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Background: The role of preoperative weight loss (PWL) has rarely been studied in elderly patients
undergoing surgery for esophageal squamous cell carcinoma (ESCC). The aim of this study is to evaluate
whether PWL is an important determinant of survival in elderly patients following surgery for ESCC.
Methods: This retrospective study included a total of 974 elderly patients (=65 years) who underwent
esophagectomy for ESCC at the West China Hospital, Sichuan University from August 2005 to April 2013.
PWL was determined as the percentage weight loss during the 3 months before admission. Patients were
divided into three groups according to the PWL, defined as normal (PWL =0), slight PWL (0< PWL <10%)
and severe PWL (PWL >10%). Prognostic factors were evaluated by using univariate and multivariate analyses.
Results: Patients were categorized as normal (n=605, 62.11%), slight PWL (n=284, n=29.17%) and
severe PWL (n=85, 8.73%). Compared with patients without PWL, both the patients with slight and severe
PWL suffered from higher risk of tumor depth invasion (P=0.002 and P<0.001, respectively), lymph node
metastasis (P=0.009 and P=0.004, respectively) and advanced stage (P=0.006 and P<0.001, respectively). Both
patients with slight and severe PWL were significantly associated with worse overall survival compared with
patients without PWL (P=0.036 and P<0.001, respectively). Multivariate analysis revealed severe PWL was
an independent prognostic factor of overall survival [hazard ratio (HR) =1.534, 95% CI: 1.163-2.024] after
correcting for sex, body mass index (BMI), T stage, N stage, grade, and adjuvant therapy.

Conclusions: For elderly patients undergoing surgery for ESCC, PWL provided prognostic value for
depth of tumor invasion, lymph node metastasis and advanced stage. PWL >10% was an independent

predictor of worse overall survival.
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Introduction Despite improvements in perioperative management,

ESCC is the predominant histological type of esophageal instruments and surgical techniques, prognosis of ESCC

cancer in Eastern countries (1). Radical surgical resection remains poor (2). Pathological findings of the tumor such as

is the primary curative therapy for patients with ESCC. tumor size, grade of differentiation and presence of lymph
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node metastases, are all prognostic indicators that allow
patient stratification and clinical decision-making, but these
can only be obtained post-operatively.

A large variation in age occurs in the patients with
ESCC. Currently, the elderly population is increasing,
which results in an increased number of elderly ESCC
patients requiring surgery. Compared to younger patients,
elderly patients frequently have one or more comorbidities
and are often “frail” (3). There is a need for age-specific
studies and preoperative estimations of overall survival for
elderly patients, which might enable eligible elderly patient
selection for esophagectomy.

Host-related factors, such as malnutrition, are reported
to reduce overall survival after gastrointestinal surgery (4).
However, there is currently no standard criterion to assess
nutritional status in patients with ESCC (5). Due to reduced
food intake and increased energy consumption caused
by systemic inflammation induced by the tumor, PWL is
commonly associated with patients with esophageal cancer
(6,7). PWL is a very simple objective preoperative nutritional
parameter used to assess the nutritional condition of patients,
and has been recognized as an independent predictor of
long-term postoperative survival in various cancers, including
esophageal carcinoma (8-10). However, whether PWL could
provide predictive information on the long-term outcome
of elderly patients with ESCC remains uncertain (8,11). We
hypothesize that preoperative nutritional assessment based
on PWL is a promising indicator for predicting postoperative
long-term survival of elderly patients.

Methods
Patients

From August 2005 to April 2013, a total of 974 elderly
patients undergoing esophagectomy for ESCC in the
Department of Thoracic Surgery, West China Hospital,
Sichuan University were included in this retrospective study.
Although there was no agreement on a definition of elderly,
according to the literature (3,12), an age cutoff of =65 years
was used. All of the patients were preoperatively diagnosed
with ESCC by upper gastrointestinal endoscopy and biopsy.
Tumors were staged to be resectable according to contrast
CT scan of the chest and upper abdomen, esophageal
barium swallow and endoscopic ultrasound. In selected
cases, integrated fluorodeoxy-glucose positron emission
tomography was performed to exclude the presence of
metastatic disease. The exclusion criteria were as follows:
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(I) patients with non-squamous cell carcinoma; (II) patients
with incidental findings of M1 stage during operation; (III)
patients receiving neoadjuvant therapy; (IV) patients with
incomplete data. This study was approved by West China
Hospital of Sichuan University Biomedical Research Ethics
Committee [No. 2016049].

The current height and weight of patients were measured
before surgery. Stable weight was defined as the weight of
three months before the admission provided by the patient.
PWL was defined as the percentage weight loss during
the 3 months before admission. Even though preoperative
weight loss as a negative outcome has been described in
many studies, there is currently no standard criterion for
PWL. The 10% weight loss cutoff was chosen in our study
because PWL >10%was considered to represent severe
nutritional risk (13). In the presented study, patients were
subsequently classified into three groups: normal, slight
PWL (0< PWL <10%) and severe PWL (PWL =10%).
BMI was calculated as “weight (kg)/height (m’)”.

Data were obtained retrospectively, including patient
demographics, surgical procedures, treatment details,
pathological stage of disease and survival. The primary
outcome was overall survival. Covariates included age, sex,
BMI, T stage, N stage, grade, tumor location and adjuvant
therapy. Overall survival was the time from surgery to the
date of death or last clinic visit. Patients alive at the last
follow-up were censored for overall survival.

Surgical procedure

Patients without distant metastasis or definitive evidence
of extensive adjacent organ invasion underwent surgical
resection. All patients underwent a curative transthoracic
subtotal esophagectomy with two-field lymphadenectomy,
including the Sweet, Ivor-Lewis and McKeown approaches.
Patients with tumors located at the middle or lower thoracic
esophagus with no evidence of lymph node involvement
in the superior mediastinum or in the neck received
esophagectomy via the Sweet or Ivor-Lewis esophagectomies.
Patients with tumors located at the middle or upper thoracic
esophagus or with possible lymph node metastasis in the
superior mediastinum were operated via the McKeown
esophagectomy. The gastroesophageal anastomosis was
created in the chest or in the neck, depending on the location
of the tumor. Esophago-gastrostomy was created between the
proximal esophageal remnant and the gastric conduit using
either a circular stapler or a hand-sewn procedure based on
surgeons’ own technical expertise.
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Follow-up

All patients were seen in follow-up at our outpatient
department every three months in the first two years after
resection, and semi-annually thereafter. The follow-up
protocol included history taking, physical examination
and chest abdominal CT scans. Upper GI endoscopy,
radionuclide bone scans, PET-CT scans, and abdominal
ultrasound were arranged if clinically indicated. Overall
survival was calculated from the date of esophagectomy
until death or the end of the follow-up period, which was
up to five years post-operatively (14).

Statistical analysis

Continuous data are presented as the mean and standard
deviations. Categorical variables are shown as frequency
and percentages. The ¢ and chi-square tests were used
for comparison between the groups. The Kaplan-Meier
method was used to estimate survival. The log-rank test was
employed to compare for survival differences. Univariate
analysis was used to examine association between potential
predictors and survival. Hazard ratios (HRs) with 95%
confidence intervals (Cls) were utilized to quantify the
association between predictors and survival. Univariate
factors with a P value of <0.25 and believed to be associated
with cancer-related deaths, were entered into a multivariate
Cox proportional hazards regression model. Backward
stepwise elimination of variables was used to construct
the final model. P<0.05 was considered as statistically
significant. Data analysis was performed using SPSS
software version 24.0 (SPSS Inc., Chicago, IL, USA).

Results

One thousand and one hundred eighteen elderly patients
with ESCC were included in our database. One hundred
forty-four Patients were excluded as they did not meet the
inclusion criteria. These included 124 patients with non-
squamous cell carcinoma, 8 patients with incidental finding
of M1 stage during the operation, 8 patients who had
missing data, and 4 patients receiving neoadjuvant therapy.
Finally, a total of 974 patients were included in the analysis.
The mean follow-up time was 33.9 months.

PWL and clinicopathological characteristics (Table 1)

The demographic and clinical characteristics of the included
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974 patients (787 males and 187 females) are summarized
in Table 1. Patients were categorized as three groups,
including 605 patients (62.11%) had no PWL, 284 patients
(29.17%) had slight PWL (0-10%), 85 patients (8.73%)
had severe PWL (>10%). A significant higher number of
patients presenting with severe PWL were found to have
BMI <18.5 (P<0.001). Patients with slight and severe PWL
suffered from higher risk of local tumor invasion (P=0.002
and P<0.001, respectively), lymph node involvement
(P=0.009 and P=0.004, respectively) and advanced stage
disease (P=0.006 and P<0.001, respectively). There was no
significant difference in preoperative comorbidities, tumor
differentiation status, tumor location, surgical approach and
adjuvant therapy when comparing slight PWL and severe
PWL with patients without PWL.

Overall survival

The one-, three- and five-year overall survival rates were
79.1%, 52.4% and 41.9% in the normal group, 77.6%,
45.0% and 32.7% in the sight PWL group, and 64.9%,
29.4% and 20.2% in the severe PWL group, respectively.
Kaplan-Meier curves comparing patients of the three
groups regarding overall survival showed statistically
significantly worse overall survival for patients with slight
PWL (P=0.036) and severe PWL (P<0.001) compared to
patients with no PWL (Figure I).

Predictive factors for overall survival (Table 2)

In the univariate analysis (Table 2), sex (hazard ratio 1.388;
P=0.004), slight PWL (hazard ratio 1.217; P=0.035), severe
PWL (hazard ratio 1.842; P<0.001), T stage (hazard ratio
2.418; P<0.001), N stage (hazard ratio 2.342; P<0.001)
and grade (hazard ratio 1.344; P=0.001) were found to
be significantly associated with overall survival. The
subsequent multivariate analysis (7zble 2) showed that
severe PWL (hazard ratio 1.534; P=0.002), T stage (hazard
ratio 1.966; P<0.001), N stage (hazard ratio 1.967; P<0.001)
and adjuvant therapy (hazard ratio 0.826; P=0.035) were
independent prognostic factors for elderly patients with
ESCC.

Discussion

Several studies have shown that PWL is associated with
worse prognosis in patients with various types of cancer
(8,15,16). Due to reduced food intake with the presence
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Table 1 Demographic and clinicopathologic characteristics
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Weight loss P value
Variables Normal (control) 0 Slightly PWL 0-10%  Severe PWL =10%  Slightly PWL vs. Severe PWL vs.
(n=605) (n=284) (n=85) control control
Age 66.01+4.95 65.97+4.84 66.02+4.60 0.92 0.98
Sex 0.92 0.34
Male 486 (80.33) 229 (80.63) 72 (84.71)
Female 119 (19.67) 55 (19.37) 13 (15.29)
Preoperative BMI
>18.5 533 (88.10) 239 (84.15) 54 (63.53) 0.11 <0.001
<18.5 72 (11.90) 45 (15.85) 31 (36.47)
Comorbidity
Diabetes 16 (2.64) 13 (4.58) 3(3.53) 0.13 0.91
CHD 7(1.16) 3(1.06) 1(1.18) 1.0 1.0
Arrhythmia 9 (1.49) 2 (0.70) 0 0.508 0.533
Hypertention 85 (14.05) 44 (15.49) 17 (20.00) 0.569 0.148
Other cancer 4 (0.66) 5(1.76) 0 0.243 1.0
pT 0.002 0.000
1-2 243 (40.17) 83 (29.23) 14 (16.47)
3-4 362 (59.83) 201 (70.77) 71 (83.53)
pN 0.009 0.004
0 384 (63.47) 154 (54.23) 40 (47.06)
1-3 221 (36.53) 130 (45.77) 45 (52.94)
pTNM 0.006 0.000
-1l 374 (61.82) 148 (52.11) 30 (35.29)
1] 231 (38.12) 136 (47.89) 55 (64.71)
Grade 0.234 0.147
Well 20 (3.31) 8 (2.82) 2 (2.35)
Moderately 239 (39.50) 127 (44.72) 25 (29.41)
Poorly 311 (51.40) 140 (49.30) 55 (64.71)
Others 35 (5.79) 9(3.17) 3(3.53)
Tumor location 0.444 0.587
Upper 58 (9.59) 20 (7.04) 7 (8.24)
Middle 397 (65.62) 87 (65.85) 51 (60.00)
Lower 5(23.97) 76 (26.76) 26 (30.59)
Cardia 5(0.83) 1(0.35) 1(1.18)
Procedure 0.350 0.956
Sweet 500 (82.64) 245 (86.27) 72 (84.71)
Ivor-Lewis 30 (4.96) 3 (4.58) 4(4.71)
McKeown 55 (9.09) 6 (5.63) 7 (8.24)
Other 20 (3.31) 0 (3.52) 2(2.35)
Adjuvant therapy 0.645 0.98
No 412 (68.10) 189 (66.55) 58 (68.24)
Yes 193 (31.90) 95 (33.45) 7 (31.76)
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of dysphagia and cancer-associated malnutrition, PWL is
a common complaint for patients with ESCC. To the best
of our knowledge, the number of elderly patients requiring
surgical treatment for ESCC is increasing, and so there is
a critical need for eligible patient selection in the elderly
undergoing esophagectomy for ESCC. The presented study
confirmed that >10% PWL was an independent prognostic

1.0 Weight loss (%)
-0
-~ 0-10
- 210

Overall survival

0.0+

0 25 50 75 100 125
Time (mo)

Figure 1 Kaplan-Meier curve illustrating significantly worse overall
survival for patients with slight PWL (the thin dotted line, P=0.036)
and severe PWL (the thick dotted line, P<0.001) compared to
patents with no PWL. PEL, preoperative weight loss.

Table 2 Univariate and multivariate analyses for overall survival

Zhang et al. Preoperative weight loss on survival

factor for elderly patients undergoing surgery for ESCC.
These data indicate PWL might provide important
preoperative values on long-term outcome for elderly
patients undergoing esophagectomy with ESCC.

Previous studies suggested that a >10% PWL threshold
represents severe nutritional risk, was associated with
worse survival and an increased incidence of postoperative
complications (8,17). The presented study indicated that
not only >10% PWL but also 0-10% PWL were associated
with decreased overall survival for elderly patients
undergoing esophagectomy for ESCC. Furthermore, PWL
higher than 10% was an independent risk factor of overall
survival for these patients in the multivariate analysis. The
definite mechanism by which PWL decreases the overall
survival rate remains to be fully understood. Potentially,
reduced immune function in malnourished patients might
account for a reduced chance of survival (18). In addition,
a low nutritional status might promote the proliferation of
residual tumor cells or peripheral blood circulating tumor
cells, which might also contribute to a worse survival (19).

According to available literature, about 80% of patients
with advanced cancer experienced weight loss (20). Our
results also indicated that patients with a PWL suffered
from higher risk of lymph node involvement, local
tumor invasion and advanced stage disease. Patients with
advanced cancers have higher basal metabolic demands and
subsequently higher energy expenditures (21), which might
result in weight loss in patients with more advanced ESCC.

BMI has been targeted as a predictor of prognosis for

Univariate analyses

Multivariate analyses

Variables
HR 95% ClI P value HR 95% ClI P value

Age 1.037 0.849-1.268 0.720 - - -
Sex (M/F) 1.388 1.111-1.733 0.004 1.213 0.969-1.518 0.092
Slight PWL 1.217 1.014-1.460 0.035 1.088 0.906-1.308 0.367
Severe PWL 1.842 1.406-2.413 0.000 1.534 1.163-2.024 0.002
BMI 0.800 0.641-0.998 0.048 1.042 0.829-1.309 0.727
T stage 2.418 1.993-2.934 0.000 1.966 1.605-2.408 0.000
N stage 2.342 1.984-2.765 0.000 1.967 1.653-2.341 0.000
Grade 1.344 1.135-1.592 0.001 1.049 0.968-1.136 0.244
Location 0.973 0.805-1.175 0.775 - - -
Adjuvant therapy 0.953 0.800-1.135 0.590 0.826 0.692-0.986 0.035

PEL, preoperative weight loss.
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patients who have undergone esophagectomy (22). Some
studies have demonstrated a poor survival for underweight
patients (23,24). Our results revealed that BMI <18.5
predicted poor survival in elderly patients with ESCC in
a univariate analysis. We also showed that it was not an
independent factor for survival in a multivariate analysis.
Due to the increased prevalence of obesity and overweight,
a number of patients with esophageal cancer did not fall
below their ideal weight, and BMI was normal at the time
of diagnosis (25). Also, BMI changes over time for male and
female (26). Therefore, we postulate that BMI alone might
not an optimal indicator of long-term surgical outcome.

Both of univariate and multivariate analysis indicated
PWL higher than 10% was an independent prognostic
factor of overall survival for elderly patients undergoing
surgery for ESCC. We hypothesize that PWL higher than
10% might be used in daily clinical practice to evaluate
the nutrition status for these patients preoperatively. Our
results demonstrated PWL was correlated with poor overall
survival for elderly patients with ESCC, and therefore
may be a promising screening tool for the identification of
malnourished patients to whom perioperative nutritional
support could be offered. Further study might also focus on
the treatment effects of preoperative parenteral and enteral
feeding for elderly patients who underwent esophagectomy
for ESCC.

There exist several potential limitations of the present
study. Firstly, the study was retrospective. Secondly,
resulting from selection bias, only patients undergoing
surgical resection were enrolled. Patients with advanced
stage undergoing conservative treatment and patients with
early stage disease undergoing endoscopic submucosal
dissection were also not included in the analysis. In
addition, neoadjuvant treatment was not routinely applied
to our study population during August 2005 to April 2013,
therefore only patients who underwent upfront surgical
resection were included in our study.

Conclusions

For elderly patients undergoing surgery for ESCC, PWL
provided prognostic value for the depth of tumor invasion,
lymph node metastasis and advanced stage, and PWL =10%
was an independent predictor of worse overall survival.
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