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BACKGROUND Cardiac rehabilitation (CR) is endorsed to improve cardiovascular outcomes in cancer survivors. The

quality of CR-based research in oncology has not been assessed.

OBJECTIVES The aim of this study was to evaluate the quality of reporting and evidence from CR-based intervention

studies in oncology and to explore associations between intervention participation and outcomes.

METHODS Systematic searches of 5 databases were conducted (January 2020) and updated (September 2021). Ran-

domized and nonrandomized studies evaluating CR-based interventions in adult cancer survivors during and after

treatment were eligible. Independent reviewers extracted data using 2 reporting guidelines (Template for Intervention

Description and Replication and Consolidated Standards for Reporting Trials Harms extension), risk of bias (ROB)

assessment tools (Cochrane ROB 2.0 and Cochrane Risk of Bias in Non-Randomized Studies of Interventions), and a

combined inventory (Tool for the Assessment of Study Quality and reporting in Exercise). A meta-analysis was used to

explore pre-intervention/post-intervention differences for commonly assessed outcomes.

RESULTS Ten studies involving data from 685 survivors were included. The mean quality scores for intervention

reporting (Template for Intervention Description and Replication) and harms (Consolidated Standards for Reporting Trials

Harms extension) were 62% and 17%, respectively. There was moderate-to-high ROB across nonrandomized (Cochrane

Risk of Bias in Non-Randomized Studies of Interventions score: 25%) and randomized (ROB 2.0 score: 50%) studies. The

mean standardized cardiorespiratory fitness was higher (0.42; 95% CI: 0.27-0.57), fatigue was lower (�0.45; 95%

CI: �0.55 to �0.34), and percent body fat (0.07; 95% CI: �0.23 to 0.38) was not different in survivors completing CR

compared with those not completing CR.

CONCLUSIONS CR-based studies in oncology have low-to-moderate reporting quality and moderate-to-high

ROB limiting interpretation, reproducibility, and translation of this evidence into practice. (J Am Coll Cardiol CardioOnc

2022;4:195–206) Crown Copyright © 2022 Published by Elsevier on behalf of the American College of Cardiology

Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

CONSORT = Consolidated

Standards for Reporting Trials

CR = cardiac rehabilitation

CRF = cardiorespiratory fitness

CVD = cardiovascular disease

RCT = randomized controlled

trial

ROB = risk of bias

ROBINS-I = Cochrane Risk of

Bias in Non-Randomized

Studies of Interventions

TESTEX = Tool for the

Assessment of Study Quality

and Reporting in Exercise

TIDieR = Template for

Intervention Description and

Replication

VO2peak = peak oxygen

consumption
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C ancer-specific mortality rates have
decreased w30% in 3 decades due
in part to advances in cancer diag-

nostics and therapeutics.1 However, common
cancer therapies directly injure the cardio-
vascular, pulmonary, and skeletal muscle
systems,2 leading to organ-specific and sys-
temic cardiovascular toxicity.3 These direct
treatment–related toxicities are exacerbated
by pre-existing and indirect treatment–
related factors4 like adverse lifestyle changes
(eg, physical inactivity)4 and cardiovascular
disease (CVD) risk factors (eg, hyperten-
sion),5,6 leading to increased CVD morbidity
and mortality risk. CVD is a major source of
chronic morbidity in vulnerable survivor
groups (eg, pediatric, adolescent, and young
adult cancers)7,8 and a leading cause of late-
occurring noncancer mortality among survi-
vors of select solid (eg, breast cancer4) and
hematological (eg, Hodgkin and non-
Hodgkin lymphoma9) malignancies. Despite these
risks, highly effective approaches to preventing and
treating cancer-related cardiovascular toxicity and
CVD have not been established.

The American Heart Association and American
Cancer Society recently endorsed a multimodal car-
diac rehabilitation (CR)-based approach to improve
cardiovascular outcomes in cancer survivors.10

Multimodal CR typically involves a comprehensive
medical evaluation, exercise prescription, pharma-
ceutical and behavioral CVD risk factor management,
and education/counseling support.11 This approach
aims to improve cardiorespiratory fitness (CRF) and
physical function, reduce CVD symptom burden and
event risk, improve psychosocial well-being, and
reduce CVD-related mortality.11 Thus, it appears CR
may be ideally suited to address the multiple
competing mechanisms of CVD risk in cancer survi-
vors. The widespread adoption of CR-based pro-
gramming to prevent and treat cancer-related CVD
must be predicated on robust evidence from ran-
domized controlled trials (RCTs) demonstrating the
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safety, tolerability, and efficacy of the intervention
strategy—the empirical standard for all medical ther-
apies. However, research supporting the specific
benefits of CR-based interventions in oncology is
scant, and the quality of the available evidence has
not been evaluated. Two prior reviews have described
the practical elements (eg, intervention components)
of CR-based research in oncology.12,13 However, the
reported associations12 and causal impact13 of the
tested interventions on the evaluated outcomes were
either minimally12 or not13 discussed in the context of
the quality of the evidence (eg, high attrition rates
and the majority were single-arm and nonrandomized
studies), which has potentially led to biased in-
terpretations of the safety, tolerability, and benefits
of CR-based interventions for cancer survivors.14

Therefore, the objective of this study was to eval-
uate the quality of research reporting and evidence
(ie, risk of bias [ROB]) from studies evaluating the
effects of CR-based interventions in cancer survivors.
Our secondary objective was to synthesize the evi-
dence regarding whether participation in CR-based
interventions was associated with changes in CRF,
CVD risk factors, and patient-reported outcomes and
interpret the findings within the context of the
quality of evidence.

METHODS

DATA SEARCHES AND SOURCES. The study was con-
ducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines15

and the AMSTAR 2 inventory.16 Review methods
were established and registered before initiating full-
text extraction (PROSPERO ID#: CRD42020182679).
Full details of study methods (including the quality
checklists, search strategy, team training, data
extraction methods and materials, and processing
methods) are provided in the Supplemental Methods
sections. Briefly, a research informationist (A.O.-C.)
conducted a systematic search of Ovid MEDLINE,
Ovid Embase, Cochrane Database of Systematic Re-
views (Ovid), Cochrane Central Register of Controlled
iovascular Prevention and Rehabilitation Program,
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FIGURE 1 PRISMA Participant Flow Diagram

Flow diagram depicts the: 1) methods and results for 3 different search strategies; and 2) results of record screening and inclusion in the

systematic review and meta-analysis. CR ¼ cardiac rehabilitation; CRF ¼ cardiorespiratory fitness; PRISMA ¼ Preferred Reporting Items for

Systematic Reviews and Meta-Analyses.

J A C C : C A R D I O O N C O L O G Y , V O L . 4 , N O . 2 , 2 0 2 2 Fakhraei et al
J U N E 2 0 2 2 : 1 9 5 – 2 0 6 Quality of Cardio-Oncology Rehabilitation Research

197
Trials (Ovid), and CINAHL (Ebsco) on January 16,
2020. Two component parts made up the search
strategy: cardiac rehabilitation and cancer with rele-
vant key words and controlled vocabulary. The search
strategy for cancer was modified with permission
from Howell et al.17 The search was repeated on
September 15, 2021, to identify studies published af-
ter study inception. Because of database availability,
the version of CINAHL searched in January 2020 was
CINAHL with Full Text, and in September 2021, it was
CINAHL Complete. Manual searches of reference lists
from related publications were also performed
(Figure 1).

STUDY ELIGIBILITY CRITERIA. Given the limited ev-
idence base, reports from RCTs, nonrandomized
trials, single-arm trials, and both prospective and
retrospective cohort studies that evaluated in-
terventions explicitly described as involving or being
modeled after CR within human adults ($18 years)
with previous diagnosis of cancer were eligible.
Abstracts, reviews (eg, narrative, scoping, or sys-
tematic), meta-analyses, case studies, editorials,
commentaries, and research letters were excluded.

TEAM TRAINING AND STUDY MATERIALS. Study re-
viewers (R.F. and S.S.P.) completed >20 hours of
training in data extraction over a 6-week period.
Similar to a previous study,14 the training consisted of
1) independent data extraction from sample articles
using a custom data extraction reference guide and 2)
regular investigator-led (S.C.A.) review sessions to
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evaluate the accuracy and completeness of data ex-
tractions and to improve the function of the data
extraction tools (DistillerSR, Evidence Partners). The
data extraction reference guide was updated regu-
larly during the extraction training to improve the
clarity and utility of its content.

DATA EXTRACTION. Trained reviewers (R.F. and
S.S.P.) independently screened titles and abstracts
using Covidence (Covidence; ASTL). Full texts of po-
tential articles were uploaded and independently
reviewed using the DistillerSR web platform (Evi-
dence Partners) to confirm eligibility. Data were
extracted for all eligible studies from the primary
article and all other related publicly available data
sources (eg, study protocols and trial registries) using
custom data extraction forms (via DistillerSR) and
a data extraction reference guide. Discrepancies
were resolved by consensus (R.F. and S.S.P.), and
disagreements were adjudicated by a third
party (S.C.A.).

EVALUATION MEASURES. Studies were evaluated
using standardized inventories for assessing research
reporting quality and ROB. Intervention reporting
quality was assessed using an expanded (17-item)
version of the Template for Intervention Description
and Replication (TIDieR) checklist.18 Harms reporting
quality was assessed via the 10-item Consolidated
Standards of Reporting Trials Harms extension
(CONSORT-Harms).19 Reporting quality items were
rated (with equal weighting and a maximum score of 1
point per item) as “properly reported,” “incompletely
reported,” “not reported,” “no information,” or “not
applicable.” Properly reported items were assigned a
1, and all other reporting quality ratings were
assigned a 0. Items rated as not applicable were
excluded from subsequent quality score calculations.

ROB was assessed using the 5-domain Cochrane
ROB 2.0 (ROB 2.0) inventory for randomized trials20,21

and the 7-domain Cochrane ROB in Non-Randomized
Studies of Interventions (ROBINS-I) inventory for
nonrandomized studies.22,23 Items within the ROB 2.0
and ROBINS-I domains were scored as “yes,” “prob-
ably yes,” “probably no,” “no,” “no information,” or
“not applicable” per inventory guidelines. Domains
were assigned an overall ROB rating. For ROB 2.0, the
domains were rated as “low ROB,” “some concerns,”
or “high ROB.” ROBINS-I domains were rated as “low
ROB,” “moderate ROB,” “serious ROB,” “critical
ROB,” or “no information.” Similar to previous
research,14 ROB scores were then created (with equal
weighting and a maximum score of 1 point per
domain), with low ROB domains being assigned a 1
and all other possible ROB ratings assigned a 0.
Studies were also rated using the Tool for the
Assessment of Study Quality and reporting in Exer-
cise (TESTEX),24 a composite tool used to assess the
overall quality of exercise trial reporting and ROB.
TESTEX items were rated (and scored) as “yes”
(properly reported ¼ 1), “unclear” (insufficient infor-
mation to make a determination ¼ 0), “no” (not re-
ported properly ¼ 0), “no information” (not sufficient
information ¼ 0), or “not applicable.”

Percentage scores were calculated for all in-
ventories by dividing the scores by the total number
of applicable items, with higher percentage scores (ie,
100% being ideal) indicating better reporting quality
and lower ROB.

OUTCOMES. The co-primary outcomes were studies
1) reporting quality scores measured via TIDieR18 and
CONSORT-Harms19 inventories and (2) ROB scores
measured via the ROB 2.020 or ROBINS-I22 in-
ventories. Secondary outcomes included potential
intervention impact (defined as the difference be-
tween pre- and post-intervention group means for the
included outcomes), measures of intervention toler-
ability (including attendance, adherence, and inter-
vention completion rates) and safety (number and
severity of adverse events), and overall study quality
measured via the TESTEX inventory.24

DATA SYNTHESIS AND STATISTICAL ANALYSIS.

Study characteristics are presented using the mean
and SD for continuous variables and counts with
percentages for categoric variables. Reporting quality
and ROB scores were calculated per inventory as
the total achieved score relative to the total number
of eligible items for each study. The maximum
possible scores for each inventory were 17 for
TIDieR, 10 for CONSORT-Harms, 5 for ROB 2.0, 7
for ROBINS-I, and 16 for TESTEX. All scores were
calculated and presented numerically and as
percentages. Items rated “not applicable” were sub-
tracted from the denominators before calculating
the percentage scores for each study. Associations
between TESTEX scores and the scores of the other
inventories were explored.

Intervention effects were pooled using Meta-Es-
sentials,25 assuming a commonly applied correlation
coefficient of 0.5 for repeated measures.26,27 We
decided a priori to use random effects analyses given
the anticipated heterogeneity in interventions and
participant characteristics (eg, cancer diagnoses and
treatments). We calculated standardized mean dif-
ferences (SMDs), 95% CIs, and statistical significance
for outcome measures that were reported by 3 or more
studies. Statistical heterogeneity across studies was
assessed via the Cochran Q test, Kendall tau



TABLE 1 Participant Characteristics in Included Studies

Studies Reporting
Variable of Interest

Participants
(N ¼ 741)

Age 10 (100) 57.7 (5.5)

Female 10 (100) 541 (75)

Smokers 3 (30) 38 (19)

CVD risk factors

Hypertension 3 (30) 56 (40)

Dyslipidemia 1 (10) 4 (13)

Type 2 diabetes mellitus 1 (10) 10 (19)

Medications

ACE inhibitor 2 (20) 47 (42)

Beta adrenergic antagonist 2 (20) 70 (63)

Statin 2 (20) 66 (59)
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correlation, and I2 statistic. The I2 values were inter-
preted as minimal (0% to <30%), moderate (30%
to <50%), substantial (50%-90%), and considerable
(>90%) heterogeneity.28 The z-test was used to assess
the overall effect. A P value <0.05 was considered
statistically significant. Publication bias was subjec-
tively assessed via the visual inspection of funnel plots
created for each of the assessed outcomes. Inter-rater
reliability for each inventory was assessed by calcu-
lating the Cohen kappa statistic, with kappa values
interpreted as poor (<0.20), fair (0.21-0.40), moderate
(0.41-0.60), good (0.61-0.80), and very good
(0.81-1.00).29
Cancer diagnosis

Breast cancer 7 (70) 449 (61)

Prostate cancer 3 (30) 45 (6)

Colorectal carcinoma 3 (30) 52 (7)

Hematologic 3 (40) 43 (6)

Othera 2 (20) 96 (13)

Cancer stage

Stage 0 1 (10) 2 (1)

Stage 1 2 (20) 30 (4)

Stage 2 2 (20) 31 (4)

Stage 3 2 (20) 15 (2)

Stage 4 1 (10) 7 (1)

Treatment exposure

Surgery 5 (50) 483 (65)

Any chemotherapy 7 (70) 381 (51)

Anthracyclines 1 (10) 10 (1)

Trastuzumab 2 (20) 19 (3)

Any radiotherapy 6 (60) 379 (51)

Thoracic radiotherapy 6 (60) 7 (1)

Values are n (%). aIncludes ovarian, endometrial, cervical, kidney, skin, lung,
testicular, bladder, bone, and sarcoma.

ACE ¼ angiotensin-converting enzyme; CVD ¼ cardiovascular disease.
RESULTS

Supplemental Tables 1 to 4 and Supplemental Figure 1
provide full details of studies, interventions, and re-
sults. A total of 26,315 and 4,937 records were iden-
tified via our primary (January 2020) and secondary
(September 2021) searches, respectively. Subse-
quently, 8,183 duplicates were removed using
EndNote citation management (Clarivate Analytics)
and Covidence software, leaving 23,069 records for
screening. Thirty-nine records underwent full-text
review, and 10 studies were deemed eligible.30-39

There was moderate to good inter-rater agreement
across inventories (TIDieR [k ¼ 0.528; 95% CI: 0.476-
0.580; P < 0.001], CONSORT-Harms [k ¼ 0.489; 95%
CI: 0.416-0.562; P < 0.001], ROB [k ¼ 0.481; 95% CI:
0.448-0.514; P < 0.001], and TESTEX [k ¼ 0.675; 95%
CI: 0.631-0.719; P < 0.001]).

PARTICIPANT, STUDY, AND INTERVENTION CHARACTERISTICS.

Participant characteristics are provided in Table 1.
Studies included 741 total participants, with a mean
sample size of 74.1 � 77.9 participants (range 20-280).
A total of 685 included participants (92%) had a pre-
vious cancer diagnosis. The majority of participants
received CR-based interventions (n ¼ 704, 95%)
ranging from 6 to 26 weeks, whereas 37 (5%) were in a
non-CR arm (Table 2). Participants were predomi-
nantly female (76%), had a history of breast cancer
(61%), and had a mean age of 57.7 � 5.5 years (range
24-86 years). Three of 10 studies reported the preva-
lence of CVD risk factors, which ranged from 13% to
40% in these studies (Table 1). Study designs included
single-arm cohorts (n ¼ 3 retrospective, n ¼ 6 pro-
spective) and 1 RCT. Only 2 prospective studies
justified testing a CR-based model to specifically
address CVD risk factors and biomarkers.37,39 Key
intervention components (ie, frequency, intensity,
time, type, location, and supervision) varied across
studies (Table 2).
PRIMARY OUTCOMES. Across studies, the mean
intervention reporting quality score was 62% (9.5/15.3
mean eligible TIDieR items), and the mean harms
reporting quality score was 17% (1.1/6.4 mean eligible
CONSORT-Harms items). Within TIDieR, details
regarding intervention progression and adherence,
interventionist expertise and training, and support-
ing activities were missing or incompletely reported
by >50% of studies. According to CONSORT-Harms,
details of harms definitions, data collection, analysis
plans, results, and harms-related discussions were
incomplete or missing entirely for 60% to 100% of
studies (Table 3).

The mean ROBINS-I percentage score across the 9
nonrandomized studies was 25%. Between 50% and
100% of the studies were rated as having moderate-
to-critical ROB across 5 of the 7 domains within
ROBINS-I (Table 4) (domains 1 [confounding], 2
[participant selection], 4 [intervention deviation], 5
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TABLE 2 Study and Intervention Characteristics

Bonsignore
et al, 201731

Bonsignore
et al, 201830

De Jesus
et al, 201732

Dittus
et al, 201533

Dolan
et al, 201834

Study design Retrospective cohort Retrospective cohort Prospective cohort Prospective cohort Retrospective cohort

Cancer diagnosis Breast Prostate Breast Mixeda Breast

Time since diagnosis w90 months NR w10 monthsc 30 months w29 monthsc

Participants/arm, n (%) INT: 58 (100) INT: 54 (100) INT: 20 (100) INT: 280 (100) INT: 152 (100)

Age, y (mean) 57 75 53 56 55

Female, n (%) 58 (100) 0 (0) 20 (100) 240 (86) 152 (100)

Location(s) Rehab center, public gym Rehab center Public gym University Rehab center

Intervention supervision Mixed Mixed Supervised Mixed Mixed

Intervention modality NR NR Treadmill, cycle and stepper Walking Walking

Training frequency SUP: 1�/wk SUP: 1�/wk SUP: 3�/wk SUP: 2�/wk SUP: 1�/wk

UNS: 4�/wk UNS: 4�/wk UNS: 2-3�/wk UNS: 4�/wk

Training intensity 60%-80% VO2peak 60%-80% VO2peak 50%-70% VO2peak AET: 70%-85%
HRR RET:

60%-70% 1RM

60%-80% VO2peak

Training duration, min 60 60 15-45 20-50 NR

Intervention duration, wk 26 26 16 12 22

Cointervention details None Behavioral counseling,
nutrition

None Behavior counseling,
nutrition

Behavior counseling,
nutrition

Attendance NR NR NR NR 14/22 (64%)

Adherence NR NR NR NR NR

Attrition, n (%) 20 (48) 0 (0) 11 (55) 57 (26) 122 (80)

Total AEs NR NR NR INT: NR Non-INT: 6 TEST: 12 (8%) INT: 0

TABLE 2 Continued

Hubbard
et al, 201635

Hubbard
et al, 201836

Rothe
et al, 201837

Young-McCaughan
et al, 200338

Zvinovski
et al, 202139

Study design RCT Prospective cohort Prospective cohort Prospective cohort Prospective cohort

Cancer diagnosis Colorectal Breast Hematological Mixedb Breast

Time since diagnosis NR NR NR NR NR

Participants/arm, n (%) INT: 21 (51) CON: 20 (49) INT: 3 (15) PA: 17 (85) INT: 30 (100) INT: 62 (100) INT: 24 (100)

Age, y (mean) 66 57 56 59 53

Female, n (%) 14 (34) 20 (100) 6 (20) 31 (50) 24 (100)

Location(s) Medical center, public gym Medical center, public gym NR Medical center, home Medical center

Intervention supervision Supervised Supervised Supervised Mixed NR

Intervention modality Cycle, walking, strength training NR NR NR NR

Training frequency SUP: 1-2�/wk SUP: 1�/wk SUP: 1�/wk SUP: 2�/wk 3�/wk

UNS: 3-5�/wk

Training intensity 6-20 RPE NR NR NR 60%-85% VO2peak

Training duration, min 60-90 60 NR NR NR

Intervention duration, wk 6-12 12 8 12 14

Cointervention details Behavior counseling,
nutrition

Behavior counseling,
nutrition

Behavior counseling,
nutrition

Behavior counseling,
nutrition

None

Attendance S1: 100%; S2: 107%; S3: 92% 23/36 (64%) NR 19/24 (79%) NR

Adherence 13 (62%) NR NR NR NR

Attrition, n (%) 3 (7) 7 (35) 15 (33) 16 (26) 7 (29)

Total AEs NR NR TEST: 2 (7%) INT: 0 NR INT: 1 Non-INT: 2

aMixed cancer includes breast, colorectal, hematologic, lung, prostate, and others. bMixed cancer includes breast, prostate, ovarian, colorectal, endometrial, cervical, kidney, non-Hodgkin lymphoma, skin,
lung, testicular, bladder, bone, Hodgkin’s disease, leukemia, and sarcoma. cTime since cancer surgery.

AET ¼ aerobic exercise training; CON ¼ control; INT ¼ intervention related; Non-INT ¼ nonintervention related; NR ¼ not reported; PA ¼ physical activity; RCT ¼ randomized controlled trial;
RET ¼ resistance exercise training; RPE ¼ rating of perceived exertion; S ¼ site; SUP ¼ supervised; TEST ¼ testing related; UNS ¼ unsupervised; VO2peak ¼ peak oxygen consumption.
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[missing data], and 7 [selective reporting]), whereas
the single RCT had a ROB-2 score of 50% and high
ROB related to adherence and missingness of data.

SECONDARY OUTCOMES. Overa l l s tudy qua l i ty . The
mean TESTEX score was 51%. Items with consistently
incomplete or missing information for >50% of
eligible studies include assessor blinding, adherence,
attendance, intention-to-treat analysis, relative
exercise intensity, and exercise volume/energy
expenditure. TESTEX scores were strongly



TABLE 3 Quality of Reporting Across All Studies

Bonsignore
et al, 201731

Bonsignore
et al, 201830

De Jesus
et al, 201732

Dittus
et al, 201533

Dolan
et al, 201834

Hubbard
et al, 201635

Hubbard
et al, 201836

Rothe
et al, 201837

Young-McCaughton
et al, 200338

Zvinovski
et al, 202139

Reporting

CONSORT-Harms score 0 0 0 0 2 4 0 3 0 2

Eligible itemsa 7 6 6 10 7 4 7 5 3 9

Percent 0 0 0 0 29 100 0 60 0 22

TIDieR score 11 13 13 8 10 11 10 4 7 8

Eligible itemsa 14 16 15 15 15 16 16 15 16 15

Percent 79 81 87 53 67 69 63 27 38 53

Risk of bias

Cochrane ROB-2 score Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

3 Not
applicable

Not
applicable

Not
applicable

Not
applicable

Eligible itemsa Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

6 Not
applicable

Not
applicable

Not
applicable

Not
applicable

Percent Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

50 Not
applicable

Not
applicable

Not
applicable

Not
applicable

Cochrane ROBINS-I
score

2 3 2 1 3 Not
applicable

1 1 0 3

Eligible itemsa 7 7 7 7 7 Not
applicable

7 7 7 7

Percent 29 43 29 14 43 Not
applicable

14 14 0 43

Composite scores

TESTEX 8 7 6 2 5 9 3 4 4 4

Eligible itemsa 11 10 8 9 9 15 11 10 9 9

Percent 73 70 75 22 56 60 27 40 44 44

aEligible item totals reflect the total number of items rated as Not Applicable subtracted from the total number of inventory items.

CONSORT¼ Consolidated Standards for Reporting Trials; ROB-2¼ Risk of Bias 2; ROBINS-I¼ Cochrane Risk of Bias in Non-Randomized Studies of Interventions; TESTEX¼ Tool for the Assessment of Study
Quality and Reporting in Exercise; TIDieR ¼ Template for Intervention Description and Replication.
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correlated with TIDieR scores (r ¼ 0.703, P ¼ 0.02) but
not correlated with ROB scores (r ¼ 0.561, P ¼ 0.09) or
CONSORT-Harms scores (r ¼ 0.036, P ¼ 0.92).
Safety . Four studies reported adverse events. In 2
studies, all 14 adverse events occurred during pre-
intervention testing and not during the interven-
tion.34,37 A third study reported 6 cancer-related
deaths during the observation period.25 The fourth
study reported 2 serious arrhythmias that occurred
during the study period although not during CR, and 1
headache that occurred during the intervention.39

Tolerab i l i ty . Attendance was reported in 4 studies
(range 64%-100%). One study reported intervention
adherence (average 62%). All studies reported
participant attrition (mean attrition rate of 37% �
24.6%).

Intervent ion effect . Three outcomes were reported
at pre- and postintervention by $3 studies and were
included in the meta-analysis (Figure 2).

Seven studies assessed CRF differences (n ¼ 6 as
peak oxygen consumption [VO2peak],30-34,39 n ¼ 1 as
metabolic equivalents38); 1 study reported no differ-
ence in CRF but was not included in the analysis due to
by missingness of data and despite contacting the au-
thors to obtain the data.39 The standardized mean CRF
was significantly higher postintervention (SMD¼0.42;
95% CI: 0.27-0.57; I2 ¼ 0.0; P < 0.001) across the 6
analyzed studies. The mean relative VO2peak was also
higher at postintervention (þ2.58 [�0.79] mL O2/kg/
min) across the 5 studies reporting VO2peak data.

Three studies reported percent body fat percentage
differences.30-32 Postintervention percent body fat
was not different from baseline (SMD ¼ 0.07; 95%
CI: �0.23 to 0.38; I2 ¼ 0.0; P ¼ 0.30).

Four studies reported fatigue differences.32,33,35,39

Cancer-related fatigue was significantly lower at
postintervention (SMD ¼ �0.45; 95% CI: �0.55
to �0.34; I2 ¼ 0.0; P < 0.001).

DISCUSSION

We evaluated reporting quality and ROB within
studies exploring the feasibility and impact of CR-
based interventions in cancer survivors. Overall,
there was inadequate reporting of key intervention-
and harms-related details and considerable ROB
across studies (90% of which were single-arm co-
horts). We also examined evidence of intervention
safety, tolerability, and impact and found most arti-
cles did not include tolerability or safety data,
whereas those that did reported variable testing and
intervention-related adverse events, attendance



TABLE 4 Risk of Bias Ratings for Studies Using the Cochrane Risk of Bias in Non-Randomized Studies of Interventions (ROBINS-I) and Risk

of Bias (ROB) 2.0 Inventories

First Author, Year, Ref. #

ROBINS-I Domains

Domain 1:
Confounding

Domain 2:
Selection of
Participants

Domain 3:
Classification

of Intervention

Domain 4:
Deviation From

Intended
Interventions

Domain 5:
Missing Data

Domain 6:
Measurement of

Outcomes

Domain 7:
Selection of the
Reported Result

Bonsignore et al, 201731 S S L ? c L M

Bonsignore et al, 201830
S S L ? L L M

De Jesus et al, 201732 S c L S ? L ?

Dittus et al, 201533 S S L ? c S S

Dolan et al, 201834
S S L S L L M

Hubbard et al, 201836
c L S S S S M

Rothe et al, 201837
S S S ? c L S

Young-McCaughton et al, 200338 S S S S c S S

Zvinovski et al, 202139 c L S S L L M

First Author, Year, Ref. #

ROB 2.0 Domains

Domain 1:
Randomization

Domain 2A:
Deviations–Effect
of Assignment

Domain 2B:
Deviations–Effect
of Adherence

Domain 3:
Missing Data

Domain 4:
Measurement
of Outcome

Domain 5:
Selection of

Reported Result

Hubbard et al, 201635
L M H H L L

ROBINS-I notes: L ¼ low risk of bias; M ¼ moderate risk of bias; H ¼ serious risk of bias; c ¼ critical risk of bias; ? ¼ no information.

ROB 2.0 notes: L [ low risk of bias; M ¼ some concerns; H ¼ high risk of bias.
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levels, low adherence, and high attrition rates. Our
meta-analysis results suggested higher CRF, lower
fatigue, and no change in percent body fat after CR-
based interventions in participants who completed
them. However, non-randomized study designs and
suboptimal reporting of critical study methods,
intervention delivery parameters, and intervention
safety data preclude a balanced interpretation of the
available evidence (Central Illustration).

Our findings are aligned with those of the 2 sys-
tematic reviews to date that evaluated the reporting
quality of exercise oncology trials.14,40 A systematic
review by Adams et al14 compared the quality of 48
exercise and 48 matched pharmaceutical RCTs in
mixed medical fields (31% oncology and 43% cardio-
vascular medicine) and found exercise trial reports
completely described only 57% of requisite
intervention-related items assessed via TIDieR. An
earlier review evaluated intervention reporting
quality in 131 exercise oncology RCTs and found the
completeness of TIDieR item reporting ranged from
42% to 96%.40 They further noted that 71% (range
42%-96%) of the items deemed necessary for repli-
cation (TIDieR items 3-9) were completely reported40

compared with 37% (range 18%-59%) reporting of
these replication items by studies in the current re-
view. Our findings highlight the specific need to
improve intervention reporting completeness to
facilitate study replication and translation of these
interventions into clinical practice.

The reporting of harms- and tolerance-related in-
formation was also incomplete. To our knowledge,
only 1 study to date evaluated the quality of harms
reporting in exercise oncology RCTs; this study found
that only 32% of the requisite harms-related infor-
mation (assessed via CONSORT-Harms) was re-
ported.14 The authors noted that key details related to
harms monitoring and reporting were incompletely
reported or completely missing from $75% of the
included exercise RCTs and <50% of studies
adequately considered and discussed the potential
risks of the tested interventions.14 In our study, only
17% of harms-related information was completely
reported, and 40% of the studies reported adverse
events. These findings are consistent with previous
work and highlight a trend that harms-related data
are systematically under-reported across exercise
RCTs in clinical populations, including cancer survi-
vors. Incomplete harms reporting precludes the
evaluation of risk-benefit ratios for interventions, a
metric of considerable importance when evaluating
cost-effectiveness and whether interventions should
be adopted in practice for clinical populations. A
balanced interpretation of the findings from the



FIGURE 2 Differences in CRF, Body Fat Percentage, and Fatigue Following CR

Results of the meta-analysis evaluating the pre- and post-intervention values across studies that reported (A) CRF, (B) body fat percentage,

and (C) fatigue. Significant differences were observed for cancer survivors who completed cardiac rehabilitation in CRF and fatigue but not

percent body fat. Column header “Total” denotes the number of participants included in analyses. Abbreviations as in Figure 1.
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included studies in this review was further limited by
the fact that 90% of the studies failed to provide de-
tails regarding intervention adherence and 80% of
the studies had attrition rates ranging from 25% to
80%. Collectively, incomplete reporting of adherence
data prevents the quantification of dose responses,
whereas the incomplete reporting of harms data (eg,
adverse event cause, frequency, and severity) and the
reasons for participant attrition hinders efforts to
confirm or refute the safety and tolerability of CR-
based interventions in cancer survivors.

There was a notable discrepancy between in-
ventories used to interpret the quality of the included
studies. TESTEX24 was specifically developed to
assess the overall quality of exercise trials and con-
sists of items related to both reporting quality and
potential ROB. We found TESTEX scores were highly
correlated with TIDieR scores but not significantly
correlated with harms or ROB scores. This may
partially be explained by the fact that TESTEX and
TIDieR were both developed to support the reporting
and evaluation of behavioral interventions like exer-
cise. However, our findings suggest that the TESTEX
tool may provide a more balanced appraisal of exer-
cise research by expanding the inventory to include
additional items related to harms, intervention
tolerability, and ROB.

Our meta-analysis found that participation in CR-
based interventions was associated with more favor-
able levels of select outcomes in participants who
completed the interventions. A scoping review of 9
CR-based studies that included data on 662 cancer



CENTRAL ILLUSTRATION Summary of Evidence and Future Directions for Cardio-Oncology
Rehabilitation Research

Fakhraei R, et al. J Am Coll Cardiol CardioOnc. 2022;4(2):195–206.

Leading cardiovascular and oncology organizations endorse the use of cardiac rehabilitation–based interventions to improve cardiovascular

outcomes in cancer survivors. Despite the preliminary evidence of benefits, the completeness and rigor of the current evidence base are

suboptimal. Future research is needed to establish the safety and efficacy of cardio-oncology rehabilitation, improve the interpretation and

reproducibility of this evidence, and facilitate the translation of the evidence into practice. CR ¼ cardiac rehabilitation; SMD ¼ standardized

mean difference.

Fakhraei et al J A C C : C A R D I O O N C O L O G Y , V O L . 4 , N O . 2 , 2 0 2 2

Quality of Cardio-Oncology Rehabilitation Research J U N E 2 0 2 2 : 1 9 5 – 2 0 6

204
survivors reported that participation in CR was asso-
ciated with favorable effects on multiple health and
psychosocial outcomes.12 Similarly, a recent meta-
analysis of 33 studies assessing the impact of both
cardiac and pulmonary rehabilitation programs in
cancer survivors reported the interventions caused
significant and clinically meaningful improvements in
CRF, 6-minute walk distance, and quality of life.13 The
magnitude of improvement in VO2peak-defined CRF
(2.58 mL O2/kg/min) shown here was similar to that
reported by the aforementionedmeta-analysis (2.9 mL
O2/kg/min).13 This is encouraging; however, the find-
ings of these reviews should be interpreted with
caution. For instance, 1 study included in our review
reported no intervention effect on CRF but could not
be included in our meta-analysis because of missing-
ness of data.39 More broadly, the moderate-to-high
attrition rates (25%-80%) reported by 80% of our
included studies bias the findings toward demon-
strating an intervention effect—a factor that was un-
addressed and likely biased the findings of the
previously mentioned meta-analysis.13 In theory, this
source of bias would have been less of an issue if the
included studies were RCTs that followed an
intention-to-treat analytic approach. However, there
has only been a single unpowered pilot RCT published
to date assessing the impact of CR-based interventions
in cancer survivors.35 Ultimately, the combination of
high and unexplained attrition rates together with the
previously mentioned incomplete reporting of harms
and adherence data make it impossible to confirm or
deny whether CR-based interventions are safe, well
tolerated, and beneficial for cancer survivors.

Notwithstanding these limitations, we agree with
the American Heart Association and American Cancer
Society statement that there is intriguing evidence



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Prior studies

suggest that cardiac rehabilitation can improve cardiorespiratory

fitness and quality of outcomes for cancer survivors. However,

most of these studies are of suboptimal rigor and confounded by

a high risk of bias. Cardiac rehabilitation can be offered to cancer

survivors meeting pre-existing criteria, but the recommendations

are otherwise based on expert opinion rather than empirical data.

TRANSLATIONAL OUTLOOK: More rigorous research is

needed to confirm the safety and efficacy of cardiac

rehabilitation–based interventions in cancer survivors before it

can be widely adopted as a standard of patient care.
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suggesting a potential role for CR-based programs to
improve cardiovascular outcomes in cancer survivors.
Further research in this area is needed to address the
notable gaps in evidence. Priorities for future
research include the conduct of rigorous RCTs to
confirm the safety, tolerability, efficacy, and effec-
tiveness of CR-based interventions focused on
improving CVD-related outcomes in more represen-
tative samples of cancer survivors (eg, studies
involving a balance of women and men as well as
cancer types other than breast). Subsequent meta-
analyses, in turn, will then be needed to synthesize,
interpret, and discuss the research in the context of
the quality of the underlying evidence (like in the
general field of exercise oncology41) to support the
widespread implementation of CR-based in-
terventions for cancer survivors.

STUDY LIMITATIONS. Our study has several impor-
tant strengths and limitations. To our knowledge, this
is the first study to comprehensively assess the
quality of research reporting and ROB within reports
of CR-based interventions in cardio-oncology. We
used rigorous and widely accepted inventories18-20,22

to comprehensively evaluate all currently available
exercise studies in the field and contextualize the
findings of our meta-analysis. However, items within
the various inventories used to evaluate the studies
were not always relevant to all studies. For example,
the ROB-2 and ROBINS-I inventories were not neces-
sarily designed to evaluate reports from exercise or
retrospective trials. Consequently, select items (eg,
participant blinding and harms reporting [for retro-
spective studies]) were not applicable and had to be
excluded from our analyses, which may have intro-
duced some measurement bias. Moreover, our mod-
erate inter-rater agreement indicates that there was
variability in primary data extraction by our team.
However, we systematically addressed this discor-
dance and achieved consensus via careful review of
the extracted data within the context of our study
reference guide, the supplemental data extraction
notes taken by each team member, and oversight
provided by the study lead (S.C.A.).

CONCLUSIONS

In summary, studies of CR-based interventions in
cancer survivors have low-to-moderate overall
quality of research reporting and moderate-to-high
ROB, which limits the reproducibility, interpreta-
tion, and translation of this evidence into practice.
Our meta-analysis confirms previous work that
participation in CR-based interventions is associated
with improvements in select outcomes. However,
major limitations in the design, conduct, and report-
ing of studies preclude the interpretation of causa-
tion. There is a clear need for further research that is
rigorously conducted and reported in order to better
evaluate the safety, tolerability, and potential bene-
fits of CR-based interventions in cancer survivors
and, ultimately, facilitate the translation of this evi-
dence into practice.
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