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Abstract
Background Atopic dermatitis (AD) is a common disease that has a considerable impact on the affected
individual’s quality of life. Sodium thiosulfate (STS) is a traditional medicine that seems to improve the
severity of lesions and relieve the symptoms of AD through clinical observation. However, the exact
e�cacy and mechanism of its application with AD are not clear.

Patients and Methods This retrospective cohort study included patients hospitalized with moderate or
severe atopic dermatitis. Patients who received standard of care (control group) were compared with
patients who additionally received STS 0.64 mg once daily (STSQD) and STS 0.64 mg twice daily
(STSBID) via intravenous injection. The severity of AD was assessed by the IGA score, EASI score and
SCORAD score. Cytokine, eosinophil and total immunoglobulin E (IgE) levels were measured before and
after treatment. The e�cacy was assessed by EASI50 and EASI75.

Results A total of 60 patients were enrolled, 20 patients in each group respectively. There was no
signi�cant difference among the three groups in sex, age, or IGA, EASI, or SCORAD score before
treatment. Treatment with STS led to greater improvement with higher EASI50 and EASI75 scores on the
date of discharge compared to the control group. At the end of treatment, the SCORAD and EASI scores in
the STS BID group and the STS QD group decreased much more than that in the control group. Greater
reductions in peripheral blood eosinophil counts and IgE, IL-4 and IL-13 concentrations were also
observed in the STS treatment group than in the control group.

Conclusion STS in combination with standard care improves the signs and symptoms of AD by
downregulating concentrations of IgE, eosinophils, and type 2 proin�ammatory cytokines, such as IL-4
and IL-13. STS is a cheap and reliable medicine for AD. 

Introduction
Atopic dermatitis is a systemic, chronic, recurrent in�ammatory skin disease with a prevalence of 13%
worldwide. It is characterized by itchiness, xerosis, eczematous lesions, and sleep disturbance, which
sometimes causes anxiety and depression and increases the amount of health care required for
treatment(1–4). AD can occur in adulthood or persist from childhood. It occurs with a complex etiology,
including genetic factors, immune dysfunction, environmental and microbiome factors that cause skin
barrier abnormalities and the occurrence of AD, in which immune dysfunction is regarded as crucial to the
pathogenesis of AD(5). AD is thought to be a T-cell-driven disease dominated by the T-helper type 2
immune response. Levels of cytokines and chemokines, including IL-4, IL-13, IL-31, and thymic stromal
lymphopoietin (TSLP), are increased in AD patients. The serum immunoglobulin E (IgE) and peripheral
eosinophil levels also present varying degrees of elevation in AD patients(6). The goal of treatment is to
maintain a stable state in which symptoms are absent or mild and do not in�uence quality of life. The
adequate use of moisturizer products is fundamental in the treatment of AD, because it repairs and
maintains skin barrier functions, thus preventing allergen invasion and relieving or suppressing itching(7).
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Topical anti-in�ammatory drugs, such as topical corticosteroids (TCS) and tacrolimus ointments (topical
calcineurin inhibitor), TCS are used as the basic treatment of AD, and different intensities are selected
depending on the severity of the lesions. At the core of AD treatment is itch control. The combination of
antihistamines and TCS is recommended to improve pruritis in AD. Systemic corticosteroids and
cyclosporin (a kind of immunosuppressor) are used in patients with severe AD who do not respond to
conventional treatments. In recent years, the treatment of AD with biological agents has shown bright
prospects.

STS, an inorganic agent with antioxidant, anti-in�ammatory and vasodilatory properties, has been used
for the treatment of cyanide poisoning. It is also used for off-label application in calciphylaxis and
cisplatin-induced hearing loss(8). Although the possible mechanism remains unclear, the effects of STS
on some pruritus dermatitis have been reported in a few Chinese studies. Several Chinese researchers
suggest that sodium thiosulfate improves the anti-in�ammatory, anti-allergic, and neutralizing acid
effects of eczema in the body(9). A recent study showed that STS could improve uremic pruritus, and the
authors speculated that the underlying mechanism of STS may be attributed to stimulating the
production of nitric oxide, which could then lead to vasodilation and reduced local in�ammation and
pruritogen(10).

In this retrospective observational study, we found that treatment with STS could decrease the length of
time itchiness is experienced in AD patients. The SCORAD and EASI scores in the STS BID group and STS
QD group decreased more than those in the control group. Moreover, as the dose of STS increased, the
e�cacy of AD increased. Our study also found the same change in the eosinophil, total IgE, IL-4 and IL-13
concentrations in the peripheral blood of our AD patient. This change may suggest that STS could
improve AD by downregulating IgE, eosinophils, and proin�ammatory cytokines such as IL-4 and IL-13.

Patients And Methods

Ethics
Our study has approved by IRB of The Third Xiangya Hospital of Central South University.

This was an observational, retrospective study of patients with moderate or severe AD hospitalized from
February 1st, 2015, to December 30th, 2021, at the Third Xiangya Hospital of Central South University.
The diagnosis of AD was based on established Williams’s criteria(11). We included a series of patients
who received STS QD or STBID via intravenous injection until hospital discharge (whatever comes �rst)
plus standard of care. The comparison group consisted of patients who were selected by random
sampling among those admitted to the same hospitals during the same period and received standard of
care. Patient demographics and baseline disease characteristics are shown in Table 1. Standard of care
consisted of intravenous �uids of calcium and vitamin C and oral antihistamines. Exclusion criteria for
this study included age < 12 years old, patients with cardiovascular and other systemic diseases and
patients who had received glucocorticoids or immunosuppressants in the last month.
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Sodium thiosulfate was diluted with 0.9% normal saline and administered intravenously once or twice
daily. The STS dosage selection was based on the initial severity of symptoms. STS is widely used in
calci�c uremic arteriolopathy, uremic pruritus, and cisplatin-induced hearing loss with objective e�cacy
and high safety. Several Chinese studies reported that STS had nonspeci�c antiallergic and antipruritic
effects, which could relieve Senile pruritus and hormone-dependent dermatitis, among others.

The data collected included sex, age, serum total IgE, peripheral blood eosinophil count, and cytokine
levels such as IL-4 and IL-13 before starting and at the end of the therapy. To assess the severity of AD,
we used the Eczema Area and Severity Index (EASI) and Severity Scoring of Atopic Dermatitis Index
(SCORAD)(12, 13).

Statistical analysis
Data were analyzed using the SPSS statistical package for Windows (version 26.0; IBM, Armonk, USA)
and GraphPad Prism Software (La Jolla, CA, version 8.1.0.). The normality of the data was tested using
the Shapiro–Wilk test. All parameters exhibited a nonnormal distribution except for itching relief days.
Normally distributed data were compared between and within groups using analysis of variance (ANOVA)
followed by post hoc Student’s t test, while Bonferroni correction was used to adjust the level of
signi�cance for multiple comparisons. Similarly, for nonnormally distributed data, nonparametric
analysis of variance (Kruskal–Wallis test) followed by a post hoc Mann–Whitney U test was used, and
the level of signi�cance for multiple comparisons was adjusted with Dunn’s test. The chi-squared test
was used to compare the proportional and categorical data. In all cases, p values < 0.05 were considered
signi�cant.

Results
Patients’ baseline characteristics

A total of 60 patients were included in the study. 20 in the STS BID (treatment) group, 20 in the STS QD
(treatment) group and 40 in the control group. The baseline characteristics of the patients, including
age, sex, and IGA/EASI/SCORAD score at baseline, which were similar among the three groups (p >0.05)
(Table 1).

Table 1 Demographic and clinical characteristics of the AD patients at baseline
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Group ST group STS QD group STS BID group P

Number 20 20 20  

Age 53.9 ± 11.3 44.8 ± 19.0 50.6 ± 17.9 0.552

Gender       -

Female 12 (60.0%) 14 (70.0%) 16 (80.0%)  

Male 8 (40.0%) 6 (30.0%) 4 (20.0%)  

IGA score 

at baseline

      0.284

2 2 (10.0%) 1 (5.0%) 0 (0.0%)  

3 7 (35.0%) 4 (20.0%) 3 (15.0%)  

4 11 (55.0%) 15 (75.0%) 17 (85.0%)  

Abbreviations: AD, atopic dermatitis; EASI, Eczema Area and Severity Index; IGA, Investigator’s Global
Assessment; SCORAD, Scoring of Atopic Dermatitis index.

E�cacy

The primary endpoint was assessed in our patients (Figure 1B). The proportion of patients receiving
STSQD plus the standard of care who achieved EASI-50 and EASI75 after 1 week of treatment was
signi�cantly higher than the proportion in the control group who achieved EASI-50 (P =.025) and
EASI75 (P=.037). However, the proportion of patients who achieved EASI50 and EASI75 with the STS BID
group plus the standard of care was similar to that observed in the group that received 0.64 g of STS plus
the standard of care (P =.028 of EASI50, P=.029 of EASI75). We also evaluated the time required to attain
itching relief in each group as another criterion of e�cacy. The results showed that the length of time
required for itching relief to occur in the STSBID group (3.50±0.688) were signi�cantly shorter than those
in the STSQD group (4.90±1.119) and control group (5.595±1.731) (p<0.05) (Figure 1A),
which suggests that STS may improve the e�cacy of AD and shorten the course of treatment. In
relevance to the change in the clinical severity of AD, the reduced values of the EASI and
SCORAD scores were recorded. The mean SCORAD indices at baseline were 52.66±10.21 for the control
group, 56.62±10.55 for the STSQD group and 53.71±10.34 for the STSBID group (Table 1). There was no
statistically signi�cant difference among the three groups (P>0.05). Comparing the mean SCORAD
indices between the three groups at the date of discharge, the STSQD group exhibited a reduction of
approximately 8.8±3.43, and the STSBID group exhibited a decrease of
approximately 15.71±4.78 compared to the control group, with a reduction of 30.4±9.47 (P<0.05) (Figure
1C). The mean SCORAD indices were signi�cantly lower in the STS group than in the control group.
Similarly, the EASI score shows the same tendency. The EASI score at baseline in the three
groups was 13.83±1.74 (control group), 14.11±1.75 (STS QD group), and 13.72±1.57 (STS BID
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group) (Table 1). The difference was not statistically signi�cant. At the date of discharge, the STS BID
group index was 4.43±1.84, with 7.88±2.07 in the STS QD group and 10.19±1.34 in the control group
(Figure 1 D).

Clinical responses in biomarker concentrations

STS treatment was associated with signi�cantly lower total IgE, eosinophil, IL-13, and IL-4 concentrations
in the peripheral blood at the end of treatment than at baseline. At baseline, there was no signi�cant
difference in the mean concentration of total IgE between the three groups, with values of 1628.0±397.84
IU/mL in the STS BID group, 1571.2±267.613 IU/mL in the STS QD group and 1583.0±302.75 in the
control group. Similarly, the mean blood eosinophil count at baseline was not signi�cantly different, with
1.33±0.76 cells/μL in the STSBID group, 1.39±0.74 in the STSQD group and 1.35±0.66 cells/μL in the
control group. At the date of discharge, we found that STS downregulated IgE and eosinophils
signi�cantly more than the control treatment. The mean concentration of total IgE was 656.20±388.281
IU/mL in the STSBID group, 998.80±264.468 IU/mL in the STSQD group and 1379.30±330.194 in the
control group (P<0.05) (Figure 2A). The mean blood eosinophil count was 0.19±0.15/µL in the STSBID
group, 0.89±0.59 in the STSQD group, and 1.18±0.73/µL in the control group (P<0.05) (Figure 2B). The
data of IL-4 and IL-13 in the peripheral blood of each group before and after treatment were also
collected, and the results showed that both cytokines presented an abnormal increasing trend in the AD
patients of each group, and there was no statistically signi�cant difference at baseline among the three
groups (35.21±2.84 for control group vs. 34.62±2.91 for STS QD group vs. 35.09±2.09). After treatment,
the reduction in IL-13 and IL-4 showed the same pattern as IgE and eosinophils. At the date of discharge,
the concentrations of IL-13 in the STSBID group was 21.43±2.10, compared to 26.13±2.62 in the STSQD
group and 30.25±2.80 in the control group (P<0.05) (Figure 2C). Similarly, STSBID downregulated IL-4 to
5.53±1.79, compared to 10.45±1.91 in the STSQD group and 30.25±2.80 in the control group (P<0.05)
(Figure 2D).

Discussion
To the best of our knowledge, few studies have analyzed STS in treating AD. This retrospective
observational e�cacy study aimed to reveal the effect and the underlying mechanism of STS in treating
AD. Our clinical observations have con�rmed that STS is an effective drug for AD that can quickly
improve pruritus, the severity of skin lesions and quality of life to a certain extent. We also found that two
doses per day were more effective than one dose. By observing the blood biochemical indices, we
found that patients treated with STS presented a greater reduction in serum IgE, eosinophils, IL-13 and IL-
4 concentrations at the time of discharge.

Current pharmacological therapies for AD include topical and systemic corticosteroids,
antiallergic agents, immunosuppressants and biological agents, topical corticosteroids (TCSs) and
systematic corticosteroids. The immunosuppressant ciclosporin can also be used when the disease is
poorly controlled. In recent years, biologics such as dupilumab have shown promising prospects in AD
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treatment(14). However, the long-term use of TCS could lead to a series of side effects, such
as skin atrophy, capillary dilatation, and skin infection. Long-term systemic corticosteroid therapy may
cause various serious systemic adverse reactions, and factors such as nephropathy, hypertension and
infection need to be considered during therapy with cyclosporin(15). Biological agents
widely used in the majority population are limited due to their high cost. Therefore, there is a need for
more effective and tolerable treatments that target the etiological mechanisms of AD, rather than purely
symptomatic relief.

Itching is the central, distressing symptom of AD, with massive side effects on quality of life. It can cause
sleep disturbance, anxiety and depressive symptoms(2). In our study, we found that compared with
conventional therapy, STS signi�cantly improved the severity of AD and shortened the number of days
patients experienced itchiness during AD progression. Higher IgE levels are related to severe AD, and it
was found that AD lesions carry abundant IgE-bearing cells. They then activate T cells and induce
cutaneous in�ammation(16, 17). To our knowledge, AD is a Th2-dominated in�ammatory skin disease,
and IL-4 and IL-13 are the key drivers of type 2–driven in�ammation. Our study suggests that STS
decreases peripheral total IgE and eosinophil count, which may be one of the underlying mechanisms of
this medicine in treating AD. Increased levels of IgE or eosinophils are hallmarks of AD. Although
antihistamines, topical tacrolimus and mild corticosteroids have been shown to reduce serum IgE and
eosinophil counts(18). We also found that after treatment with STS, IL-4 and IL-13
levels were signi�cantly downregulated, which may suggest that STS has the same effect as the
mainstream remedies.

The pathogenesis of atopic dermatitis is not completely clear and may be related to skin barrier
dysfunction caused by heredity factors, immune imbalance, and environmental and skin microbial
disorders. As a result, protein and lipid metabolism in the epidermis are abnormal, leading to a decrease
in natural antimicrobial peptides and an increase in the transdermal water loss rate thus promoting the
occurrence and development of AD. Damage to the skin barrier promotes epidermal keratinocyte
activation, releasing excess chemokines, T lymphocytes and their cytokines. In the average human body,
Th1 and Th2 regulate and antagonize each other and are in a dynamic balance. However, AD is
characterized by increased Th2, characterized by the production of prototypical cytokines IL-4, IL-5, IL-9
and IL-13. It has been shown that IL-4 and IL-13 are involved in chronic itch by directly activating sensory
neurons via the IL-4 receptor α chain(19-21). Elevated levels of IL-13 and IL-4 were also observed in our
study. Several previous studies have suggested that IL-18 and IgE levels correlate with AD severity (22,
23). We found in our study that serum IL-4 and IL-13 levels also positively correlated with the severity of
AD. Meanwhile, our study showed that the reduction in the above two cytokines in the STS group was
greater than that in the control group (P<0.05). Thus, we speculate that STS may relieve AD by
downregulating the abnormally high levels of IL-4 and IL-13. Overall, STS could be a reliable therapy for
long-term AD symptom control. 

Conclusions
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In this retrospective clinical trial, treatment with 0.64 g or 1.28 g of STS in combination with the typical
standard of care for AD signi�cantly improved the signs and symptoms of AD patients when compared
with the placebo, with a higher reduction in IgE and eosinophil counts and IL-4 and IL-13 concentrations.
STS, a traditional medicine, may represent a potential treatment option in combination with the standard
of care for patients with AD. However, there is no consensus on the duration of treatment for STS. Indeed,
there are some limitations of this study. The cohort of patients in our study was too small, and the side
effects of STS were not studied. Subsequent sample expansion and attention to its reliability are needed.
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Figures

Figure 1

E�cacy at discharge.

A, The time from beginning of treatment to 50% improvement of itch (B) is presented with 3.50±0.688 in
the STSBID group, 4.90±1.119 in the STSQD group and 5.595±1.731 in the control group.
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B, Data are represented as the percentage of patients achieving EASI-50 and EASI-75 response over the
treatment. 25% and 5% patients in control group achieved EASI50 and EASI75, respectively.60% and 30%
patients achieved EASI50 and EASI75, respectively in STSQD group, and 90%/70% patients achieved
EASI50/EASI75 in STSBID group.

C&D represent the reduction in SCORAD and EASI scores after treatment compared with baseline. The
SORAD and EASI scores of patients in the control group were 8.8±3.43 and 4.43±1.84, 15.71±4.78 and
7.88±2.07 in the STSQD group, and 30.4±9.47 and 7.88±2.07 in the STSBID group, respectively.

Error bars show 95% CI. EASI=Eczema Area and Severity Index. SCORAD=Severity scoring of Atopic
Dermatitis Index. EASI50=improvement of at least 50% in EASI score from baseline.
EASI75=Improvement of at least 75% in EASI score from baseline.

*: P<0.05; ***: p<0.001.
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Figure 2

Clinical responses in biomarker concentrations

A, The reduction in IgE after treatment was 143.75±39.37 in the control group, 592.4±69.99 in the STSQD
group, and 1044±112.88 in the STSBID group.

B, The reduction in eosinophil count after treatment was 0.23±0.33 in the control group, 0.51±0.37 in the
STSQD group, and 1.21±0.65 in the STSBID group.
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C, The value of IL-13 after treatment was 30.25±2.80 in the control group, 26.13±2.62 in the STSQD
group, and 21.43±2.10 in the STSBID group.

D, The IL-4 count after treatment was 13.39±1.97 in the control group, 10.46±1.91 in the STSQD group,
and 5.54±1.79 in the STSBID group.

*: P<0.05; ***: p<0.001.


