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ABSTRACT

Background and Aims: Hematopoietic Stem Cell Transplantation (HSCT) represents a cornerstone in the therapeutic
management of hematological malignancies, aimed at achieving durable remission and enhancing survival. Optimal post-
transplant care, however, necessitates access to near-real-time, actionable clinical data. Iran currently lacks a dedicated national
surveillance framework for HSCT recipients. This study aims to develop and pilot a comprehensive surveillance system tailored
to the complexities of HSCT within the Iranian healthcare context.

Methods: This qualitative Participatory Action Research (PAR) study was conducted at a tertiary HSCT center in Iran
(2024-2025). Using purposive sampling, 15 stakeholders (hematologists, nurses, informaticians, and registry experts) with
5 years of experience were recruited. Data comprised 46 iterative, semi-structured interviews (face-to-face and telephone)
conducted until data saturation was reached. Thematic analysis with independent double coding and triangulation
(methodological, data source, and theoretical triangulation against EBMT/CIBMTR standards) ensured credibility. A pilot
phase tested feasibility, followed by iterative refinement based on stakeholder feedback prior to institutional integration.
Results: Qualitative synthesis identified three pivotal domains for establishing a national HSCT surveillance system:
transplant-specific clinical challenges, systemic barriers to development, and essential implementation phases. Primary
impediments included regulatory and policy gaps, acute resource constraints, and technological deficits. Key developmental
steps involved the standardization of case definitions, the design of robust data acquisition protocols, and the selection of

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CSS, cancer surveillance system; HL, hodgkin lymphoma; HLA, human leukocyte
antigen; HSCT, hematopoietic stem cell transplantation; MM, multiple myeloma; NHL, non-hodgkin lymphoma; SEER, surveillance, epidemiology, and end results.
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evidence-based performance indicators. The pilot implementation highlighted critical operational hurdles, such as increased

clinician workload and data entry burdens, which subsequently informed the development of tailored technical and structural

solutions for the hospital-based rollout.

Conclusions: This study provides a replicable methodological roadmap for establishing standardized HSCT monitoring sys-
tems in middle-income countries. By identifying longitudinal data gaps and treatment deficiencies, this framework fosters

multi-level collaboration with policymakers and advocates for evidence-based clinical practices to ultimately improve patient

outcomes.

1 | Introduction

Hematological malignancies (HMs) comprise a broad spectrum
of aggressive, life-threatening disorders that necessitate com-
plex, multidisciplinary therapeutic interventions. Hematopoi-
etic Stem Cell Transplantation (HSCT) remains a cornerstone
treatment modality for various conditions, including leukemias,
lymphomas, multiple myeloma, aplastic anemia, and solid
tumors such as breast and ovarian cancer [1, 2]. Critically, the
long-term follow-up of transplanted patients requires a reliable
system for data collection and patient monitoring at predefined
intervals. Such sustained surveillance is essential for assessing
complications, detecting disease recurrence, and guiding overall
health maintenance, ultimately influencing survival out-
comes [3].

The effectiveness of cancer surveillance varies considerably
across healthcare systems worldwide, primarily due to differ-
ences in data collection infrastructure, registry quality, and
population coverage. In developed nations such as the United
States, well-established cancer registries enable the collection of
comprehensive longitudinal data—from initial diagnosis and
staging to long-term treatment outcomes [4-6]. In contrast,
resource-limited settings like Iran face underdeveloped sur-
veillance frameworks, which contribute to poorer survival
outcomes. The lack of robust registries often prevents the
implementation of targeted screening programs, resulting in a
higher proportion of late-stage diagnoses where curative inter-
ventions are less effective. Moreover, without data-driven in-
sights to inform resource allocation, healthcare systems struggle
to address local barriers to care quality—a disparity that high-
lights the urgent need for enhanced monitoring systems within
the Eastern Mediterranean Region (EMR) [7, 8].

International registries such as the European Society for Blood
and Marrow Transplantation (EBMT) and the Center for
International Blood and Marrow Transplant Research
(CIBMTR) provide gold-standard frameworks for assessing
HSCT outcomes [9, 10]. However, their high-intensity docu-
mentation requirements, specialized staffing needs, and
advanced IT infrastructure often render them impractical for
resource-constrained settings such as Iran [11, 12]. Despite
significant clinical advances in transplantation within the
country, Iran still lacks a unified and comprehensive surveil-
lance system for HMs and HSCT. In a resource-limited country
such as Iran, where complete genetic, cytogenetic, and molec-
ular testing is often unaffordable, the core question driving this
surveillance system is: how successful can therapeutic inter-
ventions be when evaluated through functional outcome
indicators?

In response to this challenge, this study aims to develop and
evaluate a pragmatic, hospital-based surveillance system tai-
lored to the Iranian context. The system is designed to integrate
seamlessly with existing clinical workflows, capturing essential
transplant data during routine follow-up visits without impos-
ing additional resource burdens. A key innovation of this model
is its use of PAR, which actively engages frontline clinicians in
the dual processes of data collection and quality improvement
[13]. By addressing the fragmented landscape of national cancer
registries and providing near-real-time clinical insights, this
hospital-based model offers a scalable template for other mid-
dle-income countries seeking to establish foundational regis-
tries before adopting more complex global standards.

2 | Materials and Methods
2.1 | Study Setting and Design

This study was conducted in Urmia County, West Azerbaijan
Province, Iran, focusing on Urmia Imam Khomeini Hospital as the
primary center for hematological malignancies and HSCT. The
development of the surveillance system took place between 2024
and 2025 using a PAR approach. The PAR process was carried out
in distinct phases: a thorough situation analysis to understand the
current context, identification of gaps, and subsequent develop-
ment of the surveillance system to meet stakeholder needs. This
study was grounded in a constructivist paradigm, recognizing that
realities of the surveillance system are socially constructed through
the experiences and interactions of stakeholders. PAR was chosen
as the framework to collaboratively generate actionable knowledge
with clinicians and administrators.

2.2 | Expert Panel and Stakeholder Engagement

An expert panel committee was established to guide the system's
development, including defining cases, identifying data sources
through medical informatics, establishing minimum data sets
(MDS), and setting objectives for evaluating therapeutic effective-
ness. To ensure high-level expertise, members were required to
have at least 5 years of professional or research experience, with a
minimum of 3 years directly related to the project's focus.

The panel and key stakeholders—including the hospital registry
director, data specialists, and HSCT unit staff (comprising sec-
retaries and the head nurse)—were actively involved in an
iterative design process. This collaboration ensured that feed-
back was continuously used to refine decisions regarding case
definitions, pilot testing, analytical approaches, and dissemi-
nation mechanisms.
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2.3 | Data Collection and Interviews

To identify precise operational challenges and clinical requirements,
semi-structured in-depth interviews were conducted with 15 parti-
cipants over a 9-month period. Participants were selected using
purposive sampling to ensure high-level expertise; all clinical and
administrative experts had a minimum of 5 years of professional
experience in their respective fields (mean = 10 years). The cohort
comprised four adult hematologists/oncologists, three transplant
unit nurses, three disease surveillance and health experts, two key
environmental and intermediate stakeholders, one health and
medical informatics specialist, one hospital registry director, and
one hematology-pathology specialist (detailed in Table 1).

A total of 46 interview sessions were performed. Interviews were
primarily conducted face-to-face in the transplant unit; however,
for specialists outside the unit or those with workload constraints,
telephone interviews (30-40 min) were used. With participants’
permission, sessions were audio-recorded; otherwise, verbatim
notes were meticulously taken and transcribed immediately. This
process continued until theoretical saturation was reached, focus-
ing on HSCT treatment challenges, system requirements, and data
infrastructure in resource-limited settings.

2.4 | Researcher Characteristics and Reflexivity

The lead researcher (a PhD candidate in epidemiology with 8 years
of experience in HSCT data management and registry develop-
ment) had no prior clinical or administrative relationship with the
participants, which helped reduce potential response bias. The
research team assumed that the primary barriers to establishing a
surveillance system in this setting were infrastructural and finan-
cial constraints rather than a lack of willingness or competence
among healthcare providers. To prevent these presuppositions
from unduly influencing data collection and analysis, regular de-
briefing sessions were held among the research team, during which
emergent findings were critically examined, and the researchers’
prior assumptions were explicitly bracketed. Additionally, field
notes and reflexive memos were maintained throughout the study
to document how the researchers’ backgrounds and evolving
interpretations shaped the analytical process.

2.5 | Ethical Approval

This study received approval from the Ethics Committee of Iran
University of Medical Sciences (IR. IUMS. REC.1402.763). Prior to

interviews, all participants were provided with comprehensive
information about the research design and interview guidelines.
Verbal informed consent was obtained, and participants retained
the right to decline participation in both the interviews and the
overall research at any point. During the entire data extraction and
analysis process, stringent principles of patient confidentiality and
data protection were consistently upheld. Audio files, handwritten
notes, and other documentation were anonymized using numerical
codes, with no personal identifiers recorded. Crucially, during the
pilot testing phase, no patient-identifiable data were utilized. All
information collected and analyzed during all steps of the study
was recorded and processed anonymously, completely devoid of
any identifying characteristics, thereby ensuring full confidentiality.
Patient data were solely derived from routine clinical care records,
without any additional interventions beyond standard treatment
procedures; consequently, obtaining supporting informed consent
from patients for data extraction was deemed unnecessary.

2.6 | Ensuring Validity and Reliability

We ensured the validity and reliability of our findings through a
multi-faceted approach. First, an expert panel comprising both
internal and external HSCT and healthcare surveillance system
specialists was assembled to maximize diverse perspectives and
enhance credibility. To mitigate bias, we employed a comprehensive
triangulation strategy, including methodological triangulation—
combining interviews with internal and external stakeholders at
various levels—and data source triangulation, cross-verifying in-
sights from HSCT specialists with external analysts [14, 15]. Fur-
thermore, theoretical triangulation involved benchmarking
interview findings against international standards (EBMT guide-
lines) to identify implementation gaps in resource-constrained set-
tings. To further enhance credibility, findings were shared with
three participants (member checking), who confirmed that the
identified themes resonated with their experiences.

2.7 | Essential Data Elements for the Surveillance
System

The selection of a minimum essential dataset resulted from a
multi-step, expert-panel decision-making process. The primary
goal was to collect data that validly reflects the effectiveness of
HSCT and supports future analyses. To achieve this, the panel
balanced international standardization—drawing on criteria
from the EBMT, CIBMTR, and APBMT registries—with

TABLE 1 | Professional background of participants and frequency of interviews.

Participant category

No. of participants Total no. of interviews

Adult hematologists and oncologists

Transplant unit nurses

Disease surveillance and health experts

Key environmental and intermediate stakeholders
Health and medical informatics specialist
Hospital registry director

Hematology-pathology specialist

Total

4 13
3 15
3
2
1 10
1
1
15 46
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TABLE 2 | Minimum essential data elements approved for the HSCT surveillance system at Urmia Imam Khomeini Hospital, Iran.

Compatibility with

EBMT/CIBMTR Variables Time of report

Identical Center identification: hospital, university Day 0

Identical Patient data: national code, age, gender, blood group, rhesus factors, Day 0
performance status at initiation of HSCT (ECOG), weight, height, date of
initial diagnosis

Identical Primary disease diagnosis: lymphomas, acute leukemia, multiple myeloma Day 0
and their sub-classifications

Identical Comorbidity index, including past medical history Day 0

Compatible Preparative regimen drugs and total prescribed cumulative dose (instead of Day 0
daily dosing per protocol)

Identical Type of HSCT: autologous/allogeneic (with donor and product Day 0
characteristics)

Omitted Chromosome analysis at diagnosis Day 0

Omitted Molecular markers at diagnosis Day 0

Identical Acute leukemias: status at HSCT (primary induction failure, complete Day 0
hematological remission, relapse), type of remission, organs involved, pre-
exposure status

Identical Lymphomas: technique for disease assessment, international prognostic Day 0
indices parameters, immunophenotyping, previous therapies before HSCT
(line, regimen, start date, response, response date)

Identical Multiple myeloma: extramedullary disease (EMD) Day 0

Identical In hospitalization: neutrophil engraftment, platelet engraftment, graft failure =~ During hospitalization

Identical Follow-up (15, 30,60 and 90 days): complete remission (CR), continued Follow-up (first
complete remission (CCR), no response/stable disease, partial remission, not 100 days)
evaluated, progression, graft failure, relapse, death

Identical Allogeneic complications: acute GVHD occurrence Follow-up

Compatible Immunosuppressive treatment and its duration (duration recorded; daily Follow-up
dose variation not captured)

Identical Additional cell infusions, cell therapy, additional disease treatment (with Follow-up
reason)

Identical Main cause of death, contributory cause of death Follow-up

Note: Omitted items (cytogenetics, molecular markers, MRD) are not collected due to > 95% missingness in historical records and lack of laboratory infrastructure. All
Identical items follow EBMT/CIBMTR definitions exactly. Compatible items have minor modifications (e.g., cumulative total dose instead of daily dosing) but remain

conceptually aligned.

prioritized customization to accommodate local infrastructure
and resource limitations at Imam Khomeini Hospital. The
resulting compatibility of the finalized Minimum Data Set with
EBMT/CIBMTR definitions is detailed in Table 2 and summa-
rized below.

The attending oncologist and the thesis student first reviewed
the standard data-collection forms of the three leading regis-
tries: EBMT (MED-A form), CIBMTR (TED form), and APBMT
(TRUMP form). The review confirmed considerable overlap in
core data elements, reflecting a global effort toward standard-
ization. However, the CIBMTR forms were found to be ex-
cessively detailed, requiring cytogenetic analyses, molecular
markers, and minimal residual disease (MRD) monitoring—
data that are absent in over 95% of historical patient records in
our center (spanning 14 years) due to high costs and limited
infrastructure. The EBMT forms, being more structured and
better aligned with our setting, were therefore selected as the
primary template.

To explicitly address compatibility with international registries,
Table 2 includes a column entitled “Compatibility with EBMT/
CIBMTR,” in which each data element is classified as Identical,
Compatible (with modification), or Omitted/Site-specific.
Approximately 70% of items are identical (e.g., age, sex, pri-
mary diagnosis, ECOG performance status, engraftment, acute
graft-vs.-host disease, survival, cause of death). About 20% are
compatible with minor modifications (e.g., preparative regimen:
cumulative total dose recorded instead of daily dosing; immu-
nosuppressive treatment duration recorded without daily dose
variation). The remaining ~10% are omitted or site-specific,
primarily cytogenetic and molecular markers and MRD, which
are not routinely available.

Patient follow-up is of particular importance. The expert panel
emphasized that the collected data must allow the calculation of
performance-based outcome indicators that accurately reflect
treatment results. Accordingly, our key outcome indicators—
neutrophil and platelet engraftment, graft failure, complete
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remission (clinical/cytologic), relapse (clinical/cytologic), pro-
gression, acute and chronic GVHD, survival, and cause of
death—are identical to EBMT and CIBMTR standards. The sole
exception is MRD-based remission/relapse, which was omitted
due to infeasibility. By concentrating on these shared, clinically
ascertainable endpoints, the system enables meaningful eva-
luation of treatment effectiveness despite the absence of
molecular monitoring and ensures that the identical (and, with
modification, compatible) items can contribute directly to joint
registry-based evaluations.

Finally, continuous stakeholder engagement—including HSCT
unit staff, consultants, and nursing leads—through iterative feed-
back during system development was crucial for promoting end-
user adoption and long-term sustainability. Table 2 presents the
minimum essential data elements approved for three time points:
pre-transplant, during hospitalization, and post-transplant follow-
up (first 100 days).

2.8 | Pilot Phase Implementation

The pilot phase employed a mixed-methods approach to assess
operational challenges and optimize the proposed surveillance
system. Qualitative data, collected via in-depth interviews with
key stakeholders (physicians and nurses), identified workflow
barriers. Concurrently, quantitative data were extracted from
HSCT unit and outpatient records. To ensure data integrity,
rigorous quality control achieved 95% agreement between paper
and digital records, enhancing reliability. Additionally, data
collection forms were iteratively revised based on user feedback
to improve usability and clinical relevancy. Moreover, this
feedback, combined with input from health IT specialists who
manage disease registries, was instrumental in organizing and
transforming these observations into a structured surveillance
system that is readily usable within the care continuum. The
pilot pursued three core objectives: (1) aligning goals with real-
world constraints, including budgetary and technical limita-
tions; (2) translating identified challenges into actionable suc-
cess metrics, such as the number of operational barriers
detected, the proportion of challenges resolved through inter-
ventions, and the clinical appropriateness and operational fea-
sibility of solutions as validated by stakeholders (e.g., ensuring
data collection could be seamlessly integrated into existing
clinical workflows without significant disruption); and (3)
documenting evidence-based process improvements. Given the
exploratory nature of the pilot, success was primarily evaluated
using qualitative-operational criteria rather than purely quan-
titative targets. This approach enabled iterative refinements
while maintaining adaptability to clinical realities, thereby
setting the foundation for full-scale implementation [16].

2.9 | Data Analysis and Methodological
Framework

This study employed a mixed-methods approach within a PAR
framework to analyze the collected data and iteratively refine the
proposed surveillance system to facilitate the redesign of data col-
lection tools and system workflows, emphasizing user feedback
and real-world applicability within the clinical environment [17].

For the qualitative component, interviews with panel expert
members were systematically analyzed using Thematic Analy-
sis. Interviews were transcribed verbatim and anonymized by
removing identifiers. Transcripts were manually coded. Two
researchers independently performed initial open coding, fol-
lowed by axial and thematic coding. Disagreements were
resolved through discussion. This iterative coding and catego-
rization of transcripts helped identify recurring patterns, core
themes, and emergent insights related to operational challenges
and potential improvements in the surveillance system. The
findings from this analysis are presented in tables and inte-
grated into the text, providing a comprehensive understanding
of stakeholder perspectives and the system's evolution. The
integration of action research with Thematic Analysis facili-
tated a dynamic, collaborative, and rigorous process that sup-
ported the development of a contextually relevant and
practically implementable surveillance system.

For the quantitative component, data from patient clinical
records were rigorously cleaned and validated. Data integrity
was ensured through cross-validation between paper and elec-
tronic records, achieving a 95% agreement rate. These data
primarily yielded descriptive metrics assessing data complete-
ness, quality, and the impact of implemented solutions on
workflow to monitor progress. No inferential statistical tests
were performed, as the quantitative data served as performance
indicators and feedback loops within the PAR cycle rather than
for hypothesis testing.

This qualitative study is reported in accordance with the Standards
for Reporting Qualitative Research (SRQR). The completed SRQR
checklist is provided as Supporting Information S7.

3 | Results

The implementation process followed an iterative and partici-
patory approach, with continuous refinement guided by stake-
holder and expert feedback. Insights gained during each phase
were systematically integrated into subsequent stages of system
design and deployment, thereby ensuring that key challenges
were effectively identified and addressed. The professional
characteristics of the 15 participants and the total number of
interview sessions conducted (N=46) are summarized in
Table 2. Qualitative analysis of these semi-structured interviews
identified three primary areas essential to the development of a
national HSCT surveillance system:

3.1 | Main Challenges and Feasibility of HSCT
Facilities

Thematic analysis of interviews with 15 key stakeholders revealed a
hierarchy of obstacles to establishing and sustaining HSCT units.
Rather than global trends, participants consistently emphasized
local systemic constraints. The most prominent issues identified,
alongside their corresponding strategic recommendations, are
summarized in Table 3. Figure 1 provides a hierarchical visual-
ization of these findings, where each challenge is color-coded by
prevalence (universal, frequent, or context-specific) and directly
linked to its evidence-based solution. Together, Table 3 and

Health Science Reports, 2026

50f 16

85U8017 SUOWILIOD BAITRID) 8|qedtdde ayy Aq pausenob afe sajonre VO ‘8sn J0Ss|n 10} AkiqiT8uluO 48] UO (SUORIPUCD-PUR-SWLB) D" A8 |1 Afelq1 Ul |UO//:SANY) SUORIPUOD Pue SWB | 38U 88S *[9202/60/62] U0 ArIqiTauluO A8]IM ‘'SS0USI0S EIIPBIN JO AISIeAIuN BIWIN AQ Ov6Z. Z5SU/Z00T OT/I0p/Wod A8 imAreIq1 Ul |uo//Sdny wo.j pepeojumod ‘g ‘9202 ‘SE8886£2



23988835, 2026, 8, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/hsr2.72940 by Urmia University of Medical Sciences, Wiley Online Library on [29/09/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))

UOBIO[[€ 90INO0SAI
pUE SUOTIUSAIIUT AJoWIN} So[qeuq
juouagdesus

URIOIUI[D pue juawasoidul

Krenb usALp-eIRp S9l0WOIJ

ared jo jurod

oy} 1e a1nyded ejep 9)eINdOE SAINSUY

uonejyue[dsueI) I0J AOUSIOS BIBD
ur sde3 90I0J3I0M [BOTIIIO SISSAIPPY

uonedYNENS JSI pue uonoIpaid
QWI00INO JWITI-[BI SAJBIIOR]

SMO[JI0M [BITUI[O WIOI]
UONOBIIXd BIEP PIjewioIne sa[qeug

Aiiqeureisns pue Kienb
wshs uo syoedurr aanedau sajednIN

sSun19s PIITWI[-90IN0SAI UT SIIINOSIT
uewiny paziferdads sozrundo
(sarnsidar

paseq-pnopd “38-9) yuswdoraasp
2INJONISEIUI S[qRUIRISNS SAINSUY

SIDJUD
sso1oe A)iqeredurod ejep SoINSud
pUE UOIIEN[BAd QWO0JINO SA[qeUHq

asn1adxo pazifenuad ysnoIy) eyep
Arenb-y3iy 03 sse0oe proIq SOPIAOI]

sj1odax souewiojiad Aj193renb

I SONIATeUR SUIn-Teal-Tedu judto[duuy
spreoqusep

W02INO J1J19ads-19)udd YIm sj1odax
Sunjrewryousq pajyewoine doppasq

J3e3s Teorurpd oy Airenb eyep uo
so[npow Jururer) Arojepuen judwa[duw]
UOIBIOUNUISI

aAnnadwod YIm syoeI} 1991ed
SOUE[[IPAINS LOSH P23edIpap YsIqelsy
saniiqedes

Surures] suryoew yimm surioperd
sonAeue paseq-pnopo juswardur]

Ansi3a1 1DSH
oy} pue (waIsAs gIS) YHA [euoneu ay)
usamlaq uoneidaiur paseq-1dv dofeasqg

sdrysiouyred

oyear1d/e1o3ossiour ansind pue
Suruuerd eroueuy Ieak-nnw dofoasg
SI9Judd Jrdnnu

sso1oe sjsidojorwapida/siageuew

BJEp JOJ S[OPOUI 9DINOSI-PAILYS 98I

sdiyszourred areand-oriqnd yim weans
uIpunj [eJUSTUISA0S PA)BIIPAP B 9INIAS
jasejep

[ETIUSSSe WNWIUIW € pue s[odojoxd
POZIpIepUER]S M WISISAS QOUB[[IOAINS
IDOSH uoALIp-elep © jusworduy

[opouwr oyods-pue-qny & U0 paseq
WA)SAS UOTIOI[[0D BIBP PALTUN B YSI[qeISH

so[npowr NG PoaZIruaoisnd

(s1/6) yuanbaig

(S1/01) 3uanbaig

(ST/1T) Juanbaig

(ST/21) yuanbaig

(ST/0T1) Juanbaig

AMA\MHV TesIaAIu)

(ST/¥1) TesIaArun

(ST/11) yuanbaig

(ST/ST) Tes1oATUN

(ST/€T) TesIvAIU)

(ST/¥1) Tes1vAIu)

(A13s1301 190UBD [RUONIBU UI
3e[ 1BRA-G “39) sIsATeue B1ep pake[od

suerIU 10§ sdoo] JoeqpPady Jo orT

Ko®I9)I[ BIBD [BOIUID JUSOLFNSUT

s)siTeroads
11/A3o1orwapida jo a3e1ioys

A1oedeo sonAreue ejep ajenbapeur

SwaIsAs I Yieay o[qeradoisjur-uoN

uorenyead
pue udIsop SUTWINSUOI-dWI} 0}
ONp JUSWISIAUI ULIN}-SUO[ I0] PN

109 [ouuosiad y3iH

2INjONISBIFUL
LI 1o} Surpunj ayenbapeur

S90INO0SAI PIJIWI] PUB UIAISAS
dn-mof[0] paInionIs e Jo 0UISqQY
WI9)SAS

UONIS[[0d BJep [DSH IUSI2Y0d ON

uoneziun eieq

uonezInn eieq

[ended vewnyg

[eandeo uewnyg

aInjonIseryul
[eoruyo9 L,

aInjonIseryul
[eoruyo9 L,

SJUTRIISUOD
[eToURUL]

SIUTRIISUOD
[erouBUL]

SJUTRIISUOD
[erourUL]

dn-mor[og
painjonis oN
WI9)SAS

pagiun Jo 3oe]

arnydes m swope[d aoinos-uado asn
BIEP 9JBINOOR ‘QUIN-TBAI SO[qeUd  ‘SYHA [elldsoy 0) payul] UIdisAs A1isigar (syuedronaed (190xq ‘wreado[a], UOI399[[0d
pue sasseo01d [enuewW SO)BRUTWI[H JTUOI}O3[ pajeidajur ue juswaduy ST/ST) [esIoAIUn “3'9) spoyjouw [ewLIoJuI JO 3s() Bjep pajuswdelq
Jreuonjex uoneudwdTduuy uornJos paseq-adudpIAg oudreadrg JaLLIeq Oy10ads urewop
98uareyd 210)
‘wo)sAs aoue[raAIns 1DSH [euoneu Surdopsasp 1oy suonnios pue sausqey) | € ATAV.L

Health Science Reports, 2026

6 of 16



Implementation rationale
Circumvents technology transfer

restrictions

Evidence-based solution
Develop open-source registry platforms

adaptable to local contexts

Prevalence
Context-specific (5/15;
centers with prior
multinational registry
experience)
Frequent (8/15)

Specific barrier
Sanctions limiting international

collaboration

(Continued)

Core challenge

domain

Political barriers

TABLE 3

Balances privacy concerns with

research needs

Establish a national data governance
framework compliant with local

regulations

Restricted data sharing

Political barriers

Universal (13/15) Implement pilot projects to showcase Demonstrates registry value (e.g.,

Leadership priorities favor clinical

Management

improved decisions, cost savings) to

secure leadership buy-in

cost-effectiveness and clinical value;

develop ROI frameworks

services over surveillance; difficulty

demonstrating ROI of

surveillance data

Figure 1 offer a comprehensive overview of the key challenges
impeding the development of an effective HSCT surveillance sys-
tem. Based on thematic analysis of the expert panel's insights, these
barriers primarily encompass fragmented data collection, financial
and infrastructural limitations, insufficient human capital, data
underutilization, and broader political and managerial constraints.

3.2 | Barriers to National HSCT Surveillance
Systems

Thematic analysis of interviews with 15 key stakeholders
revealed a hierarchy of barriers to establishing and sustaining
an HSCT surveillance system. Rather than global trends, par-
ticipants consistently emphasized local systemic constraints.
The most prominent challenges, grouped by prevalence into
three tiers, are presented in Table 3 alongside corresponding
evidence-based solutions.

Universal obstacles (reported by > 75% of participants)

The most pervasive barriers, affecting nearly all respondents,
concerned three interdependent domains:

« Fragmented data collection and the absence of unified,
structured systems: The widespread use of informal tools
(e.g., Telegram, Excel) was universally cited (15/15), as
were the lack of a coherent national data-collection system
(14/15) and the absence of a structured follow-up mecha-
nism with limited resources (13/15).

o Financial and infrastructural constraints: Inadequate
funding for IT infrastructure (15/15) and the requirement
for long-term investment due to the time-consuming nature
of registry design and evaluation (14/15) were universal.
Non-interoperable health IT systems (15/15) further pre-
vented automated data flow between clinical platforms and
a prospective registry.

« Management priorities: Leadership favoring clinical ser-
vices over surveillance, combined with difficulty demon-
strating a return on investment for registry data, was a
universal barrier (13/15), directly threatening long-term
institutional commitment.

Frequently reported obstacles (reported by 50%-75% of participants)

A second tier of important but less universal challenges included:

« Human capital: Shortages of epidemiology and IT special-
ists (12/15) and insufficient clinical data literacy among
existing staff (11/15) were frequently noted, leading to data
inaccuracies and clinician burnout.

« Financial pressures on personnel: High personnel costs (11/
15) further strain already limited budgets.

« Technical analytics capacity: Inadequate data analytics
capability (10/15) hampers real-time processing and out-
come evaluation.

« Data underutilization: Both the absence of feedback loops for
clinicians (10/15) and chronically delayed analysis—
exemplified by a 5-year lag in the national cancer registry (9/
15)—prevent data from driving timely quality improvement.
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FIGURE 1

Informal tools
(Telegram, Excel)

 Integrated EHR +
open-source

Inadequate IT funding
Universal (15/15)

+ Hub-and-spoke model

No coherent No structured follow-

collection system up
Universal (14/15)

Universal (13/15)

¥ Data-driven +
minimum dataset

Need long-term

High personnel costs
Frequent (11/15)

investment
Universal (14/15)

v Shared-resource

~ Govt funding + PPP

Non-interoperable IT
systems

H ~ APl-based integration
National HSCT !

Surveillance

System
Challenges &
Evidence-Based

Solutions Shortage of
epidemiology/IT
specialists
Frequent (12/15)

v Dedicated career
tracks

No feedback loops for
clinicians
Frequent (10/15)

¥ |Automated dashboards

K sanctions limit intl.
collaboration
Context-specific (5/15)

v Open-source local
platforms

¥ National data
governance

~ Multi-year planning
models

Inadequate analytics
capacity
Frequent (10/15)

H ¥ Cloud + ML

Low clinical data
literacy
Frequent (11/15)

+ Mandatory training

Delayed analysis (5-yr
lag)
Frequent (3/15)

¥ Near real-time +
quarterly

Leadership favours

clinical services
Hard to show ROI

Universal (13/15)

7 Pilot projects + ROI
frameworks

Hierarchical flowchart of national HSCT surveillance system challenges and evidence-based solutions.
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Phase 1 - Expert Panel

Phase 2 - Clinical Staff

Phase 3 - Informatics Team

Define case eligibility & Design paper-based data
5 malganicies collection forms

!

Determine & validate Pilot testing & data
minimum data elements quality control

Target: 95% agreement

70% identical to EBMT

FIGURE 2 |

« Political barriers to data sharing: Restricted data sharing (8/15)
remains a frequent hindrance, tightly linked to domestic pri-
vacy regulations.

Context-specific obstacles (reported by < 50% of participants)

Sanctions limiting international collaboration were mentioned
primarily by centers with prior multinational registry experience
(5/15), representing a contextual rather than systemic barrier.

Table 3 pairs each barrier with evidence-based solutions and
implementation rationales derived from the expert panel's
consensus.

3.3 | Critical Steps Required for the Development
of an Effective Surveillance System

The development of an effective surveillance system involves sev-
eral critical steps, each presenting unique challenges and consid-
erations related to case definitions, data elements, and
methodological approaches that align with the system's objectives
(Figure 2). The following steps are outlined in detail below:

3.4 | Case Definitions

In the first step of developing the surveillance system, the expert
panel identified five prevalent hematological malignancies for
inclusion: multiple myeloma (MM), acute lymphoblastic leu-
kemia (ALL), acute myeloid leukemia (AML), hodgkin lym-
phoma (HL), and non-hodgkin lymphoma (NHL). The panel
also established patient eligibility criteria based on an Eastern

|

Select 10 KPIS and design a
berformance monitoring syste

Itertive refierment

II

4

PAR feedback loop

l<
o
w
IA

Outcome indicators

40% reduction in data incompletness
50% reduction in nursing worklaod

l

Final system handover to
the university

Schematic diagram of participatory action research process for HSCT surveillance system development.

Cooperative Oncology Group (ECOG) performance status of
1-2 and determined that candidates for both allogeneic and
autologous HSCT would be eligible.

Patients are considered for transplantation with the approval of the
attending physician. However, a patient who was deemed a can-
didate for transplantation 1 month prior but subsequently develops
a relapse, infection, or fever on the day before the procedure, or who
experiences any complication that renders the transplant excessively
risky, is excluded from consideration. Additionally, although pa-
tients with brain lymphoma and myelodysplastic syndromes are
eligible for transplantation at this center, these conditions are very
rare, and such patients were excluded from the study.

3.5 | Methodological Aspects of Data Collection
Approaches

A crucial aspect of developing a HSCT surveillance system is
identifying essential data sources and collection mechanisms.
An expert panel determined that a comprehensive set of data
elements would be included to evaluate clinical outcomes and
the effectiveness of transplantation for the patient population
studied. This initiative was primarily based on the standard
framework established by the EBMT, CIBMTR, and APBMT,
with the expert panel contributing insights to ensure the
national relevance of the proposed data collection methods.

As a result of this rigorous adaptation process, the finalized
MDS demonstrated a high level of compatibility with interna-
tional registries: 70% of the data elements were identical to
EBMT/CIBMTR definitions, 20% were compatible with minor
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modifications, and 10% were omitted or designated as site
specific, primarily owing to the unavailability of molecular and
cytogenetic diagnostics (detailed compatibility classification is
presented in Table 2, Section 2).

During discussions with an expert panel, HSCT unit staff, and
nurses specializing in hematological malignancies, we assessed
various data collection strategies and challenges for the study pop-
ulation. Our findings revealed an absence of standardized data
collection formats for HSCT patients in the country. Clinical data
typically encompass HSCT procedures, treatment protocols, labo-
ratory analyses, medical history, physical examinations, and imag-
ing studies. Documenting post-HSCT outcomes—including the
duration of hospitalization until discharge and follow-up assess-
ments at 15, 30, 60, and 90 days (within the first 100 days) and
annually thereafter—is vital for evaluating therapeutic effectiveness.

Oncologists noted that nearly all post-transplant patients con-
sult them to evaluate potential adverse effects and treatment
outcomes, given the severity of hematological malignancies and
the stringent care requirements of HSCT patients. These con-
sultations represent significant opportunities for a surveillance
system to effectively monitor patient outcomes. By systemati-
cally tracking these outcomes, the proposed surveillance system
can enhance the understanding of treatment efficacy within this
population. Therefore, this research aims to prospectively
gather patient follow-up data from clinical visits. Furthermore,
involving clinical informaticists to refine the biomedical infor-
matics dataset prior to its integration into the storage system is
crucial for ensuring its utility in the surveillance process.

The validated components of the MDS were operationalized into
paper-based forms in collaboration with the Head Nurse of the
HSCT unit, following the expert panel's recommendations. The
forms were structured into three main sections: (1) a pre-HSCT
status form completed uniformly for all malignancy types; (2) three
disease-specific forms—Ileukemia (ALL and AML), lymphoma (HL
and NHL), and multiple myeloma; and (3) a post-HSCT form
applicable to all five malignancies, capturing data up to 100 days
post-transplantation (aligned with the phase-specific elements
summarized in Table 2, Methods). Importantly, the infrastructure
and key performance indicator (KPI) definitions have been struc-
tured to enable extended longitudinal follow-up—in alignment
with EBMT and APBMT protocols—so that stratified KPI reporting
can be performed in future analyses. The analytical focus of this
initial phase is deliberately centered on the first 100 days, a period
in which acute complications peak and intensive monitoring is
most critical. A passive data collection approach was adopted to
enable continuous capture of relevant information. The finalized
HSCT surveillance forms are provided in full in Supporting
Information: S1-S5.

3.6 | Selection of Key Performance Indicators for
HSCT Surveillance

In the subsequent phase, an expert panel evaluated and selected
KPIs to guide the initial development of an HSCT surveillance
system tailored to resource-limited settings. The chosen KPIs pri-
oritize patient-centered outcomes while ensuring feasibility of
implementation with minimal reliance on specialized equipment
or personnel.

Ten KPIs were identified to comprehensively assess clinical and
operational performance, balancing clinical relevance with prac-
tical applicability: (1) time to neutrophil engraftment, (2) time to
platelet engraftment, (3) incidence of acute GVHD, (4) incidence
of chronic GVHD, (5) overall survival, (6) disease-free survival, (7)
causes of mortality post-HSCT, (8) infectious complications, (9)
non-infectious complications (including transplant-associated
thrombotic microangiopathy [TA-TMA], other endothelial
injury syndromes such as sinusoidal obstruction syndrome, and
significant grade >3 organ toxicities; (see Supporting Informa-
tion: S6 for detailed operational definitions and reporting)), (10)
100-day mortality rate. Although the initial analytical window
covers the first 100 days post-transplant, the KPIs framework
includes long-term endpoints (such as overall survival, dis-
ease-free survival, and chronic GVHD) to ensure continuity of
data collection and enable full outcome reporting in subsequent
phases. The KPI framework was designed to permit stratified
reporting by gender, age, the five predefined hematological ma-
lignancies, and transplant type.

The system was designed to produce analytical outputs in multiple
formats, including tabulated lists, graphical representations, and
interactive operational dashboards, to enhance data accessibility
and interpretation once data collection is underway.

Prior to entry into the surveillance system's data collection
instrument, all data underwent rigorous quality control checks
to ensure proper formatting and completeness. Standardized
coding protocols were applied and verified by an informatics
specialist within the expert panel, thereby maintaining data
integrity and consistency.

The system is designed to distribute semiannual analytical reports
in validated formats to convey integrated measures to policymakers
and stakeholders, including oncologists in the region's HSCT units
and related treatment specialists. This approach emphasizes the
utilization of analyzed data at the regional level during this stage of
the study, rather than at the national level.

3.7 | Pilot Test

The developed surveillance system was pilot-tested in the
HSCT unit of Urmia Imam Khomeini Hospital. Table 4 presents a
summary of the qualitative findings, participant quotations, and
proposed solutions identified during this pilot phase. The main
themes that emerged highlight several operational challenges:
increased workload and time pressures on nurses; the complexity
of data-collection forms and the use of specialized English termi-
nology; longitudinal data-entry requirements due to multi-phase
data collection; and the need for task delegation to improve data
accuracy. Other key issues included the necessity for clear and
simplified variable definitions, the exclusion of highly specialized
data during the preliminary phase to enhance data quality, and the
need for improved team coordination through monthly physician
meetings. The study also emphasized the importance of ongoing
training to increase the rate of correctly completed forms, as well as
the establishment of a system to track incomplete data. Addressing
these challenges through visible and actionable solutions is es-
sential prior to full implementation of the surveillance system
within the hospital setting.
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Representative participant

quotations Proposed solutions

Findings and challenges

Provide ongoing training for the

Training was provided to a clinic-based
physician and the project student to

implementation team and develop

comprehensive data entry manuals in

ensure uniformity and accuracy in

data entry.

collaboration with oncology specialists.

Establish a system for tracking

“Incomplete data identified during the
first visit should be completed later, and
forms should be highlighted in patient

Missing data identified during initial
visits are flagged and completed in

incomplete data, highlight forms in

patient records, and set reminders for

completion during follow-ups.

follow-up appointments to maintain

data integrity.

records.” (bone marrow transplant unit

head nurse)

The qualitative success metrics derived from the pilot phase, as
summarized in Table 5, demonstrate tangible progress across key
dimensions of implementation within the PAR framework. The
pilot effectively identified seven critical operational challenges that
informed system refinement, including workload burdens and
ambiguities in data variables. Notably, all user-suggested solutions
were incorporated into the system design, reflecting a 100%
implementation rate and underscoring the responsiveness of the
iterative development process. Post-adaptation assessments
revealed marked improvements in operational efficiency, including
a 40% reduction in data incompleteness and a reported 50%
decrease in nurse workload through task delegation. Stakeholder
engagement was robust, with unanimous approval from five key
informants and final consensus from the lead oncologist affirming
the system's feasibility for routine use. These findings confirm the
utility and adaptability of the surveillance system in resource-
constrained environments. Table 6 further elaborates on these
challenges by detailing the co-designed solutions and supporting
qualitative evidence. The system-development process addressed
several key categories of implementation barriers, as detailed in
Table 6. To reduce user workload, task delegation and simplified
data-entry forms were introduced, leading to enhanced focus and
accuracy among healthcare professionals. Improvements in data
quality were achieved through revised data-collection instruments
and a staged approach to collecting complex data, minimizing
entry errors and improving usability. In the absence of a dedicated
online platform, secure Excel templates and a hybrid quality-
control process ensured data integrity. Training gaps were ad-
dressed through localized materials and in-person instruction, en-
hancing comprehension and engagement across diverse staff roles.
Finally, system adaptability was increased through a phased rollout
and cost-effective monitoring, aligning with the operational con-
straints of resource-limited clinical environments. These findings
underscore the value of collaborative, context-sensitive design in
establishing functional surveillance infrastructure.

3.8 | Surveillance Model Implementation

Following iterative refinement and validation during the pilot
phase, the finalized surveillance system was formally trans-
ferred to the affiliated medical university for institutional
adoption. This transfer marked the transition from development
to implementation, enabling integration into routine clinical
practice for the real-time monitoring of hematological malig-

? 0 nancies in HSCT patients. The rollout encompassed training
@ 3 2= sessions for end users, customization based on institutional
E é 5 g8 feedback, and phased deployment across relevant departments.
Gy
2lers  c3
vl 8 g g5
& Sc. £
5| P52 32 i i
7] E % = = 4 | Discussion
£88% E£a2
E g % 8 § 2 Our hospital-based surveillance system for HSCT in hemato-
S logical malignancies in Urmia County represents a critical
§ advancement for regional cancer registries. By systematically
g analyzing patient and procedural data, this initiative addresses
3 ° . *3 knowledge gaps and ultimately improves patient outcomes.
~ < <
gl g © 9
Q| © = . . . A .
- S| =3 % % Implementing surveillance in resource-limited settings demands
= |8 5 % g substantial investment in infrastructure and professional training
. — ~ O . . . .
g é E =) E S [18]. In HSCT for hematological malignancies, meticulous plan-
= o - ning is essential to facilitate the multidisciplinary preemptive
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TABLE 5 |

Qualitative success metrics for the pilot phase adapted for PAR methodology in resource-constrained settings.

Success dimension

Definition

Pilot achievement

Evidence source

Challenge Number of operational Seven categorized critical challenges User interviews,
identification barriers discovered pre- (covering all findings in Table 4): (1) nurse Table 4
implementation workload/time pressure; (2) language and
form complexity; (3) longitudinal data
coordination; (4) task delegation and role
clarity; (5) lack of dedicated quality control;
(6) variable definition ambiguity; (7) gaps in
training and follow-up.
Solution Rate of converting feedback 100% of user-suggested solutions Table 4, post-pilot
implementation into system refinements implemented (e.g., task delegation, variable modifications
simplification)
Operational Reduction in workflow 40% reduction in data incompleteness; task Data audits,
efficiency barriers after adaptations delegation reduced nurse workload by participant feedback
approximately 50% (as reported).
Stakeholder Endorsement by core users System design approved by all 5 key Final PAR
acceptance after co-design informants consensus meeting
“Now feasible for daily use” (lead oncologist)
TABLE 6 | Comprehensive mapping of identified challenges to co-designed solutions and actionable outcomes.
Challenge
category Identified barrier Co-designed participatory solution Evidence (direct quotes)

User workload

Data quality

Technical
constraints

Training needs

Contextual
adaptability

Pre-
transplant gaps

Longitudinal
follow-up

“Completing forms
increases fatigue,
reduces accuracy”

“Unclear variable
definitions cause
errors”

“Missing flow
cytometry data”

“No online platform for
longitudinal tracking”

“Forms require English
proficiency”

“System must align
with MIC realities”

Missing baseline data
due to unreadable
records.

Lack of dedicated staff
for post-discharge
tracking.

+ Task delegation physicians (MDs)
handle clinical data; registered nurses
(RNs) handle admin/nursing data.
(30% fields removed)

+ Revised data dictionary

« Deferred specialized data collection

« Password-protected Excel templates

+ Hybrid paper/digital quality control
protocol

« Completed form sample

+ On-site training sessions

» Phased implementation

« Low-cost monitoring tools

Point-of-entry protocol: mandatory
submission of records at the time of
waitlisting.

Resource advocacy: hiring a dedicated
registry clerk + financial incentives for
participants.

“Dividing tasks balanced our
workload” (head nurse)
“Shorter forms let us focus on
patients” (oncologist)

“Clearer guidelines reduced
confusion” (IT specialist)
“We'll add advanced data in
Phase 2” (panel decision)

“Excel secured our data despite
no software” (data officer)

“Persian explanations made
definitions clear and reduced
confusion.” (fellow)

“This works with our existing
resources” (head registries
programs in hospital)

Outcome: 30% reduction in
missing pre-transplant
pharmacological data.

“A dedicated registrar is
essential for outcome
evaluation.” (lead oncologist)

strategies required during post-transplant monitoring [19, 20].
Accurate data collection drives treatment safety, enables continu-
ous quality improvement [21], and enhances efficient clinical
communication, ultimately minimizing patient wait times.

While our objectives align with global population-based stan-
dards such as the Surveillance, Epidemiology, and End Results

(SEER) program to inform

healthcare policy and optimize

resources [22, 23], our study highlights profound operational
challenges typical of developing nations, including inadequate
documentation [24], infrastructure deficits, cultural complexi-

ties, and political instability [25], which severely hinder cancer

case registration in middle-income countries. Furthermore, the
absence of standardized identification methods complicates the
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consolidation of data from diverse sources [26]. Our thematic
analysis refined this picture: financial and infrastructural con-
straints were reported universally (by > 75% of participants),
whereas diagnostic limitations were mentioned exclusively by
oncologists. Data fragmentation arose either from a complete
lack of electronic systems or from non-interoperable ones, fa-
voring a modular, scalable approach (e.g., a hub-and-spoke
configuration) over a one-size-fits-all solution. The universal
lack of feedback loops for clinicians reduced data entry to a
bureaucratic burden, with no perceived benefit for quality
improvement; actionable feedback is therefore critical to en-
hance clinician engagement. Finally, political barriers such as
sanctions underscore the need for open-source, locally adapt-
able platforms that circumvent international technology trans-
fer restrictions — an original contribution not widely reported in
registry literature.

In line with global efforts to address the “cancer divide” and
strengthen health systems in low- and middle-income countries
(LMICs) [27], our initiative represents a crucial step toward ex-
panding access to specialized cancer care and improving outcomes
within Iran. International workshops on HSCT access in LMICs
consistently highlight common challenges: limited resources,
trained personnel shortages, financial constraints, and the critical
need for robust data collection and national registries [28]. Our
hospital-based surveillance system is strategically designed for
future integration with national health informatics, directly
addressing the lack of centralized registries seen in other LMIC
settings (e.g., Latin America) [28]. By establishing standardized
data collection at the regional level, our system creates a founda-
tional component that can eventually interface with national
health registries and electronic health records (EHRs). This align-
ment ensures that granular local data contributes to a compre-
hensive national picture, facilitating evidence-based policymaking,
resource allocation, and disparity reduction. Long-term sustain-
ability is intrinsically linked to both this integration and our PAR
approach. Quality assurance was ensured through pilot testing and
nursing staff training [29], and an iterative improvement model
guided by stakeholder feedback helps reengineer HSCT processes
and improve outcomes [30]. The incorporation of Action Research
is paramount in developing a surveillance system. Relying solely on
systematic reviews during the initial establishment phase can
introduce bias and lacks the qualitative insights necessary for
meaningful feedback [31]. PAR promotes an iterative, reflective
approach that emphasizes ongoing reflection, collaborative en-
gagement, and empowerment of local teams. This ensures that the
system remains flexible, adapts to evolving community needs, and
addresses identified regional requirements rather than broadly
applying non-customized national findings.

By leveraging local patient data and integrating oncologists’
insights, our approach prioritizes region-specific treatment
protocols over non-adapted national findings. Currently, no
comprehensive report exists for HSCT surveillance; only
monthly Excel files are shared via a Telegram group. Effective
dissemination of surveillance data is essential [32], yet this
remains a key challenge in Iran, which our PAR approach
directly addresses. Our electronic registry represents a major
advancement for evaluating treatment outcomes, especially in
low- and middle-income countries [33]. Information technology
can greatly improve timely dissemination of analytical reports

to decision-makers and clinicians [34]. Despite these efforts,
significant global disparities in hematological malignancy sur-
veillance (e.g., multiple myeloma) remain evident [35].

Our study employs a PAR approach to establish an HSCT outcome
surveillance system in Iran despite resource limitations. Comparing
our initiative with the Worldwide Network for Blood and Marrow
Transplantation (WBMT) is insightful. WBMT, a federation of
regional societies (e.g., APBMT, EBMT, CIBMTR), works to
improve global HSCT access and identifies utilization disparities. It
has emphasized internet-based reporting for real-time data
access—mirroring a need identified in our study. WBMT also de-
velops guidelines and minimum requirements for establishing
HCT units in resource-limited regions [36-38].

WBMT faces challenges similar to ours, including financial
constraints [27, 28, 39]. Both our study and WBMT struggle
with delayed data dissemination, notably in Global Transplant
Activity (GTA) data collection, which undermines timely
national decision-making [28, 40].

A key strength of our PAR-based surveillance system is its ability to
capture local socioeconomic and cultural details often missed in
aggregated global data [13]. Unlike global systems, our study sys-
tematically addresses the need for a targeted national surveillance
system in a middle-income country to collect precise outcome data
for continuous quality improvement [36]. If successful and sus-
tainable, our model could serve as a valuable, low-cost template for
other middle-income countries. By prioritizing customization while
aligning with global registries, and focusing on clinical KPIs based
on EBMT guidelines, we achieve maximal standardization for
follow-up outcomes. This facilitates robust international compari-
sons [41]. Our system is not designed to compete with compre-
hensive registries like EBMT or CIBMTR, but offers a practical
starting point for resource-limited settings to consolidate frag-
mented patient data into a structured monitoring framework. It
bridges the gap between ad-hoc record-keeping and future inte-
gration into advanced global registries. Future research should
integrate artificial intelligence (AI) and machine learning (ML)
models into HSCT surveillance systems. A recent study on chi-
merism analysis after pediatric allo-HSCT demonstrated that early
detection of recipient cell fractions did not predict relapse or sur-
vival; however, the authors noted that analyzing larger datasets
might help establish reliable risk thresholds [42]. More broadly, a
systematic review of Al applications in oncology confirms that Al
can improve early detection, treatment planning, and outcome
prediction, but common challenges include data heterogeneity,
lack of multi-center validation, and interpretability limitations [43].
Applying Al-assisted algorithms to our surveillance data could
address these challenges, enabling real-time risk stratification,
identification of subtle patterns in clinical KPIs, and early inter-
vention. This would transform our system from a passive registry
into a dynamic decision-support tool for clinicians.

4.1 | Limitation

Despite the strengths outlined above, a few limitations should be
acknowledged. This was a single-center qualitative study with a
relatively small sample size (n=15), which may limit transfer-
ability to other settings. The absence of molecular and cytogenetic
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data, due to infrastructure constraints, precludes certain compari-
sons with high-resource registries. Additionally, the pilot focused
on the first 100 days post-transplant; longer follow-up (e.g., 1-year
outcomes) will be addressed in subsequent phases. These limita-
tions, however, do not diminish the practical value of this PAR-
derived model for similar middle-income countries.

5 | Conclusion

In conclusion, this study presents the design and methodology
for a hospital-based surveillance system for HSCT patients with
hematological malignancies in northwest Iran. While surveil-
lance systems alone cannot fully improve cancer outcomes, they
are essential for HSCT, where timely therapy requires urgent
action. The system's sustainability faces challenges from limited
resources that hinder infrastructure and technological progress.
Importantly, this study provides foundational guidance to the
Ministry of Health's special diseases department—outlining
patient intake processes, informing drug distribution and
resource allocation, and supporting quality control of transplant
procedures, with potential for national-level planning.
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