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Abstract

Objectives: Nutritional status significantly impacts outcomes in allogeneic hematopoietic stem cell transplantation (allo-HSCT).
Among various indices, the Nutritional Risk Index (NRI), Prognostic Nutritional Index (PNI), and Controlling Nutritional Status (CO-
NUT) scores hold potential as prognostic tools. This study compares their predictive utility for transplant outcomes.

Methods: A retrospective analysis was conducted on 41 patients who underwent their first allo-HSCT between October 2022 and
July 2024. Nutritional scores were calculated using pre-transplant data, and their associations with mortality and non-relapse mor-
tality (NRM) were assessed. Receiver operating characteristic (ROC) curves and multivariable logistic regression were employed to
evaluate predictive accuracy.

Results: The high CONUT score demonstrated the highest prognostic accuracy for mortality (AUC: 0.771, p=0.026) and NRM (AUC:
0.806, p=0.047). It was the sole independent predictor of mortality (OR: 2.180, p=0.028). Both the NRI (AUC: 0.737, p=0.040) and
PNI (AUC: 0.803, p=0.008) were also associated with mortality but lacked independent predictive value. Higher CONUT scores cor-
related with increased mortality rates.

Conclusion: The CONUT score emerged as the most effective nutritional scoring system for predicting mortality in allo-HSCT patients.
Its simplicity and integration of key clinical parameters make it a valuable tool for early risk stratification and targeted interventions.
Further studies with larger cohorts are warranted to validate these findings and refine nutritional management strategies.
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llogeneic hematopoietic stem cell transplantation (al-

lo-HSCT) is a viable therapeutic intervention that can
advantage patients with diverse hematological conditions.
In recent years, advancements in conditioning regimens,
pre- and post-transplantation therapies, and supportive
care have increased the availability of allo-HSCT to a broad-
er range of patients.!"3!

Despite these advancements, allo-HSCT continues to carry
significant risks, including substantial mortality and mor-
bidity.*> Transplant outcomes are affected by several fac-
tors, including the type and stage of the disease, donor-
recipient human leukocyte antigen (HLA) compatibility,
donor-recipient sex, conditioning regimen, graft source,
and complications including infections, and graft-versus-
host disease (GVHD).®

Recent research has highlighted the critical role of nutri-
tional status in transplant outcomes, showing that pre-
transplant malnutrition is linked to poorer results in allo-
HSCT patients.”” These patients frequently experience
malnutrition owing to underlying medical conditions,
prior chemotherapy side effects, and infectious processes.
1819 Conditioning chemotherapy, either alone or combined
with total body irradiation (TBI), often exacerbates this is-
sue by causing digestive symptoms, such as anorexia,
vomiting, and diarrhea, which impair oral intake. Post-
transplant complications, including GVHD, veno-occlusive
disease, and infections, can further worsen the nutritional
status, leading to long-term malnutrition.!""

Various nutritional indices, including the Controlling Nutri-
tional Status (CONUT) score, Prognostic Nutritional Index
(PNI), and Nutritional Risk Index (NRI), have demonstrated
prognostic significance in diverse hematological malignan-
cies.'>'' However, few studies have used methods such as
body mass index (BMI), CONUT score, C-reactive protein-to-
albumin ratio (CAR), subjective global evaluation, bioelec-
trical impedance analysis, and albumin levels to examine
the influence of pre-transplant nutritional status. Malnutri-
tion is linked to a lower overall survival rate in allo-HSCT
patients, according to these studies.”

Nevertheless, the current methods for nutritional assessment
remain inadequate for allo-HSCT patients. Assessing nutri-
tional status is made more complex by factors such as the
primary disease, previous treatments, conditioning regimens,
treatment-related toxicity, and the phase of transplantation.!'”

The purpose of this study is to use NRI, PNI, and CONUT
scores to examine the predictive usefulness of pre-trans-
plant nutritional status on allo-HSCT outcomes. It is the
only study that we are aware of that evaluates the effects
of all three nutritional strategies on transplant outcomes in
the same patient group.

Methods

We conducted a retrospective analysis of the medical re-
cords of 65 patients who received their first allo-HSCT at
our Adult Bone Marrow Transplant Unit between October
1, 2022, and July 1, 2024. Forty-one patients whose data
were required for the calculation of the CONUT score, PNI,
and NRI scores in the pre-transplant phase and who had
not used anti-cholesterol medications in the six months
prior to allo-HSCT were included in the study. This study
was approved by the local Institutional Ethics Committee
on August 6, 2024, in compliance with the Declaration of
Helsinki (approval number: 4477). Informed consent was
given in writing by each participant.

The CONUT score was calculated retrospectively as fol-
lows: albumin (mg/dL) =3.5 (0), 3.0-3.4 (2), 2.5-2.9 (4), <2.5
(6); total lymphocytes (mm?) =1600 (0), 1200-1599 (1),
800-1199 (2), <800 (3); total cholesterol (mg/dL) =180 (0),
140-179 (1), 100-139 (2), <100 (3)."® According to the ex-
amination of the receiver operating characteristic (ROC)
curve, malnutrition was defined as a CONUT score more
than 2.5.

The NRI was calculated using the following formula: 1.519
x serum albumin level (g/L) +41.7 x (present/ideal body
weight)."’ The ROC curve analysis indicated that malnutri-
tion was indicated by an NRI <107.6.

The PNI was calculated using the following formula: (10x
serum albumin [g/dL]) + (0.005% lymphocytes/uL).2% A PNI
<48.5 was defined as malnutrition according to ROC curve
analysis. PNI scores higher than 48.5 were considered nor-
mal; scores between 48.5 and 45 indicated mild malnutri-
tion; scores between 45 and 40 indicated moderate to se-
vere malnutrition; and scores below 40 indicated severe
malnutrition.

The first of three days in which the peripheral blood neutro-
phil count surpassed 500x10°%/L was considered neutrophil
engraftment. After at least seven days without the need for
platelet transfusions, the first of three days in a row with
a platelet count of 20,000/uL or greater was considered
platelet engraftment."

The Common Terminology Criteria for Adverse Events (CT-
CAE) version 5.02% was used to categorize and evaluate
complications. The World Health Organization (WHO) scale,
which has grades 0-4, was used to classify the severity of
oral mucositis.?® The Glucksberg criteria?¥, were used to
grade acute GVHD, while the National Institutes of Health
(NIH) consensus standards?*! were used to grade chronic
GVHD.
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Statistical Analysis

IBM SPSS Statistics for Windows (version 25.0; IBM Corp., Ar-
monk, NY, USA) was used for all analyses. Q-Q plots and his-
tograms were used to evaluate normalcy. For non-normally
distributed continuous data, descriptive statistics were
displayed as the median (25%-75% percentile), and for cat-
egorical variables, as frequency (%). Because of their non-
normal distribution, continuous variables were examined
using the Mann-Whitney U test. The Fisher-Freeman-Hal-
ton test or Fisher's exact test was used to assess categori-
cal variables. ROC curve analysis was used to evaluate the
scores' performance in predicting mortality, and Youden's
index was used to identify the best cut-off points. Statisti-
cal significance was defined as a p-value of less than 0.05.

Results

Forty-one patients were included in the study: twenty-
two had acute myeloid leukemia (AML), seven had acute
lymphoblastic leukemia (ALL), four had myelodysplas-
tic syndrome (MDS), three had non-Hodgkin lymphoma
(NHL), one had Hodgkin lymphoma (HL), one had Richter
syndrome, one had blastic plasmacytoid dendritic cell neo-
plasm (BPDCN), one had chronic eosinophilic leukemia
(CEL), and one had aplastic anemia. The patients' median
age was 46 years (range: 24-69; interquartile range: 33-54).
Eleven months was the median follow-up period (inter-
quartile range: 8-14; range: 0-25). A total of eight patients
(19.51%) died. The causes of death included pulmonary
hemorrhage (1 patient), sepsis (4 patients), and disease re-
lapse (3 patients).

The following parameters were significantly lower in the
mortality group compared to the other group: veno-oc-
clusive disease (VOD) score (p=0.029), albumin (p=0.041),
lymphocyte count (p=0.011), nutritional risk index (NRI)
score (p=0.039), and prognostic nutritional index (PNI)
score (p=0.008). Conversely, the mortality group exhibited
significantly higher values for controlling nutritional status
(CONUT) score (p=0.022), serious malnutrition percentage
(p=0.017), FluTreo (fludarabine-treosulfan) usage percent-
age (p=0.005), and relapse percentage (p=0.043). Further-
more, the mortality group's follow-up period was notice-
ably shorter (p<0.001). No significant differences were
observed regarding age at transplantation, sex, height,
weight, body mass index (BMI), diagnosis, Karnofsky per-
formance status (KPS) score, hematopoietic cell transplan-
tation-comorbidity index (HCT-CI) score, total cholesterol,
disease risk index (DRI), donor-recipient ABO compatibility,
complete remission (CR), disease status before transplanta-
tion, autologous stem cell transplantation history, patient
cytomegalovirus (CMV) status, donor CMV status, donor
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age, donor sex, donor-recipient relationship, human leuko-
cyte antigen (HLA) compatibility, infused stem cell amount,
stem cell source, graft freezing, total body irradiation (TBI),
time from diagnosis to transplantation, neutrophil engraft-
ment time, platelet engraftment time, primary or second-
ary graft failure, eltrombopag use, graft-versus-host dis-
ease (GVHD) prophylaxis, mucositis prophylaxis, mucositis
grade, acute GVHD, acute GVHD score, chronic GVHD, or
complications (Table 1).

Predictive Scores for Mortality

« CONUT Score: Sensitivity: 100%, specificity: 39.39%, ac-
curacy: 50.00%, positive predictive value: 25.93%, and
negative predictive value: 100% for a cut-off point of
2.5 (higher values predict mortality). 0.771 was the area
under the receiver operating characteristic (ROC) curve
(95% Cl: 0.590-0.951, p=0.026).

+ NRI Score: Sensitivity: 100%, specificity: 42.42%, accura-
cy: 53.66%, positive predictive value: 29.63%, and nega-
tive predictive value: 100% for a cut-off point of 107.6
(equal to or lower values predict mortality). The 95% Cl:
0.567-0.906, p=0.040, was 0.737, which was the area
under the ROC curve.

«  PNI Score: Sensitivity: 100%, specificity: 51.52%, ac-
curacy: 60.98%, positive predictive value: 33.33%, and
negative predictive value: 100% for a cut-off point of
48.5 (equal to or lower values predict mortality). There
was a 0.803 (95% Cl: 0.651-0.955, p=0.008; Table 2) area
under the ROC curve.

Multivariable Logistic Regression Analysis

The only independent predictor linked to death was the
CONUT score (odds ratio [OR]: 2.180, 95% CI: 1.090-4.363,
p=0.028) (Table 3).VOD score (p=0.446), aloumin (p=0.420),
lymphocyte count (p=0.271), NRI score (p=0.447), PNl score
(p=0.170), and conditioning regimen (p=0.921) were addi-
tional variables that were included in the study but did not
show statistical significance.

Non-Relapse Mortality (NRM)

Five patients (12.20%) experienced NRM. In this group,
lymphocyte count (p=0.021) and donor age (p=0.046)
were significantly lower, while the CONUT score (p=0.041)
was significantly higher. Follow-up time was also signifi-
cantly shorter in the NRM group (p<0.001). There were no
significant differences between the NRM group and the
other group regarding age at transplantation, sex, height,
weight, BMI, diagnosis, KPS score, HCT-Cl score, VOD score,
albumin, total cholesterol, NRI score, PNI score, DRI, do-
nor-recipient ABO compatibility, CR, disease status before
transplantation, transplantation history, patient CMV sta-
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Table 1. Summary of variables with regard to mortality
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Mortality
Total (n=41) Yes (n=8) No (n=33) ¢)

Age at transplantation 46 (33-54) 54.5 (40.5-63.5) 46 (32-52) 0.152F
Sex

Female 12 (29.27%) 2 (25.00%) 10 (30.30%) 1.000#

Male 29 (70.73%) 6 (75.00%) 23 (69.70%)
Height, m 1.72 (1.66-1.80) 1.70 (1.67-1.75) 1.75 (1.65-1.80) 0.307%
Weight, kg 79.9 (70-85) 79.95 (74.15-84.45) 78 (70-86) 0.818%
Body mass index, kg/m2 26.12 (22.99-28.65) 28.20 (24.88-29.33) 25.52(22.99-28.01) 0.205%
Diagnosis

AML 22 (53.66%) 4 (50.00%) 18 (54.55%) 0.2571

ALL 7 (17.07%) 0 (0.00%) 7 (21.21%)

MDS 4 (9.76%) 2 (25.00%) 2 (6.06%)

NHL 3(7.32%) 1(12.50%) 2 (6.06%)

Other 5(12.20%) 1(12.50%) 4 (12.12%)
Karnofsky performance status score 90 (90-100) 90 (85-90) 90 (90-100) 0.088%
HCT Cl score 0(0-1) 0.5 (0-1) 0(0-1) 0.535%
VOD score, % 2.68 (1.67-4.97) 1.06 (0.82-2.36) 3.07 (2.14-4.99) 0.029%
Albumin 4.2 (3.8-4.5) 3.85(3.5-4.1) 4.2 (3.9-4.6) 0.041%
Total cholesterol 166.5 (135.5-190.5) 134 (128-190) 167 (143-191) 0.328%
Lymphocyte (x103) 0.83 (0.49-1.27) 0.33(0.19-0.70) 0.99 (0.64-1.51) 0.011%
CONUT score 3(2-4) 4 (3-6) 3(2-4) 0.022%
NRI score 105.44 (99.42-110.06) 100.18 (94.87-103.98)  105.50 (99.69-110.06) 0.039%
PNI score 46.7 (41.25-51.4) 41.1 (35.7-44.65) 49.2 (42.7-53.45) 0.008%

Normal 15 (36.59%) 0 (0.00%) 15 (45.45%)* 0.0171

Malnutrition 8 (63.41%) 8 (100.00%) 18 (18.18%)

Moderate to severe malnutrition 10 (24.39%) 2 (25.00%) 8 (24.24%)

Serious malnutrition 8(19.51%) 4 (50.00%) 4 (12.12%)*
Disease risk index

Low 5(12.50%) 1(12.50%) 4 (12.50%) 0.7944

Intermediate 20 (50.00%) 3(37.50%) 17 (53.13%)

High 14 (35.00%) 4 (50.00%) 10 (31.25%)

Very high 1(2.50%) 0 (0.00%) 1(3.13%)
Donor recipient ABO compatibility

Match 20 (51.28%) 5 (62.50%) 15 (48.39%) 0.8851

Minor mismatch 14 (35.90%) 2 (25.00%) 12 (38.71%)

Major mismatch 4 (10.26%) 1(12.50%) 3 (9.68%)

Bidirectional mismatch 1 (2.56%) 0 (0.00%) 1(3.23%)
CR

CR1 28 (77.78%) 4 (66.67%) 24 (80.00%) 0.596#

CR2 8(22.22%) 2 (33.33%) 6 (20.00%)
Disease status before transplantation

Complete response 32 (78.05%) 5 (62.50%) 27 (81.82%) 0.2259

Partial response 1(2.44%) 1(12.50%) 0 (0.00%)

Stable disease 5(12.20%) 1(12.50%) 4(12.12%)

Progressive disease 3(7.32%) 1(12.50%) 2 (6.06%)
Transplantation history

No 35(85.37%) 7 (87.50%) 28 (84.85%) 0.7549

Autologous 3(7.32%) 1(12.50%) 2 (6.06%)

Allogeneic 3(7.32%) 0 (0.00%) 3(9.09%)
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Table 1. CONT.
Mortality
Total (n=41) Yes (n=8) No (n=33) P
Patient CMV
IGG positive 38(92.68%) 7 (87.50%) 31(93.94%) 0.4884#
IGG negative 3(7.32%) 1(12.50%) 2 (6.06%)
Donor CMV
IGG positive 32 (88.89%) 5(71.43%) 27 (93.10%) 0.163#
IGG negative 4(11.11%) 2 (28.57%) 2 (6.90%)
Donor age 29 (24-46) 27 (21-31) 34.5(24.5-47) 0.216%
Donor sex
Female 8(20.51%) 3 (37.50%) 5(16.13%) 0.323#
Male 31 (79.49%) 5 (62.50%) 26 (83.87%)
Donor recipient relationship
Relative 25 (64.10%) 5(62.50%) 20 (64.52%) 1.0004#
Unrelated 14 (35.90%) 3(37.50%) 11 (35.48%)
HLA compatibility
Full matched 26 (65.00%) 4 (50.00%) 22 (68.75%) 0.6044
Mismatch 5(12.50%) 1(12.50%) 4(12.50%)
Haploidentical 9 (22.50%) 3 (37.50%) 6 (18.75%)
Infused stem cell (x10%/kg) 6.31(5.35-7.20) 7.00 (5.75-7.25) 6.30 (5.35-7.00) 0.449%
Stem cell source
Peripheral blood 40 (100.00%) 8 (100.00%) 32 (100.00%) N/A
Bone marrow 0 (0.00%) 0 (0.00%) 0 (0.00%)
Cord blood 0 (0.00%) 0 (0.00%) 0 (0.00%)
Graft freezing 1(2.50%) 0 (0.00%) 1(3.13%) 1.0004#
Conditioning regimen
FluBu3 18 (43.90%) 2 (25.00%) 16 (48.48%) 0.0051
FIuTBI 5(12.20%) 0 (0.00%) 5(15.15%)
FluMel 5(12.20%) 2 (25.00%) 3 (9.09%)
FluTreo 4 (9.76%) 4 (50.00%) 0 (0.00%)*
FluBu2 3(7.32%) 0 (0.00%) 3 (9.09%)
TEC-FluBu2 1 (2.44%) 0 (0.00%) 1(3.03%)
TBF 1(2.44%) 0 (0.00%) 1 (3.03%)
FluCy 4 (9.76%) 0 (0.00%) 4(12.12%)
TBI 27 (65.85%) 6 (75.00%) 21 (63.64%) 0.692#
Time between diagnosis and transplantation, months 6(3-12) 8.5 (4.5-17.5) 5(3-12) 0.305%
Time to neutrophil engraftment 15(14-17) 15 (14-16) 15(14-17) 0.642F
Time to platelet engraftment 15(13.5-19.5) 17 (15-22) 15(13-19) 0.312%
Primary graft failure 1(2.70%) 0 (0.00%) 1(3.13%) 1.000#
Secondary graft failure 3(7.32%) 1(12.50%) 2 (6.06%) 0.488#
Eltrombopag use 12 (29.27%) 2 (25.00%) 10 (30.30%) 1.000#
GVHD prophylaxis
T cell depletion 0 (0.00%) 0 (0.00%) 0 (0.00%) N/A
ATG 5(12.20%) 1(12.50%) 4(12.12%) 1.0004#
CSA 41 (100.00%) 8 (100.00%) 33 (100.00%) N/A
MTX 2 (4.88%) 1(12.50%) 1(3.03%) 0.356#
MMF 22 (53.66%) 5 (62.50%) 17 (51.52%) 0.703#
Post Cy 38(92.68%) 7 (87.50%) 31(93.94%) 0.488#
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Table 1. CONT.
Mortality
Total (n=41) Yes (n=8) No (n=33) P
Mucositis prophylaxis
Antifungal + antibacterial mouthwash 41 (100.00%) 8 (100.00%) 33 (100.00%) N/A
Black mulberry 41 (100.00%) 8 (100.00%) 33 (100.00%) N/A
Mucosamin 15 (36.59%) 1(12.50%) 14 (42.42%) 0.220#
Mucositis 14 (35.90%) 2 (28.57%) 12 (37.50%) 1.000#
Grade of mucositis
None 25 (64.10%) 5(71.43%) 20 (62.50%) 0.5729
Grade 1 5(12.82%) 0 (0.00%) 5(15.63%)
Grade 2 3 (7.69%) 0 (0.00%) 3(9.38%)
Grade 3 6 (15.38%) 2 (28.57%) 4(12.50%)
Acute GVHD 5(12.20%) 1(12.50%) 4(12.12%) 1.0004#
Acute GVHD score 0 (0-0) 0(0-0) 0 (0-0) 0.398%
Chronic GVHD 3(7.89%) 0 (0.00%) 3(9.68%) 1.0004#
Relapse 5(12.20%) 3(37.50%) 2 (6.06%) 0.043#
Complications
Bacterial infections and fever 35 (85.37%) 8 (100.00%) 27 (81.82%) 0.323#
Cardiac complications 1 (2.44%) 0 (0.00%) 1(3.03%) 1.0004#
Hyperbilirubinemia 2 (4.88%) 1(12.50%) 1(3.03%) 0.356#
Bleeding complications 5(12.20%) 1(12.50%) 4(12.12%) 1.000#
Gl problems 11 (26.83%) 3(37.50%) 8 (24.24%) 0.658#
Elevated creatinine 2 (4.88%) 0 (0.00%) 2 (6.06%) 1.0004#
IPA 2 (4.88%) 0 (0.00%) 2 (6.06%) 1.0004#
CMV reactivation 3(7.32%) 1(12.50%) 2 (6.06%) 0.488#
TMA 1 (2.44%) 0 (0.00%) 1(3.03%) 1.0004#
Neurological complications 2 (4.88%) 0 (0.00%) 2 (6.06%) 1.0004#
Follow-up time, months 11 (8-14) 3(0.5-5) 12(10-16) <0.001%

Descriptive statistics are presented using median (25th percentile - 75th percentile) for non-normally distributed continuous variables and frequency
(percentage) for categorical variables. # Mann Whitney U test, # Fisher's exact test, 1 Fisher-Freeman-Halton test,* Statistically significant category for
the variables with three or more categories. Statistically significant p values are shown in bold. AML: Acute Myeloid Leukemia; ALL: Acute Lymphoblastic
Leukemia; MDS Myelodysplastic Syndromes; NHL: Non-Hodgkin Lymphoma; VOD: Veno-Occlusive Disease; HCT Cl: Hematopoietic Cell Transplantation
Comorbidity Index; CONUT: Controlling Nutritional Status; NRI: Nutritional Risk Index; PNI: Prognostic Nutritional Index; CR: Complete Remission; CR1:
Complete Remission, first occurrence; CR2: Complete Remission, second occurrence; CMV: Cytomegalovirus; HLA: Human Leukocyte Antigen; FluBu3:
Fludarabine and Busulfan, three-day regimen; FIuTBI: Fludarabine and Total Body Irradiation; FluMel: Fludarabine and Melphalan; FluTreo: Fludarabine
and Treosulfan; FluBu2: Fludarabine and Busulfan, two-day regimen; TEC-FluBu2: Thiotepa, Etoposide, and Fludarabine with Busulfan, two-day regimen);
TBF: Thiotepa, Busulfan, and Fludarabine; FluCy: Fludarabine and Cyclophosphamide); TBI: Total Body Irradiation; GVHD: Graft-versus-Host Disease; ATG:
Anti-Thymocyte Globulin; CSA: Cyclosporine A; MTX: Methotrexate; MMF: Mycophenolate Mofetil; Post Cy: Post-transplant Cyclophosphamide; IPA: Invasive
Pulmonary Aspergillosis; TMA: Thrombotic Microangiopathy; Gl: Gastrointestinal; IGG: Immunoglobulin G; N/A: Not Applicable.

tus, donor CMV status, donor sex, donor-recipient relation-
ship, HLA compatibility, infused stem cell amount, stem
cell source, graft freezing, conditioning regimen, TBI, time
from diagnosis to transplantation, engraftment times, graft
failure, eltrombopag use, GVHD prophylaxis, mucositis pro-
phylaxis, mucositis grade, acute GVHD, acute GVHD score,
chronic GVHD, or complications (Table 4).

For predicting non-relapse mortality (NRM) at a cut-off point
of 3.5, the CONUT score had 75.00% sensitivity, 69.44%
specificity, 70.00% accuracy, 21.43% positive predictive
value, and 96.15% negative predictive value (higher values

predict mortality). Table 5 shows that the ROC curve's area
under the curve was 0.806 (95% Cl: 0.607-1.000, p=0.047).

Discussion

For a variety of hematological conditions, allogeneic hema-
topoietic stem cell transplantation, or allo-HSCT, is a fea-
sible therapeutic option. Previous studies have evaluated
malnutrition as a prognostic factor in allo-HSCT patients by
using single scoring systems. To the best of our knowledge,
this study is the first to assess malnutrition prognostically
in this patient population using three distinct scoring sys-



70

Table 2. Performance of scores to predict mortality, ROC curve
analysis

CONUT NRI PNI
Cut-off >2.5 <107.6 <48.5
Sensitivity 100.00% 100.00% 100.00%
Specificity 39.39% 42.42% 51.52%
Accuracy 50.00% 53.66% 60.98%
PPV 25.93% 29.63% 33.33%
NPV 100.00% 100.00% 100.00%
AUC (95% Cl) 0.771 0.737 0.803
(0.590-0.951) (0.567-0.906) (0.651-0.955)

p 0.026 0.040 0.008

CONUT: Controlling Nutritional Status; NRI: Nutritional Risk Index; PNI:
Prognostic Nutritional Index; PPV: Positive Predictive Value; NPV: Negative
Predictive Value; AUC: Area Under ROC Curve; Cl: Confidence Interval; ROC:
Receiver Operating Characteristic.

tems. In univariate analysis, a low PNI and NRI, as well as
high CONUT scores, were found to be significantly associ-
ated with mortality. However, in the multivariate analysis,
only a high CONUT score (with a cut-off point of 2.5) was
independently associated with an increased mortality risk.

The NRI has been used since the late 1980s as a tool to
predict disease progression across various medical condi-
tions.?%?1 Orvain et al."” demonstrated that in acute my-
eloid leukemia (AML) patients undergoing allo-HCT, the
predictive capacity of NRI was comparable to that of pre-
transplant serum albumin levels, suggesting a reliance on
serum albumin for its prognostic value. Consistent with
this, our study identified low NRI (p=0.039) and low serum
albumin level (p=0.041) as independent predictors of mor-
tality in univariate analyses. However, body weight, a com-
ponent of the NRI, may inadequately reflect nutritional sta-
tus compared to albumin levels, especially in populations
with stable weight profiles. Notably, our cohort exhibited
minimal weight fluctuations and maintained a normal pre-
transplant weight, possibly due to its high socioeconomic
status and access to quality healthcare and nutrition. In
multivariate analyses, neither NRI (p=0.447) nor serum al-
bumin (p=0.420) were significant predictors of mortality,
and NRI was similarly non-significant for non-relapse mor-
tality (NRM). These findings may reflect the limitations re-
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lated to the relatively small sample size.

The PNI, as reviewed by He et al.”® has been widely vali-
dated as a prognostic marker for hematologic malignan-
cies. In our cohort, PNI scores were significantly lower in the
mortality group (p=0.008) in univariate analysis. However,
contrary to prior research, multivariate analysis revealed no
statistically significant independent association between
PNIand overall mortality (p=0.170) or NRM (p=0.067). Nota-
bly, a significant association was observed in the subgroup
with severe malnutrition (PNI < 40, p=0.017), although the
small sample size (n=8) limited broader applicability. This
discrepancy underscores the inherent limitations of our
retrospective study design and sample size constraints,
which may have reduced the power to detect robust as-
sociations.

The CONUT score emerged as a particularly effective tool
in our study, with significantly higher scores in the mortal-
ity group (p=0.022). Among the nutritional indices evalu-
ated, only the CONUT score was an independent predictor
of mortality in the multivariate analysis (p=0.028). For NRM
prediction, the CONUT score demonstrated commend-
able diagnostic metrics: 75.00% sensitivity, 69.44% speci-
ficity, 70.00% accuracy, 21.43% positive predictive value,
and 96.15% negative predictive value (NPV). However, in
multivariate analysis, it showed that the CONUT score was
not a predictor of NRM. According to Araie et al."”, in 200
patients receiving allo-HCT for myeloid malignancies, high
CONUT scores independently predicted early NRM, 1-year
survival, and median survival time. Although the CONUT
score was predictive for NRM in univariate analysis, multi-
variate analysis did not find it to be statistically significant.
We thought that this was related to the sample size of our
study.

To our knowledge, this study is the first to conduct a com-
parative evaluation of the NRI, PNI, and CONUT scores with-
in a single patient population. While all three indices dem-
onstrated predictive utility for mortality, the CONUT score
proved particularly robust. Unlike the NRI and PNI, which
rely primarily on numerical calculations, the CONUT score
incorporates threshold-based categorizations informed by
cumulative clinical insights. This facilitates the precise iden-
tification of malnutrition among patients who fall below

Table 3. Significant factors independently associated with mortality, multivariable logistic regression analysis

B coefficient Standard error P Exp(B) 95% Cl for Exp(f)
CONUT score 0.780 0.354 0.028 2.180 1.090 4.363
Constant -4.349 1.434 0.002 0.013

Nagelkerke R2=0.290; CONUT: Controlling Nutritional Status; Cl: Confidence Interval; Nagelkerke R Nagelkerke R-squared.
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Table 4. Summary of variables with regard to non-relapse mortality
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Non-relapse mortality

Yes (n=5) No (n=36) P

Age at transplantation 49 (43-60) 46 (32.5-53.5) 0.523%
Sex

Female 1 (20.00%) 11 (30.56%) 1.0004#

Male 4 (80.00%) 25 (69.44%)
Height, m 1.70(1.70-1.71) 1.74 (1.65-1.80) 0.380%
Weight, kg 84 (80-84.9) 78.15 (70-85.5) 0.461%
Body mass index, kg/m2 28.73 (27.68-29.93) 25.82 (22.92-28.24) 0.163%
Diagnosis

AML 2 (40.00%) 20 (55.56%) 0.0801

ALL 0 (0.00%) 7 (19.44%)

MDS 2 (40.00%) 2 (5.56%)

NHL 1 (20.00%) 2 (5.56%)

Other 0 (0.00%) 5(13.89%)
Karnofsky performance status score 90 (90-90) 90 (90-100) 0.842%
HCT Cl score 0(0-1) 0(0-1) 0.981F
VOD score, % 2.34 (0.94-2.38) 2.86 (1.73-4.98) 0.461%
Albumin 4(3.7-4) 4.2 (3.8-4.55) 0.255%
Total cholesterol 151.5(113-199.5) 166.5 (139.5-190.5) 0.620%
Lymphocyte (x103) 0.38 (0.12-0.66) 0.99 (0.57-1.41) 0.021%
CONUT score 4.5 (3.5-5.5) 3(2-4) 0.041%
NRI score 102.46 (97.90-102.46) 105.50 (99.42-110.06) 0.231%
PNI score 43.3(38.9-43.7) 48.2 (41.9-52.98) 0.067%

Normal 0 (0.00%) 15 (41.67%) 0.1559

Mild malnutrition 1 (20.00%) 7 (19.44%)

Moderate to severe malnutrition 2 (40.00%) 8(22.22%)

Serious malnutrition 2 (40.00%) 6 (16.67%)
Disease risk index

Low 0 (0.00%) 5(14.29%) 0.2499

Intermediate 1 (20.00%) 19 (54.29%)

High 4 (80.00%) 10 (28.57%)

Very high 0 (0.00%) 1(2.86%)
Donor recipient ABO compatibility

Match 3(60.00%) 17 (50.00%) 0.4621

Minor mismatch 1 (20.00%) 13 (38.24%)

Major mismatch 1(20.00%) 3(8.82%)

Bidirectional mismatch 0 (0.00%) 1 (2.94%)
CR

CR1 3(75.00%) 25 (78.13%) 1.0004#

CR2 1 (25.00%) 7 (21.88%)
Disease status before transplantation

Complete response 3 (60.00%) 29 (80.56%) 0.1349

Partial response 1 (20.00%) 0 (0.00%)

Stable disease 1 (20.00%) 4(11.11%)

Progressive disease 0 (0.00%) 3(8.33%)
Transplantation history

No 4 (80.00%) 31 (86.11%) 0.5671

Autologous 1 (20.00%) 2 (5.56%)

Allogeneic 0 (0.00%) 3(8.33%)
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Table 4. CONT.
Non-relapse mortality
Yes (n=5) No (n=36) P
Patient CMV
IGG positive 4 (80.00%) 34 (94.44%) 0.3304#
IGG negative 1 (20.00%) 2 (5.56%)
Donor CMV
IGG positive 3(75.00%) 29 (90.63%) 0.390#
IGG negative 1(25.00%) 3(9.38%)
Donor age 23.5(19-26.5) 34 (25-46) 0.046%
Donor sex
Female 1 (20.00%) 7 (20.59%) 1.0004#
Male 4 (80.00%) 27 (79.41%)
Donor recipient relationship
Relative 3 (60.00%) 22 (64.71%) 1.0004#
Unrelated 2 (40.00%) 12 (35.29%)
HLA compatibility
Full matched 2 (40.00%) 24 (68.57%) 0.2621
Mismatch 1 (20.00%) 4(11.43%)
Haploidentical 2 (40.00%) 7 (20.00%)
Infused stem cell (x106/kg) 7.20 (6.50-7.20) 6.30 (5.32-7.08) 0.498+%
Stem cell source
Peripheral blood 5(100.00%) 35 (100.00%) N/A
Bone marrow 0 (0.00%) 0 (0.00%)
Cord blood 0 (0.00%) 0 (0.00%)
Graft freezing 0 (0.00%) 1 (2.86%) 1.000#
Conditioning regimen
FluBu3 2 (40.00%) 16 (44.44%) 0.4531
FIuTBI 0 (0.00%) 5(13.89%)
FluMel 1 (20.00%) 4(11.11%)
FluTreo 2 (40.00%) 2 (5.56%)
FluBu2 0 (0.00%) 3(8.33%)
TEC-FluBu2 0 (0.00%) 1(2.78%)
TBF 0 (0.00%) 1(2.78%)
FluCy 0 (0.00%) 4(11.11%)
TBI 3 (60.00%) 24 (66.67%) 1.0004#
Time between diagnosis and transplantation, months 9(3-19) 6(3.5-12) 0.764%
Time to neutrophil engraftment 15.5 (15-16) 15 (14-17) 0.841%
Time to platelet engraftment 25(17-33) 15(13-19) 0.103%
Primary graft failure 0 (0.00%) 1 (2.86%) 1.000#
Secondary graft failure 1(20.00%) 2 (5.56%) 0.3304#
Eltrombopag use 1(20.00%) 11 (30.56%) 1.000#
GVHD prophylaxis
T cell depletion 0 (0.00%) 0 (0.00%) N/A
ATG 1 (20.00%) 4(11.11%) 0.497#
CSA 5(100.00%) 36 (100.00%) N/A
MTX 1 (20.00%) 1(2.78%) 0.232#
MMF 3 (60.00%) 19 (52.78%) 1.000#
Post Cy 4 (80.00%) 34 (94.44%) 0.330#
Mucositis prophylaxis
Antifungal + antibacterial mouthwash 5(100.00%) 36 (100.00%) N/A
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Table 4. CONT.

Non-relapse mortality

Yes (n=5) No (n=36) P
Black mulberry 5(100.00%) 36 (100.00%) N/A
Mucosamin 1 (20.00%) 14 (38.89%) 0.636#
Mucositis 1 (25.00%) 13 (37.14%) 1.000#
Grade of mucositis
None 3(75.00%) 22 (62.86%) 1.0004
Grade 1 0 (0.00%) 5(14.29%)
Grade 2 0 (0.00%) 3(8.57%)
Grade 3 1 (25.00%) 5(14.29%)
Acute GVHD 1(20.00%) 4(11.11%) 0.497#
Acute GVHD score 0 (0-0) 0(0-0) 0.542%
Chronic GVHD 0 (0.00%) 3 (8.82%) 1.0004#
Complications
Bacterial infections and fever 5(100.00%) 30 (83.33%) 1.000#
Cardiac complications 0 (0.00%) 1(2.78%) 1.0004
Hyperbilirubinemia 1 (20.00%) 1(2.78%) 0.232#
Bleeding complications 1 (20.00%) 4(11.11%) 0.497#
Gl problems 1 (20.00%) 10 (27.78%) 1.0004#
Elevated creatinine 0 (0.00%) 2 (5.56%) 1.000#
IPA 0 (0.00%) 2 (5.56%) 1.0004#
CMV reactivation 1 (20.00%) 2 (5.56%) 0.330#
TMA 0 (0.00%) 1(2.78%) 1.0004#
Neurological complications 0 (0.00%) 2 (5.56%) 1.0004
Follow-up time, months 1(0-2) 11.5(8-15.5) <0.001%

Descriptive statistics are presented using median (25th percentile - 75th percentile) for non-normally distributed continuous variables and frequency
(percentage) for categorical variables; 3 Mann Whitney U test, # Fisher's exact test, 1 Fisher-Freeman-Halton test. Statistically significant p values are shown
in bold; AML: Acute Myeloid Leukemia; ALL: Acute Lymphoblastic Leukemia; MDS: Myelodysplastic Syndromes; NHL: Non-Hodgkin Lymphoma; KPS:
Karnofsky Performance Status; HCT Cl: Hematopoietic Cell Transplantation Comorbidity Index; VOD: Veno-Occlusive Disease; NRI: Nutritional Risk Index;
PNI: Prognostic Nutritional Index; CR: Complete Remission; CMV: Cytomegalovirus; HLA: Human Leukocyte Antigen; GVHD: Graft-versus-Host Disease; TBI:
Total Body Irradiation; ATG: Anti-Thymocyte Globulin; CSA: Cyclosporine A; MTX: Methotrexate; MMF: Mycophenolate Mofetil; Post Cy: Post-transplant
Cyclophosphamide; IPA: Invasive Pulmonary Aspergillosis; TMA: Thrombotic Microangiopathy.

Table 5. Performance of CONUT score to predict nonrelapse

mortality, ROC curve analysis

CONUT
Cut-off >3.5
Sensitivity 75.00%
Specificity 69.44%
Accuracy 70.00%
PPV 21.43%
NPV 96.15%
AUC (95% ClI) 0.806 (0.607-1.000)
p 0.047

CONUT: Controlling Nutritional Status; ROC: Receiver Operating
Characteristic; PPV: Positive Predictive Value; NPV: Negative Predictive

Value; AUC: Area Under the Curve; Cl: Confidence Interval.

the critical thresholds. Additionally, the CONUT score inte-
grates serum albumin level, a well-established marker of
mortality risk, with total lymphocyte count, further enhanc-
ing its predictive capacity. Despite the comparable area un-
der the receiver operating characteristic (ROC) curve values
for CONUT and NRI, the threshold-based design of CONUT
may account for its superior prognostic performance.

Limitations

This retrospective, single-center study has several inherent
limitations. The small sample size of 41 patients reduced
the statistical power and generalizability of the results. The
heterogeneous patient population, which included vari-
ous diseases and treatment methods, further complicates
the interpretation of the findings. In addition, the relatively
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short follow-up period of 11 months may have limited the
comprehensive assessment of transplant outcomes. The
retrospective calculation of nutritional indices and poten-
tial selection bias also constrain the broader applicability of
the study. These limitations underscore the need for larger,
prospective, and multicenter investigations to validate and
expand upon these findings.

Conclusion

In conclusion, nutritional assessment plays a crucial role
in predicting the outcome of allo-HSCT recipients. Among
the three scoring systems evaluated, NRI, PNI, and CO-
NUT, the high CONUT score demonstrated the highest
prognostic utility for mortality and non-relapse mortal-
ity (NRM). Its integration of clinically significant param-
eters, including serum albumin and lymphocyte count,
combined with a threshold-based approach, likely ac-
counts for its superior predictive performance. To provide
a thorough evaluation of patient risk, the CONUT score
can be used in combination with other risk models, such
as the Hematopoietic Cell Transplantation Comorbidity
Index (HCT-CI). Despite being a helpful tool, the CONUT
score's role in allo-HSCT is still being investigated; further
research is required to standardize its application and
identify the best cutoff values for various patient popula-
tions. Further studies with larger sample sizes are needed
to confirm these results and to optimize nutritional risk
management in this population.
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