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Abstract

Background The impact of preoperative body composition as independent predictor of prognosis for esophageal cancer
patients after esophagectomy is still unclear. The aim of the study was to explore such a relationship.

Methods This is a multicenter retrospective study from a prospectively maintained database. We enrolled consecutive
patients who underwent Ivor Lewis esophagectomy in four Italian high-volume centers from May 2014. Body composition
parameters including total abdominal muscle area (TAMA), visceral fat area (VFA), and subcutaneous fat area (SFA) were
determined based on CT images. Perioperative variables were systematically collected.

Results After exclusions, 223 patients were enrolled and 24.2% had anastomotic leak (AL). Sixty-eight percent of patients
were sarcopenic and were found to be more vulnerable in terms of postoperative 90-day mortality (p =0.028). VFA/TAMA
and VFA/SFA ratios demonstrated a linear correlation with the Clavien-Dindo classification (R=0.311 and 0.239, respec-
tively); patients with anastomotic leak (AL) had significantly higher VFA/TAMA (3.56 +1.86 vs. 2.75 + 1.83, p=0.003)
and VFA/SFA (1.18 +0.68 vs. 0.87 +0.54, p=0.002) ratios. No significant correlation was found between preoperative BMI
and subsequent AL development (p =0.159). Charlson comorbidity index correlated significantly with AL (p =0.008): these
patients had a significantly higher index (>5).

Conclusion Analytical morphometric assessment represents a useful non-invasive tool for preoperative risk stratification.
The concurrent association of sarcopenia and visceral obesity seems to be the best predictor of AL, far better than simple
BMI evaluation, and potentially modifiable if targeted with prehabilitation programs.
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Introduction

Ivor Lewis esophagectomy is nowadays the gold standard
technique to treat localized carcinoma of the medium-distal
esophagus and EGJ cancers, undoubtedly in case of Siewert
1 tumors while considering the current ongoing discussion
on the indications for Siewert 2.! Although in the last years
many improvements in the surgical approach, devices, and
anesthesiology care have been achieved,” the procedure is
still troubled for high morbidity and mortality;** in fact,
different complications can occur after esophagectomy and,
among them, the most feared one is the leakage of the esoph-
agogastric anastomosis. This still counts from 10 to 40%,>°
depending on the experience of surgeons and the volume of
the centers.>’®

Anastomotic leak (AL) represents an unpredictable
occurrence resulting in long hospital stay, increased morbid-
ity, and sometimes mortality, with no standardized treatment
currently available.”!” Pathogenesis of AL is not well under-
stood: it is multifactorial, mainly attributed to mechanical
or ischemic causes. Many factors are thought to trigger this
pathogenetic pathway and thus to predispose to leakage, one
of which is an altered metabolic status caused by the deple-
tion of energy stores within muscle and the imbalance of
body’s metabolic requirements.!! !¢

Previous studies proved that preoperative nutritional
status influences clinical outcome after oncologic sur-
gery;'” however, its role after Ivor Lewis esophagectomy
and its association with AL has been scarcely investigated.

Data regarding distribution of body tissues can be eas-
ily acquired from computed tomography (CT) which is
part of patients’ routine care. Analyzing specific slices of
tomographic studies is possible to detect measurements

Fig. 1 Inclusion and exclusion
criteria
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of skeletal muscle and adipose tissues that may give fur-
ther insight into clinical outcome to the existing scores of
nutritional assessments.

Our aim was to analyze the impact of preoperative CT-
based anthropometric measurements on the development
of AL after IL esophagectomy. Our secondary endpoint
was to assess any correlation with 90-day mortality.

Materials and Methods
Study Population

This is a multicenter retrospective study conducted in four
Italian high-volume esophageal units® (San Raffaele Scien-
tific Institute (Milan, Italy), European Institute of Oncol-
ogy (Milan, Italy), ASST Niguarda Hospital (Milan, Italy),
Udine University Hospital (Udine, Italy)).'® The protocol
received Ethics Committee approval by local Institutional
Review Boards and was endorsed by the Italian society for
the study of diseases of the esophagus (SISME).

All consecutive patients with esophageal cancer (both
adenocarcinoma and squamous cell carcinoma) who
underwent esophagectomy with intrathoracic anastomosis
(Ivor Lewis technique) between April 2014 and May 2020
were identified (n=383). Within this database, patients
who were evaluated with at least one multiphase, con-
trast-enhanced computed tomography (CT) scan within
45 days before index surgery (n=223), were enrolled into
our study.

A detailed flowchart of this study design (comprehen-
sive of inclusion and exclusion criteria) is shown in Fig. 1.

Pts excluded= 160
Pts INCLUDED =223
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Preoperative Anthropometric Measurements
and Image Analysis

Anthropometric data (sex, age, weight, height), nutritional
score such as body mass index (BMI) and nutritional risk
score (NRS), were considered for each patient.

An independent, blinded radiologist using the software
Slice—O-Matic 5.0 (Tomovision, Montreal, Canada), per-
formed the analysis of the CT images. For comparison com-
pliance, the frame including the lumbar vertebra L3 with
full visualization of the vertebral transverse processes was
considered and a specific marker for the tissues (Hounsfield
unit (HU)) was used. The total abdominal muscle area was
therefore identified (TAMA in cm?) including the mus-
cles of the paraspinal and abdominal wall, with an interval
between —29 and + 150 HU. Muscle mass is normalized for
height (TAMA cm?/m?) and rationalized for sex: by con-
vention, sarcopenia is defined for TAMA values lower than
52.4 cm?/m? in males and 38.5 in females.!”! The vis-
ceral adipose area (VFA in cm?) is identified between — 150
and — 50 HU, while the subcutaneous fat area (SFA in cm+)
between — 190 and — 30 HU (Fig. 2).

The relationship between visceral fat and muscle mass
(VFA/TAMA) and between visceral and subcutaneous fat
(VFA/SFA) was calculated for each patient and analyzed
independently.

Operative Management

Ivor Lewis esophagectomy is a two-stage surgical proce-
dure, consisting in the resection of both the distal part of
the esophagus as well as the gastroesophageal junction;
abdominal and mediastinal lymphadenectomy is usually
performed.?>~** The operation starts with an abdominal
approach, followed by a thoracic approach. Minimally inva-
sive esophagectomy using laparoscopic and thoracoscopic
technique is now the favored option since it is associated
with a lower rate of major complications and shorter hospi-
tal stay than conventional open resection.?>%® Specifically,

Fig.2 Comparison of two CT
scan at the lumbar vertebra L3
between a sarcopenic patient
(left) and no sarcopenic one
(right) (red area: TAMA, green
area: VFA, yellow area: SFA)

after mobilization of distal esophagus, gastric conduit is
created using a surgical linear stapler; the distal esopha-
gus, the gastroesophageal junction, and the gastric conduit
are then pulled into the thoracic cavity through the hiatus.
Type of anastomosis between proximal esophagus and gas-
tric conduit depends on the surgeon preference and there is
currently no standardization. The surgical approach (open,
minimally invasive, or hybrid) and the type of anastomosis
(end to side circular mechanical (ESc), side to side semi
mechanical (SSsm), side to side mechanical (SSm)) were
evaluated (Table 1).

Before closure, chest, and/or mediastinal drains (adjacent
to the anastomotic site) are placed; a nasogastric tube is rou-
tinely placed into the gastric conduit.

Clinical Data Collection

Retrospective review based on institutional prospective
database was used to obtain information on demographics
(gender, age, BMI), perioperative risk assessment (Ameri-
can Society of Anesthesiologists (ASA) score), neoadju-
vant treatment, perioperative variables (patient and surgery
related), comorbidities expressed according to Charlson
comorbidity index (CCI) and the oncological stage accord-
ing to TNM classification. The selected clinical variables are
summarized in Table 1.

Postoperative complications were analyzed according to
Clavien-Dindo classification®’ with particular emphasis on
the anastomotic leakage further defined according to ECCG
classification.?®

Assessment of Postoperative Complications
and Definition of Outcomes

Anastomotic leak was defined as a full thickness GI defect
involving esophagus, anastomosis, staple line, or conduit
irrespective of presentation or method of identification
according to ECCG classification.?®

@ Springer
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Table 1 Demographic and

) Number of Anastomotic leak (n=54) No anastomotic p value
surgical data patients (n=223) leak (n=169)

Age (years)* 62.7 [29-85] 69 [28-82] 62.5 [29-85] 0.024
Sex (male) 182 (81.6) 48 (88.8) 136 (80.4) 0.162
BMI (kg/m?)* 25.1[14.8-52] 25.3[19.1-52] 24.3 [14.8-48.1] 0.154
NRS >4 40 (17.9) 11 (20.3) 30 (17.7) 0.328
ASA 11T 83 (37.2) 30 (55.5) 55 (32.5) 0.105
CCI>5 85(38.1) 35(64.8) 50 (29.5) 0.001
TNM 0.465

T1-T2 109 (48.8) 27 (50) 82 (48.5)

T3-T4 114 (51.1) 27 (50) 87 (51.4)

NO 115 (51.5) 32(59.2) 84 (49.7)

N+ 114 (51.1) 22 (40.7) 85 (50.2)

MO 214 (95.9) 52 (96.2) 163 (96.4)

M+ 94 2(3.7) 6(3.5)
Neoadjuvant therapy 183 (82.1) 45 (83.3) 138 (81.6) 0.504
Anastomosis 0.320

ES circular 171 (76.6) 38 (70.3) 134 (79.2)

SS semi mechanic 51(22.8) 15 (27.7) 36 (21.3)

SS mechanic 1(0.4) 0(0) 1 (0.6)
VFA (cm?)§ 154.5+198.9 223.7+368.7 133.9+91.6 0.021
SFA (cm?)§ 173.7+233.6 232.7+467.8 156.9+77.1 0.262
TAMA (cm?*/m?)§ 51.6+£72.6 66.4+147.6 46.9+9.2 0.319
VFA/TAMAS$ 2.93+1.87 3.56+1.86 2.75+1.83 0.003
VFA/SFA§ 0.93+0.59 1.18+0.68 0.87+0.54 0.002
Sarcopenia 152 (68.1) 41 (75.9) 111 (65.6) .100

The bold highlights significant differences between patients with and without anastomotic leakage (p

value <0.05)

Unless otherwise indicated, data are numbers of patients and data in parentheses are percentages. BMI,
body mass index; ASA, American Society of Anaesthesiologists; NRS, Nutritional Risk Score; CCI, Charl-
son Comorbidity Index; ESc, end to side circular mechanic; SSsm, side to side semimechanical; SSm, side
to side mechanical; VFA, visceral fat area; SFA, subcutaneous fat area; TAMA, total abdominal mass area

* . .
Data are medians; data in parentheses are ranges

$Data are means with standard deviations

Postoperative mortality was established as death occurred
within 90 days of surgery or any in-hospital death.

Statistical Analysis

The correlation between radiological data from CT analy-
sis and the occurrence of anastomotic leakage was studied
with univariate analysis. Binary and categorical variables
were compared by means of a chi-squared test. Student’s T
test and Mann—Whitney U test were instead used to com-
pare groups of patients with and without anastomotic leak,
when the reference variables were continuous (parametric
or not, respectively). A ROC-type analysis made it possible
to identify cutoff values and define their diagnostic accu-
racy values. Subsequently, all the variables identified as
significant in the univariate analysis (p <0.05) were used
as regressors in a multivariate logistic model on the odds

@ Springer

of the outcome. Pearson’s correlation was calculated within
each pair of regressors and, in case of correlated variables,
only one of the two was included in the final model, to avoid
multicollinearity. The statistical analysis was done by means
of SPSS (version 21.0, IBM Corp., Armonk, NY, USA) and
R (version 3.6.3, https://www.R-project.org/).

Results
Patients’ Characteristics

Three hundred eighty-three patients underwent esophagec-
tomy over the study time period. After exclusions, 223
patients (41 females [18.3%], 182 males [81.6%]; median
age: 62.7 years [range: 29-85]; median preoperative BMI:
25.16 kg/m? [range: 14.8-52]) who underwent preoperative
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CT scan were enrolled (median time interval between preop-
erative CT scan and index surgery: 21 days [range: 2-42]).
Patients’ preoperative characteristics as well as periopera-
tive variables and postoperative outcomes are summarized
in Table 1.

Preoperative CT-Based Anthropometric
Measurements

Body composition parameters are shown in Table 1. Accord-
ing to predetermined sex-specific cutoffs, 152 patients
(68.1%, 25 females [55.5%] and 127 males [66.1%]) were
classified as sarcopenic. Of note, no statistically significant
differences exist in terms of body composition parameters
between patients who underwent neoadjuvant chemoradio-
therapy and those who did not (p > 0.05).

Postoperative Death (Supplementary Table 1)

Eleven patients out of 223 (4.6%) died within 90 days from
index surgery; of these, six (54.5%) suffered from AL dur-
ing hospital stay. Sarcopenic patients were found to be more
vulnerable in terms of postoperative death (9.2% (sarcopenic
group) vs. 2.3% (non-sarcopenic group), p=0.028). When

considering preoperative BMI values, there were instead
no statistically significant differences in terms of post-
operative death (23.7 +3.32 kg/m? in those who died vs.
25.5+4.97 kg/m2 in those who did not, p=0.159).

Anastomotic leakage —univariate analysis (Fig. 3)

In our study population, 54 patients (24.2%) suffered from
AL during their hospital stay (4 [7.4%] type 1, 22 [40.8%]
IL, 28 [51.8%] III). Patients with AL had significantly higher
VFA/TAMA (3.56+1.86 vs. 2.75+1.83, p=0.003) and
VFA/SFA (1.18+0.68 vs. 0.87 £0.54, p=0.002) ratios
(Table 1). Furthermore, among patients suffering from AL,
the highest VFA/TAMA ratio values were found in those
experiencing type III leakage (4.19 +1.97, p=0.044).
Among clinical variables considered (Table 1), only age
and CCI demonstrated a statistically significant correla-
tion with the occurrence of AL: specifically, older patients
(66+10.6 years vs. 62.2 +10.9 years [p=0.024]) with high
CCl values (5.1+1.43 vs. 4.3+ 1.45 [p=0.001]) were found
to be at high risk for AL. The optimal cutoff value for CCI
in predicting subsequent leakage development was found
to be 5. No statistically significant correlation was found

°® Outcome e Outcome & Outcome
& ® 0 8 -0 s -0
e - L P -
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<
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3 »o i w0
- o -
>
0
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Fig. 3 Comparison of age, CCI, VFA/SFA, VFA, VFA/TAMA distributions between patients who did and did not experience the outcome
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between preoperative BMI and subsequent AL development
(p=0.154).

Anastomotic leakage—multivariate analysis

After collinearity assessment, independent predictors of
postoperative mortality identified by multiple logistic regres-
sion analysis were VFA/TAMA ratio (p =0.038) and CCI
(»p=0.0076). The ROC curve showing the discriminative
power of the multivariate model demonstrated an AUC of
0.67 (Fig. 4). Finally, to avoid over fitting, the dataset was
split into training and validation sets and 500 iterations (with
random sampling for train/test datasets) were performed:
mean AUC from iterations was 0.66.

Discussion

Patients affected by esophageal cancer often present different
shades of dysmetabolism at the diagnosis, including sarco-
penia and sarcopenic obesity, due to the natural history and
biology of the disease. The high prevalence of sarcopenic
patients in the present study population (68.1%) confirms
this evidence.

While these nutritional settings were previously investi-
gated in different series of oncologic patients,'®!” their role
in esophageal surgery outcomes is still contradictory.

Elliott et al. observed that sarcopenia is associated with
adverse oncologic outcomes and risk of progression dur-
ing multimodal therapy. Moreover, muscle mass could also
decline during neoadjuvant therapy and preoperative sar-
copenia correlates with an increase in overall postoperative
complications.?’

A recent meta-analysis conducted on 2387 patients
confirmed the adverse impact of preoperative sarcopenia

1.0

0.8

0.6

AUC: 0.670

Sensitivity

0.2
1

0.0

T T T T T T
1.2 1.0 0.8 0.6 0.4 0.2 0.0 -0.2
Specificity

Fig.4 ROC curve obtained for the final logistic model
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on postoperative short-term outcomes and evidenced that
there was not a substantial difference in terms of mortality
between sarcopenic and non-sarcopenic patients.>

Otherwise Boshier et al. showed correlation of sarcopenia
with significantly higher rates of mortality and decrease in
overall survival.!

Our pieces of evidence suggest that significant clinico-
pathologic features could identify high-risk pattern of sar-
copenic population on which could be possible select the
adequate management of the condition.

According to CT-based analytical assessment, we used
a morphometric tool to assess the patients based on their
nutritional status and body composition. We considered the
muscle mass, the visceral and subcutaneous adipose tissue
and the correlation between these components.

Our data show a significant correlation between sarcope-
nia and 90-day mortality (p =0.028) but no significant cor-
relation with the occurrence of AL was found. These results
were consisted with previous studies®? highlighting that
pathophysiology underlying AL is multifactorial and does
not relied upon a single factor (sarcopenia). One possible
explanation could be that sarcopenia, as previously proved
by other authors, can weaken patient’s immune response,
impacting both the innate and adaptive immunity. Therefore
sarcopenic patients could be more vulnerable to septic states
as well as less responsive to inflammatory processes after
surgery and decrease of respiratory function due to a deple-
tion of respiratory muscles since pulmonary complications
are responsible of an increase of mortality themselves.**°
We also know that the visceral adipose tissue produces meta-
bolic factors which lead to the development of a chronic
low-grade inflammation that can lead to vascular dysfunc-
tions and a poor perfusion of the esophageal anastomosis.>’

We therefore tested alternative scores that directly cor-
relate muscle and adipose tissue: VFA/TAMA and VFA/
SFA ratios demonstrated a significant correlation with AL
development (3.56 +1.86 vs. 2.75+1.83, p=0.006 and
1.18 +£0.68 vs. 0.87 +£0.54, p=0.003 respectively).

This result may appear in contrast when compared with
previous papers. Fehrenbach et al., for instance, in a retro-
spective monocentric study involving 85 patients undergoing
Ivor Lewis esophagectomy after neoadjuvant chemotherapy,
found no statistically significant correlation between VFA/
TAMA and sarcopenia.*® We think that the small sample
size of their study could be the reason of such a discrepancy.
Moreover, the same ratio (VFA/TAMA) has been found to
represent a good preoperative predictor of complications as
an indicator of patient fragility in other types of surgery.!”

Furthermore, among patients suffering from AL, the
highest VFA/TAMA ratio values were found in those expe-
riencing type III leakage (4.19 +1.97, p=0.044)?* (Table 2).

Another crucial point resulting from our data is that both
patients’ body composition and comorbidities contribute to
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Table2 Summary of

X " licati Anastomotic leak 54 (24.2)
anastomotic complications (ECCG)I

Type 1 7(12.9)
Type 2 20 (37.0)
Type 3 26 (48.1)
'ESOPHAGECTOMY COM-
PLICATIONS CONSENSUS
GROUP (ECCG)*®

AL development. However, something else is missing, and
indeed, the ROC curve showing the discriminative power
of our multivariate model demonstrated an AUC of 0.67. It
means that there are other factors (different from the above-
mentioned patients’ body composition and comorbidities)
contributing to the occurrence of anastomotic leakage.
Taken together, these observations promote the hypothesis
of anastomotic leakage as a multifactorial event: in this
respect, our study provides an insight into this complexity,
but other studies are needed to fully explain it.

The nutritional status, unlike the CCI, is a potential modi-
fiable factor if recognized in advance.

For this reason, body composition assessment (VFA/
TAMA ratio) may be targeted with prehabilitation strate-
gies with the aim to reverse the sarcopenic status in selected
frail patients focusing on muscle strengthening and/or loss
in adipose tissue, in order to decrease the ratio. This score
seems to be promising and clinically relevant as predictor
of AL if we consider that, in our series, the most traditional
and common nutritional scores as body mass index (BMI)
and nutrition risk screening (NRS)*’ are interestingly not
related to this complication.

Prehabilitation is nowadays a key point of new perspec-
tives in ERAS programs and pieces of evidence support
advantages in improving acceptable level of functional activ-
ity after surgery.? In particular, targeting inspiratory muscle
training aims to achieve a reduction in pulmonary complica-
tions and hence has a considerable theoretical rationale.*’
Therefore, boosting the respiratory function is strongly
recommended; appropriate exercise with adequate protein
supplementation can be beneficial.*!

In summary, the concurrent association of sarcopenia
and visceral obesity seems to be a significant predictor of
AL, far better than simple BMI evaluation. We are aware
of the demanding challenge in fighting the catabolic pro-
cess during cancer progression and neoadjuvant treatments,
which represents a complex of physiopathological events
related to the disease; this is the main limitation of the study.
Retrospective sample and the lack of sub analysis further
investigating the possible role of body composition abnor-
malities in determining other than AL complications repre-
sent other limitations. Despite this, analytical assessment
of the body composition represents a useful non-invasive

tool for preoperative risk stratification and can represent an
advantage in perioperative management, as element that
can increase the level and intensity of care in selected high-
risk patients. Further studies are expected to establish more
effective diagnostic criteria and nutritional status severity
classifications in perioperative management with potential
implications in improving prehabilitation criteria.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11605-023-05611-1.
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