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Abstract

Background: Secondary failure of platelet recovery (SFPR] is a common complication that
influences survival and quality of life of patients with B-thalassemia major (B-TM] after
hematopoietic stem cell transplantation (HSCT).

Objectives: A model to predict the risk of SFPR in B-TM patients after HSCT was developed.
Design: A retrospective study was used to develop the prediction model.

Methods: The clinical data for 218 3-TM patients who received HSCT comprised the training
set, and those for another 89 patients represented the validation set. The least absolute
shrinkage and selection operator regression algorithm was used to identify the critical clinical
factors with nonzero coefficients for constructing the nomogram. Calibration curve, C-index,
and receiver operating characteristic curve assessments and decision curve analysis (DCA)
were used to evaluate the calibration, discrimination, accuracy, and clinical usefulness of the
nomogram. Internal and external validation were used to test and verify the predictive model.
Results: The nomogram based on pretransplant serum ferritin, hepatomegaly, mycophenolate
mofetil use, and posttransplant serum albumin could be conveniently used to predict the
SFPR risk of thalassemia patients after HSCT. The calibration curve of the nomogram
revealed good concordance between the training and validation sets. The nomogram showed
good discrimination with a C-index of 0.780 (95% Cl: 70.3-85.7) and 0.868 (95% Cl: 78.5-95.1)
and AUCs of 0.780 and 0.868 in the training and validation sets, respectively. A high C-index
value of 0.766 was reached in the interval validation assessment. DCA confirmed that the
nomogram was clinically useful when intervention was decided at the possibility threshold
ranging from 3% to 83%.

Conclusion: We constructed a nomogram model to predict the risk of SFPR in patients with
B-TM after HSCT. The nomogram has a good predictive ability and may be used by clinicians to
identify SFPR patients early and recommend effective preventive measures.

Keywords: hepatomegaly, mycophenolate mofetil, secondary failure of platelet recovery,
serum albumin, serum ferritin, B-thalassemia

Received: 18 November 2022; revised manuscript accepted: 4 March 2024.

Ther Adv Hematol
2024, Vol. 15: 1-14

DOI: 10.1177/
20406207241245190

© The Authorl(s), 2024.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Yongrong Lai
Rongrong Liu
Department of
Hematology, The First
Affiliated Hospital

of Guangxi Medical
University, No. 6
Shuangyong Road,
Nanning 530021, China
laiyongrongf@hotmail.com
liurongrongf@stu.gxmu.
edu.cn

Yanni Xie

Gaohui Yang

Lin Pan

Zhaoping Gan

Yumei Huang

Department of
Hematology, The First
Affiliated Hospital

of Guangxi Medical
University, Nanning, China

*These authors
contributed equally.

journals.sagepub.com/home/tah

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tah
mailto:laiyongrong@hotmail.com
mailto:liurongrong@stu.gxmu.edu.cn
mailto:liurongrong@stu.gxmu.edu.cn

THERAPEUTIC ADVANCES in

Hematology

Volume 15

Introduction

B-thalassemia major (B-TM) is a monogenic
hereditary disease. Except for promising gene
therapy strategies that are available in the context
of clinical trials, allogeneic hematopoietic stem
cell transplantation (HSCT) is the only definitive
curative therapeutic method for TM thus far. Our
previous study demonstrated that the 3-year over-
all survival (OS) and thalassemia-free survival
(TFS) of TM patients were 97.8% and 97.3%,
respectively.! Although successful HSCT can
cure TM, the procedure carries the risk of poten-
tially fatal complications. Thrombocytopenia is
one of the common complications that occur after
HSCT and is mainly caused by prolonged iso-
lated thrombocytopenia and secondary failure of
platelet recovery (SFPR).%3 As a condition of
thrombocytopenia after primary engraftment of
platelets, the cumulative incidence of SFPR is
20%.4 SFPR has been reported to be a crucial risk
factor that increases the risk of bleeding and
transplant-related death and seriously affects the
prognosis of patients undergoing HSCT.5 Platelet
transfusion and medication use are universal
therapies for managing and preventing bleeding;
nevertheless, these strategies are not always effec-
tive and greatly increase the strain on blood banks
and the economic burden on patients. However,
the pathogenesis and risk factors for SFPR are
very complex, and the precise pathogenesis
remains uncertain. Multiple risk factors for SFPR
have been identified, including unrelated donors,
preparative regimens, renal or liver dysfunction,
source of stem cells, CD34" cell dose infused,
acute graft-versus-host disease (aGVHD), and
infection.?*% Additionally, thrombotic microan-
giopathy, immune-mediated thrombocytopenia,
and drug use such as ganciclovir are potential
causes of SFPR.24

Nomograms are tools that can be used to com-
bine all independent risk factors to predict an out-
come. Nomograms are considered concise and
intuitive models and have been widely applied to
predict the risk of various hematological diseases,
for example, acute kidney injury after HSCT7 and
bleeding in a Chinese immune thrombocytopenia
(ITP) population,® and the prognosis of patients
with, for example, acute myeloid leukemia with
biallelic CEBPA mutations.® To improve trans-
plant outcomes, it is vital to focus on the charac-
teristics of f-TM patients undergoing HSCT and
construct a risk prediction model for early SFPR.
Here, based on a comprehensive consideration of

various factors that may affect the occurrence of
SFPR, we established the first nomogram for pre-
dicting the risk of SFPR in thalassemia patients
after HSCT.

Methods

Patients

We estimated the lower sample size based on a
value of 5-10 times that of the variables included
in the model; we further estimated the total sam-
ple size based on the incidence rate of an end-
point event to match the scale of the study.
Patients eligible for this retrospective study were
consecutive B-TM patients who consented to
receive HSCT at the Stem Cell Transplantation
Center, The First Affiliated Hospital of Guangxi
Medical University, between January 2019 and
July 2022. Our hospital is the largest general hos-
pital in the Guangxi Zhuang Autonomous Region
and the main HSCT center for thalassemia treat-
ment in China. The entry criteria were as follows:
(1) a diagnosis of TM with hemoglobin electro-
phoresis and a genetic diagnosis of -TM by
DNA analysis; (2) patients without thrombocyto-
penia before HSCT; and (3) patients with normal
cardiopulmonary function. The exclusion criteria
were (1) patients with incomplete data and a fol-
low-up time of fewer than 3 months; (2) cytomeg-
alovirus (CMV) or Epstein—Barr virus (EBV)
DNA >400 copies/mL in blood by quantitative
PCR before HSCT; and (3) patients positive for
HIV serology, hepatitis C virus or hepatitis B
virus. All procedures were carried out by the rel-
evant guidelines.

Data collection

The clinical data of B-TM patients who underwent
HSCT were extracted from electronic medical
records; the data for 218 patients were used to build
the training set, and those for another 89 patients
represented the validation set. A total of 40 parame-
ters were included in this retrospective study, which
was based on previous studies and characteristics of
thalassemia, including the general data of the patients,
blood biochemistry assays, transplant characteristics,
drugs used, postoperative complications, infections,
and other information. Patients were divided into
two groups: the SFPR group and the non-SFPR
group. All patients were treated with the same condi-
tioning regimen, which consisted of fludarabine,
busulfan, cyclophosphamide, thyroglobulin, and
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hydroxyurea. Our center uses ganciclovir as the
preemptive therapy for CMYV reactivation, namely,
the standard CMV antigenemia-guided preemptive
approach.1%11 Additionally, cyclosporin, tacrolimus,
mycophenolate mofetil (MMF) and basiliximab are
used to prevent GVHD. Heparin sodium, nadropa-
rin calcium, and ursodeoxycholic acid are applied to
prevent hepatic veno-occlusive disease (VOD). All
patient details already have been de-identified.

Definitions

The time to SFPR was calculated from the date of
HSCT to the date of clinical diagnosis. SFPR was
defined as the first of seven consecutive days of
platelet counts <20 X 10%L or a requirement of
platelet transfusions within 7 days after primary
platelet recovery was achieved.? Neutrophil
engraftment and platelet engraftment were defined
as the first of three consecutive days with an abso-
lute neutrophil count >0.5 X 10%/L and an unsup-
ported platelet count >20 X 10%L.12 CMV and
EBV reactivation was defined as DNA >1000 cop-
ies/mL of blood by quantitative PCR.1> Human
leukocyte antigen (HLA) mismatch was defined
as =1 mismatched antigen. Posttransplant bio-
chemical tests were recorded on the first day of
SFPR diagnosis in the SFPR group and 1 month
after transplantation in the non-SFPR group.

Statistical analysis

All statistical analyses were completed with the
Statistical Package for the Social Sciences 20.0
(IBM SPSS Inc.), R software (version 4.1.0), and
auxiliary RStudio software (version 1.4.1717).

In this study, the continuous variables were repre-
sented by the mean * one standard deviation or
the median (range), and the categorical data were
represented by frequencies (percentages).
Continuous variables were compared using the
Mann-Whitney U test or 7 test, and the chi-square
test was used to compare categorical data. p
Values (two-sided) <0.05 were considered statis-
tically significant in all statistical analyses.

The least absolute shrinkage and selection opera-
tor (LASSO) regression algorithm, which is suit-
able for the reduction of high-dimensional data,
was applied to select the optimal predictive fea-
tures related to risk in patients with SFPR in the
training set.!415 Features without nonzero coeffi-
cients were excluded from the LASSO regression

model.1® Then, a predictive model was built
based on the results of multivariate logistic regres-
sion analysis, which also incorporated the results
of the LASSO regression model. A nomogram is
based on calculating the score of each parameter
in the model and then adding the scores of each
parameter to obtain a total score, which corre-
sponds to the probability of the outcome event.
The C-index reflects the consistency between
the prediction probability and the observation
results and can be used to assess the prediction
accuracy and discriminant ability of the nomo-
gram.!” The C-index value ranges from 0.5 to
1.0, and the higher the C-index value is, the
higher the consistency between the prediction
and the observed result. The calibration curve
was used to assess the consistency between the
actual and predicted risks of the nomogram. The
predictive ability of the nomogram was further
assessed by the AUC curve.!® Decision curve
analysis (DCA) was used to evaluate the clinical
usefulness of the nomogram by quantifying net
benefits, which was calculated by subtracting the
proportion of all patients with false positives
from the proportion with true positives.’® To
verify the accuracy of the risk nomogram, inter-
nal validation was completed using the bootstrap
validation method with 1000 replications, and
external validation was completed in the inde-
pendent validation set.

Results

Patient characteristics

A total of 221 3-TM patients received HSCT from
July 2020 to July 2022. According to the entry and
exclusion criteria, 218 patients comprised the
training set, and the median follow-up after HSCT
was 12.4months (range 3—24). The sex ratio of the
patients was 64.7% male/35.3% female. Fifty-
seven (26.1%) patients developed SFPR, 161
(73.9%) patients did not develop SFPR, and 57
patients with SFPR were diagnosed at a median
time of 27 days (range 17-123) after HSCT.

The clinical characteristics of the two groups are
summarized in Table 1, including baseline char-
acteristics, transplant characteristics, drugs to
prevent GVHD and VOD, posttransplant-related
factors, and complications. The median age of
218 patients was 8years (range 2—19). Twenty-
eight (12.84%) patients underwent splenectomy
and 125 (57.3%) patients with hepatomegaly.
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Table 1. Clinical data of 218 B-TM patients who underwent HSCT.

Characteristics SFPR (N=57) No-SFPR ([N=161) p Value
Age (years) 9 (3-16) 7(2-19) 0.184
BMI (kg/m?) 15.6 (13.0-20.1) 15.4 (12.0-32.1) 0.665
Hb (g/L) 104.919.8 103.717.9 0.663
Serum ferritin (ng/mL) 5050 (557-14,725) 3322 (348-18,205) 0.028
Hepatomegaly 40 (70.2%) 85 (52.8%) 0.023
Splenectomy, n (%) 6 (10.5%) 22 (13.7%) 0.543
Graft type, n (%) 0.001

PBSC 30 (52.6%) 59 (36.6%)

BM 2 (3.5%) 12 (7.5%)

BM + PBSC 18 (31.6%) 86 (53.4%)

BM + CB or BM + PBSC + CB 7(12.3%) 4 (2.5%)
HLA mismatch, n (%) 15 (26.3%) 50 (31.1%) 0.501
Unrelated donor, n (%) 29 (50.9%) 60 (37.3%) 0.720
ABO mismatch, n (%) 34 (59.6%) 80 (49.7%) 0.196
Infused total MNC (108/kg]) 11.0 (1.2-27.2) 11.8 (2.1-29.5) 0.557
Infused alive MNC (108/kg) 11.0 (1.2-27.2) 11.8 (2.0-28.7) 0.565
Infused CD34* cells (10¢/kg) 8.7 (2.1-25.1) 9.8 (0.5-43.1) 0.358
Neutrophil engraftment time (days) 12 (10-18) 12 (8-20) 0.148
Platelet engraftment time (days) 13 (10-33) 13 (8-32) 0.231
Cyclosporin, n (%) 15 (26.3%) 60 (37.3%) 0.135
Tacrolimus, n (%) 42 (73.7%) 101 (62.7%) 0.135
Mycophenolate mofetil, n (%) 50 (87.7%) 158 (98.1%) 0.004
Basiliximab, n (%) 6 (10.5%) 33(20.5%) 0.91
Heparin sodium, n (%) 43 (75.4%) 120 (74.4%) 0.893
Nadroparin calcium, n (%) 14 (24.6%) 41 (25.5%) 0.893
Ursodeoxycholic aid, n (%) 17 (29.8%) 43 (26.7%) 0.651
aGVHD, n (%) 23 (40.4%) 57 (35.4%) 0.505
Bacterial bloodstream infection, n (%) 15 (26.3%) 48 (29.8%) 0.617
CMV reactivation, n (%) 29 (50.1%) 72 (44.7%) 0.208
EBV reactivation, n (%) 6(10.5%) 24 (14.9%) 0.544

[Continued]
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Table 1. (Continued)

Characteristics SFPR (N=57) No-SFPR (N=161) p Value

Pretransplant biochemical tests
Total bilirubin (umol/L) 20.4 (4.3-61.6) 21.3 (4.5-64.6) 0.309
Direct bilirubin (pmol/L) 5.7 (0.8-12.7) 5.7 (1.5-15.5] 0.285
Indirect bilirubin (umol/L) 14.8 (3.5-49.1) 15.4 (2.5-58.5) 0.365
Serum albumin (g/L) 40.8+2.7 41.6+3.1 0.07
AST (U/L) 34 (18-172) 33 (11-221) 0.711
ALT (U/L) 27 (6-240) 20 (4-366) 0.281
Blood creatinine (umol/L) 28 (19-43) 28 (12-58) 0.883

Posttransplant biochemical tests
Total bilirubin (pmol/L) 14.3 (5.1-178.0) 12.3 (2.6-185.0) 0.046
Direct bilirubin (pmol/L) 5.0 (1.6-132.3) 3.7(1.2-131.3) 0.002
Indirect bilirubin (umol/L) 8.6 (2.9-45.7) 8.1(0.1-53.7) 0.21
Serum albumin (g/L) 36.9 (20.1-46.3) 40.1 (25.0-49.8) 0.001
AST (U/L) 49 (16-174) 49 (11-207) 0.935
ALT (U/L) 34 (7-208) 43 (6-267) 0.368
Blood creatinine (umol/L) 25 (13-57) 27 (13-61) 0.033

aGVHD, acute graft-versus-host disease; ALT, alanine transaminase; AST, aspartate transaminase; BM, bone marrow;
BMI, body mass index; CB, cord blood; CMV, cytomegalovirus; EBV, Epstein-Barr virus; Hb: hemoglobin; HLA, human
leukocyte antigen; HSCT, hematopoietic stem cell transplantation; MNC, mononuclear cell; PBSC, peripheral blood stem

cell; SFPR, secondary failure of platelet recovery.

The mean hemoglobin level before HSCT was
104.0 £ 188.4g/L.. The median serum ferritin
level was 3464 (348-18,205)ng/mL. Sixty-five
(29.8%) patients received HILA-mismatched
transplants, and 89 (40.8%) patients received
unrelated donor transplants. aGVHD was diag-
nosed in 80 (36.7%) patients. Bacterial blood-
stream infection was documented in 63 (28.9%)
patients. CMV and EBV reactivation were
observed in 101 (46.3%) and 30 (13.8%) patients
posttransplantation, respectively.

In this study, only two (1.4%) patients developed
VOD, and both patients were in the non-SFPR
group. Twenty-eight patients with hypersplenism
had undergone splenectomy before transplanta-
tion. Among the 190 patients without splenectomy,
124 patients had splenomegaly, including 35
(68.7%) in the SFPR group and 89 (64.0%) in the

non-SFPR group, and the difference was not statis-
tically significant. Twelve (5.5%) patients had sep-
sis, including 2 (3.5%) in the SFPR group and 10
(6.2%) in the non-SFPR group, and the difference
was not statistically significant. No diffuse intravas-
cular coagulation occurred in these 12 patients.
Due to the small number of patients with sepsis,
this study included these patients in the analysis of
bacterial bloodstream infection. In this study, only
one patient died because of intracranial hemor-
rhage due to SFPR.

Feature selection

We applied a LASSO regression algorithm based
on each feature for feature selection in the
training cohort. Dotted vertical lines were
drawn at the optimal values by using the mini-
mum criteria and the one standard error of the
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Figure 1. Clinical feature selection using the LASSO regression model.

LASSQO, least absolute shrinkage and selection operator.

Table 2. Predictive factors for risk in SFPR in the training set.

Variable Prediction model
0dds ratio (95% Cl) p Value

Posttransplant serum albumin 0.824 (0.762-0.892) <0.001
Pretransplant serum ferritin 1 0.188
Mycophenolate mofetil 0.015

Yes 1

No 6.667 (1.450-30.653)
Hepatomegaly 0.018

No

Yes

1
0.406 (0.192-0.858)

SFPR, secondary failure of platelet recovery.

minimum criteria (the 1-SE criteria). According
to fivefold cross-validation, we chose the best A
for LASSO regression analysis when the partial
likelihood binomial deviance reached its mini-
mum value [Figure 1(a) and (b)]. Four variables
with nonzero coefficients were selected in the
LASSO regression analysis, namely, pretrans-
plant serum ferritin, hepatomegaly, MMF use,

and posttransplant serum albumin (Table 2).
Then, multivariate logistic regression was also
performed for further verification. The results
were shown in Table 2. Except for pretransplant
serum ferritin, the p value of the other three fea-
tures is below 0.05. However, pretransplant
serum ferritin is meaningful to SFPR, we still use
the above four features for further forecasting.
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Figure 2. Nomogram of the SFPR risk prediction mod
(b).

SFPR, secondary failure of platelet recovery.

Nomogram development

According to the results of the LASSO regression
analysis and multivariate logistic regression analy-
sis, the forecast model that included the four
independent predictors was developed and is pre-
sented as the nomogram [Figure 2(a) and (b)].

el for a patient with SFPR (a) and a patient without SFPR

The nomogram showed that the predicted risk of
SFPR in B-TM patients ranged between 0.02 and
0.98.

The nomogram that we developed is shown in
Figure 2(a) and is described as follows:
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Figure 3. Calibration curves of the SFPR risk nomogram predictions in the training set (a) and validation set

(b).

SFPR, secondary failure of platelet recovery.

Consider B-TM patients who received HSCT;
the red dot for each parameter is specific informa-
tion for the patient: pretransplant serum ferritin
0f 3844 ng/mL (34 points), use of MMF (3 points),
hepatomegaly (52points), and posttransplant
serum albumin of 20.1g/L. (100 points). In sum-
mary, the patient received a total score of
189 points, and the corresponding predicted
probability of SFPR was 0.935 (93.5%). In terms
of overall morbidity, the patient had an extraordi-
narily high risk of SFPR.

Nomogram validation and assessment

To verify the accuracy of the nomogram, we con-
ducted internal and external validation through
C-index and calibration curve assessments. The
calibration curve of the SFPR risk nomogram was
close to the ideal curve, demonstrating good con-
cordance between the training set and validation
set [Figure 3(a) and (b)]. The C-index of the
training set was 0.780 (95% CI: 0.703-0.857)
and was confirmed to be 0.766 by internal boot-
strapping verification, while the C-index of the
verification set was 0.868 (95% CI: 0.785-0.951),
which indicated that the model had good discrim-
ination. Furthermore, the AUC of the predictive
nomogram was 0.780 in the training set and
0.868 in the validation set [Figure 4(a) and (b)],
which also showed that the model had a good pre-
diction ability. All these results indicated that the

nomogram shows significantly superior predictive
ability.

Clinical application

DCA of the SFPR risk nomogram is presented in
Figure 5, which shows that if the threshold prob-
ability of a patient was from 3% to 83%, using
this risk nomogram to predict the risk of SFPR
would greatly benefit patients.

The present study exhibited bone marrow cell
images of a typical case of SFPR (Figure 6).

Discussion

SFPR is a common and serious complication
after HSCT that severely influences the survival
and prognosis of HSCT patients.> Therefore, it
is extraordinarily important to identify the risk
of SFPR in advance. The pathogenesis of SFPR
is complicated and affected by various factors.
Nevertheless, the specific mechanism of SFPR
remains unclear. Impaired platelet production is
a common cause of SFPR in HSCT patients.
Complications such as poor transplantation
function, viral infection, and adverse drug reac-
tions often cause bone marrow hematopoietic
dysfunction and immune disorders, which ulti-
mately result in insufficient differentiation of
bone marrow megakaryocytes and dysfunction
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Figure 4. ROC curves of the SFPR risk nomogram in the training set.
ROC, receiver operating characteristic; SFPR, secondary failure of platelet recovery.
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Figure 5. Decision curve analysis of the SFPR risk
nomogram.
SFPR, secondary failure of platelet recovery.

of platelet maturation.?2%21 In the past, a
method of evaluating the risk of SFPR in f-TM
patients has not been reported. This study was
the first to construct a model to predict the risk
of SFPR in B-TM patients after HSCT.
Pretransplant serum ferritin, hepatomegaly, the
use of MMF, and posttransplant serum albumin
were shown to be predictive factors of SFPR in
B-TM patients.

Our study introduced transplant features and
pretransplant and posttransplant parameters to
construct a novel risk prediction nomogram
model of SFPR. The calibration curve of the
SFPR risk nomogram revealed good agreement in
the training set and validation set. The C-indexes
of the training set and validation set were 0.780
and 0.868, respectively, which indicated that the
prediction ability of the nomogram was highly
accurate.?? The study showed that the efficiency
of discrimination increased with the C-index of
external verification.??> To further validate the
accuracy of the nomogram, a ROC curve was uti-
lized to calculate the AUC. In addition, we
applied DCA to quantify the net benefit of the
nomogram, and the results showed high clinical
practicability and predictive effect. The nomo-
gram model could be applied to predict the risk of
SFPR in B-TM patients in advance, which is ben-
eficial for clinicians to identify patients at risk of
SFPR with easily available information and guide
the management of HSCT patients.

Iron overload is a familiar consequence of transfu-
sion-dependent thalassemia. Studies have shown
that iron overload is a predictor of adverse out-
comes in HSCT.?* Chai er al.?> found that iron
overload significantly reduced the proportion of
hematopoietic stem cells and progenitor cells and
inhibited the cloning function of hematopoietic
cells in mice by increasing intracellular reactive
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Figure 6. Bone marrow cell images of the patient with SFPR.

SFPR, secondary failure of platelet recovery.

oxygen species (ROS) levels. Zhang er al.2% evalu-
ated the effect of iron overload on bone marrow
transplantation in mice and found that excessive
iron accumulation of ROS damaged the bone
marrow microenvironment and led to delayed
hematopoietic reconstruction, which was related
to the decreased expression of chemokine stromal
cell-derived factor-1, stem cell factor-1, and vas-
cular endothelial growth factor-1. Additionally,
iron overload can induce abnormalities in T lym-
phocyte subsets and destroy immune cells through
the accumulation of ROS, leading to delayed
immune reconstitution.?’ These data show that
iron overload can damage bone marrow hemat-
opoietic function and the bone marrow microen-
vironment, resulting in insufficient megakaryocyte
differentiation and delayed hematopoietic recon-
struction. Serum ferritin is considered the first
choice for a biomarker of iron overload and has
been widely used as a clinical indicator to measure
body iron burden.?* Malki ez al.?% indicated that
elevated levels of pretransplant serum ferritin
(SF>2000ng/mL) were closely associated with
an increased cumulative incidence of delayed
platelet engraftment (HR: 0.48; p=0.044). Similar
to what has been reported in the literature, our
results showed that higher pretransplant serum
ferritin was a risk factor for SFPR in -TM patients
who received HSCT. Iron overload is one of the
important characteristics of thalassemia, and
many studies have shown that iron overload
severely affects the function of platelet production
and implantation, therefore, we included pre-
transplant serum ferritin as a risk factor in the con-
struction of the risk model.

Hepatomegaly is an important manifestation of
extramedullary hematopoiesis caused by early
irregular blood transfusion in patients with thalas-
semia and has been considered one of the inde-
pendent risk factors for poor prognosis of HSCT
in thalassemia patients.2® Moreover, patients with
thalassemia do not receive regular iron chelation
therapy, which could aggravate the iron load of
multiple organs in the body, including the heart,
liver, spleen, and brain, leading to organ damage
and dysfunction. Thrombopoietin (TPO) is an
essential cytokine required for HSC proliferation
and platelet production and is mainly produced by
hepatocytes. Okabe er al.3° confirmed that liver
iron deposition increased significantly and TPO
levels decreased significantly in iron overload
mice, which seriously affected platelet production
and implantation. The above findings support our
study that thalassemia transplant patients with
hepatomegaly may have a higher risk of SFPR.

MMF is a type II inosine monophosphate dehy-
drogenase inhibitor that has been extensively
applied to prevent aGVHD in HSCT patients.3!
Apart from its synergistic effect with cyclosporine
in preventing aGVHD, MMF also has the effects
of reducing the generation of inflammatory
cytokines and antibacterial activity.31:32 MMF is
highly selective, particularly in the inhibition of
lymphocytes rather than myeloid cells; therefore,
it causes fewer cytotoxic effects, reduces interfer-
ence with myeloid cells, and induces better recov-
ery of platelets.33:3¢ The results of a meta-analysis
involving 177 transplant patients showed that
aGVHD prophylaxis with MMF compared with

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

Y Xie, G Yang et al.

methotrexate appears to result in significantly
faster  platelet engraftment (HR: 0.87;
$»<<0.0001).3> Notably, Chang3® reported that
MMF can also be used to treat ITP and improve
platelet recovery.3® Collectively, the mechanism
by which MMF promotes platelet recovery may
be its highly selective immunomodulatory effects.
In this study, we found that the absence of MMF
was a risk factor for SFPR in -TM patients who
underwent HSCT. In our study, the patients who
did not receive MMF underwent cord blood
transplantation. Previous studies have already
confirmed that a low number of hematopoietic
progenitor cells in cord blood increases the risk of
delayed hematopoietic engraftment and poor
immune  reconstitution.?”3°  Consequently,
patients with cord blood transplantation are
prone to SFPR. However, whether the absence of
MMF in patients with cord blood transplantation
is related to delayed engraftment needs further
research.

Albumin is a crucial nutrient in the human body
and has been used as a significant index to evalu-
ate the nutritional status of patients.* Since
thalassemia patients are chronically anemic and
generally lag in growth and development, nutri-
tional status is significantly important for the
recovery of hematopoietic function, especially
platelet recovery, in thalassemia transplant
patients. Additionally, transplantation-related
drugs can cause gastrointestinal side effects such
as nausea, vomiting, diarrhea, and mucositis,
leading to loss of appetite and insufficient nutri-
tional intake. Hence, nutritional status is poor,
and SFPR is likely to occur. A study evaluating
the nutritional status in transplant patients
revealed that low body mass index (BMI), as an
indicator of nutritional status, was significantly
associated with delayed platelet engraftment
(»p<<0.001).4! More recently, another study illus-
trated that degraded levels of posttransplant
serum albumin were a risk factor for delayed
platelet engraftment (p=0.015).42 Similarly, our
study showed that degraded levels of posttrans-
plant serum albumin were a risk factor for pre-
dicting SFPR in B-TM patients.

By constructing a nomogram model, this study
found that high levels of serum ferritin and hepa-
tomegaly before transplantation are important
risk factors for SFPR in thalassemia transplant
patients, which may help clinicians to identify

patients with a risk of SFPR before transplanta-
tion. The risk of SFPR could be reduced in thalas-
semia transplant patients and the prognosis of
transplantation improved by strengthening the
standardized management of patients before
transplantation, including regular blood transfu-
sion and iron chelation therapy. Low albumin lev-
els after transplantation are also one of the risk
factors for SFPR in thalassemia transplant
patients. Clinicians may predict the risk of SFPR
by closely monitoring the serum albumin level of
patients and reducing the risk of SFPR by
strengthening the nutrition of patients in the early
stage. In addition, our results show that the use of
MMEF to prevent GVHD may reduce the risk of
SFPR in thalassemia transplant patients. MMF is
a unique regimen for the prevention of GVHD at
our thalassemia HSCT center. The clinical appli-
cation of this regimen has achieved remarkable
results, that is, the 3-year OS and TFS are as high
as 97.8% and 97.3%, respectively.! Therefore, we
believe that MMF should be widely recom-
mended for the prevention of GVHD in thalas-
semia transplant patients.

There are several limitations of our current study.
First, this was a retrospective study, and more
evidence is needed to prove the usefulness of the
model from a prospective perspective. Second,
our data were of limited size and from a single
institution, which limits the generalizability and
applicable scope of the nomogram. Although the
stability of our nomogram was examined suffi-
ciently with internal and external validation,
which was intended for relatively strict validation,
multi-institutional external validation would pro-
vide more convincing evidence.

Conclusion

Risk nomogram models are generally applied as
prediction models for clinical decision-making.
We found that some factors included in predict-
ing the risk of SFPR in B-TM patients are serum
ferritin, hepatomegaly, the use of MMF, and
posttransplant serum albumin. These results are
basically consistent with the clinical features of 3-
TM patients. Therefore, this nomogram may be
used by clinicians to identify SFPR patients as
early as possible and to make better individual-
ized clinical treatment decisions, which is of great
significance for managing B-TM patients after
HSCT and preventing SFPR.
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