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Background: Idiopathic hypereosinophilic syndrome (IHES) often causes inflammatory damage to multiple organs. However,
whether immune/inflammatory indicators and other factors are associated with mortality in patients with IHES remains unclear.
Patients and Methods: The clinical data and follow-up results of 167 patients with IHES were retrospectively analyzed using Cox
regression analysis and receiver operating characteristic curve (ROC).

Results: Of 167 patients, 120 were men (71.9%) and 47 were women (28.1%). The median age was 52 (36.0, 68.0) years. The median
follow-up period was 42.8 (18.5, 75.1) months, during which all-cause mortality occurred in 26 patients (15.6%). Age (HR: 1.041, 95% CI:
1.015-1.068; p = 0.002), lymphocyte counts (10°/L, HR: 0.866, 95% CI: 0.816-0.907; p = 0.013), platelet counts (10°/L, HR: 0.994, 95%
CI: 0.989-0.999; p = 0.012) and NLR (HR: 1.161, 95% CI: 1.054-1.280; p = 0.003) were independent risk factors for all-cause mortality.
There was no relationship between PLR, and SII and all-cause mortality (p = 0.181 and 0.202, respectively). ROC analysis showed that the
AUCs of age, lymphocyte count (10°/L), platelet count (10°/L) and NLR were 0.712 (95% CI: 0.601-0.824), 0.584 (95% CI: 0.448—
0.719), 0.686 (95% CI: 0.560-0.812), and 0.797 (95% CI: 0.695-0.899), respectively, with sensitivities of 0.5, 0.462, 0.769, and 0.792,
respectively, and specificities of 0.765, 0.745, 0.617, and 0.845, respectively. Kaplan-Meier analysis (Log rank test) showed that patients
with age >73.5 years, lymphocyte count (10°/L) <1.45, platelet count (10°/L) <225 and NLR >2.54 had high mortality. Patients with high
NLR (>2.54) usually have multiorgan involvement, with cardiac involvement and skin involvement being the most common. Patients with
NLR >2.54 had significantly higher absolute eosinophil counts (p = 0.047) and percentages (p = 0.041).

Conclusion: We identified NLR for the first time as an independent predictive factor for all-cause mortality in patients with IHES,
necessitating its further application in clinical practice.
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Introduction

Idiopathic hypereosinophilic syndrome (IHES) is a clinical syndrome that is characterized by increased eosinophil counts
in the peripheral blood and bone marrow and functional impairment caused by eosinophil infiltration in multiple organ
tissues, including cardiac, skin, pulmonary, gastrointestinal, and cerebral tissues.'™ The risk factors for all-cause
mortality in patients with IHES are unclear, and few investigations have evaluated the associated risk factors in
a large number of patients with IHES. Immune/inflammatory response plays an important role in the development of
cancer and venous thromboembolism (VTE). Recent studies have demonstrated the diagnostic and predictive value of
neutrophil/lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic immune/inflammatory index

(SIT).*® However, it is unclear whether these indicators are associated with the mortality in patients with IHES.
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In this study, we aimed to determine whether these immune/inflammatory indicators and other potential variables are
associated with mortality in patients with IHES and whether they can serve as convenient predictors in clinical practice.

Patients and Methods

This was a retrospective, single-center study of patients with IHES admitted to Shandong University Qilu Hospital from
January 1, 2011, to December 31, 2020. A total of 167 patients with IHES were included in this study. The patients’
clinical data were obtained from the electronic medical record system of Shandong University Qilu Hospital. The study
protocols complied with the principles of the World Medical Association Declaration of Helsinki and its amendments.
This study was approved by the Ethics Committee of Shandong University Qilu Hospital. The need for written informed
consent was waived because this was a retrospective study based on previous medical record data and did not involve
human specimens. The personal identifiers of all patients were removed. All the data were anonymized and maintained
with confidentiality.

The patients’ clinical characteristics were recorded, including baseline clinical data, routine blood examination
results, comorbidities (hypertension and diabetes mellitus), and the organs involved. Blood examination results were
also analyzed, such as eosinophil count, eosinophil percentage, white blood cell count, neutrophil count, lymphocyte
count, and platelet count. NLR was defined as neutrophil count (109/L)/lymphocyte count (10°/L). PLR was defined as
platelet count (10°/L)/lymphocyte count (10°/L). The systemic immune/inflammatory index (SII) was defined as platelet
count (10°/L) x neutrophil count (10°/L)/lymphocyte count (10°/L). All patients were followed up to record the all-cause
mortality event.

Statistical Analysis

Statistical analysis was performed using R statistical software (version 4.0.3). For continuous variables, data were
expressed as the median (p25, p75) and analyzed using an independent Student’s ¢-test or the Mann—Whitney test, as
appropriate. Categorical variables were expressed as the number of cases and percentages (%) and were analyzed using
the y2 test or Fisher’s exact test. Multivariate Cox regression analysis was conducted to identify the risk variables related
to all-cause mortality. The results were expressed as hazard ratios (HR) with 95% confidence intervals (95% CI).
Receiver operating characteristic curve (ROC) was used to evaluate the predictive capability of independent risk
variables, and the optimal cutoff value, sensitivity, and specificity. A Cox proportional hazards regression curve based
on the identified risk variables was constructed, and the number of people at risk at each time point was determined.
Survival curves were described by Kaplan-Meier analysis based on the cutoff values and compared using the Log rank
test. p<0.05 was considered statistically significant.

Results

A total of 167 consecutive patients (120 men [71.9%] and 47 women [28.1%]) who met the criteria were included in this
study, with a median age of 52 (36, 68) years. Of these 167 patients, 104 (62.3%) had cardiac involvement, 65 (39%) had
skin involvement, 27 (16%) had pulmonary involvement, 32 (19%) had gastrointestinal involvement, and 13 (8%) had
cerebral involvement. The last follow-up was in May 2021, with a median follow-up period of 42.8 (18.5, 75.1) months.
During the follow-up period, all-cause mortality occurred in 26 patients (15.6%). The detailed clinical characteristics are
presented in Table 1.

Multivariate Cox regression analysis identified age (HR:1.041, 95% CI:1.015-1.068; p=0.002), lymphocyte count
(HR:0.866, 95% CI:0.816-0.907; p=0.013), platelet count (HR:0.994, 95% CI:0.989-0.999; p=0.012) and NLR
(HR:1.161, 95% CI:1.054-1.280; p=0.003) as independent risk variables (Table 2). There was no relationship between
cardiac involvement, eosinophil count, or eosinophil percentage and all-cause mortality (p=0.066, 0.871, and 0.153,
respectively). The AUCs, sensitivities, specificities and cutoff values of age, lymphocyte count, platelet count and NLR
are presented in Table 2. ROC analysis indicated that NLR had better predictive capability for all-cause mortality than the
other variables in patients with IHES. The Cox proportional hazards regression curve is shown in Figure 1.

As shown in Figure 2, Kaplan—Meier analysis (Log rank test) based on the cutoff values showed significant
differences in all-cause mortality between age>73.5 and <73.5 years (A), lymphocyte count (LY)>1.45 and <1.45 (B),
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Table | Basic Clinical and Laboratory Characteristics in Patients with IHES

Variable Total Survivor Death P value
(n=167) (n=141) (n=26)
Gender 0.153
Male(%) 120(72%) 98(70%) 22(85%)
Female(%) 47(28%) 43(30%) 4(15%)
Age (years) 52(36, 68) 50(32, 66) 65(44, 81) <0.00 | ##*
Hypertension(%) 28(17%) 21(15%) 7(27%) 0.202
Diabetes mellitus(%) 12(7%) 10(7%) 2(8%) 0.829
Active smoking(%) 49(29%) 38(27%) 1'1(42%) 0.094
No. (%) of organs involved
None 70(42%) 57(40%) 13(50%) 0.809
One 68(41%) 59(42%) 9(35%) 0.927
Two 22(13%) 19(13%) 3(12%) 0.903
Three or more 7(4%) 6(4%) 1(4%) 0.727
Cardiac involvement(%) 104(62%) 83(59%) 21(38%) 0.066
Skin involvement(%) 65(39%) 56(40%) 9(35%) 0.907
Pulmonary involvement(%) 27(16%) 23(16%) 4(15%) 0.501
Gastrointestinal involvement(%) 32(19%) 26(18%) 6(23%) 0.713
Cerebral involvement(%) 13(8%) 10(7%) 3(11%) 0.087
White cell count (10"/L) 11.3(7.8, 17.8) 11.2(7.7, 17.7) 12.0(9.7, 22.7) 0.369
Neutrophil count (10"/L) 4.13.0, 6.2) 4.0(2.8, 6.1) 54(3.2,74) 0.541
Lymphocyte count (10"/L) 1.9(1.3, 2.6) 2.0(1.4,2.7) 1.7(1.0, 2.6) 0.043*
Absolute eosinophil count (10™%/L) 3.8(1.7, 8.8) 3.8(1.7, 9.1) 3.7(1.9, 6.1) 0.871
Eosinophil percentage (%) 35.0(19.6, 52.1) 36.3(19.5, 54.9) 30.2(20.7, 42.1) 0.153
Platelet count (10™/L) 238.0(181.5, 293.5) 243.0(197.0, 298.0) 174.0(125.0, 224.0) 0.005%*
NLR 2.2(1.4,3.7) 2.0(1.3, 3.4) 3.1(22, 5.7) 0.001%*
PLR 117.1(79.3, 181.3) 117.8(83.8, 179.7) 95.2(62.3, 212.9) 0.181
N 470.4(303.0, 887.8) 462.5(300.5, 848.4) 547.2(305.5, 1227.2) 0.202

Notes: Data are presented as number of cases and percentages (%) or median (p25, p75). *P<0.05; **P<0.01; ***P<0.001.
Abbreviations: NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; Sll, systemic immune/inflammatory index.

platelet count (PLT)>225 and <225 (C), and NLR>2.54 and <2.54 (D) groups. The mortality rate was much higher in

patients with older age (>73.5), low lymphocyte count (<1.45), low platelet count (<225) and high NLR (>2.54).
There were more elderly patients, patients with hypertension, and smokers in the high NLR (>2.54) group than in

the low NLR group (<2.54; Table 3). Patients with IHES with high NLR (>2.54) were much more likely to have more

than two organs involved, of which cardiac involvement and skin involvement were the most common. In contrast,

patients with THES with low NLR (<2.54) usually presented with none or one organ involvement. Patients with high

NLR (>2.54) had significantly higher absolute eosinophil count (p=0.047) and eosinophil percentage (p=0.041).
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Table 2 ROC Analysis Results for Risk Variables

Variable HR(95% CI) P value AUC(95% CI) Sensitivity Specificity | Cut-off value
Age (years) 1.041(1.015,1.068) 0.002 0.712(0.601, 0.824) 0.5 0.865 735
Lymphocyte count (10A9/L) | 0.866(0.816,0.907) 0.013 0.584(0.448, 0.719) 0.462 0.745 1.45
Platelet count (1079/L) 0.994(0.989,0.999) 0.012 0.686(0.560, 0.812) 0.769 0.617 225
NLR I.161(1.054,1.280) 0.003 0.797(0.695, 0.899) 0.792 0.845 2.539

Abbreviations: ROC, receiver operating characteristic curve; Cl, confidence interval; AUC, area under curve; NLR, neutrophil/lymphocyte ratio.

However, there was no significant difference in PLR (p=0.086) and SII (p=0.111) between the high NLR (>2.54) and
low NLR (<2.54) groups.

Discussion

THES is a benign blood disorder that is characterized by excess eosinophils in the peripheral blood and is the most serious
eosinophil-related disease, often results in damage to various organs, including the skin, lungs, and cardiovascular and
gastrointestinal systems.” The vascular system, including the cardiovascular, peripheral, and visceral vessels, is often
involved in eosinophilia. Previous studies reported thrombosis at various sites, such as cardiac mural thrombosis,
intracardiac thrombosis, cerebral arterial thrombosis, inferior vena cava thrombosis, superior vena cava thrombosis,
portal vein thrombosis, hepatic vein thrombosis, mesenteric vein thrombosis, lower limb deep vein thrombosis, and
pulmonary embolism."*'? Approximately 40-84% of patients with eosinophilia have cardiovascular involvement, and
4-41% have vascular thrombosis, including pulmonary embolism and peripheral arterial thrombosis, with 5-10% of
patients dying from this complication.' Previous studies showed that vascular system involvement is a major cause of
death in patients with eosinophilia."'* Although the proportion of cardiac involvement was high (62%) in our cohort,
Cox regression analysis showed that cardiac involvement was not significantly different between the survivor and
mortality groups. We identified age and NLR as risk variables associated with all-cause mortality and lymphocytes
and platelets as protective variables, providing new clues for clinical practice.
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Figure | Cox proportional hazards regression curve.
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Figure 2 Kaplan—Meier analysis (Log rank test) revealed significant differences in all-cause mortality between the age273.5 and <73.5 years (A), lymphocyte count (LY)21.45
and <1.45 (B), platelet count (PLT)2225 and <225 (C), and NLR22.54 and <2.54 (D) groups.

Eosinophilia has been confirmed to result in damage to the vascular wall, which in turn can cause vascular disease.’
Peak absolute eosinophil count in peripheral blood was found to be an independent risk variable for pulmonary embolism
in patients with eosinophilia.'* An increased eosinophil count was associated with an increased risk of venous
thrombosis.'> Persistent eosinophilia was the only variable associated with a shorter time to recurrence of venous
thromboembolic (VTE).'® Although eosinophil count was not associated with mortality independently in this cohort,
patients with IHES with high NLR (>2.54) had significantly higher absolute eosinophil count (p=0.047) and eosinophil
percentage (p=0.041).

An increasing number of studies have shown that internal immune/inflammatory responses play an important role in
the development of VTE, asthma, and cancers. Indicators, such as NLR and PLR, have diagnostic and predictive
capability for VTE.*® Hossein Esmaeilzadeh et al identified NLRs in 211 pediatric patients with more severe asthma
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Table 3 Comparison Between Patients with High and Low NLR

Variable NLR>2.54 (n=104) NLR<2.54 (n=63) P value
Gender 0.421
Male(%) 77(74%) 43(68%)

Female(%) 27(26%) 20(32%)

Age (years) 58(44, 74) 39(18, 53) <0.00 | *#*
Hypertension 24(23.1%) 4(6.3%) 0.009**
Diabetes mellitus 8(7.7%) 4(6.3%) 0.745
Active smoking 38(36.5%) 11(17.5%) 0.010%*
No. (%) of organs involved

None 39(37%) 31(49%) 0.087
One 37(36%) 31(49%) 0.981
Two 21(20%) 1(2%) 0.012%*
Three or more 7(7%) 0(0%) 0.017*
Cardiac involvement(%) 97(93%) 7(11%) 0.001**
Skin involvement(%) 60(48%) 5(8%) 0.031*
Pulmonary involvement(%) 19(18%) 8(13%) 0.563
Gastrointestinal involvement(%) 20(19%) 12(13%) 0.772
Cerebral involvement(%) 12(12%) 1(16%) 0.925
White cell count (10™/L) 13.3(8.1, 19.5) 10.9(7.5, 16.9) 0.985
Absolute eosinophil count (10"%/L) 4.7(1.9, 9.0) 3.5(1.6,7.9) 0.047%*
Eosinophil percentage (%) 36.3(19.5, 57.8) 34.5(19.8, 48.7) 0.041*
Platelet count (10"%/L) 225.0(169.0, 285.5) 248.0(208.0, 298.5) 0.053
PLR 127.6(83.3, 207.4) 109.3(78.8, 161.2) 0.086
NI 570.1(335.7, 983.5) 368.8(239.0, 733.7) 0.111

Notes: Data are presented as number of cases and percentages (%) or median (p25, p75). *P<0.05; **P<0.01; ***P<0.001.
Abbreviations: NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; Sll, systemic immune/inflammatory index.

exacerbation in hospitalized children compared with that in non-hospitalized patients.'” NLR can serve as and indicator
of the severity of asthma exacerbation. SII provides a comprehensive picture of the balance between host immunity and
inflammatory status and is associated with survival in patients with cancers.'® 2 This study is the first to report NLR as
an independent predictor of all-cause mortality with good capability in patients with IHES. In contrast, PLR and SII were
not associated with mortality. Therefore, NLR may be a feasible and reliable blood indicator to predict mortality in
patients with IHES and merits further clinical application. Considering the high absolute eosinophil count in patients with
high NLR, the interaction between neutrophils and lymphocytes and eosinophils may have a substantial impact on the
progression of IHES, and further in vitro and in vivo experiments are needed to explore the underlying mechanisms.
Eosinophils are a promising new target for preventing and treating atherosclerosis and thrombosis. Marx et al
demonstrated that eosinophils promote atherosclerotic plaque formation by increasing the exposure of von Willebrand
factors on endothelial cells and by enhancing platelet adhesion. Their interaction with platelets also induces eosinophil
extracellular traps (EETs) formation, leading to thrombosis.?' Cugno et al found that eosinophils in human blood contain
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varying amounts of tissue factors. Patients with eosinophilia have higher tissue factor gene expression than healthy
people, which may lead to an increased risk of thrombosis.>> Mukai et al found that eosinophil granule protein-major
basic protein (MBP) inhibits the function of thrombomodulin (TM) as a cofactor for thrombin-catalyzed activation of
protein C.** In patients with eosinophilia, this may lead to an increased risk of thrombosis, because the function of TM as
a cofactor in the anticoagulant system is inhibited.

In conclusion, eosinophils may be involved in concurrent vascular disease through various pathways, including
interactions with platelets, release of tissue factors, and formation of extracellular traps. Although statistical analysis
revealed that eosinophil count was not related to mortality, the cited studies still indicated that restoring abnormally
elevated eosinophils was particularly important in the clinical treatment of patients with IHES, which may prevent the
onset of all-cause mortality events.

This study had the following limitations. It was a single-center retrospective study. Given the low prevalence of IHES
itself, the number of cases included in the study is therefore small, and the results may be biased. Therefore, multicenter
studies with more cases are needed to validate our preliminary findings. Animal and cellular studies are required to
further explore the specific mechanisms by which the interaction between neutrophils, lymphocytes, and eosinophils
affects long-term mortality.

Conclusion

This study identified NLR for the first time as an independent predictive factor associated with all-cause
mortality in patients with IHES. Patients with high NLR had a significantly higher mortality rate, absolute
eosinophil count, and more organ involvement. Further prospective cohort studies are needed to validate these
preliminary findings.

Abbreviations

AUC, area under the ROC curve; CI, confidence interval; EETs, eosinophil extracellular traps; HR, hazard ratio; MBP,
major basic protein; NLR, neutrophil/lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ROC, receiver operating
characteristic curve; SII, systemic immune/inflammatory index; TM, thrombomodulin; VTE, venous thromboembolism.
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