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Modified EASIX score on
day 7 predicts survival and
non-relapse mortality in
pediatric acute leukemia
undergoing haploidentical
stem cell transplantation
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Yutan Chai1, Li Gao1, Yixin Hu1, Bohan Li1, Yuanyuan Tian1,
Yongping Zhang1, Shuiyan Wu2*, Shaoyan Hu1,3* and Jie Li1*

1Department of Hematology and Oncology, Children’s Hospital of Soochow University,
Suzhou, China, 2Pediatric Intensive Care Unit, Children’s Hospital of Soochow University,
Suzhou, China, 3Jiangsu Pediatric Hematology and Oncology Center, Suzhou, China
Background: The Endothelial Activation and Stress Index (EASIX) has been

validated in adult hematopoietic stem cell transplantation (HSCT) recipients as

a predictor of overall survival (OS), non-relapse mortality (NRM), and endothelial-

related complications. However, the prognostic significance in children receiving

haploidentical donor (HID) transplantation based on myeloablative conditioning

(MAC) is still uncertain.

Method: Pediatric leukemia patients who underwent HID transplantation at the

Children’s Hospital of SoochowUniversity between January 2020 and December

2024 were retrospectively reviewed. Based on transplantation dates, patients

were assigned to training and validation cohorts. EASIX (lactate dehydrogenase

(U/L) × creatinine (mg/dL)/platelet (109 cells/L), sEASIX (excluding creatinine), and

m-EASIX (substitutes creatinine with C-reactive protein (mg/dL) were calculated

at pre-conditioning, day 0, day 7, day 14, and day 30. All indices were log2-

transformed investigate their relevance to clinical outcomes.

Results: In the training cohort, we stratified patients into groups with high or low

D7-m-EASIX expressions, based on the optimal cutoff of 4.1 identified using

maximally selected log-rank statistics. In the training cohort, D7-m-EASIX >4.1

was an independent predictor of overall survival (OS, HR:2.35, P = 0.013),

relapse-free survival (RFS, HR:1.85, P = 0.047), NRM (HR:3.32, P = 0.009), and

was associated with II-IV acute graft-versus-host disease (aGVHD, HR:2.16, P =

0.003) in multivariate analysis. The validation cohort supported these results (OS

[HR:6.56, P = 0.005], RFS [HR:3.20, P = 0.030], NRM [HR:5.32, P = 0.040], and II-

IV aGVHD [HR:2.57, P = 0.008]).

Conclusion: D7-m-EASIX is a simple and valuable prognostic biomarker for

pediatric leukemia patients undergoing HID transplantation based on MAC.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT)

offers an effective curative strategy for acute leukemia. However,

high non-relapse survival rate (NRM) following transplantation

continues to pose a major clinical challenge. Conditioning

regimens, immunosuppressor and alloreactivity can lead to

endothelial injury, contributing to several post-transplant

complications, such as graft-versus-host disease (GVHD),

sinusoidal obstruction syndrome (SOS), and transplantation-

associated microangiopathy (TMA), which are among the leading

causes of NRM (1–3). Thus, it is crucial for early identification of

endothelial injury to improve prognosis.

The endothelial activation and stress index (EASIX), formulated

from three standard laboratory indicators, lactate dehydrogenase

(LDH), creatinine, and platelet count (PLT), functions as a reliable

marker for assessing endothelial injury severity (4). EASIX has been

validated as a predictor of overall survival (OS), NRM and

endothelial injury-related complications (4–8). However,

considering the age-specific normal values for LDH and

creatinine, the EASIX score has not been well validated in

pediatric cohorts (4, 9).

Following the incorporation of antithymocyte globulin (ATG)

-containing regimens and post-transplant cyclophosphamide into

clinical practice, HID transplantation offers a practical alternative

for individuals lacking a human leucocyte antigen-matched sibling

donor (10). Relative to matched sibling donor transplantation, HID

transplantation has been linked to a delay in platelet reconstitution

and a greater overall incidence of both acute (aGVHD) and chronic

GVHD (cGVHD) (11). To date, data on the utility of the EASIX

score in exclusively HID cohorts remains limited.

Given that C-reactive protein (CRP) is a commonly used

biomarker in hematologic malignancies (12). We evaluated the

predictive utility of the original EASIX score along with two

variants: the simplified EASIX (s-EASIX, omits creatinine) and

the modified EASIX (m-EASIX, substitutes creatinine with CRP).

Notably, a previous study has reported that the m-EASIX can

predict severe cytokine release syndrome and immune effector

cell–associated neurotoxicity syndrome following chimeric

antigen receptor T-cell therapy (13).
Method

Patients

Patients with acute leukemia underwent HID transplantation at

the Children’s Hospital of Soochow University between January

2020 and December 2024 were included. Patients from 2020 to 2022

formed the training cohort (n = 195), while those from 2023 to 2024

constituted the validation cohort (n = 109). Inclusion Criteria: 1.

Diagnosed with acute leukemia or myelodysplastic syndromes; 2.

Underwent first allo-HSCT; 3. Age <18 years at the time of HSCT; 4.

Availability of complete laboratory data, including LDH, PLT,

creatinine, and CRP.
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Exclusion Criteria: 1. Age ≥18 years at the time of HSCT; 2.

Prior chimeric antigen receptor T-cell therapy; 3. Receipt of

autologous hematopoietic stem cell transplantation, cord blood

transplantation, or a second transplantation; 4. Receipt of T-cell-

depleted transplantation.5. Patients lacking key clinical or

laboratory data were excluded from the study.
Procedure

Myeloablative conditioning (MAC) regimens, incorporating

either total body irradiation (4 Gy/day, days -7 to -5) or busulfan

(3.2 mg/kg, days -7 to -4), were applied to all included patients.

Cyclophosphamide (60 mg/kg for 2 days) combined with ATG (2.5

mg/kg from days -5 to -2) was administered. Beginning on day +6,

granulocyte colony-stimulating factor (5 mg/kg/day) was provided
and continued until the absolute neutrophil count surpassed 1 ×

109/L.

To prevent GVHD, all patients received mycophenolate mofetil

(20–30mg/kg/day from day −1 to +30, with the dose halved for 15 days

afterward) and methotrexate (15 mg/m² on day +1, and 10 mg/m² on

days +3, +6, and +11). In addition, either cyclosporine (target blood

level: 200–250 ng/mL) or tacrolimus (target blood level: 10–15 ng/mL)

was administered as part of the prophylactic regimen.
EASIX, s-EASIX and m-EASIX

The formula for calculating the EASIX score is: LDH (U/L) ×

creatinine (mg/dL)/PLT (109 cells/L). For s-EASIX and m-EASIX,

the formulas were LDH (U/L)/PLT (109 cells/L) and LDH (U/L) ×

CRP (mg/dL)/PLT (109 cells/L), respectively. To reduce skewness,

log2 normalization was applied to three formulas. Data were

collected at predefined time points: pre-conditioning, day 0, day

7, day 14, and day 30. Patients who died prior to a given

measurement point were analyzed based on data collected up to

that point.

Serum CRP levels were measured using a commercial ELISA kit

according to the manufacturer’s instructions (Elabscience

Biotechnology Co., Ltd, Wuhan, China). The normal reference

range was 0–8 mg/L. For calculation of m-EASIX, CRP values

were converted from mg/L to mg/dL to match the formula.
Definition

This study focuses on evaluating the association of EASIX, s-

EASIX, and m-EASIX with NRM. The secondary aim is to assess

their association with other clinical outcomes. OS was defined as the

time from transplantation to all-caused death. Relapses are defined

as the presence of leukemic cells constituting more than 5% of the

bone marrow or the existence of extramedullary leukemia. Relapse-

free survival (RFS) indicates the span of post-transplant survival

free from disease relapse. NRM refers to death occurring without

prior relapse of the disease. GVHD was diagnosed and classified
frontiersin.org
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according to established guidelines (14). CMV and EBV

seropositivity was confirmed when DNA copy numbers in

peripheral blood reached ≥500 copies/mL on two successive tests.

An absolute neutrophil count of ≥ 0.5 × 109/L maintained for 3

consecutive days was considered neutrophil engraftment. PLT

engraftment occurred when PLT counts exceeded 20 × 109/L for

7 consecutive days without requiring transfusions.
Statistical analysis

A t-test or Mann–Whitney U test was selected to evaluate

continuous variables and the c² or Fisher’s exact test to

categorical variables. The visualization of OS and RFS was done

using Kaplan–Meier curves, and the log-rank test was applied to

evaluate group differences. A Fine and Gray model was applied to

assess outcomes affected by competing risks: NRM (competing

events: relapse and relapse-related death), relapse (competing

event: death), and GVHD (competing event: death). To identify

the optimal cutoff value for NRM, the maximally selected log-rank

statistics were used. Univariate analysis was carried out by time-

dependent Cox regression or a Fine and Gray model. Variables

showing a p-value of ≤ 0.1 in the univariate analysis were

incorporated into the multivariate analysis. The proportional

hazards assumption was assessed using time-by-covariate

interaction terms within the Fine–Gray model, and Schoenfeld

residuals were examined for cause-specific Cox models. For the

primary variable of interest, when a violation of the proportional

hazards assumption was detected, a time-dependent effect was

incorporated by including an interaction term between the

covariate and log(time) in the model. To explore associations

between continuous variables, Pearson’s correlation was applied.

P < 0.05 was considered statistically significant. All analyses and

visual representations were generated using R (version 4.3.3) and

GraphPad Prism (version 8).
Results

Patients’ characteristics

A comparison of baseline patient characteristics between the

training and validation cohorts is provided in Table 1. MRD

positivity, received tacrolimus, as well as CMV and EBV

seropositivity, were more common in the training cohort. Apart

from these, the training and validation cohorts showed similar

baseline profiles (all P > 0.05).
The relationship between EASIX/s-EASIX/
m-EASIX score and clinical outcomes in
the training cohort

During a median of 35.5 (3.9-59.9) months follow-up, there

were 36 deaths. The 3-year OS rate was 82.0% (95% CI: 76.5%–
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87.8%). All 3 formulas were associated with OS at three time points:

D7, D14, and D30 (eg, at D7, EASIX: HR, 1.32; 95% CI, 1.01-1.71;

P = 0.042; s-EASIX: HR, 1.43; 95% CI, 1.02-1.99; P = 0.036; m-

EASIX: HR, 1.27; 95% CI, 1.08-1.50; P = 0.005). A total of

32 patients experienced relapse, with a 3-year cumulative relapse

rate of 14.6%. The probability of 3-year RFS was 75.1% (95% CI:

68.9%-81.7%). M-EASIX was significantly linked to inferior RFS at

most timepoints (eg, at D7, HR, 1.18; 95% CI, 1.03-1.36; P = 0.017).

The cumulative incidence of NRM was 10.4% at 3 years. Elevated

values of the 3 formulas at time points other than pre-conditioning

and D30 were linked to increased NRM rates (eg, at D7, EASIX: HR,

1.78; 95% CI, 1.27-2.49; P < 0.001; s-EASIX: HR, 2.20; 95% CI,

1.45-3.34; P < 0.001; m-EASIX: HR, 1.60; 95% CI, 1.27-2.01;

P < 0.001) (Figure 1).
Contribution of LDH, creatinine, PLT and
CRP in the training cohort

Subsequently, the specific contribution of each variable within

the formulas was assessed separately. The results can be found in

the Supplementary File (Table S1). Among all time points, LDH was

associated with NRM on D0 (HR, 1.50; 95% CI, 1.08-2.08; P =

0.016) and D7 (HR, 1.91; 95% CI, 1.14-3.20; P = 0.014), and with OS

on D14 (HR, 1.65; 95% CI, 1.02-2.68; P = 0.042). For PLT variable,

lower level at D30 were associated with poorer clinical outcomes

(eg. OS: HR, 0.67; 95% CI, 0.48-0.93; P = 0.017; RFS: HR, 0.64; 95%

CI, 0.43-0.97; P = 0.034; NRM: HR, 0.64; 95% CI, 0.43-0.97, P =

0.034). At D7, CRP levels showed a consistent correlation with OS,

RFS and NRM (OS: HR, 1.28; 95% CI, 1.04-1.56; P = 0.018; RFS:

HR, 1.19 95% CI, 1.01-1.41; P = 0.039; NRM: HR, 1.42; 95% CI,

1.11-1.82; P = 0.005). In contrast, creatinine was only related to RFS

at the preconditioning (HR, 0.46 95% CI, 0.24-0.91; P = 0.025) and

showed no association with clinical outcomes at other time points.

Considering that LDH, CRP, and PLT were associated with OS,

RFS, and NRM at D7, we chose D7-m-EASIX for further analysis.
D7-m-EASIX and clinical outcomes
following HSCT in the training cohort

Based on the optimal cutoff determined by the maximally

selected log-rank statistics (cutoff: 4.1), the cohort was categorized

into high and low D7-m-EASIX groups. After excluding one patient

who died before day 7, 194 patients were analyzed, with 139 in the

low D7-m-EASIX group and 55 in the high D7-m-EASIX group.

Compared to the low D7-m-EASIX group, the high D7-m-EASIX

group had an older age (P = 0.023) and lower CD34+ cell dose (P =

0.001, Supplementary Table S2).

Since only gene mutation and fusion data were available for

pediatric AML patients, this part of the analysis focused solely on

the AML cohort. We generated waterfall plots of gene mutations

and fusions and compared differences between the high and low

EASIX groups (Supplementary Figure S1). The results showed that,

in the training cohort, the most common mutations in both high
frontiersin.org
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and low EASIX groups were FLT3, NRAS, WT1, and CEBPA, while

the most frequent fusion genes were RUNX1–RUNX1T1,

MLL–AF9, and CBFB–MYH11 (all P>0.05).

Patients with a higher D7-m-EASIX score had a worse 3-year

OS (68.6% ± 7.0% VS 87.4% ± 2.9%, P = 0.004, Figure 2A) and

3-year RFS (63.8% ± 7.2% VS 79.8% ± 3.5%, P = 0.029, Figure 2B).

To determine whether the D7-m-EASIX score is an independent

prognostic factor, the time-dependent Cox regression analysis was

utilized. In the univariate analysis, higher D7-m-EASIX score

(P = 0.005), lower dose of CD34+ cell (P = 0.011) and

bloodstream infections (BSI, P = 0.002) were associated with
frontiersin.or
TABLE 1 Baseline characteristics of all patients included in this study.

Variable
Training
cohort

(N = 195)

Validation
cohort

(N = 109)
P-value

Age (month), median (range)
108.0 (9.0-
200.0)

114.0 (9.0-
213.0)

0.449

Gender

Male 122 (62.8%) 69 (63.3%) 0.898

Female 73 (37.4%) 40 (36.7%)

Disease 0.771

AML 105 (53.8%) 57 (52.3%)

M1+M2 41 19

M4+M5 38 22

M6+M7 5 7

Not classifiable 20 9

ALL 82 (42.1%) 49 (45.0%)

B-ALL 66 39

T-ALL 16 10

MDS 8 (4.1%) 3 (2.8%)

Disease status 0.065

CR 174 (89.2%) 104 (95.4%)

No-CR 21 (10.8%) 5 (4.6%)

MRD 0.022*

Positive 35 (17.9%) 9 (8.3%)

Negative 148 (75.9%) 97 (89%)

NA 12 (6.2%) 3 (2.8%)

TBI 0.471

Yes 23 (11.8%) 16 (4.7%)

No 172 (88.2%) 93 (85.3%)

ABO match 0.862

Match 104 (53.3%) 57 (52.3%)

Mismatch 91 (46.7%) 52 (47.7%)

Doner-patient sex matched 0.148

Female-male 27 (13.8%) 9 (8.3%)

Others 168 (86.2%) 100 (91.7%)

HLA compatibility 0.495

5/10 124 (63.6%) 65 (59.6%)

Others 71 (36.4%) 44 (40.4%)

Graft source 0.865

PB 59 (30.3%) 34 (31.2%)

PB+BM 136 (69.3%) 75 (68.8%)

(Continued)
TABLE 1 Continued

Variable
Training
cohort

(N = 195)

Validation
cohort

(N = 109)
P-value

Gender

GVHD prevention 0.033*

CSA +MMF +MTX 180 (92.3%) 107 (98.2%)

FK506 +MMF +MTX 15 (7.7%) 2 (1.8%)

AGVHD 0.318

Grade 0-I 127 (65.1%) 79 (72.5%)

Grade II 35 (17.9%) 18 (16.5%)

Grade III-IV 33 (16.9%) 12 (11.0%)

CGVHD 0.255

Positive 66 (33.8%) 30 (27.5%)

Negative 129 (66.2%) 79 (72.5%)

CMV seropositive < 0.001*

Positive 132 (67.7%) 41 (37.6%)

Negative 63 (32.3%) 68 (62.4%)

EBV seropositive < 0.001*

Positive 137 (70.3%) 31 (28.4%)

Negative 58 (29.7%) 78 (71.6%)

BSI 0.599

Positive 38 (19.5%) 24 (22.0%)

Negative 157 (80.4%) 85 (78.0%)

MNC, ×108/kg 7.1 (0.6-21.7) 6.6 (3.8-17.7) 0.133

CD34, ×106/kg 6.9 (0.9-18.3) 7.3 (3.2-15.0) 0.148

Neutrophil engraftment time
(d), median (range)

12.0 (9.0-
21.0)

12.0 (9.0-21.0) 0.153

Platelet engraftment time (d),
median (range)

11.0 (5.0-
40.0)

11.0 (7.0-61.0) 0.769
AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; MDS, myelodysplastic
syndrome; CR, complete remission; MRD, minimal residual disease; TBI, total body
irradiation; HLA, human leukocyte antigen; PB, Peripheral blood; BM, bone marrow;
GVHD, graft versus host disease; CSA, cyclosporine A; FK506, tacrolimus; MMF,
mycophenolate mofetil; CMV, Cytomegalovirus; EBV, Epstein-Barr virus; BSI, bloodstream
infections; MNC, mononuclear cells. *represent statistical significance p < 0.05.
g
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poorer OS (Table 2). Additionally, non-complete remission (non-

CR, P = 0.022), BSI (P = 0.011), minimal residual disease positive

(MRD, P = 0.022), higher D7-m-EASIX score (P = 0.032) and lower

dose of CD34+ cell (P = 0.029) predict worse RFS (Table 2).

Variables with P ≤ 0.1 were subsequently entered into the

multivariate analysis, which identified the D7-m-EASIX score as

the sole independent predictor of OS and RFS (HR: 2.35; 95%CI,

1.19-4.62. P = 0.013 and HR: 1.85; 95%CI, 1.01-3.39. P = 0.047,

respectively Table 3). Schoenfeld residuals indicated that D7-m-

EASIX violated the proportional hazards assumption (P < 0.05).

Therefore, D7-m-EASIX was modeled with a log(time) interaction,

showing an increasing hazard over time for OS and RFS

(Supplementary Figure S2).

Relapse occurred at similar rates in both the low and high D7-

m-EASIX groups (15.3% VS 12.9%, P = 0.764, Figure 3A). However,

patients with elevated D7-m-EASIX scores exhibited a higher rate of

NRM (23.3% VS 5.1%, P < 0.001, Figure 3B). In the multivariate

Fine-Gray test, A higher D7-m-EASIX score increased the risk of

NRM (HR: 3.32; 95%CI, 1.35-8.18. P = 0.010, respectively Table 3).

Additionally, time-by-covariate interaction analyses within the

Fine–Gray model indicated that the primary variable D7-m-

EASIX satisfied the proportional hazards assumption (P>0.05).

The leading causes of death in the low D7-m-EASIX group were

relapse, infection andGVHD, whereas in the high D7-m-EASIX group,

they were infection, GVHD and relapse (Supplementary Table S3).

Considering the potential impact of PLT transfusion on the D7-

m-EASIX score, we examined the cumulative dose of PLT

transfusion administered from the start of conditioning to before

D7. The high D7-m-EASIX group tended to receive PLT

transfusions on D6 (P = 0.187). Additionally, the high D7-m-

EASIX group required higher mean platelet transfusions (3.5unite

vs. 3.0 unite, P = 0.028). After categorizing PLT transfusions into

tertiles, the D7-m-EASIX score was highest in the highest tertile (3.8

[–4.9 to 8.6] VS 3.2 [–4.4 to 7.2] VS. 1.8 [–1.2 to 6.0], P = 0.005).
Frontiers in Immunology 05
Additionally, we included both day 6 platelet transfusion (D6, yes/

no) in multivariate models. We found that D7-m-EASIX remained

an independent predictor for OS and NRM (P < 0.05), while for

RFS, the effect became borderline (P = 0.085).

II–IV aGVHD occurred in 58 patients, emerging at a median of

14 days (range: 5–96) post-HSCT. Patients with grade II–IV

aGVHD demonstrated markedly elevated D7-m-EASIX scores

(3.8 [–4.4 to 8.6] VS. 2.8 [–4.9 to 7.9], P = 0.007, Figure 4). The

group with lower D7-m-EASIX scores showed a reduced

cumulative incidence of II–IV aGVHD (24.7% VS 43.7%,

P = 0.006, Figure 5A). Multivariate analysis revealed the D7-m-

EASIX score was associated with increased risk of II–IV aGVHD

(HR: 2.16; 95%CI, 1.30-3.57. P = 0.003, Table 4). Additionally, the

primary variable D7-m-EASIX satisfied the proportional hazards

assumption (P>0.05). When only focus on III-IV aGVHD, no

statistically significant variation was found between the groups

(P = 0.470, Figure 5B). Likewise, both groups exhibited

comparable rates of chronic GVHD (P = 0.463, Figure 5C).

We further explored the role of m-EASIX at the onset of II–IV

aGVHD. The median II-IV aGVHD-mEASIX was 2.6 (-5.1-8.3). As

a continuous variable, II-IV aGVHD-mEASIX had no impact on

OS, RFS, or NRM (all P > 0.05). Similarly, III-IV aGVHD-mEASIX

had no impact on prognosis (all P > 0.05).
Sensitivity analysis

To assess potential confounding from acute inflammation, we

performed a sensitivity analysis excluding patients with CRP ≥

50 mg/L or documented infection, leaving 172 patients for analysis.

The results showed that patients with high D7-m-EASIX had lower 3-

year OS (66.4% ± 8.6% vs. 86.9% ± 3.0%, P = 0.005) and RFS (59.6% ±

8.7% vs. 79.0% ± 3.7%, P = 0.017), and higher NRM (24.4% vs. 5.2%,

P < 0.001), supporting the robustness of our findings.
FIGURE 1

Association of EASIX, s-EASIX and m-EASIX scores and main outcomes in the training cohort (N = 195). This forest plot illustrates the unadjusted
hazard ratios (HRs) and their 95% confidence intervals (CIs) for EASIX, s-EASIX, and m-EASIX scores at various time points (Pre-conditioning, D0, D7,
D14, D30) in relation to OS, RFS, and NRM. The square markers represent the HR, and the horizontal lines indicate the 95% CI. The figure
demonstrates that D7 and D14 m-EASIX scores, among others, show significant associations with OS, RFS, and particularly NRM.
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The relationship between D7-m-EASIX
score and age in the training cohort

To evaluate the association between the D7-m-EASIX score and

age, the Spearman rank correlation coefficient was applied. The

results indicated a slightly positive relationship (R = 0.19, P = 0.007,

Figure 6). However, when age was included in the multivariate

analysis, D7-m-EASIX (as a categorical variable) remained an

independent predictor for OS, RFS, NRM, and was associated

with II–IV aGVHD (all P < 0.05).
D7-m-EASIX and clinical outcomes
following HSCT in the validation cohort

Similarly, using a cutoff of 4.1, classification into high and low

D7-m-EASIX groups was applied to patients in the validation

cohort (Supplementary Table S2). We further compared gene

mutations and fusions between the high and low EASIX groups

and found that AML–ETO was more frequent in the high group

(P < 0.05), with no other significant differences (Supplementary

Figure S1).
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A comparable pattern was observed, as in the training cohort.

The high D7-m-EASIX group showed significantly lower 2-year OS

(63.4% ± 11.7% VS 93.6% ± 3.2%, P < 0.001) and RFS (64.1% ±

11.5% VS 82.8% ± 5.6%, P = 0.019), and higher NRM (26.6% VS

3.1%, P = 0.002) and grade II–IV aGVHD rates (50.0% VS 20.0%, P

= 0.005). Additionally, we found that D7-m-EASIX > 4.1 increased

in the incidence of III-IV aGVHD (12.5% VS 3.5%, P = 0.025). In

multivariate analysis, D7-m-EASIX >4.1 remained an independent

factor for adverse clinical outcomes and satisfied the proportional

hazards assumption (Supplementary Tables S4–S6; Supplementary

Figures S3–S5). In addition, when day 6 platelet transfusion (D6,

yes/no) was included in the model, D7-m-EASIX remained an

independent predictor (all P < 0.05).
Discussion

A major concern after HSCT is NRM. Previous studies have

shown that EASIX is linked to higher NRM and an increased

incidence of endothelium-related complications. However, this

association has not yet been well validated in pediatric

haploidentical transplant cohorts.
FIGURE 2

Overall survival and Relapse-free survival according to D7-m-EASIX score in the training cohort (High group: n = 55; Low group: n = 139). (a) overall
survival; (b) relapse-free survival. Survival curves were estimated by the Kaplan–Meier method and compared using the log-rank test. Patients with
higher D7-m-EASIX scores had significantly worse OS and RFS.
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TABLE 2 Univariate analysis of risk factors for main outcomes in the training cohort.

Variable
OS RFS NRM

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Sex (male VS female) 0.96 0.49-1.87 0.902 0.84 0.48-1.49 0.549 2.18 0.81-5.90 0.125

Age 1.00 0.99-1.01 0.978 1.00 0.99-1.01 0.671 1.01 1.00-1.02 0.254

Disease (AML & MDS VS ALL) 0.73 0.38-1.40 0.340 0.88 0.50-1.55 0.658 0.51 0.22-1.18 0.116

Disease status (non-CR VS CR) 1.01 0.36-2.85 0.992 2.24 1.12-4.51 0.022* 0.35 0.04-2.74 0.316

MRD (positive VS negative) 1.55 0.72-3.30 0.259 2.18 1.18-4.01 0.013 0.99 0.33-2.94 0.982

TBI (yes VS no) 1.07 0.38-3.04 0.895 0.94 0.37-2.38 0.900 0.84 0.19-3.65 0.817

Blood-type match (mismatched vs matched) 0.82 0.48-1.58 0.548 0.78 0.44-1.39 0.404 0.52 0.21-1.29 0.159

Donor-recipient sex match (female to male vs
others)

1.50 0.66-3.42 0.338 0.99 0.44-2.20 0.976 2.38 0.99-5.76 0.054*

Graft source (PB+BM vs PB) 0.55 0.28-1.09 0.085* 0.69 0.38-1.25 0.221 0.52 0.23-1.19 0.119

HLA compatibility (5/10 vs others) 0.93 0.47-1.84 0.839 0.88 0.49-1.58 0.666 0.75 0.31-1.83 0.531

Graft Dose

MNC 0.94 0.82-1.07 0.317 0.93 0.83-1.04 0.187 0.87 0.73-1.05 0.153

CD34 0.83 0.72-0.96 0.011* 0.88 0.78-0.99 0.029* 0.70 0.55-0.89 0.004*

CMV (positive VS negative) 1.18 0.57-2.45 0.654 1.17 0.63-2.18 0.618 1.18 0.46-3.03 0.725

EBV (positive VS negative) 0.93 0.45-1.94 0.844 1.05 0.56-1.99 0.873 0.45 0.20-1.11 0.087*

BSI (positive VS negative) 2.86 1.46-5.60 0.002* 2.17 1.19-3.94 0.011* 1.95 0.80-4.72 0.139

D7-m-EASIX (high VS low) 2.57 1.32-4.98 0.005* 1.88 1.06-3.33 0.032* 4.38 1.81-10.61 0.001*
F
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OS, overall survival; RFS, relapse-free survival; NRM, non-relapse mortality. AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; MDS, myelodysplastic syndrome; CR, complete
remission; MRD, minimal residual disease; TBI, total body irradiation; PB, Peripheral blood; BM, bone marrow; HLA, human leukocyte antigen; MNC, mononuclear cells; CMV,
Cytomegalovirus; EBV, Epstein-Barr virus; BSI, bloodstream infections.
*represent statistical significance p ≤ 0.10.
TABLE 3 Multivariate analysis of risk factors for main outcomes in the training cohort.

Variable
OS RFS NRM

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Disease status (non-CR VS CR) 1.50 0.50-4.53 0.467

MRD (positive VS negative) 1.68 0.64-4.43 0.291

Donor-recipient sex match (female to male vs
others)

1.49 0.50-4.41 0.480

Graft source (PB+BM vs PB) 0.71 0.35-1.45 0.351

CD34 0.92 0.80-1.05 0.210 0.95 0.85-1.07 0.432 0.81 0.63-1.03 0.089

BSI (positive VS negative) 2.76 1.39-5.47 0.004* 2.00 1.07-3.74 0.030*

EBV (positive VS negative) 0.59 0.23-1.53 0.280

D7-m-EASIX (high VS low) 2.35 1.19-4.62 0.013* 1.85 1.01-3.39 0.047* 3.32 1.35-8.18 0.009*
OS, overall survival; RFS, relapse-free survival; NRM, non-relapse mortality. CR, complete remission; MRD, minimal residual disease; PB, Peripheral blood; BM, bone marrow; BSI, bloodstream
infections. EBV; Epstein-Barr virus.
*represent statistical significance p < 0.05.
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FIGURE 4

Distribution of D7-m-EASIX scores across II-IV aGVHD in the training cohort (aGVHD: n = 58; normal: n = 136). Each box represents the interquartile
range, with the horizontal line inside indicating the median D7-m-EASIX score. The black dots and vertical lines within the boxes represent the mean
and standard deviation, respectively. Statistical comparison between the two groups was performed using the the Mann–Whitney U test. Boxplots
display higher m-EASIX levels in patients with II-IV aGVHD.
FIGURE 3

The cumulative incidences of relapse and non-relapse morality according to D7-m-EASIX score in the training cohort (High group: n = 55; Low
group: n = 139). (a) relapse; (b) non-relapse morality. Cumulative incidence curves were estimated using the Fine–Gray method. Higher D7-m-EASIX
was associated with increased NRM.
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The EASIX formula is composed of LDH, creatinine, and PLT

count, which are the most common laboratory indicators associated

with endothelial dysfunction (3, 15). During endothelial injury,

elevated LDH levels are attributed to the release from damaged

endothelial cells and circulating cells such as leukocytes and PLTs
Frontiers in Immunology 09
(16). Endothelial dysfunction contributes significantly to the

development of conditions like acute and chronic kidney disease

(17, 18). When renal endothelial injury occurs, the regulation of

vascular tone becomes imbalanced, especially due to reduced

availability of nitric oxide, resulting in decreased renal perfusion
FIGURE 5

The impact of D7-m-EASIX score on GVHD in the training cohort. (a) cumulative incidence of II-IV aGVHD; (b) cumulative incidence of III-IV
aGVHD; (c) cumulative incidence of cGVHD. Competing-risk analyses were performed using Fine–Gray models, with death as the competing
event. P values were calculated using the Gray’s test. Patients with a high D7-m-EASIX score showed a significantly higher incidence of II–IV aGVHD
(P = 0.005), whereas no significant difference was observed for III–IV aGVHD or chronic GVHD.
TABLE 4 Univariate analysis and multivariate analysis of II-IV aGVHD in the training cohort.

Variable
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Sex (male VS female) 0.98 0.58-1.66 0.947

Age 1.00 0.99-1.00 0.139

Disease (AML & MDS VS ALL) 1.07 0.63-1.81 0.795

Disease status (non-CR VS CR) 0.54 0.21-1.39 0.201

MRD (positive VS negative) 0.59 0.27-1.25 0.169

TBI (positive VS negative) 0.86 0.37-2.01 0.721

Blood-type match (mismatched vs matched) 0.82 0.49-1.36 0.438

Donor-recipient sex match (female to male vs others) 1.63 0.85-3.16 0.145

Graft source (PB+BM vs PB) 0.84 0.49-1.46 0.543

HLA compatibility (5/10 vs others) 0.87 0.50-1.50 0.605

Graft Dose

MNC 1.03 0.96-1.10 0.456

CD34 0.98 0.90-1.07 0.723

CMV (positive VS negative) 0.79 0.48-1.32 0.370

EBV (positive VS negative) 0.96 0.57-1.61 0.871

BSI (positive VS negative) 1.91 1.09-3.32 0.021* 1.98 1.16-3.39 0.013*

D7-m-EASIX (high VS low) 2.09 1.24-3.52 0.005* 2.16 1.30-3.57 0.003*
GVHD, graft-versus-host disease. AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; MDS, myelodysplastic syndrome; CR, complete remission; MRD, minimal residual disease;
TBI, total body irradiation; PB, Peripheral blood; BM, bone marrow; HLA, human leukocyte antigen; MNC, mononuclear cells; CMV, Cytomegalovirus; EBV, Epstein-Barr virus; BSI,
bloodstream infections.
* represent statistical significance p ≤ 0.10 in univariate analysis and p < 0.05 in multivariate analysis.
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and increased creatinine levels (19). Low PLTs are also a

consequence of endothelial injury. During severe vascular

damage, endothelial cell death or denudation leads to exposure of

the underlying extracellular matrix, which activates and binds

circulating platelets. This interaction promotes microthrombus

formation, resulting in significant platelet consumption (20). CRP

is a marker of acute inflammation, synthesized by the liver in

response to pro-inflammatory cytokines. Elevated CRP levels have

been linked to impaired endothelial vascular reactivity (21).

The predictive value of EASIX at different time points has been

well demonstrated in adult cohorts. Penack et al. found that patients

with a pre-conditioning EASIX score ≥3 had more than twofold

increased risk of NRM in a multicenter prospective study (5).

Additionally, the EASIX score at 1 year post-transplant can also

help identify patients at high risk of NRM (22). In the pediatric

cohort, Luft et al. demonstrated that pre-conditioning EASIX score

was linked to OS and NRM only in univariate analysis (4). However,

in a subsequent study, Muratore et al. identified D7- EASIX as an

independent predictor of SOS and NRM (9). Our study also

revealed that a D7-m-EASIX score >4.1 increased the risk of

NRM. The discrepancy could be clarified by the following points:

(a) the cohort in Luft et al’s study primarily received reduced-

intensity conditioning, whereas both Muratore et al. and our study

focused on patients undergoing MAC. (b) Luft et al. evaluated

EASIX at the pre-conditioning time point. Given that endothelial

function can be affected by multiple elements such as the

conditioning regimen, the transplantation process itself, and

infections (23), post-transplant EASIX might serve as a more

accurate predictor of NRM than pre-conditioning measurements

(24). In the adult cohort reported by Luft et al., the individual

components of EASIX—LDH, creatinine, and platelet count—were

each evaluated for their association with NRM, and all three

components showed a significant correlation with adverse

outcomes (4). In contrast, in our pediatric cohort, creatinine

levels at any time point were not associated with NRM. This

discrepancy may be attributed to age-related physiological

differences, including lower baseline renal function decline, higher
Frontiers in Immunology 10
nitric oxide bioavailability, and differences in the systemic renin–

angiotensin system activity in children compared with adults (25).

We found that a D7-m-EASIX score >4.1 was related to higher

incidence of II-IV aGVHD. Suppression of tumorigenicity 2 (ST2)

is currently one of the most promising biomarkers for aGVHD. ST2

levels on day 28 post-transplantation can predict the occurrence of

aGVHD and transplant-related mortality (26). Moreover, ST2 levels

at the onset of aGVHD show a strong link to steroid-refractory

aGVHD and NRM (27). However, Luft et al. found no correlation

between ST2 levels and pre-conditioning EASIX (4). In contrast, for

the biomarker tumor necrosis factor 1, Pedraza observed a parallel

trend with EASIX scores and identified both as independent

predictors of aGVHD (28). Unfortunately, due to limitations in

this retrospective study, we were unable to validate the association

between aGVHD biomarkers and m-EASIX score.

In our study, GVHD-m-EASIX failed to predict clinical

outcomes in patients with aGVHD. All included patients in our

study received MAC conditioning, which differs from previous

studies. These studies typically suggest that GVHD-EASIX serves

as a meaningful prognostic marker for aGVHD in patients who

primarily receive reduced-intensity conditioning (29, 30). One

possible explanation for this discrepancy is that patients

undergoing MAC conditioning tend to have lower platelet counts

at the time of aGVHD onset, which may influence the predictive

value of GVHD-m-EASIX in this population (29).

This research is limited by several factors that warrant further

exploration in future studies. First, a retrospective and observational

study conducted at a single center, the applicability of the results

might be restricted. Second, given the limited cases of SOS in our

study, we were unable to further evaluate the potential predictive

value of m-EASIX for SOS. Third, although a positive correlation was

observed between age and the D7-m-EASIX score, the correlation

coefficient was relatively low (R = 0.19). Fourth, as gene information

was limited to AML patients, the potential relationship between ALL

molecular features and the D7-m-EASIX score could not be explored.

Finally, the retrospective design restricted our ability to explore the

relationship between m-EASIX and aGVHD-associated biomarkers.
FIGURE 6

The correlation between age and D7-m-EASIX score in the training cohort. A scatter plot displays the relationship between patient age and D7-m-EASIX
score. A linear regression line (in red) is superimposed to illustrate the general trend. The correlation was assessed using Spearman’s rank correlation,
revealing a statistically significant but weak positive association.
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Conclusion

In conclusion, this study suggests that D7-m-EASIX could be a

valuable marker for assessing prognosis in pediatric patients

receiving MAC-based HID transplantation. In future clinical

practice, D7-m-EASIX holds potential as a useful tool for

identifying children at high risk of NRM, thereby supporting

early intervention and personalized management strategies.
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