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Abstract

Progression of the physical weakness during neoadjuvant therapy (NAT) in patients with esophageal or gastroesophageal
junction cancer is a serious problem; however, prehabilitation during NAT has the potential to overcome the unmet need.
Nevertheless, systematic reviews on this topic have not been summarized. Therefore, this systematic review aimed to deter-
mine prehabilitation’s effectiveness, acceptability, and safety during NAT for patients with esophageal or gastroesophageal
junction cancer. An electronic search was performed in the MEDLINE, Web of Science, CENTRAL, CINAHL, and PEDro
databases. A meta-analysis was conducted to assess the effectiveness of prehabilitation during NAT, along with a descriptive
analysis of acceptance and safety. This study analyzed data from three randomized controlled trials (RCTs) and nine non-
RCTs involving 664 patients. The meta-analysis of two RCTs demonstrated that prehabilitation during NAT may be more
effective than usual care in enhancing tolerance to NAT and grip strength; moreover, one RCT and three non-RCTs revealed
that prehabilitation may reduce the risk of postoperative complications. The adherence rates for exercise programs in two
RCTs and seven non-RCTs were 55-76%. Additionally, two studies reported a 76% adherence rate for multimodal prehabili-
tation programs, including exercise, dietary, and psychological care. Six studies reported no serious prehabilitation-related
adverse events during NAT. Prehabilitation during NAT may be a safe and beneficial intervention strategy for patients with
esophageal or gastroesophageal junction cancer. However, the investigation of strategies to enhance adherence is essential.
Furthermore, additional high-quality RCTs are needed to examine the effect of prehabilitation during NAT.

Keywords Prehabilitation - Neoadjuvant therapy - Esophageal cancer - Gastroesophageal junction cancer - Systematic
review - Physical weakness

Introduction

Esophageal cancer is a common and lethal tumor globally
[1]. The standard treatment for locally advanced esophageal
or gastroesophageal junction cancers is neoadjuvant therapy
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(NAT) followed by surgery [2, 3]. Although NAT improves
survival compared with surgery alone [2—4], it causes severe
adverse events and significantly reduces physical fitness and
skeletal muscle mass [5, 6]. In surgeries for esophageal or
gastroesophageal junction cancers with significant physical
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stress, preoperative physical weakness is a severe problem
associated with postoperative complications, poor prognosis,
and decreased quality of life [7, 8]. Furthermore, the latest
studies have shown that themselves, such as reduced physi-
cal fitness and skeletal muscle loss during the NAT has a
negative impact on postoperative prognosis [6, 9—11]. There-
fore, to improve postoperative outcomes, the prevention of
physical weakness during NAT is essential, and strategies
to achieve this should be prioritized.

Prehabilitation, consisting mainly of aerobic exercise,
inspiratory muscle training, and nutritional management,
might be feasible and effective for preoperative fitness and
clinical outcomes of esophagectomy in the systematic review
[12]. Meanwhile, there is a lack of information regarding
the effectiveness and feasibility of prehabilitation during
NAT in a previous review [12]. Various adverse events and
symptoms develop during NAT [3]. For patients undergoing
surgery after NAT, a prehabilitation program during NAT
tailored to the changes in disease status and physical con-
dition is necessary, distinct from common prehabilitation
programs. Several recent studies regarding prehabilitation
during NAT for patients with esophageal or gastroesopha-
geal junction cancer have demonstrated the feasibility and
effectiveness of prehabilitation on physical fitness, skeletal
muscle mass, and tolerance to NAT [13-15]. However,
although there are systematic reviews on prehabilitation
during NAT in patients with breast and rectal cancer [16,
17], information on clinical practice and evidence gaps in
patients with esophageal or gastroesophageal junction can-
cer have not been summarized.

This systematic review aimed to determine the effective-
ness, acceptability, and safety of prehabilitation during NAT
for patients with esophageal or gastroesophageal junction
cancer.

Materials and methods
Search strategy

A literature search was performed on March 10, 2023, to
identify relevant studies assessing prehabilitation regimens
including exercise in patients with esophageal or gastroe-
sophageal junction cancer during NAT, in the MEDLINE
(PubMed), Web of Science, CENTRAL, CINAHL, and
Physiotherapy Evidence (PEDro) databases. Unpublished
literature was searched using the ClinicalTrials.gov and
OpenGrey databases. The search included the following
keywords: “esophagus,” “gastric,” “neoadjuvant,” “physi-
cal therapy,” “prehabilitation,” and “respiratory training.”
The references of the included articles were screened, and
a manual search was performed to identify missing articles.
The complete electronic search strategy is available in the
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electronic supplementary material (Online Resource 1).
Two reviewers (TI and ST) independently assessed titles and
abstracts to include relevant references. Subsequently, the
full-text articles selected by title and abstract screening were
assessed for eligibility. Data extraction from the included
studies was performed independently by two reviewers (TI
and ST). In cases of disagreement regarding the inclusion
or data extraction, a third author (TK) was consulted. The
authors of the included studies were contacted to obtain
unpublished data. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
[18] were followed (Online Resource 2). The searched ref-
erences were uploaded to Rayyan [19] (Qatar Computing
Research Institute, Ar Rayyan, Qatar), and duplicate refer-
ences were removed. The protocol for this systematic review
was registered with PROSPERO (https://www.crd.york.ac.
uk/prospero/display_record.php?ID=CRD42023395998).

Study selection

We included randomized controlled trials (RCTs) and quasi-
RCTs evaluating the feasibility or efficacy of prehabilitation
during NAT. Retrospective cohort and single-arm studies
were included to investigate the feasibility of this approach.
There were no restrictions on the country or language. All
published and unpublished papers, including conference
abstracts, were eligible. No animal studies were included. No
exclusions were made on the basis of the observation period.
Systematic reviews, meta-analyses, narrative reviews, cluster
RCTs, cross-sectional studies, crossover trials, case series,
case reports, and letters were excluded. Studies that met the
following criteria were included: those involving patients
with esophageal or gastroesophageal junction cancer receiv-
ing NAT; those incorporating prehabilitation including aero-
bic exercise, resistance training, and respiratory training dur-
ing NAT; and those assessing preoperative physical fitness.
Studies that met the following criteria were excluded: par-
ticipants with unstable comorbidities that precluded exercise
therapy or exercise function testing, such as severe cardiac
or respiratory dysfunction or orthopedic disease; cognitive
disorders (Mini-Mental State Examination score less than
24); and nonradical surgery.

Assessment outcomes and other variables

The primary outcomes were exercise capacity (cardiopul-
monary exercise test and 6-min walk test) and postopera-
tive complications (postoperative pulmonary complications
and surgical site infections, etc.). The secondary outcomes
included an assessment of physical fitness other than exer-
cise capacity, tolerance to NAT (completion rate of sched-
uled treatment), the adherence of prehabilitation (attend-
ance/session*100), and adverse events of prehabilitation.
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To understand the characteristics of the included stud-
ies, we collected information on participants’ characteristics
(age, sex, body mass index [BMI], diagnosis, and NAT regi-
men) and prehabilitation protocols (type, intensity, time, and
frequency).

Assessment for risk of bias and quality of evidence

We assessed the risk of bias in the RCTs using the revised
Cochrane risk-of-bias tool for randomized trials (RoB 2)
[20]. The RoB2 tool categorizes the risk of bias into “low,”
“some concerns,” or “high” groups. The risk of bias in non-
randomized comparative studies was assessed using the
Newcastle—Ottawa Scale (NOS) [21]. For NOS scores rang-
ing from 0 to 9, we considered scores of 03, 4-6, and 7-9 as
low, moderate, and high-quality studies, respectively. Single-
arm studies were assessed using the National Heart, Lung,
and Blood Institute Quality Assessment Tool for before-
after (pre- and post-intervention) studies [22]. Based on
the 12-item rating, “Good,” “Fair,” and “Poor” scores were
determined. All risk-of-bias assessments were conducted in
duplicate by two well-trained reviewers (TI and ST). Disa-
greements between the reviewers were resolved through
discussion or by inviting an additional reviewer (TK). The
quality of evidence was determined by one researcher (TT)
and confirmed and finalized by another researcher (ST).
The GRADE (Grading of Recommendations, Assessment,
Development, and Evaluation) method was used to check
the quality of the evidence [23]. Summary of the findings,
prepared according to the Cochrane Handbook is presented
in Table 1. Table 1 shows the relative effects per outcome,
number of participants, quality of evidence, and additional
comments. The standard mean difference (SMD) and risk
ratio (RR) were used as relative effects.

Statistical analysis

A meta-analysis of the studies comparing the two groups was
performed if at least two published RCTs reported the same
outcome within the same timeframe. Published non-RCTs
and unpublished studies were included in the meta-analysis
only when one or fewer published RCTs examined for each
outcome. We pooled the mean differences and 95% confi-
dence intervals (CIs) for the continuous variables (reporting
mean and standard deviation or standard error of the mean)
for each trial. For cases in which the outcome units were
different, we attempted to integrate the data by calculating
SMD. RRs with 95% ClIs were selected as summary statis-
tics for dichotomized outcomes. The meta-analysis was per-
formed using the Review Manager software (RevMan 5.4,
Cochrane) [24]. Missing data were referred to the principal
investigator, and in cases where they were unavailable, the
substitution method was not used. When a meta-analysis

was not possible, results were described narratively. In cases
with 17> 50%, we assessed substantial heterogeneity, and
subgroup analysis was performed by age when we have
gathered sufficient data. The Cochran chi-squared test (Q
test) was used for the 12 statistic, and a p-value of <0.10
was considered statistically significant. Considering that
the intervention effects varied owing to setting differences
across studies, we applied a random-effects model. If the
mean differences and 95% Cls were not reported, the study
was excluded from the meta-analysis. To confirm the robust-
ness of the results, a meta-analysis was performed using
non-RCTs for sensitivity analysis. We assessed the possibil-
ity of reporting bias using funnel plots.

Results
Study identification

A systematic search of the databases yielded 7342 results.
Duplicates were removed, leaving 3,902 records. In the pri-
mary screening, 3440 articles were reviewed by title and
abstract, and in the secondary screening, 27 articles were
evaluated for eligibility using the full text. Ultimately, 12
articles [13-15, 25-33] were eligible for inclusion. A sys-
tematic search of these databases is shown in Fig. 1.

Study characteristics

The study characteristics are summarized in Table 2. Three
studies were included in each category: RCTs [13, 14,
25], quasi-RCTs [15, 26, 27], retrospective cohort studies
[28-30], and prospective single-arm intervention studies
[31-33]. The literature consisted of nine original articles
[13-15, 26, 28-30, 32, 33] and three unpublished studies
[25, 27, 31]. The total number of participants in the 12
included studies was 664. The mean age of the participants
ranged from 59.2 to 67.0 years, 74.7 to 100% were men,
and the mean BMI ranged from 21.1 to 28.9 kg/m2. Three
studies [13, 26, 33] used neoadjuvant chemoradiotherapy,
five [15, 27, 29, 30, 32] used neoadjuvant chemotherapy,
and three [14, 28, 31] used neoadjuvant chemoradiotherapy
or chemotherapy.

Characteristics of the prehabilitation intervention

The characteristics of prehabilitation during NAT are pre-
sented in Table 3. Prehabilitation programs mainly consisted
of aerobic exercise and resistance training, and the duration
ranged 4—16 weeks, with one to seven sessions per week.
Aerobic exercise duration ranged 15-60 min, performed at
low to moderate intensity [13, 14, 29, 32, 33] moderate/vig-
orous-intensity activity [28, 30], or high-intensity interval

@ Springer



Esophagus

(ID %S6 S¥ PUE) UOHUIAINUI 3} JO 10343 ANE[A1 3y pue dnoid uosLredwod ay) Ul YSLI PAWNSSE Sy UO Paseq SI ([BAISIUL SOUIPYUOD %G6 SH pur) dNoIS UOHUIAIUL ) UT JSLI YL,

JUQAQ ISIQAPE VY UONBOYISSB[O OPUIJ—USIAR[D (7D ‘el
P[[0NUOD PIZIWOPURI J)Y QOUSIIJIP ULAUW PIZIPILpURIS (JAS ‘Onel JsuI yy ‘Aderoyy yueanlpeoau Jyn 1s9) Sunjjem utw 9 7 M u9 ‘uondwnsuod uagAxo yead O ¥pad ([EAISIUI QOUPYUOD )

JO9JJ9 JO BWIIS Y} WOI JOJIP AJ[erjueisqns et 10910 N1} Y} :AJBUWINSS JO9JJS Y} UT 90UIPLUO0D [N KI0A 9ARY oA\ :KJUTRIIIO MO] KIOA

JO91J0 9Y} JO QJLWINSA ) WO IPIP A[[erueisqns ABW 1090 9NI) Ay} :PAJIWI] ST AJBWNSI JO9JJ Y} UT 9OUIPYUOD InQ) :AJUTe}Ied Mo

SOOURIOYIP TenueIsqns Jo ANpIqrssod B Y J09JJ9 Y3 JO AJBWINISA Y} 0] JB[IWIS 3G ABW JO2JJ9 9NI) A} :3JBWINSS 1093 9Y) UI JUIPYUOD A[9JRIOPOW Ik AN :KIUTEIISD 9)JBIOPOIA

109JJ9 9} JO SJBWIISI Y} 0} JLIWILS ST JOJJS NI} Y} 1LY} JUSPLUO0D KISA dIe dAN :A1UTe)sod ySiyg
Q0UIPIAL Jo sape1d dnoin Sunyop AAVID

9Jes oq

Aew YN Jurnp uonejfiqeyaiq
SosBD
Qwos ur 9[qeldaooe oq Aewr [ YN

MO[ KToA

OOO®

MO AIOA

(S1.D¥-uou Inoj
pue s oml)

[ X44

(S1L.DY-uou udAds
pue SL.OY om1)

(%91 “110ddns

(%0) PAAISSQO sem Y ON

[epowm[NuW JO S Y} U]) “%9/ 0}

syeam 1 ueaw :dn-mo[[oy
uone[Iqeyald JO SJUAAD ISIAPY

Syjoom 1T ueawr :dn-mof[oy

Sutmp uvonenyiqeyard 0) duwarypy - OOOD 81Y 66 woiy paguer swerdoxd uoneyiqeyaid Jo SajeI QOUSIAYPE Y, uoneiqeyald Jo QouaIsYpy
syeam (0 ueaw :dn-mof[oy

LVN Pa[npayds
JUSUIILAT) 0} 90ULIS[0) dAoxdwT MO (sLOgom1) (80201 0T°T) (000T—0€S) Jo a1ex uonordwod Yym passosse
few pyN Sutmp vonenpqegard - OODD 801 ST ¥y 0001 12d 87/ 000°T 1od Z8¢ LVN 01 90UeIa[0],
SSO[ 9[oSNUW [BJI[AYS syoam (] ueow :dn-mof[oy

syuorard [N Surmp uoneiyq MOT ATOA (SLDY omy) (19431y 69°0 01 JOMO[ [1°0 — ) ueds 1D (s
-eyoxd jey umoys sey oouepird oN - OO OP 801 - 10431y S £2°0 ANS - PISSISSE SSBUI S[OSNW [BIS[AS
sso] y)Suans durg juaaaxd MO[ AToA (SILDY om1) (19yS1y 41 03 Y31y $£°0) syoam ()] ueow :dn-mof[of
Kew LyN Sutmp vonenpqeyerd - OOOD 801 - 10431y 4S 771 ANS - p3suans dup

(SLO¥
suoneordwos aaneradojsod -uou 21y}
siueaard [VN Sutmp uonelyiq nof 1A pue 133 2u0)  ($6°0 01 6£°0) (0Le-¥ST) BIII <D ‘WM passasse
-eyaxd jey umoys sey souspird oN - OOOP 981 19°0 ¥y 000°T 3od Opg 000°T 3od $6¢ uonedr[duiod aAneIadolsoq
syeam ()] ueaw :dn-mofjoj
Kyroeded 9s1019%2 Ut AUI[IIP LMIN9/COA Ye=d
e sjuaraxd N Sunmp uoneiyq MO[ AToA (SLDY om3) (30yS1y £1°Z 03 I0MO[ 00 — ) YIIM PISSIsse
-eyaxd yeyy umoys sey aouspiado oN O OO 01 - 10yS1y 0S €6°0 AINS - Kioeded as1o1oxy
(HaV¥D) [uoneniqeyaId] yim sy [axeo [ens()] yum ysry
9JUDPIAD I} (sorpmus) (1D %56)

SIUSUIO))

Jo Aureyre)

sjuedronred jo g\

10910 AATIR[OY

(1D %S6) ,$1090 njosqe paredionuy

sauwodInQ

[a1e0 1ENS(] :uostredwo)
[uoneiqiqeyaid] :uonuaAIsIUY
[L¥N Sutm(] :Sumog

[190ued ornse3odeydosa ym syuaned aaneradoaid] :uonerndod 10 juaned

190ued ornse3oFeydoss yim syuaned 1oy Aderoy) jueanlpeoau Surmp uonelrfiqeyard Jo SSAUATIOYH :SSulpuy Jo Arewwung | d|qel

pringer

AQs



Esophagus

[

Identification of new studies via databases and registers Other sources
R Records identified from:
Overall (n = 7342)
g CENTRAL (n = 882) Records removed before screening: Records identified from:
‘§ PubMed (n = 2013) Duplicate records removed Overall (n = 1)
E CINAHL (n = 420) (n=3902) Open Grey (n = 0)
5 Web of Science (n = 2184) Citation searching (n = 1)
=] Scopus (n = 1798)
PEDro (n = 33)
— ClinicalTrials.gov (n = 12)
—
Records screened Records excluded
(n = 3440) (n=3413)
g }
=
c i
3 Reports sought for retrieval Reports not retrieved
S
O n =27 =8
3 ( l ) (n=8)
Reports assessed for eligibility Reports excluded: Reports assessed for eligibility
(n=19) Except for the eligibility criteria (n = 4) (n=1)
) Studies using the same cohort (n = 4)
- A4
(]
'g Total studies included in review
§ (n=12)

Fig.1 PRISMA flow diagram of study selection. This flow diagram demonstrates the study screening and selection process. PRISMA Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

training [15, 26, 31]. Aerobic exercise included programs
with expert instruction [13-15, 26, 29, 31], self-training
[28-33], and remote communication using phone calls or
applications [28, 30—33]. Resistance training was performed
at moderate to high intensity with expert instruction [15, 26,
29] or self-training [14, 28-32]. Additionally, some studies
incorporated nutritional interventions [13, 14, 28-31, 33]
and medical counseling [14, 29-31] within their prehabilita-
tion programs.

Assessment of risk of bias

The risk of bias was assessed only for original articles. We
presented the risk of bias assessment for exercise capacity
as the primary outcome of the published two RCTs (Fig. 2).
The bias risks for the two RCTs [13, 14] were categorized
as “some concerns” and “high,” respectively. The bias in
the outcome measurement was judged to be “high” for one
RCT [13]. Three comparative studies, excluding RCTs, were
judged to be of “high” [15, 28] or “moderate” quality [26]
using the NOS (Online Resource 3). In comparison, one
non-RCT [26] had a risk of bias. Two non-RCTs [15, 28] had
a risk of bias in the outcome assessment. Four single-arm
studies were judged to be of good [29] or fair [30, 32, 33]

quality (Online Resource 4). Three studies [30, 32, 33] did
not report the blinding of outcome assessments, suggesting
the possibility of lower quality.

Effect of prehabilitation

Forest plots using two RCTs [13, 14] are shown for the
effects of prehabilitation during NAT on exercise capacity
(Fig. 3), grip strength (Fig. 4), skeletal muscle mass (Fig. 5),
and tolerance to NAT (Fig. 6). Only one RCT [14] assessed
the postoperative complications; hence, meta-analysis was
performed using non-RCTs [15, 26, 28] (Fig. 7). In all four
studies [14, 15, 26, 28], complications were assessed with
Clavien—Dindo classification of 3 or higher. A summary
of the effects of prehabilitation during NAT is shown in
Table 4. Prehabilitation affected completion rate of NAT
(RR [95% CI], 1.51 [1.10, 2.08]) and the change in grip
strength during NAT (SMD [95% CI], 1.22 [0.53, 1.90]).
However, prehabilitation have no significant effect on exer-
cise capacity (SMD [95% CI], 0.93 [-0.30, 2.17]) and skel-
etal muscle mass (SMD [95% CI], 0.27 [ - 0.11, 0.65]).
Prehabilitation during NAT reduced the risk of postoperative
complications (RR [95% CI], 0.61 [0.39, 0.94]). In the sensi-
tivity analysis, including RCTs, non-RCTs, and unpublished
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Table 2 The characteristics of the study and participants

Author Country  Study design Article type Group (n) Study population
Xu et al. (2015) [13] China RCT Original Article PG (28) Patients with esophageal cancer undergoing nCRTY; 59.6
CG (28) (9.3) years old; 92.9% men; body weight was 58.5 (9.4)
kg; 82.1% were in clinical stage IIT
Allen et al. (2022) [14] UK RCT Original Article PG (26)  Patients with esophagogastric cancer undergoing nCT
CG (28) or nCRT; 64 (8) years old; 85.2% men; BMI 27.9 (4.9)
kg/m?; AJICC? pathologic stages T3—4 were 75.9% and
N2-3 were 35.1%
Loughney et al. (2021) [25] Ireland RCT Abstract PG (36) Patients undergoing neoadjuvant cancer treatment and
CG (35) surgical resection for esophagogastric malignancies;
age: NA; sex: NA; BMI: NA; clinical or pathologic
stage information: NA
Zylstra et al. (2022) [15] UK quasi-RCT  Original Article PG (22)  Patients with lower esophageal or gastroesophageal
CG (20) junction cancer undergoing nCT; 62.0 (9.5) years old;
85.7% men; BMI 28.9 (6.1) kg/mz; clinical stages T34
were 90% and N2-3 were 40%
Christensen et al. (2018) [26] Denmark quasi-RCT  Original Article PG (27) Patients with cancer of the gastro-esophageal junction
CG (35) undergoing nCRT; 64.8 (7.7) years old; 90% men; BMI
28.1 (5.5) kg/m?; 30% were in clinical stage IIT
Knight et al. (2022) [27] UK quasi-RCT  Abstract PG (22) Patients who received a structured prehabilitation
CG (20) exercise program before and after nCT* or surgery for
esophageal cancer; age: NA; sex: NA; BMI: NA; clini-
cal or pathologic stage information: NA
Halliday et al. (2023) [28] UK cohort Original Article PG (51)  Patients who underwent esophagectomy after nCT or
CG (28) nCRT for esophageal or gastroesophageal junction can-
cer; 65.2 (9.8) years old; 74.7% men; BMI 27.2 (5.6)
kg/m?; 84.8% were clinical stages III-IV
Ikeda et al. (2022) [29] Japan cohort Original Article PG 1 (39) Patients with esophageal cancer undergoing nCT; 65.4
PG 2 (71) (8.9) years old; 83.6% men; BMI 21.1 (3.0) kg/mz;
77.2% were in clinical stage III-IV
Halliday et al. (2021) [30] UK cohort? Original Article PG (60)  Patients with esophageal or gastroesophageal junctional
adenocarcinoma undergoing nCT; 66 (9.7) years old;
sex: NA; BMI: NA; clinical stages T3—4 were 76.1%
and N2-3 were 16.4%
Kenneth (2021) [31] France  single-arm  Thesis PG 1(5) Patients who underwent esophagectomy after nCT or
PG2(2) nCRT for esophageal cancer; 60.5 (9.6) years old;
PG 3 (6) 76.9% men; BMI 29.8 (4.9) kg/m2; 76.9% were AJCC
pathological stages III-IV
Chmelo et al. (2022) [32] UK single-arm  Original Article PG (39)  Patients with locally advanced esophageal and gastric
adenocarcinoma receiving nCT; 67.0 (7.0) years old;
84.6% men; BMI 28.9 (5.0) kg/m2; clinical or patho-
logic stage information: NA
Yang et al. (2021) [33] Korea single-arm  Original Article PG (36)  Patients with esophageal cancer receiving nCRT; 59.2

(6.5) years old; 100% men; BMI 22.9 (2.3) kg/mz;
70.0% were clinical stages T3—4 and 40.0% were N2-3

NA not available. PG Prehabilitation group; CG Control group

#AJCC, American Joint Committee of cancer
®nCRT, neoadjuvant chemoradiotherapy
‘nCT, neoadjuvant chemotherapy

dCharacteristics of the cohort including six patients with

non-NAT

literature [13-15, 25], prehabilitation during NAT had a
significant effect on the exercise capacity (SMD [95% CI],
1.63 [0.11, 3.14]; Online Resource 5) and skeletal muscle
mass (SMD [95% CI], 0.36 [0.02, 0.70]; Online Resource
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6). Due to the small number of RCTs, a subgroup analysis
could not be performed.
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Esophagus

Feasibility of the prehabilitation

Feasibility of the prehabilitation during NAT is presented in
Table 4. Five studies [13, 14, 26, 29, 31] reported adherence
(attendance/sessions*100) to supervised exercise during
NAT, ranging 59.6-76.1%. Adherence to low- to moderate-
intensity supervised exercise included in multimodal pre-
habilitation during NAT was 76.0% or 76.1% [14, 29]. Six
studies [14, 28, 30-33] reported 55.0-69.4% adherence to
home-based exercises. Adherence to home-based exercises
using the application was relatively high (69.4%) [33]. Two
studies [13, 31] reported 80.8-100% adherence to dietary
interventions. Two studies [14, 32] reported 82.0-100%
adherence to psychological care. Nine studies [13, 14, 26,
28-33] reported 0—14.3% dropout rates of participants with
no disease association in the experimental group. Dropout
rates from low- to moderate-intensity supervised exercise
included in multimodal prehabilitation during NAT were
relatively low (0-7.7%). The characteristics of dropouts from
prehabilitation included health-related and non-health con-
cerns (travel, lack of time, and lack of energy) [14, 26, 32,
33]. Six studies [13, 14, 26, 29, 31, 32] reported no serious
adverse events (0%).

Skeletal muscle index, adherence to interven-
tion, drop out from intervention

Measured outcomes

Discussion

Control group
No control group

Summary of main results

This systematic review, encompassing data from 12 articles
involving 664 participants, aimed to assess the effective-
ness, acceptability, and safety of prehabilitation during NAT
for patients with esophageal or gastroesophageal junction
cancer. The meta-analysis, including two RCTs, demon-
strated that prehabilitation was more effective than usual
care regarding tolerance to NAT and grip strength. Moreo-
ver, an extensive meta-analysis including RCTs, non-RCTs,
and unpublished literature showed that prehabilitation dur-
ing NAT might contribute to a decrease in the risk of post-
operative complications and the maintenance of exercise
capacity and skeletal muscle mass. Multimodal prehabilita-
tion approaches, including supervised exercise and dietary
and psychological care, were well accepted. Serious adverse

the application during NAT (8 weeks)
encouragement through application by nutri-
tion and exercise therapy specialists

Aerobic exercise: self-exercise sessions using
Resistance training: no sessions

Others: providing feedback messages and

Study period Prehabilitation group

NAT neoadjuvant therapy; 6MWT 6 min walking test; HGS hand grip strength; peakVO, peak oxygen consumption; HRQOL health-relate quality of life; EORTC QLQ-C30 The European

Organization for Research and Treatment of Cancer QLQ-C30; NA not available; HITT high-intensity interval training; RM repetition maximum; QS quadriceps strength; FEV] Forced expira-

tory volume 1 s; FVC forced vital capacity; PImax maximal inspiratory pressure; PEmax, maximal expiratory pressure

E events related to prehabilitation were not reported.
Implications of the present review
)
2 o To our knowledge, this study is the first systematic review
E g of the effectiveness, acceptability, and safety of prehabili-
g < tation for patients with esophageal or gastroesophageal
S = . . . e e
;’ = junction cancer during NAT. Although prehabilitation is
[}
2 Z | e considered a standard approach before major surgeries and
= . . -
R R P several reviews have reported its efficacy, acceptability, and
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Fig.2 Results of bias risk

Risk of bias domains

assessment of RCTs using RoB

2. The risk of bias in rand-
omized controlled trials (RCTs)
is assessed using risk of bias

2 (RoB2) at three levels: low,
some concerns, and high

Study

| o1 | b2 D3 D4 | D5 | Overal |
Xu et al. (2015) . @ . ‘ @ ‘
Allen et al. (2022) . . @ ‘ @ @
Domains: Judgement

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data. -

@ Hign

Some concerns

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Prehabilitation Usual care
Study or Subgroup  Mean SD Total Mean SD Total Weight

Std. Mean Difference
1V, Random, 95% CI

. Low

Std. Mean Difference
1V, Random, 95% CI

Allen 2022 19.89 3.7 24 18.8 3.3 24 50.3%
Xu 2015 453.4 79.2 28 319 89.5 28  49.7%
Total (95% CI) 52 52 100.0%

Heterogeneity: Tau? = 0.71; Chi® = 8.88, df = 1 (P = 0.003); I = 89%
Test for overall effect: Z = 1.48 (P = 0.14)

Fig. 3 Effect of prehabilitation during NAT on exercise capacity. For-
est plot shows effect on exercise capacity after NAT. Forest plot using
only randomized controlled trials. Std. standard; 95% CI 95% confi-

Prehabilitation Usual care
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
1V, Random, 95% ClI

0.31[-0.26, 0.88] -
1.57 [0.96, 2.17] —a—
0.93 [-0.30, 2.17] — e
- ] 0 1 2

Favours [Usual care] Favours [Prehabilitation]

dence interval; NAT neoadjuvant therapy. Cases with I>>50% are
considered substantially heterogeneous

Std. Mean Difference
IV, Random, 95% CI

Allen 2022 11 9.8 24 -5.5 10.6 28 47.5%
Xu 2015 -1.1 2.5 28 -4.1 4 28 52.5%
Total (95% CI) 52 56 100.0%

Heterogeneity: Tau? = 0.15; Chi? = 2.69, df = 1 (P = 0.10); I> = 63%
Test for overall effect: Z = 3.49 (P = 0.0005)

1.59 [0.96, 2.22] —a—
0.89 [0.34, 1.44] —a—
1.22 [0.53, 1.90] ——

-2 -1 0
Favours [Usual care] Favours [Prehabilitation]

Fig.4 Effect of prehabilitation during NAT on the change of grip strength. Forest plot using only randomized controlled trials. Std. standard;
95% CI 95% confidence interval; NAT neoadjuvant therapy. Cases with I >350% are considered substantially heterogeneous

safety information on NAT was lacking [12]. Furthermore,
a previous review [34] of prehabilitation during NAT for
all types of cancer has not focused on important RCTs in
patients with esophageal cancer [13, 14, 25]. During NAT,
patients with esophageal or gastroesophageal junction can-
cer experience medical problems such as malnutrition [35]
and mental illness [36] due to treatment toxicity. Therefore,
we conducted a systematic review of prehabilitation during
NAT to summarize the current evidence to develop preha-
bilitation program specifically for patients during NAT and
presented three main findings. First, a meta-analysis of two
RCTs [13, 14] showed an effect of prehabilitation on toler-
ance to NAT and a change in grip strength during NAT.
Previous reviews [37, 38] have shown that frailty, namely
reduced physiological reserve, leads to vulnerability to the
stress of cancer treatment. Therefore, prehabilitation dur-
ing NAT might contribute to preventing frailty for NAT and
surgery against esophageal or gastroesophageal junction as
part of multimodal cancer treatment. Second, one RCT and
three non-RCTs [14, 15, 26, 28] showed that prehabilitation
may reduce the risk of postoperative complications. This

@ Springer

finding is essential because postoperative complications
after esophagectomy are recognized as one of the most criti-
cal concerns. Third, prehabilitation during NAT may be con-
sidered safe, showing no significant adverse events related to
prehabilitation, irrespective of its frequency, intensity, time,
or type. Nevertheless, investigating strategies to enhance
adherence to prehabilitation programs is essential. The
sample size and number of RCTs are insufficient to make
specific recommendations for prehabilitation of patients with
esophageal or gastroesophageal junction cancer during NAT;
however, these findings will guide the development of future
prehabilitation programs.

Effect of prehabilitation during NAT

Physical fitness

Our meta-analysis using only RCTs demonstrated a preven-
tive effect of prehabilitation on the grip strength loss during

NAT (SMD [95% CI], 1.22 [0.53, 1.90]). Furthermore, meta-
analyses that included RCTs, non-RCTs, and unpublished
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Prehabilitation Usual care

Study or Subgroup  Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
1V, Random, 95% CI

Allen 2022 151.3 31.5 24 1445 27.8 28  48.2%
Xu 2015 43.7 7.6 28 414 6.7 28 51.8%
Total (95% CI) 52 56 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 0.05, df = 1 (P = 0.82); I> = 0%
Test for overall effect: Z = 1.41 (P = 0.16)

Fig.5 Effect of prehabilitation during NAT on skeletal muscle mass.
Forest plot shows effect on skeletal muscle mass after NAT. For-
est plot using only randomized controlled trials. Std. standard; 95%

0.23 [-0.32, 0.77] — -
0.32 [-0.21, 0.84] ——
0.27 [-0.11, 0.65] —

-1 -0.5 0 0.5 1

Favours [Usual care] Favours [Prehabilitation]

CI 95% confidence interval; NAT neoadjuvant therapy. Cases with
2> 50% are considered substantially heterogeneous

Prehabilitation Usual care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Allen 2022 18 24 13 28 47.6% 1.62 [1.02, 2.56] —
Xu 2015 20 28 14 28 52.4% 1.43[0.92, 2.21] — &
Total (95% CI) 52 56 100.0% 1.51 [1.10, 2.08] D
Total events 38 27

. 2 _ . 2 _ - - 12 = 0% t t + + t t
Heterogeneity: Tau® = 0.00; Chi* = 0.14,df = 1 (P = 0.70); I° = 0% o1 02 0’5 B < 10

Test for overall effect: Z = 2.56 (P = 0.01)

Fig.6 Effect of prehabilitation on tolerance to NAT. Forest plot
shows effect on NAT completion. Forest plot using only randomized
controlled trials. 95% CI 95% confidence interval; M-H Mantel-

Prehabilitation Usual care

Risk Ratio

Favours [Usual care] Favours [Prehabilitation]

Haenszel; NAT neoadjuvant therapy. Cases with I >50% are consid-
ered substantially heterogeneous

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 RCT

Allen 2022 7 22 12 23 35.4% 0.61[0.30, 1.26] —
Subtotal (95% Cl) 22 23 35.4% 0.61 [0.30, 1.26] ’-—-

Total events 7 12

Heterogeneity: Not applicable

Test for overall effect: Z = 1.33 (P = 0.18)

1.2.2 non-RCT

Christensen 2018 4 20 5 23 13.6% 0.92 [0.29, 2.97] -

Halliday 2023 8 28 14 28 38.9% 0.57 [0.29, 1.14] —

Zylstra 2022 3 22 6 20 12.0% 0.45[0.13, 1.58]

Subtotal (95% CI) 70 71 64.6% 0.61 [0.35, 1.04] —l—

Total events 15 25

Heterogeneity: Tau? = 0.00; Chi? = 0.72, df = 2 (P = 0.70); 1> = 0%

Test for overall effect: Z = 1.83 (P = 0.07)

Total (95% CI) 92 94 100.0% 0.61 [0.39, 0.94] -

Total events 22 37

Heterogeneity: Tau? = 0.00; Chi? = 0.72, df = 3 (P = 0.87); I> = 0% 052 055 é é

Test for overall effect: Z = 2.26 (P = 0.02)
Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.99), I> = 0%

Fig.7 Effect of prehabilitation during NAT on postoperative compli-
cations. Forest plot using randomized controlled trial (RCT) and non-
RCTs. 95% CI 95% confidence interval; M-H Mantel-Haenszel; NAT

literature demonstrated preventive effects on the exercise
capacity (SMD [95% CI], 1.63 [0.11, 3.14]) and skeletal
muscle mass loss (SMD [95% CI], 0.36 [0.02, 0.70]). A
meta-analysis using only RCTs showed an SMD [95% CI]
of 0.93 [ - 0.30, 2.17] for exercise capacity and 0.27 [ - 0.11,
0.65] for skeletal muscle mass, indicating that a prevention
effect could be determined in the future with a sufficient
sample size. The results are consistent with the evidence in
patients with breast cancer [16] and are considered valid.

Favours [Prehabilitation] Favours [Usual care]

neoadjuvant therapy. Cases with I>>50% are considered substantially
heterogeneous

Since physical fitness indices are key surrogate markers of
postoperative clinical outcomes, our findings regarding the
effects of prehabilitation during NAT are valuable.

Tolerance to NAT
Interestingly, a meta-analysis of the present review showed

that prehabilitation during NAT might be effective in com-
pletion rate of scheduled NAT (RR [95% CI], 1.51 [1.10,

@ Springer
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Table 4 Main findings on the effectiveness and feasibility of prehabilitation

Author

Group

Study period

Physical fitness

Clinical outcomes

Feasibility of prehabilitation

Xu et al. (2015) [13]

Allen et al. (2022) [14]

Loughney et al. (2021) [25]

Zylstra et al. (2022) [15]

Christensen et al. (2018) [26]

Knight et al. (2022) [27]
Halliday et al. (2023) [28]

Tkeda et al. (2022) [29]

Halliday et al. (2021) [30]

Kenneth (2021) [31]

Chmelo et al. (2022) [32]

Yang et al. (2021) [33]

PG/CG

PG/CG

PG/CG

PG/CG

PG/CG

PG/CG
PG/CG

PG

PG

PG

PG

PG/CG

NAT

NAT,
post-NAT

NAT,
post-NAT
NAT

NAT,
post-NAT

NAT

NAT,
post-NAT

NAT,
post-NAT

NAT,
post-NAT

NAT,
post-NAT

NAT,
post-NAT

NAT

6MWT (vs. CG): 1
HGS (vs. CG): 1
SMM (vs. CG): NS

Peak VO2 (vs. CG): 1
HGS (vs. CG): 1
SMM (vs. CG): NS

6MWT (vs. CG): 1

SMM (vs. CG): 1

Peak VO2 (vs. pre-NAT): 1

Peak VO2 (vs. CG): 1
SMM (vs. CG): 1

NA

NA

NA

NA

SMM (vs. CG): 1

Tolerance to NAT (vs. CG): 1

QOL (vs. CG): 1

Postoperative course (vs. CG):
NS

Tolerance to NAT (vs. CG): 1

NA

Tumor regression (vs. CG): 1

Tolerance to NAT (vs. CG): NS

Postoperative course (vs. CG):
NS

Tolerance to NAT (vs. CG): NS
Postoperative course (vs. CG):
NS

NA

Postoperative course (vs. CG):

NS

NA

NA

NA

NA

NA

Adherence: 68.0% (supervised
exercise) and 100% (dietary)

Drop out: 0%

Adverse event: 0%

Adherence: 76.0% (supervised
exercise), 65.0% (home-based
exercise), and 82.0% (psycho-
logical care)

Dropout: 7.7% (n=1: travel
issues, n=1: chemotherapy-
related arterial thrombus)

Adverse events: 0%

NA

NA

Adherence: 68.7% (supervised
exercise)

Dropout: 14.3% (n=2: health-
related problems, n=1: non-
health problem)

Adverse events: 0%

NA

Adherence: 55.0% (home-based
exercise)

Dropout: 0%

Adverse events: NA

Adherence: 76.1% (supervised
exercise)

Dropout: 0%

Adverse events: 0%

Adherence: 56.0% (home-based
exercise)

Dropout: 0%

Adverse events: NA

Adherence: 59.6% (supervised
exercise), 61.9% (home-based
exercise), 80.8% (dietary)

Dropout: 0%

Adverse events: 0%

Adherence: 64.8% (home-based
exercise), 98.7% (wearing a
pedometer), 100.0% (weekly
telephone psychological care)

Dropout: 7.7% (n=2: difficult to
implement prehabilitation in
parallel with treatment, n=1:
found prehabilitation takes time)

Adverse events: 0%

Adherence: 69.4% (home-based
exercise)

Dropout: 2.6% (n=1: non-use of
application)

Adverse events: NA

NA Not available; PG Prehabilitation group; CG Control group; 1 significantly better (p <0.05); NS no significant difference; NA not available;
6MWT 6 min walking test; HGS hand grip strength; peakVO2 peak oxygen consumption; HRQOL health-related quality of life; NAT neoadju-
vant therapy; Adherence attendance/sessions X 100
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2.08]). Xu et al. [13] showed a trend of higher completion
rate of NAT in the prehabilitation group than in the usual
care group (71% vs. 50%), and Allen et al. [14] found higher
completion rates of NAT at full dose (75% vs. 46%). Pre-
vious studies have shown that sarcopenia, namely skeletal
muscle loss and muscle weakness/physical function decline,
in patients with cancer may impact treatment discontinuation
and dose reduction [39—41]. Furthermore, our meta-analysis
suggests that prehabilitation during NAT may have a posi-
tive impact on grip strength, and sensitivity analysis showed
that prehabilitation affected exercise capacity and skeletal
muscle mass. Therefore, prehabilitation may have enhanced
the tolerability of NAT by preventing sarcopenia. The effect
of prehabilitation on tolerance to NAT may contribute to
improving dysphagia, minimizing surgical invasion through
tumor regression, reducing postoperative recurrence by com-
pleting a standard course of NAT, and maximizing the thera-
peutic benefit [2, 3]. Therefore, evaluation of the impact of
prehabilitation during NAT on tolerance to NAT and long-
term outcomes should be a priority for future clinical trials.

Postoperative complications

The meta-analysis including one RCT and three non-RCTs
suggested that prehabilitation during NAT may reduce the
risk of postoperative complications. Prehabilitation during
NAT may have contributed to the reduction of postoperative
complications through the improvement in exercise capac-
ity, grip, and skeletal muscle mass, which are risk factors
[6, 9-11]. The results of our meta-analysis on the potential
effectiveness of prehabilitation during NAT on physical fit-
ness indices support this hypothesis. This finding is essential
because postoperative complications after esophagectomy
are one of the most acknowledged critical concerns. How-
ever, the evidence is insufficient, and further RCTs should
be conducted to clarify the impact of prehabilitation during
NAT on the postoperative complications.

Feasibility of prehabilitation during NAT

A previous study [42] demonstrated that prehabilitation was
effective in enhancing exercise capacity for patients with
rectal cancer during NAT. This effective program was char-
acterized by an excellent adherence rate of 96% [42]. Conse-
quently, this review focused on identifying a prehabilitation
program that would be acceptable for patients with esopha-
geal cancer during NAT as a secondary outcome. Consider-
ing most reports conventionally consider >75% adherence
as acceptable [43], in our review, attendance for dietary and
psychological care was commendable, exercise attendance
was 56-76%, with inadequate and acceptable programs.
Notably, participation rates were acceptable (76%) [14, 29]
for low- to moderate-intensity supervised exercise included

in multimodal prehabilitation, with low dropout rates due
to health-related or other reasons (0-7.7%), suggesting
better feasibility. As patients with esophageal or gastroe-
sophageal junction cancer experience multiple medical
problems during NAT, multimodal interventions [14, 29]
may be beneficial to promote adherence to prehabilitation.
Previous studies [44—46] theoretically indicated the impor-
tance of combining exercise therapy with nutritional and
psychological care, supporting our hypothesis. Additionally,
multilevel intensity exercise [47] and intensive monitoring
may be needed for patients with disincentive factors such as
baseline fitness weakness or poor motivation [48]. As for
prehabilitation programs involving unsupervised or high-
intensity exercise, adherence tends to be insufficient; thus,
innovations for enhancing feasibility are warranted.

This review examined the safety of various evidence-
based prehabilitation programs. Prehabilitation during
NAT may be safe, showing no significant adverse events
related to prehabilitation, irrespective of its frequency, inten-
sity, time, or type. Previous reviews found exercise therapy
during chemotherapy, including NAT, is generally safe for
patients with cancers other than esophageal or gastroesopha-
geal junction cancer [16, 17, 49]. Our review supports this,
suggesting that prehabilitation during NAT for patients with
esophageal or gastroesophageal junction cancer may also
be safe.

Quality of evidence

The quality of the studies included in this review ranged
from low to high; therefore, the results must be interpreted
with caution. Specifically, we found that both RCTs and
non-RCTs have a high risk of bias in the measurement of
outcomes. This issue needs to be addressed in future clinical
trials. Three RCTs were conducted, all of which had small
sample sizes, raising concerns regarding imprecision. To
determine the effectiveness and feasibility of prehabilitation
during the NAT period, a meta-analysis should be conducted
using clinical trials with larger sample sizes.

Limitations

This systematic review had several limitations. First, there
was heterogeneity in the NAT regimens. Second, there is
insufficient RCTs regarding its effect on clinical outcomes.
Future studies may reveal additional benefits for postopera-
tive clinical outcomes, considering the potential effective-
ness of prehabilitation during NAT. Third, we could not
examine what composition would be best for multimodal
prehabilitation during NAT. In recent years, multimodal sup-
portive care for patients with advanced cancer are becoming
the standard, and additional studies are needed to determine
optimal combinations of multiple components. Fourth,
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the small number of included studies made it difficult to
accurately assess reporting bias using funnel plot. Fifth,
the sample sizes of the two RCTs are small, the interven-
tion methods vary, and the results differ from the results of
the sensitivity analysis, thus the robustness of the results is
weak. Finally, due to the small sample size, we have not con-
ducted a subgroup analysis to examine the impact of age on
the effectiveness of prehabilitation. Considering the negative
impact of postoperative complications on survival in older
patients undergoing intensive chemotherapy [50], there is a
critical need for prehabilitation during NAT to benefit older
patients with advanced esophageal cancer. Further clinical
studies are needed to examine the impact of age on the effect
of prehabilitation during NAT.

Conclusion

This review demonstrates that prehabilitation during NAT
may safely maintain physical fitness, improve tolerance to
NAT, and reduce postoperative complications in patients
with esophageal or gastroesophageal junction cancer. How-
ever, although the potential usefulness of prehabilitation was
demonstrated, only two RCTs were eligible for inclusion,
which suggested that the high-quality evidence was currently
lacking. In the future, the benefit of prehabilitation during
NAT and the mechanisms through which prehabilitation
improves clinical outcomes should be examined in RCTs
with sufficient sample sizes.
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