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Prognostic factors for survival after
allogeneic transplantation in acute
myeloid leukemia in Iran using
censored quantile regression model
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Hematopoietic stem cell transplantation (HSCT) emerged over sixty years ago as a groundbreaking
and potentially curative treatment for patients with acute myeloid leukemia (AML) who were not
responding to chemotherapy. In this study, we aimed to investigate prognostic factors for survival
after allo-HSCT in AML patients. This retrospective cohort study was carried out using data from

742 adult AML patients underwent allo-HSCT. we analysis prognostic factors for survival after allo-
HSCT with censored quantile regression model. The 5-year OS, DFS and GRFS rates were 58, 53, and
30%, respectively. OS for recipients older than 35 years was 0.95 and 1.12 years lower than that for
recipients under 35 years in the 25th and 40th percentiles, respectively. Compared to patients in their
CRI, those with CRIII disease experienced a decrease in OS at the 25th and 40th percentiles by 1.72 and
3.72 years, respectively. Moreover, OS for ABO matched patients was 0.92 and 1.29 years longer than
that of patients with an ABO major mismatch. This study could assist oncologists and hematologists in
understanding the prognostic factors affecting patient survival across various survival ranges, thereby
potentially extending patients’ lifespans.
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Abbreviations

CQR Censored quantile regression

AML Acute myeloid leukemia

allo-HSCT  Allogeneic hematopoietic stem cell transplantation
(N Overall survival

DFS Disease-free survival

GRES GVHD-free relapse-free survival

aGVHD Acute graft-versus-host disease

Allogenic hematopoietic stem cell transplantation (allo-HSCT) emerged over sixty years ago as a groundbreaking
and potentially curative treatment for patients with acute myeloid leukemia' who were not responding to
chemotherapy®>. Further studies have established allo-HSCT as the preferred treatment approach for adults
with AML in their first complete remission (CRI), due to its effectiveness in lowering the risk of disease relapse
by more than 60% compared to intensive chemotherapy alone*.
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The utilization of novel medications and the availability of enhanced supportive care led to improvements in
the outcomes of allo-HSCT®. Many analyses have shown that in the entire AML patient population, allo-HSCT
is the most successful post remission management strategy to prevent relapse®.

Although AML recurrence occurred in approximately 50% of HSCT users in the registry context and
indicated poor outcomes, allo-HSCT was associated with better overall survival (OS). Other therapies have not
been able to equal HSCT’s record of disease-free survival (DFS) of 50% or greater’.

Numerous variables might influence the outcomes of HSCT. In addition to patient characteristics, donor
factors may also influence transplant outcomes. Numerous studies have demonstrated that several factors,
including age, sex, blood type ABO matching, donor and recipient sex, primary outcomes, achieving complete
remission (disease status), transplant type, and occurrence of graft-versus-host disease (GVHD), can affect a
patient’s prognosis following HSCT8-15.

The primary aim of the current study was to identify prognostic factors for OS, DFS, and GVHD-free relapse-
free survival (GRFS) in AML patients undergoing allo-HSCT.

Methods

This retrospective cohort study was conducted by reviewing secondary data from 835 adult AML patients who
underwent allo-HSCT. The information, categorized according to the WHO classification, was collected and
registered by the Hematology-Oncology & Stem Cell Research Center (affiliated with Tehran University of
Medical Sciences, Tehran, Iran). The participants included in this study were referred to the hematology clinic
for allo-HSCT between 2008 and 2019, and their follow-up continued until 2021.

All AML patients in complete remission (CR) undergo transplantation, while those not in CR do not receive
a transplant according to the center’s protocol. In most cases, patients received a myeloablative conditioning
regimen consisting of two drugs, Busulfan and Cyclophosphamide (BuCy). In a few instances, however, a
fludarabine-based regimen was administered. Eighty-three patients were excluded solely due to missing data,
and ten patients with acute promyelocytic leukemia (APL) were also excluded. All patients included in the study
were receiving their first transplant.

The separate events of interest in the study were the duration (years) from allo-HSCT to death (AML and
transplant-related deaths) (OS), disease relapse or death (DFS), death or relapse or occurrence of cGVHD
(GRFS).

The current study utilized various factors to assess time-to-event outcomes among patients, including
recipient age at diagnosis (years), sex matching (whether the donor and recipient were of the same sex), time
from diagnosis to transplant, and the disease status at the time of transplantation. Specifically, patients with
favorable-risk disease were not considered for HCT in first complete remission (CRI), while those in second
complete remission (CRII) or third complete remission (CRIII) underwent allogeneic HSCT.

Additionally, donor type (categorized as Sibling, Other-related, and Unrelated) was analyzed. It is important
to note that all cases classified as unrelated and other-related donor types were fully matched with their respective
recipients based on HLA matching.

We also examined ABO matching (matched, minor mismatch, and major mismatch). Due to the limited
number of bidirectional cases (37 patients) and their structural similarity to the major mismatch group, these
cases were combined with the major mismatch category for statistical analysis. The definition of ABO mismatch
is provided in Table 1.

The main event was death from AML patients, and all other deaths were regarded as right censored
observations. Qualitative variables in more than two groups were defined as indicator variables.

To ensure clarity and transparency, a flow diagram summarizing the study’s methodology has been provided
(Fig. 1). The diagram details the steps from initial participant identification through the application of inclusion
and exclusion criteria, culminating in the final cohort analyzed.

The median follow-up times (years) for OS, DFS, and GRES in all patients were 2.7 (from 5 days to 13.2
years), 2.4 (from 5 days to 13.2 years), and 1.1 (from 5 days to 13.2 years), respectively. Additionally, in the case of
censored patients during the study, the median follow-up time (years) for the three mentioned responses was 4.4
(from 21 days to -13.2 years), 4.5 (from 21 days to -13.2 years), and 4.1 (from 21 days to -13.2 years), respectively.
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Table 1. Nomendature for ABO mismatching observed.
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Fig. 1. Patient selection and study cohort flow diagram.

Statistical analysis
The mean (+ standard error) and frequency (percentage) were used to indicate descriptive characteristics of the
patients, including continuous and categorical variables, respectively.

Statistical methods for the survival data
In survival studies, time-to-event data pose unique challenges due to the presence of censored observations and
skewed distributions with heavy tails.
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Clinicians and medical researchers often seek to evaluate the impact of multiple risk factors on survival
time in a multivariate framework. However, traditional methods like Kaplan-Meier are limited in their ability
to address such complex relationships. Traditional survival models, such as the Cox proportional hazards
model and the accelerated failure time (AFT) model, are widely used to analyze prognostic risk factors, but they
have inherent limitations. The Cox proportional hazards model assumes proportional hazards, meaning the
relative risk between groups remains constant over time. If this assumption is violated, it can lead to incorrect
interpretations of the effects of covariates. On the other hand, the AFT model provides a direct interpretation of
explanatory variables but assumes that covariate effects are uniform across the entire survival distribution. This
assumption may not hold in many real-world scenarios, particularly when the effects of risk factors vary over
time!&'.

Censored quantile regression (CQR) offers a robust alternative by estimating covariate effects across
various quantiles of the survival distribution. Unlike traditional regression methods, CQR does not rely on
strict assumptions such as proportional hazards, normality of error terms, or homoscedasticity (constant error
variance). This flexibility makes CQR an effective and powerful tool for analyzing survival data with skewed
distributions, censored observations, or heterogeneous covariate effects. By focusing on specific quantiles, CQR
enables researchers to examine how prognostic factors influence short-term, medium-term, and long-term
survival outcomes, offering a comprehensive and nuanced understanding of survival dynamics!®!%.

Clinicians and medical researchers use a multivariate CQR model to evaluate the risk of events of interest
over time. A model of the quantile function of time to event is accommodated by the CQR model to measure
quantiles to indicate the level of the survival phase!*%,

In this study, the Laplace quantile regression model was used for survival data. They assumed that the error
term follows an asymmetric Laplace distribution and considered the Laplace regression model as a method for
modeling the conditional quantiles of survival time?"?2,

Laplace regression model
Bottai and Zhang (2010), to estimate 3 (p), considered a regression model where the error term is assumed to
follow an asymmetric Laplace distribution. They explored its use in the estimation of conditional quantiles of a
continuous outcome variable given a set of covariates in the presence of random censoring.

They supposed that there exists a fixed r-dimensional parameter vector 3 (p) such that

Ti=X"B (p) +e;

where €; is an independent and identically distributed residual whose pth quantile equals zero
(P(ei < 0lxi) =p).

Let T; conditional on Xj, follow a form of asymmetric Laplace distribution with a probability density
function

f(Ty) —exp{([(ti <u)-p) ti_pi} p(1-p)

o) J o(p)

where o (p) € (0,00), u; = X"B (p).

In the presence of censored observations, the likelihood function is proportional to
LB (p),0 () [T) = [T 50 ((E(T) (1= F (1))

The maximum likelihood estimators for the parameters are defined as the maximum of 1(Ti|B (p), o (p))
. They used the algorithm proposed by Nelder and Mead (1965) to estimate parameters and inference on the
parameters obtained by bootstrapping the point estimates for quantiles of interest?!.

In all cases, analyses were performed using STATA version 14. A P value <0.05 was considered significant in
all statistical analyses.

Results
The mean (+standard deviation) age of the 742 participating patients was 36.10 (+11.93) years. The median
(confidence interval) DFS and GRES times were 7.1 (4.9-10) and 1.4 (1.1-1.8) years, respectively.

During the follow-up period, 286 (38%) patients died, 326 (43%) patients died or relapsed (DFS), and 517
(70%) patients died or relapsed or experienced cGVHD (GRFS).

Table 2 gives the descriptive statistics of all the prognostic factors used in this study. Table 3 shows the OS,
DFS, and GRES rates after one, two, five, and ten years.

The causes of death of the patients under the study after HSCT were investigated during a follow-up period.
Disease recurrence (46%), infection (22%), and the occurrence of cGVHD (20%) were the most common causes
of death. The remaining causes of death included 12% of deaths.

As shown in the Kaplan-Meier plot in Fig. 2, considering that the OS, DFS, and GRFS rate of patients during
follow-up is 0.55, 0.48 and 0.20, respectively, the maximum percentiles of OS, DFS, and GRFS that can be
modeled were 45, 52, and 80, respectively. Thus, based on the percentage of patients who experienced the event,
we took into account the 25th and 40th percentiles for OS, the 25th, 40th, and 50th percentiles for DFS, and the
25th, 40th, 50th, and 70th percentiles for GRFS based on the observed survival constraints.
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Variables Categories N (%)
<35 years 360 (48.5)
Recipient age
>35 years 382 (51.5)
Female 429 (57.8)
Recipient sex
Male 313 (42.2)
Female 426 (57.4)
Donor sex
Male 316 (42.6)
CRI 557 (75.1)
Disease status CRII 143 (19.2)
CRIII 42 (5.7)
Male-Male 246 (33.2)

Female-Female | 133 (17.9)
Male-Female 180 (24.3)
Female-Male 183 (24.6)

Sex matching (recipient-donor)

Matched 432 (58.3)
ABO missmatching Minor 131 (17.6)

Major 179 (24)

Sibling 652 (87.9)
Donor type Unrelated 37 (5.0)

Other relative | 53 (7.1)

No 552 (74.4)
aGVHD

Yes 190 (25.6)

<284 371 (50.0)
CD3

>284 371 (50.0)

<5.1 378 (50.9)
CD34

>5.1 364 (49.1)

Table 2. The clinical characteristics of AML patients undergoing allo-HSCT.

Time [N DFS GRFS
One year | 77% (74-80) | 72% (68-75) | 55% (51-58)
Two years | 69% (66-73) | 65% (61-68) | 45% (41-48)
( )
( )

Five years | 58% (54-62) | 53% (49-57) | 30% (27-34)
Ten years | 53% (48-58) | 47% (41-52) | 21% (16-26)

Table 3. OS, DFS and GRES rates.

Considering the results of the quantile regression models reported in Table 4 in the 25th and 40th percentiles,
the times when 25 and 40% of patients have experienced death, recipient age, ABO matches, disease status,
relapse and aGVHD occurrence were identified as significant prognostic factors affecting OS.

In Table 4, the effects of recipients aged over 35 years compared with those aged under 35 years on the 25th
and 40th percentiles of OS were —0.95 and — 1.12 years, respectively (P-value <0.05). In the ABO match effect
check, the effect of major mismatch compared with the patients with matched ABO were —0.92 and — 1.29 years;
also, the effect of CRIII compared to CRI were — 1.38 and — 1.64 years and finally, patients who had relapses after
HSCT have a shorter survival of 2.25 and 4.21 years, respectively. The effect of aGVHD was 1.30 years, on the
40th percentile of survival times (P-values <0.05).

The plots of the estimated CQR coefficients of OS and their 95% confidence intervals and conditional
quantile effects estimated by Cox model for pe (0.10, 0.20, 0.30, 0.40) are displayed in appendix 1. The Fig. 3
(for significant variables) and Fig. 4 (for not significant variables) show a clear upward or downward trend in the
regression coefficients over time. As follow-up periods increased and the number of patients who experienced
death increased, survival times for those over 35 years of age decreased compared to those under 35 years of age.
However, survival times for CRI patients improved compared to CRIII patients.

Based on Table 5, the times when 25, 40 and 50% of patients have experienced death or relapse, disease status,
ABO match, and aGVHD occurrence were identified as significant factors affecting the DFS time. Additionally,
recipient age and donor type in the 50th significantly affected the DFS time.

According to Table 5, the effect of recipients aged over 35 years compared with those under 35 years on the
50th percentile of DFS was —1.26 years (P-value <0.05). In the ABO match, the major mismatch compared with
the patients with matched ABO on the 25th and 40th percentile of DFS were —0.63 and — 1.92 years, respectively.
In the examination of the disease status, the effect of CRII compared with CRI was —1.03 and — 1.86 years, the

Scientific Reports|  (2025) 15:9055 | https://doi.org/10.1038/s41598-025-92107-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Survival Probabilty

0.25 0.50 0.75 1.00

0.00

Kaplan—Meier estimated

I | I I | | |

2 4 6 8 10 12 14
Follow up Time (Year)

Number at risk

oS
DFS
GRFS

433 279 158 69 31 8 0
410 266 150 66 29
259 156 87 36 16 5 0

Fig. 2. Kaplan-Meier curves in adult AML patients who received allo-HSCT and available survival quartiles
for OS, DFS and GRES.

effect of CRIII compared with CRI was —1.49 and - 3.54 years, and finally, the effect of aGVHD was 1.17 and
1.87 years, respectively, on the mentioned percentile of survival times (P-value <0.05). At the 50th percentile of
DFS, survival in sibling donors is expected to be 2.06 years longer (P-value <0.05).

The plots of the estimated CQR coefficients of DFS and conditional quantile effects estimated by Cox model
for p €(0.10, 0.20, 0.30 0.40, 0.50) are displayed in appendix 1. The Fig. 5 (significant variables) and Fig. 6 (not
significant variables) show a clear upward or downward trend in the regression coefficients over time for DFS.
The DFS of recipients aged over 35 years compared to those aged under 35 and those with major ABO mismatch
compared to those with ABO matching decreased, and the DFS of patients with aGVHD occurrence compared
to those without aGVHD and CRI disease compared to those with CRIII disease increased over time.

According to Table 6, significant factors affecting GRFS in the 40th, 50th and 70th percentiles, the times when
25, 40,50 and 70% of patients have experienced death or relapse or occurrence of cGVHD, include recipient age,
sex matching and disease status.

As seen in Table 6, the effect of recipient age over 35 years compared with under 35 years on the 50th and
70th percentiles of GRFS were —0.59 and —1.23 years, respectively (P-value <0.05). Investigating the state of
the disease, the effects of CRII compared with CRI on the mentioned percentiles of GRFS were —0.62 and
—1.91 years, respectively (P-value <0.05). The GRFS of female recipients and male donors, at the 40th, 50th and
70th percentiles, compared to male recipients and donors were —0.42, -0.25 and —1.57 years, respectively (P
value<0.05).

The plots of the estimated CQR coeflicients of GRFS and conditional quantile effects estimated by Cox model
for p € (0.10, 0.20, ... 0.80) and are displayed in appendix 1. The Fig. 7 (significant variables) and Fig. 8 (not
significant variables) show a clear upward or downward trend in the regression coefficients over time for GREFS.
The GREFS of recipients aged over 35 years compared to those under 35 years, female recipients and male donors
compared to male recipients and donors, and patients with CRII disease compared to those with CRI disease
decreased over time.

Additionally, the results of the Cox proportional hazards model, including the reported hazard ratios, are
presented alongside the coeflicient estimates for different quantiles in Tables 4, 5 and 6. This comparison provides
a comprehensive view of the covariates’ effects across the Cox model and the quantile regression model. As can
be seen, censored quantile regression examines the effects of prognostic factors on survival time at different
quantiles of the survival distribution, rather than assuming a uniform hazard ratio for the entire population. The
effects of the Cox model were almost the same in different quantiles while they changed in quantile regression
models as the quantiles vary.

Discussion
The number of patients undergoing HSCT for acute myeloid leukemia! is increasing.
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Quantiles
Cox model |0.25 0.40
Variables Categories HR(Se) Coef. (Se) Coef. (Se)
<35 years Ref Ref. Ref.
Recipient age
> 35 years 1.51(0.18) * | —0.95(0.42) * | -1.12(0.5) *
<0.6 Ref Ref. Ref.
Diagnostic time to HSCT
>0.6 1.07 (0.14) | -0.05(0.38) | 0.04(0.5)
Male-Male Ref Ref. Ref.
Female- Female | 1.20 (0.20) —-0.55 (0.57) -0.83 (0.61)
Sex matched (recipient-donor)
Male- Female 0.98 (0.16) | —0.25(0.55) | 0.21 (0.56)
Female -Male | 1.18 (0.18) | —0.67 (0.52) | —0.45 (0.57)
Matched Ref Ref. Ref.
ABO mismatching Minor 0.91 (0.16) —-0.05 (0.63) —-0.03 (0.63)
Major 1.44 (0.19) * | —0.92 (0.45) * | —1.29 (0.55) *
CRI Ref Ref. Ref.
Disease status CRII 1.36 (0.2) * | —-0.69 (0.47) —-1.02 (0.54)
CRIII 1.83 (0.43)* | —1.38 (0.69) * | —1.64 (0.91) *
Sibling Ref Ref. Ref.
Donor type Unrelated 1.31 (0.35) -1.53(0.82) -1.38 (1.30)
Other relative 1.50 (0.22) | -1.27(0.79) | —0.56 (1.04)
No Ref Ref. Ref.
aGVHD occurrence
Yes 0.78 (0.11) 0.8 (0.54) 1.30 (0.63) *
No Ref Ref. Ref.
Relapse
Yes 3.77 (0.46) * | —=2.25(0.45) * | —4.51 (0.57) *
<284 Ref Ref. Ref.
CD3
>284 1.05(0.12) | -0.23(04) | -0.27(0.47)
<5.1 Ref Ref. Ref.
CD34
>5.1 0.96 (0.11) | —0.45 (0.38) | —0.23 (0.45)

Table 4. Effect of prognostic factors on the OS quantiles based on the results of Laplace regression and Cox
model. Coef. Estimated parameter, SE Standard error, HR Hazard ratio, * significant at 5% level.

HSCT is a suitable approach for patients suffering from hematologic disorders such as AML, but the outcome
of this therapeutic procedure may be affected by various variables, including patient age, disease status, donor
type, and diagnostic time to HSCT?.

In this study, we aimed to evaluate the impact of prognostic factors on patients’ survival with AML after
allo-HSCT in Iran from 2008 to 2019, and quantile regression was chosen for assessments due to its benefits.
This regression enables the determination of the number of patients at the end of the follow-up duration and all
desired checkpoints. Additionally, to evaluate the covariate effects in survival analysis, this method can be used.

The 5-year OS was calculated to be 58% in our study, while other studies had similar rates after allo-HSCT
(60%)?>26. Decreased transplant-related mortality, increased survival rates, and a larger number of patients who
are suitable for transplants have been achieved as a result of advancements in supportive care, donor selection,
and conditioning regimens?’. Our results are consistent with other research showing considerable allo-HSCT
advantages for DFS and OS'>%.

In this study, prognostic factors that are similar for OS, DFS and GRFS were identified and described as
recipient age over 35 years, disease status, and occurrence of aGVHD. ABO major mismatch was a significant
factor for OS and DFS but not for GRFS. Additionally, donor type was important for DFS and GRFS but not for
OS. In addition, sex matching was important only in GRFS, and there was no relationship between OS and DFS
with any type of sex matching.

However, diagnostic time to HSCT and minor ABO mismatch were not statistically significant prognostic
factors for OS, DFS and GRFS.

Disease status was the first factor that revealed its important effect, showing a statistically significant
difference between the OS of CRI patients with CRIII patients in percentiles greater than the 25th percentile.
At the 25th and 40th percentiles, CRIII patients are expected to live 1.38 and 1.64 years less than CRI patients,
respectively. The outcomes were similar for DFS and GRFS times. Similar studies have indicated that patients in
the CRI disease status have better OS and DFS, as well as our results23°,

The effect of relapse after HSCT is significant for all percentile for OS. According to a related study, fewer
patients who relapsed and survived than those who did not did s0*’. The survival rate of AML is greatly improved
by allo-HSCT, but relapse is still one of the most important factors that influence survival of the AML patients.

The effect of recipient age was significant after the 25th percentile for OS, but for DFS and GREFS, the effects
were significant only after the 50th and 70th percentiles, respectively. Patients aged less than 35 years are expected
to live 0.72 and 1.26 years more than patients older than 35 years at the 25th and 40th percentiles, respectively.
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Quantiles
Cox model |0.25 0.40 0.50

Variables Categories HR(Se) Coef. (Se) Coef. (Se) Coef. (Se)

<35 years Ref. Ref. Ref. Ref.
Recipient age

> 35 years 1.33(0.15) * | —=0.51 (0.28) —0.94 (0.51) —-1.26 (0.63) *

<0.6 Ref. Ref. Ref. Ref.
Diagnostic time to HSCT

>0.6 0.86 (0.10) | 0.41(0.31) | 0.57(0.52) | 0.55(0.57)

Male-Male Ref. Ref. Ref. Ref.

Female- Female | 1.09 (0.18) | —0.36 (0.36) | —0.90 (0.69) | —0.46 (0.89)
Male- Female | 1.14 (0.17) | —0.42 (0.39) | —0.75 (0.61) | —0.46 (0.80)
Female -Male | 1.24 (0.18) | —0.54 (0.35) | —0.91 (0.52) | —0.67 (0.66)

Sex matched (recipient-donor)

Matched Ref. Ref. Ref. Ref.

ABO mismatchng Minor 0.84 (0.14) 0.37 (0.53) 0.99 (0.83) 1.05 (0.82)
Major 1.58 (0.20) * | —0.63 (0.30) * | —1.92 (0.49) * | —2.25 (0.67) *
CRI Ref. Ref. Ref. Ref.

Disease status CRII 1.60 (0.22) * | —1.03 (0.33) * | —1.86 (0.52) * | —2.24 (0.66) *
CRIII 1.92 (0.44) * | —1.49 (0.41) * | —3.54 (0.79) * | =3.95 (1.14) *
Sibling Ref. Ref. Ref. Ref.

Donor type Unrelated 1.68 (0.42) * | —0.57 (0.44) —-0.89 (0.72) —2.06 (0.80) *
Other relative 1.37(0.58) | —0.69 (0.44) | -0.57(0.76) | -1.15(1.12)
No Ref. Ref. Ref. Ref.

aGVHD occurrence
Yes 0.71 (0.09) * | 1.17 (0.51) * 1.87 (0.67) * 2.02 (0.74) *
<284 Ref. Ref. Ref. Ref.

CD3
>284 0.87 (0.10) 0.18 (0.26) 0.0.84 (0.51) | 0.81(0.65)
<5.1 Ref. Ref. Ref. Ref.

CD34
>5.1 1.03 (0.11) —-0.36 (0.28) —0.22 (0.45) —0.26 (0.54)

Table 5. Effect of prognostic factors on the DFS time quantiles based on the results of Laplace regression and
Cox model. Coef. Estimated parameter, SE Standard error, HR Hazard ratio, * significant at 5% level.

However, for DFS and GRES time, this effect was seen only in the final percentiles. In the early days after allo-
HSCT, age was not identified as a significant prognostic factor. This may be explained by the fact that older
patients are subject to lower OS and DFS*'-%° and that it took 7 years for our patients to reach the 40th percentile
in DFS. In a study conducted in 2017, they showed that AML patients younger than 35 had a longer GRFS
time3®7. In this regard, Middeke et al. reached similar results to our study, although age was not significantly
affected by DFS time after HSCT.

Donor types were significantly associated with GRFS and DFS time. For DFS time in the 50th percentile
and GREFS time in the 70th percentile, matched sibling donors were expected to live 2.06 and years longer,
respectively, then unrelated donors. In the study conducted by Schetelig (2008) on elderly patients with AML
after allo-HMCT, donor type was not significantly associated with OS or DFS time, which may be due to the old
age of the patients®. In similar study, the risk associated with the unrelated donor type was reported to be higher
compared to that observed in the related donor types>3.

The results from comparing male and female recipients from male donors showed that female recipients were
expected to live 1.73 years less often than male recipients without aGVHD occurrence, relapse or death. in 70th
percentiles. For OS and DFS time, a nonsignificant sex-matched relationship was found. Additionally, similar
studies did not report a significant connection between the results and the gender of donor and recipients*.

In our study, a positive correlation was found between the occurrence of aGVHD and the OS and DES
of patients in different percentiles. As mentioned in the studies, aGVHD is one of the main problems of
hematopoietic stem cell transplantation and of course one of the important factors affecting the outcome of
transplantation’. In the study of Spring et al. (2015), the survival rate was higher in people who were not affected
by aGVHD, similar to our results*!. In similar studies, the comparison of survival has been performed mostly
on the grades of aGVHD, which was statistically significant, but there was a nonsignificant relationship between
the occurrence of aGVHD and survival®.

In the investigation of ABO blood group matching on the survival of AML patients, more survival was
observed in ABO-matched patients than in major ABO-mismatched patients, and this difference increased over
time. This relationship has become significant since 25% of patients have had an event. Patients who were ABO-
matched were expected to live 0.98 and 1.89 years more than ABO major mismatch patients in the 25th and 0.40th
percentiles, respectively. Ozkurt et al. (2009) showed that ABO matching resulted in better survival than ABO-
Major mismatch. However, other studies’”*2. in line with our research, did not find a significant relationship
between ABO matching and the survival of AML patients. In most of these studies, the comparison of the
survival between the two groups of ABO matching and nonmatching was carried out, and the differentiation of
ABO nonmatching groups was ignored**.
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Quantiles
Cox model | 0.25 0.40 0.50 0.70
Variables Categories HR(Se) Coef. (Se) Coef. (Se) Coef. (Se) Coef. (Se)
<35 years Ref Ref. Ref. Ref. Ref.
Recipient age
>35 years 1.28 (0.12) * | —0.1 (0.06) -0.23 (0.19) —-0.59 (0.30) * | —=1.23 (0.57) *
<0.6 Ref Ref. Ref. Ref. Ref.
Diagnostic time to HSCT
>0.6 0.93(0.09) |0.01(0.07) |0.01(0.15) |0.18(0.29) | 0.05 (0.54)
Male-Male Ref Ref. Ref. Ref. Ref.
Female- Female | 1.08 (0.15) —0.01 (0.11) —0.22 (0.23) —0.41 (0.40) —0.52 (0.86)
Sex matched (recipient-donor)
Male- Female 0.96 (0.12) 0.0005 (0.13) | 0.03 (0.28) —0.25 (0.46) —0.90 (0.69)
Female -Male | 1.41 (0.17) * | —0.07 (0.1) | —0.42 (0.20) * | —=0.62 (0.30) * | —1.57 (0.64) *
Matched Ref Ref. Ref. Ref. Ref.
ABO mismatching Minor 0.88 (0.12) 0.002 (0.11) 0.14 (0.34) 0.12 (0.53) 1.23 (0.85)
Major 1.17(0.13) | -0.07 (0.06) | —-0.15(0.16) |-0.37(0.26) | -1.6(0.62)*
CRI Ref Ref. Ref. Ref. Ref.
Disease status CRIT 1.41 (0.17) * | —0.10 (0.06) —0.34 (0.15) * | —0.62 (0.30) * | —=1.91 (0.55) *
CRIII 1.41 (0.29)* | —0.18 (0.12) | —0.35(0.31) | —0.66 (0.53) | -2.22(1.03)*
Sibling Ref Ref. Ref. Ref. Ref.
Donor type Unrelated 1.43 (0.32) —-0.23 (0.13) —0.22 (0.35) —0.76 (0.52) —-1.64 (0.97)
Other relative | 1.34 (0.24) | —0.17 (0.08) * | —0.18 (0.20) | —0.47 (0.39) | —0.32 (0.87)
D3 <284 Ref Ref. Ref. Ref. Ref.
>284 0.94 (0.19) —0.03 (0.06) —-0.01 (0.17) 0.02 (0.29) 0.26 (0.58)
<5.1 Ref Ref. Ref. Ref. Ref.
CD34
>5.1 1.15 (0.11) —0.06 (0.06) —0.24 (0.14) —0.35 (0.28) —1.13 (0.60)

Table 6. Effect of prognostic factors on the GRFS time quantiles based on the results of Laplace regression and
Cox model. Coef. Estimated parameter, SE Standard error, HR Hazard ratio, * significant at 5% level.

The strength of this study is using a quantile regression model to analyze the data, as it could consider time-
varying effects through the study, and it seems to be the proper choice for analyzing survival data. Additionally,
using a large group of patients for this study reduced the possibility of random bias and irregular findings resulting
from chance. A few limitations were applied while conducting this study. Assessing patients’ cytogenetic risks
as well as having the initial and follow-up white blood cells (count) is crucial when evaluating the survival rate
of AML patients after allo-HMCT. Future studies should evaluate these factors by using quantile regression
analysis.

Additionally, the retrospective nature of the study introduced potential biases, such as incomplete or
inconsistent data on follow-up care and patient adherence. Future studies should evaluate these factors more
comprehensively by using quantile regression analysis, which would allow for a better understanding of the
relationships between these variables and survival outcomes. Moreover, larger, multi-center studies with a more
diverse patient population would help in generalizing the findings and minimizing selection bias.

In this study, 742 AML patients receiving allo-HCT were examined. After 5 years of follow-up, the OS, DFS,
and GREFS rates were 58%, 53%, and 30%, respectively. Patients may live longer and have a higher quality of life
in the case of receiving a transplant when their disease is still in its early status and they are still younger. This
study can increase patient survival by helping oncologists and hematologists understand the prognostic factors
of patient survival in different ranges of survival to increase patients’ lifetime.

Quantile regression offers a significant advantage by providing insights into relationships between variables
beyond the mean, making it particularly valuable for analyzing outcomes with non-normal distributions and
nonlinear associations with predictors. Through its application in this study, we were able to comprehensively
identify the prognostic factors influencing OS, DFS, and GRFES across different points, offering a nuanced
understanding of these outcomes throughout the follow-up period. Finally, conducting larger, multi-center
studies with a more varied patient population would aid in generalizing the results and reducing selection bias.

Data availability

The data will be made available if requested by the researcher via email to the corresponding author of the article.

Appendix 1
See Figs. 3,4, 5,6,7 and 8.

Scientific Reports |

(2025) 15:9055 | https://doi.org/10.1038/s41598-025-92107-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

" 0 -————"——————__ 0.54 - /’\\\ R 04 = e,
I} - — — — —— ——
. | S o0 =
5.1 TS & 054 ~ X -2 T~
< N o g ) .
= ~< 5101 SO = .
& — x ~ o 44 N /
A =24 S~ O 154 e O N /
s e e A /
< ¥ ] ~o i /

< , ~ 2.0 ————__ 6 W

10 20 30 40 10 20 30 40 10 20 30 40

3.

N

Major / Matched
aGVHD (Yes / No)
Relapse (Yes / No)

o

T T T T

10 20 30 40

Fig. 3. The effect of significant variables on the 10th, 20th, 30th, and 40th percentiles of OS times based on
the Laplace regression model. The blue line indicates the difference in survival from the reference group, black
dashed lines indicate the lower and upper limits of the 95% confidence interval for the estimated effect and red
line indicate conditional quantile efects estimated by Cox model.
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Fig. 4. The effect of nonsignificant variables on the 10th, 20th, 30th, and 40th percentiles of OS times based on
the Laplace regression model. The blue line indicates the difference in survival from the reference group, black
dashed lines indicate the lower and upper limits of the 95% confidence interval for the estimated effect and red
line indicate conditional quantile efects estimated by Cox model.
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Fig. 5. The effect of significant variables on the 10th, 20th, 30th, 40th and 50th percentiles of DFS times based
on the Laplace regression model. The blue line indicates the difference in survival from the reference group,
black dashed lines indicate the lower and upper limits of the 95% confidence interval for the estimated effect
and red line indicate conditional quantile efects estimated by Cox model.
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on the Laplace regression model. The blue line indicates the difference in survival from the reference group,
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