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Abstract

Background: Hematopoietic stem cell transplantation (HSCT) is a critical therapeutic option for patients with specific
malignancies. This study aimed to elucidate the epidemiological profile of HSCT to address existing gaps in understanding regional
trends and outcomes over 14 years at a single center.

Methods: This retrospective cohort study analyzed the medical records of all patients who underwent HSCT at the Bone Marrow
Transplant (BMT) ward of Urmia Imam Khomeini Hospital in Iran, from December 2010 to December 2024. Comprehensive
evaluations of clinical and demographic characteristics were conducted during the pre-HSCT period. Data collection focused on post-
transplant clinical outcomes and complications, adhering to standardized definitions to ensure unbiased estimates.

Results: This study examined 280 HSCT patients, predominantly men (59.6%), with a mean age of 45.85 years (SD, 13.70).
Autologous HSCT comprised 76.43% of cases, followed by allogeneic (21.78%) and haploidentical donor HSCT (1.79%). The
primary indications were multiple myeloma (48.9%) and acute myeloid leukemia (24.3%). The median overall survival (OS) was 77
months (95% CIL: 62.05-91.95), and a 5-year OS rate of 54%. The mean disease-free survival (DFS) was 86.21 months (95% CI:
74.62-97.81), with a 5-year DFS rate of 67%. The cumulative incidence of acute graft-versus-host disease (acute GVHD) was 59.2%
at 100 days post-transplant (61% in allogeneic and 40% in haploidentical patients), with skin being the most affected organ (78.12%).
Last, 20.2% of the mortality in the total population with available acute GVHD was attributed to having grades 3 and -4 acute GVHD.

Conclusion: These findings underscore the viability of hematopoietic stem cell transplantation in resource-limited settings, highlight
areas for improvement in post-transplant care—particularly regarding severe acute GVHD—and offer valuable insights to guide
clinical practice and health policy in similar regional centers.
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Hematopoietic stem cell transplantation (HSCT) is a critical
therapy for malignant diseases, offering potential long-term
survival. It includes autologous, allogeneic, and
haploidentical types, each with distinct benefits and risks, like
graft-versus-host disease (GVHD).

— What this article adds:

It highlights autologous transplants for multiple myeloma and
allogeneic transplants for acute myeloid leukemia. This study
demonstrates comparable HSCT long-term outcomes (such as
overall survival and disease-free survival) with other nations,
although these transplantations were performed with limited
resources in a referral transplant hospital. It is notable to
report that the incidence of severe GVHD was high that
underscores the need for improved post-transplant care to
further enhance patient outcomes and accessibility in
underserved areas.
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Introduction

Hematopoietic stem cell transplantation (HSCT) repre-
sents a critical therapeutic modality for a range of hemato-
logic malignancies, with its application demonstrating a
marked increase in recent years (1). This medical inter-
vention entails the infusion of hematopoietic stem cells to
reconstitute hematopoiesis in patients with impaired bone
marrow function or compromised immune systems. HSCT
can be categorized into allogeneic transplantation, utiliz-
ing donor-derived cells, and autologous transplantation,
employing the patient's previously procured stem cells.
This procedure is fundamental in the treatment of condi-
tions such as leukemia, sickle cell disease, and diverse
immune dysfunctions (2). Despite its importance, scholar-
ly investigations underscore disparities in access to and
outcomes after HSCT that are associated with racial and
ethnic affiliations, thereby introducing further complexity
to the discourse (3, 4).

The Asia-Pacific region has experienced the most sub-
stantial augmentation in the volume of HSCTs performed,
with allogeneic transplants, frequently involving related
donors, constituting a more prevalent modality than autol-
ogous procedures. Within the 18 constituent countries and
regions, a discernible heterogeneity exists in per capita
transplant rates, reflecting both the aggregate number of
HSCTs conducted and the respective population sizes of
these entities (5). Research conducted by the Worldwide
Network for Blood and Marrow Transplantation offers
valuable insights into the Eastern Mediterranean Region
(EMR), with a specific emphasis on the Islamic Republic
of Tran. A significant proportion of the data about bone
marrow transplantation within Iran originates from promi-
nent institutions located in Tehran, such as the Hematolo-
gy-Oncology and Stem Cell Transplantation Research
Center affiliated with Tehran University of Medical Sci-
ences, particularly Shariati Hospital, a leading center in
this field (6).

The inaugural bone marrow transplantation center in
Iran was established in 1992 at Shariati Hospital in Teh-
ran, Iran. Subsequent developments have been imple-
mented to address the escalating demand for HSCT pro-
cedures (7). The contemporary landscape of bone marrow
transplantation (BMT) for hematologic malignancies in
Iran demonstrates significant progress and refinement
within this specialized medical field. This includes ad-
vancements in regions such as Urmia, where facilities
have been developed to rival the pioneering centers in
Iran. Urmia, the provincial capital of West Azerbaijan in
northwestern Iran, houses the Urmia Imam Khomeini
Hospital, which functions as the principal center for bone
marrow transplantation within the region. This hospital
achieved a significant milestone by successfully perform-
ing its first transplant in December 2009. Notably, it con-
ducted the first peripheral blood stem cell transplant in
West Azerbaijan for a patient diagnosed with acute leu-
kemia, thereby establishing Urmia as the third city in Iran
to offer this critical medical service (8). following the
precedents set by Tehran and Shiraz (9).
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Comprehending the epidemiological characteristics of
HSCT is paramount for informing public health strategies
directed at enhancing access to this therapeutic interven-
tion for underserved populations, thereby mitigating
health inequities (4,10). Furthermore, the global preva-
lence of hematologic malignancies is on an upward trajec-
tory, underscoring the imperative for effective treatment
modalities such as HSCT. Analyzing these epidemiologi-
cal trends can provide valuable insights for public health
initiatives and clinical practices on a global scale (11).
The present study focuses on elucidating the epidemiolog-
ical profile of HSCT at the Urmia Imam Khomeini Hospi-
tal—the principal referral center in northwestern Iran—to
address existing gaps in the understanding of regional
trends, outcomes, and challenges associated with this pro-
cedure. Specifically, this investigation aimed to analyze
patient demographics, transplant modalities (autologous,
allogeneic, haploidentical), survival rates, and the inci-
dence of complications such as graft-versus-host disease
(GVHD). The overarching objective of this study is to
provide data that can inform and guide equitable resource
allocation and the development of policies aimed at im-
proving HSCT accessibility and outcomes for populations
residing in resource-constrained provinces.

Methods

A retrospective cohort study of patients diagnosed with
hematological and nonhematological malignancies who
underwent HSCT within the BMT unit of Urmia Imam
Khomeini Hospital, located in Iran, was used to address
the epidemiological profile and clinical outcomes of pa-
tients who underwent HSCT in this center. This medical
facility functions as the principal center for the manage-
ment, treatment, and provision of medical interventions
for those with cancer and those requiring bone marrow
transplantation. Specifically, patients at this institution
receive peripheral blood stem cell transplants. The cohort
included all patients who received HSCT between 2010
and 2024.

The analytical framework of this study centered on a
range of pre-HSCT factors, encompassing the transplant
modality (allogeneic, autologous, or haploidentical), the
primary diagnoses of patients meeting HSCT eligibility
criteria, and pertinent demographic attributes. The index
date was operationalized as the commencement date of the
transplantation procedure, with subsequent follow-up ex-
tending until December 2024. To mitigate the potential for
underestimation of overall survival (OS) and disease-free
survival (DFS) rates, patients with a follow-up duration of
less than 6 months were excluded (14 patients).

All post-HSCT outcome data were retrospectively col-
lected through medical health records. This encompassed
longitudinal follow-up information pertaining to clinical
endpoints and other HSCT-related sequelae. The primary
outcomes evaluated included the cumulative incidence of
acute graft-versus-host disease (acute GVHD), diagnosed
based on clinical manifestations confirmed by an oncolo-
gist, with severity graded according to organ involvement
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before day 100 post-transplant, relapse of the primary
malignancy, graft rejection, overall survival, and disease-
free survival. Furthermore, nonrelapse mortality attributa-
ble to transplant-related complications was defined by the
presence of immune complications (including acute
GVHD, chronic GVHD, and graft rejection), infections
(comprising sepsis, pulmonary infection, fungal infection,
and hemorrhagic cystitis), organ toxicities (such as end-
stage renal disease, renal failure, myocardial infarction,
and renal dysfunction), graft-related issues (including poor
graft function and aplasia), bleeding events secondary to
HSCT-associated thrombocytopenia, GVHD, or infec-
tions, and other complications (such as ocular GVHD and
other ocular manifestations).

We employed a multisource data acquisition strategy to
mitigate potential inaccuracies and minimize information
bias. Researchers utilized several data streams to evaluate
outcomes and complications, including GVHD and its
associated severity (12). Data were abstracted from patient
medical health records, physician-prescribed medications
documented in the electronic prescription system, and
clinical symptomatology was cross-referenced with estab-
lished EBMT criteria to ensure internal consistency and
reliability. For cases of severe acute GVHD, inpatient
records from post-transplant follow-up visits were scruti-
nized to enhance data accuracy. Furthermore, direct con-
tact was made with patients to ascertain their vital status
(alive or deceased). This comprehensive methodological
approach facilitated a more precise evaluation of the data
and reduced the incidence of errors, particularly in the
context of the absence of a standardized registry system
providing high-quality data for this patient population.

Statistical Analysis

Descriptive statistical methodologies were employed to
characterize the demographic and clinical attributes of the
patient cohort. Kaplan-Meier survival curves were gener-
ated to depict the cumulative incidence of specified out-
comes. Patient survival time was operationalized as the
interval from the date of HSCT until either mortality due
to any HSCT-related cause or the date of the final record-
ed follow-up visit. Relapse of the primary disease, BMT
rejection, and transplant-related complications, encom-
passing acute GVHD and infections, were categorized as
transplant-related mortality (TRM). DFS time was calcu-
lated as the duration from the date of HSCT to disease
recurrence, and DFS rates were subsequently determined.
Statistical analyses were performed utilizing STATA Ver-
sion 17 and Microsoft Excel 2019 software.

To evaluate the influence of grades 3 and 4 acute
GVHD on mortality, mortality rates were calculated for
both the severe acute GVHD cohort and the cohort with-
out severe acute GVHD. The mortality rate for each group
was determined by calculating the ratio of the number of
deaths to the total number of patients within that group.
To calculate the relative risk (RR) of mortality associated
with severe acute GVHD, the RR was computed by divid-
ing the mortality rate observed in the severe acute GVHD
cohort by the mortality rate in the cohort without acute
GVHD. Furthermore, the population attributable risk per-

centage (PAR%) was calculated to estimate the proportion
of mortality within the total study population with availa-
ble acute GVHD status that could be attributed to severe

acute GVHD. The formula for PAR% is as follows:
_ 100xPxX(RR—1)

PAR% = :

1+Pxx(RR—1)

Where Py represents the proportion of the study popula-
tion exposed to severe acute GVHD, and RR denotes the
RR of mortality associated with severe acute GVHD. Fur-
thermore, the absolute increase in the risk of mortality
attributable to severe acute GVHD was estimated by cal-
culating the arithmetic difference between the mortality
rate in the unexposed cohort and the mortality rate in the
exposed cohort.

Results

Study Population and Demographic Characteristics

Our institution admitted a total of 280 HSCTs, compris-
ing 215 autologous (76.43%), 60 allogeneic (21.43%), and
5 haploidentical transplants (1.79%). The study cohort
consisted of 167 male participants (59.6%) and 113 fe-
male participants (40.4%), with a mean age of 45.85 years
(SD = 13.70; age range: 15-73 years). Notably, the majori-
ty of patients (98%; n = 274) were residents of West
Azerbaijan province, highlighting the center's crucial
function as a regional healthcare provider (Table 1).
PBSCs constituted the sole source of graft material for all
transplantation procedures. Among the hematologic ma-
lignancies necessitating HSCT, Multiple Myeloma (MM)
(48.9%) and Acute Myeloid Leukemia (AML) (24.3%)
were the most prevalent, followed by Hodgkin Lymphoma
(HL) (15%), Non-Hodgkin Lymphoma (NHL)(7.86%),
Acute Lymphoblastic Leukemia (ALL) (0.71%), and
chronic myelogenous leukemia (CML) (0.36%). Other
indications collectively accounted for 3.2% of cases, in-
cluding primary CNS lymphoma (1.4%), amyloidosis
(0.7%), germ cell tumors (0.36%), and medulloblastoma
(0.36%). The distribution of disease indications exhibited
marked variation according to transplant modality: AML
was the predominant indication among allogeneic HSCT
recipients (93.3%), whereas MM constituted the primary
indication for autologous procedures (62.8%). Haploiden-
tical HSCTs were predominantly performed for the treat-
ment of AML (80%).

Trends in HSCT Numbers and Indications Over Time

The volume of HSCTs performed at the center demon-
strated an increasing trend throughout the study period,
ranging from a nadir of 2 procedures in 2010 to a peak of
55 procedures in 2024 (Figure | and accompanying tabu-
lar data). Autologous transplantation consistently repre-
sented the predominant annual modality, accounting for
87.3% (n = 48) of all cases performed in 2024. Allogeneic
transplantation exhibited sporadic growth patterns, reach-
ing a maximum of 16 procedures in 2023, while hap-
loidentical transplantation, introduced in 2020, remained
an infrequent procedure (n = 5).
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Table 1. Characteristics of HSCT Cohorts at the Urmia BMT Center (2010-2024)

Patients with HSCT N=280 Patients’ outcomes

Autologous 214 (76.43 %) Cumulative Incidence Acute GVHD (%)

Allogeneic 61 (21.78 %) Grade 1-2 17 (26.15)
Haploidentical 5(1.79 %) Grade 3-4 20 (30.77)

Sex Male 167 (59.6 %) Median OS 1onn (95 % CI) 77 (62.05 - 91.95)

Female 113 (40.4 %)

Age at transplant 45.83 (13.62)

Mean DFS onn (95 % CI) **

86.21(74.62 — 97.81)

Diagnosis at transplant Survival probability (%) oS DFS
MM 137 (48.9 %) 6 months 85 93
AML 68 (24.3%) 1years 75 85
ALL 2 (0.7%) 3years 64 76
HL 42 (15 %) Syears 54 67
NHL 22(7.9 %) Cause of death
Other * 9(3.2%) HSCT complication 26 (30.95 %)
Chronological Number of HSCT relapse 51 (60.71 %)
1 276 (98.57 %) Unknown 7 (8.34%)
2 4 (1.43 %) * CML, primary CNS lymphoma, Amyloidosis, Lymphoma, Germ Cell
3< - Tumor, Medulloblastoma
Donor sex mismatch ** Median not calculable due to censoring patterns

Yes 35(53.8 %)

30 (46.2 %)

30.0

=@ Allogenic
=@ Autologus A
Haplo
20.0 Lo
10.0
0.0
2010 2011 2012 2013 2014 2015 2017 2018 2019 2020 2021 2022 2023 2024
HSCT type sz |2 |lg|zle|l2s|ls|le|e|s|=s |8 |8 |3 |N
o o S o o o o o o o =] <} <} S =]
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
Allogenic 1 0 2 1 2 2 - 2 4 1 9 9 6 16 6 60
Autologous 1 1 1 1 1 3 - 7 15 18 28 25 32 34 48 215
Haplo 0 0 0 0 0 0 - 0 0 0 1 1 1 1 1 5
Total 2 1 2 2 3 5 - 9 19 19 38 35 39 51 55 280

Figure I. Trends in the Proportions of Allogeneic, Autologous, and Haploidentical Hematopoietic Stem Cell Transplants at the Urmia BMT Center

(2010-2024).

Survival Outcomes

The patient cohort exhibited a median OS of 77 months
(95% CI: 62.05-91.95), with no statistically significant
difference observed according to sex (Figure 2; P = 0.92).
The estimated OS rates at 6 months, 1 year, 3 years, and 5
years were 85%, 75%, 64%, and 54%, respectively, with a
median follow-up duration of 22 months. Mortality was
observed in 32.3% of the patient population (95% CI:
26.66-38.32), while disease relapse occurred in 18.84%
(95% CI: 14.28-24.14) of the cohort.

The mean DFS duration was 86.21 months (95% CI:
74.62-97.81); the median DFS was not calculable due to
censoring patterns. No statistically significant difference
was observed according to sex (Figure 3; P = 0.65). DFS
rates at 6 months, 1 year, 3 years, and 5 years were 93%,
85%, 76%, and 67%, respectively (Figure 3). In the stud-
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ied population, a substantial proportion of patients re-
mained event-free after the study, with the majority of
relapses occurring towards the end of the follow-up peri-
od. These DFS rates correspond to the aforementioned OS
rates of 85%, 75%, 64%, and 54% at 6 months, 1 year, 3
years, and 5 years.

Early Post-transplant Outcomes

At 100 days post-transplantation, the cumulative mortal-
ity rate was 0.08 (n = 22), with a median time to death of
25 days, yielding an estimated survival probability of 92%
(95% CI: 88.5-95.5). The primary causes of mortality
were relapse of the underlying malignancy (60.71%), fol-
lowed by complications arising from HSCT (30.95%),
with a minor proportion of cases having undetermined
causes of death (8.34%). Acute GVHD was diagnosed at a
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Figure 2. OS times among HSCT patients by sex at the Urmia BMT Center (2010-2024)
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Figure 3. DFS times among HSCT patients by sex at the Urmia BMT Center (2010-2024)

median of 10 days post-transplant, with an overall inci-
dence of 56.92% within the initial 100-day period. The
cumulative incidence of acute GVHD at 100 days was
59.2%, demonstrating variation across transplant modali-
ties: allogeneic (61%) and haploidentical (40%). Among
patients diagnosed with acute GVHD, 26.15% experi-
enced grades 1 and 2 severity, while 30.77% presented
with grades 3 and 4 severity. The integumentary system
was the most frequently involved organ (78.12%), fol-
lowed by lower gastrointestinal manifestations (26.56%),
and involvement of the upper gastrointestinal tract and
liver (14.06% each). The cumulative proportion of pa-
tients surviving without the development of acute GVHD
was estimated at 40.8% (SE = 0.063), indicating that less
than half of the cohort remained free from this complica-
tion during the follow-up period.

Mortality Analysis in Grades 3 and 4 Acute GVHD Sub-
group

The study cohort comprised 65 patients who underwent
allogeneic and haploidentical HSCT. Among these, 20

patients developed grades 3 and 4 acute GVHD. In the
cohort with severe acute GVHD, 17 deaths occurred,
compared with 21 deaths in the cohort without severe
acute GVHD. The calculated mortality rates were 85% (17
out of 20) in the severe acute GVHD group and 46.67%
(21 out of 45) in the group without severe acute GVHD.

The proportion of the study population exposed to se-
vere acute GVHD was 30.8% (20 out of 65). Application
of the PAR% formula indicated that approximately 20.2%
of the mortality observed in the total population with
available acute GVHD status could be attributed to the
presence of grades 3 and 4 acute GVHD.

Alternatively, the absolute increase in mortality risk at-
tributable to severe acute GVHD was estimated to be 38
percentage points, representing a 38% increase in mortali-
ty risk associated with severe acute GVHD. These find-
ings suggest a statistically significant association between
severe acute GVHD and an elevated risk of mortality
compared with patients who did not develop severe acute
GVHD.
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Discussion

The current landscape and persistent expansion of
HSCT reflect a significant augmentation in HSCT activi-
ty, particularly within low- and middle-income countries
that operate under resource limitations (13). HSCT serves
as a critical therapeutic intervention for patients afflicted
with hematological malignancies, especially those pre-
senting with high-risk or relapsed disease. While a clear
positive trajectory exists in the adoption of HSCT proce-
dures, the absolute number of patients undergoing this
treatment exhibits regional and temporal variability. Perti-
nent epidemiological data illuminate the prevalence of
HSCT. Within the member countries of the Asia Pacific
Blood and Marrow Transplantation Group (APBMT),
substantial regional disparities exist in the density of facil-
ities offering HSCT services (14). Reports from countries
within the Eastern Mediterranean and African regions,
based on data spanning 2006 to 2013, indicate that a mere
12 out of 68 countries in the African Region (AFR) and
Eastern Mediterranean Region (EMRO) possessed active
bone marrow transplant teams. These teams reported a
cumulative total of 2331 HSCTs, representing a mere
3.3% of the global volume, thus indicating the lowest re-
gional HSCT rates relative to the eligible patient popula-
tion (15).

This study delineates the epidemiological characteristics
and clinical outcomes of HSCT in adult patients with he-
matologic and nonhematologic malignancies at Urmia, the
third established transplant center in Iran, over the preced-
ing 15-year period. The most frequent malignancies ne-
cessitating HSCT at this center were MM, HL, and AML.
The 2017 Activity Survey Report from the APBMT cor-
roborates these trends in transplant indications, identifying
AML as the predominant indication for allogeneic HSCT
and MM as the most common for autologous HSCT (14).
Nationally, Iran has witnessed a substantial volume of
HSCT procedures performed for hematological malignan-
cies, with a discernible temporal increase in transplant
numbers. Between 1991 and 2010, the pioneering trans-
plant center in Iran executed over 3170 HSCTs, predomi-
nantly allogeneic, with AML, major thalassemia, and ALL
being the most frequently treated conditions (16). Despite
these advancements at the national level, comprehensive
reporting from the Urmia center has been limited, under-
scoring the necessity for more detailed data regarding
HSCT activities within this specific region. This infor-
mation gap is particularly evident in APBMT reports,
which predominantly feature statistical data from Tehran
University of Medical Sciences, notably Shariati Hospital
(14). Another bone marrow transplant center situated in
northwest Iran, Imam Reza Hospital in Kermanshah, re-
ported the successful completion of 66 bone marrow
transplants between 2017 and 2019. Among these, approx-
imately one-third were autologous transplants, with a
higher representation of male patients and a median pa-
tient age range of 41 to 50 years. MM and AML were
identified as the primary indications for HSCT at this in-
stitution (17).

In another HSCT center located in East Azerbaijan
province, approximately 390 cases were documented be-
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tween 2015 and 2023, with approximately one-third of
these procedures being allogeneic transplants (18). A
comparative analysis of HSCT data across various Iranian
centers reveals a heterogeneous spectrum of hematologi-
cal malignancies treated with this modality. Contemporary
reports from bone marrow transplant centers indicate that
autologous transplants constitute the most frequently per-
formed procedure, with a higher proportion of male pa-
tients undergoing transplantation relative to female pa-
tients (7, 17). Initially, AML represented the predominant
malignancy treated with transplantation in Iran (7); how-
ever, more recent data illustrate an increasing proportion
of patients with MM among those receiving HSCT.

This evolving trend can be attributed to a confluence of
factors, most notably the elevated prevalence of MM and
leukemia within the Iranian population (19). Advance-
ments in diagnostic modalities have enhanced the early
detection of MM, thereby facilitating timely referrals for
HSCT (20). A significant determinant of this pattern is the
established role of autologous stem cell transplantation
following high-dose chemotherapy as a cornerstone of
therapeutic intervention for MM. Furthermore, in contrast
to patients with other hematologic malignancies, a subset
of individuals with MM may derive benefit from tandem
transplantation, thus broadening their therapeutic options
2.

As previously elucidated, comprehensive data regarding
the patterns and outcomes of transplantation recipients
across diverse regions within Iran, particularly at bone
marrow transplant centers, remains insufficiently docu-
mented, except information emanating from 2 prominent
national centers. Given the escalating utilization of BMT
for the treatment of malignancies and the inherent severity
of these conditions, a significant imperative exists for sys-
tematic patient follow-up (1, 16). Consequently, the de-
velopment of a cohesive registry system is essential, as it
would serve a critical function in optimizing patient care
and facilitating the timely dissemination of relevant in-
formation at the regional level (22, 23).

The present investigation observed a median OS of 77
months within the studied patient cohort. The OS proba-
bilities at 1, 3-, and 5-year post-transplantation were 75%,
64%, and 54%, respectively. Concurrently, the DFS prob-
abilities at these corresponding intervals were 85%, 76%,
and 67%. Contemporary research has provided valuable
insights into the survival rates and outcomes of HSCT
recipients in Iran. For instance, a study focusing on pa-
tients with multiple myeloma reported 1-year and 5-year
OS rates of 78% and 35.6%, respectively, alongside DFS
rates of 57.7% at 1 year and 17% at 5 years, underscoring
the challenges associated with maintaining remission after
HSCT (24). Within the specific context of HL, the 3-year
OS and DFS were reported as 91.8% and 77%, respective-
ly (7). Among patients with AML, the 2-year OS rate was
reported at 55%, with a relapse rate of 6% (25). Further-
more, in a separate center in Iran, AML patients who un-
derwent allo-SCT had a 5-year OS rate of 56% and a DFS
rate of 52% (26). Overall, the findings of our study sug-
gest that patients receiving HSCT at our institution expe-
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rience comparatively favorable long-term outcomes rela-
tive to those reported in other regions within Iran.

Notably, our analysis revealed an intriguing observation
wherein the median OS was shorter than the mean DFS
after HSCT. Typically, OS encompasses the total duration
of survival, irrespective of disease status, whereas DFS
specifically measures the interval free from relapse or
disease progression (27). To elucidate this apparent dis-
crepancy, we analyzed the temporal distribution of relaps-
es and the causes of mortality within our cohort. The mean
time to relapse was 26.94 months, with a considerable
proportion of relapses occurring relatively late in the post-
transplantation period. Consequently, these late relapses
may not immediately impact DFS, as DFS is calculated
from the time of transplantation until the first documented
occurrence of relapse or disease progression. However,
such late relapses can ultimately compromise OS if pa-
tients succumb to their underlying disease or associated
complications, thereby affecting long-term survival out-
comes. This phenomenon underscores the importance of
considering both DFS and OS as distinct yet complemen-
tary metrics when evaluating the efficacy of HSCT.
Moreover, it highlights the necessity for sustained surveil-
lance and tailored management strategies to address late
relapses and ultimately improve overall survival rates
(22).

Building upon prior observations, the present study re-
vealed an early mortality rate of 8% among patients who
underwent HSCT, with a median time to mortality of 25
days post-transplant. The reported 92% survival rate at
this early stage is particularly encouraging when juxta-
posed with historical data indicating substantially higher
early mortality rates. It is noteworthy that approximately
60% to 80% of TRM typically occurs within the initial
100 days after transplantation (28). Our findings align
with previous studies reporting an overall cumulative in-
cidence rate of early TRM of <10% (29). Early TRM pos-
es a significant clinical challenge, particularly during the
first 100 days post-transplant, a period characterized by a
heightened incidence of complications. Several factors can
influence mortality rates after HSCT, including the trans-
plant modality (autologous versus allogeneic), the pa-
tients' underlying conditions, and the development of
complications such as GVHD. GVHD remains a principal
contributor to mortality among HSCT recipients and ex-
erts a considerable impact on long-term survival outcomes
(30). While mortality within the first 100 days post-
transplant was infrequent in our cohort, the observed dis-
crepancy between long-term outcomes, specifically DFS
and OS, may be partially attributable to early NRM. To
further elucidate this, we conducted analyses of the causes
of death during 2 distinct post-transplant periods: the ini-
tial 6 months and the subsequent period from 6 months to
1 year. Additional analyses focused on differentiating be-
tween relapse-related and non-relapse-related causes of
death. These results indicated that 63.64% of early mortal-
ity cases were attributable to complications of HSCT ra-
ther than disease relapse, underscoring the significant im-
pact of transplant-related complications on early mortality
outcomes. Furthermore, in our cohort, the cumulative in-

cidence of acute GVHD at 100 days post-transplant was
estimated at

59.2%. Specifically, 26.15% of these cases were classi-
fied as grade 1 or 2, while 30.77% were grade 3 or 4. This
finding is consistent with a prior study reporting a 29.6%
incidence of acute GVHD among Iranian patients between
2007 and 2017, highlighting the significant role of acute
GVHD in post-transplant events within this population
3.

Our findings demonstrate a cumulative incidence of
acute GVHD of 56.92%, which is higher than the rates
reported from European centers (27.9%-33%) and Asian
cohorts (18.9%-40%) (32). Notably, the cumulative inci-
dence of acute GVHD in our cohort (56.92%) exceeds
rates reported in recent multinational studies (4%-17.9%),
highlighting a critical disparity in outcomes that warrants
further investigation into potential contributing factors
such as genetic predisposition within our population, vari-
ations in immunosuppressive protocols, or other center-
specific practices. Historically, studies conducted in Euro-
pean centers have reported acute GVHD in allogeneic
HSCT recipients at rates reaching up to 33% (28). Cumu-
lative incidences of acute GVHD at 4 months post-
transplant have been reported as 27.9% and 27.6% for the
first and second transplants, respectively (33). Recent re-
search indicates a temporal decline in the cumulative inci-
dence of acute GVHD. The incidence of grades 2 to 4
acute GVHD decreased from 47% in the period before
2000 to 24% between 2000 and 2010, and further to 16%
after 2010. Similarly, the incidence of grades 3 to 4 acute
GVHD decreased from 13% to 5%, and then to 4% during
these same periods (34). In Asian countries, the incidence
of GVHD demonstrates variability across ethnic groups.
Among Japanese patients, the reported incidence of grades
2 to 4 acute GVHD is 40%, with 15.3% experiencing
grades 3 to 4 acute GVHD. In contrast, Chinese patients
have reported rates of 18.9% for grade 2 acute GVHD and
17.9% for grades 3 to 4 acute GVHD (35). This variability
underscores the influence of donor compatibility and other
clinical variables, aligning with global trends that attribute
reduced GVHD incidence to advancements in human leu-
kocyte antigen (HLA) typing precision, graft manipulation
techniques, and the optimization of prophylactic regimens
(36). Furthermore, mortality analysis within the acute
GVHD subgroup revealed that approximately 20.2% of
the total mortality in the population with available acute
GVHD data could be attributed to severe acute GVHD,
indicating its critical contribution to mortality in this pa-
tient cohort. The persistent burden of severe GVHD in our
population may reflect region-specific challenges, necessi-
tating more stringent HLA-matched donor selection crite-
ria, increased utilization of alternative donor sources such
as haploidentical or mismatched transplants when fully
matched donors are unavailable, and the implementation
of optimized prophylaxis protocols tailored to our patient
population. Additionally, regional variations in gut micro-
biota composition, an increasingly recognized modulator
of GVHD severity, warrant consideration as a potential
contributing factor to the observed outcomes (37-40).
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Limitations

Several limitations warrant consideration when inter-
preting the findings of this investigation. First, the retro-
spective study design inherently introduces the potential
for biases, a common methodological challenge in such
analyses (41). However, the descriptive nature of this
study may mitigate some concerns regarding causal infer-
ence. Second, the exclusion of patients with a follow-up
duration of less than 6 months (n = 14), implemented to
prevent the underestimation of overall survival, could in-
advertently increase the risk of underestimating early mor-
tality or relapse incidence. To address this concern, a re-
view of the available follow-up data for these excluded
patients (ranging from 3 to 6 months) revealed that, fortu-
nately, none experienced disease relapse during their ob-
served follow-up period. Third, the single-center design of
this study inherently limits the generalizability of the find-
ings to other institutions or patient populations that may
exhibit differing demographic or clinical characteristics.
Finally, a significant challenge encountered within the
context of HSCT for hematological malignancies was the
absence of detailed subtype classification for the studied
malignancies, primarily attributable to the limited availa-
bility and substantial cost associated with advanced mo-
lecular and cytogenetic testing.

Conclusion

This study highlights that autologous HSCTs are mainly
used for multiple myeloma, while allogeneic transplants
are preferred for acute myeloid leukemia at a referral cen-
ter in Northwest Iran. Despite an increase in HSCT proce-
dures over 15 years, autologous transplants remained
dominant, with few haploidentical cases, likely due to
local resource constraints.

Long-term outcomes at this center are comparable to or
better than national reports, reflecting progress in HSCT
care. Early post-transplant mortality was low, but most
deaths within 6 months were due to transplant-related
complications. The higher rate of acute GVHD compared
to other countries signals a need for improved manage-
ment. Further research and targeted interventions are rec-
ommended to reduce non-relapse complications and im-
prove patient outcomes.
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