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Background: Neoadjuvant therapy (NAT) has become common worldwide for resectable advanced esophageal cancer and
frequently involves weight loss. Although failure to rescue (death after major complications) is known as an emerging surgical quality
measure, little is known about the impact of weight loss during NAT on failure to rescue. This retrospective study aimed to investigate
the association of weight loss during NAT and short-term outcomes, including failure to rescue after esophagectomy.
Materials and methods: Patients who underwent esophagectomy after NAT between July 2010 and March 2019 were identified
from a Japanese nationwide inpatient database. Based on quartiles of percent weight change during NAT, patients were grouped
into four categories of gain, stable, small loss, and loss (>4.5%). The primary outcomes were failure to rescue and in-hospital
mortality. The secondary outcomes were major complications, respiratory complications, anastomotic leakage, and total
hospitalization costs. Multivariable regression analyses were used to compare outcomes between the groups, adjusting for potential
confounders, including baseline BMI.
Results: Among 15 159 eligible patients, in-hospital mortality and failure to rescue occurred in 302 (2.0%) and 302/5698 (5.3%)
patients, respectively. Weight loss (> 4.5%) compared to gain was associated with increased failure to rescue and in-hospital
mortality [odds ratios 1.55 (95% CI: 1.10–2.20) and 1.53 (1.10–2.12), respectively]. Weight loss was also associated with increased
total hospitalizations costs, but not with major complications, respiratory complications, and anastomotic leakage. In subgroup
analyses, regardless of baseline BMI, weight loss (> 4.8% in nonunderweight or >3.1% in underweight) was a risk factor for failure to
rescue and in-hospital mortality.
Conclusion: Weight loss during NAT was associated with failure to rescue and in-hospital mortality after esophagectomy,
independent of baseline BMI. This emphasizes the importance of weight loss measurement during NAT to assess the risk for a
subsequent esophagectomy.
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Introduction

Subtotal esophagectomy, the mainstay curative treatment for
resectable esophageal cancer, is one of the most invasive surgical
procedures, and results in high proportions of postoperative
mortality (4.5%) and complications (59%)[1]. Because post-
operative complications may be inevitable, even with appropriate

surgical procedures and perioperative care, quality improvement
efforts have shifted from preventing complications to preventing
deaths after the development of complications[2]. Risk factors for
‘failure to rescue’, defined as death among patients with major
complications, have thus received increasing attention[3–5]. In
particular, modifiable patient-level risk factors for failure to
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rescue could be appealing targets for improving the surgical
outcomes across all hospitals[2]. Although age and pre-existing
comorbidities, such as renal failure and liver disease have been
reported as patient-level risk factors for failure to rescue after
esophagectomy[6], most of them seem to be unmodifiable.

Esophageal cancer has the highest median weight loss before
diagnosis among all cancers[7]. Nearly half of the patients
undergoing esophagectomy experience weight loss before
diagnosis[8,9] and further weight loss occurs frequently during
neoadjuvant therapy (NAT)[10,11], which has become common
worldwide recently for advanced esophageal cancer[12]. The
cause of weight loss is multifactorial, including tumor-associated
symptoms (e.g. dysphagia) and abnormal metabolism, therapy-
associated toxicities, and muscle atrophy due to patient
inactivity[13]. Consequently, preoperative severe weight loss
(>10% during the 6 months before surgery) occurred in 9–20%
of esophageal cancer patients[14–16] and was associated with
postoperative mortality after esophagectomy[14].

Although weight loss before diagnosis is unmodifiable, weight
loss after diagnosis to surgery is potentially modifiable, especially
in patients who receive NAT because they generally have suffi-
cient time (2–3 months or more) for preoperative optimization.
Indeed, previous studies showed that prehabilitation (i.e. pre-
operative exercise and nutritional intervention) during NAT
resulted in a relative preoperative weight gain (4.6–4.8%) com-
pared to the control group[17,18]. However, the impact of weight
change duringNAT on the surgical outcomes, including failure to
rescue and mortality, remains unknown.

In the present study, we aimed to determine the association
between weight loss during NAT and short-term outcomes after
oncologic esophagectomy, using a Japanese nationwide inpatient
database.

Materials and methods

Data source

This retrospective cohort study was conducted using the Diagnosis
Procedure Combination database, a Japanese nationwide inpa-
tient database[19]. More than 8 million hospital administrative
claims data and discharge abstracts from more than 1200 hospi-
tals are collected annually in this database. All university hospitals
are required to participate in the database, while other hospitals
participate on a voluntary basis. The requirement for informed
consent was waived because of the anonymous nature of the data.
This study was approved by the institutional review board with a
unique identifying number of the registration.

The database includes the following information: sex; age at
admission; height and weight at admission; smoking history
(including both current smoker and ex-smoker); diagnosis and
comorbidities at admission and complications after admission
recorded using the International Classification of Diseases, 10th
Revision (ICD-10) codes; clinical cancer stage based on the
seventh edition of the Union for International Cancer Control
Tumor, Node, Metastasis classification; preoperative che-
motherapy and radiotherapy; interventional and surgical proce-
dures according to the original Japanese codes; unique hospital
identifier; length of stay; discharge status; and total hospitaliza-
tion costs. All discharge abstracts for each patient were recorded
at discharge by the attending physician. Previous validation
studies have shown high accuracy for cancer diagnosis[20],

surgical procedures[21], comorbidities[22], and postoperative
complications[23].

Study protocol

We identified patients who underwent esophagectomy
with two-field (thoraco-abdominal) or three-field (cervico-
thoraco-abdominal) lymph node dissection for esophageal cancer
between July 2010 and March 2019. Among them, we included
those who started 5-flurouracil-based NAT (chemotherapy or
chemoradiotherapy) 4–20 weeks prior to esophagectomy.
Patients who underwent trans-hiatal esophagectomy and two-
stage reconstruction were not included in this study. We used the
original Japanese procedure codes for surgery to identify patients
who underwent these procedures.

The exclusion criteria were as follows: patients aged less than
18 years; patients who underwent combined surgery for laryngeal
or hypopharyngeal cancer; and patients who were outliers for
height (< 100 or >200 cm), weight (<20 or > 200 kg), BMI
(< 12.5 or >60 kg/m2), or weight change during NAT (>30%
gain or >30% loss). Weight change during NAT was defined
as the relative percent change in weight between the weight
at admission for the initial NAT (baseline weight) and the
weight at admission for surgery (presurgery weight); that is,
weight change= (presurgery weight – baseline weight) / baseline
weight× 100. We also excluded patients who underwent NAT
and esophagectomy during the same hospitalization because data
on their presurgery weight were not available in the database.

Weight change during NAT was categorized into quartiles (Q)
from the highest weight gain to the highest weight loss: Q1,
weight gain (≥ 2.0% gain); Q2, weight stable (< 2.0% gain or
≤ 0.9% loss); Q3, small weight loss (0.8–4.5% loss); and Q4,
weight loss (>4.5% loss).

The primary outcomes were failure to rescue and in-hospital
mortality. Failure to rescue was defined as the proportion of
mortality in patients with at least onemajor complication[24]. The
secondary outcomes were major complications, respiratory
complications, anastomotic leakage, length of stay after surgery,
and total hospitalization costs. We defined major complications
as respiratory complications, anastomotic leakage, pneu-
mothorax, chylothorax, empyema, peritonitis, ileus/bowel
obstruction/symptomatic hernia (hiatal or diaphragmatic), pul-
monary embolism, acute coronary syndrome, heart failure,
stroke, acute kidney injury, sepsis, and others, resulting in
unplanned intubation or death[24,25]. The ICD-10 codes and
procedure codes used to define these postoperative complications
are shown in Supplemental Table 1, Supplemental Digital
Content 1, http://links.lww.com/JS9/A156.

We examined patient background characteristics, including
sex, age (presurgery), baseline BMI (preNAT), smoking history

HIGHLIGHTS

• A quarter of patients had weight loss (>4.5%) during
neoadjuvant therapy.

• Weight loss during neoadjuvant therapy was associated
with mortality after esophagectomy.

• Weight loss was also associated with failure to rescue
(death after complications).

• These associations were independent of baseline BMI.
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(presurgery), comorbidities (presurgery), and clinical T, N, and
M factors. Baseline BMI was categorized into four groups based
on the criteria for Asia-Pacific populations by the World Health
Organization according to our previous study: less than 18.5 kg/
m2 (underweight), 18.5–22.9 kg/m2 (normal), 23.0–27.4 kg/m2

(overweight), and greater than or equal to 27.5 kg/m2

(obese)[24,26]. Comorbidities were scored by the Charlson
comorbidity index based on ICD-10 codes[27] and classified into
three groups: 2, 3–4, and greater than or equal to 5. The clinical T
factor was divided into three categories: T0–2, T3–4, and TX/
missing. The clinical N factor was divided into three categories:
N0, N1–3, and NX/missing. The clinical M factor was divided
into three categories: M0, M1, and missing.

We also investigated treatment characteristics, including the
regimen and cycles of chemotherapy, radiotherapy, the interval
from NAT to surgery, preoperative tube feeding, the field of
lymph node dissection, the thoracic approach, and hospital
volume. Chemotherapy regimens were categorized into three
groups: cisplatin plus 5-fluorouracil; docetaxel, cisplatin plus 5-
fluorouracil (DCF); and others (5-fluorouracil-based). The cycles
of chemotherapy were categorized into two groups; 1 and greater
than or equal to 2. In Japan, preoperative chemotherapy with the
cisplatin plus 5-fluorouracil regimen (two courses) was the stan-
dard NAT for locally advanced esophageal cancer (clinical stage
≥ II) during the study period, while intensive chemotherapy with
the DCF regimen (three courses) and chemoradiotherapy were
evaluated in a clinical trial[28–30]. The interval from NAT to
surgery (defined as the number of days from the initiation of NAT
to the surgery) was divided into two groups by the median
(65 days). Preoperative tube feeding was defined as enteral
nutrition (via jejunostomy, gastrostomy, nasojejunal tube, or
nasogastric tube) at least once from the day of admission for the
initial NAT to the day before surgery. The field of lymph node
dissection was either two fields (thoracic and abdominal
approaches) or three fields (cervical, thoracic, and abdominal
approaches; with or without supraclavicular lymph node dis-
section). The thoracic approach for esophagectomy was divided
into open and minimally invasive (i.e. thoracoscopic, mediasti-
noscopy-assisted, or robotic-assisted esophagectomy) approa-
ches. Whether the thoracic approach was open or minimally
invasive was not recorded before March 2014. The database also
did not include information on whether an abdominal approach
was an open laparotomy or a laparoscopy. Hospital volume was
defined as the number of esophagectomies performed per year in
each hospital and was categorized into Q.

Statistical analysis

We conducted the following multivariable regression analyses
fitted with generalized estimating equations: logistic regression
analyses for failure to rescue, in-hospital mortality, major com-
plications, respiratory complications, and anastomotic leakage;
and linear regression analyses for length of stay and total hospi-
talization costs. The generalized estimating equations enabled us
to adjust the analyses for clustering of variables within the same
hospital, such as patient background characteristics and physi-
cian practice patterns[31]. The explanatory variables in the mul-
tivariable analyses were patient background characteristics (sex,
age, Charlson comorbidity index, baseline BMI category, smok-
ing history, clinical T, N, and M factors), and treatment char-
acteristics (regimens and cycles of chemotherapy, radiotherapy,

interval from NAT to surgery, preoperative tube feeding, field of
lymph node dissection, thoracic approach, and hospital volume).
The odds ratios (ORs) and their 95% CI were calculated in the
logistic regression analyses, and the coefficients and their 95%CI
were calculated in the linear regression analyses for quartile
categories of weight change during NAT. The weight gain group
(Q1) was used as a reference because we considered that patients
in this group were closest to their preillness weight. That is,
esophageal cancer patients who require NAT often experience
weight loss due to dysphasia and other causes before the
diagnosis[8,9,13], and they can regain their preillness weight dur-
ing NAT through prehabilitation[17,18] or tumor shrinkage.

In subgroup analyses, we performed multivariable logistic
regression analyses fitted with generalized estimating equations
stratified by baseline BMI (underweight or nonunderweight
[normal/overweight/obese]) for the primary outcomes. Q of
weight change during NAT in nonunderweight and underweight
patients were calculated and categorized separately for each
baseline BMI. The ORs in the subgroup analyses were adjusted
for sex, age, and the Charlson comorbidity index.

In the summary statistics, the Kruskal–Wallis H test was
used for comparisons of continuous variables and the χ2-test
was used for comparisons of categorical variables between the
groups. Statistical significance was accepted at P less than
0.05. All statistical analyses were conducted using statistics
and data (STATA) version 16 (StataCorp LLC). This study
was conducted in line with the strengthening the reporting of
cohort, cross-sectional and case-control studies in surgery
(STROCSS) criteria[32], Supplemental Digital Content 2, http://
links.lww.com/JS9/A157.

Results

Overall, 40 245 esophageal cancer patients who underwent
esophagectomy between July 2010 and March 2019 were iden-
tified. Among them, 16 498 patients received 5-flurouracil-based
NAT 4–20 weeks prior to esophagectomy. There were no
patients younger than 18 years of age. We excluded patients
with combined surgery for laryngeal/hypopharyngeal cancer
(n=151), patients who were outliers for height (n= 118), weight
(n=14), BMI (n=12), or weight change (n=36), and patients
who underwent NAT and esophagectomy during the same hos-
pitalization (n=1008). Finally, 15 159 patients were analyzed in
the study. The median age was 67 (interquartile range, 61–72)
years, and 12 661 patients (84%) were male.

The patient and treatment characteristics were compared among
the quartile categories of weight change during NAT (Table 1). The
weight gain group was more likely to be young and underweight at
baseline, to receive chemotherapywith DCF, to receive greater than
or equal to 2 cycles of chemotherapy, and to have a longer interval
from NAT to surgery than the other groups. The weight loss
(>4.5%) group was more likely to be obese at baseline, to be
diagnosed with clinical T3–4, to receive preoperative tube feeding,
and to receive radiotherapy compared to the other groups.

The crude outcomes of the patients categorized by the quartile
categories of weight change during NAT are shown in Table 2
and the detailed postoperative complications are shown in
Supplemental Table 2, Supplemental Digital Content 1, http://
links.lww.com/JS9/A156. In-hospital mortality and failure to
rescue occurred in 302 (2.0%) and 302/5698 (5.3%) patients,
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respectively. The proportions of failure to rescue, in-hospital
mortality, length of stay after surgery, and total hospitalization
costs differed significantly among the groups (P= 0.004, 0.005,
<0.001, and <0.001, respectively).

Table 3 shows the associations between weight change
during NAT and short-term outcomes using multivariable
regression analyses. Patients with weight loss greater than
4.5% were significantly associated with a higher occurrence

Table 1
Patient background and treatment characteristics categorized by quartiles of weight change during neoadjuvant therapy.

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Factor Category Gain (n= 3789) Stable (n= 3789) Small loss (n= 3791) Loss (> 4.5%) (n= 3790) P

Patient background
Sex Male 3111 (82) 3162 (83) 3174 (84) 3214 (85) 0.017
Age, years 65 (59–70) 67 (61–71) 68 (62–73) 68 (63–73) < 0.001
Baseline BMI category Underweight 1043 (28) 624 (16) 530 (14) 493 (13) < 0.001

Normal weight 2041 (54) 2029 (54) 1983 (52) 2031 (54)
Overweight 658 (17) 1020 (27) 1136 (30) 1097 (29)
Obese 47 (1.2) 116 (3.1) 142 (3.8) 169 (4.5)

Charlson comorbidity index 2 3005 (79) 3054 (81) 3030 (80) 2999 (79) 0.63
3–4 463 (12) 448 (12) 468 (12) 484 (13)
≥ 5 321 (8.5) 287 (7.6) 293 (7.7) 307 (8.1)

Smoking history 3044 (80) 2865 (76) 2806 (74) 2836 (75) < 0.001
Clinical T factor T0–2 1194 (32) 1318 (35) 1389 (37) 1059 (28) < 0.001

T3–4 2291 (60) 2173 (57) 2129 (56) 2436 (64)
TX/missing 304 (8.0) 298 (7.9) 273 (7.2) 295 (7.8)

Clinical N factor N0 910 (24) 895 (24) 1056 (28) 884 (23) < 0.001
N1–3 2594 (68) 2592 (68) 2465 (65) 2629 (69)

NX/missing 285 (7.5) 302 (8.0) 270 (7.1) 277 (7.3)
Clinical M factor M0 3338 (88) 3363 (89) 3351 (88) 3360 (89) 0.68

M1 183 (4.8) 149 (3.9) 171 (4.5) 165 (4.4)
Missing 268 (7.1) 277 (7.3) 269 (7.1) 265 (7.0)

Treatments
Chemotherapy regimen CF 2259 (60) 2580 (68) 2656 (70) 2643 (70) < 0.001

DCF 1331 (35) 983 (26) 918 (24) 930 (25)
Others 199 (5.3) 226 (6.0) 217 (5.7) 217 (5.7)

Cycles of chemotherapy ≥ 2 3293 (87) 2931 (77) 3032 (80) 3017 (80) < 0.001
Radiotherapy (with chemotherapy) 366 (9.7) 400 (11) 449 (12) 561 (15) < 0.001
Interval from NAT to surgery ≥ 65 days 2356 (62) 1830 (48) 1804 (48) 1884 (50) < 0.001
Preoperative tube feeding 265 (7.0) 219 (5.8) 238 (6.3) 430 (11) < 0.001
Three-field lymph node dissection 3429 (90) 3409 (90) 3384 (89) 3375 (89) 0.14
Thoracic approach Unspecified (to March 2014) 1230 (32) 1336 (35) 1281 (34) 1259 (33) 0.034

Open 1010 (27) 1047 (28) 1002 (26) 1012 (27)
Minimally invasive 1549 (41) 1406 (37) 1508 (40) 1519 (40)

Hospital volume, cases per year < 7 849 (22) 800 (21) 822 (22) 799 (21) < 0.001
7–19 910 (24) 926 (24) 914 (24) 1036 (27)
20–42 969 (26) 1061 (28) 878 (23) 749 (20)
≥ 43 1061 (28) 1002 (26) 1177 (31) 1206 (32)

Data are presented as n (%) or median (interquartile range).
CF, cisplatin plus 5-fluorouracil; DCF, Docetaxel, cisplatin plus 5-fluorouracil; NAT, neoadjuvant therapy.

Table 2
Crude outcomes of patients categorized by quartiles of weight change during neoadjuvant therapy.

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Variable Gain (n= 3789) Stable (n= 3789) Small loss (n= 3791) Loss (> 4.5%) (n= 3790) P

Failure to rescue 59/1450 (4.1) 67/1417 (4.7) 76/1390 (5.5) 100/1441 (6.9) 0.004
In-hospital mortality 59 (1.6) 67 (1.8) 76 (2.0) 100 (2.6) 0.005
Major complications 1450 (38) 1417 (37) 1390 (37) 1441 (38) 0.48
Respiratory complications 971 (26) 940 (25) 940 (25) 987 (26) 0.51
Anastomotic leakage 459 (12) 484 (13) 449 (12) 464 (12) 0.66
Length of stay after surgery, days 23 (17–35) 23 (17–36) 23 (17–36) 24 (18–40) < 0.001
Total hospitalization costs, US$ 28 744 (25 588–33 982) 28 728 (25 625–34 464) 28 942 (25 684–34 663) 29 625 (26 323–36 229) < 0.001

Data are presented as n (%) or median (interquartile range).
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of failure to rescue (ORs, 1.55 [95% CI, 1.10–2.20]),
higher in-hospital mortality (1.53 [1.11–2.12]), longer length
of stay after surgery, and increased hospitalization costs,
compared to those with weight gain. Small weight loss as well
as stable weight were not associated with the outcomes. The

proportions of major complications, respiratory complica-
tions, and anastomotic leakage were similar among the
groups.

Figure 1 shows subgroup analyses for the primary outcomes
stratified by nonunderweight and underweight at baseline. The

Table 3
Multivariable regression analyses for short-term outcomes.

Quartile 2 Quartile 3 Quartile 4
Stable Small loss Loss (> 4.5%)

Variable OR 95% CI P OR 95% CI P OR 95% CI P

Failure to rescue 1.09 0.76–1.56 0.64 1.27 0.87–1.85 0.22 1.55 1.10–2.20 0.013
In-hospital mortality 1.10 0.77–1.57 0.61 1.23 0.85–1.77 0.27 1.53 1.10–2.12 0.011
Major complications 0.98 0.89–1.09 0.74 0.95 0.86–1.04 0.27 1.00 0.90–1.12 0.94
Respiratory complications 0.97 0.88–1.07 0.51 0.94 0.86–1.04 0.23 1.02 0.91–1.14 0.76
Anastomotic leakage 1.05 0.91–1.22 0.49 0.98 0.85–1.12 0.74 0.97 0.84–1.12 0.69

Coef 95% CI P Coef 95% CI P Coef 95% CI P
Length of stay after surgery, days 0.4 − 1.3–2.1 0.66 0.1 − 1.6–1.8 0.93 1.8 0.1–3.5 0.042
Total hospitalization costs, US$ 458 − 347–1263 0.27 44 − 667–756 0.90 973 233–1713 0.010

OR and Coef are with reference to Quartile 1 (Gain). The explanatory variables were patient background characteristics (sex, age, Charlson comorbidity index, baseline BMI category, smoking history, clinical T
factor, clinical N factor, clinical M factor) and treatment characteristics (chemotherapy regimen, cycles of chemotherapy, radiotherapy, interval from neoadjuvant therapy to surgery, preoperative tube feeding, field
of lymph node dissection, thoracic approach, and hospital volume). A generalized estimating equation was used to adjust for within-hospital clustering.
Coef, coefficient; OR, odds ratio.

Figure 1. Subgroup multivariable regression analyses of primary endpoints stratified by baseline BMI. Odds ratios of respiratory failure (A) and in-hospital mortality
associated with weight change during neoadjuvant therapy (B). The explanatory variables were sex, age, and Charlson comorbidity index. OR, odds ratio.
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median weight change during NAT was 1.2% loss (interquartile
range, 1.5% gain to 4.8% loss) in nonunderweight patients and
0.2% gain (4.5% gain to 3.1% loss) in underweight patients.
Regardless of baseline BMI, weight loss (>4.8% in the non-
underweight and > 3.1% in the underweight) was significantly
associated with a higher occurrence of failure to rescue and
in-hospital mortality compared to weight gain.

Discussion

In this nationwide retrospective cohort study, we investigated the
association between weight loss during NAT and short-term
outcomes after esophagectomy in patients with esophageal can-
cer after adjustment for potential confounders. The key findings
of the present study were as follows: weight loss greater than
4.5% was associated with increased failure to rescue and in-
hospital mortality but not with major complications, compared
to weight gain; and weight loss (>4.8% group in nonunder-
weight patients or >3.1% in underweight patients) was a risk
factor for failure to rescue and in-hospital mortality regardless of
baseline BMI. To the best of our knowledge, this is the first study
to analyze the association between weight loss during NAT and
short-term outcomes after esophagectomy.

Both weight loss and low BMI are well-known markers of
malnutrition[33], and the guidelines on nutrition in cancer
patients strongly recommend BMI measurement at cancer diag-
nosis as well as repeated evaluation of weight change after
diagnosis[13]. We previously reported that low BMI was a risk
factor for failure to rescue as well as in-hospital mortality after
oncologic esophagectomy[24]. However, although weight loss
frequently occurs during the NAT period (i.e. after diagnosis to
surgery) in esophageal cancer patients[10,11], its impact on short-
term outcomes after esophagectomy remains unknown.

In the current study, we revealed that a weight loss greater than
4.5% during NAT was a risk factor for failure to rescue and in-
hospital mortality after esophagectomy. Our findings suggest that
the increased in-hospital mortality in patients with weight loss
was attributed to an increased risk of death after major compli-
cations (i.e. failure to rescue) rather than an increased risk of
complications. Previous randomized controlled trials have shown
that NAT does not increase postoperative mortality after
esophagectomy[34–36]. However, patients with weight loss during
NAT may have an increased risk of failure to rescue presumably
due to decreased physiological reserve (e.g. immune, endocrine,
musculoskeletal, and respiratory systems)[37]. Therefore, eso-
phageal surgeons should devote more attention to patients who
experienced weight loss during NAT. When these patients
develop a major complication, early interventions for the com-
plication (e.g. intensive care unit admission and concentrating
human resources) could reduce mortality[38,39].

In subgroup analysis according to baseline BMI, the weight loss
group (>4.8% in nonunderweight patients and >3.1% in
underweight patients) demonstrated poor primary outcomes
regardless of baseline BMI. Impact of weight change on the general
condition may differ depending on baseline BMI. Indeed, some
guidelines recommend low BMI patient-specific cut-off value of
weight change in diagnosis of cancer cachexia and malnutrition:
cancer cachexia criteria: weight loss greater than 5% over the last
6 months, or BMI less than 20 kg/m2 and ongoing weight loss
greater than 2%[40]; malnutrition criteria: weight loss greater than

10%, or low BMI (<20 kg/m2 if < 70 years or <22 kg/m2 if
≥70 years) and weight loss greater than 5% over the last
3 months[41]. For accurate risk assessment, surgeons should con-
sider baseline BMI when assessing the weight change during NAT.

We previously showed that low BMI was associated with an
increased risk of major complications after esophagectomy[24].
However, the current study results revealed that a weight loss
greater than 4.5% during NAT was not associated with major or
specific complications (such as respiratory complications and
anastomotic leakage) after oncologic esophagectomy. Likewise,
previous studies showed that neither a preoperative weight loss
greater than 10% during 3 months before diagnosis[15] nor a
skeletal muscle loss greater than 5% during NAT[42] was asso-
ciated with postoperative complications. Although weight loss
and low BMI are both markers of malnutrition[33], they would
have different effects on surgical outcomes. Therefore, our results
emphasize the importance of assessing weight loss during NAT
for risk stratification in patients undergoing esophagectomy as
well as the preoperative BMI.

Moreover, weight loss during NAT could be an appealing
target for preoperative optimization because this is potentially
modifiable through a preoperative exercise program and weekly
nutritional counseling[17,18], preoperative jejunostomy tube
feeding[43], or proper management of chemotherapy-induced
toxicities (e.g. nausea, vomiting, and oral mucositis)[44]. In recent
enhanced recovery after surgery programs, the focus has shifted
from postoperative care to preoperative optimization[45]. The
recent adoption of intensive NAT has increased toxicity, which
might contribute to weight loss, but the time period for pre-
operative optimization (the interval from diagnosis to surgery)
has been extended[29,46,47]. We recommend repeated weight
measurements duringNAT because theoretically this allows early
detection of patients with a small weight loss in addition to
providing opportunities for intervention to prevent further
weight loss. Because the current study showed that a small weight
loss was not associated with poor outcomes, minimizing weight
loss during NAT may improve surgical outcomes.

This study has several limitations. First, information on weight
loss before diagnosis was unavailable in the database. However,
because weight change before diagnosis is unmodifiable and can
be clinically unclear due to the self-reported nature, we consider
that BMI at diagnosis and weight change after diagnosis are more
reliable and pivotal factors for patients undergoing esopha-
gectomy following NAT. Second, because only a small number of
obese patients were included, the statistical power of the asso-
ciation between weight change and primary outcomes for this
group was insufficient. However, we do not recommend indif-
ference to weight loss during NAT in obese patients because it
may lead to sarcopenic obesity and poor short-term postoperative
outcomes[48,49]. Third, information on the thoracic approachwas
unavailable in the database for patients before April 2014
because minimally invasive esophagectomy has been reimbursed
separately from open esophagectomy since April 2014 by the
publicly provided universal insurance system. Therefore, during
adjustment in the present analyses, the thoracic approach was
classified as unspecified, open, or minimally invasive. Fourth, our
database did not contain information on histopathological find-
ings (squamous cell carcinoma or adenocarcinoma). In a previous
report using data from 344 institutions in Japan, squamous cell
carcinoma accounted for 88%and adenocarcinoma for 7.1%[50].
Although baseline BMI may differ between squamous cell
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carcinoma and adenocarcinoma patients[51,52], baseline BMI was
adjusted for in the analyses; therefore, the loss of information on
histopathological findings would not skew the results. Finally,
information on jejunostomy tube placement during esopha-
gectomy was also not available from the database. Jejunostomy
or nasojejunal tube feeding would have been generally used after
esophagectomy in Japan because Japanese esophageal cancer
practice guidelines recommend postoperative tube feeding[28,53].

Conclusions

Weight loss during NAT was associated with increased failure to
rescue and in-hospital mortality after esophagectomy for eso-
phageal cancer, independent of baseline BMI. We consider that
weight loss duringNATmay be a principal indicator that needs to
be evaluated regularly for preoperative optimization (e.g. pre-
habilitation and jejunostomy tube feeding) and a safe operation.
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