
NAC on postoperative morbidity and mortality after
esophagectomy has been unclear. Therefore, we performed a
prospective analysis of patients’ detailed nutritional status
before and after NAC and investigated the correlation
between changes in nutritional parameters and the occur-
rence of postoperative camplications after esophagectomy.

The available methods of nutritional assessment involve
anthropometric measurement and biochemical marker
evaluation. Dual-energy X-ray absorptiometry is an
accepted method for the estimation of whole-body and
segmental body fat and FFM.'®'? However, this technique
has disadvantages in the clinical setting, such as the risk of
radiation exposure and the high cost of the equipment. The
serum protein most commonly used for nutritional assess-
ment is Alb. Preoperative hypoalbuminemia is a well-
known risk factor for surgical mortaiity.m However, the
half-life of Alb is 20 days, and it is difficult to use it as an
accurate nutritional index during NAC. Another biochem-
ical parameter is the prognostic nutritional index. Previous
studies showed that the preoperative prognostic nutritional
index was significantly lower in patients who developed
postoperative complications after esophagectomy.'"”
However, this index reportedly has a low predictive value."”

For clinical use, bioelectrical impedance analysis is a
safe, nonpinvasive, and rapid and can be performed
repeatedly for evaluation of the body composition.™’
Among all body composition parameters, BCM and FFM
have been regarded as the most meaningful for the
assessment of malnutrition.”’ BCM is the sum of the
intracellular fluid and protein and is a reliable parameter of
the nutritional status. In addition, FFM comprises the
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nonfat components (SM, bone, and water) of the human
body and is another known parameter of nutritional status.
Previously, we reported that NAC did not influence the
occurrence of postoperative complications, although the
serum Alb value decreased by NAC.” In the current study,
no significant difference was observed in the value of AAlb
between patients with and without complications. The
nutritional evaluation using body composition may be a
useful parameter to predict the occurrence of postoperative
complications after NAC.

In the current study, not only BCM and FFM but also pro-
tein and SM were significantly decreased in patients who
developed postoperative complications. SM depletion, refer-
red to as sarcopenia, predicts morbidity and mortality in
patients undergoing digestive surgery.'%%? Preoperative low
protein and sarcopenia may be associated with nutrient
deprivation resulting from postoperative catabolization of
body protein. Furthermore, there is a possibility that these
changes contribute to the onset of postoperative complications.

Limitations of the present study include the small
number of cases and the single-institution design. A large-
scale, multicenter study is needed for validation. Another
limitation is that the nutritional management during NAC
differed among the patients. Further studies are needed to
clarify whether nutritional intervention during NAC
improves these nutritional parameters and thus contributes
to reduced postoperative complications. We previously
reported that preoperative DCF did not negatively affect
subsequent esophagectomy with regard to the frequency of
complications. In that study, however, we also observed
significant decreases in serum Alb levels among patients
who underwent two courses of DCF.’

In conclusion, changes in some body component
parameters during NAC were correlated with the occur-
rence of postoperative complications after esophagectomy.
Further analysis is needed to clarify whether nutritional
intervention during NAC improves these parameters and
thus reduces postoperative complications.

DISCLOSURES The authors report no financial interests or
potential conflicts of interest.
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ABSTRACT

Background. There is a consensus that neoadjuvant ther-
apy is an essential component of treatment for resectable
advanced esophageal cancer. The aim of this study was to
evaluate the efficacy of preoperative docetaxel/cisplatin/s-
fluorouracil (DCF) followed by esophagectomy for patients
with node-positive esophageal cancer using a prospective
database.

Methods. Fifty-five consecutive patients with resectable
node-positive esophageal cancer were treated with preop-
erative DCF between August 2008 and December 2010. Of
these patients, 54 completed 2 courses of DCF, and 50
underwent esophagectomy after the planned chemotherapy.
Clinical and pathologic responses to DCF were investi-
gated, as was patient prognosis. Cox proportional hazard
regression was used to determine factors that indepen-
dently affected recurrence.

Results. Complete response, partial response, stable dis-
ease, and progressive disease were observed in 3, 24, 24,
and 2 patients, respectively. Overall, the clinical response
rate was 53 %. Pathologic complete response was achieved
in 6 cases (12 %), and the overall pathologic response rate
was 36 %. Downstaging was observed in 23 cases (46 %).
Two-year overall and disease-free survival rates were 78
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and 56 %, respectively. Multivariate analysis revealed that
residual tumor [R1/2; hazard ratio (HR) 5.21, 95 % con-
fidence interval (CI) 1.64-17.2], pathologic poor response
(grade la; HR 3.08, 95 % CI 1.08-11.1), and ypN
(MILym; HR 13.3, 95 % CI 2.06~-116) were independent
predictors of recurrence.

Conclusions. DCF has strong antitumor activity for
esophageal cancer and may confer survival benefits when
used as preoperative chemotherapy.

Esophagectomy remains the mainstay of treatment for
esophageal cancer. However, the survival of patients trea-
ted with surgery alone is unfavorable, with median survival
times ranging from 13.3 to 24.0 months.'™® Consequently,
multidisciplinary approaches have been investigated with
the goal of improving long-term outcomes. The results of a
recent meta-analysis suggest that neoadjuvant therapy fol-
lowed by surgery is associated with better survival than
surgery alone.’, ®

The Japan Clinical Oncology Group (JCOG) 9204 study
demonstrated that postoperative chemotherapy with cis-
platin plus 5-flucrouracil (CF) improves the disease-free
survival (DFS) of patients with node-positive stage II/II
squamous cell carcinoma (SCC).° Thereafter, the JCOG
9907 study revealed that preoperative chemotherapy with
CF was superior to postoperative chemotherapy in clinical
stage I/UI SCC.'° Accordingly, the current standard
treatment for resectable advanced esophageal cancer in
Japan is neoadjuvant chemotherapy followed by surgery.

Although CF is the standard chemotherapeutic regimen
for esophageal cancer, this regimen may not be powerful
enough to substantially improve outcomes. Response rates
associated with CF regimens for esophageal cancer are less
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than 40 %.'!, '* In a subgroup analysis of JCOG 9907, no
survival benefit was evident for patients with T3 tumors or
clinical stage IIT diseases.'® Recently, triplet chemotherapy
using docetaxel in combination with CF (DCF) has been
reported to have strong antitumor activity for esophageal
cancer.'® Therefore, it is considered a candidate for the
next standard regimen of neoadjuvant chemotherapy.
However, the survival benefit of preoperative DCF fol-
lowed by esophagectomy remains unclear.

In this study, we investigated the outcomes of patients
who underwent esophagectomy after preoperative DCF for
node-positive esophageal cancer.

PATIENTS AND METHODS
Prospective Database for Preoperative DCF

Since August 2008, we have prospectively enrolled
patients with resectable node-positive esophageal cancer for
preoperative DCF followed by surgery. The eligibility criteria
included the following: pathologically defined esophageal
cancer without invasion of neighboring stfuctures; lymph
node metastasis diagnosed by '®F-deoxyglucose positron
emission tomography—computed tomography (FDG-PET/
CT); no distant metastasis; no prior treatment; an Eastern
Cooperative Oncology Group performance status of 0 to 2; an
age of 20-80 years; and adequate bone marrow, renal, and
hepatic function (absolute neutrophil count>1.5 x 10°/L and
platelet count >5.0 x 10%L; serum creatinine level <1.5 mg/
dL; aspartate aminotransferase and alanine aminotransferase
levels <2x the upper limits of normal; total bilirubin <1.5%
the upper limit of normal). All patients provided written
informed consent for their participation in this study, The local
ethics committee of Kumamoto University approved this
study.

Regimen of Preoperative DCF

The DCF regimen consisted of 60 mg/m? of docetaxel
on day 1, administered intravenously for 2 h; 350 mg/m?
of CF on days 1 to 5 as a 24 h continuous intravenous
infusion; and 6 mg/m® of cisplatin on days 1-5, adminis-
tered intravenously for 1 h.'> We used 2 reduced dose
regimen to minimize toxicity. Although there was no phase
1 study for this regimen, the efficacy and safety of this
split-dose regimen as a second-line chemotherapy has been
reported.l“ In addition, efficacy and toxicity of low-dose
cisplatin and 5-fluorcuracil for patients with SCC of the
esophagus has been demonstrated in a phase 2 trial.! This
regimen was administered every 3 weeks, and 2 scheduled
courses were administered before esophagectomy.

Study Populations

From August 2008 through December 2019, a total of 55
patients met the eligibility criteria (intention-to-treat [ITT]
population). One patient underwent esophagectomy after |
course of DCF as a result of diverticulitis during the first
course of chemotherapy. Four patients, whose tumors
nearly disappeared after 2 courses of DCF, declined sur-
gery and were treated with definitive chemoradiotherapy
(CRT) after informed consent was obtained again after
chemotherapy. Accordingly, 50 patients underwent
esophagectomy after preoperative DCF (the DCF-surgery
population).

Tumor Staging

All patients were evaluated using endoscopy, endo-
scopic ultrasonography, and FDG-PET/CT for staging.
Clinical and pathologic findings were classified according
to the tumor, node, metastasis classification system (TNM)
(6th edition) of the International Union against Cancer

UICC).'¢
Response Evaluation

Clinical response was evaluated according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
v1.0 by spiral computed tomography images for 54 patients
who completed 2 courses of DCF.'” Metastatic lymph
nodes were used as measurable target lesions in all cases.
FDG-PET/CT was performed between day 14 and day 21
after the second course of DCF in all but 1 patient. Path-
ologic response was evaluated according to the Japanese
Classification of Esophageal Cancer (10th edition) as fol-
lows: grade 0, no recognizable cytological or histological
therapeutic effect is observed; grade 1a, viable cancer cells
account for two-thirds or more of the tumor tissue; grade
1b, viable cancer cells account for between one-third and
two-thirds of the tumor tissue; grade 2, viable cancer cells
account for less than one-third of the tumor tissue; grade 3,
no viable cancer cells are apparent (pathologic complete
response; pCR).'®

Follow-Up

Follow-up of the patients was carried out at our clinic
every 3 months. All patients were followed for more than
24 months, and the median follow-up period from the
beginning of chemotherapy to death or the last visit was
31.1 months,
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TABLE 1 Characteristics of patients who underwent esophagectomy
after receiving docetaxel/cisplatin/3-fluorouracil

Characteristic Variable Value
Age, year Mean # SD 674 + 7.5 (52-81)
(range)
Sex Male 46 (92 %)
Female 4(8 %)
Location Upper 9 (18 %)
Middle 26 (52 %)
Lower 15 (30 %)
Histology Squamous cell 48 (96 %)
carcinoma
Adenocarcinoma 2 (4 %)
Histologic grade Gl 3(6 %)
G2 29 (58 %)
G3 1T (22 %)
GX 7 (14 %)
c¢T T1 6 (12 %)
T2 10 (20 %)
T3 33 (66 %)
T4 1 (2 %)
cN NIMO 33 (66 %)
MILym 17 (34 %)
Mla/M1b 6 (12 %)/11 (22 %)
cStage (TNM6) 1B 10 (20 %)
I 23 (46 %)
IVA 6 (12 %)
VB 11 (22 %)
Type of Three-phase 48 (96 %)
esophagectomy Ivor-Lewis 1 (2 %)
Transhiatal 1 (2 %)
Lymphadenectomy  Three-field 39 (78 %)
Extended 2-field 10 (20 %)
One-field 1(2 %)

No. of retricved
nodes

Mean = SD (range)

53.1 & 17.6 26-92)

Residual tumor RO 41 (82 %)
R1 8 (16 %)
R2 1 (2 %)

SD standard deviation, TNM6 6th edition of the International Union
against Cancer tumor, node, metastasis classification system

Statistical Analysis

Statistical analyses were performed by the JMP 10

software program (SAS Institute, Cary, NC, USA). All
quantitative data are expressed as mean == standard devi-
ation. Differences in clinicopathologic features were
determined by the Student’s f-test or Fisher’s exact test.
Changes in the maximum standardized uptake value
(SUVax) of primary tumors were evaluated by paired

~tests. Survival rates were calculated by the Kaplan-Meier
method, and the statistical significance of survival differ-
ences was analyzed by the log rank test. Overall survival
(OS) was defined as the time from the beginning of che-
motherapy to death resulting from any cause, and DFS was
defined as the time from the beginning of chemotherapy to
first recurrence. The Cox proportional hazard model was
used for univariate and multivariate analyses of the DFS of
the 50 patients who underwent esophagectomy after pre-
operative DCF. A P value of less than 0.05 was considered
to indicate statistical significance.

RESULTS
Characteristics of Patienls

The characteristics of patients who underwent esopha-
gectomy after preoperative DCF are presented in Table 1.
SCC was far more frequent than adenocarcinoma (48 vs. 2
cases). Two-thirds of patients had T3 tumors, and all had
nodal metastasis. Three-phase subtotal esophagectomy,
Ivor-Lewis esophagectomy, and transhiatal esophagectomy
were performed for 48, 1, and 1 patients, respectively.
Three-field lymphadenectomy and extended two-field
lymphadenectomy (including bilateral recurrent laryngeal
Iymph node dissection) were performed for 39 and 10
patients, respectively. The mean number of retrieved nodes
was 53.1. Pathologic complete resection (R0) was achieved
in 41 cases, while microscopic residual disease (R1) and
macroscopic residual disease (R2) were observed in 8 and
1 cases, respectively.

Clinical and Pathologic Response to DCF

Clinical and pathologic responses to DCF are shown in
Fig. 1. Complete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD) were observed in 5
(9.3 %), 24 (444 %), 24 (44.4 %), and 1 (1.9 %) cases,
respectively. The clinical response rate (cCRR; CR and PR)
was 53.7 %, and the disease control rate (DCR; CR, PR, and
SD) was 98.1 %. Four patients, who declined surgery after
effective chemotherapy, experienced CR after CRT. Grade 3,
2, 1b, and laresponses were observedin6 (12 %), 7 (14 %), 5
(10 %), and 32 (64 %) cases, respectively, and no case
showed a grade O response. The pathologic response rate
(pRR; grades 1b, 2, and 3) was 36 %.

Changes in the SUV,,,. of Primary Esophageal Tumors
after Preoperative DCF

The changes in SUV,,, after preoperative DCF was
evaluated in 53 patients. SUV .« decreased in 49 (92.5 %) of
53 patients, a statistically significant reduction (P < 0.0001).
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Downstaging

To assess downstaging, we compared clinical stage
before chemotherapy with pathologic stage after esopha-
gectomy (Supplemental Fig. 1). Downstaging of the T and
N categories were observed in 22 (44 %) and 18 (36 %)
cases, respectively. Downstaging of TNM stage was
observed in 23 (46 %) cases.

Toxicity of DCF and Postoperative Complications

Among the ITT population, grade 3/4 neutropenia was
observed in 43 patients (78.2 %), and febrile neutropenia
occurred in 8 patients (14.5 %). Grade 3 appetite loss,
diarthea, and constipation were observed in 4 (7.3 %), 1
(1.8 %), and 1 (1.8 %) patients, respectively. Postoperative
complications were observed in 16 (32 %) of 50 cases, and
the morbidity rate was comparable to that of patients who
underwent esophagectomy without preoperative treatment

Clinical response
(N=54)

Pathologic response
(N=50)

FIG. 1 Clinical and pathologic response to DCF. Clinical response
was evaluated in 54 patients who completed 2 courses of DCF, while
pathologic response was determined in 50 patients who underwent
esophagectomy after 2 courses of DCF. CR complete response, PR
partial response, SD stable disease, PD progressive disease, Gr grade

FIG. 2 Survival curves in the
population who received

OS (DCF-Surgery: N=50)

at our institute, as reported previously.'® There was no
treatment-related mortality.

OS and DFS

Survival curves for the DCF-surgery populations are
presented in Fig. 2. One- and 2-year OS were 92 and 78 %,
respectively, while 1- and 2-year DFS were 68 and 56 %,
respectively. In the ITT population, I- and 2-year OS were
93 and 80 %, respectively, while 1- and 2-year DFS were
71 and 60 %, respectively (Supplemental Fig. 2).

Correlation between Response to DCF and Survival

DFES curves stratified by clinical or pathologic response
are presented in Fig. 3. Clinical response significantly
correlated with DFS (P = 0.026), and pathologic response
tended to correlate with survival (P = 0.065).

Univariate and Multivariate Analysis

Clinical N (M1Lym), clinical response (SD/PD), ypN
(N+), ypN (M1Lym), pathologic response (grade 1a),
downstaging (—), and residual disease (R1/2) were signif-
icant predictors of recurrence in univariate analyses. The
multivariate analysis revealed that residual tumor (R1/2;
hazard ratio [HR] 5.21, 95 % confidence interval [CI]
1.64-17.2), pathologic poor response (grade la; HR 3.08,
95 % CI 1.08-11.1), and ypN (M1Lym; HR 13.3, 95 % CI
2.06-116) were significant independent predictors of
recurrence (Table 2).

DISCUSSION

In this study, we found that preoperative DCF provided
high ¢cRR and DCR for patients with node-positive
esophageal cancer, and it resulted in downstaging the dis-
ease of almost half of the patients. Two-year OS and DFS
were favorable for cases of node-positive esophageal

DFS (DCF-Surgery: N=50)

. 1.0 iy, 1.0 - -y
preoperative DCF followed by . IR
. P L SV B *
esophagectomy (DCF-surgery). = 08 Yo = 08 p
OS and DFS curves are .§ ] s T % £
presented 2 0.6 2 0.6+ T
R 4 o A NS -
= 04- = 044 —
E 024 & 02
5 =
73] 1 7] 1
0.0 T T T Y ¥ T 1 0.0 Y T T T T T T T 1
0 1 2 3 4 5 0 I 2 3 4 5
Survival period (year) Survival period (year}
No.atrisk 50 47 40 17 9 50 33 28 13 7
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FIG. 3 DFS, as stratified by A B )
clinical (2) and pathologic 2 10 e Z
(b) response § 03 l%ﬁ - _"§
2 4 &
S 064 ©
& L 2
E 04 he L = T
= — CR L £ 1 a2k
g 024 PR &
& — SDIPD P=0.026 72 P=0.065
0.0 T 7 7 T P 7 T 1
Q 1 2 3 4 5 3 4 3
Survival period (year) Survival period (year)
No. at risk No. atrisk
CR 4 4 4 3 3 Grade 3 6 5 5 2 2
PR 23 18 16 7 4 Grade 2 7 6 5 2 1
SD/PD 23 13 9 4 0 Grade 1b 5 3 3 0 0
Grade 1a 32 19 i4 8 3
TABLE 2 Univariate and multivariate analysis to identify predictors of recurrence
Characteristic Object Control Univariate analysis Multivariate analysis
Hazard ratio (95 % CI) P Hazard ratio (95 % CI) P
Age Per 1 year 0.79 (0.19-3.61) 0.76
Sex Male Female 2.00 (0.30-5.84) .30
Location Upper Middie/lower 1.61 (0.58-3.88) 0.33
cT (T3/4) T3/4 T2 1.21 (0.52-3.15) 0.66
cN cMILym eNIMO 5.23 (2.50-14.5) 0.0019
Clinical response SD/PD CR/PR 2.69 (1.18-6.47) 0.018
ypT ypT3/T4 ypTi2 1.92 (0.85-4.33) 0.11 0.93 (0.34-2.64) 0.66
ypN ypNIMO ypNO 7.48 (2.16-47.3) 0.0005 4.74 (0.93-35.4) 0.020
ypMILym 5.03 (2.16-11.8) 0.0003 13.3 (2.06-116)
Pathologic response Grade la Grade 1b-3 3,50 (1.32-12.0) 0.0097 3.08 (1.08-11.1) 0.034
Downstaging No Yes 2.39 (1.03-5.99) 0.041 1.60 (0.45-5.48) 0.46
Residual tumor R12 RO 8.35 (3.18-20.4) <0.0001 521 (1.64-17.2) 0.0056

CI confidence interval, CR complete response, PR partial response, SD stable disease, D progressive discase

cancer. In a multivariate analysis, pathologic response to
DCF was a significant independent prognostic factor (along
with the presence of residual tumor and ypM1 lymph node
metastasis). These findings suggest that DCF is efficacious
as neoadjuvant chemotherapy for node-positive esophageal
cancer.

With advancements in multidisciplinary treatment, the
long-term outcomes of patients with esophageal cancer
have gradually been improving.®” Although there is an
international consensus that neoadjuvant therapy should be
performed for advanced esophageal cancer, the exact target
stages differ by country and region.”” In the United States,
the National Comprehensive Cancer Network guidelines
suggest TIbN+- and T2-4a, NO-N+- as targets for neoad-
juvant treatment.”’ As per the European Society for
Medical Oncology guidelines, T34, NO-1, MO is the
indicated target of neoadjuvant therapy. In Japan, clinical

stage TI/TIT (non-T4) SCC (defined according to the UICC
TNM 6th edition) is the target for neoadjuvant therapy.'***

In this study, we targeted patients with node-positive
esophageal cancer for preoperative DCF. This population
was selected partially because favorable long-term out-
comes have previously been reported for patients without
Iymph node metastasis. Analysis of a comprehensive regis-
try of esophageal cancer in Japan has revealed a 65.9 %
5 years survival rate among 1097 pNO patients treated with
esophagectomy.”’ We also targeted node-positive esopha-
geal cancer because of the JCOG 9204 study findings. JCOG
9204 compared surgery plus adjuvant chemotherapy and
surgery alone for clinical stage II/IIT SCC of the esophagus,
but it only demonstrated a survival benefit for those patients
with node-positive cancers who received adjuvant therapy.”

Several phase 2 trials have demonstrated high response
rates to DCF in cases of SCC of the esophagns.™ ™ In the
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current study, the cRR and pRR of DCF were 54 and 36 %,
respectively, and the pCR rate was [2 %. In addition, 4
patients in the ITT cohort declined surgery after effective
chemotherapy. All of these patients experienced CR with
definitive CRT after DCF. The dissociation between ¢cRR
and pRR is probably due to the difficulty in pathological
estimation of the pretreatment tumor extension on the
resected specimens. The reduction in SUV,,,x may be a
useful indicator of pathologic response. Although the DCF
used in this study was a modified regimen designed to
reduce toxicity, both response rates and pCR rates were
much higher than those previously reported for CF.''™*

The multivariate analysis revealed that pathologic
response was one of the independent predictors of DFS. It
has previcusly been reported that of all patients treated
with neoadjuvant CRT plus esophagectomy, only those
who experience complete pathologic response obtain a
survival benefit from neoadjuvant CRT.* However, in our
study population, patients with PR appeared to obtain a
survival benefit with preoperative DCF, in addition to
patients with CR. This result suggests that the powerful
systemic chemotherapy may contribute to control of
micrometastasis from esophageal cancer,

Our multivariate analysis also revealed that R1/2
resection was an independent predictor of recurrence. Of
the 9 patients in whom RO resection could not be obtained,
5 showed residual disease at the site of primary esophageal
lesions and 4 showed residual disease at the site of meta-
static lymph nodes. ARl the former cases were of bulky
tumors, and tumor shrinkage was not evident after preop-
erative DCF. In these cases, the circumferential resection
margins were positive. Positive circumferential resection
margin is known to be a significant prognostic factor in
patients with esophageal cancer.”®, *° The latter 4 cases had
bulky lymph node metastases in the supraclavicular or the
celiac regions. Significant shrinkage of the metastatic
tumors was observed in each of these cases, but RO
resection could not be obtained because of extranodal
spread of tumor cells. Extranodal spreading (or lymph node
capsular invasion) has previously been described as a
predictor of poor prognosis.’’, 3! For patients who have
bulky esophageal tumors or bulky lymph node metastases
with suspicious extranodal spreading, the choice of CRT as
preoperative treatment may be more likely to result in local
disease conirol.

There were some limitations in this study. First, this
study was conducted in a single institute and was not a
comparative study. A randomized controlled trial is needed
to clarify the prognostic significance of precperative DCF.
Second, the DCF regimen used in this study was a reduced-
dose regimen. Further analysis is needed if the dose
intensity of DCF affects the prognosis of patients in neo-
adjuvant setting. Third, the follow-up period of

31.1 months may not be long enough to evaluate long-term
survival. It is reported that more than 86 % of recurring
tumors appear within 2 years after esophagectomy, and all
of the patients in this study were followed up for more than
2 years.* Although further follow-up is needed, we sug-
gest that preoperative DCF has at least the potential to
decrease early recurrence after esophagectomy.

In conclusion, our results suggest that DCF has strong
antitumor activity for esophageal cancer and may confer a
survival benefit when used as preoperative chemotherapy.
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Abstract

Purpose Pulmonary complications after esophagectomy
are still common and are a major cause of mortality. The aim
of this study was to clarify the risk factors for the occurrence
of pulmonary complications after esophagectomy.

Methods The clinical courses of 299 patients who
underwent elective subtotal esophagectomy with lymph
node dissection for esophageal cancer were retrospectively
analyzed. Group I included patients who had pulmonary
complications (# = 53), and group II included patients
who did not (n = 246). The clinicopathological factors,
surgical procedures and surgical results were compared
between the groups.

Results The frequency of any pulmonary complication was
17.7 %. Pneumonia (n = 26; 8.7 %) and respiratory failure
that needed initial ventilatory support for48 h or reintubation
(n = 16; 5.4 %) were the major morbidities. The results of
the logistic regression analysis suggested that smoking with a
Brinkman index >800, salvage esophagectomy after defini-
tive chemoradiotherapy and the amount of blood loss/body
weight were independent factors associated with the occur-
rence of pulmonary complications.

Conclusion Pulmonary complications after esophagec-
tomy remain common despite advances in perioperative
management. Cases with a history of heavy smoking,
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preoperative definitive chemoradiotherapy, and high blood
loss during surgery require more careful postoperative
pulmonary care.

Keywords Esophageal cancer - Surgery - Pulmonary
complication - Risk factor

Introduction

Esophagectomy for esophageal cancer is associated with
higher morbidity and mortality rates (2.7-11.4 %) com-
pared with other gastrointestinal surgeries [1-11]. In par-
ticular, postoperative pulmonary complications were
reported to have incidence rates of 13-38 % [1-4, 6, 7,
11-16] and to be a major risk factor for hospital mortality
12-5,7, 15, 17].

In Japan, the standard surgical procedure for esophageal
cancer is subtotal esophagectomy with three-field lymph
node dissection. This surgery is thought to be highly
invasive for patients. A recently introduced minimally
invasive approach, known as minimally invasive esopha-
gectomy (MIE) {18, 19], may reduce the risk of pulmonary
complications, although this remains a matter of debate. In
addition, efforts to develop much less invasive surgery,
such as mediastinoscopy-assisted esophagectomy, are cur-
rently being made [20].

Worldwide, a consensus has recently been reached that
neoadjuvant therapy is needed for resectable advanced
esophageal cancer. Neoadjuvant chemoradiotherapy (CRT)
is the standard treatment in Western countries, whereas
neoadjuvant chemotherapy has become the standard choice
of treatment in Japan [21]. Whether the use of neoadjuvant
therapies affects the occurrence of postoperative pulmon-
ary events remains controversial.
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We have a considerable interest in whether factors such
as the surgical procedure and neoadjuvant therapy might
affect the postoperative short-term outcomes, and, in par-
ticular, their effects on pulmonary complications. The aim
of this study was to clarify the risk factors for the oceur-
rence of pulmonary complications during recent years in a
Japanese high-volume center.

Methods

A total of 368 patients underwent surgery for esophageal
cancer in the Department of Gastroenterological Surgery,
Kumamoto University, between April 2005 and July 2012.
Patients who underwent partial esophagectomy (n = 27),
laryngopharyngoesophagectomy (n = 21), transhiatal esoph-
agectomy (n = 14) and two-stage esophagectomy (11 = 7)
were excluded from this study; therefore, a total of 299 patients
who underwent elective subtotal esophagectomy with lymph
node dissection were eligible.

For patients with node-negative tumors, we performed
esophagectomy without neoadjuvant treatment. When
lymph node metastases were pathologically confirmed,
adjuvaut chemotherapy was included. For patients with
non-T4, node-positive tumors, either adjuvant (April 2005
through July 2008) or neoadjuvant (August 2008 through
July 2012) chemotherapy was administered in addition to
esophagectomy. For patients with T4 tumors, CRT was
indicated. Definitive CRT was considered when patients
preferred non-surgical treatment, regardless of the tumor
stage. When the use of CRT failed to locally control the
carcinoma, we recommended salvage esophagectomy. In
this study, the pretreatment tumor stage was classified
according to the Union Internationale Contre le Cancer
TINM staging, version 6 [22]. All of the patients received
bolus methylprednisolone and continucus neutrophil elas-
tase inhibitor administration at the start of surgery to pre-
vent respiratory failure [23]. Antibiotics were administered
30 min before surgery and every 3 hours during surgery.

We usually started surgery with simultaneous neck and
abdominal manipulations. In the neck phase, mobilization
of the cervical esophagus and dissection of the cervical
lymph nodes were performed. When the depth of the tumor
was within clinical T1, and the location was the lower
esophagus, dissection of the cervical lymph nodes was
omitted. Preventive dissection of the cervical lymph nodes
during salvage esophagectomy was also omitted. In the
abdomen phase, gastric mobilization and dissection of the
abdominal lymph nodes were performed, either by a lap-
aroscopic technique or by an open technique. A gastric
tube for reconstruction was made extra-abdominally in
both cases, and a retrosternal route was principally selec-
ted. If a gastric tube was not considered to be appropriate, a

colonic tube was applied through the pericardial subcuta-
neous layer.

The anastomosis in the neck varied owing to historical
differences. Most anastomoses were performed either by
machine anastomosis with a circular stapler or by wiangle
anastomosis with linear staplers. A feeding jejunostomy
was routinely placed. Thoracic manipulation was per-
formed from the right chest either by a thoracoscopic
technique or by an open technique with a small incision
using thoracoscopic assists. When the depth of the tumor
was suspected to be clinical T4, an open technique with a
post-lateral incision was applied. Esophageal mobilization
and dissection of the thoracic lymph nodes were performed
with the patient in the left lateral position, The degree of
mediastinal lymph node dissection was the same in cases of
both superficial and advanced cancer. Preservation of the
thoracic duct and right bronchial artery was performed as
much as possible, except in cases with suspected direct
invasion. Total MIE was defined as a surgery performed
using only a laparoscopic and thoracoscopic technique, and
partial MIE was defined as a surgery performed by either a
laparoscopic or thoracoscopic technique. Total MIE for the
clinical T1 cases was adopted from May 2011.

With regard to the definition of pulmonary complica-
tions, Cameron et al. [8] reported major morbidity after
2315 esophagectomies in accordance with the Society of
Thoracic Surgeons General Thoracic Surgery Database
guidelines. According to their report, a pulmonary com-
plication was defined as the presence of one or more of the
following postoperative conditions: initial ventilatory sup-
port for more than 48 h or reintubation for respiratory
failure, the need for tracheostomy, pneumonia or acute
respiratory distress syndrome (ARDS). Furthermore, any
pulmonary complication requiring intervention or surgical
treatment was added to the definition. Preumonia was
defined as the presence of new infiltrates upon chest radi-
ography and a positive culture from the bronchoalveolar
lavage. ARDS was defined as the existence of a PO,:FiO,
ratio less than 200 using a positive end expiratory pressure
greater than 5 emH,0 for more than 24 h, with bilateral
pulmonary opacities, but without clinical suspicion of
cardiac failure or fluid overload [24].

The patients were divided into two groups: group I
included patients who had pulmonary complications
(n =53), and group II included patients who did not
(n = 246). We retrospectively investigated the clinico-
pathological factors, surgical procedures and surgical
results in both groups.

The statistical analysis was performed using the SPSS
software program (version 13 for Windows; SPSS, Chi-
cago, IL, USA). Statistical comparisons were performed
using Student’s ¢ test or the Chi square test. After the
univariate analyses, any factors that showed a p < 0.05
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were subjected to a multivariate analysis. A p < 0.05 was
considered to be statistically significant.

Results

The frequency of any pulmonary complication was 17.7 %.
Pneumonia (n =26; 8.7 %) and respiratory failure
requiring initial ventilatory support for >48 h or reintuba-
tion (n = 16; 5.4 %) were the major morbidities. Chylo-
thorax (n = 9; 3.0 %) and empyema (n == 8; 2.7 %) were
the major pulmonary complications requiring intervention
or surgical treatment.

The preoperative patient- and tumor-related factors were
compared between the groups (Tables 1, 2). Smoking with
a Brinkman index >800 (group I, 5835 %; group II,

Table 1 Comparison of patient-related factors between the groups

Variables Group 1 Group I p value
(= 53) (1 = 246)
Age 672487 652491 0138
Sex (Male;Female) 49:4 215:31 0.299
Body mass index (kg/m?) 21734 21.8:£29 0919
BMI <25:>25 9:44 32:214 0.446
Brinkman index 840k 555 761 £ 626 0.412
Proportion <400:>400 7:46 63:183 0.053
Proportion <800:>800 22:31 140:106 0.041
Comorbidity
Respiratory (+):(—) 19:34 61:185 0.099
COPD (+):(—) 15:38 45:201 0.099
Circulatory (4)i(~} 23:30 104:142 0.881
Diabetes mellitus (4):(—) 5:48 31:215 0.520
Hepatic (4+3:(—) 3:50 21:225 0.485
Chronic renal failure (+3:(—)  2:51 3:243 0.188
Central nervous system (+):(—) 7:46 16:230 0.097
Number of comorbidities 1.1+ 11 1.0X+x09 0265
History of major surgery (+):(—) 7:46 37:209 0.733
ECG normal: abnormal 18:35 59:187 0.132
BVC(%) <80:=80 50:3 237:9 0.501
FEVI % (%) <70:270 36:17 184:62 0.303
Lymphocyte number (/mm?) 23:30 142:104 0.057
<1500:2 1500
Hemoglobin (mg/dL) 15:38 102:144 0.075
Male <13.5:>13.5;
female <11.4:>11.4
CRP (mg/L) <1.0: >1.0 46:7 220:26 0.578
Albumin (g/dL) <4.0:>4.0 25:28 129:117 0.486

BMT body mass index, COPD chronic obstructive pulmonary disease,
ECG electrocardiogram, VC vital capacity, FEV forced expiratory
volume, CRP C-reactive protein
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Table 2 Comparison of tumor-related factors between the groups

Variables Group I Group H p value
(n =53) (n = 246)
Location
Upper:middle:lower 10:28:15 35:130:81 0.633
Clinical T
TIET2:T3:T4 12:9:27:5 111:41:87:7  0.005
TI-2:T3-4 21:32 152:94 0.003
TI-3:T4 48:5 2397 0.027
Clinical N
NO:N1L 17:36 124:122 0.015
Clinical stage
[H181154Y [1:14:16:12  86:71:54:35  0.110
Preoperative treatinent
None:NAC:NACRT:dCRT 20:19:3:11  149:62:14:21 0.008
dCRT (+):(—) 11:42 21:225 0.016

NAC neoadjuvant chemotherapy, NACRT neoadjuvant chemoradio-
therapy, dCRT definitive chemoradiotherapy

43.1 %; p = 0.041), clinical T3-T4 disease (group I,
60.4 %; group I, 38.2 %; p = 0.003) or T4 disease (group
1, 9.4 %; group 11, 2.8 %; p = 0.027), clinical N1 disease
(group I, 67.9 %; group I, 49.6 %; p = 0.015) and salvage
esophagectomy after definitive CRT (group I, 20.8 %;
group II, 8.5 %; p = 0.016) were significantly associated
with the occurrence of pulmonary complications. Unex-
pectedly, the existence of obesity, any respiratory comor-
bidity, chronic obstructive pulmonary disease (COPD) or
diabetes mellitus did not affect the occurrence of pul-
monary complications.

A comparison of the surgical factors and occurrence of
pulmonary complications is shown in Table 3. Although
blood loss was significantly associated with the occurrence
of pulmonary complications (group I, 852 + 1249 g; group
1, 554 &+ 378 g; p = 0.002), the difference in blood loss
(in grams)/body weight (in kilograms) between the groups
was highly significant (group I, 15.0 & 20.9 g/kg; group II,
9.6 & 6.1 g/kg; p < 0.001). Unexpectedly, total MIE and
the extent of the dissection field were unrelated. Although
the length of the operation tended to be greater in group I,
the difference was not significant (p = 0.087). While the
operation during the thoracic phase under one-lung venti-
lation was known for 215/299 (72 %) of patients, we did
not fully analyze this factor because of the existence of
missing data. However, the univariate analysis of the lim-
ited data showed a significant association between the
length of the thoracic operation and pulmonary complica-
tions (group I, 187 = 92 min; group II, 152 &% 56 min;
p = 0.002). In fact, regardless of whether the thoracic
operation was performed by an open method or a
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Table 3 Comparison of surgical factors between the groups

Variables Group 1 Group I p value
(n = 53) (n = 246)

Conduit
Stomach:colon 45:8 226:20 0.114

Route
Sub cutancous:retrosternal: 9377 29:158:59 0.180
posterior mediastinal

Field of dissection 2:3 22:31 87:159 0.399
Total MIE (-+):(~) 7:46 30:216 0.839
Total or partial MIE (4)(—) 944 44:202 0.876
Length of operation (min) 562 £ 153 533 4 102 0.087
Length of the thoracic phase 187 & 92 152 £ 56 0.002
(min)*

Bleeding
Blood loss (g) 852 4 1249 554 £ 378 0.002
Blood loss/body weight 150209 9.6+ 6.1 <0001

(g/kg)

* Data were missing for some patients

Table 4 Comparison of clinical course between the groups

Variables Group 1 Group 11 p value
(n = 53) (n == 246)

ICU stay (days) 4.3 457 17415 <0.001

Duration of respirator use 3.2 == 5.4 0.6£ 14 <0.001
(days)

Severity of complication (s) (Clavien-Dindo classification)
Sla:>10b 30:23 135:16 <0.001
Hospital stay (days) 38.0 4 4.6 240 £ 1.3 <0.001
In-hospital mortality 1 0

ICU intensive care unit

thoracoscopic method, the length of the thoracic operation
was related to the incidence of pulmonary complications
((open method) group I, 181 &= 98 min; group II,
149 -+ 58 min; p = 0.015) ((MIE) group 1, 208 =+ 60 min;
group II, 164 £ 46 min; p = 0.016).

The clinical courses were compared between the groups
(Table 4). The intensive care unit (ICU) stay and the
duration of respirator use were significantly longer in group
I than in group II. Severe complications with a Clavien-
Dindo [23] classification >IIIb were significantly more
common in group 1. Consequently, the mean hospital stay
of group I was longer. Only one patient (in group I) died of
respiratory failure in this study.

The results of the logistic regression analysis suggested
that a Brinkman index =800, salvage esophagectomy
and the blood loss/body weight were independent risk
factors for the development of pulmonary complications
(Table 5).

Discussion

Despite advances in perioperative management, pulmonary
complications after esophagectomy are common, and can
be a cause of hospital mortality. In the current study, the
incidence of pulmonary complications was the third most
common complication, following surgical site infections
(30.9 %) and recurrent laryngeal nerve palsy (20.3 %). In
addition, patients with pulmonary complications had sig-
nificantly prolonged ICU and hospital stays, and longer
durations of respirator use, resulting in high therapy costs.

The results of the multivariate analysis suggested that a
Brinkman index =800, preoperative definitive CRT and a
greater blood loss/body weight were independent risk factors
for pulmonary complications. Although several risk factors
have already been reported for the occurrence of pulmonary
complications [ 1-4, 7, 12-16], they varied among studies due
to differences in the study objectives, the definition of pul-
monary complications and the type of surgery (Table 6).
However, most previous studies have shown that smoking
and/or impairment of pulmonary function are independent
risk factors [1-4,7, 12, 15, 16]. Most patients with esophageal
squamous cell cancer are current or former smokers. In the
current study, 86 % of the patients had a history of smoking,
and 77 % of these patients had a Brinkman index >400. In
addition, 46 % of them had a Brinkman index >800.
A Brinkman index >400 relates to a risk of decreased respi-
ratory function, whereas a value =800 equates to a possibility
of COPD [26]. Infact, 27 % of the patients in the present study
showed obstructive ventilatory impairment with a forced
expiratory volume of 1.0 % <70 %. Smoking has been
reported to be a risk factor for pulmonary complications, and it
was also reported that tobacco cessation and preoperative
respiratory rehabilitation were expected to reduce the occur-
rence of complications [27].

On the other hand, the existence of obesity, any respi-
ratory comorbidity, COPD, and diabetes mellitus did not
affect the occurrence of pulmonary complications in our
study. It is possible that the improvements in the man-
agement of comorbidities and selection bias may be the
reasons for the lack of a significant association. In partic-
ular, there have been many advances in the preoperative
and postoperative management of respiratory complica-
tions, COPD and diabetes mellitus. Preoperative tobacco
cessation, nasal eradication, respiratory rehabilitation, the
use of long-acting P2 agonists and tight control of the
perioperative blood glucose level are all rigorously
enforced. The use of methylprednisolone and a neutrophil
elastase inhibitor may also have contributed to the reduc-
tion of pulmonary complications {28, 29]. A recent meta-
analysis suggested that the existence of obesity was not
associated with the incidence of postoperative complica-
tions [30]. The current results supported the findings of this
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