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ABSTRACT

Background. Esophageal and gastric cancer surgery are
associated with considerable morbidity, specifically post-
operative pulmonary complications (PPCs), potentially
accentuated by underlying challenges with malnutrition
and cachexia affecting respiratory muscle mass. Physio-
therapy regimens aim to increase the respiratory muscle
strength and may prevent postoperative morbidity.
Objective. The aim of this study was to assess the impact
of physiotherapy regimens in patients treated with
esophagectomy or gastrectomy.

Methods. An electronic database search was performed in
the MEDLINE, EMBASE, CENTRAL, CINAHL and
Pedro databases. A meta-analysis was performed to assess
the impact of physiotherapy on the functional capacity,
incidence of PPCs and postoperative morbidity, in-hospital
mortality rate, length of hospital stay (LOS) and health-
related quality of life (HRQoL).

Results. Seven randomized controlled trials (RCTs) and
seven cohort studies assessing prehabilitation totaling 960
patients, and five RCTs and five cohort studies assessing peri-
or postoperative physiotherapy with 703 total patients, were
included. Prehabilitation resulted in a lower incidence of
postoperative pneumonia and morbidity (Clavien—Dindo
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score > II). No difference was observed in functional exercise
capacity and in-hospital mortality following prehabilitation.
Meanwhile, peri- or postoperative rehabilitation resulted in a
lower incidence of pneumonia, shorter LOS, and better
HRQoL scores for dyspnea and physical functioning, while
no differences were found for the QoL summary score, global
health status, fatigue, and pain scores.

Conclusion. This meta-analysis suggests that implement-
ing an exercise intervention may be beneficial in both the
preoperative and peri- or postoperative periods. Further
investigation is needed to understand the mechanism
through which exercise interventions improve clinical
outcomes and which patient subgroup will gain the maxi-
mal benefit.

BACKGROUND

Despite improvements in perioperative management,
surgery for esophageal and gastric cancer is associated with
considerable morbidity, particularly postoperative pul-
monary complications (PPCs). PPCs include pneumonia
and atelectasis, occur in about 20-40% of patients,l’3 and
account for up to 55% of in-hospital deaths.*> The risk for
PPCs development is multifactorial and includes both
patient- and treatment-related factors. Open surgery is
associated with significantly higher pain scores, which may
interfere with respiratory mechanics and impede adequate
mobilization, resulting in atelectasis and shallow breath-
ing.®'® Other intraoperative procedures that might
contribute to PPCs include mechanical ventilation, patient
positioning, and administration of sedatives.''™'*
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Following surgery, patients undergoing esophagogastrec-
tomy often require chest drainage, contributing further to
postoperative pain and altered respiratory mechanics.'>'®

Preoperative factors also have an impact on the devel-
opment of PPCs, including preoperative
chemoradiotherapy. Although neoadjuvant chemoradio-
therapy has led to a significant improvement in survival in
esophageal and esophagogastric junction cancer,'” several
studies suggest that the associated toxicity affects pul-
monary function, causing a decline in diffusion capacity,
and total lung and vital capacity.'® In addition to decreased
exercise capacity following surgery,'” neoadjuvant
chemotherapy is also associated with reduced physical
fitness.”® Other predictive factors for severe complications
include lower preoperative forced expiratory volume in
1 second (FEVI),zl’22 decreased diffusion capacity,23
multiple comorbidities, and smoking.”* Physical activity
levels also play an important role in the postoperative
period, as patients with higher activity levels appeared to
have a significantly lower risk for cancer recurrence, and
had higher overall survival rates and better HRQoL scores
compared with inactive participants.”> Finally, patients
with gastrointestinal cancers often present with malnutri-
tion and cachexia®®® affecting respiratory muscle mass
and strength, and subsequently increasing the risk for
development of PPCs***? and poor functional capacity.®'

Physiotherapy regimens such as early mobilization and
breathing exercises aim to decrease the risk for PPCs by
reversing atelectasis.”> There is some evidence that
breathing exercises, both in the preoperative period®* and
during postoperative recovery,”” decrease the incidence of
PPCs in upper abdominal surgery. However, due to insuf-
ficient strong evidence, routine implementation of
respiratory physiotherapy following abdominal surgery has
not yet been implemented as a standard of care.*?

To date, there has been no published meta-analysis
assessing the effect of prehabilitation and peri- or postop-
erative physiotherapy regimens on postoperative mortality
and morbidity in esophageal and gastric cancer surgery.
The primary aim of this meta-analysis was to assess the
impact of physiotherapy regimens on the incidence of
major postoperative morbidity and in-hospital mortality.
The secondary aims were to assess whether physiotherapy
implementation decreases the length of hospital stay (LOS)
and improves the functional exercise capacity and HRQoL.

METHODS
Search Strategy

A literature search was performed on the 18 February
2021 to identify relevant studies assessing physiotherapy

regimens in patients undergoing esophagectomy or gas-
trectomy in the MEDLINE (Ovid), EMBASE (Ovid),
Cochrane Central Register of Controlled Trials, CINAHL,
and Physiotherapy Evidence (Pedro) databases. The search
included the following index or free-text words, including
synonyms and closely related words: ‘(o)esophagectomy’,
‘gastrectomy’, ‘physiotherapy’, ‘physical therapy’, ‘ki-
nesi(o)therapy’, ‘muscle training’, ‘mobilization’, and
‘breathing techniques’. References of included articles
were screened and a hand-search was performed to identify
missing articles. The full electronic search strategy is
available in electronic supplementary (ES) Table S1.

Two reviewers (KHT and NG) independently assessed
the titles and abstracts for inclusion of relevant references.
In the case of disagreement for inclusion, a third author
(SRM) was consulted. Authors of the included studies were
contacted to locate unpublished data.

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA)** guidelines were followed
(ES Table S2).

Study Selection

Randomized controlled trials (RCTs), quasi-randomized
trials, and cohort studies were included, implementing
physiotherapy regimens in the pre-, peri- or postoperative
periods for patients who have undergone esophagectomy or
gastrectomy for malignant disease, either by open surgery
or a minimally invasive approach.

Comparative studies were excluded if no outcome data
were provided for the control or intervention groups.
Studies were excluded if physiotherapy in the form of early
mobilization was part of an enhanced recovery pathway
and the impact of the pathway was assessed without
evaluating the impact of the physiotherapy component.

Outcome Measures

The primary outcomes were the incidence of postoper-
ative morbidity assessed wusing a Clavien—Dindo
classification>* (CDC) of 2 or higher, PPCs, and in-hospital
mortality, while the secondary outcomes were assessment
of the functional capacity via the 6-minute walking test
(6MWT), LOS, and HRQoL.

Quality Assessment of Selected Studies

Two reviewers (KT and NG) assessed the quality of
each included study by independently evaluating the risk of
bias using the revised Cochrane risk-of-bias tool (RoB2)**
for the assessment of randomized trials and the Newcastle—
Ottawa Scale (NOS)36 for the assessment of non-random-
ized studies. The RoB2 tool categorizes the risk of bias into
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‘low’, ‘some concerns’, or ‘high’ risk of bias. For the NOS
scores ranging from 0 to 9, we considered a score of 0-3,
4-6, and 7-9 as low, moderate, or high-quality studies,
respectively.

Statistical Analysis

Meta-analysis of the data was performed using the
Review Manager version 5.3 software (Cochrane Collab-
oration, Oxford, UK). Both the fixed-effects and random-
effects models were considered in the analysis of the data
and were the most appropriate models used to pool the
results based on the distribution of the data. The standard
heterogeneity test, the I statistic, was used to assess the
consistency of the effect sizes, which indicates the per-
centage of the variability in effect estimates because of true
between-study variance rather than within-study variance.
Statistical heterogeneity was graded as low, moderate, or
high, with an F* of above 25%, 50%, and 75%,
respectively.’’

RESULTS
Literature Search Results

The electronic database searches yielded 11,273 results.
The database searches were complemented by a hand
search, identifying eight articles through published sys-
tematic reviews and protocols. After removal of duplicates,
8048 publications were screened on the abstract. Subse-
quent screening of the full-text identified 33 relevant
records, 17 of which assessed preoperative exercise pro-
grams (prehabilitation), while 16 studies assessed peri- or
postoperative physiotherapy regimens (Fig. 1).

Among the studies assessing prehabilitation, seven were
RCTs*®*** with an intervention group and a comparative
control group, while one RCT* compared two different
types of interventions; the remaining nine publications
were cohort studies.>**™* For the studies assessing peri-
and postoperative physiotherapy, there were six RCTs**~°
comparing an intervention with a control group, and one
study®® compared two different types of physiotherapy.
Among the cohort studies, eight studies®'*® had an inter-
vention group and a comparative control, and one study®

FIG. 1 PRISMA flow chart.
PRISMA Preferred Reporting

Records identified through database

Additional records identified (other

Items for Systematic Reviews searching systematic reviews and hand search)
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v
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Full-text articles assessed
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(a) o . .
Prehabilitation Control Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.1.1 RCTs

Guinan et al 9 28 11 32 7.5% 0.90[0.31, 2.66] —

Lam et al 3 5 4 6 1.6% 0.75[0.06, 8.83]

Valkenet et al 47 120 43 121 28.1% 1.17 [0.69, 1.97]

Yamana et al 10 30 17 30 12.2% 0.38[0.13, 1.09] ‘;r7

Subtotal (95% CI) 183 189  49.5% 0.92[0.61, 1.40]

Total events 69 75

Heterogeneity: Chi2 =3.53,df=3 (P=0.32): 2= 15%

Test for overall effect: Z =0.39 (P = 0.70)

1.1.2 nRCT/cohort

Akiyama et al 1 23 5 25 5.0% 0.18 [0.02, 1.69]

Cho et al 0 18 2 54 1.4% 0.57 [0.03, 12.38]

Christensen et al 4 21 3 29 2.2% 2.04 [0.40, 10.27] —

Dettling et al. 11 44 9 39 7.7% 1.11 [O. 40 3.05] —_—

Halliday et al 10 38 25 38 19.9% 0.19[0.07, 0.50] —_—

Inoue et al 4 63 9 37 11.5% 0.21 [0.06, 0.74] —_—

Zylstra et al 4 13 4 14 2.9% 1.11[0.21, 5.80]

Subtotal (95% CI) 220 236  50.5% 0.48 [0.29, 0.78] >

Total events 34 57

Heterogeneity: Chi2 = 12.66, df = 6 (P = 0.05): I2 = 53%

Test for overall effect: Z =2.95 (P =0.003)

Total (95% CI) 403 425 100.0% 0.70[0.51, 0.95] > 2

Total events 103 132

Heterogeneity: Chi? = 19.85, df = 10 (P = 0.03): I> = 50% f f f !

Test for overall effect: Z =2.25 (P =0.02) 0.01 0.1 1 10 100

Test for subgroup differences: Chi2 = 3.99, df =1 (P = 0.05): I2 = 74.9% Favours [rehab] Favours [control]

(b)
Prehabilitation Control Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.1.1 RCTs

Valkenet et al 47 120 43 121 31.0% 1.17[0.69, 1.97 -

Yamana et al 10 30 17 30 13.5% 0.3810.13, 1.09 r

Subtotal (95% CI) 150 151 44.4% 0.93 {0 59,1 481 -

Total events 57 60

Heterogeneity: Chi2 =3.50, df =1 (P =0.06): 2=71%

Test for overall effect: Z=0.31 (P=0.76)

3.1.2 nRCT/cohort

Akiyama et al 1 23 5 25 5.4% 0.18(%0.02, 1.69

Cho et al 0 18 2 54 1.5% 0.57[0.03, 12.38

Christensen et al 4 21 3 29 2.4% 2.04[0.40, 10.27 —

Dettling et al. 11 44 9 39 8.5% 1.11[0.40, 3.05 _—

Halliday et al 10 38 25 38 21.9% 0.19[0.07, 0.50 — =

Inoue et al 4 63 9 37 12.6% 0.21 [0.06, 0.74 —_—

Zylstra et al 13 14 3.2% 1.1170.21, 5.80

Subtotal (95% CI) 220 236 55.6% 0.48[0.29,0.78 -

Total events 3 57

Heterogeneity: Chi2 = 12.66, df = 6 (P = 0.05): I2 = 53%

Test for overall effect: Z =2.95 (P =0.003)

Total (95% CI) 370 387 100.0% 0.68 [0.49, 0.95] L 2

Total events 91 117

Heterogeneity: Chi2 = 19.64, df = 8 (P = 0.01): 12 = 59% f f f i

Test for overall effect: Z = 2.28 (P=0.02 0.01 0.1 1 10 100

)
Test for subgroup differences: Chi? =3.77, df = 1 (P = 0.05): I> = 73.5%

FIG. 2 a Effect of prehabilitation on the incidence of pneumonia.
b Effect of prehabilitation on the incidence of pneumonia, excluding
the combined incidence of pneumonia and other PPCs. ¢ Effect of
peri- or postoperative rehabilitation on the incidence of pneumonia.
d Effect of peri- or postoperative rehabilitation on the incidence of

assessed three groups consisting of two physiotherapy
intervention groups and one comparative control group. An
overview of interventions for studies included in the meta-
analysis is shown in Table 1; a summary of the study
characteristics of all studies is shown in ES Table S3, with
a comprehensive summary of interventions for all studies
provided in shown in ES Table S4. A summary of the

Favours [rehab] Favours [control]

pneumonia, excluding the combined incidence of pneumonia and
other PPCs. PPCs postoperative pulmonary complications, M—H
Mantel-Haenszel, CI confidence interval, RCTs randomized
controlled trials, nRCT non-randomized controlled trials, df degrees
of freedom

statistical method used for each analysis is presented in ES
Table S5.

Finally, six RCTs*®** and eight cohort stud-
- 2:46-49,51-53 . o
ies assessing  prehabilitation, and five
RCTs™ %89 and five cohort studies®'**%>7%% assessing
peri- or postoperative physiotherapy, were included in the
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(c) Rehab Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 RCTs
Jiao et al 1 43 3 43 12.2% 0.320.03, 3.18]
Subtotal (95% CI) 43 43 122% 0.32[0.03, 3.18] ——e
Total events 1 3
Heterogeneity: Not applicable
Test for overall effect: Z=0.98 (P=0.33)
2.1.2 nRCTs/cohort
Akiyama et al (2017) 4 31 5 21 21.7% 0.47[0.11, 2.03] - 1
Jianjun et al 1 60 3 60  12.3% 0.3210.03, 3.19] =
Lococo et al 2 8 13 50 11.2% 0.95[0.17, 5.30] —
Lunardi et al 1 40 3 30 14.0% 0.230.02, 2.34]
Wang et al 7 14 20 27 28.5% 0.35[0.09, 1.36] e ——
Subtotal (95% CI) 153 188  87.8% 0.43[0.20, 0.93] P
Total events 15 44
Heterogeneity: Chi2 = 1.26, df =4 (P = 0.87): I2= 0%
Test for overall effect: Z=2.15 (P =0.03)
Total (95% CI) 196 231 100.0% 0.42[0.20, 0.86] P
Total events 16 47
Heterogeneity: Chi2 = 1.32, df =5 (P = 0.93): I2= 0% } } } i
Test for overall effect: Z = 2.36 (P = 0.02) 0.01 0.1 1 10 100
Test for subgroup differences: Chi2 = 0.06, df =1 (P = 0.80), I = 0% Favours [rehab] Favours [control]
(d
Rehab Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 RCTs
Jiao et al 1 43 3 43 13.8% 0.3210.03, 3.18] &
Subtotal (95% CI) 43 43 13.8% 0.3210.03, 3.18] ——ee
Total events 1 3
Heterogeneity: Not applicable
Test for overall effect: Z=0.98 (P =0.33)
4.1.2 nRCTs/cohort
Akiyama et al (2017) 4 31 5 21 24.4% 0.47[0.11, 2.03] &
Jianjun et al 1 60 3 60  13.9% 0.320.03, 3.19]
Lunardi et al 1 40 3 30 15.7% 0.230.02, 2.34] =
Wang et al 7 14 20 27 32.1% 0.35[0.09, 1.36] —
Subtotal (95% CI) 145 138 86.2% 0.36 [0.15, 0.83] D
Total events 13 31
Heterogeneity: Chi? = 0.29, df =3 (P = 0.96): I> = 0%
Test for overall effect: Z =2.39 (P =0.02)
Total (95% CI) 188 181 100.0% 0.35[0.16, 0.78] P
Total events 14 34
Heterogeneity: Chi2 = 0.30, df = 4 (P = 0.99): 1> = 0% f f f |
0.01 0.1 1 10 100

Test for overall effect: Z=2.58 (P =0.010)
Test for subgroup differences: Chi? = 0.01, df =1 (P = 0.92), 1> = 0%

FIG. 2 continued

meta-analysis. Included and excluded studies are presented

in ES Table S6 for each analysis.

Favours [rehab] Favours [control]

Functional Exercise Capacity

Due to heterogeneity of outcome measures, a meta-
analysis was performed for studies assessing exercise
capacity following prehabilitation using the 6MWT. For
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Prehabilitation Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 RCTs
Minnella et al. (2018) 12 24 18 25 10.7% —0.22 [-0.49, 0.05] —_—
Swaminathan et al. (2020) 1 29 4 29 12.6% —0.10 [~ 0.25, 0.04] —
Yamana et al. (2015) 8 30 18 30 13.0% -0.33[-0.57,-0.10] —_—
Subtotal (95% CI) 83 84  363% —0.22[-0.35,-0.09] -
Total events 21 40
Heterogeneity: Chi? =3.48, df =2 (P=0.18): > = 43%
Test for overall effect: Z = 3.44 (P = 0.0006)
3.1.2 Cohort studies
Akiyama et al. (2020) 23 8 25  104% —0.23[-0.45,-0.02] —_—
Christensen et al. (2018) 11 21 13 29  10.6% 0.08 [-0.20, 0.36] —_—t
Halliday et al. (2020) 12 38 38 16.5% —0.16 [-0.37, 0.06] —_—
Inoue et al. (2013) 4 63 9 37  203% —0.18[-0.33,-0.03] ——
Zylstra 2020 2 13 3 14 5.9% —0.06 [-0.35,0.23] e m—
Subotal (95% CI) 158 143 63.7% —0.13[-0.23,-0.03] >
Total events 31 51
Heterogeneity: Chi® = 3.65, df = 4 (P = 0.46): I> = 0%
Test for overall effect: Z=2.59 (P=10.010)
Total (95% CI) 241 227 100.0% —0.16 [~ 0.24,—0.09] e 3
Total events 52 91
Heterogeneity: Chi? = 6.56, df = 7 (P = 0.48): I> = 0% I } } |
-1 -0.5 0 0.5 1

Test for overall effect: Z =4.12 (P <0.0001)
Test for subgroup differences: Chi? = 1.25, df = 1 (P = 0.26), I = 20.1%

Favours [ Control ] Favours [Prehabilitation]

FIG. 3 Effect of prehabilitation on the incidence of postoperative morbidity (Clavien—Dindo grade II or higher). M—H Mantel-Haenszel, CI
confidence interval, RCTs randomized controlled trials, df degrees of freedom

Rehab Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

9.1.1 RCT

Chen et al. (2017) 12 444 39 14 6.67 41 21.5% —2.00[-4.47,0.47]

Fagevik Olsenetal. 2017) 19.7 102 20 183 63 23  4.9% 1.40 [-3.76, 6.56] +

Subtotal (95% CI) 59 64 26.4% —1.37[~-3.59,0.86] ¢

Heterogeneity: Chi2 = 1.36, df = 1 (P =0.24); I2 = 26%

Test for overall effect: Z =1.20 (P =0.23)

9.1.2 Cohort studies

Akiyama et al. (2017) 28.6 134 31 32.7 125 21 2.6%  —4.10[-11.23,3.03] —t

Jianjun et al. (2019) 16.8 3.5 60 18.6 4.1 60 70.6% —1.80[-3.16,—0.44]

Lunardi et al. (2011) 13.5 486 40 14 26.4 30 04% -0.50[-18.28,17.28] B

Subtotal (95% CI) 131 111 73.6%  -1.87[-3.21,-0.54] |

Heterogeneity: Chi2 =0.41, df =2 (P=0.82); I2 = 0%

Test for overall effect: Z =2.75 (P = 0.006)

Total (95% CI) 190 175 100.0%  —1.74[-2.89,-0.59] )

Heterogeneity: Chi2 = 1.91, df =4 (P = 0.75); 2 = 0% f f f !
- 100 -50 0 50 100

Test of overall effect: Z=2.97 (P =0.003)
Test for subgroup differences: Chi2 = 0.15, df = 1 (P = 0.70), I2 = 0%

Favours [Rehab] Favours [control]

FIG. 4 Effect of peri- or postoperative rehabilitation on the LOS. LOS length of hospital stay, SD standard deviation, /V inverse variance, CI
confidence interval, RCT randomized controlled trial, df degrees of freedom

the final analysis, two RCTs***? and one cohort’! were

included (ES Fig. S1). Change in functional capacity was
reported from baseline to the postoperative period, with
random-effects analysis showing no difference in the mean
6MWT between the two groups (pooled mean difference
26.70, 95% confidence interval [CI] — 73.10 to 126.49;
p = 0.60).

Incidence of Pneumonia

A meta-analysis was performed for all studies assessing
the incidence of pneumonia following prehabilitation
(Fig. 2a). Fixed-effects analysis demonstrated a significant
difference between the two groups, with a lower incidence
of pneumonia in patients receiving prehabilitation (pooled
odds ratio [OR] 0.70, 95% CI 0.51-0.95; p = 0.02). Fur-
ther analysis was performed to assess the incidence of
pneumonia, with the exclusion of studies providing the
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Rehabilitation Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
10.7.5 QoL EORTC QLQ-C30 Dyspnea
Fagevik Olsen et al. (2017) 33.3 204 20 424 294 23 19.5% —9.10[-24.08,5.88] —
O’Neill 2018 0 0 0 0 0 0 Not estimable
Van Vulpen 2021 13.94 19.66 54 2233 19.78 56 80.5% —8.39 [~ 15.76,— 1.02] -
Subtotal (95% CT) 74 79 100.0% —8.53 [ 15.14,-1.91] <&
Heterogeneity: Chi2 = 0.01, df =1 (P =0.93): 12 = 0%
Test for overall effect: Z=2.53 (P=10.01)
Total (95% CI) 74 79 100.0% -8.53 [-15.14,-1.91] ¢
Heterogeneity: Chi2 = 0.01, df= 1 (P =0.93): 12 = 0% f f f |
- 100 -50 0 50 100

Test for overall effect: Z=2.53 (P=0.01)
Test for subgroup differences: Not applicable

Favours [experimental] Favours [control]

FIG. 5 Effect of peri- or postoperative rehabilitation on the EORTC QLQ-C30 Dyspnea. EORTC European Organisation for Research and
Treatment of Cancer, SD standard deviation, /V inverse variance, CI confidence interval, df degrees of freedom, QoL quality of life

Rehabilitation Control

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

Study or Subgroup Mean SD Total Mean SD Total Weight
10.4.2 QoL EORTC QLQ-C30 Physical functioning

Fagevik Olsen et al. (2017) 85.3 15.8 20 78.8 163 23

O’Neill 2018 93.33 20 21 83.33 26.67 22 718%
Van Vulpen 2021 89.06 12 54 8472 12.06 56
Subtotal (95% CI) 95 101 100.0%
Heterogeneity: Chi2 = 0.66, df =2 (P = 0.72): 12 = 0%

Tesat for overall effect: Z=2.57 (P=0.01)

Total (95% CI) 95 101 100.0%

Heterogeneity: Chi2 = 0.66, df =2 (P = 0.72): 12 = 0%
Test for overall effect: Z=2.57 (P=0.01)
Test for subgroup differences: Not applicable

16.6%

75.7%

6.50 [~ 3.11, 16.11] +—
10.00 [ 4.05, 24.05] +——
434 0.16, 8.84] -
5.14[1.23, 9.05] ¢
5.14[1.23, 9.05] ¢
[l 1 1 1
2100 50 0 50 100

Favours [experimental] Favours [control]

FIG. 6 Effect of peri- or postoperative rehabilitation on the EORTC QLQ-C30 Physical Functioning. EORTC European Organisation for
Research and Treatment of Cancer, SD standard deviation, /V inverse variance, CI confidence interval, df degrees of freedom, QoL quality of life

combined incidence of pneumonia and other PPCs
(Fig. 2b). In agreement with previous findings, fixed-ef-
fects analysis showed a significantly lower incidence of
pneumonia in patients receiving prehabilitation (pooled OR
0.68, 95% CI 0.49-0.95; p = 0.02).

For peri- or postoperative rehabilitation, a meta-analysis
was performed for all studies assessing the incidence of
pneumonia (Fig. 2c), with fixed-effects analysis demon-
strating a significant difference between the two groups,
with a lower incidence of pneumonia in the rehabilitation
group (pooled OR 0.42, 95% CI 0.20-0.86; p = 0.02).
Further analysis was performed to assess the incidence of
pneumonia, excluding the studies providing the combined
incidence of pneumonia and other PPCs (Fig. 2d). Simi-
larly, fixed-effects analysis demonstrated a significantly
lower incidence of pneumonia in the rehabilitation group
(pooled OR 0.35, 95% CI 0.16-0.78; p = 0.01).

Incidence of Other Postoperative Pulmonary
Complications (PPCs)

A meta-analysis was performed for all studies assessing
the incidence of other PPCs. Fixed-effects analyses showed
no significant difference between the intervention and
control groups following either prehabilitation (ES
Fig. S2a; pooled OR 0.73, 95% CI 0.51-1.05; p = 0.09) or
rehabilitation (ES Fig. S2¢; pooled OR 1.18, 95% CI
0.60-2.32; p = 0.63).

For further analysis, articles that provided the combined
incidence of other PPCs and pneumonia were excluded,
thus only including studies that reported the incidence of
other PPCs. In agreement with earlier findings, fixed-ef-
fects analyses showed no difference between the
intervention and control groups for the incidence of other
PPCs following prehabilitation (ES Fig. S2b; pooled OR
0.71, 95% CI 0.48-1.05; p = 0.09) or rehabilitation (ES
Fig. S2d; pooled OR 1.23, 95% CI 0.59-2.58; p = 0.58).
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Postoperative Morbidity

Fixed-effects analysis showed fewer complications in
the prehabilitation group compared with the control group
(risk difference — 0.16, 95% CI — 0.24 to — 0.09;
p < 0.0001) (Fig. 3).

Mortality

Fixed-effects analysis was performed and showed no
difference in the in-hospital mortality rates between the
two groups (pooled OR 0.97, 95% CI 0.31-3.03; p = 0.95)
(ES Fig. S3).

Length of Hospital Stay

Given the high degree of statistical heterogeneity
between studies, random-effects analysis was performed
and showed no difference between the two groups (mean
difference — 0.44, 95% CI — 1.69 to 0.82; p = 0.50) after
prehabilitation (ES Fig. S4). There was no evidence of
statistical heterogeneity between studies reporting the LOS
after peri- or postoperative rehabilitation, therefore fixed-
effects analysis showed shorter hospital stay in the reha-
bilitation group (mean difference — 1.74, 95% CI — 2.89
to — 0.59; p = 0.003) (Fig. 4).

Health-Related Quality of Life

A total of three RCTs*>**°? were included in the final
analysis. The 3-month outcomes were better after rehabil-
itation for dyspnea (mean difference — 8.53, 95% CI
— 15.14 to 1.91) (Fig. 5) and physical functioning (mean
difference 5.14, 95% CI 1.23-9.05) (Fig. 6), while no
significant difference was observed for the EORTC QLQ-
C30 summary score (ES Fig. S5), global health (ES
Fig. S6), fatigue (ES Fig. S7) and pain (ES Fig. S8)
between the intervention and control groups.

Methodological Quality of the Included Studies

A summary of the risk of bias of the included RCTs.*
Overall, some concerns were present for the risk of bias
assessment of the included RCTs. There were no studies
that were considered as high risk of bias. The majority of
the included RCTs applied an adequate randomization
process with allocation concealment. Half of the studies did
not report the method of missing data handling, and, for
most studies, there was either inadequate blinding of out-
come assessment or no information provided. An
evaluation of the cohort studies included in the meta-
analysis for the risk of bias is shown in ES Table S7. All
but one cohort study received a score of least 6, while

seven cohort studies were awarded 7 stars or higher, indi-
cating overall good quality.

DISCUSSION

In this meta-analysis, lower incidence of pneumonia and
postoperative morbidity was observed in patients under-
going prehabilitation, however no significant differences
were found for other outcomes. Peri- or postoperative
rehabilitation resulted in a lower incidence of pneumonia, a
shorter LOS and better HRQoL scores for dyspnea and
physical functioning, while no effect was observed for the
incidence of other PPCs, QoL summary score, global
health status, fatigue, and pain scores.

Enhanced recovery after surgery (ERAS) is a multi-
modal approach aimed at promoting early recovery in
patients undergoing major surgery, and commonly includes
a physiotherapy component or early mobilization.”"”
These programs have been shown to reduce the risk for
complications and decreased the LOS in colorectal sur-
gery.””  Prehabilitation also consists of multiple
components, such as preoperative exercise intervention,
and nutritional and psychological support. Prehabilitation
initially comprised of preoperative exercise training, which
was developed to improve functional capacity.’”*’* Nutri-
tional support was subsequently implemented to optimize
metabolic reserve preoperatively in order to adequately
compensate for the catabolic response following sur-
gery.”>’® Similar to findings observed in studies assessing
ERAS programs, prehabilitation was shown to improve
outcomes in patients undergoing major abdominal or tho-
racic surgery, with an increase in functional capacity,’”’®
reduction in complication rates, and shortening in the
LOS.”

Given the clinical importance of pulmonary complica-
tions, the incidence of PPCs was also assessed in this meta-
analysis. Both prehabilitation and peri- or postoperative
rehabilitation have been shown to reduce the risk for
postoperative pneumonia, while no differences were
observed for other PPC rates between patients receiving
intervention and the control group. Interestingly, the
magnitude of improvements in pneumonia and LOS were
greater with peri- or postoperative rehabilitation than pre-
habilitation. There are several possible explanations for
this, including the proximity in timing of the intervention
to the measurement of the outcome, and, second, compli-
ance with the intervention, with peri- and postoperative
rehabilitation performed in the hospital setting. However,
differences were observed between the RCTs and cohort
studies, since RCTs showed no difference in the incidence
of pneumonia following prehabilitation and rehabilitation.
This could be explained by the low number of RCTs
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assessing prehabilitation and peri- or postoperative reha-
bilitation. For the analysis assessing the incidence of
pneumonia after prehabilitation, the study by Valkenet
et al.** was given a greater weight than other RCTs, thus
determining the outcome. The authors implemented inspi-
ratory muscle training using an inspiratory loading device.
The intervention was however home-based and only half of
the participants (54.2%) trained at least 80% of the planned
sessions and 28% of the participants trained at least 80% of
the sessions at the prescribed intensity. The study by Jiao
et al.>* was the only RCT included in the analysis that
assessed the impact of peri- or postoperative rehabilitation.
The physiotherapy intervention consisted of preoperative
deep breathing exercises with balloons and abdominal and
pursed-lips breathing training followed by postoperative
assisted sputum elimination. The exercises were com-
menced in the preoperative setting and continued in the
immediate postoperative period throughout the hospital
admission, with no specification of the duration and
intensity of the training. Interestingly, both Valkenet
et al.** and Jiao et al.”* reported significantly improved
respiratory function in the intervention group compared
with the control group, with a higher increase in respiratory
muscle strength (maximal inspiratory muscle strength and
inspiratory muscle endurance capacity),** and higher res-
piratory function indices (forced vital capacity and peak
expiratory flow),”* respectively.

HRQOoL status was assessed in patients undergoing peri-
or postoperative rehabilitation at 3 months following sur-
gery. All three RCTs™”*%° implemented a 12-week
rehabilitation program, two’>>® of which implemented a
program consisting of aerobic and resistance training,
while the third study™ included breathing exercises,
strength training, and optimization of thoracic spine
mobility. At 2 years after surgery, Fagevik Olsén et al.*
found clinically significant worse QoL scores for dyspnea,
fatigue, diarrhea, and appetite loss. Another study pre-
sented similar findings, showing persistently worse QoL
scores for physical functioning and dyspnea at 3 years after
surgery.®' Moreover, pain around chest scars and reduced
energy or activity tolerance were associated with long-term
poor HRQoL.** Lastly, the LOS did not differ in the pre-
habilitation group, while peri- or postoperative exercise
intervention resulted into a significantly shorter LOS.
Rehabilitation may therefore aid in earlier in-hospital
recovery.

There are several limitations present in this meta-anal-
ysis. Due to the limited number of RCTs conducted, cohort
studies were included in the analysis. For most RCTs,
allocation was concealed, there was a low dropout rate
following randomization, and the intervention and control
groups were similar at baseline for most trials. However,
several studies did not report handling of missing data and

the reasons for dropout, and the majority of studies
reported no blinding of outcome assessment. Several
cohort studies used historical controls as a comparison
group, consisting of patients who had undergone surgery
before physiotherapy implementation. No subgroup anal-
ysis could be performed for the type of surgery, including
the surgical approach (minimally invasive surgery [MIS] or
open surgery), as some studies only provided the number of
patients undergoing open surgery or MIS, while the num-
ber of patients undergoing either esophagectomy or
gastrectomy within these subcohorts was not specified.

The short-term outcomes were assessed by well-defined
measures, such as the CDC for surgical complications, and
by reporting the mortality rates. The criteria for diagnosis
of pneumonia were well-described in four studie:s,2’38’44’52
which were based on leukocyte count, presence of fever,
sputum and chest X-Ray findings. However, the remaining
studies reported the incidence of pneumonia or PPCs only.
Perioperative rehabilitation was implemented in only a
small number of studies, while postoperative rehabilitation
was commonly commenced after discharge or in long-term
survivors. Although a Clavien—-Dindo score of 3 or higher
is commonly considered for clinically complications, in
this meta-analysis a cut-off at a score of 2 was used to
assess the incidence of postoperative morbidity in order to
include the incidence of pneumonia, classified as compli-
cations requiring pharmacological treatment (Clavien—
Dindo score 2).

Patients with esophageal and gastric cancer commonly
experience ongoing malnutrition after surgery and often
report poor long-term physical functioning and ongoing
respiratory symptoms.®'*3®> Physical activity levels were
measured by obtaining the step count with an accelerom-
eter. A total of three studies have reported physical activity,
two of which assessed this outcome following prehabili-
tation,*’*> and only one study assessed this after
rehabilitation in long-term survivors.® The respiratory
function was evaluated by estimating the respiratory vol-
umes and by measuring the respiratory muscle pressure and
endurance. A total of eight studies (four in the preoperative
period*****>2 and four in the peri- or postoperative per-
i0d>*3:69%68) reported the respiratory function, with only
one study® assessing the long-term outcomes. No meta-
analysis could be performed due to different timing of
measurements and the use of different parameters. This
suggests that there is a lack of research assessing functional
data in long-term survivorship undergoing rehabilitation.
There was no standardized regimen as exercise interven-
tions differed in timing and duration, and were either
home-based or in-hospital, with or without supervision.
The Borg scale was used to estimate the intensity of the
intervention for a large number of studies. However, no
standardized measure was available to compare all
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regimens. To date, there is an evident paucity of research
comparing the impact the different components, intensity,
and setting of physiotherapy in patients who have under-
gone esophagectomy or gastrectomy.

Finally, adherence was reported in the majority of
studies included in the meta-analysis. For most studies,
adherence was monitored by a physiotherapist, while a few
studies implemented objective measures such as heart rate
monitors, which could possibly improve the objectivity of
adherence reporting.

CONCLUSION

The findings of this meta-analysis showed that imple-
mentation of exercise intervention may be beneficial in
both the preoperative and peri- or postoperative periods.
The next steps of the investigation are to identify which
components, or pre-habilitation and peri- and postoperative
rehabilitation, have the greatest impact on the clinical
outcomes. Furthermore, clearly the Achilles heel to pre-
habilitation and rehabilitation is patient compliance; more
research is needed to understand the human factors and
patient barriers around complications to these regimens, to
ensure the long-term clinical effectiveness.
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