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Aim: The six-minute walk test (6MWT) is a common measure of functional capacity in patients with
heart failure (HF). Primary clinical study end points in cardiomyopathy (CM) trials, including transthyretin-
mediated amyloidosis with CM (ATTR-CM), are often limited to hospitalization and mortality. Objective:
To investigate the relationship between the 6MWT and hospitalization or mortality in CM, including
ATTR-CM. Method: A PRISMA-guided systematic literature review was conducted using search terms for
CM, 6MWT, hospitalization and mortality. Results: Forty-one studies were identified that reported 6MWT
data and hospitalization or mortality data for patients with CM. The data suggest that a greater 6MWT
distance is associated with a reduced risk of hospitalization or mortality in CM. Conclusion: The 6MWT is
an accepted alternative end point in CM trials, including ATTR-CM.

Plain language summary: What is this study about?: This study looked at people with cardiomyopathy,
a disease in which the heart loses its ability to pump blood effectively around the body. Some
cases of cardiomyopathy are caused by problems with a protein called transthyretin. In clinical trials
for cardiomyopathy, doctors often use the number of hospitalizations or deaths to assess a drug’s
effectiveness. However, this may not tell the whole story. The six-minute walk test (6MWT) is another
way of assessing the severity of cardiomyopathy. It measures how far a person can walk on flat ground
in 6 min, which can be important to people with heart conditions as it affects whether they can perform
normal daily activities. Using the 6MWT in clinical trials may make it easier to assess new drugs and give
a more holistic view of a drug’s effects. Our study explored the link between the 6MWT and the risk of
death or hospitalization in people with cardiomyopathy.

What were the results?: We analyzed 41 studies that measured 6MWT and rates of hospitalization and/or
death in people with cardiomyopathy. The results showed that those who could walk further during the
6MWT were less likely to die or be hospitalized than those who could walk a shorter distance. Similar
findings were seen in people with cardiomyopathy caused by transthyretin.

What do the results mean?: Our results suggest that the 6MWT is a valid and meaningful measure of the
severity of cardiomyopathy, supporting its use as a key assessment in cardiomyopathy clinical trials.
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Cardiomyopathies (CMs) encompass diverse causes of structurally or functionally impaired heart muscle, but s
commonly share a phenotype in which a decline in functional capacity precedes and coincides with rising morbidity =~ %4%s Becaris
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and mortality [1-3]. Clinical trials tend to focus on hospitalization and mortality, which necessitates long and large
studies to demonstrate the efficacy of a treatment. The strict focus can, however, limit insight into the benefits of
a therapy on functional capacity [4,5]. Furthermore, a strong preference for hospitalization and mortality outcomes
as the primary end point to demonstrate efficacy might limit the development of therapeutics that could have a
positive impact on functional capacity. Prioritizing functional capacity as an end point has thus been recognized as
important and relevant to the daily lives of older adults with cardiovascular (CV) disease [6]. Furthermore, health
authorities have stated that demonstration of a benefit on functional capacity may be acceptable for approval of
drugs for heart failure (HF) in conditions with a high unmet, need even if a benefit on hospitalization or mortality
has not been established (7,8].

Transthyretin-mediated (AT'TR) cardiac amyloidosis is an example of a CM typically affecting older adults where
there is a high unmet need for treatment options. AT'TR amyloidosis is a rapidly progressive, debilitating and fatal
disease caused by misfolding and deposition of the transthyretin (TTR) protein (initially synthesized in the liver)
and accumulation of toxic TTR amyloid fibrils in multiple organs and tissues [9]. There are two types of ATTR
amyloidosis: hereditary (AT TRv) amyloidosis, in which variants in the 77R gene result in misfolded TTR protein,
and wild-type (WtATTR) amyloidosis, in which wild-type TTR protein misfolds without a variant in the gene
but through aging-linked processes (9. Awareness of ATTR amyloidosis is gradually increasing as new treatment
options are available and, based on the projected aging of the worldwide population, wtATTR amyloidosis is
predicted to become the most common form of cardiac amyloidosis [10,11]. Recognizing the initial symptoms of
ATTRYy, also known as variant, and wtATTR amyloidosis is critical to diagnosing and treating the disease as early
as possible [12-20].

Progressive CMs, including ATTR amyloidosis with CM (ATTR-CM), are associated with worsening CV func-
tion, and there is a need for a short-term and practical functional capacity end point to measure the efficacy of
clinical treatments in attenuating disease progression. Currently, cardiopulmonary exercise testing is regarded as
the gold standard for assessing exercise capacity; however, the requirement for specialized equipment and trained
personnel limits its practicability for many hospital settings [21]. The six-minute walk test (6MWT) is a practical
assessment that measures the distance that a patient can walk on a flat, hard surface in a period of 6 min and
therefore can be feasibly implemented in both trial and real-world clinical settings [22].

The 6MWT is accepted as a prognostic indicator in both HF and pulmonary arterial hypertension [21-25] and is
reported to be a valuable measure of functional capacity in patients with primary light-chain amyloidosis [26,271. In
the case of HE the 6GMWT has been recommended as a clinically meaningful end point for use in HF clinical trials
when assessed in combination with N-terminal pro-brain natriuretic peptide levels and quality of life scores [2s].
There is also a benefit for using the 6MWT as a prognostic indicator in CM and its subtypes, including ATTR-
CM. According to recent guidelines on ATTRv amyloidosis, the 6MWT holds relevance for monitoring disease
progression and response to therapy in patients with ATTRv-CM [29,30, and is currently used in the real-world
setting [31,32]. Functional capacity is recognized by the US FDA as an acceptable efficacy end point in HF studies
that would be able to establish effectiveness and support the approval of drugs to treat HF [33).

Nevertheless, an understanding of the relationship between functional capacity and clinical outcomes would be
relevant to interpret trials that employ the 6MWT end point. This systematic literature review (SLR) thus aims to
determine the relationship in CM clinical trials between 6MWT performance and two commonly used primary
end points: hospitalization and/or mortality for patients with various CM subtypes, including ATTR-CM. The
analysis supports a connection between 6MWT performance and prognosis of ATTR-CM. Thus, 6MWT may be
used not only to measure the impact of a treatment on functional capacity but also to suggest the potential impact
on clinical outcomes.

Materials & methods
This SLR was conducted in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (34] and the Cochrane handbook for systematic reviews [35].

The literature included in the SLR is from the Embase and Medline databases using the Ovid® platform
(11 February 2022 and 14 February 2022, respectively). The searched terms included the subject headings and
keywords relating to 6MWT, mortality, hospitalization, as well as CM. The searches were limited to 2012 to present.
In addition to the database searches, a gray literature review, involving hand-searching relevant meta-analyses for
additional key texts and a review of conference proceedings from 2020 to present, was conducted to identify
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Table 1. PICOTS criteria for publication inclusion/exclusion.

Topic Inclusion criteria Exclusion criteria

Population Patients with HF including: Patients with no recorded HF, CM or PAH
> Patients with CM
> Patients with PAH

Interventions/ NA NA
comparators
Outcomes Recorded 6MWT No reported outcomes of interest
AND
Mortality
AND/OR
Hospitalization
Time 2012 to current date for journal articles <2012 for journal articles
>2020 to current date for conference publications <2020 for conference publications
Study design Cross-sectional, retrospective and prospective cohorts, case-control  Animal and in vitro studies, letters and editorials

and randomized controlled trials
Other NA Non-English language publications

6MWT: Six-minute walk test; CM: Cardiomyopathy; HF: Heart failure; NA: Not applicable; PAH: Pulmonary arterial hypertension; PICOTS: Population, Intervention, Com-
parison, Outcome, Time and Study design

evidence not reported in the published literature. The full search strategies and details of the conferences searched
are provided in the Supplementary material.

Two independent reviewers screened titles, abstracts and full text publications, with a consensus reached over
any disagreements. The following inclusion criteria were used for the review: any study investigating patients with
CM, and recording the 6MWT and mortality and/or hospitalization outcomes. The full Population, Intervention,
Comparison, Outcome, Time and Study design (PICOTS) criteria are provided in Table 1. Finally, this SLR
excluded records that were not published in English.

Data were extracted from the included publications and qualitatively synthesized to summarize the key themes
reported by the publications captured in this literature review. Publications were grouped by key outcomes with
respect to those investigating an association between the 6MWT and hospitalization or mortality, and to those
reporting GMWT independent of hospitalization or mortality data. These latter publications were also subgrouped
by key outcome (hospitalization, mortality and major adverse CV events [MACE]).

Included records were subjected to a quality assessment to determine the strength and applicability of their
findings. The critical appraisal tools published in the Joanna Briggs Institute handbook for evidence synthesis were
used [36].

Results

A total of 41 publications (Figure 1) relating to 30 empirical studies and six meta-analyses were identified, of which
15 were randomized controlled trials (RCTs), 10 were cohort studies and five were cross-sectional studies. Of these
publications, six reported the association between 6MWT and either hospitalization, mortality or a combination
of these events in patients with CM, while 15 reported separate 6GMWT and hospitalization data and 27 reported
6MWT and mortality data (Figure 1). The greatest number of identified studies, for which there were multiple
publications, were conducted over a multinational geography (n = 5), Slovenia (n = 4) and the US (n = 4). The
characteristics of these included studies are presented in Supplementary Table 7.

The quality of the included studies varied, and the full quality assessment report is provided in the Supplementary
material. Thirteen studies were judged to be at a low risk of bias [12,37-48], while eight publications were judged to be
at a high risk of bias [14,49-55]. Nine were considered to be of an unclear risk of bias due to insufficient provision of
information (56-64]. The most common reason for poor quality regarding RCTs was failure to conceal the allocation
of groups to participants and/or clinicians, whereas for cohort or cross-sectional studies, the publications did not
provide sufficient information for how they had adjusted their results to address confounding factors.

Data from the included publications were grouped by key outcomes in terms of association between the 6MWT
and hospitalization or mortality, and to publications not investigating an association. These latter publications
were also subgrouped by key outcome (hospitalization, mortality and MACE), with the identified meta-analyses
reported as a stand-alone section.
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Records identified through grey
literature search, n = 10
Conference proceedings, n = 3
Hand searching included meta-analyses, n = 7

Records identified through
database searching
n = 4243

l

Records after duplicates removed
n = 4251
Conference proceedings, n = 2

Identification

Records screened Records excluded
n = 4251 n = 4185

Full-text articles excluded

Full-text articles assessed
o n=24
for eligibility SEE—— )
n= 66 Population, n = 1

Outcome, n =4
Time horizon, n = 16
Other (non-English), n =3

Exclusion at data extraction phase
Unable to extract relevant data
n=1

Records included for
data extraction
n=41

Figure 1. PRISMA diagram.

Association between 6MWT & hospitalization &/or mortality &/or MACE

Hospitalization

Two publications reported an association between the 6MWT distance and hospitalization (Table 2) (58,65]. Bieleck-
Dabrowa ez al. investigated the prognostic value of the SMWT for predicting HF-related hospitalization in patients
with dilated CM (DCM), reporting that 6MWT distance was a significant predictor over five years of follow-up
(odds ratio [OR]: 0.99; p = 0.001) [58]. Vong ez al. investigated the association between baseline 6MWT distance
and improvement in CV-related hospitalization with a 30-month follow-up (65]. Using a repeated time-to-event
model showing the percentage change in risk of death with covariates in the 25th and 75th percentiles, Vong ez al.
reported that patients with ATTR-CM with a 6MWT distance of 445 meters, 75th percentile, experienced a 15%
reduction in CV-related hospitalization, while a 6MWT distance of 269 meters, 25th percentile, was associated with
a 20% increase in CV-related hospitalization. In the repeated time-to-event model, the 75th and 25th percentiles
were compared with the median value to determine the percentage change in risk of hospitalization (65]. In the
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available literature, for patients with chronic HF with New York Heart Association (NYHA) class I-1V and mean
left ventricular ejection fraction (LVEF) range of 20% to 40%, 6MWT cut-off values range from 300-490 meters,
meaning that if a patient walks a distance equal to or less than 300490 meters, the 6MWT remains a strong
prognostic predictor [66].

These data show that an increase in 6MWT distance is associated with a reduction in CV-related hospitalization

for patients with DCM or ATTR-CM.

Mortality

In four publications, the association between 6MWT and mortality outcomes was investigated and a trend of a
greater GMWT distance corresponding to an improved outcome was observed (Table 2) [14,39,48,65]. Two publications
reported the association between the 6MWT and mortality in patients with ATTR-CM and found that a greater
6MWT distance at baseline was associated with a reduction in the risk of death [14,65]. Lane ez al. investigated the
association between 6MWT distance and patient survival, reporting that for each 50-meter increase in 6MWT at
the time of ATTR-CM diagnosis, there was an estimated 12% reduction in the risk of death (hazard ratio [HR)]:
0.88, 95% confidence interval [CI]): 0.832-0.933; p < 0.001) [14]. A publication by Vong ez 4/. investigated the
association between baseline 6MWT distance and improvement in risk of death with a 30-month follow-up [65].
Using a time-to-event model, Vong ez al. reported that the risk of death substantially increased to 57% in patients
with a 6GMWT distance of less than 269 meters, while patients with a 6MWT distance greater than 445 meters
experienced a 40% reduction in the risk of death [65].

Two further publications reported the relationship between the 6MWT and mortality in pediatric patients
with DCM (39,471, of which one investigated the use of 6MWT as a prognostic marker for death [39]. Den Boer
et al. found that after adjusting for factors that may impact the 6MWT distance, such as age, height and weight,
the percentage predicted 6MWT distance remained a significant predictor of death (or heart transplant) (39,67].
Additionally, Van der Muelen ez al. reported that pediatric patients who recorded a 6MWT distance less than
63% of the predicted distance (the expected distance a patient of that gender, height and age would record in the
6MWT) had a significantly higher risk of death or heart transplant than patients with a 6MWT distance above
63% of the predicted distance (HR: 10.8; 95% CI: 2.4-49; p = 0.001) (48]. These studies demonstrated that the
6MWT was a feasible functional parameter for use in a pediatric population with DCM and could be beneficial as
a risk-predicting tool [39,48].

Together, these data show that the 6MWT is a predictor of mortality, and a greater 6MWT distance is associated
with a reduction in the risk of mortality for patients with ATTR-CM and patients with DCM.

Major adverse cardiac events

One publication identified an association between 6MWT distance and MACE, with the 6MWT distance again
demonstrating prognostic value (Table 2) [47). Toledo ez a/. reported that 6SMWT distance was significantly associated
with subsequent cardiac events (including cardiac hospitalization, cardiac-related death or heart transplant) (HR:
0.99; 95% CI: 0.993-0.999; G? = 6.30; p = 0.01) in patients with either ischemic CM (ICM) or non-ischemic
CM (NICM) 471. This publication investigated the prognostic value of serum potassium levels in HE because
they are frequently associated with adverse outcomes in patients with HE Interestingly, the authors reported that
incorporating serum potassium levels into prognostic models may improve the predictive value of the 6GMWT in
this patient population [47).

Within the six publications that investigated the association between 6MWT and the outcomes of interest, the
data collectively show that 6GMWT distance is associated with hospitalization, mortality and MACE outcomes in
patients with CM.

6MWT & hospitalization, mortality or MACE reported independently

The SLR identified several publications reporting 6MWT data and hospitalization (n = 15) (Supplementary
Table 8), mortality (n = 27) (Supplementary Table 9) or MACE (n = 4) (Table 3) outcomes independently. While
no direct association was investigated, these data collectively show that both a greater GMWT distance and a greater
improvement in 6MWT distance may be associated with improved outcomes. Nine publications reported that a
greater 6GMWT at baseline, or a smaller decrease in 6MWT distance from baseline, corresponds with a reduced
rate of hospitalization in patients with CM [12,41,45,56,59,62,65,68,69]. A further 17 publications reported that patients
with CM with a greater 6MWT distance corresponded to improved mortality or survival [12,37,40,44-46,49,50,52—
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Table 3. 6MWT and MACE/combined cardiac events: separate outcomes.

Author (year), country

Henry et al. (2014),
us

NR

Leyva et al. (2016),
UK

ATTR-ACT

Maurer et al. (2018),
Belgium, Brazil, Canada,
Czech Republic, France,
Germany, Italy, Japan,

Netherlands, Spain,
Sweden, UK, US

Domae et al. (2021),

Japan

Intervention(s)

Ixmyelocel-T;
control,
standard care

Cardiac resyn-
chronization
therapy

Tafamidis
(20 mg and
80 mg); placebo

Autologous
stem cell-patch
implantation

Subgroup

Ixmyelocel-T
(ischemic)
(n=21)

Ixmyelocel-T
(non-ischemic)
(n=18)

Control
(ischemic)
(n=9)

Idiopathic DCM
(n =165)

ICM
(n =353)

Quartile 1
(baseline 6MWT
<269 m)

Quartile 2
(baseline 6MWT
>269 m to

351 m)

Quartile 3
(baseline 6MWT
>351 mto

445 m)

Quartile 4
(baseline 6MWT
>445 m)

Responder
(n=13)

Non-responder
(n=11)

Time point

Baseline

12 months

Baseline

12 months

Baseline

12 months

Control
(non-ischemic)
(n=9)

12 months

Baseline

Median
4.52 years

Baseline

Median
4.52 years

30 months

30 months

30 months

30 months

Baseline

6 months
12 months
36 months
Baseline

6 months
12 months
36 months

6MWT distance (m)

Mean: 357.7

Mean change from baseline:
49.89 (95% Cl: 25.67-73.74)

Mean: 379.1Tm

Mean change from baseline:
39.10 (95% Cl: 11.32-66.17)

Mean: 386.3

Mean change from baseline:
-102.66 (95% Cl: -75.29
to -130.40)

Baseline

Mean change from baseline:
74.36 (95% Cl: 23.08-NR)

Mean =+ SD: 232.9 + 121.4
Mean =+ SD: 305.0 + 132.0

Mean =+ SD: 206.3 + 109.1
Mean =+ SD: 288.8 + 120.3

Least-squares mean decline in
6MWT from placebo: 73.4 (95%
Cl: 23.9-122.9)

Least-squares mean decline in
6MWT from placebo (win ratio):
58.3 (95% Cl:0.4-116.2)

Least-squares mean decline in
six-minute walk distance (6MWD)
from placebo (win ratio):

78.2 (95% Cl: 41.2-115.2)

Least-squares mean decline in
6MWT from placebo (win ratio):
92.0 (95% Cl: 49.2-134.8)

Mean: 471 (95% Cl: 379-540)
Mean: 527

Mean: 525

NR

Mean: 454 (95% Cl: 367.5-491.5)
Mean: 472

Mean: 457

NR

MACE /combined cardiac events Ref.
(n [%])
NR [51]

MACE: n = 3 (14%)

NR
MACE: n = 8 (44%)

NR
MACE: n =3 (27%)

Mean: 375.5 m

MACE: n =5 (56%)

NR [61]

Mortality or MACE-free survival:
32.9%

NR

Mortality or MACE-free survival:
9.1%

Improvement in primary [45]
outcome (hierarchical

combination of all-cause

mortality and CV hospitalization
frequency) win ratio: 1.15 (95%

Cl: 0.71-1.87)

Improvement in primary
outcome (hierarchical
combination of all-cause
mortality and CV hospitalization
frequency) win ratio: 1.48 (95%
Cl: 0.88-2.49)

Improvement in primary
outcome (hierarchical
combination of all-cause
mortality and CV hospitalization
frequency) win ratio: 1.78 (95%
Cl: 0.95-3.31)

Improvement in primary
outcome (hierarchical
combination of all-cause
mortality and CV hospitalization
frequency) win ratio: 2.56 (95%
Cl: 1.36-4.84)

NR [40]
NR

MACE-free survival: 100%

MACE-free survival: 100%

NR

NR

MACE-free survival: 63.4%

MACE-free survival: 9.1%

6MWT: Six-minute walk test; Cl: Confidence interval; CV: Cardiovascular; DCM: Dilated cardiomyopathy; ICM: Ischemic cardiomyopathy; MACE: Major adverse cardiovascular events;
NR: Not reported; SD: Standard deviation; UK: United Kingdom; US: United States.
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54,56,58,61,68-70] and, finally, three publications reported data that show that a greater 6MWT distance corresponds
with a reduced risk of MACE [40,44,61].

ATTR-ACT study

Five publications were identified where the 6MWT was investigated in post-hoc analyses of the ATTR-ACT study,
in which patients with ATTR-CM were assigned to receive tafamidis or placebo over a 30-month period (65,68-
71]. These data suggested that, regardless of intervention, patients with ATTR-CM who have a greater baseline
6MWT distance or experience a smaller decrease in 6MWT distance over time are at a reduced risk of CV-related
hospitalization and mortality. Two post-hoc analyses of the ATTR-ACT study reported the data separately by
wtATTR and ATTRv amyloidosis [69,70]. Rapezzi ez al. reported that patients with AT TRv amyloidosis experienced
a least-squares mean decrease in 6MWT distance from baseline of 80.2 meters with tafamidis and 160.0 meters
with placebo and reported an all-cause mortality rate of 46.0% and 62.8%, respectively [70]. Patients with wtATTR
amyloidosis experienced a least-squares mean decrease in 6MWT distance from baseline of 43.1 meters with
tafamidis and 121.5 meters with placebo, and an all-cause mortality rate of 24.3% and 35.8%, respectively [70].
These results highlight the correlation between a reduction in the decline of 6MWT distance from baseline to a
reduced risk of mortality for both subgroups of ATTR amyloidosis.

Meta-analyses

The six meta-analyses identified as part of the SLR did not directly measure the associations between 6MWT
and hospitalization or mortality. However, the results reported do highlight that patients with CM who had an
improved 6MWT distance also had a measurable reduction in risk of re-hospitalization, reduced risk of mortality
or heart transplant and a reduced risk of MACE (Table 4) (72-77).

Discussion

The clinical studies in this SLR included measured 6MWT and outcomes from diverse forms of CM across a
broad age range from pediatric patients to older adult patients. In addition, the clinical studies measuring 6MWT
and outcomes also report diverse causes of CM, including genetic, idiopathic, peripartum and both ischemic and
non-ischemic causes. Despite major differences in patient characteristics and disease courses, the association of
6MWT with outcomes appears to hold even if the actual numbers (baseline or change from baseline) cannot be
compared between types of CM or studies with different patient populations.

The application of the 6MWT in clinical studies highlights how diverse pathophysiological mechanisms and
disease severity can impact functional capacity. Collectively, the publications which investigated the association
between the 6MWT and hospitalization or mortality show that an increase in 6MWT result (or at least a smaller
decrease compared with the control group) is a prognostic indicator of a reduced risk of hospitalization or mortality
for patients with CM overall [14,39,47,48,58,651.

Specifically, for ATTR-CM, a low 6MWT was reported to be a predictor of CV-related hospitalization [65].
Similarly, in this patient population, the 6MWT was found to be a predictor of mortality for patients with ATTR-
CM, with a greater 6MWT distance at baseline reported to be associated with a reduction in risk of mortality in
these patient populations [14,65]. Vong et al. reported that a 6GMWT distance of 445 meters was associated both
with a 15% reduction in risk of CV-related hospitalization and a 40% reduction in risk of death compared with a
6MWT of 351 meters [65]. This implies that a greater 6GMWT distance is associated with a greater reduction in the
risk of death relative to the reduction in the risk of CV-related hospitalization in patients with ATTR-CM.

The 6MWT was also reported to be significantly associated with hospitalization and mortality in patients with
DCM (39,48,58], as well as subsequent cardiac events in patients with either ICM or NICM [47].

Due to inconsistencies in the reporting of 6MWT data between studies, it would be inappropriate to draw
comparative conclusions between the predictive potential of the 6MWT in different subtypes of CM. However,
collectively, the publications identified within this SLR do suggest an association between 6MWT and the outcomes
of interest across subtypes of CM, including ATTR-CM (both ATTRv-CM and wtATTR-CM), DCM, ICM and
NICM.

The 6MWT has been used as a clinical end point in recent and ongoing clinical trials investigating novel
therapeutic interventions for patients with ATTR-CM [45,78,79]. Recent guidelines published on AT TRv amyloidosis
have supported the use of the 6MWT, alongside other measures, for monitoring disease progression and response
to therapy in patients with ATTRv-CM [29,30,80). Guidelines support a decline in 6MWT as being reflective of
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Table 4. Meta-analyses outcomes.

Publication Patient Subgroups Effect measured Follow-up Summary results p-value Level of het- Ref.
(year) population erogeneity
(%)

Lu et al. NIDCM 1. Intracoronary Impact of cell Up to 6 months Studiesn =4 0.39 88 [74]
(2016) treatment with therapy on 6MWT Mean difference increase of

BMMC or CD34+ result 39.89 m (95% Cl: -50.22

cells to 129.99)

2. Control, no cell More than 12 months Studiesn=5 0.18 95

therapy

Mean difference increase of
51.56 m (95% Cl: -24.09

to 127.20)
Impact of cell 12-60 months Studiesn =6 0.04 52
therapy on Risk difference reduction by 0.08
mortality (95% CI: -0.16 to 0.00)
Xia et al. NICM 1. Autologous stem  Impact of cell 3-60 months Studiesn=7 <0.01 94 [76]
(2020) cell therapy therapy on 6MWT Mean difference increase of
2. Control result 101.46 m (95% ClI: 45.62-157.35)
Impact of cell 3-60 months Studies n =12 0.17 0
therapy on all-cause RR: 0.78 (95% CI: 0.55-1.11)
mortality
Impact of cell 3-60 months Studies n =12 0.13 14
therapy on RR: 0.78 (95% Cl: 0.57-1.07)
mortality or heart
transplant
Impact of cell 3-60 months Studies n = 10 0.05 15
therapy on RR:0.73 (95% Cl: 0.52-1.00)
mortality or heart
transplant
(excluding studies
with
intramyocardial
injection)
Wang et al. ™M 1. Bone Effect of cell 3-60 months Studiesn =9 0.0002 NR [75]
(2019) marrow-derived cell therapy on 6MWT Mean difference increase of
therapy result 53.13 m (95% Cl: 25.47-81.10)
2}'1 Control, no cell 3 months Studiesn =6 0.02 NR
therapy Mean difference increase of
47.92 m (95% Cl: 7.95-87.89)
6 months Studiesn =8 0.04 NR
Mean difference increase of
49.68 m (95% Cl: 3.34-96.01)
>12 months Studiesn=6 0.05 NR
Mean difference increase of
63.91 m (95% CI: 0.06-127.76)
Effect of cell 3-60 months Studiesn =6 0.09 NR
therapy on MACE RR: 0.79 (95% Cl: 0.60-1.04)
Effect of cell 3-60 months Studies n = 17 0.04 NR
therapy on all-cause RR:0.74 (95% Cl: 0.56-0.98)
mortality
Effect of cell 3-60 months Studiesn =8 0.29 NR
therapy on RR: 0.65 (95% Cl: 0.29-1.46)
cardiac-related
death
Effect of cell 3-60 months Studiesn =5 0.08 NR
therapy on RR: 0.71 (95% Cl: 0.49-1.04)
re-hospitalization
Effect of cell 3-60 months Studiesn=4 0.02 NR
therapy on quality Mean difference reduction of
of life (MLHFQ 18.41 (95% C1:-29.90 to -6.92)
score)

6MWT: Six-minute walk test; BMMC: Bone marrow mononuclear cell; BMSC: Bone marrow mesenchymal cell; Cl: Confidence interval; CM: Cardiomyopathy; DCM: Dilated cardiomy-
opathy; MACE: Major adverse cardiovascular events; MLHFQ: Minnesota Living with Heart Failure Questionnaire; NICM: Non-ischemic cardiomyopathy; NIDCM: Non-ischemic dilated
cardiomyopathy; NR: Not reported; OR: Odds ratio; RR: Risk ratio.
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Table 4. Meta-analyses outcomes (cont.).

Publication
(year)

Jiao et al.
(2014)

Diaz-Navarro
et al. (2021)

Rong et al.
(2020)

Patient Subgroups Effect measured Follow-up Summary results p-value Level of het- Ref.
population erogeneity
(%)
DCM 1. Cell therapy Effect of cell Mean: 19.8 months Studiesn =5 <0.01 89 [73]
(CD34* stem cell therapy on 6MWT Mean difference increase of
therapy, BMMCor  result 132.12 m (95% Cl: 88.15-176.09)
BMSC and Effect of cell Mean: 19.8 months Studiesn=7 <0.01 0
mononuclear cells) .o on OR: 0.48 (95% Cl: 0.29-0.80)
2. Control, no cell mortality or heart
therapy transplant
NIDCM 1. Stem cell therapy Effect of cell 6 months to 5 years Studiesn=5 0.07 87 [72]
(any type) therapy on 6MWT Mean difference increase of
2. Control, no result 70.12 m (95% CI: -5.28 to 145.51)
mterv'entlon/nc') Effect of cell 6 months to 5 years Studiesn =7 0.44 0
sham intervention therapy on all-cause RR: 0.84 (95% Cl: 0.54-1.31)
mortality
Effect of cell 6 months to 5 years Studiesn=5 0.05 80
therapy on quality Standard mean difference of 0.62
of life (95% CI: 0.01-1.31)
1. Stem cell therapy Effect of cell 6 months to 5 years Studies n =2 <0.01 0
(any type) therapy on 6MWT Mean difference increase of
2. Control, result 140.14 m (95% Cl: 119.51-160.77)
pérlpheral therapy Effect of cell 6 months to 5 years  Studiesn =3 0.15 39
with grar‘1u|ocyt.e therapy on all-cause RR: 0.46 (95% Cl: 0.16-1.31)
colony-stimulating mortality
factor
Effect of cell 6 months to 5 years Studiesn=1 0.38 NR
therapy on quality Standard mean difference: 4.61
of life (95% ClI:
-5.62 to 14.83)
DCM 1. Stem cell therapy Effect of stem cell 12 to 60 months Studiesn=5 NR 94.8 [77]
(any type) therapy on 6MWT Weighted mean difference
2. Control, no cell result increase of 51.52 m (95% Cl:
therapy -24.21 to 127.55)
Effect of stem cell 12 to 60 months Studiesn=8 NR 30.2
therapy on RR: 0.72 (95% Cl: 0.50-1.02)
mortality

6MWT: Six-minute walk test; BMMC: Bone marrow mononuclear cell; BMSC: Bone marrow mesenchymal cell; Cl: Confidence interval; CM: Cardiomyopathy; DCM: Dilated cardiomy-
opathy; MACE: Major adverse cardiovascular events; MLHFQ: Minnesota Living with Heart Failure Questionnaire; NICM: Non-ischemic cardiomyopathy; NIDCM: Non-ischemic dilated
cardiomyopathy; NR: Not reported; OR: Odds ratio; RR: Risk ratio.

disease progression [28]. This SLR identified four separate studies investigating therapeutic interventions in patients
with ATTR-CM, including the ATTR-ACT study [12,14,45,56]. These studies reported 6MWT distances for patients
with ATTR-CM (260-400 m) that largely lie within the accepted range for being a strong prognostic indicator for
patients with HF (300-490 m) [6].

Despite reports that the rate of 6MWT decline is similar between untreated patients with wtATTR and ATTRv
amyloidosis [69], differences between the ATTR-CM subpopulations of wtATTR and ATTRv amyloidosis need
to be considered when interpreting the relevance of 6MWT for predicting hospitalization or mortality. One such
difference is that patients with wtATTR amyloidosis have typically been diagnosed later in life relative to ATTRv
amyloidosis, with the average age of wtAT TR diagnosis being 77 years of age compared with 71.2 years and 65 years
for ATTRv-V122I and ATTRv-T60A, respectively [80]. Adjusting for these differences using measures such as the
percentage of predicted 6MWT could be beneficial for facilitating comparisons and meaningful interpretations
within the ATTR-CM population 81]. Future ATTR-CM clinical trials may present different 6MWT results
to those identified as part of this review due to populations receiving improved medical management or earlier
diagnosis of ATTR-CM. However, it is expected that the association between 6MWT and mortality would remain
the same.

The studies that independently reported 6MWT data and hospitalization or mortality outcomes also show
that improvements in 6MWT distance were associated with reduced hospitalization and mortality for patients
with CM; although, some studies were not consistent with this finding. Speculative explanations as to why these
contradicting studies did not support the expected trend include heterogeneity in comorbidities between patient
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groups, limited sample sizes and a potentially confounding influence of therapeutic intervention on the outcomes
of interest [42,43,59,61,63,64].

The relationship between the 6MWT and patient quality of life was not the primary focus for this review;
however, the importance of patient quality of life is becoming increasingly realized [s2). Based on the publications
included in this review, a greater 6MWT distance may be associated with a better quality of life. The two main
quality of life measures employed by the identified publications included the Kansas City Cardiomyopathy Ques-
tionnaire (n = 9) [12,14,45,56,57,68-71], and the Minnesota Living with Heart Failure Questionnaire assessment
(n =7) [42,44,51,57,60,63,75]. An assessment of which quality of life measure is the most appropriate in this population,
and the consistency in which quality of life measures are used between studies, will facilitate any future work in
investigating the relationship between 6MWT and patient quality of life.

In this review, there was a large degree of heterogeneity among the included publications in terms of the number
and range of comorbidities, interventions, patient age and study design. Several publications were for studies of
observational design, thus lacking the methodological rigor required for external validity, and cannot be considered
generalizable. Most publications were not intended to investigate the specific objective of this review, typically
reporting 6GMWT data alongside hospitalization or mortality data. Consequently, there were often differences in
6MWT approaches and reporting of 6MWT data. In addition, the 6MWT result can be impacted by factors
independent to cardiopulmonary health, including, age, sex, body mass index, or methodological factors such as
the length of test track used and patient encouragement [22,83,84]. It has been demonstrated that these factors are
independently associated with the 6MWT distance, likely a result of a decline in musculoskeletal strength, which is
typically associated with aging, and a greater burden of age-related comorbidities (5]. Therefore, the heterogeneity
of the disease introduces difficulties for combining and comparing the reported 6MWT between these studies
and should also be taken into consideration when interpreting the findings of this review. Many studies were
aimed to primarily investigate the impact of therapeutic intervention. However, the change in 6MWT distance
following therapeutic intervention can be differentially effective for predicting outcomes depending on the patient
population [83] and is another area that requires further research in specific CM populations, including ATTR-CM.
Finally, improvements in non-invasive diagnostic tools present an opportunity for systematic screening of high-risk
populations and earlier ATTR-CM diagnosis in the real-world setting (85,86]. It should be noted that patients with
an earlier ATTR-CM diagnosis may not have severe CV impairment, and thus the prognostic value of the 6MWT
may be reduced in this population. To support future use of the 6GMWT as a prognostic indicator in the clinic, it
may be more appropriate to combine the 6MWT with other surrogate end points, a practice considered suitable
for use in HF clinical trials (28], for the generation of a singular, more sensitive composite score.

The 6MWT is an established measure of functional capacity and accepted as a predictor of hospital readmission
and mortality, and the findings of this review are largely consistent with observations found in the broader population
of patients with HF [3,66,87. While several studies collecting 6MWT data and hospitalization or mortality measures
have established the 6MWT as a measure of functional capacity for HF populations, there is a need to conduct
studies that directly investigate the relationship between these outcomes in patients with CM, and additional
high-quality and population-specific research is also required in patients with CM and its subtypes, such as ATTR-
CM. A more standardized approach across the field for collecting, reporting and analyzing 6GMWT data would be
beneficial for forming relevant conclusions. Considering the sensitivity of the 6MWT to confounding factors [22],
the reporting of adjusted 6MWT data, such as the percentage of predicted 6MWT, would facilitate the drawing of
more definitive conclusions (81]. Standardizing the methodology for reporting 6SMWT could lead to better support
for the use of the 6MWT as a meaningful clinical end point for patients with CM and ATTR-CM, as it is currently
for patients with HE

Conclusion

The publications identified as part of this SLR highlight that patients with CM, including subtypes such as ATTR-
CM, who have a greater distance at baseline or a smaller decline in 6MWT, are likely to report a reduced risk of
hospitalization and mortality. The independent collection of 6MWT data alongside hospitalization or mortality
outcomes appears to be commonplace for studies in patients with CM. Wider acceptance of 6MWT as an end point
in CM studies could accelerate the development of new treatments that improve the lives of patients provided that
the study reasonably excludes the possibility of harm. The association of 6MWT with outcomes bolsters confidence
in this approach. An efficient approach to trial design is especially important for CMs like ATTR-CM that have a
high unmet need.
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Summary points

e Restricting primary end points in clinical trials to hospitalizations and mortality alone limits insight into the
impact of a clinical intervention on a patient’s functional capacity.

e The six-minute walk test (6MWT) is a practical assessment with proven relevance as a clinical measure in some
cardiovascular populations and has benefit as a prognostic indicator in cardiomyopathy and its subtypes,
including transthyretin-mediated amyloidosis with cardiomyopathy.

e The 6MWT is utilized as a measure of functional capacity and end point in cardiomyopathy clinical trials.

e The publications identified as part of this systematic review show that patients with cardiomyopathy who have a
greater distance at baseline or a smaller decline in six-minute walk test are likely to report a reduced risk of
hospitalization and mortality.

e Studies that use the 6MWT as an end point while collecting adequate safety data would bring new therapies
sooner to improve patient lives.

e The association of 6MWT with outcomes further bolsters confidence in more efficient study designs, especially
when there is a high unmet need.
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