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 44 

Clinical Implications: We classify CPUO patients with and without increased circulating blood 45 

eosinophils, highlighting clinically significant differences in these phenotypes. CPUO patients with 46 

increased eosinophils responded favorably to immunomodulatory therapy, while CPUO patients without 47 

increased eosinophil counts saw greater improvement with gabapentin therapy.   48 

Chronic pruritus is a distressing symptom associated with a significant reduction in quality of 49 

life.1 Patients undergo an extensive diagnostic workup to search for underlying dermatologic, systemic, 50 

neurologic, or psychiatric conditions. In real-world practice, a specific causal disease process often is not 51 
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identified, and patients are diagnosed with chronic pruritus of unknown origin (CPUO). Unfortunately, 52 

there is little guidance for managing CPUO, presenting a significant clinical challenge.2 We propose a 53 

clinical approach to subclassify CPUO patients by utilizing circulating blood eosinophils as a biomarker 54 

of variable clinical presentation and therapeutic response. We hypothesized that patients with vs. without 55 

increased circulating blood eosinophils would more likely experience itch reduction with 56 

immunomodulators versus gabapentinoids, respectively. 57 

With approval of the Johns Hopkins Medicine Institutional Review Board, we conducted a single-58 

center retrospective analysis of 40 CPUO patients treated at the Johns Hopkins Itch Center from June 59 

2017 to October 2020. We conducted a retrospective chart review to collect demographic information, 60 

medical history, laboratory data, itch characteristics, and treatment data. Patients with an absolute 61 

eosinophil count >0.30 K/mm3 or eosinophil percentage >4% in the peripheral blood3,4 prior to treatment 62 

initiation were identified as having increased circulating blood eosinophils. 63 

Patients with dermatological disease, systemic conditions, active or recent (<3 years) history of 64 

malignancy that could contribute to chronic pruritus were excluded. Patients with serum creatinine, total 65 

bilirubin, alanine or aspartate aminotransferase greater than twice the upper limit of normal were also 66 

excluded. Patients with symptoms that corresponded to any recognized neuropathic itch subtypes (e.g., 67 

brachioradial pruritus and notalgia paresthetica) were excluded. Patient records included a questionnaire 68 

of validated clinical scales, including the 24-hour Worst Itch Numerical Rating Scale (WI-NRS), 69 

Dermatology Life Quality Index (DLQI), Itchy Quality of Life (ItchyQoL) score, 5D Itch Scale, Skindex-70 

29, and Beck’s Depression Inventory (BDI).5 History of back pain was self-reported by the patient. 71 

Treatment effect was self-reported by the patient, using WI-NRS. Treatment effect was recorded as 72 

unknown if treatment-specific response data were unavailable. Stata 15 was used to conduct χ
2 and 73 

Student’s t-tests with statistical significance defined at p<0.05. 74 

For confirmatory analyses, we obtained data from TriNetX (TriNetX, Inc., Cambridge, MA), a 75 

multinational research network of 45 healthcare organizations representing over 63 million patients. We 76 

queried the de-identified dataset for adults with diagnosis of pruritus (ICD-10-CM code: L29), with vs. 77 

without increased circulating blood eosinophils (>4% or >0.30 K/mm3) within 3 months of pruritus 78 

diagnosis. We obtained demographic information and performed propensity score matching, and 79 
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compared spinal and atopic comorbidities within 1 year prior to pruritus diagnosis. We also queried the 80 

dataset for adult patients with pruritus with and without a history of spinal comorbidities, performed 81 

propensity score matching, and compared eosinophil counts within 3 months of pruritus diagnosis. 82 

Demographics, itch characteristics, and treatments from the chart review are reported in Table 1. 83 

Of the 40 CPUO patients, 17 (42.5%) had increased circulating blood eosinophils (Table 1). The average 84 

age of CPUO patients with increased circulating eosinophils was greater than that of patients without 85 

increased circulating eosinophils (p=0.005). A total of 35.3% of patients with increased eosinophils had 86 

history of neurological disease compared to 69.6% of patients without increased eosinophils (p=0.031).  87 

The majority of patients had pruritus over 1-10 years with insufficient response to antihistamines 88 

and topical corticosteroids (Table 1). Gabapentin therapy was started in 52.9% of patients with increased 89 

circulating eosinophils and 73.0% of patients without increased blood eosinophils. Among patients 90 

without increased circulating eosinophils, 64.7% reported symptom improvement with gabapentin 91 

compared to 22.2% of patients with increased blood eosinophils (p=0.010). Mean WI-NRS dropped from 92 

8.75±0.36 to 4.39±0.94 (p<0.001) among patients without increased circulating eosinophils taking 93 

gabapentin (Figure 1). Most patients with increased blood eosinophils (77.8%) reported no change in 94 

symptoms with gabapentin. Immunomodulators (methotrexate, oral or intramuscular steroids, or 95 

dupilumab) were prescribed to 82.4% of patients with increased circulating eosinophils and 26.1% of 96 

patients without increased blood eosinophils. Immunomodulators led to symptom improvement in 71.4% 97 

of patients with increased circulating eosinophils and resulted in no change in symptoms for 66.7% of 98 

patients without increased blood eosinophils (p=0.001). Mean WI-NRS decreased from 8.57±0.69 to 99 

4.00±0.79 (p=0.008) in patients with increased blood eosinophils treated with immunomodulators. 100 

For the confirmatory analysis, 85,512 patients and 123,692 patients were identified with a 101 

diagnosis of pruritus with and without increased blood eosinophils within 3 months of pruritus diagnosis, 102 

respectively (Table E1). After propensity score matching adjusting for age, sex, race, and ethnicity, 103 

among 85,054 patients of each group, more pruritic patients without increased blood eosinophils reported 104 

low back pain (p=0.003), cervicalgia (p=0.0218), and radiculopathy (p<0.0001) within 1 year prior to 105 

pruritus diagnosis. Pruritic patients with increased eosinophils were more likely to have background 106 

atopic dermatitis and asthma (p<0.001). We also identified 176,330 patients and 496,610 patients with 107 
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pruritus, with and without spinal comorbidities (Table E2). Patients with spinal comorbidities had lower 108 

eosinophil counts within 3 months of pruritus diagnosis, and higher odds of having non-elevated 109 

eosinophils (p<0.0001). 110 

 Our results suggest that CPUO patients without increased circulating eosinophils are more likely 111 

to benefit from gabapentin compared to CPUO patients with increased circulating eosinophils. 112 

Furthermore, our results highlight that CPUO patients with increased blood eosinophils are older and 113 

likely have immune-mediated etiology, as suggested by favorable treatment results with 114 

immunomodulators. Finally, our confirmatory analysis provides further evidence that pruritic patients 115 

without increased circulating blood eosinophils are more likely to carry spinal comorbidities, suggesting 116 

an etiological role for neural sensitization in their itch.   117 

While the pathophysiology of CPUO is poorly understood, we propose that CPUO patients may 118 

be subclassified into either a Th2 predominant phenotype, mediated by proinflammatory cytokines 119 

including IL-4, IL-13, and IL-316,7 and more responsive to imunomodulators8, or a distinct clinical 120 

phenotype likely mediated by neural sensitization and more responsive to neuromodulators. 121 

 Limitations of this study include its retrospective nature and small sample size. Future clinical 122 

trials on CPUO should consider stratifying patients by circulating blood eosinophils to ensure a 123 

homogeneous study population and accurately assess therapeutic response. Additional studies are also 124 

needed to uncover additional novel endotypes of the CPUO population. 125 
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FIGURES 153 

 154 

Figure 1: Response to treatment stratified by presence of increased circulating blood 155 

eosinophils (absolute eosinophil count >0.30 K/mm or eosinophil percentage >4% in the 156 

peripheral blood) 157 

1a: Percent of patients with symptom improvement with immunomodulatory therapy; 1b: 158 

Percent of patients with symptom improvement with gabapentin therapy; 1c: Change in mean 159 

itch WI-NRS with suggested therapy based on circulating blood eosinophils  160 
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Table 1: Patient demographics, itch characteristics, and therapies with and without 
increased circulating blood eosinophils (absolute eosinophil count >0.30 K/mm or 
eosinophil percentage >4% in the peripheral blood) 

  All CPUO(n=40) 

With increased 
circulating blood 
eosinophils  (n=17) 

Without increased 
circulating blood 
eosinophils (n=23) p-value 

PATIENT DEMOGRAPHICS         
Age, years, mean (se) 65.6 (2.3) 72.8 (2.4) 60.3 (3.2) p=0.005 
Gender        
    Female, n(%) 27 (67.5) 10 (58.8) 18 (73.9) p=0.314 
    Male, n(%) 13 (32.5) 7 (41.2) 6 (26.1)   
Race, n(%)      
    White 33 (82.5) 14 (82.4) 19 (82.6) p=0.291 
    African American 5 (12.5) 1 (5.9) 4 (17.4)   
    Other  2 (5.0) 2 (11.8) 0 (0)   

Background atopic history1, n(%) 13 (32.5) 5 (29.4) 8 (34.8) p=0.720 

Back pain, n(%)  19 (47.5) 6 (35.3) 13 (56.5) p=0.184 
Neurological Disease2, n(%) 22 (55.0) 6 (35.3) 16 (69.6) p=0.031 
Psychiatric disease3, n(%) 23 (57.5) 9 (52.9) 14 (60.9) p=0.616 
INITIAL ITCH CHARACTERISTICS         
WI-NRS, mean (se) 8.59 (0.23) 8.35 (0.38) 8.77 (0.28) p=0.374 
DLQI Score, mean (se) 11.42 (1.37) 9.00 (1.22) 13.50 (2.22) p=0.103 
ItchyQoL Total Score, mean (se) 76.40 (3.39) 75.70 (5.21) 76.87 (4.60) p=0.870 
5D Itch Scale, mean (se) 20.50 (0.77) 19.50 (0.73) 21.17 (1.18) p=0.299 
    Duration 3.40 (0.26) 3.33 (0.46) 3.44 (0.30) p=0.836 
    Degree 3.77 (0.11) 3.75 (0.18) 3.78 (0.15) p=0.908 
    Direction 4.00 (0.15) 3.83 (0.27) 4.11 (0.18) p=0.379 
    Disability 3.90 (0.22) 4.00 (0.37) 3.84 (0.29) p=0.738 
Skindex 29 Total, mean (se) 90.48 (5.02) 83.33 (7.29) 94.06 (6.56) p=0.323 
Beck's Depression inventory, mean (se) 13.71 (1.99) 11.00 (2.09) 15.64 (3.02) p=0.258 
THERAPY         
Antihistamine, n(%) 26 (65.0) 13 (76.5) 13 (56.5) p=0.191 
     Improvement in symptoms  9 (34.6) 5 (38.5) 4 (30.8) p=0.447 
     No change in symptoms 9 (34.6) 3 (23.1) 6 (46.2)  
     Unknown effect  8 (30.8) 5 (38.5) 3 (23.1)  
Topical Steroid, n(%)  34 (85.0) 15 (88.2) 19 (82.6) p=0.622 
Phototherapy, n(%) 19 (47.5) 8 (47.1) 11 (47.8) p=0.962 
Gabapentin, n(%)  26 (65.0) 9 (52.9) 17 (73.9) p=0.169 
     Improvement in symptoms  13 (50.0) 2 (22.2) 11 (64.7) p=0.010 

     No change in symptoms 10 (38.5) 7 (77.8) 3 (17.7) 

     Unknown effect  3 (11.0) 0 (0) 3 (17.7) 

Immunomodulator 4, n(%) 20 (50.0) 14 (82.4) 6 (26.1) p<0.001 

     Improvement in symptoms  10 (50.0) 10 (71.4) 0 (0) p=0.001 

     No change in symptoms 4 (20.0) 0 (0) 4 (66.7) 
     Unknown effect  6 (30.0) 4 (28.6) 2 (33.3) 

1Atopic history was defined as having at least two out of three atopic conditions (atopic dermatitis, allergic rhinitis, 
or asthma). 
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2Neurological disease included epilepsy, neurogenic bradycardia, multiple sclerosis, pain disorders, and spinal 
disease. 
3 Psychiatric disease included anxiety, depression, and mania.  
4 Immunomodulators included methotrexate, oral and intramuscular corticosteroids, and dupilumab. 
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FIGURES 
 
Figure 1: Response to treatment stratified by presence of increased circulating blood 

eosinophils (absolute eosinophil count >0.30 K/mm or eosinophil percentage >4% in the 

peripheral blood)
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1a: Percent of patients with symptom improvement with immunomodulatory therapy; 1b: 

Percent of patients with symptom improvement with gabapentin therapy; 1c: Change in mean 

itch WI-NRS with suggested therapy based on circulating blood eosinophils  
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