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Purpose: Peginterferon (Peg-IFN) is a common treatment for chronic hepatitis B (CHB); however, some patients developing
myelosuppression as a side-effect. In this study, we identified risk factors associated with increased myelosuppression, and incorpo-
rated them into a predictive nomogram.

Patients and Methods: This study is designed as a case-control study. A total of 312 CHB patients treated with Peg-IFN from two medical
centers were retrospectively enrolled between December 2019 and December 2022. Patients from the First Affiliated Hospital of Nanchang
University were randomly divided into a training cohort (n=153) and a test cohort (n=55) at a 3:1 ratio. Patients from the Jiangxi Provincial
People’s Hospital composed the validation cohort (n= 104). In the training cohort, based on the blood routine results of patients 1 week after
Peg-IFN treatment, patients were further divided into Normal (myelosuppression grades 0-I) and Myelosuppression (grades 1I-1V) groups.
Then uni- and multivariate logistic regression analyses were carried out to identify myelosuppression risk factors, which were subsequently
incorporated into a predictive nomogram. The capability of the predictive nomogram was validated using an area under the curve (AUC) of the
receiver operating characteristic (ROC) curve. The Hosmer-Lemeshow test, calibration curves, and decision curve analysis (DCA) were used to
evaluate the nomogram. Finally, the developed predictive nomogram was validated both internally and externally using separate test and
validation cohorts.

Results: Body mass index (BMI; odds ratio [OR]=0.841, 95% confidence interval [CI] 0.738-0.959, P=0.010), white blood cell
counts (WBC; OR=0.657, 95% CI 0.497-0.868, P=0.003), globulin (GLB; OR=0.796, 95% CI 0.713-0.889, P<0.001) and serum
creatinine levels (SCR; OR=1.029, 95% CI 1.002-1.058, P=0.038) are independent risk factors for myelosuppression in Peg-IFN-
treated CHB patients. A predictive nomogram was constructed by incorporating the above independent risk factors, and its
performance was assessed across the training, test, and validation cohorts. The model demonstrated AUC values of 0.824 (95% CI
0.757-0.891), 0.812 (95% CI 0.701-0.923), and 0.870 (95% CI 0.802-0.940), respectively, highlighting its good predictive accuracy.
As for Hosmer-Lemeshow, it was P=0.351, (x2= 8.898) for training, P=0.514 (¥2=6.226) for the test, and P=0.442 (¥2=7.918) for the
validation cohort. The results of the calibration curves and DCA demonstrated good concordance between predicted probabilities and
observed outcomes, with the model showing higher clinical net benefit.

Conclusion: Lower BMI, WBC counts, GLB, and higher SCR levels are independent risk factors for myelosuppression among Peg-
IFN-treated CHB patients. The predictive nomogram, based on those factors, is able to identify high-risk individuals for myelosup-
pression, thereby aiding in early alleviation of this side-effect.
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Introduction

Hepatitis B virus (HBV) infection is widespread globally, and with an estimated HBV prevalence of 6.1% in China, it is
a major public health challenge."” Long-term HBV infection can progress to chronic hepatitis B (CHB), which may
further lead to the development of liver cirrhosis and hepatocellular carcinoma, posing a significant threat to public
health.>* Therefore, effective antiviral therapy is crucial for CHB patients to prevent disease progression and related
complications.” Currently, Subcutaneous peginterferon (Peg-IFN) is one of the first-line treatment regimens for CHB.®
Individualized Peg-IFN treatment regimens can enhance the patient’s immune system’s ability to fight against CHB,
allowing certain favorable populations to achieve clinical cure of hepatitis B, which is its greatest advantage.” However,
compared to long-term oral nucleoside/nucleotide analogue (NAS) therapy, the higher incidence of adverse reactions
with Peg-IFN, especially myelosuppression, requires more attention.”

Myelosuppression is clinically manifested by peripheral blood cytopenia, such as anemia, leukopenia, and
thrombocytopenia.” This Peg-IFN-associated myelosuppression effect may arise through multiple mechanisms. Some
studies suggest that interferon exerts its myelosuppressive effects by directly inhibiting the activity of hematopoietic stem
cells in the bone marrow, impairing the differentiation of bone marrow cells into hematopoietic cells, suppressing the
release of myeloid cells, and directly depleting peripheral blood cells. These mechanisms collectively contribute to the
development of myelosuppression.'®'? Furthermore, current treatments for Peg-IFN-related myelosuppression, such as
administrating leukocyte-raising drugs, reducing Peg-IFN dosages, as well as suspending/interrupting Peg-IFN therapy,
could effectively prevent further aggravation of myelosuppression, but they have a delayed effect and may come at the
cost of potentially lowering Peg-IFN effectiveness. Additionally, the high cost of Peg-IFN could increase the economic
burden for patients with severe myelosuppression, who would have their treatment interrupted.'?

The process of Peg-IFN treatment is long, uncomfortable, and expensive, requiring patient adherence throughout the therapy.
The early onset of myelosuppression not only poses a health risk to the patient but also easily affects their confidence in
continuing interferon therapy, ultimately leading to dose reduction or discontinuation, which can impact treatment efficacy.
Therefore, it is necessary to identify patients at risk of myelosuppression in advance and intervene accordingly. But no effective
method currently exists to predict its occurrence in CHB patients being treated with Peg-IFN. In this study, we aimed to rectify
this omission by retrospectively analyzing myelosuppression risk factors among Peg-IFN-treated CHB patients and subsequently
establishing a predictive nomogram for myelosuppression risk. This model is able to identify patients at risk for myelosuppres-
sion in advance, helping clinicians make more cost-effective decisions for these patients, thereby making Peg-IFN treatment safer
and more effective.

Materials and Methods

Patients and Study Design

A total of 312 CHB patients, treated with Peg-IFN in the First Affiliated Hospital of Nanchang University and Jiangxi
Provincial People’s Hospital, between December 2019-December 2022 were retrospectively collected through the electronic
medical record system. Among them, 208 patients from the First Affiliated Hospital of Nanchang University were randomly
divided into a training cohort (n=153) and a test cohort (n=55) at a ratio of 3:1."%15 The training cohort was a subset of
participants used for developing and optimizing the predictive model, while the test cohort consisted of participants from the
same hospital, used for internal validation of the model. Additionally, 104 patients from Jiangxi Provincial People’s Hospital
were used as a validation cohort to externally validate the model. Afterward, the patients were divided into a Normal group and
a Myelosuppression group according to whether they had myelosuppression. The study flow is detailed in Figure 1. Inclusion
criteria were as follows: 1) Meeting the “Guidelines for the Prevention and Treatment of CHB (2022 edition)” criteria, in
which serum HBsAg-positivity for more than 6 months was present, 2) Age 16-65 years, 3) No previous antiviral therapy.
Exclusion criteria were as follows: 1) Pregnant/lactating female, 2) CHB with hepatic cirrhosis at the decompensated stage,
malignant tumors, autoimmune liver disease, drug-induced hepatitis, alcoholic hepatitis, or infection with other hepatotropic
viruses (ex. Hepatitis A, C, E), 3) Other severe diseases, such as respiratory/heart failure, 4) Previous history of mental illness,
abnormal thyroid function, autoimmune diseases, or other contraindications against Peg-IFN administration, 5) Peg-IFN
allergy, or 6) Missing data.
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Figure | Flowchart of the study.

The grade of myelosuppression was assessed according to the WHO myelosuppressive response grading index'®
(Table 1), based on the most severe level of myelosuppression among four indicators: white blood cells, neutrophils,
hemoglobin, and platelets. According to the blood routine results of patients 1 week after Peg-IFN treatment, patients
with myelosuppression grades II-IV were defined as the Myelosuppression group, while 0-1 was considered as the
Normal group. In addition, we retrospectively collected the demographic characteristics and clinical data of these patients
through the hospital’s electronic medical record system,'” including age, gender, height, and weight; history of diabetes
and hypertension; family history of hepatitis B, cirrhosis, and liver cancer; history of smoking and alcohol consumption;
as well as baseline laboratory parameters prior to treatment, including blood routine, liver function, kidney function,
blood glucose, blood lipids, electrolytes, thyroid function, hepatitis B e antigen, and hepatitis B virus DNA. These
parameters were considered as potential factors for predicting the risk of myelosuppression during Peg-IFN treatment.

Ethics Approval and Informed Consent
The study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University (REB#2019024) and
in compliance with the Helsinki Declaration. As this study was retrospective, the Ethics Committee of the First Affiliated

Table | The WHO Myelosuppressive Response Grading Index

Myelosuppression Index (Grades)

0 1 n ] v
Hemoglobin (g/L) 2|10 | 95-109 | 80-94 | 65-79 | <65
White blood cell (x10°/L) | 24.0 | 3.0-39 | 20-29 | 1.0-1.9 | <1.0
Neutrophil (x10°/L) 22.0 | 1.5-1.9 | 1.0-1.4 | 0.5-0.9 | <0.5
Platelet (x10%/L) 2100 | 7599 | 50-74 | 2549 | <25
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Hospital of Nanchang University waived the informed consent for this study. Of note, all patient data were anonymized and
handled with strict confidentiality to ensure privacy.

Statistical Analyses
Statistical analysis was performed with R (version 4.13), SPSS (version 24.0), and GraphPad Prism (version 8.0). Categorical
data were described as rates and percentages, and comparisons between groups were carried out using the ¥ test. For continuous
data with normal distribution, they were described as mean =+ standard deviation (SD), two-independent samples #-test was used
for comparisons between 2 groups, and one-way ANOVA was used for comparisons between multiple groups. Continuous data
that did not conform to a normal distribution were described as median (25-75% quartiles), the Mann—Whitney U-test was used
for comparisons between 2 groups, and the Kruskal-Wallis H rank sum test was used for comparisons between multiple groups.
Putative myelosuppression risk factors were subjected to uni-, followed by multi-variate logistic regression analysis,
and a predictive nomogram was established. The predictive power of that model was analyzed using receiver operating
characteristic (ROC) curve analysis, in which an area under the curve (AUC)>0.70 was considered highly accurate in
predicting myelosuppression. The Hosmer-Lemeshow test was then applied to determine goodness of fit, in which
P>0.05 indicated that the predictive model was well-calibrated. The calibration curve and C-index were used to evaluate
the fitting of the nomogram. Finally, decision curves were used to evaluate the clinical usefulness of the predictive
nomogram. For all other statistical analyses, P<0.05 was considered statistically significant.

Results

Clinical Characteristics

Among the 312 patients with CHB, 146 had myelosuppression, with a prevalence of 46.8%. 208 patients at the First Affiliated
Hospital of Nanchang University included 140 males and 68 females, with a mean age of 35.01 £ 8.70 years, and 108 patients with
myelosuppression. The training cohort included 105 males and 48 females, with a mean age of 34.41 + 8.59 years, and 77 patients
with myelosuppression. The test cohort included 35 males and 20 females with a mean age of 36.71 + 8.86 years and 31 patients
with myelosuppression. 104 patients from Jiangxi Provincial People’s Hospital served as the validation cohort, including 71 males
and 33 females, with a mean age of 36.41 + 8.47 years, and 38 patients with myelosuppression. A comparison of the clinical
characteristics of the 3 cohorts of patients revealed no statistically significant differences (Table 2).

Examining Myelosuppression Grades and Patient Characteristics in the Training

Cohort
In the training cohort, 27 patients had grade 0, 49 had grade I, 57 had grade II, 19 had grade III, and 1 had grade IV in
terms of myelosuppression (Figure 2).

We then compared patient characteristics between normal and myelosuppression patients in the training cohort and
found that significant differences between those 2 groups were present for body mass index, white blood cell, monocyte,
neutrophil, eosinophil, and basophil counts, as well as direct bilirubin, globulin, albumin/globulin ratio, serum creatinine,
and glycated serum protein levels. For all other patient characteristics, no significant differences were present (Table 2).

The finding of significantly lower white blood cell, monocyte, neutrophil, eosinophil, and basophil counts in the
Myelosuppression group, compared to normal, was further supported by an analysis of the number of patients with
decreases in different blood cell types, in which myelosuppressed patients most often had lowered neutrophil counts,
followed by white blood cells. By contrast, most patients had normal levels of platelets and red blood cells, the latter
represented in the form of hemoglobin (Supplementary Table 1).

Independent Risk Factors for Myelosuppression in CHB Patients Treated With
Peg-IFN

To identify the risk factors associated with myelosuppression in the training cohort, univariate logistic regression analysis
was first carried out on the 11 variables with statistically significant differences, in which 8 variables were significantly
associated with increased myelosuppression risk (Table 3). Multivariate logistic regression analysis was subsequently
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Table 2 CHB Patient Characteristics in the Training, Test, and Validation Cohorts

Characteristic Category Training Cohort Test Cohort Validation Cohort Pk
(n=55) (n=104)
Total Normal Myelosuppression P*
(n=153) (n=76) (n=77)
Gender Male 105 (68.6) 47 (61.8) 58 (75.3) 0.072 35 (63.6) 71 (68.3) 0.783
Female 48 (31.4) 29 (382) 19 (24.7) 20 (36.4) 33(31.7)
Age (year) 3441 859 34.68 £ 9.23 34.13 £7.96 0.691 36.71 £ 886 3641 + 847 0.095
Height (m) 1.67 + 0.08 1.66 + 0.08 1.68 + 0.06 0.081 1.66 + 0.08 1.68 + 0.07 0.292
Weight (kg) 62.81 + 10.80 64.20 = 11.26 61.44 £ 10.23 0.115 60.16 £ 10.19 62.02 + 10.60 0.295
Body mass index (kg/m?) 22.31 (20.30,24.44) 2291 (21.24, 24.95) 20.90 (19.46, 23.90) 0.020 21.00 (19.53, 23.41) 21.17 (19.70, 24.35) 0.127
Hypertension No 150 (98.0) 75 (98.7) 75 (97.4) >0.999 | 52 (94.5) 102 (98.1) 0.327
Yes 3(20) 1(1.3) 2 (2.6) 3 (5.5 2(1.9)
Diabetes No 152 (99.3) 75 (98.7) 77 (100.0) 0.497 53 (96.4) 100 (96.2) 0.177
Yes 1(0.7) 1 (1.3) 0 (0.0) 2 (3.6) 4 (3.8)
Personal history
Smoking No 112 (73.2) 54 (71.1) 58 (75.3) 0.551 43 (78.2) 80 (76.9) 0.686
Yes 41 (26.8) 22 (28.9) 19 (24.7) 12 (21.8) 24 (23.1)
Drinking No 130 (85.0) 68 (89.5) 62 (80.5) 0.121 46 (83.6) 82 (78.8) 0.436
Yes 23 (15.0) 8 (10.5) 15 (19.5) 9 (16.4) 22 (21.2)
Family history
Hepatitis B No 85 (55.6) 44 (57.9) 41 (53.2) 0.563 36 (65.5) 63 (60.6) 0.406
Yes 68 (44.4) 32 (42.1) 36 (46.8) 19 (34.5) 41 (39.4)
Liver cancer No 126 (82.4) 60 (78.9) 66 (85.7) 0.272 45 (81.8) 79 (76.0) 0.426
Yes 27 (17.6) 16 (21.1) 11 (14.3) 10 (18.2) 25 (24.0)
Cirrhosis No 134 (87.6) 68 (89.5) 66 (85.7) 0.481 44 (80.0) 81 (77.9) 0.102
Yes 19 (12.4) 8 (10.5) 11 (14.3) 11 (20.0) 23 (22.1)
White blood cells (x10°/L) 6.18 + 1.73 6.68 = 1.69 5.69 = 1.65 <0.001 6.05 + 1.98 6.46 = 1.43 0.278
Red blood cells (x10'?/L) 5.05 + 0.57 5.08 £ 0.66 5.01 £ 047 0.477 5.04 £ 0.55 497 + 043 0.459
Hemoglobin (g/L) 152.30 = 16.18 151.00 + 17.08 153.58 + 15.24 0.325 150.35 + 19.35 147.64 + 18.98 0.120
Platelets (x10°/L) 209.00 (183.50, 253.00) | 209.50 (192.25, 255.50) | 209.00 (170.00, 249.00) 0.207 214.00 (177.00, 255.00) | 222.50 (188.25, 260.75) 0.284
Lymphocytes (x10°/L) 1.99 (1.67, 2.30) 2.05 (1.75, 2.40) 1.88 (1.52, 2.25) 0.050 1.97 (1.57, 2.56) 1.90 (1.63, 2.30) 0.461
Monocytes (x 10%/L) 0.37 (0.29, 0.44) 0.40 (0.33, 0.45) 0.34 (0.26, 044) 0.002 0.36 (0.30, 0.45) 0.35 (0.30, 0.42) 0.556
Neutrophil (x107/L) 335 (271,424 3.76 (3.11, 4.50) 3.07 (2.44, 3.93) <0.001 3.48 (2.74, 4.28) 3.82 (3.10, 4.33) 0.106
Eosinophil (x10%/L) 0.07 (0.04, 0.13) 0.08 (0.05, 0.17) 0.06 (0.03, 0.09) 0.001 0.08 (0.04, 0.15) 0.11 (0.05, 0.14) 0.107
Basophils (% 10°/L) 0.02 (0.01, 0.03) 0.03 (0.02, 0.04) 0.02 (0.01, 0.03) 0.023 0.02 (0.01, 0.04) 0.03 (0.01, 0.04) 0.228
Alanine aminotransferase (U/L) 43.10 (22.25, 113.00) 41.35 (20.73, 111.10) 44.00 (23.45, 115.00) 0.658 32.10 (19.60, 54.40) 37.05 (27.18, 58.78) 0.214
Aspartate aminotransferase (U/L) 31.20 (21.75, 58.35) 30.15 (21.63, 59.03) 31.90 (21.75, 56.90) 0.624 25.90 (21.00, 43.40) 30.75 (24.48, 47.70) 0.095
Total bilirubin (pmol/L) 13.50 (10.85, 18.00) 13.20 (10.00, 17.98) 14.70 (11.75, 18.75) 0.148 15.10 (11.70, 20.40) 14.25 (10.65, 16.95) 0.492
Direct bilirubin (umol/L) 2.40 (1.90, 3.20) 2.15 (1.80, 2.90) 2.60 (2.10, 3.40) 0.013 2.60 (2.10, 3.30) 2.60 (1.83, 3.30) 0.538
Total protein (g/L) 76.20 (73.30, 78.60) 76.30 (73.88, 78.60) 75.80 (72.75, 78.60) 0.304 75.70 (73.30, 78.20) 75.45 (72.78, 78.40) 0.896

(Continued)
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Characteristic Category Training Cohort Test Cohort Validation Cohort P*
(n=55) (n=104)
Total Normal Myelosuppression P*
(n=153) (n=76) (n=77)
Albumin (g/L) 46.38 + 2.47 46.04 + 227 46.72 + 2.62 0.089 45.98 + 3.23 46.30 + 2.87 0.653
Globulin (g/L) 3051 £4.18 32.24 + 4.08 28.80 + 3.54 <0.001 | 29.54 +3.28 29.48 + 3.75 0.075
Albumin/Globulin 1.57 (1,45, 1.76) 1.54 (1.34, 1.68) 1.63 (1.48, 1.81) 0.014 1,51 (1.44, 1.67) 1.55 (1.43, 1.76) 0.398
Glutamyl transpeptidase (U/L) 25.00 (16.30, 37.05) 25.00 (15.40, 37.08) 24.00 (16.80, 36.85) 0.738 23.00 (14.00, 34.00) 25.00 (16.25, 25.75) 0.531
Alkaline phosphatase (U/L) 80.40 (65.50, 94.05) 80.00 (68.55, 91.13) 81.80 (63.80, 95.35) 0.987 79.00 (69.40, 93.00) 86.30 (71.15, 102.35) 0.246
Serum creatinine (umol/L) 68.50 (57.95, 77.90) 65.30 (56.90, 75.58) 72.20 (61.05, 80.70) 0.023 72.40 (59.80,78.40) 64.45 (53.95, 72.68) 0.067
Urea nitrogen (mmol/L) 4.20 (3.50, 4.90) 4.15 (3.43, 5.00) 3.60 (4.20, 4.75) 0.824 4.30 (3.30, 5.20) 4.50 (3.70, 4.90) 0.257
Uric acid (umol/L) 353.59 + 83.03 349.77 £ 85.56 357.35 £ 80.83 0.574 345.26 + 82.06 334.70 £ 89.95 0.220
Glucose (mmol/L) 5.16 (4.71, 5.59) 5.14 (4.74, 5.51) 5.19 (4.67, 5.74) 0.748 5.36 (5.00, 5.59) 5.17 (4.81, 5.55) 0.191
Glycated serum protein (mmol/L) 1.90 (1.74, 2.10) 1.84 (1.71, 1.99) 2.02 (1.81,2.17) 0.005 1.92 (1.76, 2.06) 1.95 (1.82, 2.07) 0.460
Total cholesterol (mmol/L) 475 £ 1.10 474 £ 1.26 4.76 £ 0.93 0.908 4.54 + 0.84 4.53 £0.99 0.184
Triglyceride (mmol/L) 1.48 £ 0.78 1.60 £ 1.03 1.36 £ 0.38 0.056 1.39 £ 0.50 1.57 £ 0.75 0.292
High-density lipoprotein (mmol/L) 1.36 £ 0.31 1.34 £ 0.36 1.38 £ 0.25 0.392 1.33 £0.33 1.40 + 0.40 0.389
Low-Density Lipoprotein (mmol/L) 3.08 £ 1.04 307 £ 115 3.09 £ 0.94 0911 3.0l £0.78 2.80 + 0.83 0.066
Alpha fetoprotein (ng/mL) 3.15 (2.12, 4.47) 3.19 (2.07, 4.35) 3.08 (2.17, 4.60) 0.620 3.06 (2.31, 4.58) 4.69 (1.54, 6.97) 0.069
Free triiodothyronine (pg/mL) 3.43 (3.14, 3.79) 3.43 (3.12, 3.69) 3.50 (3.17, 3.86) 0.137 3.42 (3.13, 3.75) 3.30 (2.87, 3.78) 0.099
Free thyroxine (ng/dl) 1.33 (1.22, 1.48) 131 (1.22, 1.43) 1.38 (1.22, 1.53) 0.151 1.37 (1.27, 1.49) 1.31 (0.99, 1.55) 0.283
Sensitivity Thyroid Stimulating Hormone (ulU/mL) 1.69 (1.18, 2.35) 1.73 (1.11, 2.34) 1.68 (1.26, 2.37) 0.844 1.37 (1.05, 2.13) 1.55 (1.18, 2.29) 0.211
Hepatitis B e antigen Negative 82 (53.6) 42 (55.3) 40 (51.9) 0.681 34 (61.8) 62 (59.6) 0.464
Positive 71 (46.4) 34 (44.7) 37 (48.1) 21 (38.2) 42 (40.4)
Hepatitis B virus DNA Negative 44 (28.8) 20 (26.3) 24 (31.2) 0.507 19 (34.5) 24 (23.1) 0.291
Positive 109 (71.2) 56 (73.7) 53 (68.8) 36 (65.5) 80 (76.9)

Notes: P* Normal versus Myelosuppression subgroups; P** comparison between 3 groups of training, test and validation cohorts.
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Figure 2 Distribution of the different grades of myelosuppression among peginterferon (Peg-IFN)-treated chronic hepatitis B (CHB) patients in the training cohort.

conducted, in which only BMI (odds ratio [OR]=0.841, 95% confidence interval [CI] 0.738-0.959), WBC counts
(OR=0.657, 95% CI 0.497-0.868), GLB (OR=0.796, 95% CI 0.713-0.889) and SCR levels (OR=1.029, 95% CI
1.002—1.058) were significantly associated with increased myelosuppression risk (Table 3).

Establishment and Validation of the Predictive Nomogram for Myelosuppression Risk
Based on the findings of multi-variate logistic regression analyses, the risk factors of body mass index, white blood cell
counts, globulin, and serum creatinine levels were incorporated into a predictive nomogram for identifying increased
myelosuppression risk in Peg-IFN-treated CHB patients (Figure 3).

To confirm the validity of this nomogram, an ROC curve analysis was conducted, in which for the training cohort, the
AUC was 0.824 (cutoff value 0.557, sensitivity 71%, specificity 84%), which was above the 0.70 cut-off, indicating that
the formula was highly predictive for myelosuppression risk (Figure 4A). This was further confirmed by ROC curve
analysis of the test cohort and validation cohort, in which the AUC were 0.812 (cutoff value 0.491, sensitivity 81%,
specificity 71%) and 0.870 (cutoff value 0.333, sensitivity 87%, specificity 82%) (Figure 4B and C).

Table 3 Uni- and Multivariate Logistic Regression Analyses of Patient Characteristics
Associated With Increased Myelosuppression Risk

Variable Univariate P Multivariate P
OR (95% CI) OR (95% CI)

Body mass index (kg/m?) 0.852 (0.763, 0.952) | 0.005 0.841 (0.738, 0.959) | 0.010
White blood cell (x10°/L) 0.657 (0.513, 0.841) | 0.001 0.657 (0.497, 0.868) | 0.003
Monocyte (x10°/L) 0.055 (0.004, 0.852) | 0.038

Neutrophil (x10%/L) 0.628 (0.461, 0.856) | 0.003

Eosinophil (x10%/L) 0.009 (0.000, 0.454) | 0.018

Basophil (x10%/L) 0.000 (0.000, 2.954) | 0.066

Direct bilirubin (pmol/L) 1.338 (0.994, 1.800) | 0.055

Globulin (g/L) 0.784 (0.708, 0.868) | <0.001 | 0.796 (0.713, 0.889) | <0.001
Albumin/globulin 0.975 (0.893, 1.063) | 0.565

Serum creatinine (umol/L) 1.024 (1.001, 1.047) | 0.039 1.029 (1.002, 1.058) | 0.038
Glycated serum protein (mmol/L) 1.540 (0.718, 3.303) | 0.268

Abbreviations: Cl, confidence interval;

OR, odds ratio.
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Figure 3 Predictive nomogram for determining myelosuppression in Peg-IFN-treated CHB patients, based on 4 parameters: body mass index (BMI), white blood cell counts
(WBC), globulin (GLB) and serum creatinine (SCR).
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Figure 4 Receiver operating characteristic (ROC) curves for (A) training, (B) test and (C) validation cohorts.
Notes: AUC, area under the curve.

The goodness of fit for the training, test and validation cohorts, and thus the calibration of the predictive nomogram,
was then investigated using the Hosmer-Lemeshow test, in which for the training cohort, P=0.351, (y2= 8.898), for the
test cohort, P=0.514 (32=6.226), and for the validation cohort, P=0.442 (¥2=7.918), both of which were above the P>0.05
cut-off. Therefore, the nomogram did not deviate from the perfect fitting.

The calibration curves between the training cohort, test cohort, and validation cohort show good calibration with 1000
bootstrap sampling. For these 3 cohorts, there was a close correspondence between the probability of myelosuppression
predicted by the nomogram and the actual probability (Figure 5A, C and E). In addition, the DCA curves for the 3
cohorts showed that the nomogram had high clinical utility compared with the assumption that all patients developed
myelosuppression after 1 week of Peg-IFN therapy or the assumption that all patients did not develop myelosuppression
(Figure 5B, D and F). Therefore, the nomogram was highly accurate in identifying increased myelosuppression risk
among Peg-IFN-treated CHB patients.

Discussion

Myelosuppression is a common side effect after Peg-IFN treatment and has a greater impact on the ability to safely and
successfully complete the full course of Peg-IFN therapy.'® Therefore, early identification of myelosuppression-prone patients
is clinically significant, as it enables interventions to lower myelosuppression occurrence; this could be facilitated by the
establishment of a myelosuppression risk prediction model. Here, we identified, by uni and multi-variate logistic regression
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analyses, that low body mass index, white blood cell counts, globulin, and high serum creatinine levels are independent risk
factors for myelosuppression. These factors were incorporated into a predictive nomogram, which was found to be highly
accurate when applied to the training, test, and validation patient cohorts, as determined by ROC curve, calibration curve, and
DCA curve analyses.

In our study, we found that more than half of the 153 patients in the training cohort exhibited mild-to-moderate
myelosuppression in the early stages. Notably, 13.1% of the patients had severe myelosuppression. This suggests that
peg-IFN-related myelosuppression is quite common, and a portion of patients may progress to severe myelosuppression,
which warrants attention. This may be due to our study only looking at patients at 1-week post-treatment; as the grade of
myelosuppression is dose-dependent, prolonged Peg-IFN treatment may eventually lead to increased myelosuppression.
Mitsunaga et al found that 21% of patients experienced severe adverse events in their study on Peg-IFN treatment for
lymphomas, primarily related to a decrease in blood cell count.'® This finding supports our research results. As for the
effects of Peg-IFN on specific blood cell counts, we found that myelosuppression was most prevalent in neutrophils
among patients, followed by white blood cells, platelets, and red blood cells, consistent with previous reports.”’ This
suggests that we need to focus on patients’ neutrophil levels when treating CHB patients with peg-IFN.

1,>! who found

Low body mass index as an independent myelosuppression risk factor was in line with a study by Miao et a
an inverse correlation between body mass index and myelosuppression incidence among azathioprine-treated autoimmune
hepatitis patients (P=0.003), as well as Robins et al,*> who determined that temozolomide-treated patients with body mass
index<30 kg/m? were significantly more likely to have grade III-IV myelosuppression, compared to those >30 kg/m?. This
inverse correlation may be due to increased body mass indices being associated with corresponding decreases in both initial
and maximum peak Peg-IFN concentrations, resulting in lowered Peg-IFN effects, and subsequently lowered myelosuppres-
sion. Additionally, body mass index also serves as an indicator of the nutritional status of the human body,* in which higher
indices, within a certain range, are linked to better nutritional statuses, and subsequently, stronger immune function and
resistance to drug-induced myelosuppression. The two studies mentioned above both support the notion of low body mass
index as an independent myelosuppression risk factor. However, the key difference lies in the types of drugs responsible for
myelosuppression in their respective studies, namely immunosuppressants and chemotherapeutic agents.

With respect to low white blood cell counts, it is an independent risk factor for myelosuppression among Peg-IFN-treated
CHB patients in accordance with a previous study, where it was also a risk factor among thiopurine-treated inflammatory
bowel disease patients,”* as well as another showing that low baseline WBC counts were an important predictor of post-
chemotherapy myelosuppression.”® It is worth noting that although the two studies mentioned above support the findings, the
drugs causing myelosuppression in their research were not Peg-IFN. Peg-IFN-induced myelosuppression leads primarily to
a decrease in WBC, so the lower the baseline WBC count the greater the likelihood that myelosuppression will occur, and the
greater the grade of myelosuppression that may occur. Additionally, low WBC counts may be related to the patient’s own
limited bone marrow hematopoiesis or release of blood cells, resulting in a greater susceptibility to myelosuppression with the
use of Peg-IFN. White blood cells are an important component of the immune system, and lowering their levels below
a certain threshold could potentially result in reduced immune function and increased infections. However, a study showed
that IFN-induced leukopenia in CHB patients was not associated with increased infection.?®

We identified that low globulin levels were another independent myelosuppression risk factor for Peg-IFN-treated
CHB patients. The study by Mavroudi et al supports the above viewpoint, as their research found that serum IgG levels
were significantly lower in patients with chronic idiopathic neutropenia compared to healthy controls.”” However, the
study population in their research did not include individuals who developed myelosuppression after interferon treatment.
These globulins are mostly in the form of immunoglobulins, which are mainly produced by immune cells, such as plasma
cells. These macromolecules are essential for the body to mount specific immune responses, particularly via promoting
phagocytosis.”® One possible mechanism behind IFN-induced myelosuppression is via the activation of specific immune
responses, such as myelosuppressive T cells. However, certain specific globulins may suppress the activity of these
T cells. Studies have shown that immunoglobulins can inhibit the proliferation, survival, and function of certain T cell
subsets.”” On the other hand, as shown in our study, lowered globulin levels are indicative of reduced immunoglobulins,
which could lead to the removal of inhibitions against myelosuppressive T cell activity, and thus increase the risk of Peg-
IFN-associated myelosuppression.
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Finally, we also found that high serum creatinine levels were an independent risk factor for the development of
myelosuppression in CHB patients treated with Peg-IFN. A study found that patients with blood creatinine higher than
75.6 u mol/L treated with methotrexate chemotherapy are more likely to develop myelosuppression.’® These findings
support our results, but it is important to note that the drug involved in the study was methotrexate, not Peg-IFN.
Interferon is primarily metabolized by the liver and excreted by the kidneys. Increased serum creatinine results in
decreased clearance of interferon and higher concentrations of the drug in the body. This may increase the toxic effects
on the bone marrow, leading to an increased risk of myelosuppression.

There are a number of limitations to this study, one of which is its retrospective nature, meaning that there may be biases in
the data collection process. Additionally, this study focused exclusively on patients from Jiangxi Province in southern China.
Given the regional differences between northern and southern populations, the findings may not be fully generalizable to
patients from other regions. Future studies will utilize larger patient sample sizes, from multiple medical institutions, to further
examine the predictive power of our model to identify Peg-IFN-treated CHB patients at high risk for myelosuppression.

Conclusion

Low body mass index, white blood cell counts, globulin, and high serum creatinine levels were independent risk factors
for myelosuppression in Peg-IFN-treated CHB patients. Based on these risk factors, a predictive nomogram was
developed to identify Peg-IFN-treated CHB patients at high risk for myelosuppression, thereby enabling early interven-
tion. This nomogram aims to provide an effective tool for preventing myelosuppression following interferon treatment,
enhancing treatment adherence, improving therapeutic efficacy, and ultimately improving prognosis.
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