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Summary

This doctoral thesis addresses the challenges of outcome heterogeneity and
measurement inconsistency in research on rehabilitative interventions for patients with
hematological malignancies undergoing allogeneic hematopoietic stem cell transplantation
(HSCT). These patients experience complex physical and psychosocial sequelae requiring
multidisciplinary rehabilitation, yet progress in the field is limited by wide variability in the
outcomes measured, the instruments used to assess them, and the timing of assessments,
factors which compromise the comparability, clinical interpretability and synthesis of clinical

research.

To systematically address this problem, the thesis employs the following approach. First,
a comprehensive scoping review was conducted, mapping all outcomes, measurement
instruments, and time points reported in relevant rehabilitation intervention trials in patients
undergoing HSCT. The review revealed significant heterogeneity and demonstrated that
inconsistent terminology and measurement practices hinder evidence synthesis and clinical

translation.

Based on the evidence mapped in the scoping review, a two-round Delphi study was
performed with international experts and clinicians in rehabilitation after HSCT and allogeneic
HSCT. The Delphi process sought consensus on a clinical core outcome set and related
measurement guidelines for use in future clinical trials. Consensus was achieved for two main
settings (hospital and non-hospital), standardizing the assessment of two primary outcomes
(strength using handgrip dynamometry and the 30-second sit-to-stand test and exercise
capacity using the six-minute walk test) ) at clearly defined time points. The guidelines were
designed to apply broadly to both allogeneic and autologous HSCT populations, addressing

the need for harmonization across varying treatment settings and phases of care.
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This thesis is the first to develop a consensus-derived core outcome and measurement
guideline specific to HSCT rehabilitation trials, providing structured recommendations on
"what to measure," "how to measure," and "when to measure." The adoption of these
guidelines in future research is expected to reduce outcome-reporting bias and research
waste, facilitate reliable meta-analysis, and ultimately improve clinical care for HSCT
recipients. Limitations include the exclusion of direct patient-reported outcomes due to the
focus on clinician- and performance-based assessment, and a modest expert participation
rate in the Delphi rounds. Future work should prioritize patient involvement for the

development of comprehensive core outcome sets.

Keywords

COS, core outcome set, HSCT, hematopoietic stem cell transplantation, rehabilitation

"
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MepiAnyn

H tmapouca O1daktopikry dlatpiBy €€eTddel TIGC TTPOKANCEIG TTOU ATToppEéouV atmmd Tnv
ETEPOYEVEID TWV ATTOTEAECPATWY KAl TNV OCUVETTEIO TWV MPETPAOEWV OTAV €pEuva yia TIG
QATTOKATOOTOCIAKEG TTAPEUPRACEIC 0€ a0BEVEIG UE aINATOAOYIKEG KaKORBEIES TTOU UTTORAAAOVTAI
oe oMoyevr) petapooyeuan aigotroinTikwy BAacTokuttdpwy (HSCT). O1 aobeveig auToi
TTapouciAlouv TTOAUTTAOKEG CWHATIKEG KAl WUXOKOIVWVIKEG ETTITITWOEIG, Ol OTTOIEG ATTAITOUV
TTOAUETTIOTAMOVIKI]  OTTOKOTAOTAON, WOTO00, N TPO0dOG OTOV  OUYKEKPIUEVO  TOPEQ
TTapeuTrodideTal atTd TN PEYAAN TTOIKIANIA TWV PETPOUUEVWY OTTOTEAECUATWY, TWV EPYOAEIWV
agloAdynong TTou XpnOoIUOTTOIOUVTal KOl TOU XPOVIGHOU TwV agIOAOYATEWY, TTAPAYOVTEG TTOU
TTEPIOPICOUV TN CUYKPICIUOTNTA, TNV KAIVIKF] EPUNVEUCIUOTNTA KaI TN 0UVOECT TWV EPEUVNTIKWV

OedOPEVWV.

lNa TN CUCTNPATIKA AVTIHETWTTION TOUu TTPOBAAUATOS auTou, n diatpiPr] uloBeTel TNV €€NG
pEBodOAOYIKA TTpooEyyion. ApXIKa SIEVEPYNONKE PIO EKTEVIG XAPTOYPAPIKA avaokoTTnon, N
oTroia  xopToypd®noe OAeG TIG €KPACEIG, Ta epyoAgia PETPNONG Kal Ta XPOVIKA onueia
aflohdynong TIOU  ava@EpPovTal O€  OXETIKEG  KAIVIKEG OOKIMEG  ATTOKATACTACIOKWY
Tapeupdoewv o aoBeveic petda amd HSCT. H avaokotmnon amokGAUWE GnUAvTIKN
ETEPOYEVEID Kal OTTEDEIEE OTI N OQOUVETTAG OpPOAoyia Kal Ol JIaQOPOTTOINUEVES TTPOKTIKEG
pETPNONG duoxepaivouv TN oUvBeon Twv deSOPEVWYV KAl TN PETAPOPA TWV OTTOTEAECUATWY

oTnV KAIVIK) TTPAEN.

Me Bdon Ta dedopéva TTou xapToypagridnkav oTn scoping review, TTPayHaToTToINONKE Yia
OiKUKAN PEAETN TUTTOU Delphi pe Tn ouppetoxr d1EBvWV €18IKWVY Kal KAIVIKWY ETTAYYEAUATIWOV
oTov Topéa TnG atmokaTtdoTaong Petd amd HSCT kair aAhoyevry HSCT. H diadikacia Delphi
QTTOOKOTTOUCE OTNV ETTITEUEN ouvVaivEONG OXETIKA e £va Bacikd oUVOAO KAIVIKWV EKBACEWV
Kal ouvaQeic odnyieg PETpNoNg yia xprion o€ PEAAOVTIKEG KAIVIKEG OOKIMEG. EmmTeuxOnke
ouvaivean yia dUo Kupia TTACioI0 (EVOOVOCOKOMEIAKO KAl EEWVOTOKOMEIOKO), UE TUTTOTTOINGN
NG a&loAdynong dUO TTPWTEUOVTWY EKPACEWY — TNG PUIKAG duvaung (Méow duvapoueTpiag
XEIPOG Kal TNG dokiyaaiog 30 deuTEPOAETTTWY KABioPaTOG-avopBwaong) Kal TNG IKAVOTNTAG
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Goknong (Méow TnNG dokiyaoiag PBadiopatog £€1 AeTITwV), 0€ 0aPWS KaBopIouEéva XPOVIKA
onueia. O1 0dnyieg oxedlAoTNKAV WOTE va QapuofovTal eupéwg TO00 0€ TTANBUCHOUG UE
aAloyevr] 600 kal og autdhoyn HSCT, KaAUTITOVTAG TNV avAykn yio evapuovion WETAgU

OIAPOPETIKWY BEPATTEUTIKWYV TTAQIGIWV Kal PACTEWY PPOVTIdAG.

H diatpify auth eival n TTpwTn TToU avamTuooel €va oUVOoAo Bacikwv ekBAcewv Kal
KATEUBUVTHPIWY 0BNYIWV PETPNONG Paciopévwy o€ dIEBv ouvaivean, €10IKA yia TIG KAIVIKEG
Ookipég atrokatdotaong HeTd amd HSCT, rapéxovtag SounNUEVES CUOTATEIG OXETIKA HE TO «TI
TTPETTEl VO PETPATAI», «TTWG VA PETPATAI» KAl «TTOTE va YETPATAI». H uloB£TNoNn autwy Twv
oonNyIwV o0& PEANOVTIKEG £PEUVEG AVOUEVETAI VO HEIWCEl TNV TTPOKATAANYN 0TV ava@opd
eKBdoewv Kal TN oTTaTAAN €PEUVNTIKWY TTOPWYV, va SIEUKOAUVEI TNV agIOTNIOTN YETA-AQVAAUON
Kal TEAIKA va BeAtiwoel TRV KAIVIKR  @povtida Twv Anmmwv HSCT. O1 Treplopiopoi
TTEPIAOUBAVOUV TOV OTTOKAEIOPO AUECWYV EKPBACEWY TTOU ava@épovTal atmd Toug aoBeveig,
AOyw TNG eoTioong o€ aglohoynoelg atmd KAIVIKOUG Kal Baciopéveg oTnv atrdédoaorn, Kabwg Kal
TOV OXETIKA TTEPIOPIOUEVO OPIOPS EPTTEIPOYVWHOVWY TTOU CUMUETEIXaV OTIG yUpeg Delphi.
MeAAOVTIKEG epyaaieg Ba TTPETTEI va BWOOUV TTPOTEPAIOTNTA GTH CUPMPETOXN TwV acBevwy yia

TNV AVATITUEN TTIO TTEPIEKTIKWYV BACIKWY OUVOAWY EKBACEWV.

AEEe1G-KAEIB14

COS, Bacikd auvolo ekBacgewv, HSCT, peTapdoyxeuon aIJoTToINTIKWY BAACTOKUTTAPWY,

QaTTOKATACTACN
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Introduction

Allogeneic HSCT represents the most effective treatment and often the only curative
option for patients with diverse hematological malignancies. While this procedure substantially
improves survival prospects, it is accompanied by considerable morbidity. Among the most
critical complications is graft-versus-host disease (GvHD), which requires long-term
immunosuppressive therapy (IST). Although IST can mitigate GvHD, it also predisposes
patients to infections, toxicities, and a marked reduction in quality of life. Compared with
autologous HSCT, allogeneic recipients face unique vulnerabilities, including higher mortality
and profound loss of physical vitality, rendering rehabilitation both more challenging and more
urgently needed. Multidisciplinary rehabilitation programs have shown potential to improve
physical capacity, alleviate treatment sequelae, and enhance survival outcome in these
patients. Nevertheless, their feasibility and safety remain closely tied to transplantation-related

complications, immunosuppression, and psychosocial challenges.

Despite the increasing implementation of rehabilitation interventions for patients after
allogeneic HSCT, one of the greatest obstacles to progress lies in the heterogeneity of clinical
research in this field. Substantial diversity exists not only in patient selection and intervention
content but also, and most critically, in the outcome domains assessed and the measurement
instruments applied. This inconsistency complicates the interpretation of individual trials,
hampers or even prevents secondary synthesis, and undermines the development of
evidence-based clinical guidelines. According to the Cochrane framework, such heterogeneity
stems from both clinical diversity (differences in populations, interventions, outcomes and
settings) and methodological diversity (variability in study design and risk of bias). Existing
trials in the rehabilitation of HSCT patients exemplify these issues, with outcome selection
often guided by local priorities instead of standardized frameworks, resulting in a patchwork
of evidence with limited comparability. While international initiatives such as the Harmony
Alliance are developing core outcome sets (COS) for several hematological neoplasms,

patients undergoing allogeneic HSCT remain insufficiently represented, even though they

14
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constitute a distinct subgroup with predictable complications such as GvHD, infection risk, and
physical deconditioning. The absence of standardized outcome definitions and measurement
protocols perpetuates research waste and restricts the applicability of study findings to clinical

and guideline development.

The primary aim of this thesis is to address this research gap by developing a consensus-
based clinical Core Outcome Set (COS) incorporated in measurement guidelines for
rehabilitation trials in patients with hematological malignancies treated with allogeneic HSCT.
Specifically, the work seeks to define which clinical outcomes are the minimum that should be
measured (‘what”) in any new ftrial, the most appropriate instruments to assess them (“with
what”), and the optimal time-points of assessment (“when”). By doing so, the thesis contributes
to reducing heterogeneity in clinical outcome selection and enhancing the comparability of
clinical trials, thereby advancing the evidence base for rehabilitation in this complex

population.

To achieve this objective, a two-step methodological approach was employed. First, a
scoping review systematically mapped the outcomes, assessment tools, and measurement
schedules reported in current rehabilitation research involving AlloHSCT populations. Using
established methodological frameworks (PRISMA-ScR), this review synthesized the available
evidence, revealed inconsistencies, and identified domains of variability. Building on this
evidence base, a Delphi consensus study was then conducted, involving international,
multidisciplinary experts in HSCT and oncological rehabilitation. Over two rounds, experts
evaluated candidate outcomes, proposed instruments, and recommended measurement time-
points. Together, this two-step procedure ensured that the proposed measurement guidelines
were both empirically grounded and internationally validated. This thesis is structured into

three interrelated parts:

Part A, “Theoretical Foundations” provides the necessary background, including the

principles of hematopoiesis, the indications and complications of stem cell transplantation and
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the current state of research in rehabilitation for HSCT. It also introduces the theoretical

concept of core outcome sets and their proposed role in reducing heterogeneity.

Part B, “Core Research” presents the studies forming the heart of this work: the scoping
review and the Delphi Study. These chapters establish the magnitude of outcome variability

and propose a standardized measurement framework for future research.

Part C, “Discussion and Conclusions” integrates the findings from prior sections, critically
examines methodological and practical challenges, highlights the implications for clinical and
scientific practice, and formulates recommendations for ongoing and future efforts in HSCT

rehabilitation research.

Through this integrated structure, the thesis develops a coherent progression from
foundational context to empirical innovation, to critical reflection, offering a systematic
response to one of the most persistent barriers in advancing rehabilitation research for

allogeneic HSCT
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CHAPTER 1: Theoretical Foundations

1.1 Blood and Hematopoiesis

Blood is a complex, regenerative tissue formed from hematopoietic stem cells (HSCs),
which reside in the bone marrow and continually give rise to all mature blood cells throughout
life. Understanding the developmental stages, differentiation pathways, and the role of
immature precursors, known as "blasts”, is crucial for grasping both physiological

hematopoiesis and the pathobiology of hematological malignancies.

Hematopoietic stem cells (HSCs) are multipotent, self-renewing cells located primarily in
the bone marrow [1]. HSCs emerge during embryogenesis from specialized hemogenic
endothelium in the aorta-gonad-mesonephros region and migrate to the fetal liver for
expansion before establishing residency in the bone marrow [2]. They differentiate into three

primary lineages, each giving rise to distinct blast populations:

1. Mpyeloid lineage: HSCs first form common myeloid progenitors (CMPs), which further
differentiate into blasts committed to granulocytes (neutrophils, eosinophils,
basophils), monocytes (precursors of macrophages), megakaryocytes (for platelets),
and erythrocytes (red blood cells) [3].

2. Lymphoid lineage: HSCs produce common lymphoid progenitors (CLPs), which
become lymphoblasts that differentiate into B lymphocytes (antibody production), T
lymphocytes (cellular immunity), and natural killer cells (innate cytotoxicity) [3].

3. Erythroid lineage: Arising from the myeloid pathway, erythroid blasts mature into

erythrocytes, responsible for oxygen transport via hemoglobin [3].

"Blast" cells are immature precursors in the differentiation hierarchy which gradually

undergo sequential maturation. Under normal circumstances, only mature cells populate
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peripheral blood. The appearance of excess blasts in blood, a hallmark of acute leukemias,

signals malignant clonal proliferation and differentiation arrest [4].

1.2 Hematological Malignancies

Hematological malignancies often result from genetic mutations or chromosomal
translocations that cause differentiation arrest and uncontrolled proliferation of blasts [5].

Examples include:

Acute myeloid (AML) and lymphoblastic leukemias (ALL): Characterized by

accumulation of myeloblasts due to blocked maturation or by lymphoblast expansion.

Myeloid and lymphoid leukemias: Involve aberrant proliferation of more mature

progenitors but may progress to an acute "blast phase" [6].

Myelodysplastic Syndromes (MDS) and Myeloproliferative Neoplasms (MPN)

- Lymphomas: Divided into Hodgkin and non-Hodgkin.

Plasma cell neoplasms: Multiple myeloma and Plasmacytoma [5].

Blast crises cause cytopenia and tissue infiltration, manifesting as anemia, infection, and
bleeding. Progression from HSCs to blasts, and then to mature cells, is hijacked, leaving

the marrow packed with non-functional precursors [7].

1.3 Hematopoietic Stem Cell Transplantation

HSCT is a cornerstone of therapy for hematological malignancies. This intensive
procedure replaces diseased or dysfunctional hematopoietic systems with healthy stem cells,
facilitating cure or sustained disease control [8]. HSCT use has expanded dramatically over
recent decades. From 2000 to 2021, the annual number of transplants reported by the

European Society for Blood and Marrow Transplantation (EBMT) centers doubled, exceeding
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45,000 procedures in 2019 [9]. Globally, more than 1.5 million HSCTs have been performed
[10].

The two principal HSCT forms (autologous and allogeneic) differ fundamentally in terms
of clinical application, risk profile, and epidemiology. In Europe in 2021, 46% of transplants
were allogeneic, and 54% autologous [11]. In the US, a similar split is observed, with

considerable variation according to disease and patient population [12].

Autologous HSCT employs self-derived stem cells, mainly for multiple myeloma, relapsed
lymphomas, and some solid tumors, leveraging high-dose chemotherapy [13]. Outcomes
depend on chemosensitivity [14]. There is no immunological graft-versus-tumor (GVT) effect
and virtually no risk of GvHD. Non-relapse mortality is much lower (<5%), though relapse
remains more common overall [15]. Autologous HSCT is rarely curative outside of specific

diseases and is being superseded by novel therapies in some indications [16,14].

Allogeneic HSCT is the foundation of curative therapy for high-risk hematological
malignancies [17]. Epidemiological monitoring demonstrates expanding access, improved
safety, and ongoing innovation. Optimal outcomes depend on integrated risk assessment,
multidisciplinary care, and continual alignment of practice with emerging evidence [18]. The
field is defined by rapid evolution: new donor sources, reduced intensity and haploidentical
conditioning, personalized risk stratification, and enhanced survivorship models. International
registries and harmonized accreditation standards continue to improve practice and outcomes

[19, 20].

Allogeneic HSCT is performed using stem cells drawn from a matched sibling, a matched
unrelated donor, or a mismatched/haploidentical donor. It is a standard of care for patients
with adverse or intermediate-risk AML in first or subsequent complete remission, high-risk ALL
including those with measurable residual disease or adverse cytogenetics, advanced-phase
chronic myeloid leukemia (CML), higher-risk MDS, advanced myelofibrosis, select cases of

chronic lymphocytic leukemia (CLL), and aggressive lymphomas after either relapse or CAR-
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T cell therapy failure [17]. Risk stratification for allogeneic HSCT incorporates disease-related
markers, measurable residual disease status, patient comorbidities and age, organ function
as measured by the HCT-Comorbidity Index, previous therapy responses, and overall relapse

risk [21].

The choice of donor has progressed beyond the historical focus on matched sibling
donors, which now account for less than 30% of allogeneic HSCTs. Advances in
histocompatibility matching and supportive care have made outcomes such as overall survival,
disease free survival and non-relapse mortality for matched unrelated donors comparable to
those from siblings. When neither is available, alternative donors, including haploidentical
relatives mismatched by one HLA haplotype or umbilical cord blood, are increasingly used,
especially in the absence of a fully matched donor [22]. Peripheral blood stem cells are
preferred for most transplants (>70%), though bone marrow or cord blood may be selected for

pediatric or certain adult indications [23].

Five-year overall survival after allogeneic HSCT varies from 30-80%, highest when
transplantation is done in first complete remission and lowest for patients with active or
refractory disease [24,25]. Relapse remains the leading cause of treatment failure, while non-
relapse mortality relates to infection, organ toxicity, and GvHD [26]. Improvements in
supportive care and comorbidity management have successfully halved transplant-related
mortality during the past two decades, even among older adults [27]. According to the 2021
EBMT report, over 27,000 allogeneic and 32,000 autologous transplants took place in Europe,
with AML the most common indication for allogeneic procedures (>30%), followed by ALL
(17%), lymphomas, MDS, and myelofibrosis. The median age of recipients continues to rise,
and more than 20% of HSCTs are now in patients older than 60 [11]. Notably, the use of
haploidentical donors has increased substantially, now accounting for 25-30% of allogeneic

HSCTs in Europe [28].

The GVT effect is a pivotal therapeutic mechanism in allogeneic HSCT for hematological
malignancies. It refers to the beneficial immunological response whereby donor-derived
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immune cells recognize and attack residual malignant cells in the recipient, thereby reducing
the risk of relapse and contributing to long-term remission [29]. The GVT effect hinges
predominantly on donor T lymphocytes, although other cell types such as natural killer (NK)
and natural killer T (NKT) cells may also play important roles, particularly in newer allogeneic

cell-based immunotherapies [30].

Importantly, the GVT effect is inseparable from GvHD, which occurs when donor immune
cells also target recipient healthy tissues. While some degree of GvHD is often associated
with a stronger GVT effect and reduced relapse rates, severe GvHD carries significant
morbidity and mortality, highlighting the need for a delicate balance between anti-tumor

immunity and the risk of alloreactivity [31].

The choice of preparative chemotherapy regimen, referred to as conditioning intensity, for
allogeneic HSCT, either myeloablative conditioning (MAC) or reduced intensity conditioning
(RIC), determines the risk of early side effects, chances of disease relapse, long-term survival,

and which patients are eligible for transplant [32].

MAC regimens are designed to eradicate both malignant cells and the recipient's
hematopoiesis through administration of high-dose chemotherapy and/or total body
irradiation, thus enabling robust donor engraftment and exerting powerful anti-leukemic
effects. Classic regimens frequently employ agents such as busulfan, cyclophosphamide, and
total body irradiation, whereas newer protocols now incorporate drugs like thiotepa to further
improve disease control and overall survival [33,34,35]. The intensity of these regimens leads
to profound and prolonged cytopenias, which in turn increase the risk for mucositis,
gastrointestinal, hepatic, and infectious complications, as well as a greater incidence of organ
toxicity and GvHD. Consequently, transplant-related mortality in the early post-transplant

phase is typically higher with myeloablative approaches [36].

Historically, MAC has been the preferred choice for patients with high-risk or aggressive

leukemias, primarily due to lower relapse rates associated with extensive cytoreduction and
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enhanced graft-versus-leukemia effects [37]. Myeloablative conditioning remains the standard
for fit adults younger than 50-60 years with adequate organ function and acute leukemia in

remission [36,37].

For older adults or those with significant comorbidities, previous myelodysplasia, or
secondary leukemias, RIC regimens have become increasingly favored and they have
expanded the eligibility for HSCT by employing lower doses of chemotherapy and/or radiation,
often in combinations such as fludarabine, lower-dose busulfan, and melphalan, to decrease
regimen-related toxicity. These regimens offer a better safety profile, reduced early organ
toxicity, and are more suitable for patients with compromised performance status [32]. RIC
has shown comparable overall survival, disease free survival and non-relapse mortality to
MAC in select patients with secondary acute myeloid leukemia (AML), and for individuals with
non-malignant diseases or indolent lymphomas, therefore, it is now often preferred due to its

favorable tolerability and lower risk profile [38].

RIC regimens result in less severe myelosuppression and organ toxicity, as well as
marked reductions in early transplant-related mortality, but these benefits are counterbalanced
by a higher risk of disease relapse, particularly in younger patients or those with unfavorable
molecular markers. However, non-relapse mortality is substantially lower with RIC, and the
immune-mediated GVT effect remains intact and may even be augmented by post-transplant

immune strategies such as donor lymphocyte infusions [39].

Patients receiving RIC typically experience shorter hospitalizations, fewer early
complications, faster recovery of function, and improved immediate quality of life compared to
those treated with MAC [39]. Despite these early benefits, both approaches entail lasting risks,
especially chronic GvHD, infections, and secondary cancers, necessitating continued,
multidisciplinary survivorship care [40,41]. Current research remains highly focused on
optimizing conditioning strategies, balancing disease control with minimization of toxicity, and
developing maintenance and immune-augmenting approaches to further improve long-term
results [42].
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Although high-dose chemotherapy followed by HSCT provides curative potential, it is
associated with a profound myelosuppressive burden that results in severe and prolonged

reductions in peripheral blood cell counts, leading to extended periods of pancytopenia.

Cytopenias are an inevitable and clinically significant consequence of HSCT, exposing
patients to heightened risks of life-threatening infections, bleeding episodes, and profound

declines in their overall quality of life [43].

Following the conditioning phase, stem cells are infused with the aim of restoring bone
marrow function. During the intervening period before engraftment is achieved, patients
experience severe and prolonged cytopenias. The depth and duration of these low counts
depend on factors such as infused cell dose, individual age, marrow reserve, and intensity of
the preparative regimen [44]. The underlying mechanisms stem from the direct effects of
chemotherapeutic agents on hematopoietic stem and progenitor cells (HSPCs) within the
bone marrow microenvironment. Cytotoxic agents induce apoptosis and senescence in
progenitor populations and disrupt the supportive stromal niche, resulting in both immediate

and sustained impairment of blood cell production [44].

Neutropenia is a direct consequence of loss of neutrophil precursors. Absolute neutrophil
counts often drop below 500 cells/ul, with a concomitant risk of bacterial and fungal infections.
Febrile neutropenia is frequently observed, necessitating empirical antimicrobial therapy and
isolation [44]. Chemotherapy-induced thrombocytopenia manifests as spontaneous bruising,
mucosal bleeding, and the threat of major hemorrhagic events, particularly when platelet
counts fall below 10,000/ul. Platelet recovery is usually slower than neutrophil recovery post-
transplant, and platelet transfusions are routine [44]. Anemia surfaces as reduced hemoglobin
synthesis due to marrow suppression, drug effects, and occasionally, immune-mediated
destruction. Symptoms include fatigue, dyspnea, and impaired physical functioning. Red cell

transfusions are necessary until sustained marrow recovery is achieved [44].
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To address these challenges, standard supportive care regimens incorporate myeloid
growth factors, such as G-CSF, to speed neutrophil recovery, even though bone pain
commonly occurs as a side effect [45]. Platelet and red blood cell transfusions remain
essential for managing thrombocytopenia and anemia. Those with pre-existing bone marrow
impairment, resulting from prior treatment, older age, or marrow infiltration, usually face
deeper and more prolonged cytopenias. Allogeneic transplant recipients, especially those with

GvHD, may have further delays in engraftment and hematopoietic recovery [44].

While allogeneic HSCT remains a curative option for many malignant and non-malignant
diseases, it comes at the cost of acute, subacute, and late complications that can affect
virtually every organ system, with profound clinical consequences for recipients. Profound and
prolonged immunosuppression, combined with damage to mucosal barriers and the frequent
use of indwelling vascular access, places transplant patients at exceptionally high risk for
serious infections, notably within the first few months following HSCT. Neutropenic fever
emerges as the most frequent early infectious complication, while invasive fungal infections
and viral reactivations, such as cytomegalovirus and Epstein-Barr virus, can still be fatal
despite aggressive prophylactic strategies. Hospitalization for severe infectious complications

remains one of the primary causes of non-relapse mortality in this population.

Another potentially life-threatening complication, particularly after myeloablative
conditioning, is sinusoidal obstructive syndrome (also known as veno-occlusive disease). This
disorder stems from endothelial injury within the hepatic sinusoids, manifesting as jaundice,
hepatomegaly, ascites, and, in severe cases, multi-organ dysfunction. Advances in risk
assessment and therapies such as defibrotide have improved outcomes, but veno-occlusive

disease continues to present a significant challenge [41].

Early organ injury after transplantation can affect the lungs (with complications like diffuse
alveolar hemorrhage and idiopathic pneumonia), kidneys, and heart. These injuries may result
from the toxic effects of conditioning regimens, infections, orimmune-mediated processes and
often necessitate admission to intensive care.

24

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 07:00:26 EEST - 216.73.216.250



Long-term survivors continue to face risks associated with inadequate or delayed immune
reconstitution, which predisposes to recurrent infections. Even years after transplantation, the
risk persists for encapsulated bacterial pneumonias, herpesvirus reactivations, and
opportunistic infections, especially among those with ongoing immunosuppression. Chronic
organ dysfunction develops as a result of cumulative exposures to chemotherapy,
radiotherapy, and immunosuppressive medications, with frequent endocrinopathies, such as
thyroid dysfunction, impaired glucose metabolism, premature ovarian failure, and infertility,

documented among survivors [46].

Cardiac and vascular complications also accumulate over time, with an increased risk for
premature atherosclerosis, hypertension, and cerebrovascular events, particularly in those
treated with total body irradiation. Chronic renal disease and pulmonary complications,
including bronchiolitis obliterans and fibrotic syndromes, pose substantial morbidity and erode
quality of life, sometimes with an incidence of chronic kidney disease exceeding 20% several

years post-transplant [47].

Another major concern is the markedly elevated risk of secondary malignancies. Survivors
face a two- to fourfold greater cumulative risk for developing solid tumors or hematologic
cancers compared to the general population, with the risk rising over time and driven by prior

exposures to radiation, chemotherapy, and chronic immunosuppression [48].

Psychosocial and quality-of-life issues are pervasive in the transplant survivor population.
Persistent fatigue, cognitive difficulties, emotional distress, and social dysfunction are
frequently reported, especially among those with complicated post-transplant courses or
lingering sequelae. These challenges underscore the importance of holistic care and

monitoring throughout the survivorship continuum [49].

GvHD represents the major long-term challenge following allogeneic HSCT. It is mediated
by donor T cells mounting an immune response against host tissues and is traditionally

classified into acute GvHD, which occurs within the first 100 days after transplantation, and
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chronic GvHD, which typically manifests after three months but may exhibit overlapping

features of both forms [50].

Acute GvHD primarily targets the skin, liver, and gastrointestinal tract, with severe cases
potentially leading to life-threatening organ failure. Chronic GvHD, by contrast, presents as a
multisystem autoimmune-like syndrome. It can involve the skin, eyes, oropharynx, liver, lungs,

gastrointestinal tract, and musculoskeletal system, leading to wide-ranging morbidity [51].

The incidence of acute GvHD is estimated at 30-50%, while chronic GVHD affects up to
40% of patients. Risk factors include use of unrelated or mismatched donors, peripheral blood
stem cells, and advanced recipient age [52]. Despite advances, chronic GvHD remains the

leading cause of late non-relapse mortality and morbidity among survivors of allogeneic [53].

GvHD presents with a diverse range of clinical manifestations depending on the organs
involved, making diagnosis and management complex. The skin can show sclerotic or
lichenoid rashes and changes in pigmentation, often reflecting chronic inflammation and
immune attack. Ocular involvement typically results in severe dryness and keratoconjunctivitis
sicca, leading to discomfort and increased risk for infection. Ulceration and lichen planus-like
lesions frequently develop in the oral mucosa, contributing to pain and impaired nutrition. The
liver may be affected, manifesting as hyperbilirubinemia and impaired hepatic function, which
sometimes results in jaundice and abnormal liver enzymes. Pulmonary complications, such
as bronchiolitis obliterans syndrome, cause progressive airflow limitation and can significantly
impact respiratory health. Musculoskeletal presentations include fasciitis and joint
contractures, resulting in stiffness and decreased mobility. The hematological and
immunological systems may manifest cytopenias alongside persistent immune dysfunction,

further increasing the risk for infections and impairing overall health [54,55].

Chronic GvHD significantly compromises quality of life. Standard management relies on
prolonged immunosuppression, which itself increases susceptibility to infections and

secondary malignancies. Progress in supportive care, early detection of GvHD complications,
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and novel immunomodulatory treatments has improved certain outcomes, but the disease

remains the primary obstacle to successful long-term recovery [56].

1.4 Rehabilitative Interventions for HSCT

Rehabilitation is increasingly recognized as a comprehensive and multimodal health
strategy aimed at optimizing functioning and reducing disability across a wide spectrum of

health conditions, injuries, and impairments [57].

It is relevant to individuals of any age and can be delivered at all stages of iliness, from
acute care to long-term survivorship. Contemporary conceptualizations, such as the definition
proposed by the Cochrane Rehabilitation initiative, frame rehabilitation as a person-centered
and collaborative process directed at enhancing an individual’'s capacity, including body
structures, functions, activities, and participation, as well as their actual performance within
specific environmental and personal contexts [58]. The overarching goal is to optimize
functioning for those currently experiencing, or at heightened risk of, disability. Structured in
alignment with the PICO (Population, Intervention, Comparison, Outcome) framework, this
definition highlights that effective rehabilitation must necessarily be multimodal, individualized,

and dynamically tailored to evolving health needs and personal goals [59].

While advances in transplantation techniques and supportive care have significantly
improved survival rates, HSCT remains associated with profound and multifaceted challenges.
Patients frequently experience prolonged physical deconditioning, fatigue, and a marked
reduction in quality of life [60]. Rehabilitation, delivered across the entire continuum of care,
has therefore emerged as an essential strategy for optimizing outcomes in this vulnerable
population [61]. Individuals with hematological malignancies undergoing HSCT are particularly
susceptible to severe functional decline. Conditioning chemotherapy regimens, total body
irradiation, and subsequent immunosuppressive therapies initiate a cascade of detrimental

effects, including cytopenias, muscle wasting, neuropathy, mucositis, and cardiorespiratory

27

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 07:00:26 EEST - 216.73.216.250



compromise. The trajectory is further complicated by GvHD, infections, and metabolic

disturbances, all of which may significantly restrict mobility and independence.

Following transplantation, patients often contend with reduced muscle strength and
endurance, diminished exercise tolerance, poor balance, and limitations in activities of daily
living [60]. Fatigue, depression, anxiety, and fear of relapse create further barriers [62]. Over
the long term, complications such as osteoporosis and metabolic syndrome exacerbate
survivorship challenges [63,64]. These impairments are strongly associated with diminished
quality of life, lower return-to-work rates, and increased healthcare utilization [65,66]. Within
this context, rehabilitation provides not only the means of regaining function but also

psychosocial support and long-term resilience [61].

Successful rehabilitation hinges on close multidisciplinary collaboration and active patient
involvement. Teams often include physiatrists, physical therapists, occupational therapists,
nurses, psychologists, and social workers, working in concert to provide comprehensive care
[57]. In HSCT, integration with disciplines such as nutrition, pharmacy, psychology, and
nursing is particularly critical. Rehabilitation is not limited to a single phase but must span the

continuum of HSCT care [57].

Prehabilitation includes exercise and education prior to admission, to strengthen
resilience, counter pre-transplant decline, and improve survival and recovery trajectories.
Better pre-transplant fitness, such as six-minute walk performance 2400 m, is associated with

lower non-relapse mortality and faster regain of independence [67].

Inpatient rehabilitation occurs during hospitalization and focuses on mobilization,
maintenance of muscle mass, prevention of immobility-related complications (delirium,
thrombosis, pressure ulcers), and support for severely immunocompromised patients [68].
Safety protocols adjust activity intensity based on cytopenias and anemia thresholds. For
instance, <10,000/uL platelets requires restriction to ADLs, while >20,000/uL may allow

cautious resistance training [69].
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Post-acute and long-term rehabilitation after hospital discharge targets restored functional
independence, reintegration, and management of long-term sequelae such as osteoporosis,
metabolic syndrome, and chronic GvHD. Outpatient physiotherapy and long-term follow-up
improve exercise tolerance, counter fatigue, and promote psychosocial well-being [70,71,61].
Evidence from trials and meta-analyses confirm improvements in physical function, reduced

fatigue, enhanced QOL, and improved return-to-work rates [72,73].

1.5 Heterogeneity in trials on rehabilitation for HSCT

Heterogeneity is particularly pronounced in cancer rehabilitation research, where trials
face wide variation in patient populations, cancer stages, interventions, and outcomes.
Oncology rehabilitation trials must accommodate different tumor types, comorbidities, and
prior treatments, limiting direct comparability across studies [74]. This creates obstacles for

meta-analysis, diluting signals of benefit and slowing translation to practice.

For HSCT, systematic reviews consistently observe major heterogeneity across
intervention types, timing and duration of intervention, patient characteristics, and outcome
measures. Such diversity often complicates pooling of results, increases uncertainty, and
limits applicability to clinical practice, highlighting the urgent need for standardization in design

and reporting [72].

Heterogeneity in meta-analysis refers to the variability that inevitably arises when
synthesizing results from different studies, as no two trials are ever exactly alike.
Distinguishing between the various forms of heterogeneity is fundamental to interpreting
findings and assessing the validity of pooled estimates. In the literature, three main types are
commonly described: clinical heterogeneity, methodological heterogeneity, and statistical
heterogeneity [75]. Clinical heterogeneity refers to genuine differences in populations,
treatments or outcome. Methodological heterogeneity refers to variability introduced by

differences in study design (including outcome measurement selection) and risk of bias.
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Statistical heterogeneity refers to variation in the measured effects across studies that
exceeds what would be expected by chance alone. It is the quantitative manifestation of
diversity and reflects the combined influence of both clinical and methodological sources.
Understanding the interplay between these three forms is essential for the thoughtful and

rigorous use of meta-analysis in evidence synthesis [76].

Clinical heterogeneity, often termed clinical diversity, captures differences in populations,
interventions and outcomes among included trials [77]. These variations reflect real-world
complexity and make clinical heterogeneity a central consideration in evidence synthesis.
Clinical heterogeneity arises in dimensions such as patient age, comorbidities, disease
severity, healthcare systems, intervention protocols (dose, duration, delivery, co-interventions,
adherence), outcomes’ definitions, or clinical context (acute vs. chronic care, country, or health
system) [78]. Importantly, such variability will only translate into heterogeneity in effect sizes if
it modifies the intervention effect, i.e., when subgroups or settings truly respond differently,

resulting in a genuine difference in the “true” effect across studies.

Not all observed differences necessarily threaten validity. In some cases, clinical
heterogeneity can enhance applicability and generalizability when interpreted judiciously [78].
Formal approaches, such as the Clinical Diversity in Meta-analysis (CDIM) tool, have been
developed to systematically assess and map clinical diversity [78]. Systematic mapping
supports deliberation on external validity and applicability to specific patient groups or

healthcare contexts.

Clinical heterogeneity directly challenges both the internal and external validity of pooled
estimates. Pooling dissimilar studies may generate results that are not meaningful for any real-
world population or intervention. Sometimes, high clinical diversity precludes useful pooling,
necessitating reliance on narrative synthesis or structured subgroup analyses. Broad inclusion
criteria may exacerbate diversity in pragmatic reviews, whereas overly narrow criteria improve
homogeneity at the expense of generalizability. Judicious management of clinical diversity
across the review process is thus essential.
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Methodological heterogeneity refers to variability introduced by differences in study design
and risk of bias. Examples include inconsistencies in randomization, allocation concealment,
blinding, measurement instrument selection or attrition handling. Unlike clinical heterogeneity,
methodological heterogeneity reflects how differences in trial conduct may distort estimates of
intervention effects. An example is when studies perform measurements at different time

points, which can lead to variations in how intervention effects are observed and compared.

Statistical heterogeneity that arises solely from methodological differences suggests that
discrepancies are due to bias, not true differences in treatment effect. For example, poorly
blinded studies might systematically overestimate benefits compared to rigorously designed
trials. Recognizing methodological heterogeneity is therefore critical for evaluating the

credibility of meta-analysis results [79].

Statistical heterogeneity is observed as variation in the measured effects across studies
that exceeds what would be expected by chance alone. It is the quantitative manifestation of
diversity and reflects the combined influence of both clinical and methodological sources [80].
Heterogeneity statistics such as Cochran’s Q or the 1> metric are commonly employed to
measure this form [81]. Importantly, statistical heterogeneity represents inconsistency of
observed treatment effects but does not automatically reveal whether differences are due to
true clinical variation, systematic bias, or random error. Misinterpreting statistical
heterogeneity without acknowledging underlying causes can lead to inappropriate conclusions

and misguided recommendations [80].

1.6 Core Outcome Sets

The lack of standardization in both outcome selection and the measurement instruments
used represents a fundamental contributor to clinical and methodological heterogeneity in
HSCT rehabilitation trials and a key barrier to comparability. Trials for similar conditions often

employ different measurement tools, leading to inconsistencies that hinder data synthesis and
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interpretation. Core Outcome Sets (COS) and accompanying measurement sets directly
address this challenge. COS are standardized collections of outcomes that represent the
minimum to be measured and reported in all clinical trials for a specific condition or intervention
[82]. Standardization is achieved by providing a consensus-based list of outcomes that at least
should be measured, along with explicit recommendations for validated and appropriate
measurement instruments (i.e. the measurement set), in any future rehabilitation trial in
patients with hematologic malignancies treated with HSCT. Developed through consensus
among relevant stakeholders, COS aim to resolve one of the major challenges in health
research: The inconsistency and incomparability of outcomes across studies, which
undermines the ability to synthesize evidence, draw meaningful conclusions, and translate

findings into practice or policy [83].

Historically, clinical trials have selected and defined outcomes based on local priorities,
feasibility, or available measures. This has resulted in a proliferation of unique or poorly
defined outcomes for the same conditions. In oncology, for example, one review reported over
25,000 unique outcomes, many referenced only once or twice across trials [83]. This creates
major barriers: Evidence synthesis becomes difficult or invalid due to incomparable or missing
outcome data. Selective outcome reporting based on statistical significance introduces reporting

bias, potentially distorting evidence bases [84].

Patients, clinicians, and policymakers often find that research does not address outcomes
most relevant to their needs and decisions. The lack of outcome standardization leads to
wasted research efforts and the possibility that harmful interventions may be approved on
incomplete or selectively reported outcomes [84]. COS were established to counteract these

deficiencies through:

1. Harmonizing outcome selection to reduce avoidable research waste
2. Enhancing transparency, comparability, and stakeholder relevance

3. Supporting systematic reviews, meta-analyses, and guideline development [82].
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There are three types of COS:

1. Clinical outcome sets focus on health indicators such as disease control, survival,
adverse events, or functional outcomes measured from a clinical perspective.

2. Patient-reported outcome sets capture quality of life, symptom experience, and
psychosocial well-being, measured from the patient perspective, increasingly
recognized as essential for regulatory and clinical evaluation [85].

3. Composite or multi-domain sets integrate clinical, patient-reported, biomarker, and
economic indicators, such as survival, health-related quality of life, toxicity, and

resource use in cancer research [82].

COS are developed using rigorous and transparent methodologies that engage patients,
clinicians, researchers, regulators, and policymakers. These processes typically include
systematic reviews to identify outcomes and measurement tools, followed by consensus-
building methods such as the Delphi technique, nominal group discussions, or patient focus

groups [86].

By harmonizing study endpoints, COS facilitate better comparability across trials, which
strengthens meta-analyses, systematic reviews, and the reliability of clinical guidelines [84].
This accelerates translation of evidence into policy and practice. COS also ensure that
research addresses outcomes important to patients and caregivers, promoting alignment of
research with real-world decision needs and supporting person-centered care [87]. Regulatory
agencies and guideline developers increasingly mandate COS to be evaluated as trial
endpoints for licensing, reimbursement, and implementation standards. By ensuring
consistent collection of key outcomes, COS reduce selective outcome reporting and thereby
strengthen the transparency and credibility of biomedical research. The value of COS is widely
recognized, and many journals and funders require their use or a clear justification for
deviation [84]. Current efforts include extending COS across additional diseases, pediatric and

rare populations, and aligning standards internationally. Sustained investment in stakeholder
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engagement, methodological refinement, and international collaboration ensure COS remain

relevant, feasible, and impactful for evolving research and healthcare landscapes.
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Abstract

Rationale: Allogeneic hematopoietic stem cell transplantation (HSCT) is associated with
increased treatment-related mortality, loss of physical vitality, and impaired quality of life.
Future research will investigate the effects of multidisciplinary rehabilitative interventions in
alleviating these problems. Nevertheless, published studies in this field show considerable
heterogeneity in selected outcomes and the outcome measurement instruments used. The
purpose of this scoping review is to provide an overview of the outcomes and outcome
measurement instruments used in studies examining the effects of rehabilitative interventions
for patients treated with allogeneic HSCT. Methods: We conducted a scoping review that
included randomized controlled trials, pilot studies, and feasibility studies published up to 28
February 2022. Results: We included n = 39 studies, in which n = 84 different outcomes were
used 227 times and n= 125 different instruments were used for the measurements.
Conclusions: Research in the field of rehabilitation for patients with hematological
malignancies treated with allogeneic HSCT is hampered by the excess outcomes used, the
inconsistent outcome terminology, and the inconsistent use of measurement instruments in
terms of setting and timing. Researchers in this field should reach a consensus with regard to
the use of a common terminology for the outcomes of interest and a homogeneity when

selecting measurement instruments and measurement timing methods.

Keywords: allogeneic stem cell transplantation, outcomes, outcome measurement

instruments, rehabilitation, hematological malignancies

2.1 Introduction

2.1.1 Rationale

Allogeneic hematopoietic stem cell transplantation (HSCT) improves the survival rate of
patients with hematological malignancies and offers the best chance for cure in a wide range

of patients [1,2]. Graft versus Host disease (GvHD) is the most recognized post-allogeneic
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HSCT complication [3]. Immunosuppressive therapy (IST) is used to treat or prevent both
GvHD and further organ damage once GvHD occurs. GvHD and IST are the two factors most
commonly associated with impaired quality of life in these patients [4], distinguishing these
patients from those undergoing autologous HSCT. In addition to impaired quality of life,
patients treated with allogeneic HSCT for hematological malignancies may have increased
treatment-related mortality and loss of physical vitality [5].

Rehabilitation is a complex problem-solving process that is delivered by multidisciplinary
teams in inpatient or outpatient settings that aims to improve the patient’s quality of life and
degree of social integration [6]. Rehabilitative interventions for patients undergoing allogeneic
HSCT can improve physical vitality and quality of life as well as decrease mortality [7].
Moreover, early rehabilitation reduces the duration of hospitalization for allogeneic HSCT [8].

Rehabilitative interventions for allogeneic HSCT patients can be challenging with regard
to the feasibility of their many phases of treatment. Prior to transplantation, problems related
to blood count may not allow the patient to participate in certain rehabilitative interventions.
During hospitalization, symptom burden, infections, blood count limitations, or severe fatigue
may further prevent the use rehabilitative interventions. Post-hospitalization, GvHD
symptoms, blood count fluctuations, or even psychosocial factors may affect the feasibility of
rehabilitative interventions. Researchers have long been aware of the importance of the
feasibility of rehabilitative interventions among allogeneic HSCT patients [9] and they argue
that feasibility and safety should be assessed prior to the development of rehabilitative
programs [10].

Future research in this field will investigate the effects of multidisciplinary rehabilitative
interventions in a variety of settings. Research in this field has already shown considerable
heterogeneity in selected outcomes and in the outcome measurement instruments used
[11,12]. Synthesizing, comparing, and interpreting the results from different studies can be

challenging when they refer to different outcomes and are measured by different instruments.
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2.1.2 Objectives

The purpose of this scoping review is to provide an overview of the outcomes and outcome
measurement instruments used in studies examining the effects of rehabilitative interventions
for patients treated with allogeneic HSCT, thus enabling a better understanding of the sources

of heterogeneity.

2.2 Methods

This scoping review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses Extension for Scoping Reviews statement PRISMA

ScR (www.prisma-statement.org, (accessed on 28 February 2022)).

2.2.1 Data Sources and Study Selection

The search strategy was developed in collaboration with a librarian to retrieve articles of
interest from the MEDLINE, EMBASE, and Cochrane databases in February 2022. Searches
were performed with the following terms: (1. xp Hematopoietic Stem Cell Transplantation/ or
(transplant* adj5 (“stem cell*” or “hematopoietic cell*” or “haematopoietic cell*”)).ti,ab. 2. exp
Rehabilitation/ or exp Physical Therapy Modalities/ or exp Exercise/ or exp Exercise Therapy/
or (rehabilitation* or rehabilitative or exercise* or physiotherap* or readaption® or readaptation®
or readjustment® or kinesiotherap* or kinesitherap* or training* or (physical adj3 (therap* or
treatment®))).ti,ab. 3. (1 and 2) 4. 3 not (animals not humans).sh.). To be included, publications
had to be randomized controlled trials, pilot studies, or feasibility studies; published in English
or in German; and had to investigate the effects of a rehabilitative intervention shortly before,
during, or after allogeneic stem cell transplantation in adult patients with hematological
malignancies. After removing duplicates, the titles and abstracts were screened by two
reviewers (AM and DK) against the agreed upon inclusion and exclusion criteria. Studies with

no obvious relevance to the research questions were removed. Final inclusion was performed
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after retrieving and screening the full texts, while disagreements between reviewers were

resolved by consensus.

2.2.2 Data Extraction, Data Synthesis and Analysis

The following data were extracted from each article by the lead author: population,
intervention, setting, year of publication, country where the research was conducted,
outcomes used, outcome measurement instruments used, and timing of measurements. The
outcomes and outcome instruments were extracted and classified based on the exact way the
authors used them, regardless of the conformity of their terminology with the literature. For
example, “aerobic capacity”, “peak aerobic capacity”, and “functional aerobic capacity” were
considered and classified as three different outcomes. The extracted outcomes were not
classified as primary or secondary, as this information could not be consistently retrieved from
the studies. Furthermore, we classified them according to their measurement core area (Life
Impact or Pathophysiological Manifestation) based on the conceptual framework of Boers et
al. [13]. According to this framework, outcomes, including the symptoms, signs, events, and
biomarkers, that describe how health conditions manifest themselves by abnormal physiology
are classified as “Pathophysiological Manifestation” outcomes. Outcomes describing how
patients feel, function, or survive are classified as “Life Impact” outcomes. Boers et al. [13]
label adverse events separately in their framework in recognition of the prominent role of
feasibility in outcome measurements. In this scoping review, we used a third core area to
classify all of the feasibility concepts separately. Based on the descriptions of El Kotob et al.
[14] and Thabane et al. [15], outcomes describing the feasibility with regard to the safety,
processes, resources, and management of a study were classified as “Feasibility” outcomes.
Furthermore, the timing of outcome measurements was extracted to show the time-point of
the measurements in relation to the day of transplantation and the number of measurements
in hierarchical order. We classified the timing of the measurements according to hospital or

non-hospital settings.

58

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 07:00:26 EEST - 216.73.216.250



2.3. Results

Our search yielded a total of n = 1781 publications after duplicates were removed (Figure 1).

Figure 1. Scoping Review study selection flowchart.

identification of studies via databases

Records identified from
Databases (n=1781)
e "
Records screened »| Records excluded
(n=1781) (=1586)
"
Reports sought for retrieval | Reports not retrieved:
2 (1=195) 7| (=)
E v
Reports assessed for eligibility Reports excluded:
(n=194) Not eligible design (n=76)
Not on allogeneic HSCT (n=16)
Not on rehabilitation (n=61)
Not in eligible language (n=2)
o A 4
Studies included in review
(n=39)
~

Of these, we assessed n = 195 for eligibility based on the full text. A total of n = 39 studies
of the following types met the inclusion criteria [16 - 54]: n = 24 randomized clinical trials, n =
9 pilot studies, and n = 6 feasibility studies (Table 1). In these 39 studies, n = 84 different
outcomes were used 227 times and were measured using n = 125 different instruments (Table

2).
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Table 1. Scoping Review study characteristics

Study Characteristics
Included Studies N =39(YY%)
Study Design
RCTs 24 (62%)
Feasibility Studies 9 (23%)
Pilot Studies 6 (15%)
Population
Allogeneic stem cell transplantation 14 (36%)
Allogeneic a_nd autologous stem cell 25 (64%)
transplantation
Setting
Hospital 22 (56%)
Outpatient post HSCT 11 (28%)
Outpatient pre HSCT 3 (8%)
Throughout 2 (5%)
Inpatient post HSCT 1 (3%)
Intervention
Psychological Interventions 5 (13%)
Exercise Training 17 (44%)
Respiratory Training 3 (8%)
Physical Modalities 2 (5%)
Relaxation Techniques 2 (5%)
Other 10 (25%)
Language
English 39 (100%)
Country
USA 13 (34%)
Germany 9 (23%)
Canada 4 (10%)
Brazil 4 (10%)
Switzerland 2 (5%)
Other 7 (18%)
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Table 2. Scoping Review outcomes and outcome measurement instruments.

CORE AREA «FEASIBILITY»

Allogeneic

Outcomes Instruments Design Phase Intervention Reference
Adherence(16)
Adverse Events(16)

- Program completion Feasibility . . Santa mina et al., 2020

Feasibility(16,17) N =2 frong~. 50% of the Pilot Study(17) Hospital(17) Exercise(16,17) Schuler et al., 2016
patients(17)
Recruitment(16)

HSCT

Outcomes Instruments Design Phase Intervention Reference

Feasibility(18-25)(27)
N=7

Adherence (18-21)25,27

Feasibility(18-20)
Pilot Study(21),(25)

Hospital(18-20)
Outpatient post(21)
Outpatient pre (25)

Electric Muscle
Stimulation(18)
Healing touch(19)
Inspiratory muscle
training(20)

Home based aerobic
exercise(6)

Exercise Training and
Nutritional Support(25)

Bewarder et al., 2019
Lu et al., 2016

De almeida et al., 2020
Wilson et al., 2005
Rupnik et al., 2020

Attrition(20,21)25,27

Feasibility(20)

Pilot Study(21),(25)

Hospital(20)

Outpatient post(21)

Inspiratory muscle
training(20)

Home based aerobic
exercise(21)

De almeida et al., 2020
Wilson et al., 2005
Rupnik et al., 2020

Outpatient pre (25) Exercise Training and
Nutritional Support(25)
. - Hospital(19) Healing touch(19) Luetal., 2016
Retention(19, 22) Feasibility(19, 22) Outpatient post(22) Yoga(22) Baydoun et al., 2020

Acceptability(21), 25

Pilot Study(21),25

Outpatient post(21)
Outpatient pre(25)

Home based aerobic
exercise(21)

Exercise Training and
Nutritional Support(25)

Wilson et al., 2005
Rupnik et al., 2020

Accrual Acceptance(22)

Feasibility(22)

Outpatient post(22)

Yoga(22)

Baydoun et al., 2020
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Adverse Events(22) Feasibility(22) Outpatient post(22) Yoga(22) Baydoun et al., 2020
N/A(23) RCT(23) Hospital(23) Exergaming (23) Schumacher et al., 2018
Protocol Adherence(22) Feasibility(22) Outpatient post(22) Yoga(22) Baydoun et al., 2020

Rate of participant

Positive Psychology

enrolment(24) Pilot Study(24) Outpatient post(24) Intervention(24) Amonoo et al., 2020
Rate of session . . Positive Psychology

completion(24) Pilot Study(24) Outpatient post(24) Intervention(24) Amonoo et al., 2020
Recruitment(19)27 Feasibility(19) Hospital(19) Healing touch(19) Luetal., 2016
Recruitment Rate(20)  Feasibility(20) Hospital(20) Inspiratory muscle De almeida et al., 2020

training(20)

Safety(18,20,21)25
N=4

Adverse Events(18,20,21)
The WHO bleeding
Scale(18)

Feasibility(18,20)

Pilot Study(21)

Hospital(18,20)
Outpatient post(21)

Electric Muscle
Stimulation(18)
Inspiratory muscle
training(20)

Home based aerobic
exercise(21)

Bewarder et al., 2019
De almeida et al., 2020
Wilson et al., 2005

Acceptability(24)

Rating of ease and

Positive Psychology

N=1 utility(24) Pilot Study(24) Outpatient post(24) Intervention(24) Amonoo et al., 2020
Exercise Sessions
Adherence(26) completed as proportion . .
N=1 of the prescribed RCT(26) Throughout(26) Exercise Training(26) Peters et al., 2018
exercises(26)
/:Ittz”:'on(ze) N/A(26) RCT(26) Throughout(26) Exercise Training(26)  Peters et al., 2018
Compliance(26) Exercise Sessions . -
N=1 completed(26) RCT(26) Throughout(26) Exercise Training(26) Peters et al., 2018
Progression after initial Added sets. repetitions
prescription(26) 7 P RCT(26) Throughout(26) Exercise Training(26) Peters et al., 2018
N=1 or exercises(26)
Adverse Events(27) Fioritto et al., 2021
CORE AREA LIFE IMPACT
Allogeneic
Outcomes Instruments Design Phase Intervention Reference
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Fatigue(16, 17, 28-33)
N=8

Brief Fatigue
Inventory(28, 29)

Pilot Study(28)
RCT(29)

Outpatient post(28, 29)

Individualized Exercise
Program(28)
Supervised exercise
program(29)

Carlson et al., 2006
Shleton et al., 2008

FACT-F(16, 28)

Feasibility(16)
Pilot Study(28)

Hospital(16)
Outpatient post(28)

Exercise(16)
Individualized Exercise
Program(28)

Santa mina et al., 2020
Carlson et al., 2006

Multidimensional Fatigue Feasibility(16)

Inventory(16, 30)

RCT(30)

Hospital(16, 30)

Exercise(16)

Whole Body Vibration
Training(30)

Santa mina et al., 2020

Pahletal., 2020

EORTC QLQ FA-13(17)  Pilot Study(17) Hospital(17) Exercise(17) Schuler et al., 2016

FACT-An Anemia . Multimodal

Scale(31) RCT(31) Hospital(31) Intervention(31) Jarden et al., 2009

Fatigue Impact Scale . Inspiratory muscle .

(FIS)(32) RCT(32) Inpatient post(32) training(32) Bargietal., 2015

Piper Fatigue Scale(33) RCT(33) Hospital(33) Relaxation Breathing . ot a1 2005

P g P Exercise(33) v

Depression(16, 17, 28, . .
32, 33) Hospital Anxiety And by 1 o14y(17) Hospital(17) Exercise(17) Schuler et al., 2016
N=5 Depression Scale(17)

Montgomery-Asberg
Depression Rating Scale
(MADRS)(32)

RCT(32)

Inpatient post(32)

Inspiratory muscle
training(32)

Bargietal., 2015

Structured Clinical
Interview(28)

Pilot Study(28)

Outpatient post(28)

Individualized Exercise
Program(28)

Carlson et al., 2006

The Beck Depression
Inventory(33)

RCT(33)

Hospital(33)

Relaxation Breathing
Exercise(33)

Kim et al., 2005

The Center for
Epidemiological Studies
Depression Scale (CES-
D)(28)

Pilot Study(28)

Outpatient post(28)

Individualized Exercise
Program(28)

Carlson et al., 2006
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The Patient Health
Questionnaire 9 (PHQ-
9)(16)

Feasibility(16)

Hospital(16)

Exercise(16)

Santa mina et al., 2020

Quality of Life(17, 30, 32,
34, 35)
N=5

EORTC QLQ-C30(17, 30,
32, 34)

Pilot Study(17)
RCT(30, 32, 34)

Hospital(17, 30, 34)
Inpatient post(32)

Exercise(17)
Inspiratory muscle
training(32)

Exercise Training(34)
Whole Body
Vibration Training(30)

Schuler et al., 2016
Bargietal., 2015
Baumann et al., 2011
Pahl et al., 2020

FACT-BMT(35)

Feasibility(35)

Outpatient post(35)

Telehealth
Psychoeducational
support(35)

Lounsbery et al., 2010

Health related Quality of
Life(1e, 31, 36, 37)

EORTC QLQ-C30(16, 31,

Feasibility(16)

Hospital(16, 31, 36)

Exercise(16)
Multimodal
Intervention(31)
Whole Body Vibration

Santa mina et al., 2020
Kaeding et al., 2018

N=4 36,37) RCT(31,36,37) Throughout(37) Training(36) Wiskemann et al., 2011
Self administered
exercise(37)
Anxiety(16, 33, 38) Generalized Anxiety - . . .
N=3 Disorder GAD7(16) Feasibility(16) Hospital(16) Exercise(16) Santa mina et al., 2020
The State-Trait Anxiety . Relaxation Breathing .
Inventory(33) RCT(33) Hospital(33) Exercise(33) Kim et al., 2005
Visual Analog Scale(38) RCT(38) Hospital(38) Music Therapy(38) Doro etal., 2017
Mood(28, 38) Profile of Mood States . . Individualized Exercise
N=2 (POMS)(28) Pilot Study(28) Outpatient post(28) Program(28) Carlson et al., 2006
Visual Analog Scale(38) RCT(38) Hospital(38) Music Therapy(38) Doro etal., 2017
The National
Distress(37) Comprehensive Cancer Self administered .
N=1 Network Distress RCT(37) Throughout(37) exercise(37) Wiskemann et al., 2011
Thermometer(37)
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Perception of Personal
Benefits(35)
N=1

Post Traumatic growth
inventory(35)

Feasibility(35)

Outpatient post(35)

Telehealth
Psychoeducational
support(35)

Lounsbery et al., 2010

Physical Activity(30)

Freiburg Questionnaire

Whole Body Vibration

N=1 on physical activity(30) 10 Hospital(30) Training(30) Pahletal., 2020
Physical Well Being(37) Hospital Anxiety And Self administered .
N=1 Depression Scale(37) RCT(37) Throughout(37) exercise(37) Wiskemann et al., 2011
Psychological Well . . :

. Hospital Anxiety And . Multimodal
Ilile=|n1g(31) Depression Scale(31) RCT(31) Hospital(31) Intervention(31) Jarden et al., 2009
Self efficacy for . .
exercise(16) Exercise Self Efficacy Feasibility(16) Hospital(16) Exercise(16) Santa mina et al., 2020
N=1 Scale(16)

Spirituality and Meaning

Making(35)
N=1

FACT-SP(35)

Feasibility(35)

Outpatient post(35)

Telehealth
Psychoeducational
support(35)

Lounsbery etal., 2010

L . Telehealth
Subjective Distress(35) Imp.act of Event Scale Feasibility(35) Outpatient post(35) Psychoeducational Lounsbery et al., 2010
N=1 Revised(35)
support(35)
HSCT
Outcomes Instruments Design Phase Intervention Reference
Fatigue(21,22, 39-43) Brief Fatigue . Relaxation .
N=7 Inventory(39) RCT(39) Hospital(39) Techniques(39) Jafari et al., 2018
Chalder Fatigue . -
Scale(40) RCT(40) Hospital(40) Strength Training(40) Hacker et al., 2017
EORTC QLQ-C30(40) RCT(40) Hospital(40) Strength Training(40) Hacker et al., 2017
FACT-An Anaemia . Outpatient physical
Scale(41) RCT(41) Outpatient post(41) exercise(41) Knols et al., 2011
Fatigue Symptom . . Home based aerobic .
Inventory(21) Pilot Study(21) Outpatient post(21) exercise(21) Wilson et al., 2005

Multidimensional
Fatigue Inventory(22)

Feasibility(22)

Outpatient post(22)

Yoga(22)

Baydoun et al., 2020

SF36(42)

RCT(42)

Outpatient post(42)

Exercise_Relaxation_In

formation(42)

Bird et al., 2010
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The Fatigue
Questionnaire (FQ)(43)

Feasibility(43)

Outpatient post(43)

Mindfulness based
Intervention(43)

Grossman et al., 2015

Depression(19, 23, 43-
46)
N=6

Hospital Anxiety And
Depression Scale(23,
44-46)

RCT(23, 44-46)

Hospital(23, 44-46)

Exergaming(23)

Schumacheretal.,
2018

Media Art(44)

Mc Cabe et al., 2013

Palliative Care(45)

El Jawahri et al., 2017

Problem Solving
Training(46)

Balck et al., 2019

The Centre for
Epidemiological
Studies Depression
Scale (CES-D)(19, 43)

Feasibility(19, 43)

Hospital(19)

Healing touch(19)

Lueal2016

Outpatient post(43)

Mindfulness based
Intervention(43)

Grossman et al., 2015

Anxiety(23, 43-46)
N=5

Hospital Anxiety And
Depression Scale(23,
44, 46)

RCT(23, 44-46)

Hospital(23, 44-46)

Exergaming(23)

Schumacheretal.,
2018

Media Art(44)

Mc Cabe et al., 2013

Palliative Care(45)

El Jawahri et al., 2017

Problem Solving
Training(46)

Balck et al., 2019

The Spielberger Trait
Anxiety Scale
(STAI)(43)

Feasibility(43)

Outpatient post(43)

Mindfulness based
Intervention(43)

Grossman et al., 2015

Quality of Life (19, 34,
40, 42, 45)
N=5

EORTC QLQ-C30(34,
40)

RCT(34, 40)

Hospital(34, 40)

Exercise Therapy(34)

Baumann et al., 2010

Strength Training(40)

Hacker et al., 2017

FACT-BMT(19, 45) Feasibility(19) Hospital(19) Healing touch(19) Lueal2016
RCT(45) Hospital(45) Palliative Care(45) El Jawahri et al., 2017
The Graham and Exercise_Relaxation_In
Longman QoL RCT(42) Outpatient post(42) . - Bird et al., 2010
. . formation(42)
Questionnaire(42)
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Health related Quality

Outpatient physical
exercise(41)

Knols et al., 2011

of Life(21, 23,25,2741, EORTC QLQ-C30(41,  RCT(D) Outpatient post(41) Exercise Trainingand o 4 et al., 2020
43, 47) 25,27) Pilot (25) Outpatient pre (25) Nutritional Support Fioritto et al., 2021
N ’ Feasibility (27) (25) ”
Individualized Exercise
Training (27)
FACT(43) Feasibility(43) Outpatient post(43) Mindfulness based Grossman et al., 2015

Intervention(43)

FACT-BMT(23,47)

RCT(23,47)

Hospital(23,47)

Exergaming(23)
Multidirectional
Walking (47)

Schumacheretal.,
2018
Potiaumpai et al., 2020

Profile of Health
Related Quality of Life
in Chronic
Disorders(43)

Feasibility(43)

Outpatient post (43)

Mindfulness based
Intervention(43)

Grossman et al., 2015

SF36(21, 23)

Pilot Study(21)

Outpatient post(21)

Home based aerobic
exercise(21)

Wilson et al., 2005

Schumacheretal.,

RCT(23) Hospital(23) Exergaming(23) 2018

Physical Activity(40,
41) Accelerometry(40) RCT(40) Hospital(40) Strength Training(40) Hacker et al., 2017
3

International Physical . .

Activity RCT(41) Outpatient post(41) Outpatient physical 0\ ot al,, 2011

. . exercise(41)

Questionnaire(41)

The Godin leisure time

exercise RCT(40) Hospital(40) Strength Training(40) Hacker et al., 2017

questionnaire(40)
Distress(19, 44) Profile of Mood States I . .
N=2 (POMS)(19) Feasibility(19) Hospital(19) Healing touch(19) Lueal2016

The Distress . .

Thermometer(44) RCT(44) Hospital(44) Media Art(44) Mc Cabe et al., 2013
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Post traumatic Stress
Disorder

Clinician administered

Cognitive Behavioural

Symptoms(45, 48) PTSD Scale for DSM RCT(48) Outpatient post(48) Therapy(48) DuHamel etal., 2010
IV(48)
N=2
PCL-C(45, 48) RCT(45, 48) Hospital(45) Palliative Care(45) ElJawahri et al., 2017
. Cognitive Behavioural
Outpatient post(33) Therapy(48) DuHamel etal., 2010
Psychological . - .
distress(46, 48) Brief Symptom RCT(48) Outpatient post(48) Cognitive Behavioural o o et al,, 2010
N=2 Inventory(48) Therapy(48)
. Problem Solving
SCL-K-9(46) RCT(46) Hospital(46) Training(46) Balcket al., 2019
. . . Exercise_Relaxation_In .
Bodily Pain(42) SF36(42) RCT(42) Outpatient post(42) formation(42) Bird et al., 2010
Coping(46) . . Problem Solving
N=1 The Brief COPE(46) RCT(46) Hospital(46) Training(46) Balck et al., 2019
Extend of the pain(46) The Questions Of . Problem Solving
N=1 Pain(46) RCT(46) Hospital(46) Training(46) Balck et al., 2019
The National
. Comprehensive .
General Distress(46) 1 cer Network RCT(46) Hospital(46) Problem Solving Balck et al., 2019
N=1 . Training(46)
Distress
Thermometer(46)
General distress and Brief Symptom :zlr?\?:;?:red cognitive
depressive ymp RCT(49) Outpatient post(49) . g Applebaum et al., 2012
symptoms(49) Inventory(49) behavioural
ymp therapy(49)
General Mental Exercise_Relaxation_In
Health(42) SF36(42) RCT(42) Outpatient post(42) L - Bird et al., 2010
N=1 formation(42)
Telephone
Illness Related PTSD . administered cognitive
Symptoms(49) PCL-C(49) RCT(49) Outpatient post(49) behavioural Applebaum et al., 2012
therapy(49)
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Cancer and Treatment

Exercise and Stress

Mental Well Being(50) Distress(50) RCT(50) Outpatient pre(50) Management(50) Jacobsen etal., 2014
Pittsburgh Sleep . Exercise and Stress
Quality Index(35) RCT(35) Outpatient pre(35) Management(35) Jacobsenetal., 2014
Physical Fitness(8) ;L)‘ma" Activity Profile o (g Hospital(8) Exergaming (8) ig:';ma"her etal,
Physical . Exercise_Relaxation_In .
Functioning(27) SF36(27) RCT(27) Outpatient post(27) formation(27) Bird et al., 2010
Physical Well . Exercise and Stress
Being(35) SF36(35) RCT(35) Outpatient pre(35) Management(35) Jacobsen etal., 2014
Problem Solving The Social Problem Problem Solvin
Ability(46) Solving Inventory- RCT(46) Hospital(46) Training(46) g Balck et al., 2019
N=1 Revised (SPSI-R)(46) g
Psychological General Health . Exercise_Relaxation_In .
health(42) Questionnaire (42) RCT(42) Outpatient post(42) formation(42) Bird etal,, 2010
Psychological - . Electric Muscle
Performance(18) EORTC QLQ-C30(18) Feasibility(18) Hospital(18) Stimulation(18) Bewarder et al., 2019
Multidimensional - . Electric Muscle
Fatigue Inventory(18) Feasibility(18) Hospital(18) Stimulation(18) Bewarder et al., 2019
Quantified Walking . Outpatient physical
Activity(41) Accelerometry(41) RCT(41) Outpatient post(41) exercise(41) Knols et al., 2011
Role Limitation(42) SF36(42) RCT(42) Outpatient post(42) f;fn:‘;';;?jzl?xat'on—'” Bird etal., 2010
Self Reported Physical . Outpatient physical
Function(41) EORTC QLQ-C30(41) RCT(41) Outpatient post(41) exercise(41) Knols et al., 2011
Social Functioning(42) ~ SF36(42) RCT(42) Outpatient post(42) f;fn:(:;;?jé?xat'on—'” Bird et al., 2010
Social support(46) . Problem Solving
N=1 N/A RCT(46) Hospital(46) Training(46) Balck et al., 2019
Symptom Burden(45) Edmonton Symptom . - .
N=1 Assessment Scale(45) RCT(45) Hospital(45) Palliative Care(45) ElJawahri et al., 2017
Therapeutic Working Alliance Telephone
alliance(49) I(Z\g)antory Short Form RCT(49) Outpatient post(49) administered cognitive Applebaum et al., 2012
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behavioural
therapy(49)

Exercise_Relaxation_In

Vitality(42) SF36(42) RCT(42) Outpatient post(42) formation(42) Bird et al., 2010
CORE AREA PATHOPHYSIOLOGY
Allogeneic
Outcomes Instruments Design Phase Intervention Reference
,E\I”f;rancem’ 51 Bicycle ergometer(17)  Pilot Study(17) Hospital(17) Exercise(17) Schuler et al., 2016
ig:t%";)'””tes Walk Pilot Study(17) Hospital(17) Exercise(17) Schuler et al., 2016
The WHO Scheme(51) RCT(51) Hospital(51) Exercise Training(51) Baumann et al., 2011
Functional Multimodal
Performance(30, 31) 2 min stair climb test(31) RCT(31) Hospital(31) . Jarden et al., 2009
N=2 Intervention(31)
Chairing test on force . Whole Body Vibration
plate(30) RCT(30) Hospital(30) Training(30) Pahletal., 2020
Maximum Counter . Whole Body Vibration
movement jump(30) RCT(30) Hospital(30) Training(30) Pahl et al., 2020
gj)mg”p Strength(16, 1 nd Grip Feasibility(16) Hospital(16) ansel;ﬁfti(:ysr)nuscle Santa mina et al., 2020
N=2 Dynamometer(16, 32) RCT(32) Inpatient post(32) training(32) Bargietal., 2015
Physical Supervised exercise
Performance(28, 29) 50-foot walk test(29) RCT(29) Outpatient post(29) P Shleton et al., 2008

N=2

program(29)

Blood Lactate

Pilot Study(28)

Outpatient post(28)

Individualized Exercise

Carlson et al., 2006

Concentrate(28) Program(28)
. . . Individualized Exercise
Cardiac Output(28) Pilot Study(28) Outpatient post(28) Program(28) Carlson et al., 2006
Forward reach(29) RCT(29) Outpatient post(29) Supervised exercise o100 et al., 2008
program(29)
. . Individualized Exercise
Oxygen Uptake (VO2)(28) Pilot Study(28) Outpatient post(28) Program(28) Carlson et al., 2006
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Individualized Exercise

Power Output(28) Pilot Study(28) Outpatient post(28) Program(28) Carlson et al., 2006
Rating of Perceived . . Individualized Exercise
Exertion (RPE)(28) Pilot Study(28) Outpatient post(28) Program(28) Carlson et al., 2006
Respiratory Exchange . . Individualized Exercise
Ratio(28) Pilot Study(28) Outpatient post(28) Program(28) Carlson et al., 2006
. . Individualized Exercise
Stroke Volume(28) Pilot Study(28) Outpatient post(28) Program(28) Carlson et al., 2006
The 6 Minutes Walk . Supervised exercise
Test(29) RCT(29) Outpatient post(29) program(29) Shleton et al., 2008
Timed repeated sit to . Supervised exercise
stand(29) RCT(29) Outpatient post(29) program(29) Shleton et al., 2008
. . . Supervised exercise
Uniped stance time(29) RCT(29) Outpatient post(29) program(29) Shleton et al., 2008
Ventilatory Threshold . . Individualized Exercise
(28) Pilot Study(28) Outpatient post(28) Program(28) Carlson et al., 2006
Pulmonary Function(32, . Hospital(51) Exerglse Training(51) Baumann etal., 2011
51) Spirometry(32,51) RCT(32, 51) Inpatient post(32) Inspiratory muscle Bargi et al.. 2015
N=2 P P training(32) gietat.,
Aerobic endurance . . .
performance The 6 Minutes Walk RCT(36) Hospital(36) Whole Body Vibration - yins et al., 2018
. Test(36) Training(36)
capacity(36)
. Displacement . Whole Body Vibration
Body Composition(30) Plethysmography(30) RCT(30) Hospital(30) Training(30) Pahletal., 2020
Bioimpendance - . . .
Body Mass Index(16) Analysis(16) Feasibility(16) Hospital(16) Exercise(16) Santa mina et al., 2020
Cardiorespiratory Cardiopulmonary . Whole Body Vibration
Fitness(30) Exercise Testing(30) ~ C120) Hospital(30) Training(30) Pahletal., 2020
Functional Aerobic 30 Second Sit to Stand - . . .
Capacity(16) Test(16) Feasibility(16) Hospital(16) Exercise(16) Santa mina et al., 2020
The 6 Minutes Walk Feasibility(16) Hospital(16) Exercise(16) Santa mina et al., 2020
Test(16)
. Karnofsky Performance . . .
Functional Status(52) Status Scale(52) RCT(52) Hospital(52) Walking Regimen(52) DeFor et al., 2007
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Isokinetic Leg

Whole Body Vibration

Performance(36) Biodex System(36) RCT(36) Hospital(36) Training(36) Kaeding et al., 2018
Knee Extension . . . .
Strength(17) External resistor(17) Pilot Study(17) Hospital(17) Exercise(17) Schuler et al., 2016
Total and differental Relaxation Breathin
Leucocyte count(33) Counts of white blood  RCT(33) Hospital(33) . g Kim et al., 2005
Exercise(33)
cells(33)
Maximal Exercise The Modified Incremental Inspiratory muscle
Capacity(32) Shuttle Walking Test ~ RCT(32) Inpatient post(32) traiFr)ﬂn (3;') Bargi et al., 2015
pacity (MISWT)(32) g
Isotonic muscular . Multimodal
Muscle Strength(31) strength(31) RCT(31) Hospital(31) Intervention(31) Jarden et al., 2009
Maximal isometric . Multimodal
voluntary strength(31) RCT(31) Hospital(31) Intervention(31) Jarden etal., 2009
Pain(38) Visual Analog Scale(38) RCT(38) Hospital(38) Music Therapy(38) Doro etal., 2017
Peak aerobic Cardiopulmonary I . . .
capacity(16) Exercise Testing(16) Feasibility(16) Hospital(16) Exercise(16) Santa mina et al., 2020
Peak Oxygen Cardiopulmonary . Whole Body Vibration
Consumption(30) Exercise Testing(30) RCT(30) Hospital(30) Training(30) Pahletal., 2020
Peripheral Muscle Hand-Held . Inspiratory muscle .
Strength(32) Dynamometer(32) RCT(32) Inpatient post(32) training(32) Bargietal., 2015
. . Estimated VO2max cycle . Multimodal
Physical Capacity(31) ergometer(31) RCT(31) Hospital(31) Intervention(31) Jarden et al., 2009

Respiratory Muscle

Mouthpiece device(32) RCT(32)

Inpatient post(32)

Inspiratory muscle

Bargietal., 2015

Strength(32) training(32)

z”:e:gth(m) S;?:;Q(Cs:?ﬁ RCT(51) Hospital(51) Exercise Training(51)  Baumann etal., 2011

Strength Capacity(30) :Esxci';'r:'::r‘s’;%s)t Knee  peT(3o) Hospital(30) mﬂlﬁ:(céﬂ? Vibration 1| etal., 2020

2‘:;’;‘2:;23; Exercise 12;?3"24)]”“33 Walk  periap) Inpatient post(32) 't::i‘:i:"gtg;’)mus‘:le Bargi etal., 2015

Trunk strength(17) N/A Pilot Study(17) Hospital(17) Exercise(17) Schuler et al., 2016

gﬁgﬁ;t"ri'(:'g)M”Sde gj::r'nHoen:deter( 6) Feasibility(16) Hospital(16) Exercise(16) Santa mina et al., 2020
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HSCT

Outcomes Instruments Design Phase Intervention Reference
Endurance(23, 34) The 2 Minute Walk . . Schumacheret al.,
N=2 Test(23) RCT(23) Hospital(23) Exergaming(23) 2018
The WHO Scheme(34) RCT(34) Hospital(34) Exercise Therapy(34) Baumann et al., 2010
Treadmill(23) RCT(23) Hospital(23) Exergaming(23) ig:‘;m“her etal,
Handgrip Strength(23, Hand Grip Hospital(23) Exergamlng(23) . Schumacher et al.,
41) Dynamometer(23, 41) RCT(23,41) Outpatient post(41) Outpatient physical 2018
N=2 y ’ P P exercise(41) Knols et al., 2011

Aerobic Fitness(21)

Ventilatory Threshold

Pilot Study(21)

Outpatient post(21)

Home based aerobic

Wilson et al., 2005

(21) exercise(21)
Blood count(34) N/A RCT(34) Hospital(34) Exercise Therapy(34) Baumann et al., 2010
Body Dual x-ray RCT(41) Outpatient post(41) Outpatient physical Knols et al., 2011

Composition(41,25)

absorptiometry(41)

exercise(41)

Bioimpendance
Analysis(25)

Pilot Study(25)

Outpatient pre(25)

Exercise Training and
Nutritional Support(25)

Rupnik et al., 2020

Cardiorespiratory
Fitness(53)

Cardiopulmonary
Exercise Testing(53)

Feasibility(53)

Outpatient pre(53)

Home based interval
exercise training(53)

Wood et al., 2016

The 6 Minutes Walk

Feasibility(53)

Outpatient pre(53)

Home based interval

Wood et al., 2016

Test(53) exercise training(53)
. . Shuttle Walk Test . Exercise_Relaxation_In .

Exercise Capacity(42) (SWT)(42) RCT(42) Outpatient post(42) formation(42) Bird et al., 2010

Functional Ability(40) 15 Foot Walk Time(40)  RCT(40) Hospital(40) Strength Training(40) Hacker et al., 2017
igsstf:oo)nd SittoStand g 140 Hospital(40) Strength Training(40)  Hacker et al., 2017
Timed Stair Climb(40) RCT(40) Hospital(40) Strength Training(40) Hacker et al., 2017
Timed Up And Go RCT(40) Hospital(40) Strength Training(40)  Hacker et al., 2017
Test(40)

Functional Exercise The 6 Minutes Walk RCT(41) Outpatient post(41) Outpatient physical Knols et al., 2011

Capacity(41)

Test(41)

exercise(41)

Functional Capacity
(27)

6 min step test (27)

Feasibility(27)

Hospital(27)

Individualized Exercise
Training(27)

Fioritto et al., 2021
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Knee Extension Hand-Held . Outpatient physical
Strength(41) Dynamometer(41) RCT(41) Outpatient post(41) exercise(41) Knols et al., 2011
Muscle . .
Strength(40)(25) Arm curl test(40) RCT(40) Hospital(40) Strength Training(40) Hacker et al., 2017
Strength Training(40)
Hand Grip RCT(40) Hospital(40) Exercise Training and Hacker et al., 2017
Dynamometer(40,25) Pilot Study (25) Outpatient pre(25) Nutritional Support Rupnik et al., 2020
(25)
Rectus femoris cross . -
sectional area(40) RCT(40) Hospital(40) Strength Training(40) Hacker et al., 2017
. Exercise and Stress
Nausea(35) SF36(50) RCT(50) Outpatient pre(50) Management(50) Jacobsen etal., 2014
Physical - . Electric Muscle
Performance(18)(25) 8 Foot Walk (18) Feasibility(18) Hospital(18) Stimulation(18) Bewarder et al., 2019
- . Electric Muscle
Balance Test(18) Feasibility(18) Hospital(18) Stimulation(18) Bewarder et al., 2019
. - . Electric Muscle
Chair Stands(18) Feasibility(18) Hospital(18) Stimulation(18) Bewarder et al., 2019
Electric Muscle
The 6 Minutes Walk Feasibility(18) Hospital(18) Egzé‘if:;’;(il?r)‘g g  Bewarderetal, 2019
Test(18,25) Pilot Study (25) Outpatient pre (25) Nutritional Support Rupnik et al., 2020
(25)
The Short Physical Electric Muscle
Performance Feasibility(18) Hospital(18) . . Bewarder et al., 2019
Stimulation(18)
Battery(18)
. Exercise Training and
30SecondSittoStand oy 414y (25) Outpatient pre (25) Nutritional Support Rupnik et al., 2020
Test (25)
(25)
Pulmonary . . .
Function(34) Spirometry(34) RCT(34) Hospital(34) Exercise Therapy(34) Baumann et al., 2010
Respiratory Tidal Volume, minute Respiratory
Function(54) yolume, maximal Pilot Study(54) Hospital(54) Physiotherapy(54) Bom etal., 2012
inspiratory and
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expiratory
pressures.(54)

Respiratory Muscle

Maximal Expiratory

Inspiratory muscle

Strength (20) Pressure (20) Feasibility(20) Hospital(20) training(20) De almeida et al., 2020
rrae’;i:ﬁ;gg?iratow Feasibility(20) Hospital(20) 't:‘:iziifgt(ozrg)m”“le De almeida et al., 2020
Respiratory Signs(20) Fs)gszr:;?r: (2gge” Feasibility(20) Hospital(20) 't?:if]iifgtz’z%’)m”“le De almeida et al., 2020
Respiratory Rate (20)  Feasibility(20) Hospital(20) 't?:i':]iirna;gg)m”“le De almeida et al., 2020
gj;p;i::zz 0 Medical Records(20)  Feasibility(20) Hospital(20) 't:‘:iziifgt(ozrg)m”“le De almeida et al., 2020
Strength(34) 'Dsic; 'I‘:;:(CSZ‘;“ RCT(34) Hospital(34) Exercise Therapy(34)  Baumann etal., 2010
Walking Speed(41) 50-foot walk test(41)  RCT(41) Outpatient post(41) Outpatient physical Knols et al., 2011

exercise(41)

Upper Limb Muscle Handgrip - . Individualized Exercise -
Strength(27) Dynamometer(27) Feasibility(27) Hospital(27) Training(27) Fioritto et al., 2021
Lower Limb Muscle . I . Individualized Exercise L
Strength 1 min STS (27) Feasibility(27) Hospital (27) Training(27) Fioritto et al., 2021
The 6 Minutes Walk
Test(47)
. . Timed Up And Go . Multidirectional . .
Physical Function (47) Test(47) RCT (47) Hospital (47) Walking(47) Potiaumpai et al., 2020
The Physical
Performance Test(47)
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2.3.1 Core Area Feasibility

In the core area of “Feasibility”, n = 8 different outcomes were measured 30 times using
n = 15 different instruments (Table 2). The outcome feasibility was the most frequently
measured outcome in this core are. It was measured two times in studies that only included

allogeneic HSCT patients and seven times in studies including mixed HSCT patients.

2.3.2 Core Area Life Impact

In the core area “life impact”, n = 37 different outcomes were measured 105 times using
n = 49 different instruments (Table 2). Fatigue was the most frequently measured outcome (n
= 15) in all of the studies, regardless of design, setting, or the included population. It was
measured using n= 12 different instruments. In studies that only included allogeneic HSCT
patients, fatigue was measured 8 times using n = 7 different instruments. Studies including
mixed HSCT patients measured fatigue 7 times using n = 8 different instruments.

Quality of Life (n = 5) and Health Related Quality of Life (n = 4) were measured 9 times
using n = 2 different instruments in studies that only included allogeneic HSCT patients. The
most frequently used instrument used to measure quality of life in this population was the
EORTC QLQ-C30 [55]. In studies including a mixed HSCT population, Quality of Life (n = 5)
and Health related Quality of Life (n = 7) were measured 12 times using n = 6 different
instruments.

Depression was measured 11 times in studies including allogeneic HSCT (n = 5) or mixed
HSCT (n = 6) patients. The Hospital Anxiety and Depression Scale [56] was the most
frequently used instrument used to measure depression in studies including mixed HSCT
patients. Studies including allogeneic HSCT patients only used n = 6 different instruments.

Anxiety was measured eight times. In studies including allogeneic HSCT patients only,
anxiety was measured in n = 3 studies using n = 3 different instruments. In studies including
mixed HSCT patients, it was measured in n = 5 studies using n = 2 different instruments. The

most frequently used instrument used to measure anxiety was the Hospital Anxiety and
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Depression Scale [56]. Anxiety was measured in seven out of eight studies during the

“Hospital” phase.

2.3.3 Core Area Pathophysiology

In the core area “pathophysiological manifestations”, 39 different outcomes were
measured 85 times using 61 instruments (Table 2). Endurance (n = 4) and handgrip Strength
(n = 4) were the most frequently used outcomes. Both outcomes were used two times in
studies including both allogeneic HSCT patients only and mixed HSCT patients. All four
studies used a handgrip dynamometer to measure handgrip strength. Endurance was

measured using five different instruments, always during the “Hospital” phase.

2.3.4 Timing of Measurement

In 23 out of 39 of the studies, measurements were performed at two time points (Table
3). The maximum number of measurements was n = 7 time points. Regardless of the setting,
the initial measurements (T1) were not always performed on admission. A total of 22 studies
were conducted in a hospital setting; in n = 13 studies, measurements were performed on
admission, while in n = 9 studies, measurements were not performed on admission. A total of
17 studies were conducted in a non-hospital setting; in n = 13 studies, measurements were
performed on admission, and in n = 4 studies, measurements were not performed on

admission.
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Table 3. Scoping Review timing of measurement

HOSPITAL SETTING

Allogeneic HSCT

T1 T2 T3 T4 T5 T6

Before Hospitalization (37

)

(34)

On Admission (36)
(7

At Baseline

At discharge

Before the intervention  (33)

After the intervention (33)

First Session (38)

Second Session (38)

One week before HSCT (16)

Day -2 before HSCT

Day -1 before HSCT

Day +2 after HSCT

Before HSCT

After HSCT

Second week of
Hospitalization

Day +7 after HSCT

Day +8 after HSCT

Day +10 after HSCT

Day +14 after HSCT

Day +20 after HSCT

Day +30 after HSCT

7 weeks after
Hospitalization

Day +60 after HSCT

3 months after HSCT (17)

Day +100 after HSCT (52) (16)

6 months after HSCT (30)

9 months after HSCT

One year after HSCT (16)

Hospital Setting

HSCT

T1 T2 T3 T4 T5 T6

Before Hospitalization (40

On Admission

At Baseline

(34)(18)(20)

At discharge (27)

(44)

Before the intervention  (18)(19)

After the intervention (19)

First Session

Second Session

One week before HSCT (47)

Day -2 before HSCT (46)

Day -1 before HSCT (54) (44)

Day +2 after HSCT (54)

Before HSCT

After HSCT

Second week of
Hospitalization

Day +7 after HSCT (54)(44)

Day +8 after HSCT (39)

Day +10 after HSCT (46)

Day +14 after HSCT (23) (39)
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Day +20 after HSCT

Day +30 after HSCT (47)(23)

7 weeks after
Hospitalization

Day +60 after HSCT

3 months after HSCT (45)

Day +100 after HSCT (23)

6 months after HSCT (45)

(44)

9 months after HSCT

One year after HSCT

NON Hospital Setting

Allogeneic HSCT

T1 T2 T3 T4

T5

T6

T7

Before Hospitalization

On Admission (28)

At Baseline

At discharge (28)

Before the intervention  (32)(35)(29)

After the intervention (32)(35)(29)

First Session

Second Session

One week before HSCT

Day -2 before HSCT

Day -1 before HSCT

Day +2 after HSCT

Before HSCT

After HSCT

Second week of
Hospitalization

Day +7 after HSCT

Day +8 after HSCT

Day +10 after HSCT

Day +14 after HSCT

Day +20 after HSCT

Day +30 after HSCT

7 weeks after
Hospitalization

Day +60 after HSCT

3 months after HSCT

Day +100 after HSCT

6 months after HSCT

9 months after HSCT

One year after HSCT

Non Hospital Setting

HSCT

T1 T2 T3 T4

T5

T6

T7

Before Hospitalization

On Admission

(
At Baseline 2
(

At discharge (22)(42)(41)

Before the intervention  (42)(43)

After the intervention (24)(43)(21)(41)

First Session

Second Session

One week before HSCT (25)

Day -2 before HSCT

Day -1 before HSCT

Day +2 after HSCT

Before HSCT (53)
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After HSCT (53)

Second week of
Hospitalization

Day +7 after HSCT

Day +8 after HSCT

Day +10 after HSCT

Day +14 after HSCT

Day +20 after HSCT

Day +30 after HSCT (50)

7 weeks after
Hospitalization

Day +60 after HSCT (50)

3 months after HSCT

Day +100 after HSCT (50)

6 months after HSCT (49)(48) (50)
9 months after HSCT (49)(48)

One year after HSCT (49)(48)
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2.4 Discussion

In this review, we observed a tendency toward the use of the same specific outcomes and
outcome measurement instruments within the two core areas Feasibility and Life Impact;
however, we saw a much more diverse use of outcomes and tools in the core area
“Pathophysiological Manifestations”. Despite the use of the same outcomes and outcome
measurement instruments, the scientific efforts in this field do not fully exploit the potential for
evidence synthesis, clinical interpretation, and constructive implications for further research.
The main reasons for this are measurement bias due to the heterogeneity and inconsistency
of outcomes and outcome measurement instruments used, which is in line with similar
statements in the COMET Handbook [57] that describe problems related to outcome reporting
bias and inconsistency in outcome measurement. Below, we discuss four main aspects of

measurement bias that we encountered based on our results.

2.4.1 Outcome Excess and Inconsistent Use

The 84 different outcomes that were measured in the studies that we included in this
scoping review as well as the wide variety of terms used for the same outcomes indicate an
excess of outcomes and the inconsistent use of terms in the body of literature that we
reviewed. For example, in the “Pathophysiology” core area, thirteen terms were used to
describe similar outcomes, of which we only recognize three distinct outcomes, all of which
are related to, in different degrees, the body’s capacity to produce energy through aerobic
metabolic pathways (peak aerobic capacity, peak oxygen consumption, aerobic fitness,
functional aerobic capacity, cardiorespiratory fithess, and aerobic endurance performance
capacity) or to move itself in a specific manner within a specific timeframe (exercise capacity,
functional exercise capacity, maximal exercise capacity, submaximal exercise capacity, and
endurance) as well as a third more complex outcome that includes multiple components of

fitness (physical capacity and physical performance).
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This heterogeneous use of terminology hampers communication between researchers
and impedes synthesis in secondary research. It also generates confusion concerning the
content of each outcome, which could lead to aberrant inclusions or exclusions in reviews or
even incorrect interpretations by clinicians.

Researchers in the field of rehabilitation for patients treated with allogeneic HSCT should
seek to reduce the number of the outcomes they measure by reaching consensus about the
relevant outcomes to be collected and reported, thus defining a core outcome set (COS).
Ideally, COS development should involve patients, so that their needs and insights are taken
in consideration.

Strength is an important outcome in the core area “Pathophysiology” because its reduction
due to corticosteroid regimens can determine functional performance in post-allogeneic HSCT
long-term survivors [58,59]. Handgrip strength can be used as a surrogate marker of strength
among patients undergoing allogeneic HSCT, and it can detect strength loss and be regained
post-allogeneic HSCT [60]. It is a widely used outcome in HSCT research, something that is
probably due to the practicability of its measurement. Other authors underline the importance
of this outcome during hospitalization for allogeneic HSCT since detecting strength loss can
improve fall prevention [61]. However, in addition to handgrip strength, eight other aspects of
strength were measured in the studies that we included (i.e., isokinetic leg performance, knee
extension strength, muscle strength, peripheral muscle strength, strength, strength capacity,
trunk strength, and upper limb muscle strength). As a result, again, there is heterogeneity in
the outcomes being measured, which hampers synthesis and adds data waste to this research
field. Given the importance of the outcome strength for patients treated with HSCT,
researchers should reach consensus on which aspect of strength is the most relevant to be
measured.

In the “Feasibility” core area, we observed the interchangeable use of terms (for example,
“accrual acceptance”, “acceptability”, “rate of participant enrolment”, “recruitment”, and
“recruitment rate”) since similar terms were used to describe identical phenomena. The most
frequently used outcome in this core area, the outcome feasibility, is in our view, a
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multidimensional construct that comprises dimensions such as safety, attrition, acceptability,
and adherence. Some researchers in the field of allogeneic HSCT rehabilitation have already
begun to approach feasibility in the manner in which we see it [14,62]. In this review, we
noticed that various authors classified specific terms as distinct outcomes (i.e., “acceptability”,
“adherence”, and “attrition”), while others used these terms as instruments to measure the
outcome feasibility. This difference in definitions and outcome operationalization leads to
incomparable data and is a waste of resources.

Dimensions such as safety, attrition, acceptability, and adherence should not be
considered outcome measurement instruments and should not be used and reported as such
because they refer to what is measured, i.e., an outcome, while an instrument refers to how
an outcome is measured. Ideally, the research community in this field should reach a

consensus on the definition of feasibility and on how to measure it.

2.4.2 Outcome Measurement Instrument Excess and Inconsistent Use

The 84 outcomes that were found were measured by 134 different measurement
instruments. In the “Pathophysiology” core area alone, 59 different instruments were used to
measure 39 different outcomes. This diverseness in the outcome measurement instruments
indicates an excess of outcome measurement instruments.

This excess of outcome measurement instruments makes synthesis across studies more
difficult. A meta-analytical systematic review studying the effects of physical activity on fatigue
confirms our statement [63]. In that study, the authors had to describe intervention effects
using standardized mean differences—which are more difficult to interpret—rather than
weighted mean differences, because the studies that they reviewed used different outcome
instruments to measure fatigue.

Patients undergoing allogeneic HSCT commonly experience fatigue both during
hospitalization and in the long-term [64]. Different items could be relevant to measure fatigue

in one situation but not in the other since fatigue during hospitalization (i.e., cancer treatment
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related fatigue) may have different characteristics than long-term fatigue (i.e., cancer-related
fatigue). However, the variety of instruments used to measure fatigue remains wide, making
comparing fatigue measurements difficult. An item response theory (IRT) -based item bank,
such as the Patient-Reported Outcomes Measurement Information System (PROMIS) [65]
Fatigue Item bank, could address problems related to measuring different levels of fatigue, as
tailored shortforms for different patient populations can be developed or computer adaptive
testing could be used.

The variety of outcome instruments has a positive impact when it serves the practicability
of measurement conduction in different settings and phases. For example, in our review, we
found that (n = 5) different instruments were used to measure the outcome “endurance.”
Patients treated with allogeneic HSCT are unable to perform the six-minute walk test or the
cardiopulmonary exercise testing during hospitalization, as they are generally restricted to
their rooms to reduce the risk of infection and because they are connected to medication-
administering devices. In this case, an endurance test that can be performed in a small space,
such as the six-minute step test, has better practicability than the six-minute walk test. The
appropriate use of a wide variety of outcome measurement instruments requires specific
context- and phase-including guidelines, which would serve the avoidance of inconsistent
scientific output. Ideally, such guidelines should be informed based on clinimetric studies to
confirm the reliability and validity of the indicated instruments in defined settings and phases.

We noticed that some instruments such as the EORTC QIQ-C30 and the FACT were often
used to measure distinct outcomes such as Health-Related Quality of Life and Quality of Life
[66]. We made the same observation for the six-minute walk test, which was used to measure
different outcomes. Using a single measurement instrument to measure different outcomes is
often not a correct practice because the measurement properties of a measurement
instrument may be sufficient to measure one outcome but insufficient to measure another
outcome. Therefore, before use, researchers should ensure that the clinimetric properties of
each outcome measurement instrument are appropriate for measurement in the population of
interest.
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2.4.3 Timing and Setting of Measurement Inconsistency

In this review, we found notable heterogeneity in the timing of measurements across
studies. Our findings confirm those of van Haren et al. [67] that time-point heterogeneity does
not allow for follow-up measurement synthesis in systematic reviews. The general condition
of patients treated with allogeneic HSCT fluctuates depending on the phase of their treatment.
At the beginning of hospitalization, they may be sturdy, but, later on and depending on
chemotherapy intensity, they may suffer from severe fatigue, infection symptoms, and
nutritional deficits due to mucositis or other reasons. When patients begin to recover, they
gradually show an improved general condition. However, those who suffer from severe
symptoms during hospitalization are usually weaker at discharge than at admission.
Therefore, heterogeneity in the timing of measurements is an important source of bias since
timing is associated with the general condition of the patient. For example, if the “baseline”
measurements of one study are performed on admission and the final measurements are
performed at discharge, then the results of these measurements or their differences are
incomparable to those of another study in which the measurements were performed at day
four or ten after admission and at three months after discharge.

Due to the fluctuating condition of patients treated with allogeneic HSCT, not all
measurements are always feasible or even meaningful across settings. Measurements might
have less value for patients, increase their workload during a period in which filling in
questionnaires is not their highest priority, add to data waste, and increase heterogeneity in
measurement timing. In order to avoid unnecessary patient effort and the production of data
waste and in an effort to improve our understanding of phenomena with established clinical
significance, researchers should agree on some basic assumptions: (a) the phases they
recognize in the process of allogeneic HSCT (i.e., before allogeneic HSCT, during
hospitalization, 100 days after allogeneic HSCT, one year after HSCT—Van der Lans et al.
have already made efforts to recognize different phases based on patient insights during

recovery) [68]; (b) the outcomes to be measured in each phase; and (c) the timing at which
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the measurements for each outcome are taken and the method used to measure them in each

phase.

2.4.4 Allogeneic HSCT vs. HSCT Population

In this review, we found that 64% of the reported research projects recruited both
allogeneic HSCT and autologous HSCT patients. There are some arguments for combining
these populations in a study, though there are no formal restrictions at all since the EBMT
Handbook [69] does not even have a dedicated article on rehabilitation from which arguments
for the distinction of these two populations could arise. Both populations suffer from
hematological malignancies, and both populations undergo transplantation. Therefore,
researchers in the field of rehabilitation include samples from both populations to achieve the
targeted sample size much more quickly.

However, major differences exist between these two populations, which could lead to
problems during the interpretation of study results. First, although both undergo
“transplantation”, the two populations do not undergo the same medical treatment.
Chemotherapeutic and, more importantly, immunosuppressive treatments differ with regard to
duration and side effects. Second, allogeneic HSCT patients normally undergo a longer and
more strict isolation period in addition to a longer planned hospital stay. Third, allogeneic
HSCT patients often suffer from GvHD and require additional medical treatment, resulting in
significant physical and psychological deterioration.

Consequently, these two different populations cannot be combined in research due to
differences in measurement timing and the relevance of the outcomes.

There are many published studies indicating that patients from both populations have
been recruited. However, the scientific community should consider whether recruiting patients
from both populations is appropriate practice and should reach consensus concerning future

practice.
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2.4.5 Limitations

To our knowledge, this review is the first attempt to describe the outcomes and
measurement instruments used in the study of rehabilitative interventions for patients
undergoing allogeneic HSCT. Although we managed to elucidate major issues concerning
heterogeneity in the outcomes and measurement instruments used, our findings must be
interpreted in light of the limitations of this review. First, we only included interventional studies
and we only included research published in German and English. This strategy may have
prevented the retrieval and inclusion of publications in other languages and from a wider range
of disciplines. As a result, this scoping review focuses on the main body of work on
psychological and physical rehabilitative interventions. Second, we classified the outcomes
we retrieved based on two different frameworks, as the Boers et al. framework was designed
for another purpose and thus does not offer a distinct classification for feasibility outcomes.
Finally, we extracted and classified outcomes and instruments according to the terms used by
the authors, without modification or interpretation, and therefore, the extracted terms were not

always appropriate.

2.5 Conclusions

Research in the field of rehabilitation for patients with hematological malignancies treated
with allogeneic HSCT covers measurements in all relevant core areas. However, this field of
study is hampered by excess outcomes and inconsistent outcome terminology. Furthermore,
we detected the inconsistent use of measurement instruments in terms of setting and timing.
The combined recruitment of allogeneic and autologous HSCT patients may exacerbate these
problems, thus reducing the successful exploitation of the study results by hampering
synthesis and clinical interpretation. We recommend that researchers reach a consensus with
regard to the use of common terminology for the outcomes of interest and homogeneity in

measurement instrument selection and measurement timing.
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CHAPTER 3 Delphi Study
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Abstract

Background: Rehabilitation for patients with hematological malignancies undergoing
allogeneic hematopoietic stem cell transplantation (AlloHSCT) addresses physical and
psychosocial deficits before, during, and after hospitalization. However, marked heterogeneity
in study designs, interventions, outcomes, and measurement methods complicates evidence
synthesis, resulting in uncertainty regarding optimal treatment prescriptions and clinical
implications. In this study, we aimed to develop a standardized measurement guideline for
rehabilitative intervention studies in AlloHSCT patients to reduce clinical diversity and improve
evidence synthesis. Methods: A scoping review preceded a two-round online Delphi
consensus process, and a multidisciplinary Steering Committee oversaw the study. Panelists
included corresponding authors from included studies in the scoping review, recent gray
literature authors, and health professionals from transplant units worldwide. Invitations were
sent to 214 experts, with 24 (11%) participating. Consensus was defined as 267% agreement
on a five-point Likert scale. Proposals for measurement guideline components (scope (i.e.,
target population and setting), outcomes, instruments and number and timing of
measurements) were evaluated, with panelists providing comments to refine their
recommendations. Results: Panelists agreed on defining measurement guidelines for two
settings: hospital (during transplant hospitalization) and non-hospital (before or after
hospitalization). Consensus was reached on specifying both outcomes and measurement
instruments (acceptance rate 79%), as well as on including a minimum number of
measurements with specified time points (acceptance rate 88%). For hospital studies,
measurements were recommended at “baseline” and “once discharge criteria are met”; in non-

"«

hospital studies, measurements were recommended at “baseline,” “last day of pre-
rehabilitation,” and “one year after transplantation” (for rehabilitation studies only). “Strength”
should be measured via Handgrip Dynamometer and a 30 s Sit-to-Stand test, and “exercise

capacity” via the 6 min Walk Test. Conclusions: This Del-phi study generated the first

consensus-based measurement guideline for rehabilitative interventions in patients with
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hematological malignancies treated with AlloHSCT, specifying outcomes, instruments, and
timing for both hospital and non-hospital settings. While the measurement guideline is
expected to reduce clinical diversity and facilitate robust meta-analyses, future research
should expand its scope to include patient-reported outcomes, ensuring greater relevance to

patient priorities and needs.

3.1 Introduction

Rehabilitation for patients with hematological malignancies who undergo allogeneic stem
cell transplantation (AlloHSCT) aims to address physical and psychosocial deficits before,
during, and after hospitalization. There is evidence supporting the inclusion of AlloHSCT
patients in rehabilitation programs, however, further high-quality research is needed to
determine optimal exercise prescriptions and to clarify additional implications [1]. As in other
areas of oncology, studies investigating rehabilitative interventions for AlloHSCT patients
exhibit significant variability with regards to participants, interventions, outcomes, study
designs, and sources of bias [2].This variability is the primary source of heterogeneity, which
complicates the synthesis of findings in secondary research and limits our ability to draw

definitive conclusions about the effects of these interventions.

According to the Cochrane Handbook [3], there are two main sources of heterogeneity
among studies included in a systematic review with meta-analysis: clinical diversity and
methodological diversity. Clinical diversity refers to variability in participant characteristics,
interventions, and outcomes studied, while methodological diversity refers to differences in

study designs and risk of bias.

Core Outcome Sets (COSs) can help reduce clinical diversity arising from outcome
variability, especially when widely adopted by the scientific community [4]. While COSs clearly
identify which outcomes are essential to measure, there remains an opportunity to further

support researchers by providing more explicit guidance on how these outcomes should be

103

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 07:00:26 EEST - 216.73.216.250



assessed in terms of which measurement instruments are most suitable to measure these
outcomes, i.e., a measurement set [5]. Supplementing a determined COS and the
corresponding measurement set with additional measurement recommendations and
consolidating them into measurement guidelines could help address heterogeneous decisions

across studies, thereby reducing additional sources of clinical diversity [6].

As an example, if a COS specifies that exercise capacity and fatigue are the minimum
outcomes to be measured in studies investigating the effects of exercise in lung cancer

patients, clinical diversity could still originate from several sources.

Treatment Phase: Measurements may be taken during different treatment phases (e.g.,
during chemotherapy, before lobectomy, after lobectomy), which can significantly affect

exercise capacity, fatigue, and other patient characteristics.

Study Setting: Measurements may occur in different settings (e.g., hospital vs.
rehabilitation center), and the condition of hospitalized patients often differs markedly from

that of non-hospitalized patients, influencing study outcomes.

Measurement Instruments: Different tools may be used to assess the same outcome. For
instance, leg strength can be measured via isokinetic dynamometry (the gold standard) or via
the 30-Second Sit-to-Stand test, which is more feasible but less specific. Even with statistical
methods to address this heterogeneity, the underlying constructs measured may not be

equivalent, leading to the synthesis of data from different patient attributes.

Timing of Measurement: Even if studies use the same intervention, treatment phase,
outcome, and measurement instruments, clinical diversity can still result from differences in
measurement time points. Unlike healthy subjects, patients may experience rapid and
unpredictable changes due to factors such as surgery, medical interventions, spontaneous
recovery or deterioration, and rehabilitation. Standardizing measurement time points relative

to key events in the patient journey could help reduce this source of clinical diversity.
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Studies examining the impacts of rehabilitative interventions among patients with
hematological malignancies treated with allogeneic stem cell transplantation (AlloHSCT) vary

considerably, largely due to the factors outlined above.

The aim of this study is to define measurement guidelines, including a COS and a
measurement set, for use in studies of rehabilitative interventions in patients with
hematological malignancies treated with AlloHSCT by reaching consensus, not only on what
to measure (e.g., fatigue or exercise capacity) but also on how (i.e., which outcome
measurement instruments) and when (i.e., which time points) to measure these outcomes,

thus ad-dressing clinical diversity more efficiently.

In this first study, we have chosen to focus exclusively on clinician-reported and
performance-based outcomes. While patient-reported outcomes (PROs) and patient-reported
outcome measures (PROMs) are important in the evaluation of rehabilitative interventions,
their inclusion would have introduced additional complexity, as well as practical and time-
related challenges. By narrowing our scope to clinician-reported and performance-based
outcomes at this stage, we aim to establish robust and feasible measurement guidelines,
which can serve as a foundation for future research that should expand to include PROs and

PROMs.

Although researchers are free to add any further measurements, they deem necessary,

the adoption of this measurement guideline as a minimum standard will help minimize

research waste and facilitate the inclusion of all relevant studies in future reviews and meta-

analyses.
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3.2 Methods

3.2.1 Preparation of the Delphi Study

Prior to the Delphi study, we conducted a scoping review [7] to map outcomes, out-come
measurement instruments, and measurement time points being used in studies investigating
the effects of rehabilitative interventions for patients with hematological malignancies treated
with AlloHSCT. The overview obtained in this review was used to make proposals in this

Delphi study.

3.2.2 Design of the Delphi Study
A Delphi study is an appropriate design when subject agreement shows methodological

or conceptual divergence, or subjects are difficult to study empirically [8].

3.2.3 Steering Commiittee

The Steering Committee comprised advisory members representing the following
disciplines: Nursing Science (A.E., R.E.), Exercise Physiology (P.T.), Hematology (A.B.),
Physiotherapy (N.G.), and Methodology (L.M.). The Steering Committee reviewed and
approved the study concept, the content of each survey round, the analysis and conclusions
of each round, the feedback reports, and the final study reporting. In cases where consensus
was not achieved or proposals remained inconclusive after the second round, final decisions
were made by the Steering Committee. If panelists provided promising proposals during the
second round, these were carefully considered by the Steering Committee in their
deliberations. Steering Committee members did not participate as panelists. Their activities

were coordinated by the principal investigator (A.M.).
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3.2.4 Panelists

We aimed to include persons who were corresponding authors of any of the studies
included in the scoping review [7], as well as authors from gray literature concerning
rehabilitation for patients with hematological malignancies treated with AlloHSCT. In addition,
we invited health professionals working in stem cell transplantation units worldwide. We invited

all participants via email, and they received no financial compensation for their participation.

3.2.5 Procedure and Content of the Rounds

This Delphi study consisted of two online survey rounds in which we presented proposals

based on the results of the scoping review [7] (Figure 2).

Figure 2. Delphi Study procedure and content of each round

Preparation Phase
e Scoping review

¢ Steering committee formation
e Proposals drafting

Round 1:

Measurement guideline components
and properties:

¢ Measurement setting

e Population

e Content

l

Round 2:

Measurement guideline:

¢ Number and timing of measurements
e Outcomes

e Outcome measurement instruments

In each round, we asked panelists to rate their agreement with each proposal. Agreement
was rated on a five-point Likert scale (i.e., strongly disagree to strongly agree, with ‘no opinion’
in the middle). In addition, a response option ‘no expertise’ was added to each question.
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Panelists were asked to provide reasons for their ratings, which allowed for a more nuanced
interpretation of their views and facilitated the iterative improvement of proposals. Promising
participant suggestions from the first round were used to improve proposals in the next round

even if consensus had been reached.

3.2.6 Content of Round 1

In round 1, we aimed to reach consensus on both the scope and the components of the
measurement guideline. Regarding the scope, we elaborated on the target population and the
measurement setting. For the components, we discussed the outcomes, outcome

measurement instruments, and the number and timing of measurements.

3.2.7 Content of Round 2
In round 2, we aimed to reach consensus on the content of each included component of
the measurement guideline for studies on rehabilitative interventions in patients with

hematological malignancies treated with AlloHSCT.

3.2.8 Analysis

Consensus was reached when at least 67% of the panelists agreed or strongly agreed
with a proposal. If less than 67% agreement was reached on a proposal, the proposal was
rejected after final agreement of the Steering Committee. If a panelist rated ‘no expertise’, the

panelist was not considered in the calculation of agreement for that proposal.

A.M. read all arguments and compiled the summary of them; all arguments were provided
in the feedback reports and sent to all panelists and Steering Committee members.We used

SurveyMonkey (SurveyMonkey Inc., San Mateo, CA, USA) to create and disseminate the
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survey. All responses were analyzed anonymously and included in a separate feedback report

per round.

3.3 Results

3.3.1 Panelists

We invited 214 panelists to participate in rounds 1 and 2. While we controlled the list of
invited experts (n = 214), we could not identify who among them chose to participate. The
survey link was distributed through a bulk invitation, and all responses were recorded
anonymously. Consequently, it was not possible to collect or report participants’ demographic

information in the results section. In both rounds, 24 panelists (11%) responded.

3.3.2 Scope of the Measurement Guidelines

3.3.2.1 Target Population

In round 1, a majority of panelists did not support our proposal to restrict the measurement
guidelines to patients treated with allogeneic HSCT (AlloHSCT) only; specifically, only 52%
agreed or strongly agreed with this restriction; this lack of consensus likely reflects the
common practice in rehabilitation research after HSCT to include both allogeneic and
autologous HSCT patients. In their comments, panelists argued with the following comments

that both populations should be considered (see also Table 4, proposal 3):

1. “I would prefer a measurement set which whenever possible encompass both patients
treated with allogeneic and autologous stem cell transplantation. Irrelevant questions
for one of the groups could just be left out depending on the study population.”

2. “l guess there can be parts that are also useful for autologous transplant.”
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3. “Maybe first allo to develop. But in practice, | notice that autologous HSCT patients
and their family sometimes have a harder time than allogeneic HSCT patients to get
their lives back to a new normal.”

4. ‘“Depends on your goal. How diverse do you want the measurement set to be? How

generic/specific should it be possible to apply it?”

Therefore, the scope of these measurement guidelines includes studies involving patients

treated with autologous HSCT.

Table 4. Delphi Study Round 1 participant responses.

Proposals and Agreement
Rate

Participant Comments

Proposal 1 (Agreement 91%)
The Measurement Set we
intend to develop should define
the number of measurements
during a study and the time
points of measurements as
well.

1. | find it realy hard to answer this question because the
wording rehabilitation is very broad and so do rehabilitative
interventions. The set of measurments strongly depends on
the intervention in studies and there for | guess only a core
set with intervention specific submodules can be developed
2. | do prefer to recommend a number of measurements
instead of “define the number of measurements. The
number of measurements may depend on the single project,
the purpose, and circumstances.

3. Beside the measurement instruments the rehabilitation
intervention should be described in detail: only describing
the intervention as exercises is not transparant enough to
determine the efecctiveness. Moreover also the adherence
to the intervention should be part of the publication. In my
opinion in this frail patient group it seems to be most
adequate if the intervention is not standardised but fitts the
physical and mental condition of the patient (so the decison
protocol is standardised to fitt the load of the intervention to
the physical and mental level of the patient) and is goal-
oriented.

Proposal 2 (Agreement 79%)
The Measurement Set we intend
to develop should not include
only the minimum number of
common “outcomes” that should
be measured in future studies.
The “outcome measurement
instruments” should be included
as well whenever this is
possible.

1. given the restrictions above

2. | would prefer to do so, however especially valid patient
reported outcome measurements (PROM’s) are not always
available in the mother tongue of the research environment.
Moreover, simple translations are not adequate in case of
cultural differences between different countries.

3. Minimum dataset it crucial but an additional toolbox
depending on the question would be helpful as well

Proposal 3 (Agreement 52%)

The Measurement Set we intend
to develop should apply only for
patients with haematological
malignancies  treated  with
“allogeneic” stem cell

1. | would prefer a measurement set which whenever
possible encompass both patients treated with allogeneic
and autologous stem cell transplantation. Irrelevant
questions for one of the groups could just be left out
depending on the study population.
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transplantation (both reduced
intensity  conditioning and
myeloablative). This
measurement set is not
appropriate for patients treated
with autologous stem cell
transplantation due to different
medical treatment, iatrogenic
clinical manifestations and
timing of procedures.

2. A participatory research approach would be very helpful
to reflect the patient voice

3. Ultimately | do believe that rehabilitative interventions
would benefit patients undergoing autologous
transplantation and cellular therapies also. Candidates for
these therapies are often older with frailty. It appears that
the scope of your project is to study only allogeneic patients
initially. | agree that this group is more homogenous and
factors such as cardiovascular and other effects of
immunosuppression/steroids can be considered.

4. | guess there can be parts that are also useful for
autologous transplant

5. Maybe first allo to develop. But in practice, | notice that
autologous HSCT patients and their family sometimes have
a harder time than allogeneic HSCT patients to get their
lives back to a new normal

6. Depends on your goal. How diverse do you you want the
measurement set to be? How generic/specific should it be
possible to apply it?

7. This statement is not valid | think: of course there is
influence of the medical treatment and clinical
manifestations and yes there is influence on the timing of
the measurements, but when the same set is chosen and at
least most of the measurements can be timed at the same
time points the difference in recovery trajectories becomes
transparant.

Proposal 4 (Agreement 67%)
This Delphi Study should deliver
two different Measurement
Sets. One for studies during
hospitalisation for stem cell
transplantation and one
adjusted for non-hospital
settings.

1. this distinction is absolutely necessary and correct

2. | favour a single measurement set with parameters that
can be serially assessed over time so that changes in
individual patient functionality can be assessed across the
pre-tranpslant/in-patient/post-transplant outpatient journey
and comparisons/contrasts between patients can also be
performed.

3. What would “non-hospital settings” be? Would “hospital
settings” consider both inpatient stay and outpatient follow
up?

4. One for all

5. rehabilitation starts already before en during the
hospitalization

6. The measurement set should work regardless of patients
being treated either hospitalized or in a out-patient setting.
7. Depends on your goal. How diverse do you you want the
measurement set to be? How generic/specific should it be
possible to apply it?

8. | prefer that the Measurement sets are adapted to each
other to facilitate longitudinal research designs. Each patient
will go from the hospital to the non-hospital setting (or back
again). We need more longitudinal studies and data
sampling in clinical practice to be able to include as much
as patients and to avoid drop-outs in the randomisation
process.

9. That depends on the set of measurements.
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3.3.2.2 Clinical Setting

In round 1, we reached consensus on considering two different settings to define
measurement sets (agreement 67%) in studies that investigate the effects of rehabilitative
interventions for patients with hematological malignancies treated with allogeneic stem cell
transplantation. “Hospital setting” refers to studies being conducted during hospitalization for
stem cell transplantation, and “non-hospital setting” refers to studies being conducted before
or after hospitalization for stem cell transplantation, regardless of whether they are inpatient

or outpatient settings.

3.3.3 Components of a Measurement Guideline
In round 1, consensus was reached that the key components of a measurement guide-
line are as follows: outcomes to be measured and their measurement instruments (agreement:

79%), as well as the number and timing of measurements (agreement: 91%).

In round 2, the panel specified that “Strength” (agreement: 87%) should be measured
using both the Handgrip Dynamometer (agreement: 74%) and the 30-Second Sit-to-Stand
Test (agreement: 83%). The latter replaced the initially proposed 5-Times Sit-to-Stand Test

due to the following relevant participant comments (see also Table 5, proposal 11):

- “We have found it easier to measure a 30 second sit to stand.”

- “Or 30 time sit to stand.”

- “Either 5 times sit to stand or 30 second sit to stand test, they both appear to be used
in this population, so perhaps the measure that can be more validly measured using
telehealth would be best.”

- “30 second sit to stand.”

- “Exercise Capacity” (agreement: 96%) should be measured using the 6-Minute Walk

Test (agreement: 75%).
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For timing, consensus was reached on “baseline” and “once discharge criteria are met”
as relevant time points, replacing “on admission” (agreement: 79%) and “at discharge”
(agreement: 75%) due to the following relevant participant comments (see also Table 5,

proposals 1 and 3):

3.3.3.1 Comments for Proposal 1

“Very important timepoint if this is the baseline assessment. Less but still important if the
patient has been pre-assessed in the outpatient setting for prehabilitation or assessed at the

final pretransplant review.”

“This is the best baseline timing for measurement.”

“I prefer the expression “Baseline” (defined as the starting point before HSCT and or the
intervention) and fixed time points during follow-up, e.g., 3-month and 6-month follow-up.
During the course of treatment, the number of “admissions” may vary quite a lot between

patients.”

3.3.3.2 Comments for Proposal 3

“I can’t entirely agree with the deadline set “at discharge” because discharge is extremely
variable from one patient to another, perhaps reassessing every one or two weeks could

establish a pattern.”

“Timepoint shortly before discharge-day of discharge is often very busy for patients.”

The proposed time point “day +10” was rejected (agreement: 45%).

Additionally, “baseline” (agreement: 79%), “last day of pre-rehabilitation”, and “one year

after transplantation” (agreement: 75%) were agreed upon as relevant time points based on
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participant comments and Steering Committee approval, with the latter applicable only to

rehabilitation studies.

Table 5. Delphi Study Round 2 participant responses

Proposals and Agreement Rate

Participant Comments

Proposal 1 (Agreement 79%)

In the first round of our study,
87.5% of the participants agreed
that we should recommend a
minimum of fixed time-points for

measurements in studies
including patients treated with
allogeneic stem cell

transplantation. We are now
referring to studies during
hospitalization. To what extend do
you agree with the fixed time-point
“on admission”? Please rate your
agreement on a scale from 1 to 5.

1. Very important timepoint if this is the baseline
assessment. Less but still important if the patient has been
pre-assessed in the out-patient setting for pre-habilitation
or assessed at the final pre-transplant review.

2. This is the best baseline timing for measurement

3. | prefer the expression “Baseline” (defined as the
starting point before HSCT and or the intervention) and
fixed time points during follow-up, e.g., 3-month and 6-
month follow-up. During the course of treatment, the
number of “admissions” may vary quite a lot between
patients.

4. Lot of appointments at day of admission. Rather day +2

Proposal 2 (Agreement 45%)

During hospitalization
measurements should be
performed at day +10 after the
transplantation. In this time—
point severe cytopenia is often
present, at least for patients
treated with myeloablative
conditioning. Symptom severity
might have reached its peak in
this time—point. To what extend
do you agree with the fixed time-
point “day +10”? Please rate your
agreement on a scale from 1 to 5.

1. Not much which can be done at that time and
physiotherapy should be performed anyway

2. | think patients will be limited in their capacity to do
anything at this time. Usually cytopenic/infected/hooked
up to drip stand for immunosuppression/TPN/opiate
analgesia.

3. It depends what you are measuring and whether they
are sensitive to confounding factors. For example,
physical measures taken when the patient is experiencing
severe cytopenia may score very poorly or reach a floor
effect however this may be due to symptoms such as
fatigue and nausea whilst not necessarily representing
physical performance.

4. It's a good timepoint. In my practical experience, the
time when patients with an allogeneic HSCT are at their
worst is day 7, when many start to have a fever.

5. At day +10 the symptom severity peak is expected.
Only patients participating in a study where the severity of
symptoms at that time point are relevant for the specific
research project should be bothered to answer
questionnaires.

6. it would yield sub optimal results on majority of patients
suffering from acute toxicities from conditioning.

7. Fixed time-point as day +10 with a possible variance of
13 days?

Proposal 3 (Agreement 75%)

During hospitalization
measurements should be
performed at discharge. In this
time-point oral administration of
immunosuppression has been
achieved and intravenous lines
can be removed for the purpose of
the measurements. To what
extend do you agree with the fixed
time-point “at discharge”? Please

1. At that time it makes sense to assess the patient to
make plans for outpatient care

2. | think this is the most important timepoint to maximize
early rehab potential.

3. | can’'t entirely agree with the deadline set “at
discharge” because discharge is extremely variable from
one patient to another, perhaps reassessing every one or
two weeks could establish a pattern.

4. | prefer the expression “Baseline” (defined as the
starting point before HSCT and or the intervention) and
fixed time points during follow-up, e.g., 3-month and 6-
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rate your agreement on a scale
from 1 to 5.

month follow-up. During the course of treatment, the
number of and length of “admissions” may vary quite a lot
between patients.

5. Timepoint shortly before discharge—day of discharge
is often very busy for patients

6. Discharge is variable based on the patient. Consider a
standard time point like D+21 instead.

7. i think you need to explain what/when you can respons
with N/A. it is not the same as ‘no expertise’, like so
expertise to answer this specific question. in that case, the
respondent is not taken into account for calculating the %
concensus for this question. But, if some answers ‘NA’, not
applicable, why would it not be applicable, and how is it
different from strongly disagree with a proposal? is this
clear enough for panelists? will this response still be taken
into account when calculating the % consensus

Proposal 4 (Agreement 58%)
During hospitalization, in the time-
point 2 (day +10 post HSCT)
performance-based tests might
be too strenuous or even
impossible for some of these
patients. Therefore, only clinician-
observed outcomes or patient
reported outcomes should be
measured. Please rate your
agreement with this statement on
a scale from 1 to 5.

1. 1 would still consider watching the performance.
Patients’ subjective and objective assessments are often
not congruent.

2. think there should be some attempt at performance
based measurement

3. As indicated above, rather add flexible timepoint

4. Some performance tests can be performed safely—but
might need something like gait speed that is simpler t
perform.

Proposal 5 (Agreement 79%)

In the previous round of our study,
66.67% of the participant agreed
that we should recommend two
measurement sets. One for
studies in hospital setting and one
for studies in outpatient setting.
We are now referring to studies in
outpatient setting. In outpatient
setting studies (rehabilitation and
prehabilitation studies)
measurements should be
performed “on admission”. Please
rate your agreement with this
proposal on a scale from 1 to 5.

1. Was bedeutet “admission” im outpatient setting? Die
Patienten sind ja nur ambulant an diesem Tag da.

2. Wording here is unclear—|I am assuming this means
‘on admission’ here means first presentation to the
outpatient service

3. 4

4. ltis possible to do measurements at the counselling or
pre-admission appointment in outpatient setting

5. | prefer the expression “Baseline” (defined as the
starting point before HSCT and or the intervention) and
fixed time points during follow-up, e.g., 3-month and 6-
month follow-up. During the course of treatment, the
number of “admissions” may vary quite a lot between
patients in an outpaint setting.

6. | think this measurement should be done @ pre
admission consultation, and on/during admission

7. can you add more lay-out? for example, indicate the
proposal in bold.

Proposal 6 (Agreement 71%)

In outpatient setting studies
(rehabilitation and prehabilitation
studies) measurements should be
performed at discharge.

1. Siehe Anmerkung oben

2. depending on the therapy setting

3. As above—does this mean on discharge from the
outpatient service... i.e., end of follow-up (perhaps
transition to a survivorship clinic).

4. As | have argued above | prefer fixed and defined time
points related to days, months, or years since HSCT.

5. see previous comment

Proposal 7 (Agreement 75%)

In outpatient setting studies
measurements should be
performed one year after
discharge (only for rehabilitative

1. Also possibility at 100 days post transplant

2. One year would be ideal, however may not be realistic
and may have many lost to follow up.

3. One year follow-up may be relevant in prehabilitative
studies too. A time point defined as one year after patients
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interventions  studies—not for
prehabilitative).

received the stem cells is more in line with the general
recommendation for control visits and follow-up after
HSCT. It is definitely a better choice if the results in new
studies should be compared with former results from other
studies.

4. consider 6 months. 1 year is long follow-up

5. this may be a bit confusing: first it is for both
rehabilitation and prehabilitation studies, and next in in not
for prehabilitative studies... i would formulate this
differently. perhaps avoid the term ‘outpatient setting”: e.g.,
only for rehabilitative interverion studies, measurements
should ...

Proposal 8 (Agreement 87%)
The outcome “strength” should be
measured in all studies
investigating the effects of
rehabilitative interventions for
patients  with hematological
malignancies treated with
allogeneic HSCT.

1. 5

2. I'm very uncertain about what you mean or how you
define “strength”? If you mean physical strength, when it is
still very uncertain what kind of physical strength.
Cardiorespiratory? Muscle strength? Or, is it related to
health related quality of life? or do you include all? | would
say yes to measuring all mentioned above.

Proposal 9 (Agreement 96%)
The outcome “exercise capacity”
should be measured in all studies
investigating the effects of
rehabilitative interventions for
patients  with hematological
malignancies treated with
allogeneic HSCT.

1.5

2. | agree, if you define “Exercise capacity” as the
maximum amount of physical exertion that a patient can
sustain.

Proposal 10 (Agreement 74%)
In the previous round of our study,
79.16% of the participants agreed
that we should recommend not
only outcomes that should be
measured but also the
measurement instruments with
which they should be measured.
We intend to suggest the
measurement of the outcome
“strength” by two measurement
instruments: The “Hand held
dynamometer” and the “5 times sit
to stand test”. Please rate your
agreement with the following
proposal on a scale from 1 to 5:
The outcome strength should be
measured with the measurement
instrument “hand held
dynamometer” in all studies
investigating the effects of
rehabilitative interventions for
patients  with hematological
malignancies treated with
allogeneic HSCT.

1. There are no comparative values to classify the hand
strength Alternatively, a bioimpedant analysis could be
used

2. It can be masured by other ways but hand grip
dynamometer is one of them, gait speed, or others

3. not currently measured in my service

4. evidence base weaker

Proposal 11 (Agreement 83%)
The outcome strength should be
measured with the measurement

1. We have found it easier to measure a 30 s sit to stand.
2. Is another way to measure this but | agree is a valid
one. 5

3. Or 30 time sit to stand
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instrument “5 times sit to stand
test” in all studies investigating the
effects of rehabilitative
interventions for patients with
hematological malignancies
treated with allogeneic HSCT.

4. Either 5 times sit to stand or 30 s sit to stand test, they
both appear to be used in this population, so perhaps the
measure that can be more validly measured using
telehealth would be best.

5. 30 s sit to stand

Proposal 12 (Agreement 75%)
The outcome “exercise capacity”
should be measured with the

1. Yes but only for impaired patients
2. This is an easy maesurement and can be done in any
setting and is also recommended and valid. 5

measurement instrument “6 min
walk test” in all studies
investigating the effects of
rehabilitative interventions for
patients  with hematological
malignancies treated with
allogeneic HSCT.

3. The gold standard is the cardiorespiratory capacity test,
but this test is difficult to choose as a mandatory part of the
test battery as it is ressource comsuming (time and
equipment). | am uncertain about the 6-min walk test's
sensibility to detect differences and its applicability related
to the target audience (patients treated with HSCT).

3.3.4 Measurement Guidelines
Table 6 and Table 7 illustrate the measurement recommendations for studies

investigating the effects of rehabilitative interventions for patients with hematological

malignancies treated with AlloHSCT.

Table 6. Delphi Study Measurement guidelines for studies in hospital settings.

Recommended Recommended Outcome Recommended Time
Outcome Measurement Instrument Points
Baseline
Handgrip Dynamometer . o
Strength
g 30-Second Sit-to-Stand 22?6 discharge criteria are
Exercise 1. Baseline
Capacity e  6-Minute Walk Test 2. Once discharge criteria are
met
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Table 7. Delphi Study Measurement guidelines for studies in non-hospital settings.

Recommended Recommended Outcome . .
Recommended Time Points
Outcome Measurement Instrument
Handgrip Dynamometer 1. Baseline
Strength g. Pey 2. Last day of pre-rehabilitation
30 s Sit-to-Stand .
3. One year after transplantation
1. Baseline
Exercise Capacity e 6 min Walk Test 2. Last day of pre-rehabilitation

3. One year after transplantation

3.4 Discussion

Through this study, we provide measurement guidelines for clinical trials investigating the
effects of rehabilitative interventions for patients with hematological malignancies treated with
AlloHSCT and/or autologous HSCT in hospital and non-hospital settings. To our knowledge,
this is the first study to develop either a COS or measurement guidelines using the Delphi

process in this field.

Core Outcome Sets (COSs) and measurement sets in cancer research are predominantly
disease-specific [9]; notably, a major effort in the field of hematological malignancies did not
consider patients who have undergone allogeneic hematopoietic stem cell transplantation
(AlloHSCT) [10], although AlloHSCT recipients represent a unique and clinically distinct
population within hematological malignancies, since the post-transplant course, complications
such as graft-versus-host disease, and long-term outcomes in AlloHSCT patients differ

substantially from those in other patient groups.
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In the field of oncology rehabilitation, the development of a COS for lung cancer patients
is currently in progress [11]; in this ongoing work [10], similar to in the present study,
researchers aim to define the outcome measurement instruments (OMIs) that should be used
by clinical trialists in addition to the outcomes. Despite explicit recommendations for the
selection of OMIs in/after COS development [6], this step is frequently neglected in new

studies [12].

One of the strengths of this study is its comprehensive approach to addressing sources
of clinical diversity. The measurement guidelines recommend not only what and how to
measure but also specify when and in which clinical setting (i.e., hospital or non-hospital) to
do so, thereby directly addressing major sources of heterogeneity in clinical research;
therefore, we introduce a new term: “measurement guideline.” By considering heterogeneity
in this manner, the study not only enhances the reliability of meta-analytic results but also
facilitates the use of weighted mean difference (WMD) rather than standardized mean
difference (SMD). Pooling results using WMD allows outcomes to be ex-pressed in clinical
units, making findings directly interpretable and clinically meaningful for health professionals

[13].

Another strength of this study is that the recommendations were informed by an ex-tensive
scoping review [7], conducted during the preparatory phase to provide a comprehensive

overview of outcomes, relevant measurement instruments, and their timing.

Furthermore, we considered the panelists’ arguments by giving them the opportunity to
comment and express the reasoning for their responses, rather than simply rating their degree
of agreement with each proposal; this approach enabled us to gain a deeper under-standing

of their perspectives, which we then used to refine our proposals and inform our conclusions.

Despite its strengths, this study is not without limitations. A notable limitation of this
Delphi study is the low response rate among invited panelists. Low participation can threaten

the validity and representativeness of the results, as it may introduce selection bias and reduce
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the diversity of expert perspectives [14,15]. De-spite efforts to recruit a broad and
knowledgeable panel, the Ilimited number of respond-ents may have affected the
generalizability of the consensus reached. Furthermore, due to the anonymity of the process,
we cannot determine the demographic composition of the participants in terms of academic
or professional background. Nevertheless, by inviting only individuals with proven academic
activity (i.e., corresponding authors of published RCTs) or established clinical expertise
(clinical experts from transplantation units), we ensured that the responses were provided by

a highly qualified group of professionals.

Although published and widely accepted recommendations advocate for the inclusion of
people with lived experience as key stakeholders in the development of measurement sets
[16], we chose not to involve them in this study, a decision which was primarily made due to
practical constraints, including limited time and resources, as well as the challenges of
providing adequate support and debriefing for this vulnerable population. As this was the first
study of its type in this patient group, careful expectancy management and sufficient
participant support were essential considerations that our team was not fully equipped to
address. Consequently, the necessary level of engagement and support for people with lived
experience could not be ensured, and we acknowledge this as a significant limitation of the
measurement guidelines; this exclusion also meant that we were unable to meaningfully define
and incorporate patient-reported outcomes (PROs) in the measurement guidelines. Since
patients are essential to identifying outcomes that matter most to them, particularly life impact
outcomes within core outcome sets (COSs) [17], which are typically captured using patient-
reported outcome measures (PROMs) [18], the absence of their input may have resulted in a

measurement guideline that does not fully reflect patient priorities.

Future research in this area should prioritize the meaningful involvement of people with
lived experience, where feasible and appropriate. Although we believe that using this
measurement guideline in its current form can help reduce heterogeneity in clinical re-search,

expanding it to include patient-reported outcomes (PROs) and patient-reported outcome
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measures (PROMs) would further enhance its value. Such an expansion should be grounded
not only in patient inclusivity, but also in meaningful patient engagement, ensuring that the
selected outcomes are both relevant and important to patients [19]. Finally, the fact that the
two guidelines we developed refer to different settings (hospital vs. non-hospital) offers the
opportunity to define more relevant PROs and PROMs for each context, as lived experience

can vary significantly between these settings.

3.5 Conclusions

The results of this study advance the field of rehabilitation research for patients with
hematological malignancies undergoing allogeneic hematopoietic stem cell transplantation
(AlloHSCT) by offering the first Delphi-based consensus recommendations for standardized
measurement guidelines in this specific population. While the development of Core Outcome
Sets (COSs) is well-established in cancer research, in our work, we uniquely address the
neglected area of AlloHSCT and provides detailed guidance not only on what outcomes to
measure, but also on how, when, and in which settings to measure them, thereby directly
tackling major sources of clinical diversity and heterogeneity that have previously complicated
the synthesis of research findings. The proposals we conducted in the Delphi study were
informed by an extensive scoping review and enriched by insights from expert panelists,
whose comments were integral to refining our proposals. However, our deliberate exclusion
of patients from the consensus process introduces important limitations, most notably the
inability to meaningfully incorporate patient-reported outcomes (PROs) and patient-reported
outcome measures (PROMs), which are crucial for capturing life impact outcomes and
ensuring that research priorities align with patient needs. Looking ahead, future research
should prioritize meaningful patient engagement to expand the measurement guidelines with
relevant PROs and PROMs, using qualitative methods to identify and organize patient needs
before further consensus-building efforts. Ultimately, while the current measurement

guidelines promise to reduce heterogeneity and facilitate robust meta-analyses, their ongoing
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refinement through inclusive, patient-centered re-search will be essential to maximize their

clinical relevance and value.
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Chapter 4 : Discussion and

Conclusions

4.1 Core Outcome Set & Measurement Guideline

This dissertation advances the field of research in oncology rehabilitation by delivering a
clinical core outcome set (COS) and accompanying measurement guidelines tailored to
patients with hematological malignancies undergoing AlloHSCT. This population represents a
distinct clinical group, burdened by unique complications such as GvHD, prolonged
immunosuppression, corticosteroid-induced muscle weakness, fluctuations in nutritional
status, and decreased physical vitality. These manifestations transcend underlying
malignancy type, thereby justifying the focus of this research on defining standardized

outcomes and measurement instruments for this subgroup.

What distinguishes this work from other COS is its comprehensive approach to the
challenge of heterogeneity in clinical research. Instead of merely developing a COS, which is
already recognized as a means to reduce outcome-reporting bias and facilitate comparability,
this dissertation examined and addressed the entire spectrum of heterogeneity encountered
in studies involving this population, including clinical, methodological, and consequently

statistical heterogeneity.

A systematic scoping review was conducted to accurately map and identify the sources
of heterogeneity, revealing that clinical heterogeneity, particularly variations in patient
condition, interventions, study settings and outcome definitions, is the predominant issue in
this field, accompanied by methodological heterogeneity due to variations in outcome

measurements instruments and study methods. Building upon these findings, a Delphi study
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was performed, which further elaborated and dissected these sources by engaging expert

stakeholders and synthesizing their perspectives.

As a result, this dissertation delivers not only a core outcome set but also incorporates it
within a detailed measurement guideline. The guideline we developed provides explicit
recommendations regarding which outcomes should be measured, how those outcomes
should be measured and when the measurements should be performed. Moreover, the
guideline provides recommendation regarding the clinical settings in which the measurements
should be conducted, such as inpatient or outpatient, thus supporting improved evidence
synthesis, trial design, and clinical interpretation in rehabilitative research for AlloHSCT

patients.

4.2 Measurement Guideline Implementation

A key contribution of this dissertation is the introduction and detailed development of a
measurement guideline that supplements the clinical COS by specifying not only that the
clinical outcomes strength and exercise capacity should be measured, but also how and when
these measurements should be performed. Specifically, the guideline recommends assessing
strength using a hand-grip dynamometer and a 30-Second Sit-to-Stand test, and exercise
capacity using the 6-Minute Walk Test. These assessments should be conducted at baseline
and once discharge criteria are met in hospital settings, as well as at baseline, at the last day
of pre- or rehabilitation, and one year after transplantation in non-hospital settings. The
scoping review conducted as part of this work revealed considerable inconsistency in both the
instruments used and the timing of outcome measurements across studies. For example,
muscle strength, a prevalent and clinically meaningful outcome, was measured by 6 different
measurement instruments using 8 different outcome names, which complicates meta-analysis
and evidence synthesis. The measurement guideline therefore recommends the use of high-

quality instruments validated for the population of interest, recognizing that measurement
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properties can vary by setting and clinical phase. Furthermore, it emphasizes that the timing
of outcome measurement should correspond to recognized phases in the AlloHSCT trajectory,
thereby reducing bias attributable to patient fluctuations in health status. The measurement
guidelines also differentiate between hospital and non-hospital setting to account for

practicability and patient needs in outcome monitoring.

The adoption of such a measurement guideline has the potential to enhance evidence
synthesis in two main directions. First, by standardizing key aspects of outcome measurement,
particularly the choice of outcome used and the setting across trials (hospital vs non-hospital),
the guideline promotes greater clinical and methodological homogeneity among included
studies. This increased homogeneity improves the appropriateness of conducting meta-
analyses using fixed effect models, rather than defaulting to random effects models that are
typically required when study populations and methodologies vary substantially. Fixed effect
models, when justified, tend to yield more precise and interpretable estimates, further

increasing the reliability of synthesized evidence.

Second, standardizing measurement tools across studies ensures consistent scales and
units, increasing the number of studies reporting all outcomes. This reduces reporting bias by
encouraging the publication of all results, even those that are less significant or unexpected.
This, in turn, increases the feasibility of synthesizing results using weighted mean differences
(WMD) instead of standardized mean differences (SMD). Meta-analyses that use WMDs
enhance clinical interpretability, as findings are expressed in familiar, clinically meaningful
units rather than as abstract statistical metrics. This facilitates the translation of research

findings into clinical practice, bridging the gap between research and patient care.

In summary, measurement guidelines constructed in this manner facilitate robust,
clinically relevant evidence synthesis, ultimately supporting more informed decision-making in

clinical settings.
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An important step towards implementing this measurement guideline is its inclusion in
the COMET Database. This internationally recognized resource provides researchers
planning clinical trials with guidance on selecting and reporting core outcome sets (COS)
through a user-friendly search function. To support broad implementation, the clinical COS
should be registered in the COMET Database to enhance its discoverability. In addition,
dissemination should be strengthened through presentations at national and international
conferences, publication in peer-reviewed journals, and targeted communication with
researchers registering new clinical trials in relevant databases. Such proactive dissemination
strategies are expected to facilitate adoption and integration of the measurement guideline in

future clinical research.

4.3 Limitations

Despite its strengths, this study is constrained by two principal limitations. First, patient
participation was not incorporated into the Delphi consensus process. Although current
standards increasingly recommend engaging individuals with lived experience in core
outcome set development, this research focused on creating a "clinical" COS, with consensus
reached solely among professional stakeholders due to practical barriers such as limited
resources and the need for specialized support for patient involvement. Consequently, patient-
reported outcomes and measures were not prioritized, which may restrict the COS’s

representation of issues most valued by patients.

Second, the Delphi process experienced a relatively low response rate among invited
panelists. This diminished participation could compromise the diversity and breadth of expert
perspectives included in the consensus, potentially affecting the generalizability and

representativeness of the resulting measurement guideline.

Third, the steering committee did not include a nutrition scientist, which may have limited the

integration of specialized nutritional perspectives into the core COS. Muscle loss, sarcopenia,
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and cachexia represent distinct yet prevalent entities among patients with hematological
malignancies undergoing allogeneic stem cell transplantation, often exacerbated by factors
such as mucositis during hospitalization, reduced physical activity due to isolation protocols,
gastrointestinal involvement from graft-versus-host disease leading to cachexia, and
corticosteroid-induced myopathies. Addressing these through combined nutritional and
exercise interventions is crucial, and incorporating muscle mass measurements into the COS
could have enhanced its relevance. However, the committee instead comprised two
oncological nurses, under the assumption that they adequately represented nutritional and
psycho-oncological dimensions. Finally, methodological constraints in the COS development
precluded the consideration of muscle mass measurements, as recommendations were
restricted to outcomes commonly assessed in our preparatory scoping review, from which

such measurements were absent.

4.4 Future Research

Looking ahead, future research should prioritize meaningful engagement of patients and
other key stakeholders to expand this clinical COS and its accompanying measurement
guideline into a comprehensive COS and measurement guideline, by integrating patient-
reported outcomes (PROs) and patient-reported outcome measures (PROMs), tailored to both
hospital and non-hospital contexts. Qualitative studies to elucidate patient needs,
expectations, and preferred outcomes will ensure greater clinical relevance and inclusivity.
The use of comprehensive COS incorporated in measurement guidelines can result to more

patient-centered research, while decreasing heterogeneity in research findings.

Additionally, systematic reviews in this field should systematically quantify clinical
heterogeneity in meta-analyses by leveraging validated tools such as the Clinical Diversity in
Meta-analysis (CDIM) instrument and further investigate its underlying sources and impact on

evidence synthesis. Understanding how clinical, methodological, and statistical heterogeneity
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interact is crucial for interpreting pooled effects and improving the reliability of systematic

reviews using COS.

Finally, there is a strong need for observational research to evaluate how the
implementation of COS has affected heterogeneity in other medical fields, learning from these
examples and applying best practices to studies of rehabilitative interventions for HSCT
patients. Such comparative research could clarify the degree to which the adoption of COS

leads to more consistent outcome reporting and more informative meta-analyses in practice.

4.5 Conclusions

This dissertation provides the first structured attempt to standardize outcome
measurement in trials of rehabilitative interventions for patients with hematological
malignancies undergoing HSCT. By combining a clinical COS with an innovative
measurement guideline, it lays essential groundwork to reduce outcome-reporting
heterogeneity, address measurement bias, and improve the clinical interpretability of research
findings. Although limitations, most notably low response rates and the absence of patient
involvement, curtail some aspects of validity and inclusivity, this guideline nonetheless
represents a starting point to methodologically and conceptually advance research in oncology

rehabilitation.
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APPENDIX

Appendix A. Delphi Study Round 1 Results

Q1. Please rate the degree to which you agree or disagree with the following statement:
The Measurement Set we intend to develop should define the number of measurements
during a study and the time points of measurements as well.

Answered: 24 Skipped: 0

(no label)

0% 10% 20% 30% 40% S50% 60% 70% BO% 90% 100%

Strong . Agree Neither agr : 'J Disagree
stronglyDi.. [
STRONGLY AGREE NEITHER AGREE NOR DISAGREE STRONGLY NIA TOTAL WEIGHTED
AGREE DISAGREE DISAGREE AVERAGE
(no 33.33% 54.17% 8.33% 0.00% 0.00% 4.17T%
label) 8 13 2 0 0 1 24 1.74
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Q2. Please rate the degree to which you agree or disagree with the following statement:
The Measurement Set we intend to develop should not include only the minimum number of
common “outcomes” that should be measured in future studies. The “outcome measurement
instruments” should be included as well whenever this is possible.

Answered: 24 Skipped: 0

{no label) "
E—
0% 10% 20% 30% 40% 50% 60% T0% BO% 90% 100%
. Agree MNeither agr mﬂ Disagree
[T
STRONGLY AGREE NEITHER AGREE NOR DISAGREE STRONGLY NIA TOTAL WEIGHTED
AGREE DISAGREE DISAGREE AVERAGE
(no 8.33% 70.83% 12.50% 8.33% 0.00%  0.00%
label) 2 17 3 2 0 0 24 2.21
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Q3. Please rate the degree to which you agree or disagree with the following statement:
The Measurement Set we intend to develop should apply only for patients with hematological
malignancies treated with “allogeneic” stem cell transplantation (both reduced intensity
conditioning and myeloablative). This measurement set is not appropriate for patients treated
with autologous stem cell transplantation due to different medical treatment, iatrogenic clinical
manifestations and timing of procedures.

Answered: 24 Skipped: 0

{no label)

o
|

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

. Agree Neither agr ) Disagree
STRONGLY AGREE NEITHER AGREE NOR DISAGREE STRONGLY NIA TOTAL WEIGHTED
AGREE DISAGREE DISAGREE AVERAGE
(no 16.67% 33.33% 29.17% 16.67% 4.17%  0.00%
label) 4 8 T 4 1 0 24 2.58
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Q4. Please rate the degree to which you agree or disagree with the following statement:
This Delphi Study should deliver two different Measurement Sets. One for the studies during
hospitalization for stem cell transplantation and one adjusted for non-hospital settings.

Answered: 24 Skipped: 0

(no label)

0% 10% 20% 30% 40% 50% 60% 0% 80% 90% 100%

. Strongly ag... . Agree Neitheragr.. [l Disagree

. Strongly dis. . N/A

STRONGLY AGREE NEITHER AGREE NOR DISAGREE STRONGLY NIA TOTAL WEIGHTED
AGREE DISAGREE DISAGREE AVERAGE
(no 16.67%  50.00% 12.50% 12.50% 8.33%  0.00%
label) 4 12 3 3 2 0 24 2.46
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Q5. Please rate the degree to which you agree or disagree with the following statement :
The Measurement Set we intend to develop will not include Patient Reported Outcomes
(PROs) and their Measurement instruments (PROMs). PROs and PROMs should be added
in this measurement set in a next step through a dedicated patient-focused study.

Answered: 24  Skipped: 0

(no label)

0% 10% 20% 30% 40% 50% 60% 0% B80% 90% 100%

. Strongly ag . Agree ) Neither agr... [} Disagree

B stronglydis.. [ nia

STRONGLY AGREE NEITHER AGREE NOR DISAGREE  STRONGLY NIA TOTAL WEIGHTED
AGREE DISAGREE DISAGREE AVERAGE
(no 16.67% 29.17% 16.67% 16.67% 20.83%  0.00%
label) 4 T 4 4 5 0 24 2.96
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Appendix B. Delphi Study Round 2 Results

Q1. In the first round of study, 87.5% of the participants agreed that we should recommend
a minimum of fixed time-points for measurements in studies including patients treated with
allogenetic stem cell transplantation. We are now referring to studies during hospitalization.
To what extent do you agree with the fixed time-point “on admission” ? Please rate your

agreement on scale from 1 to 5.

(no label)
0%
. Strongly ag
' Strongly Di
STRONGLY AGREE NEITHER AGREE
AGREE NOR DISAGREE
(no 45.83% 33.33%
label) 11 8
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Answered: 24

40%

. No expertise

DISAGREE

0.00%

137

Skipped: 0

50% 60% 0% 80% 90%

Neither agr B Disagree

STRONGLY NO
DISAGREE EXPERTISE

16.67% 0.00%
4 0

100%

TOTAL

24

WEIGHTED
AVERAGE

2.08



Q2. During hospitalization, measurements should be performed at day 10+ after the
transplantation. In this time-point severe cytopenia is often present, at least for patients treated
with myeloablative conditioning. Symptoms severity might have reached its peak in this time-
point. To what extent do you agree with the fixed time-point "day 10+” ? Please rate your
agreement on a scale from 1 to 5.

{no label) _

0% 10% 20% 30% 40% 50% 60% T0% 80% 90% 100%

—,

Neither agr B Disagree
tise
STRONGLY AGREE NEITHER AGREE DISAGREE STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 8.70%  34.78% 30.43% 13.04% 8.70% 4.35%
label) 2 8 7 3 2 1 23 2.77
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Q3. During Hospitalization, measurements should be performed at discharge. In this time-
point oral administration of immunosuppression has been achieved and intravenous lines can
be removed for the purpose of the measurements. To what extend do you agree with the fixed
time-point “at discharge” ? please rate your agreement on a scale from 1 to 5.

Answered: 24 Skipped: 0

{no label)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B stronglyag. [ Agree Neither agr.. [} Disagree
. Strongly Di. . No expertise

STRONGLY AGREE NEITHER AGREE DISAGREE  STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 50.00%  25.00% 8.33% 8.33% 8.33% 0.00%
label) 12 ] 2 2 2 0 24 2.00
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Q4. During hospitalization, in the time-point 2 (day + 10 post HSCT) performance-based
tests might be too strenuous or even impossible for some patients. Therefore, only clinician-
observed outcomes or patient reported outcomes should be measured. Please rate your
agreement with this statement on a scale of 1 to 5.

Answered: 24  Skipped: 0

(no label)

0% 10% 20% 30% 40% 50% 60% T0% 80% 90% 100%

. Strongly ag... . Agree Neither agr.. g Disagree
. Strongly dis.. - No expertise

STRONGLY AGREE NEITHER AGREE DISAGREE STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 20.83%  37.50% 29.17% 4.17% 8.33% 0.00%
label) 5 9 ¥ o 2 0 24 242
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Q5. In the previous round of our study, 66.67% of the participant agreed that we should
recommend two measurement sets. One for studies in hospital setting and one for studies in
outpatient setting. We are now referring to studies in outpatient setting. In outpatient setting
studies (rehabilitation and prehabilitation studies) measurements should be performed “on
admission”. Please rate your agreement with this proposal on a scale from 1 to 5.

Answered: 24  Skipped: 0

(no label)

0% 10% 20% 30% 40% 50% 60% 70% B0% 90% 100%

. Strongly ag... . Agree Neither agr... [__ ] Disagree
a Strongly dis . No expertise
STRONGLY AGREE NEITHER AGREE DISAGREE STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 45.83%  33.33% 16.67% 4.17% 0.00% 0.00%
label) 11 8 4 1 0 0 24 1.79
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Q6. Please rate your agreement with the following proposal on a scale from 1 to 5: In
outpatient setting studies (rehabilitation and prehabilitation studies) measurements should be
performed at discharge.

Answered: 24  Skipped: 0

(no label)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

. Strongly ag... . Agree Neitheragr.. [ Disagree
. Strongly dis.. . No expertise

STRONGLY AGREE NEITHER AGREE DISAGREE STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 41.67%  29.17% 16.67% 8.33% 4.17% 0.00%
label) 10 i 4 2 1 0 24 2.04
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Q7. Please rate your agreement with the following proposal on a scale from 1 to 5: In
outpatient setting studies measurements should be performed one year after discharge (only
for rehabilitative interventions studies - not for prehabilitative).

Answered: 24  Skipped: 0

(no label)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

. Strongly ag... . Agree B Neither agr... . Disagree
. Strongly dis . No expertise

STRONGLY AGREE NEITHER AGREE DISAGREE STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 20.83%  54.17% 12.50% 12.50% 0.00% 0.00%
label) 5 13 3 3 0 0 24 2.17
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Q8. Please rate your agreement with the following proposal on a scale from 1 to 5: The
outcome “strength” should be measured in all studies investigating the effects of rehabilitative
interventions for patients with hematological malignancies treated with allogeneic HSCT.

Answered: 24  Skipped: 0

(no label)

0% 10% 20% 30% 40% 50% 60% T0% BO% 20% 100%

. Strongly ag.. . Agree Neither agr.. [l Disagree
B strongly dis.. . No expertise

STRONGLY AGREE NEITHER AGREE DISAGREE  STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 50.00%  33.33% 4.17% 4.17% 4.17% 4.17%
label) 12 8 1 1 1 1 24 1.74
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Q9. Please rate your agreement with the following proposal on a scale from 1 to 5: The
outcome “exercise capacity” should be measured in all studies investigating the effects of
rehabilitative interventions for patients with hematological malignancies treated with allogeneic

HSCT.
Answered: 24  Skipped: 0
(no label)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
. Strongly ag... . Agree Neither agr... . Disagree
. Strongly dis . No expertise
STRONGLY AGREE NEITHER AGREE DISAGREE STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 45.83%  50.00% 0.00% 0.00% 4.17% 0.00%
label) 11 12 0 0 1 0 24 1.67
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Q10. In the previous round of our study, 79.16% of the participants agreed that we should
recommend not only outcomes that should be measured but also the measurement
instruments with which they should be measured. We intend to suggest the measurement of
the outcome “strength” by two measurements instruments: The “Handgrip dynamometer” and
the “5 times sit to stand test”. Please rate your agreement with the following proposal on a
scale from 1 to 5: The outcome strength should be measured with the measurement
instrument “handgrip dynamometer” in all studies investigating the effects of rehabilitative
interventions for patients with hematological malignancies treated with allogeneic HSCT.

(no label)

0% 10% 20% 30% 40% 50% 60% T0% 80% 80% 100%
. . Agr 3
i LT . No t
STRONGLY AGREE NEITHER AGREE DISAGREE STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 45.83% 25.00% 16.67% 4.17% 4.17% 4.17%
label) 11 6 4 1 1 1 24 191
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Q11. Please rate your agreement with the following proposal on a scale from 1 to 5: The
outcome strength should be measured with the measurement instrument “5 times sit and stand
test” in all studies investigating the effects of rehabilitative interventions for patients with
hematological malignancies treated with allogeneic HSCT.

Answered: 24 Skipped: O

(no label)

0% 10% 20% 0% 40% 50% 60% T0% B0% 90% 100%

. Strongly ag . Agree Neither agr D Disagree
. Strongly dis... . No expertise
STRONGLY AGREE NEITHER AGREE DISAGREE STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 33.33% 45.83% 16.67% 0.00% 0.00% 4.17%
label) 8 11 4 0 0 1 24 1.83
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Q12. Please rate your agreement with the following proposal on a scale from 1 to 5: The
outcome “exercise capacity” should be measured with the measurement instrument “6 minute
walk test” in all studies investigating the effects of rehabilitative interventions for patients with
hematological malignancies treated with allogeneic HSCT.

Answered: 24  Skipped: 0

(no label)
0% 10% 20% 30% 40% 50% 60% T0% 80% 90% 100%
. Strongly ag Neither agr Disagree
. Strongly dis
STRONGLY AGREE NEITHER AGREE DISAGREE STRONGLY NO TOTAL WEIGHTED
AGREE NOR DISAGREE DISAGREE EXPERTISE AVERAGE
(no 4167%  33.33% 16.67% 4.17T% 4.17% 0.00%
label) 10 8 4 1 1 0 24 1.96

148

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 07:00:26 EEST - 216.73.216.250



Appendix C. Delphi Study Round 1 Summarized Results

Proposal Strongly

Proposal Approval Agree

Agree

Neither
Agree nor
Disagree

Disagree

Strongly Disagree

N/A

Total
Responses

1. The Measurement Set we
intend to develop should
define the number of
measurements during a study
and the time points of
measurements as well.

2. The Measurement Set we
intend to develop should not
include only the minimum
number of common
“outcomes” that should be
measured in future studies.
The “outcome measurement
instruments” should be
included as well whenever
this is possible.

3. The Measurement Set we
intend to develop should
apply only for patients with NO 16.67%
hematological malignancies
treated with “allogeneic”

YES 33.33%

YES 8.33%

54.17%

70.83%

33.33%

8.33%

12.50%

29.17%

0.00%

8.33%

16.67%

0.00%

0.00%

4.17%

4.17%

0.00%

0.00%
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stem cell transplantation
(both reduced intensity
conditioning and
myeloablative). This
measurement set is not
appropriate for patients
treated with autologous stem
cell transplantation due to
different medical treatment,
iatrogenic clinical
manifestations and timing of
procedures.

4. This Delphi Study should
deliver two different
Measurement Sets. One for
the studies during
hospitalization for stem cell
transplantation and one
adjusted for non-hospital
settings.

5. The Measurement Set we
intend to develop will not
include Patient Reported
Outcomes (PROs) and their
Measurement instruments
(PROMs). PROs and PROMs
should be added in this
measurement set in a next
step through a dedicated
patient-focused study.

YES 16.67%  50.00% 12.50% 12.50% 8.33% 0.00% 24

NO 16.67% 29.17% 16.67% 16.67%  20.83% 0.00% 24
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Appendix D. Delphi Study Round 2 Summarized Results

Proposal Strongly Neither . . Total
Proposal Agree  Agree nor Disagree Strongly Disagree N/A
Approval Agree ) Responses
Disagree
1. In the first round of study,
87.5% of the participants
agreed that we should
recommend a minimum of
fixed time-points for
measurements in studies
including patients treated with —y - 45.83%  33.33% 4.17% 0.00%  16.67% 0.00% 24

allogenetic stem cell
transplantation. We are now
referring to studies during
hospitalization. To what
extent do you agree with the
fixed time-point “on
admission” ?

2. During hospitalization,
measurements should be
performed at day 10+ after
the transplantation. In this
time-point severe cytopeniais NO 8.70% 34.78% 30.43% 13.04% 8.70% 4.35% 23
often present, at least for
patients treated with
myeloablative conditioning.
Symptoms severity might
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have reached its peak in this

time-point. To what extent do
you agree with the fixed time-
point “day 10+” ?

3. During Hospitalization,
measurements should be
performed at discharge. In
this time-point oral
administration of
immunosuppression has
been achieved and YES 50.00% 25.00% 8.33% 8.33% 8.33% 0.00% 24
intravenous lines can be
removed for the purpose of
the measurements. To what
extend do you agree with the
fixed time-point “at
discharge” ?

4. During hospitalization, in the
time-point 2 (day + 10 post
HSCT) performance-based
tests might be too strenuous
or even impossible forsome  NO 20.83%  37.50% 29.17% 4.17% 8.33% 0.00% 24
patients. Therefore, only
clinician-observed outcomes
or patient reported outcomes
should be measured.

5. In the previous round of our
study, 66.67% of the
participant agreed that we
should recommend two

YES 45.83% 33.33% 16.67% 4.17% 0.00% 0.00% 24
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measurement sets. One for
studies in hospital setting and
one for studies in outpatient
setting. We are now referring
to studies in outpatient
setting. In outpatient setting
studies (rehabilitation and
prehabilitation studies)
measurements should be
performed “on admission”.

6. In outpatient setting studies
(rehabilitation and
prehabilitation studies) YES
measurements should be
performed at discharge.

7. In outpatient setting studies
measurements should be
performed one year after
discharge (only for YES
rehabilitative interventions
studies - not for
prehabilitative).

8. The outcome “strength”
should be measured in all
studies investigating the
effects of rehabilitative YES
interventions for patients with
hematological malignancies
treated with allogeneic HSCT.

16.67%

12.50%

4.17%

8.33%

12.50%

4.17%

4.17%

0.00%

4.17%

0.00%

0.00%

4.17%

24

24

24
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9. The outcome “exercise
capacity” should be
measured in all studies
investigating the effects of
rehabilitative interventions for
patients with hematological
malignancies treated with
allogeneic HSCT.

10. The outcome strength should
be measured with the
measurement instrument
“handgrip dynamometer” in all
studies investigating the YES 4583% 25.00% 16.67% 4.17% 4.17% 417% 24
effects of rehabilitative
interventions for patients with
hematological malignancies
treated with allogeneic HSCT.

11. The outcome strength should
be measured with the
measurement instrument “5
times sit and stand test” in all
studies investigating the YES 33.33% 45.83% 16.67% 0.00% 0.00% 417% 24
effects of rehabilitative
interventions for patients with
hematological malignancies
treated with allogeneic HSCT.

12. The outcome “exercise
capacity” should be
measured with the
measurement instrument “6

YES 45.83% 50.00% 0.00% 0.00% 4.17% 0.00% 24

YES 41.67%  33.33% 16.67% 4.17% 4.17% 0.00% 24
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minute walk test” in all studies
investigating the effects of
rehabilitative interventions for
patients with hematological
malignancies treated with
allogeneic HSCT.
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Appendix E. Delphi Study invitation e-mail round 1

Dear Sir or Madam,

| would like to invite you to fill in a questionnaire with five questions for a Delphi study
because of your

expertise in the management of patients with hematological malignancies treated with
allogeneic stem cell transplantation. In this study we want to develop a measurement set for
studies which investigate the efficacy of rehabilitative interventions in patients with
hematological malignancies treated with allogeneic stem cell transplantation.

Purpose of the study

Randomized Controlled Trials (RCTs) are conducted to investigate the efficacy of an
intervention in improving an outcome in comparison to another intervention. Meta-Analysis of
more than one RCTs provides us with better conclusions in regards with the efficacy of an
intervention. However, the validity of Meta-Analysis results and conclusions is often hampered
due to heterogeneity and inconsistency of the included studies. This is the case also for
studies investigating the efficacy of rehabilitative interventions in patients with hematological
malignancies treated with allogeneic stem cell transplantation. Therefore, we intend to develop
a measurement set for studies investigating the effects of rehabilitative interventions for
patients with hematological malignancies treated with allogeneic stem cell transplantation. The
availability of a measurement set should ameliorate the problem of heterogeneity and
inconsistency in future secondary research efforts. The reason for that is that researchers who
conduct RCTs in a common field will be facilitated to deliver a minimum core of outcome
measurements in a manner that enables synthesis.

The Delphi study

We will conduct a Delphi study to reach consensus on a measurement set. This Delphi
study will consist of three to four short online survey rounds. In each round, we will ask your
opinion on proposals regarding the identification of the specific research question addressed
in the study. The proposals are based on a Scoping Review we published in 2022. Based on
your ratings (on a five-point Likert scale) and your arguments, we will either reach consensus
or make better or more specific proposals to be rated in the next Delphi round. This Delphi
study is part of the Thesis of Anastasios Manettas.

Who | am:

| am Anastasios Manettas, PhD candidate in the University of Thessaly, Greece
(Department of Physical Education and Sport Science) and clinical expert for oncological and
hematological physiotherapy in the University Hospital of Zurich, Switzerland.

Potential panelists

For this Delphi study we have invited clinical experts for patients with hematological
malignancies treated with allogeneic stem cell transplantation. We also included authors cited
in the following Scoping Review published in 2022, whenever their email address could be
retrieved: Manettas Al, Tsaklis P, Kohlbrenner D, Mokkink LB. A Scoping Review on
Outcomes and Outcome Measurement Instruments in Rehabilitative Interventions for Patients
with Haematological Malignancies Treated with Allogeneic Stem Cell Transplantation. Curr
Oncol. 2022 Jul 15;29(7):4998-5025. doi: 10.3390/curroncol29070397. PMID: 35877257;
PMCID: PMC9322392.
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In addition, we included authors who recently published their related work in the field of
nutrition, psychological care, nursing, complementary medicine, exercise, physiotherapy and
spiritual care for cancer patients. If you agree to participate, we do ask you to hang in there
for all three to four rounds. Premature dropout will decrease the value of the study, and the
final results may overestimate how much the sample of participants agreed in the proposals.
Each round will require approximately 10 minutes of your time. We ask you to complete each
round within two weeks. After approximately one month we will send you a link for the next
round. Participants who complete at least one Delphi questionnaire will be acknowledged in
the final article (after their approval). If you know any other eligible colleagues who would be
interested, please share their name, function, affiliation and email address with us. If you have
any questions, please do not hesitate to contact me at ( Anastasios.Manettas@usz.ch ).

Thank you very much for your consideration.

Yours sincerely,

Anastasios Manettas
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Appendix F. Delphi Study invitation e-mail round 2

Dear sir or madam,

Thank you for participating in the first round of this Delphi study, which aims to develop a
measurement set for studies investigating the effects of rehabilitative interventions in patients with
hematological malignancies treated with allogeneic stem cell transplantation.

The purpose of this measurement set is to reduce heterogeneity and inconsistency of measurement
in clinicaltrials in this field of research, thus improving the conditions under which meta-analysis can
be performed.

To achieve this goal, we seek to recommend a minimum set of outcomes that should be measured in
all studies. However, we noticed that the timing of measurement and the choice of measurement
instrument used to measure the outcome are significant sources of heterogeneity in trials.

Therefore, we invite you to participate in this second round of our Delphi study, to help us deliver
valuable recommendations referring not only to the outcomes that should be measured, but also to
the timing of measurements and the choice of measurement instruments that should be used.

We took your responses and your comments from the first round into consideration, and we cross-
checked them with our previous study (1), in order to develop the second round of proposals: We now
refer to recommendations rather than definitions. We seek to recommend a whole toolkit (when and
how to measure) rather than just a list of outcomes that should be measured. Last but not least,
although we recommend different measurement time-points for different settings, we adhere to your
suggestion that the same outcomes should be measured in a longitudinal manner throughout the
whole patient journey.

Thank you in advance for participating in the second round!

Anastasios Manettas

1. Manettas Al, Tsaklis P, Kohlbrenner D, Mokkink LB. A Scoping Review on Outcomes and
Outcome Measurement Instruments in Rehabilitative Interventions for Patients with
Haematological Malignancies Treated with Allogeneic Stem Cell Transplantation. Curr Oncol.
2022 Jul 15;29(7):4998-5025. doi: 10.3390/curroncol29070397. PMID: 35877257; PMCID:
PMC9322392.
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