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Abstract: )
Background: Despite major advances in the field of hematopoietic stem cell
transplantation (HSCT), life-threatening complications still occur. Quantifying
the risk of toxicity for individual patients is challenging, but essential for
accurate pre-HSCT counseling.

Aim: Validate 6 prognostic scoring systems for prediction of mortality risk in
pediatrics post allogeneic HSCT [Hematopoietic cell transplantation
comorbidity index (HCT-CI), Augmented HCT-CI, European Society for Blood
and Marrow Transplantation score (EBMT), Pre-transplantation assessment of
mortality score (PAM), disease risk index (DRI) and Endothelial Activation and
Stress index (EASIX)].

Methods: We retrospectively analyzed 401 pediatric patients who underwent
their first allogeneic HSCT in the period between January 2015 to December
2019. Patients are stratified into different risk groups according to these
prognostic indices. We assessed the validation of different risk groups of these
systems in predicting OS of the patients. Many patients, transplant-related risk
factors and different scoring systems were studied to detect predictors of OS.
Results: 3-years Overall survival of benign group was 77%, where in malignant
group was 73.2%. HCT-CI (AUC 53% & 61.8% in benign & malignant group
respectively) and Augmented HCT-CI (AUC 52.3% in benign and 61.7% in
malignhant patients) were found to have most sensitive scores to predict 3-year
OS in both disease groups. With comparing risk categories of each scoring
system, we found that Augmented HCT-CI (P=0.039 & 0.03) in benign &
malignant patients respectively) and EASIx (P=0.02 & 0.045 in benign and
malignant groups respectively) had a significant power for prediction of 3-year
OS in both disease groups where, PAM score (P=0.04) showed significance in
benign group and DRI (P=0.023) in malignant group. After adjusting many
patients and transplant related factors, Augmented HCT-CI showed the most
significant score to predict the mortality risk in pediatrics (P=0.042).
Conclusion: Augmented HCT-CI was found to have a strong power to predict
mortality risk in pediatric patients post allo-HSCT. Female gender, older age
and high ferritin level pre-transplant were associated with increased mortality
risk in pediatrics post allo-HSCT.
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Background:

Allogeneic hematopoietic stem cell transplantation
(HSCT) is the treatment of choice for many pediatric
diseases, from several life-threatening malignancies to
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non-malignant disorders such as autoimmune diseases,
primary immune deficiencies, and innate metabolism
errors [1]. Given the potential benefits and perils
associated with allogeneic HSCT, informed risk
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estimation is an integral part of candidate evaluation.
The last 20 years have seen the proliferation of risk
indices for the prediction of HSCT outcomes in adults.
These models can be useful for patient counseling,
treatment strategy optimization, and statistical analysis
across cohorts [2].

Some of these models use variables of patients’
health status, for example, the hematopoietic cell
transplantation-comorbidity index (HCT-CI) [3] and
Augmented HCT-CI [4]. Other scores focus on cancer-
related variables, for example, the disease-risk index
(DRI), whereas others incorporate a number of patient-
and disease-specific risk variables into combined
models, as the European Society for Blood and Marrow
Transplantation (EBMT) and pre-transplantation
assessment of mortality (PAM) risk scores [5]. Table
Q).

Also, the Endothelial Activation and Stress Index
(EASIX) [6], a laboratory biomarker-based formula
including serum creatinine, lactate dehydrogenase, and
platelet count, was developed for the prediction of
survival in patients developing acute graft-versus-host
disease; this score has been extended into the general
prediction of mortality when measured pre-
transplantation [7].

However, it has been confirmed the usefulness of
these scores to predict outcomes in adults but has not
been validated widely in children yet. The aim of this
analysis was to determine the prognostic factors
affecting OS and which of these prognostic scores
accurately predict mortality risk in pediatric patients
undergoing allo-HSCT. We externally validate and
compare the performance of those 6 scoring systems in
a contemporary cohort of transplantation patients across
overall survival.

Methods:
Study design

We designed a retrospective study of 401 pediatric
patients (age < 18 years) underwent their first allo-
HSCT at bone marrow transplantation unit of Nasser
Institute Hospital for research and treatment, Cairo,
Egypt, during the period between January 2015 and
December 2019. The study was approved from ethical
committee of South Egypt Cancer Institute, Asyut,
Egypt, and the internal review board of Nasser Institute
Hospital for research and treatment, Cairo, Egypt.
Almost all patients received their grafts from matched
related donors (MRD) and patients analyzed in two
disease groups: benign and malignant.

Data collection and outcome measures

The following data were obtained by extensive
review of the patients’ medical records: demographic
data; including patient age and sex, donor sex, disease-
related data; including disease diagnosis, date of
diagnosis, and transplantation-related data; including
time interval from diagnosis to time of transplant, HLA
(human leucocytic antigen) matching, conditioning
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regimen intensity, cytomegalovirus (CMV) serostatus
recipient/donor, pre-transplant laboratory data as; serum
albumin, ALT, creatinine, ferritin, LDH level and
platelet count. Comorbidities were measured by a
transplant physician using definitions provided by the
HCT-CI [3].

Prognostic scores were calculated for each patient
using the definitions provided in the publications of
these prognostic indices: the HCT-CI [3], the
Augmented HCT-CI [4], the EASIx [6], the PAM score
[8], DRI [9] and the EBMT score [10]. Pulmonary
function test (FEV1 and Corrected DLco values) was
excluded from calculation of HCT-CI, Augmented
HCT-CI and PAM score as it couldn’t be performed in
most of pediatric patients. So, PAM score was modified
by exclusion FEV1 and DLco values points (10 points)
from each category. Also, patients transplanted for
benign conditions were excluded from the assessment
of the DRI and EBMT scoring systems as they
applicable only in malignant diseases.

The primary endpoint for this analysis was
probability of overall survival (which was defined as
death from any cause or lost follow up) post HCT. We
analyzed the distribution of included patients (as 2
groups benign and malignant) among different risk
groups of the studied scoring systems, then we assessed
the validation of different risk groups of these systems
in predicting OS of the patients. Many patients,
transplant-related risk factors and different scoring
systems were studied to detect predictors of OS.

Statistical analysis

Mean and standard deviation (Mean, SD) used to
describe continuous variables. Chi-square test and fisher
exact test used to compare between categorical
variables where compare between continuous variables
by independent t-testing. The scores were grouped into
3 to 5 levels each for estimating overall survival (OS)
incidence using the Kaplan Meier and compared using
the log-rank. Score discrimination was measured using
the area under the receiver operating characteristic
curve (AUC). Discrimination reflects the ability of a
prediction model to differentiate between those who do
and do not experience the studied outcome. An AUC
equals 1 means a perfect discrimination (the predicted
risk for individuals who developed the outcome is
higher than individuals who did not experience the
outcome). While, AUC of 0.5 is indicative of a random
predictor, that is, a coin toss [11]. AUCs were
calculated across the entire cohort for the prediction of
OS incidence at 3-year time points in each of the scores
independently. Univariate  and Multivariable
Proportionate Cox Hazard regression analysis was
calculated to investigate the significant factors
influencing OS (Hazard Ratio, 95% confidence
interval). All analyses were performed with the IBM
SPSS 26.0 software.
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Table 1. Components of different HSCT scoring systems.

Score Component

HCT-CI Arrhythmia
Cardiac (coronary artery disease, congestive heart failure, LVEF <50%)
Inflammatory bowel disease
Diabetes mellitus requiring treatment
Cerebrovascular disease
Hepatic (mild or moderate/severet)
Obesity
Infection (requiring antimicrobial treatment after date of transplantation)
Rheumatologic disease
Peptic ulcer disease
Renal disease (serum creatinine >2 mg/dL, on dialysis or prior renal transplantation)
Pulmonary disease (moderate or severei)
Heart wall disease, excluding mitral prolapse

Augmented All of the above plus:
HCT-CI High ferritin level > 2500 ng/dl
Serum albumin level < 3 mg/dl & 3-3.5 mg/dI
Thrombocytopenia < 100.000 x 103 pL

PAM score Age (<50, 50-60, >60 years)
Donor type (HLA-identical related, HLA-identical unrelated, mismatched)
Disease risk (low, intermediate, high)
Conditioning regimen
Renal disease (serum creatinine <1.2 mg/dL, >1.2 mg/dL)
Hepatic disease (serum ALT <49 U/L, >49 U/L)
Pulmonary disease (FEV1 >80, 70-80, <70; DLCO >80, 70-80, <70)
CMV serostatus between recipient and donor

DRI Disease Stage
Myeloproliferative neoplasm Any
Hodgkin lymphoma CR, PR, advanced
Indolent NHL CR, PR, advanced
Aggressive NHL CR, PR, advanced
T cell NHL CR, PR, advanced
Chronic lymphocytic leukemia CR, PR, advanced
Mantle cell lymphoma CR, PR, advanced
Chronic myelogenous leukemia CP, AP, blast crisis
Acute myelogenous leukemia CR, advanced
Burkitt lymphoma CR, advanced
Acute lymphoblastic leukemia CR1,CR 2, CR 3, advanced
Myelodysplastic syndrome Early, advanced
Multiple myeloma CR, VGPR/PR, advanced

EBMT score Donor (HLA-identical sibling or matched unrelated)
Stage (early, intermediate, late*)
Age (<20, 20-40, >40 years)
Sex match, donor/recipient (female donor/male recipient, all others)
Time from diagnosis to HSCT (<12 months, >12 months)

HSCT, hematopoietic stem cell transplantation; EBMT, European Group for Blood and Marrow Transplantation; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; LVEF, left ventricular ejection fraction; FEV1, forced expiratory volume in 1
second; DLCO, diffusing capacity of the lung for carbon monoxide; NHL, non-Hodgkin lymphoma; CR, complete response; PR,
partial response; CP, chronic phase; AP, advanced phase; VGPR, very good partial response.

* Early disease stage includes acute leukemia in CR1; myelodysplastic syndrome (MDS), multiple myeloma (MM), NHL either
untreated or in CR1; and chronic myelogenous leukemia (CML) in first chronic phase. Intermediate disease stage includes acute
leukemia in CR2, CML in all other stages than chronic phase or blast crisis, MDS, MM, NHL in CR2 or PR, or stable disease. Late
disease stage includes acute leukemia in all other disease stages, CML in blast crisis, and MDS, MM, and NHL in all other disease
stages.

+ Mild hepatic disease includes chronic hepatitis, bilirubin exceeding the upper limit of normal (>ULN) to 1.5x the ULN, and
ALT/AST >ULN to 2.5x ULN. Moderate/ severe hepatic disease includes cirrhosis, bilirubin >1.5x ULN, and ALT/AST >2.5x ULN.
1 Moderate pulmonary disease includes DLCC and/or FEV1 66% to 80% or dyspnea on slight activity. Severe pulmonary disease
includes DLCO and/or FEV1 <66%, dyspnea at rest, and oxygen requirement.
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Results:
Patients’ characteristics, transplant related data and
outcome

We studied 401 pediatric patients who underwent
their first allo-HSCT. Most of them (75.4%) were
transplanted for benign diseases (mainly hemolytic
anemias, 41.1%) and the remaining (24.6%) had
malignant disease (mainly AML, 29.9%). Median age
of the patients at the time of transplant was 12 years for
malignant group and 7 years for benign group. All
patients received their grafts from MRD, except 6 only
(received grafts from related donors with one locus
mismatch 7/8). Myeloablative conditioning (MAC)
regimen was the most commonly used regimen in both
disease groups, TBI used only in 15 patients with
malignant diseases. Table (2)

Regarding patients’ outcome, mortality at the end of
study was reported in 70 (23%) of benign and 26
(26.8%) of malignant patients. There was insignificant
difference in 3-year OS between two disease categories
(p=0.456) i.e., benign group 3-year OS was 77% (95%
Cl, 70%-84%) while malignant group 3-year OS was
73.2% (95% CI, 61%-82%). Malignant cases had
shorter median survival time 37.5 + 2.7 months than
benign cases 45.4 + 1.5 months. Figure (1)
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Figure 1. Effect of Disease Type on the 3-year overall
survival among the studied patients.

Distribution of the studied patients among different risk
groups of scoring systems:

According to HCT-CI scoring system of the patients
it showed no significant difference; as most of studied
patients had intermediate risk score in both benign and
malignant groups (49% & 54.6% respectively),
followed by low risk found in 37.5% in benign and
36.1% in malignant groups (P=0.462). While in
Augmented HCT-CI,; a significant difference (P=0.001)
was reported among distribution of patients in both
disease groups, as 56.9% & 45.4% reported to have
intermediate risk, while 32.9% & 28.9% had high risk
and 10.2% & 25.8% had low risk in benign and
malignant group respectively.
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Also, the distribution of benign and malignant
patients among different risk groups of PAM & EASIx
scoring systems showed significant difference (P <
0.001). While EBMT and DRI scoring systems were
assessed for the malignant disease group only. Scores 1
and 3 of EBMT score were the commonest scores
(represents 19.6% for each group). Intermediate DRI
risk score was the commonest score (35.1%), followed
by the low-risk group (20.6%) then high-risk group
(17.5%). Table (3)

Assessment of validity of different scoring systems in
predicting the risk of mortality in both disease groups
Benign group

Regarding the Augmented HCT-CI, we found that
patients with high risk (> 3 score) had double risk for
mortality compared to those with low-risk group
(P=0.039). For PAM score, it was found that patients
with intermediate risk (10-15) had 56% reduction in
mortality risk compared with low-risk group (6-9)
(P=0.029), where patients with high risk (16-20) had
43% less mortality risk (P=0.045). Very high-risk group
(21-40) had 2.6 times increase the mortality risk
(P=0.040). Although these finding was statistically
significant, but clinically unreliable (except finding with
very high-risk group). Also, the very high-risk group of
ESIAX (> 3.76 score) found to have double risk of
mortality when compared with those of low-risk group
(< 0.89 score) (P=0.020). HCT-CI was invalid in
predicting mortality risk in benign group based on
different risk groups.

Malignant group

According to Augmented HCT-CI; it was found that
patients with intermediate risk (1-2 scores) had double
the mortality risk compared with low-risk group (0
score) (P=0.044), where those with high-risk group (> 3
score) had 3.5 times mortality risk (P=0.031). Where in
using DRI to predict mortality risk; we found that
patients with intermediate risk had 2.4 times mortality
risk when compared with low-risk group (P=0.045).
Also, patients in very high-risk group showed 3.7 times
risk of mortality (P=0.023). Regarding EASIX; in
comparison to low-risk group (< 0.89 score), patients
with very high-risk group (> 3.76 score) had 2.4 times
for mortality risk (P=0.045). HCT-CI, EBMT score and
PAM score were invalid in predicting mortality risk in
malignant group based on different risk groups. Table
(4)

According to area under the receiver operating
characteristic curve; HCT-CI had the highest
predictability of 3-year OS, represented by the highest
area under the curve in both benign (AUC=53%) and
malignant (AUC=61.8%) groups. While Augmented
HCT-CI was the second scoring system in predicting 3-
year OS in both disease groups (AUC=52.3% in benign
and AUC=61.7% in malignant groups). PAM score
showed AUC=51.6% in benign group, where EASIX
showed AUC= 59.8% in malignant group. Figures
(2&3).
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Figure 2. Sensitivity of different prognostic scoring
systems on predicting 3-year overall survival of benign
patients.
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Figure 3. Sensitivity of different prognostic scoring
systems on predicting 3-year overall survival of
malignant patients.

Assessment of possible prognostic factors affecting OS

After studying factors affecting OS including
different scoring systems, we found 4 predictors were
identified (recipient sex, ferritin category, augmented
HCT-Cl and ESIAX Score) to affect 3-year OS in
univariate analysis. It was found that male patients had
50% (p=0.017) less liability for death compared with
females. Patients with higher ferritin category had 37%
(p=0.010) more risk for mortality. Also, with a one-
point increase in the augmented HCT-CT, there was
28% increase in risk of mortality (p=0.002). As regards
EASIX score, with a one-point increase in the score,
there was 22% rise in mortality risk (P=0.035). Other
scores (HCT-CI, PAM, EBMT, and DRI) didn’t show
significant association on 3-year OS.

While with multivariate analysis, Augmented HCT-
CT still had the power to predict mortality risk as one-
point increase in the score was associated with 30%
increase (p=0.042) in the mortality risk, while EASIx
lost its significant. Also, the two other factors (sex of
the patient and ferritin category) had significant effect
on mortality risk. Also, the age of patients was found to
affect OS, where with a one—year increase in the
patient’s age there was a 5% (p=0.034) increase in the
chance of mortality. Table (5)

Discussion:
Use of HSCT has been expanded in last years.
Increasing complexity of the procedure coupled with
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the effects of immunosuppression regimens required for
management of complications can lead to death [12]. As
a result, decision-making about referral to allogeneic
HCT is a challenging task, both for physicians and
patients. Therefore, there is a great need for robust tools
for help physicians to identify which patients should be
treated with MAC regimens, and who are best suited for
RIC regimens, and patients should not be offered
allogeneic HCT [5].

In this retrospective study, we tried to compare six
prognostic models which used worldwide in adult age
group. Score prediction performance, in terms of risk
stratification and discrimination, varied considerably,
both across outcome and subgroups. Most models
successfully grouped patients into lower- and higher-
risk strata, supporting their use for risk classification.
Augmented HCT-CI, PAM score and EASIx had a
significant difference in risk stratification between 2
disease groups.

Although, pre-transplant comorbidities were more
common on malignant group, but we found increased
incidence of thrombocytopenia (<100.000) in benign
group which led to higher percent of patients
categorized in low-risk group in malignant set of
patients; where the platelet count is one of 3 parameters
added to HCT-CI in augmented model. Also, this
significant difference of platelet counts between 2
disease groups led to significant difference in higher
risk groups of EASIx (where platelet count is the
dominator in the equation). Higher disease risk of
malignant group included in PAM score, led to increase
percent of malignant patients in the very high-risk
group (score 21-40) of the score. Also, the lower
disease risk of benign group made a significant
difference in the low-risk group (score 6-9) of the PAM
score. Three-year overall survival in our study was
higher in benign than malignant patients but not
statistically significant, this result agreed with the
Korean study, where 5-year OS was 64.1% for
malignant and 73.9% for non-malignant cases [13].

The best score performance needed to approach an
AUC of 0.70 on a scale of 0.50 to 1.00, which
necessities caution when making individual clinical
decisions based on these tools. Although, all scores
didn’t show significant prediction in AUC (all < 0.70)
in our study, HCT-CI and Augmented HCT-CI showed
the best sensitive indexes of 3-year OS in both disease
groups.

Few studies reported the predictability of HCT-CI in
pediatrics; Smith et al, 2011 and Turienzo et al, 2016 in
their studies found that HCT-CI is a useful tool to
predict survival and assess the mortality risk among
children and adolescents who received allo-HCT
[14&15]. However, a new Broglie et al, 2021 study
showed that HCT-CI did not affect OS in children after
adjusting for performance status, age, disease, donor,
conditioning intensity, GVHD prophylaxis, and graft
source [16]. In our study, HCT-CI didn’t show
significant prediction of OS after adjusting other
factors, however Augmented HCT-CI kept the
significance among other factors.
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Table 2. Patients’ characteristics, pre-transplant assessment and transplant related data.
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Characteristic

Benign group
304 (75.4%)

Malignant group
97 (24.6%)

Disease Diagnosis

Age of recipient:
Median (range) years
Recipient gender:
Male
Time interval from diagnosis to date of
transplant:

Anemias= 125 (41.1%)
BMF= 123 (40.5%)
Immune dis.= 29 (9.5%)
Osteopetrosis= 15 (4.9%)
IMD= 12 (3.9%)

7(0.11-18)

186 (61.2%)

AML= 29 (29.9%)
ALL= 22 (22.7%)
HLH= 19 (19.6%)
CML=10 (10.3%)
Lymphoma= 6 (6.2%)
MPAL= 6 (6.2%)
MDS=5 (5.2%)

12 (0.11-18)

65 (67%)

<12 months 92 (30.3%) 45 (46.4%)
>12 months 212 (69.7%) 52 (53.6%)
Donor/Recipient gender:
Female to male 101 (33.3%) 32 (33%)
HLA matching:
Fully matched related donor 300 (98.7%) 95 (97.9%)
One locus mismatch (7/8) 4 (1.3%) 2 (2.1%)
Regimen intensity:
MAC 176 (57.9%) 63 (65%)
RIC 124 (40.8%) 19 (19.5%)
TBI containing 0 15 (15.5%)
Dumping 4 (1.3%) 0
ALT:
<49 U/L 248 (81.6%) 73 (75.3%)
>49 U/L 56 (18.4%) 24 (24.7%)
Creatinine:
< 1.2 mg/dl 303 (99.7%) 96 (99%)
> 1.2 mg/dl 1 (0.3%) 1 (1%)
LDH elevation*:
Normal 159 (52.3%) 60 (61.9%)
Grade 1 145 (47.7%) 37 (38.1%)
Platelets level:
<100.000 x 103/ pL 119 (39.1%) 6 (6.2%)
>100.000 x 10/ pL 185 (60.9%) 91 (93.8%)
Ferritin level:
< 2500 ng/ml 214 (70.4%) 68 (70.1%)
>2500 ng/ml 90 (29.6%) 29 (29.9%)
Hypoalbuminemia:
<3 mg/dl 30 (9.9%) 10 (10.3%)
3-3.5 mg/dI 93 (30.7%) 26 (26.8%)
>3.5 mg/dl 181 (59.4%) 61 (62.9%)
CMV IgG recipient/donor:
-/- 9 (3%) 2 (2.1%)
-1+ 24 (7.9%) 4 (4.1%)
+/- 20 (6.6%) 8 (8.2%)
++ 251 (82.6%) 83 (85.6%)
Comorbidities**:
Cardiac:
Arrhythmia 0 1 (1%)
Cardiac dysfunction 2 (0.7%) 9 (9.3%)
Heart valvular disease 2 (0.7%) 0
Cerebrovascular disease: 1 (0.3%) 3 (3.1%)
Hepatic impairment:
Mild 103 (33.9%) 38 (39.2%)
Moderate-severe 39 (12.8%) 5 (5.2%)
Obesity: 31 (10.2%) 9 (9.3%)
Infection: 38 (12.5%) 21 (21.6%)
Rheumatologic disease: 1 (0.3%) 1 (1%)

AML: acute myeloid leukemia, ALL: acute lymphoblastic leukemia, HLH: hemophagocytic lympho-histiocytosis, CML: chronic
myeloid leukemia, MPAL: mixed phenotypic acute leukemia, MDS: myelodysplastic syndrome, BMF: bone marrow failure
syndromes, IMD: inherited metabolic disorders, TBI: total body irradiation, MAC: myeloablative conditioning, RIC: reduced intensity
conditioning, HLA: human leukocytic antigen, CMV: cytomegalovirus, ALT: alanine transferase, LDH: lactate dehydrogenase.

*LDH evaluated with CTCEA, version 5. ** According to HCT-CI.
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Table 3. Distribution of the studied patients among different scoring systems.
Benign (n=304) Malignant(n=97)
No. % No. % P. Value
HCT_ClI risk group
0 114 (37.5%) 35 (36.1%) 0.462
1-2 149 (49.0%) 53 (54.6%)
>=3 41 (13.5%) 9 (9.3%)
Augmented HCT_CI risk group
0 31 (10.2%) 25 (25.8%) 0.001**
1-2 173 (56.9%) 44 (45.4%)
>=3 100 (32.9%) 28 (28.9%)
PAM score risk group
6-9 58 (19.1%) 9 (9.3%) < 0.001**
10-15 76 (25%) 18 (18.6%)
16-20 167 (54.9%) 58 (59.8%)
21-40 3 (1%) 12 (12.4%)
EASIX risk group
<0.89 106 (34.9%) 41 (42.3%) <0.001**
0.90-1.40 38 (12.5%) 24 (24.7%)
1.41-3.76 58 (19.1%) 29 (29.9%)
>3.76 102 (33.6%) 3(3.1%)
DRI score risk group
low - 20 (20.6%)
Intermediate - 34 (35.1%) -
high - 17 (17.5%)
very high - 6 (6.2%)
EBMT score risk group
0 - 17 (17.5%)
1 - 19 (19.6%)
2 - 18 (18.6%) -
3 - 19 (19.6%)
4 - 4 (4.1%)

* Statistically significant difference (p<0.05), ** highly statistically significant difference (p<0.01).
HCT-CI: hematopoietic cell transplantation comorbidity index, EBMT: European Society for Blood and Marrow Transplantation,
PAM: pre-transplantation assessment of mortality, DRI: disease risk index, EASIx: Endothelial Activation and Stress Index.
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Table 4. Validity of different scoring systems in predicting risk of mortality based on different risk groups in each
scoring system.

. Benign Malignant
Variable HR (95% CI) P-value HR (95% CI) P-value

HCT-CI Risk Category

e 0 Ref Ref

o 1-2 1.196 (0.705 — 2.031) =0.507 1.888 (0.748 — 4.763) =0.178

o >=3 1.618 (0.819 — 3.193) =0.166 1.547 (0.312 — 7.676) =0.596

Augmented HCT-CI Risk Category

e 0 Ref Ref

o 1-2 1.179 (0.460 — 3.009) =0.735 2.019 (1.001 - 6.090) =0.044

o >=3 2.039 (1.002 — 5.244) =0.039 3.467 (1.012 - 5.030) =0.031
EBMT-score Risk group

e 0 e e Ref

1l  emeeee emeees invalid =0.941

« 2 e e invalid =0.941

I invalid =0.940

4  emmee= e invalid =0.933
PAM-score Risk group

e 6-9 Ref Ref

e 10-15 0.460 (0.229 — 0.925) =0.029 1.047 (0.192 - 5.171) =0.958

o 16-20 0.569 (0.329 - 0.986) =0.045 1.516 (0.351 - 6.567) =0.578

e 21-40 2.640 (1.006 —9.319) =0.040 1.817 (0.114 - 5.769) =0.823
DRI-score risk group

e Llow e e Ref

e Intermediate @ - e 2.422 (1.068 — 8.613) =0.045

e High e e 1.488 (0.333 — 6.655) =0.603

e VeryHigh  —— e 3.676 (1.045 - 6.082) =0.023
EASIx Risk group

e <0.89 Ref Ref

e 0.90-1.40 1.576 (0.659 — 3.568) =0.275 1.047 (0.412 — 2.660) =0.923

e 1.41-3.76 1.738 (0.859 — 3.515) =0.124 0.735 (0.275 — 1.960) =0.578

e >376 2.058 (1.112 - 3.773) =0.020 2.433 (1.008 — 7.970) =0.045

HR, Hazard Ratio; Cl, Confidence Interval

Univariate and Multivariable Proportionate Cox Hazard regression analysis.

HCT-CI: hematopoietic cell transplantation comorbidity index, EBMT: European Society for Blood and Marrow Transplantation,
PAM: pre-transplantation assessment of mortality, DRI: disease risk index, EASIx: Endothelial Activation and Stress Index.

Table 5. Prognostic factors affecting 3-year OS of the studied patients.

) Univariate Multivariable

Variable AR (95% CI) P-value AR (95% CI) P-value

Agelyears 1.036 (0.968 — 1.109) =0.304 1.052 (1.004 - 1.102) =0.034

Recipient Sex (Male) 0.497 (0.280 — 0.883) =0.017 0.544 (0.339-0.874) =0.012

Disease Type (Malignant) 1.114 (0.446 — 2.786) =0.817

Diagnosis-Transplant (> 12 m) 1.218 (0.841 — 4.227) =0.254

Ferritin Category 1.373 (1.079 — 1.748) =0.010 1.483 (1.202-1.831) <0.001

Conditioning Regimen (MAC) 1.004 (0.819 - 1.222) =0.991

HCT-CI 1.214 (0.988-1.491) =0.065

Augmented HCT-CI 1.280 (1.098-1.492) =0.002 1.298 (1.110-1.628) =0.042

EBMT Score 0.882 (0.553-1.406) =0.598

PAM Score 0.963 (0.912-1.016) =0.168

DRI Score 1.199 (0.631-2.276) =0.580

EASIx Score 1.223 (1.014-1.473) =0.035

HR, Hazard Ratio; Cl, Confidence Interval

Univariate and Multivariable Proportionate Cox Hazard regression analysis.

MAC: myeloablative conditioning, HCTI-CI: hematopoietic cell transplantation comorbidity index, EBMT: European Society for
Blood and Marrow Transplantation, PAM: pre-transplantation assessment of mortality, DRI: disease risk index, EASIx: Endothelial
Activation and Stress Index.



Sayed et al. SECI Oncology 2024(2):126-135

Elsawy et al found that higher augmented
comorbidity/age index (where age < 40 years scored 0
and age > 40 years scored 1) scores were statistically
significantly associated with lower OS, although this
study was carried on recipients received alternative
donors [17]. Also, Vaughn et al found with adjusted
multivariate models in their study, that the augmented
HCT-CI was highly significant to predict OS in their
patients [4]. These studies were in scope with our
results, where we found Augmented HCT-CI had a
significant prediction power of OS in pediatrics.

EASIx was established by Luft and his colleagues as
a predictor of individual risk of mortality after allo-
HSCT, independently from clinical criteria, based on a
standard laboratory biomarker panel (this study
contained a pediatric cohort) [18]. Also, a study carried
out by Shouval et al concluded that EASIX had
comparable performance for mortality risk but no
predictive value for relapse [19]. Here, we found that
EASIXx had a good prediction of mortality risk and
prognostic for OS in univariate analysis only, especially
with the highest risk group.

Although, Shouval et al found that PAM score had
the greatest predictive capacity across all outcomes, it
had a predictive power only with benign group in our
study (in the very high-risk group only) [19]. Also, the
former study agreed with our results, where DRI had a
significant prediction of mortality risk in malignant
patients. Although Grathwohl et al found that, EBMT
score had a reasonable risk estimate of mortality [20];
we found that this score had no significance in
evaluating mortality risk in malignant group of this
pediatric cohort.

Older age, female gender and higher ferritin level
were significant risk factors for higher mortality in our
study. Also, with adjustment of many patients and
transplant related data, Augmented HCT-CI was found
to predict OS of both patients’ groups strongly. In Chee
et al study, they also found that, pre-transplant high
ferritin level (>1000) was independent risk factor for
higher mortality post-transplant [21]. Where in the
Brazilian study, in contrast to our and the former studies
they found that increasing age in years was associated
with lower mortality [22].

Conclusion:

However, many adult studies found the different
scoring systems had a good prediction power of
mortality risk, still these scores hadn’t studied hugely in
pediatric age group and many scores didn’t meet the
risk criteria in pediatric patients. Also, due to inability
to perform some investigations in pediatrics, application
of many scores meet obstacles in pediatrics. Augmented
HCT-CI was found to have a good predictive power of
mortality risk, as many laboratory parameters
incorporated in its’ detection which easily performed in
pediatrics. EASIx had a reasonable predictive power to
assess the risk of mortality in pediatric age group.
Female gender, older age and high ferritin level pre-
transplant were associated with increased mortality risk
in pediatrics post allo-HSCT.
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List of abbreviations:

Allo-HSCT: allogeneic hematopoietic stem cell
transplantation.

AUC: area under the curve.

Augmented HCT-CI: augmented hematopoietic cell
transplantation comorbidity index.

CMV: cytomegalovirus.

DRI:  disease risk index.

EASIx: Endothelial Activation and Stress Index.

EBMT: European Society for Blood and Marrow
Transplantation score.

GVHD: graft versus host disease.

HCT-CI: hematopoietic cell transplantation comorbidity
index.

MAC: myeloablative conditioning regimen.

MRD: matched related donor.

0sS: overall survival.
PAM score: Pre-transplantation assessment of mortality
score.
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