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Background: Risk assessment is relevant to predict postoperative outcomes in patients with
gastro-oesophageal cancer. This cohort study aimed to assess body composition changes during neoad-
juvant chemotherapy and investigate their association with postoperative complications.

Methods: Consecutive patients with gastro-oesophageal cancer undergoing neoadjuvant chemotherapy
and surgery with curative intent between 2016 and 2019 were identified from a specific database and
included in the study. CT images before and after neoadjuvant chemotherapy were used to assess the
skeletal muscle index, sarcopenia, and subcutaneous and visceral fat index.

Results: In a cohort of 199 patients, the mean skeletal muscle index decreased during neoadjuvant
therapy (from 51-187 to 49-19 cm?/m?; P <0-001) and the rate of sarcopenia increased (from 42-2 to
54-3 per cent; P <0-001). A skeletal muscle index decrease greater than 5 per cent was not associated
with an increased risk of total postoperative complications (odds ratio 0-91, 95 per cent c.i. 0-52 to 1-59;
P = 0-736) or severe complications (odds ratio 0-66, 0-29 to 1-53; P = 0-329).

Conclusion: Skeletal muscle index decreased during neoadjuvant therapy but was not associated with
postoperative complications.
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Introduction Although dual-energy X-ray absorptiometry is the most
accurate method for measuring lean muscle mass, alter-
native methods have been proposed, including CT, which

is performed routinely for cancer staging. Recent sys-

Gastro-oesophageal cancer surgery is still associated with
high rates of postoperative morbidity!. Historically, can-

cers affecting the upper gastrointestinal tract are associated i : )
78 have d d th
tematic reviews ave demonstrated that preoperative

CT-assessed sarcopenia is predictive for postoperative
complications and disease-specific mortality in patients

with significant malnutrition, which may in part explain
the increased surgical morbidity observed?. The majority
of patients with surgically resectable disease receive neoad-

juvant chemotherapy or chemoradiotherapy®. It has been
suggested that neoadjuvant therapy (NAT) may contribute
to alterations in body composition, including a reduc-
tion in muscle mass, leading to increased postoperative
morbidity*’.

Sarcopenia is the progressive and generalized loss of
muscle mass and function. It is most commonly associated
with ageing, but cancer cachexia can also contributeS.
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with oesophageal and gastric cancer. Sarcopenia is poten-
tially modifiable, and may be targeted with prehabilitation
strategies. Loss of muscle mass during NAT is associated
with adverse clinical outcomes in metastatic colonic and
ovarian cancer, but results in gastro-oesophageal cancer
have been inconsistent”!°.

The primary aim of this study was to assess changes

in body composition during neoadjuvant chemotherapy
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and to determine its predictive value for postoperative
complications in patients with gastro-oesophageal cancer.

Methods

The study was approved by the National Research Ethics
Committee (Integrated Research Application System
number 260643, research ethics committee reference
19/LO/1871).

Consecutive patients with gastro-oesophageal cancer
who had neoadjuvant chemotherapy and surgical resection
between March 2016 and June 2019 were identified for eli-
gibility from a specific database. Patients were included if
they had a diagnosis of gastric or oesophageal cancer, were
over 18 years old and had received neoadjuvant chemother-
apy before surgery with curative intent. Patients without
eligible CT images for assessment of body composition
before and after NAT were excluded.

Clinicopathological data included age, height, weight,
ASA grade, co-morbidity, tumour site, stage and cell type,
chemotherapy details (regimen and cycles received) and
surgical details (procedure subtype and approach). Com-
plications were collected according to an international
consensus statement and scored using the Clavien—Dindo
classification method!"!2. Thirty- and 90-day mortality
rates and overall survival data were obtained from the same
database.

Measurement of body composition

CT scans obtained before NAT and before surgery were
analysed. A cross-sectional slice at the level of L3 was
extracted and analysed by CoreSlicer (https://coreslicer
.com/), a validated web-based tool to assess body com-
position semiautomatically. The CoreSlicer tool uses
Hounsfield unit ranges of —190 to —30 for fat tissue
and —29 to 150 for skeletal muscle!®. Body composition
was assessed by two independent and blinded investiga-
tors. All musculature and adipose tissue was analysed.
Final images of the results of body composition assess-
ment were checked for accuracy by another blinded
researcher.

The muscle area was divided by the height squared to
calculate the skeletal muscle index (SMI) (cm?/m?)!*. Sim-
ilarly, visceral and subcutaneous fat indices were calculated.
The SMI limit for sarcopenia was less than 52-4 cm?/m?
for men and less than 38-5 cm?/m? for women, according
to cut-off values used elsewhere!*. Changes in SMI dur-
ing NAT were calculated, and patients divided into two
groups: SMI decrease during NAT of 5 per cent or less

and more than 5 per cent.

© 2020 The Authors.
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Statistical analysis

All statistical analyses were performed in SPSS® version
25.0 (IBM, Armonk, New York, USA). Continuous vari-
ables were tested for normality using the Shapiro—Wilk
test. Normally distributed data are presented as mean(s.d.)
values, and non-normally distributed data as median (i.q.r.)
values.

To compare paired patient groups the paired 7 test
was used for normally distributed data, Wilcoxon test for
non-normally distributed data, and McNemar’s test for
binomial data. In non-paired groups an independent Stu-
dent’s ¢ test, Mann—Whitney U test and the x* test were
used for normally distributed, non-normally distributed
and binomial data respectively. Fisher’s exact test was used
instead of the y? test when two or more cells included
fewer than five events. The y? test was used to calculate
odds ratios (ORs) with binomial variables in the univariable
analysis. Ultimately, logistic regression analysis was used
for the multiple regression analyses of postoperative com-
plications. Variables with clinical relevance were deemed
eligible for inclusion in the multiple regression analysis.

Results

Characteristics of the included patients are presented in
Table 1. After exclusion of one patient without eligible CT
images, a total of 199 patients were included. The majority
were men (79-4 per cent) and most tumours were located
at the gastro-oesophageal junction (53-3 per cent). The
remaining patients had either oesophageal (34-2 per cent)
or gastric (12-6 per cent) tumours. Some 177 patients
(88-9 per cent) had an open surgical procedure and 22
(11-1 per cent) of the operations were laparoscopic or
thoracoscopically assisted.

Patient groups with an SMI decrease of 5 per cent or
less and more than 5 per cent are compared in Table 1.
Patients with a higher rate of muscle mass depletion
were significantly older than those with a lower rate
(median 67-6 versus 65-6 years respectively; P = 0-009) and
were more likely to be men (89-0 versus 71-3 per cent
respectively; P = 0-002). In addition, the patients with a
higher rate of muscle depletion had a higher percentage
of cardiovascular co-morbidity (59-3 versus 42-6 per cent;
P =0-019). The median interval from staging CT to the
start of neoadjuvant therapy was 35 (i.q.r. 25-46) days. The
median interval from preoperative CT to surgery was 30
(i.q.r. 21-39) days. There were no significant differences
between the groups in the timing of staging CT (P = 0-254)
or preoperative CT (P =0-115) (Table I). The median
interval between staging and preoperative CT was 105
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Table 1 Patient characteristics
Decrease in SMI (%)
Total (n = 199) <5(n =108) >5(n=91) Pi
Age (years)* 66-1 (28-:4-80-0) 65-6 (45-3-80-0) 67-6 (33:5-79-5) 0-009
No. of men 158 (79-4) 77 (71-3) 81 (89) 0-002
ASA grade 0-614
| 16 (8:0) 10 (9:3) 6(7)
Il 128 (64-3) 69 (63-9) 59 (65)
1l 55 (27-6) 29 (26-9) 26 (29)
Co-morbidity
None 54 (27-1) 33 (30-6) 21 (23) 0-237
Cardiovascular 100 (50-3) 46 (42-6) 54 (59) 0-019
Chronic renal disease 6 (3-0) 5 (4-6) 1(1) 0-147
Cerebral/peripheral vascular disease 15 (7-5) 8 (7-4) 7 (8) 0-940
Liver failure/cirrhosis 1(0-5) 1(0-9) 0 (0) 1-000
Barrett’s oesophagus 28 (14-1) 11 (10-2) 17 (19) 0-086
Diabetes 28 (14-1) 11 (10-2) 17 (19) 0-086
Chronic respiratory disease 37 (18-6) 8 (16-7) 19 (21) 0-447
Other significant co-morbidity 44 (22-1) 24 (22-2) 20 (22) 0-967
Cell type 0-313
Invasive adenocarcinoma 189 (95-0) 101 (93-5) 88 (97)
Adenosquamous carcinoma 8 (4-0) 6 (5-6) 2(2)
Sqguamous cell carcinoma 2(1-0) 1(0-9) 1(1)
T category 0-841
T 1(0-5) 0(0) 1(1)
T2 62 (31-2) 35 (32-4) 27 (30)
T3 107 (54-3) 57 (52-8) 50 (55)
T4 28 (14-1) 15 (13:9) 13 (14)
Missing 1(0-5) 1(0-1) 0(0)
N category 0-328
NO 73 (36-7) 43 (39-8) 30 (33)
N1 78 (39-2) 40 (37-0) 38 (42)
N2 40 (20-1) 21 (19-4) 19 (21)
N3 7 (3-5) 3(2-8) 4 (4)
Missing 1(0-5) 1(0:9) 0(0)
M category 0-356
Mo 197 (99.-0) 106 (98-1) 91 (100)
M1 1(0-5) 1(0-9) 0(0)
Missing 1(0-5) 1(0:9) 0(0)
Tumour site 0-814
Oesophagus 68 (34-2) 37 (34-3) 31(34)
Gastro-oesophageal junction 106 (53-3) 56 (51-9) 50 (55)
Stomach 25 (12-6) 15 (13:9) 10 (11)
Tumour subsite 0-900
Lower third 68 (34-2) 37 (34-3) 31 (34)
Siewert 1 54 (27-1) 29 (26-9) 25 (27)
Siewert 2 37 (18-6) 19 (17-6) 18 (20)
Siewert 3 16 (8-0) 9 (8-3) 78
Body 14 (7-0) 5 (4-6) 9 (10)
Antrum 4 (2-0) 4 (3-7) 0(0)
Pylorus 5(2-5) 4(37) 1(1)
Missing 1(0-5) 1(0:9) 0(0)
© 2020 The Authors. www.bjsopen.com B7S Open 2020; 4: 847-854
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Table 1 Continued

Total (n = 199)

Regimen
CX 55 (27-6)
ECX 94 (47-2)
Other 50 (25-1)
Cycles of chemotherapy
1 10 (5-0)
2 66 (33-2)
3 122 (61-3)
4 1(0-5)
Feeding tube during NAT
Jejunostomy 45 (22-6)
Nasogastric tube 3(1-5)
Procedure type
Left thoracoabdominal approach 89 (44-7)
2-phase (lvor Lewis) 55 (27-6)
3-phase (McKeown) 6 (3:0)
Thoracotomy (open and shut) 3(1-5)
Total gastrectomy 11 (5:5)
Extended total gastrectomy 11 (5-5)
Distal gastrectomy 13 (6:5)
Laparotomy (open and shut) 11 (5:5)
Approach
Open operation 177 (88-9)
Laparoscopic/thoracoscopic 22 (11-1)
Time of CT before event (days)+
Before start of NAT 35 (25-46)
Before surgery 30 (21-39)

Time between scans 105 (75-135)

Decrease in SMI (%)

<5(n=108) >5(n=91) P:
0-107
23 (21-3) 32 (35)
56 (51-9) 38 (42)
29 (26-9) 21 (23)
0-248
7 (6-5) 3@
29 (26-9) 37 (41)
72 (66-7) 50 (55)
0(0-:0) 1(1)
25 (23-1) 20 (22) 0-844§
2(1-9) 1(1) 0-644§
0-320
46 (42-6) 43 (47)
30 (27-8) 25 (27)
3(2-8) 3@
3(2-8) 0(0)
5 (4-6) 6 (7)
4(3-7) 7 (8)
11 (10-2) 22
6 (5-6) 5 (5)
0978
96 (88-9) 81 (89)
12 (11-1) 10 (11)
36 (25-47) 34 (23-45) 0-254
30 (21-40) 32 (26-40) 0-115
107 (91-123) 104 (91-118) 0-194

Values in parentheses are percentages unless indicated otherwise; values are *median (range) and fmedian (i.q.r.). SMI, skeletal muscle index; (E)CX,
(epirubicin)—cisplatin—capecitabine; NAT, neoadjuvant therapy. $Mann—Whitney U test, except §)° test.

(i.q.r. 75-135) days, and a majority of patients (122, 61-3
per cent) received three cycles of chemotherapy (Zable 1).

Body composition changes during neoadjuvant
chemotherapy

Baseline characteristics demonstrated a population with
a median BMI of 2575 and 27-41kg/m’ for women
and men respectively. Some 132 (66-3 per cent) of the
199 included patients were overweight (BMI 25 kg/m? or
above) (Table 2). In total, 108 patients (54-3 per cent) had
a SMI decrease of 5 per cent or less and 91 (45-7 per
cent) lost more than 5 per cent (Tzble 1 and Fig. I). In
men, the mean SMI decreased by 5-9 per cent (from 54-46
to 51-27 cm?/m?; P <0-001) (Tible S1, supporting infor-
mation). In women, there was a 1.7 per cent decrease in
SMI, which was not statistically significant (from 41-87 to

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

41.15 cm?/m?; P = 0-107). Before the start of NAT, 17 of
the 41 women (41 per cent) and 67 of the 158 men (42-4
per cent) were sarcopenic. Before surgery this increased
to 19 (46 per cent) and 89 (56-3 per cent) respectively.
This increase in sarcopenia was significant only for men
(P <0-001). Changes in subcutaneous and visceral fat mass
are shown in Table S1 (supporting information).

Postoperative complications

In total, 101 patents (50-8 per cent) had at least one
postoperative complication (Clavien—Dindo grade 1-V),
and 27 (13-6 per cent) had a severe complication (grade
IIIa or above) (Table 3). Pneumonia was the most common
postoperative complication, with 52 cases (26-1 per cent).
Thirty- and 90-day mortality occurred in only two (1-0 per
cent) and three (1-5 per cent) patients respectively. When

www.bjsopen.com B7S Open 2020; 4: 847-854
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Table 2 Body composition changes during neoadjuvant therapy
Before NAT (n = 199)
Height (m)* 1.70(0-09)
Weight (kg) 78-35 (67-33-89-38)
BMI (kg/m?) 27.03 (23-78-30-28)
SMI (cm?/m?)* 51.87(10-31)
SMA (cm?)* 150-41(33-61)
Sarcopeniat 84 (42-2)
SFI (cm?/m2) 67-11 (42-59-91.65)
SFA (cm?) 165-09 (113-2-216-97)
VFI (cm2/m?) 61-81 (37-30-86-32)
VFA (cm?2) 177-15 (37-82-196-49)

Before surgery (n = 199) Pi

49.19(9-71) <0-001§
142.60(31-94) <0-001§
108 (54-3) <0-0019

59-10 (41-54-76-67) <0-001
172-40 (123-65-221-15) 0-617
60-76 (37-55-83-97) 0-063
167-48 (98-60-236-36) 0-060

Values are median (i.q.r.) unless indicated otherwise; *values are mean(s.d.); tvalues in parentheses are percentages. NAT, neoadjuvant therapy; SMI, skeletal
muscle index; SMA, skeletal muscle area; SFI, subcutaneous fat index; SFA, subcutaneous fat area; VFI, visceral fat index; VFA, visceral fat area. $Wilcoxon

test, except §paired 7 test and {McNemar test.

Fig. 1 Waterfall plot of the difference per 100 days in skeletal muscle index during neoadjuvant therapy in 199 patients
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SMI, skeletal muscle index.

comparing patients with a change in SMI of more than §
per cent or 5 per cent or less, no significant differences
were detected between the two groups regarding total (49
versus 51-9 per cent respectively; P = 0-736) and severe (11
versus 15-7 per cent; P = 0-329) complications. A significant
difference was found in the incidence of wound infection,
with a higher rate in patients with an SMI change of 5 per
cent or less (93 per cent versus 0 per cent in the group with
a greater decrease in SMI; P = 0-003).

Analysis of changes in skeletal muscle index
and total postoperative complications

Univariable analysis revealed that a decrease in the SMI
greater than 5 per cent during NAT was not associated

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

with a higher risk of postoperative complications (OR
0-91, 95 per cent c.i. 0-52 to 1.59; P =0-736) (Tuble 4).
Neither did the 10 per cent of patients with the great-
est decrease in SMI during NAT show a higher risk
of total postoperative complications (OR 0-99, 0-39 to
2-46; P = 0-962). Sarcopenia before the start of NAT (OR
1.03, 0-59 to 1-81; P =0-916) or surgery (OR 1-02, 0-58
to 1-77; P =10-958) did not have significant prognostic
value for total complications. Multiple regression analy-
sis did not show a predictive value for an SMI decrease
greater than 5 per cent (OR 0-81, 0-45 to 1-46; P = 0-484)
(1able 4). The complete results of the univariable and mul-
tiple regression analyses can be seen in Table S2 (supporting
information).

www.bjsopen.com B7S Open 2020; 4: 847-854
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Table 3 Overview of postoperative complications and mortality

Complications
Total complications (CD 1-V)
Severe complications (CD > llla)
Anastomotic leak
Pneumonia
Pleural effusion
Atrial dysrhythmia
Deep venous thrombosis
Pulmonary embolism
Wound infection
Vocal cord nerve injury
Chyle leak
Reoperation

Mortality
30-day
90-day

Total (n = 199)

101 (50-8)
27 (13-6)
8 (4-0)
52 (26-1)
14 (7-0)
20 (10-1)
3(1-5)
5 (2:5)
10 (5-0)
5 (2:5)
17 (8-5)
3(1-5)

2 (1-0)
3(1:5)

Decrease in SMI (%)
<5(n =108) >5(n=91) P*
56 (51-9) 45 (49) 0-736
17 (15-7) 10 (11) 0-329
7 (6-5) 1(1) 0-054
29 (26-9) 23 (25) 0-801
11 (10-2) 31 0-058
10 (9:3) 10 (11) 0-686
328 0(0) 0-252
219 3(3) 0-662
10 (9-3) 0(0) 0-003
3(2-8) 22 0-795
10 (9-3) 71 0-694
2(1.9) 1(1) 1-000
1(0-9) 1(1) 1-000
2(1.9) 1(1) 1-000

Values in parentheses are percentages. SMI, skeletal muscle index; CD, Clavien—Dindo grade. *y? or Fisher’s exact test.

Table 4 Univariable and multiple regression analysis of changes in skeletal muscle index and postoperative complications

Total postoperative complications*
SMI change >5%
10% of patients with greatest SMI decrease
Sarcopenia
Before NAT
Before surgery
Severe postoperative complications+
SMI change >5%
10% of patients with greatest SMI decrease
Sarcopenia
Before NAT
Before surgery

Univariable analysis

Multiple regression analysis

Odds ratio

0-91 (0-52, 1-59)
0-99 (0-39, 2-46)

1.03 (0-59, 1-81)
1.02 (0-58, 1.77)

0-66 (0-29, 1-53)
0-31 (0-04, 2-43)

0-93 (0-41, 2-13)
0-89 (0-40, 2:01)

P Odds ratio P

0-736 0-484

0-962

0-81 (0-45, 1-46)

0-916
0-958
0-329 0-222
0-241

0-58 (0-24, 1-39)

0-868
0-786

Values in parentheses are 95 per cent confidence intervals. *Clavien—Dindo grade I-V; ¥Clavien—Dindo grade IIla and above. SMI, skeletal muscle index;

NAT, neoadjuvant therapy.

Analysis of changes in skeletal muscle index
and severe postoperative complications

Patients with a SMI decrease greater than 5 per cent
during NAT did not have an increased risk of develop-
ing severe postoperative complications (Clavien—Dindo
grade Illa and above) (OR 0-66, 95 per cent c.i. 0-29
to 1-53; P=0-329) (Table 4). Similarly, the 10 per cent
of the patients with the greatest SMI decrease during

© 2020 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

NAT did not show a significantly higher risk of severe
complications. Neither sarcopenia before the start of NAT
(OR 0-93, 0-41 to 2-13; P =0-868), nor sarcopenia before
surgery (OR 0-89, 0-40 to 2-01; P = 0-786) had a significant
prognostic value. Accounting for other clinical variables,
multiple regression analysis also failed to demonstrate that
SMI changes predicted postoperative outcomes (Zable S2,
supporting information).
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Muscle mass changes and postoperative complications in gastro-oesophageal cancer 853

Analysis of changes in skeletal muscle index
and three specific postoperative complications

Univariable and multiple regression analyses were per-
formed for three specific postoperative complications:
pneumonia, anastomotic leak and atrial fibrillation
(Tables S3-S5, supporting information). A decrease of
more than 5 per cent in SMI during NAT was not predic-
tive for any of these complications (pneumonia: OR 0-78,
95 per cent c.i. 0-40 to 1-51, P = 0-455; anastomotic leak:
OR 0-14, 0-02 to 1-23, P =0-076; atrial fibrillation: OR
1-03,0-39 to 2-75, P = 0-953).

Discussion

The use of NAT was associated with a significant decrease
in SMI. Patients with the greatest reduction in SMI were
not at increased risk of postoperative complications. Sar-
copenia either before NAT or surgery did not predict
postoperative complications. No association was found for
specific complications including pneumonia, anastomotic
leak and atrial fibrillation.

The decrease in SMI in the present study was compa-
rable to that found in previous studies®!'%!7. Others have
demonstrated a significant predictive value of muscle mass
depletion during NAT for overall survival. One study'’
showed a significant predictive value of skeletal muscle area
loss (above 6 per cent) in palliative foregut cancer for over-
all survival, whereas another!® demonstrated that loss of
skeletal muscle mass during NAT had prognostic value for
overall survival, although without significant differences in
postoperative complications between the groups with the
highest and lowest degree of muscle mass loss. Although
muscle mass loss during NAT seems to have a negative
impact on overall survival, it does not appear to predict
postoperative complications.

Dysphagia and weight loss are the most common symp-
toms of gastro-oesophageal cancer!®. This is reflected in
the relatively high prevalence of sarcopenia in the present
study population (54-3 per cent) compared with other
abdominal malignancies!'®. Multiple factors may be respon-
sible for muscle mass depletion during NAT: immobil-
ity, feeding problems, loss of appetite, and effects from
cancer-related cytokines!”. In gastro-oesophageal cancer it
is possible that sarcopenia is predominantly an effect of
dysphagia and inadequate nutrition, whereas in other can-
cers it might be related predominantly to cancer burden or
paraneoplastic effects. Different mechanisms for the devel-
opment of sarcopenia might influence specific outcomes,
such as surgical complication rates.

Loss of skeletal muscle is not the only indicator of
functional depletion?’. Physical tests such as handgrip

© 2020 The Authors.
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strength or walking speed are combined with muscle mass
to diagnose sarcopenia according to the current consen-
sus of the European Working Group on Sarcopenia and
Older People?!. In the present study, no data on physical
performance during NAT were available. The combined
measurement of muscle mass and muscle function may be
a better predictor of short-term surgical outcomes.

Both complications after surgery and postoperative loss
of skeletal muscle mass are associated with impaired sur-
vival in oesophageal cancer??. Although the present study
showed that a significant decrease in skeletal muscle mass
occurred during NAT in patients with gastro-oesophageal
cancer before surgery, this change was not associated with
an increased risk of postoperative complications. Sarcope-
nia related to the effects of the primary tumour and NAT
is not a likely explanation for the effect of postoperative
complications on long-term survival.
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