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Abstract
Background This study aimed to explore the correlation of circulating inflammatory cytokines’ levels with treatment response 
to etanercept (ETN) treatment in psoriasis patients.
Methods 97 moderate-to-severe plaque-psoriasis patients were continuously recruited in this prospective cohort study, and 
all patients received ETN treatment. Serum samples were collected before and at 6 months (M6) after treatment, and nine 
inflammatory cytokines expressions were detected by enzyme-linked immuno sorbent assay. Psoriasis Area and Severity 
Index (PASI) score was evaluated at baseline (M0), 1 month (M1), 3 months (M3) and M6 after treatment, and the corre-
sponding PASI 75/90 responses’ rates were calculated.
Results Tumor necrosis factor-alpha (TNF-α), interleukin (IL)-1β, IL-6, IL-12, IL-17A, IL-22, IL-23, and IL-32 levels were 
reduced, while IL-10 level was elevated at M6 after ETN treatment compared to baseline. PASI 75/90 responses’ rates to 
ETN were 69.1 and 38.1% at M6, respectively. IL-1β and IL-17A levels were elevated in PASI 75-response patients compared 
to PASI 75 non-response patients, while IL-17A level was also increased in PASI 90-response patients compared to PASI 
90 non-response patients. Multivariate logistic regression revealed that IL-1β, IL-17A and combined phototherapy during 
study predicted higher, while previous systemic biologic treatment predicted lower PASI 75 response to ETN independently. 
In addition, IL-17A independently predicted higher PASI 90 response to ETN as well.
Conclusions IL-1β, IL-17A, and combined phototherapy predicts higher while previous systemic biologic treatment predicts 
lower treatment response to ETN independently in psoriasis patients.
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Introduction

Psoriasis is a chronic autoimmune disease featured by 
inflammatory disorder of skin (but not restricted to the skin) 
with thickened, erythematous and scale-coated plaques, 

which affects around 2.5% population worldwide (Boehncke 
and Schon 2015). For disease management, various thera-
pies have been applied including systemic biological agents, 
topical treatment and UV phototherapy (Prinz et al. 2016). 
As one of the first-line systemic biological agents, etanercept 
(ETN) has been adopted for the treatment of moderate-to-
severe plaque psoriasis, which is characterized by low drug 
toxicity and flexible dosing, whereas poor treatment efficacy 
still exists in a number of patients (Drug Bank https ://www.
drugb ank.ca/drugs /DB000 05). Therefore, it is essential to 
discover potential biomarkers which could predict ETN 
treatment response to improve the prognosis in psoriasis 
patients.

Inflammatory cytokines are signaling molecules secreted 
by pro-inflammation cells such as T cells and macrophages, 
and their levels have been illustrated to be up-regulated in 
psoriasis (Boehncke and Schon 2015; Senra et al. 2016). 
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According to previous studies, several inflammatory 
cytokines’ levels including tumor necrosis factor-alpha 
(TNF-α), interleukin (IL)-23, IL-22 as well as IL-17 are 
positively associated with disease severity in psoriasis 
patients and their biological blocking agents are effective on 
psoriasis treatment (Nakajima et al. 2011; Soderstrom et al. 
2017; Wolk et al. 2006). Whereas for the role of inflamma-
tory cytokines in psoriasis patients that underwent systemic 
biological blockers’ treatment, especially ETN, there is still 
a lack of information. Thus, this study aimed to explore 
the correlation of circulating inflammatory cytokines’ lev-
els with treatment response to ETN treatment in psoriasis 
patients.

Materials and methods

Patients

This prospective cohort study consecutively recruited 97 
moderate-to-severe plaque-psoriasis patients who underwent 
ETN treatment between 1 January 2013 and 31 June 2017 
in The People’s Hospital of Shiyan. The inclusion criteria 
were: diagnosed as plaque psoriasis with moderate-to-severe 
disease activity, which was defined as psoriasis-affected 
body surface area (BSA) no less than 10% and Psoriasis 
Area and Severity Index (PASI) score no less than 8 points; 
age above 18 years; about to receive ETN treatment; likely 
to be followed up regularly for 6 months. Patients with the 
following conditions were excluded: complicated with other 
active skin diseases apart from psoriasis which interfered 
the assessment of psoriasis or complicated with moderate-
to-severe hepatic, renal or heart dysfunction; received bio-
logics treatment within 6 months or glucocorticoid treat-
ment within 1 month; pregnant or lactating women; had 
contraindications to ETN treatment. The Ethics Committee 
of The People’s Hospital of Shiyan approved this study, and 
this study was executed in line with the Declaration of Hel-
sinki, each patient provided written informed consent before 
inclusion.

Treatment and assessment

Psoriasis patients received 25 mg ETN twice per week by 
subcutaneous injection for 6 months, while for some patients 
who achieved PASI 75 response during the study, the dose 
was reduced to 25 mg once per week by subcutaneous injec-
tion. In addition, combinations were documented and cate-
gorized into topical therapy, phototherapy, and non-biologic 
therapy for analysis. PASI 75/90 responses were calculated 
at 1 month (M1), 3 months (M3) and 6 months (M6) as fol-
lows: PASI 75 response was defined as 75% or above reduc-
tion in PASI score from baseline to each visit, and PASI 90 

response was defined as 90% or above reduction in PASI 
score from baseline to each visit.

Serum sample collection and enzyme‑linked 
immuno sorbent assay (ELISA)

Peripheral blood was obtained from psoriasis patients before 
treatment (M0) and at M6 after treatment, followed by iso-
lation of serum by centrifugation at 4000 Revolutions Per 
Minute (RPM) for 6 min. Serum TNF-α, IL-1β, IL-6, IL-10, 
IL-12, IL-17A, IL-22, IL-23, and IL-32 expressions were 
detected by ELISA using commercial ELISA kits (eBiosci-
ence, USA).

Statistics

Statistical analysis was performed by SPSS 19.0 Software 
(IBM, USA) and GraphPad Prism 6.01 Software (Graph-
Pad, USA). Data were displayed as mean ± standard devia-
tion, median (25th–75th quantiles) or count (with or without 
percentage). Comparison between two groups was analyzed 
by Wilcoxon rank sum test, the comparison between M0 
(before treatment) and M6 (after treatment) was analyzed 
by Wilcoxon signed-rank sum test, factors affecting PASI 
75/90 responses were analyzed by logistic regression analy-
sis. p < 0.05 was considered significant.

Results

Study flow

In this study, 178 psoriasis patients were invited, while 49 
patients were excluded (including 31 patients who missed 
the invitation and 18 patients who declined to attend the 
pre-screening procedure). 129 patients were subsequently 
screened for eligibility, whereas 32 patients were ineligible 
(including 22 patients who did not meet the inclusion criteria 
and 10 patients who declined to sign the informed consent). 
After that, 97 eligible patients were recruited in the present 
study and inflammatory cytokines were assayed at baseline. 
All patients received ETN treatment for 6 months, and PASI 
75/90 responses were evaluated at M1, M3, and M6. During 
this period, 8 withdrawals occurred (including 5 patients 
who withdrew due to lost follow-up, 2 patients withdrew 
due to lack of efficiency and 1 patient withdrew due to an 
adverse event), and inflammatory cytokines were assayed at 
M6 or last visit. In this study, intention-to-treat (ITT) analy-
sis was applied and a total of 97 recruited psoriasis patients 
were included in the final analysis. The detailed study flow 
is shown in Fig. 1.
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Baseline characteristics of psoriasis patients

The mean age of 97 psoriasis patients was 47.1 ± 13.4 years, 
and there were 61 males and 36 females. The median disease 
duration, psoriasis-affected BSA and PASI score were 11.0 
(4.0–16.0) years, 24.0 (19.5–31.5)%, and 13.4 (9.8–19.9)%, 
respectively. As to inflammatory cytokines, the median 
baseline serum levels of TNF-α, IL-1β, IL-6, IL-10, IL-12, 
IL-17A, IL-22, IL-23, and IL-32 were 37.98 (19.31–57.30) 
pg/ml, 5.48 (3.27–9.45) pg/ml, 29.89 (17.36–50.01) pg/
ml, 23.08 (11.96–42.79) pg/ml, 76.07 (41.21–120.23) pg/
ml, 64.17 (33.91–98.96) pg/ml, 55.49 (20.38–86.13) pg/ml, 
60.59 (28.37–118.42) pg/ml and 37.94 (18.93–78.11) pg/
ml, respectively. Other detailed baseline characteristics are 
listed in Table 1.

Change of inflammatory cytokines’ levels after ETN 
treatment

Compared to baseline, serum pro-inflammatory cytokines 
including TNF-α (Fig. 2a), IL-1β (Fig. 2b), IL-6 (Fig. 2c), 
IL-12 (Fig. 2e), IL-17A (Fig. 2f), IL-22 (Fig. 2g), IL-23 
(Fig. 2h), and IL-32 (Fig. 2i) were decreased (All p < 0.001), 
while serum anti-inflammatory cytokine IL-10 (Fig. 2d) was 
elevated (p < 0.001) at M6 after ETN treatment.

PASI 75/90 response rates by ETN treatment

After ETN treatment, PASI 75 response rates were 9.3, 33.0, 
and 69.1% at M1, M3, and M6, respectively (Fig. 3a), and 
PASI 90 response rates were 0.0, 17.5, and 38.1% at M1, 
M3, and M6, respectively (Fig. 3b).

Fig. 1  Study flow. ETN etanercept, PASI psoriasis area and severity 
index, M month

Table 1  Baseline characteristics of psoriasis patients

Data were presented as mean ± standard deviation, median (25th-75th 
quantiles) or count (%)
BMI body mass index, BSA body surface area, PASI psoriasis area 
and severity index, TNF-α tumor necrosis factor-α, IL interleukin

Parameters Psoriasis patients (N = 97)

Age (years) 47.1 ± 13.4
Gender (male/female) 61/36
BMI (kg/m2) 23.9 ± 3.6
Disease duration (years) 11.0 (4.0–16.0)
Psoriasis-affected BSA (%) 24.0 (19.5–31.5)
PASI score 13.4 (9.8–19.9)
Previous treatment (n/%)
 Topical therapy 89 (91.8)
 Phototherapy 78 (80.4)
 Systemic non-biologic treatment 63 (64.9)
 Systemic biologic treatment 10 (10.3)

Combined therapy during study (n/%)
 Topical therapy 77 (79.4)
 Phototherapy 45 (46.4)
 Systemic non-biologic treatment 36 (37.1)

Inflammatory cytokines
 TNF-α (pg/ml) 37.98 (19.31–57.30)
 IL-1β (pg/ml) 5.48 (3.27–9.45)
 IL-6 (pg/ml) 29.89 (17.36–50.01)
 IL-10 (pg/ml) 23.08 (11.96–42.79)
 IL-12 (pg/ml) 76.07 (41.21–120.23)
 IL-17A (pg/ml) 64.17 (33.91–98.96)
 IL-22 (pg/ml) 55.49 (20.38–86.13)
 IL-23 (pg/ml) 60.59 (28.37–118.42)
 IL-32 (pg/ml) 37.94 (18.93–78.11)
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Comparison of inflammatory cytokines’ levels 
between PASI 75 response and non‑response 
patients

Patients were divided into PASI 75 response cases (N = 67) 
and non PASI 75 response cases (N = 30) according to 
whether PASI 75 response was realized at M6, and we 
observed that serum IL-1β (p = 0.007) (Fig. 4b) and IL-
17A (p = 0.002) (Fig. 4f) levels were increased in PASI 
75 response patients compared to PASI 75 non-response 

patients. While no difference of serum TNF-α (p = 0.773) 
(Fig. 4a), IL-6 (p = 0.553) (Fig. 4c), IL-10 (p = 0.737) 
(Fig. 4d), IL-12 (p = 0.165) (Fig. 4e), IL-22 (p = 0.904) 
(Fig. 4g), IL-23 (p = 0.292) (Fig. 4h) or IL-32 (p = 0.685) 
(Fig. 4i) level between PASI 75 response patients and 
PASI 75 non-response patients was observed.

Fig. 2  Inflammatory cytokines levels before and after ETN treatment. 
At M6 after ETN treatment, TNF-α (a), IL-1β (b), IL-6 (c), IL-12 (e), 
IL-17A (f), IL-22 (g), IL-23 (h) and IL-32 (i) levels were decreased, 
while IL-10 (d) level was increased compared to baseline. Compari-

son of inflammatory cytokine levels before and after ETN treatment 
was performed using Wilcoxon signed-rank sum test. p < 0.05 was 
considered significant. ETN etanercept, TNF-α tumor necrosis factor-
alpha, IL interleukin, M month

Fig. 3  PASI 75 and PASI 90 
response rates in psoriasis 
patients at each visit. PASI 75 
response rates (a) at M1, M3 
and M6 were 9.3, 33.0 and 
69.1%, respectively. The PASI 
90 response rates (b) were 0.0, 
17.5 and 38.1% at M1, M3, and 
M6, respectively. PASI psoriasis 
area and severity index, ETN 
etanercept, M month
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Factors affecting PASI 75 (M6) response in psoriasis 
patients

Univariate logistic regression exhibited that IL-1β 
(OR = 1.186, p = 0.007), IL-17A (OR = 1.019, p = 0.004) 
and phototherapy during study (OR = 3.392, p = 0.011) 
were positively correlated with PASI 75 response, while 
previous systemic biologic treatment (OR = 0.154, 
p = 0.011) was negatively correlated with PASI 75 
response at M6. All factors were subsequently included in 
multivariate logistic regression, which revealed that IL-1β 
(OR = 1.209, p = 0.032), IL-17A (OR = 1.023, p = 0.020) 
and combined phototherapy (OR = 7.328, p = 0.017) 
were independent predictive factors for higher PASI 75 
response, while previous systemic biologic treatment 
(OR = 0.063, p = 0.031) independently predicted lower 
PASI 75 response to ETN treatment at M6 (Table 2).

Comparison of inflammatory cytokines levels 
in PASI 90 response and non‑response patients

Patients were divided into PASI 90 response cases (N = 37) 
and non PASI 90 response cases (N = 67) according to 
whether PASI 90 response was realized at M6, and we 
discovered that only serum IL-17A level was increased 
(p = 0.038) (Fig.  5f) in PASI 90 response group com-
pared to PASI 90 non-response group, while there was no 
difference of serum TNF-α (p = 0.959) (Fig. 5a), IL-1β 
(p = 0.533) (Fig. 5b), IL-6 (p = 0.705) (Fig. 5c), IL-10 
(p = 0.721) (Fig. 5d), IL-12 (p = 0.316) (Fig. 5e), IL-22 
(p = 0.270) (Fig. 5g), IL-23 (p = 0.572) (Fig. 5h) or IL-32 
(p = 0.859) (Fig. 5i) levels between the two groups.

Fig. 4  Comparing inflammatory cytokines levels in PASI 75 response 
and non-response groups at M6 after ETN treatment. IL-1β (b) and 
IL-17A (f) levels were elevated in PASI 75 response group compared 
to non-response group. There was no difference in the level of TNF-α 
(a), IL-6 (c), IL-10 (d), IL-12 (e), IL-22 (g), IL-23 (h) or IL-32 (i) 

between the two groups. Wilcoxon rank sum test was used to deter-
mine the difference in inflammatory cytokines levels between two 
groups. p < 0.05 was considered significant. PASI psoriasis area and 
severity index, TNF-α tumor necrosis factor-alpha, IL interleukin
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Factors affecting PASI 90 (M6) response in psoriasis 
patients

Univariate logistic regression displayed that IL-17A 
(OR = 1.011, p = 0.029) was positively associated with PASI 
90 response, and multivariate logistic regression further 
illustrated that IL-17A (OR = 1.018, p = 0.012) indepen-
dently predicted higher PASI 90 response to ETN treatment 
at M6 (Table 3).

Discussion

This present study disclosed that in psoriasis patients who 
underwent ETN treatment: (1) Circulating pro-inflamma-
tory cytokines levels were reduced while anti-inflammatory 

cytokine level was raised at M6 compared to baseline. (2) 
IL-1β, IL-17A and combined phototherapy independently 
predicted higher PASI 75 response, while previous systemic 
biologic treatment independently predicted lower PASI 75 
response at M6; in addition, IL-17A was also an independent 
predictive factor for increased PASI 90 response.

Psoriasis is a chronic disease initiated by activation of 
various immune cells and aggravated by self-sustained 
inflammation cascade due to the secretion of inflammatory 
cytokines (e.g. IL-17A, TNF-α, IL-1β, IFN-α, IL-23 and 
IL-22) by activated T cells, natural killer cells, and local 
myeloid dendritic cells. Hence, drugs that target the inflam-
matory mediator pathways emerge as the main systemic 
treatment agents for psoriasis (Lockshin et al. 2018; Sobhan 
et al. 2016; Strober et al. 2008; Tan et al. 2007). ETN, acting 
as a TNF inhibitor, is a dimeric fusion protein produced by 

Table 2  Factors affecting PASI 
75 (M6) response by logistic 
regression model analysis

Data were presented as p value, OR (odds ratio) and 95% CI (confidence interval). Factors affecting PASI 
75 (M6) response were determined by logistic regression model analysis
Statistically significant values are shown in bold
BMI body mass index, BSA body surface area, PASI psoriasis area and severity index, TNF-α tumor necro-
sis factor-α, IL interleukin
p value < 0.05 was considered significant

Parameters Univariate logistic regression Multivariate logistic regression

p value OR 95% CI p value OR 95% CI

Lower Higher Lower Higher

Inflammatory cytokines
 TNF-α 0.960 1.000 0.984 1.016 0.959 1.001 0.971 1.032
 IL-1β 0.007 1.186 1.048 1.343 0.032 1.209 1.016 1.440
 IL-6 0.226 1.011 0.993 1.029 0.382 1.014 0.983 1.045
 IL-10 0.837 1.002 0.981 1.024 0.415 1.014 0.981 1.049
 IL-12 0.239 0.996 0.989 1.003 0.589 0.997 0.985 1.009
 IL-17A 0.004 1.019 1.006 1.032 0.020 1.023 1.004 1.043
 IL-22 0.570 1.003 0.993 1.013 0.581 1.005 0.987 1.023
 IL-23 0.494 1.003 0.995 1.010 0.621 1.003 0.992 1.014
 IL-32 0.489 0.996 0.985 1.007 0.335 0.990 0.969 1.011

Age 0.314 1.017 0.984 1.051 0.061 1.051 0.998 1.108
Gender (male) 0.158 0.506 0.197 1.301 0.604 0.676 0.154 2.972
BMI 0.337 0.943 0.838 1.062 0.719 1.044 0.824 1.324
Disease duration 0.683 0.987 0.925 1.052 0.727 1.020 0.913 1.140
Psoriasis-affected BSA 0.381 1.018 0.978 1.061 0.674 1.014 0.951 1.080
PASI score 0.366 1.034 0.962 1.111 0.435 0.949 0.832 1.083
Previous treatment
 Topical therapy 0.676 1.378 0.307 6.181 0.308 3.658 0.303 44.200
 Phototherapy 0.628 0.757 0.245 2.335 0.242 0.294 0.038 2.284
 Systemic non-biologic treatment 0.486 0.720 0.286 1.815 0.597 0.635 0.118 3.426
 Systemic biologic treatment 0.011 0.154 0.037 0.646 0.031 0.063 0.005 0.778

Combined therapy during study
 Topical therapy 0.521 0.693 0.226 2.123 0.176 0.329 0.066 1.644
 Phototherapy 0.011 3.392 1.323 8.697 0.017 7.328 1.424 37.713
 Systemic non-biologic treatment 0.606 1.268 0.513 3.133 0.053 5.553 0.979 31.489
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linking extracellular ligand-binding portion of TNF receptor 
to the Fc portion of human immunoglobulin 1, and its effi-
cacy on psoriasis treatment has been identified based on sev-
eral clinical studies (Kivelevitch et al. 2014; Tan et al. 2007; 
Tsai and Tsai 2017; Wasilewska et al. 2016). For instance, 
a previous study in Chinese psoriasis patients reveals that 
ETN treatment effectively reduces the infected body area 
and 40.98% patients achieved PASI 75 response at 12 weeks 
(Xie et al. 2017). In addition, both children and adolescent 
patients with plaque psoriasis have been reported to achieve 
75, 57 and 27% PASI 50, 75 and 90 responses, respectively, 
by ETN treatment at 12 weeks, which are greatly increased 
compared with placebo (Di Lernia et al. 2018; Paller et al. 
2008). Moreover, a systemic review including 12 rand-
omized control trials reveals that ETN treatment obviously 
remits pruritus, pain and fatigue in moderate-to-severe 
plaque-psoriasis patients and improves long-term patients’ 
satisfaction compared with placebo (Carrascosa et al. 2018). 
In this present study, we observed that ETN produced a 

69.1% PASI 75 response rate and 38.1% PASI 90 response 
rate at M6, which are numerically higher compared with 
previous studies, these might result from that (1) the treat-
ment duration was higher in this study (6 months) compared 
with previous studies (mostly 3 months); (2) most of the 
patients received combined therapy such as topical therapy, 
phototherapy and systemic non-biologic treatment during 
ETN treatment in this study which increased the treatment 
response.

Several studies have identified that ETN regulates inflam-
matory cytokines levels in psoriasis. For example, a pre-
vious small-sample cohort study shows that TNF-α, IL-1β 
and IL-6 levels in umbilical fat tissue are all decreased 
after 24-week ETN treatment (Motolese et al. 2017). While 
another cohort study reveals that IL-17A, IL-19, IL-20, 
IL-22, IL-23p19 and IL-24 are all reduced at 4 weeks in 
psoriasis responding to ETN (Wang et al. 2012). In line with 
previous studies, our study observed that eight serum pro-
inflammatory cytokines levels (TNF-α, IL-1β, IL-6, IL-12, 

Fig. 5  Comparing inflammatory cytokines levels in PASI 90 response 
and non-response groups at M6 after ETN treatment. IL-17A (f) level 
was increased in PASI 90 response group compared to non-response 
group. No difference in the level of TNF-α (a), IL-1β (b), IL-6 (c), 
IL-10 (d), IL-12 (e), IL-22 (g), IL-23 (h) or IL-32 (i) was observed 

between the two groups. Wilcoxon rank sum test was used to deter-
mine the difference in inflammatory cytokine levels between two 
groups. p < 0.05 was considered significant. PASI psoriasis area and 
severity index, IL interleukin, TNF-α tumor necrosis factor-alpha
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IL-17A, IL-22, IL-23 and IL-32) were dramatically reduced 
while one serum anti-inflammatory cytokine level (IL-10) 
was greatly raised at M6 after ETN treatment compared to 
baseline. This might be explained by that: ETN blocked 
TNF-induced activation of inflammation, thus decreased 
secretion of pro-inflammatory cytokines while increased 
expression of anti-inflammatory cytokine.

For the correlation of inflammatory cytokines levels 
with ETN treatment response in chronic inflammatory 
diseases, several studies have been carried out (Shi et al. 
2018; Takahashi et al. 2010). For example, baseline IL-6 
level is illustrated to be positively correlated with treatment 
response, and the combination of IL-6 and survivin could 
distinguish responders from non-responders to ETN treat-
ment with area under curve of 0.875 (95% CI 0.771–0.976) 
in patients with established rheumatoid arthritis (Shi et al. 

2018). While only a few studies investigate the correlation 
of inflammation markers (including cytokines) levels with 
ETN treatment response in psoriasis patients. A previous 
cohort study presents that an increase in hs-CRP and ESR 
difference (from week 12 to 0) correlates with higher PASI 
75 response (Kanelleas et al. 2011). Another cohort study 
illustrates that a decrease of IL-17A during 12-week ETN 
treatment associates with increased PASI 75 response in 
psoriasis patients (Fitz et al. 2018). However, no study has 
explored the predictive value of comprehensive inflamma-
tory cytokines levels for treatment response to ETN in pso-
riasis patients until now. In the current study, we measured 
9 serum inflammatory cytokines levels, and we found that 
IL-1β and IL-17A independently predicted higher PASI 75 
response, and IL-17A independently predicted raised PASI 
90 response as well at M6 in psoriasis patients after ETN 

Table 3  Factors affecting PASI 
90 (M6) response by logistic 
regression model analysis

Data were presented as p value, OR (odds ratio) and 95% CI (confidence interval). Factors affecting PASI 
90 (M6) response were determined by logistic regression model analysis
Statistically significant values are shown in bold
BMI body mass index, BSA body surface area, PASI psoriasis area and severity index, TNF-α tumor necro-
sis factor-α, IL interleukin
p value < 0.05 was considered significant

Parameters Univariate logistic regression Multivariate logistic regression

p value OR 95% CI p value OR 95% CI

Lower Higher Lower Higher

Inflammatory cytokines (M0)
 TNF-α 0.834 1.002 0.986 1.017 0.793 1.003 0.981 1.026
 IL-1β 0.755 1.013 0.935 1.098 0.478 1.043 0.928 1.173
 IL-6 0.120 1.012 0.997 1.028 0.141 1.017 0.995 1.039
 IL-10 0.961 0.999 0.979 1.02 0.647 1.006 0.980 1.034
 IL-12 0.500 0.998 0.991 1.005 0.865 0.999 0.989 1.010
 IL-17A 0.029 1.011 1.001 1.021 0.012 1.018 1.004 1.032
 IL-22 0.094 1.008 0.999 1.018 0.254 1.008 0.994 1.022
 IL-23 0.588 1.002 0.995 1.009 0.730 1.002 0.992 1.012
 IL-32 0.983 1.000 0.989 1.011 0.289 0.990 0.972 1.008

Age 0.564 1.009 0.978 1.041 0.536 1.014 0.970 1.060
Gender (male) 0.328 0.656 0.282 1.525 0.488 0.656 0.199 2.164
BMI 0.539 0.965 0.861 1.082 0.389 1.089 0.897 1.321
Disease duration 0.474 1.023 0.962 1.087 0.752 1.015 0.928 1.109
Psoriasis-affected BSA 0.770 0.994 0.958 1.032 0.789 0.993 0.944 1.045
PASI score 0.132 0.948 0.884 1.016 0.052 0.892 0.794 1.001
Previous treatment
 Topical therapy 0.475 0.589 0.138 2.515 0.978 1.029 0.129 8.205
 Phototherapy 0.152 0.476 0.173 1.314 0.175 0.328 0.066 1.644
 Systemic non-biologic treatment 0.196 1.800 0.739 4.386 0.242 2.144 0.598 7.681
 Systemic biologic treatment 0.086 0.157 0.019 1.298 0.285 0.266 0.023 3.013

Combined therapy during study
 Topical therapy 0.224 0.540 0.200 1.459 0.387 0.562 0.152 2.073
 Phototherapy 0.186 0.569 0.247 1.313 0.615 0.738 0.226 2.409
 Systemic non-biologic treatment 0.908 1.051 0.451 2.452 0.177 2.343 0.680 8.075
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treatment. These might be due to that: (1) As one of the main 
inflammatory gene products induced by the activation of 
TNF-α related inflammatory cascade, IL-1β was more effec-
tively downregulated by ETN (the TNF inhibitor) treatment, 
which reduced the inflammation in skin, thereby leading to 
decreased PASI score and achievement of PASI 75/90 (Tan 
et al. 2007); (2) IL-17A might increase immune cells sen-
sitivity to ETN antagonization, thereby improving the ETN 
treatment efficacy, decreasing inflammatory skin lesion, and 
leading to PASI 75/90 response in psoriasis patients.

In addition, we also observed that combined photother-
apy independently predicted higher while previous systemic 
biologic treatment independently predicted lower PASI 75 
response to ETN treatment in psoriasis patients, the possi-
ble explanations were as follows: (1) Phototherapy directly 
reduced target skin lesions thus its combination improved 
treatment response; (2) Previous systemic biologic treatment 
might increase concentration of antibodies to TNF-α anti-
body, and decreased sensitivity of TNF-α inhibitors, result-
ing in lower treatment response.

There were several limitations in this study, including: 
(1) the follow-up period was 6 months, thus, the correlation 
of inflammatory cytokines with long-term efficacy of ETN 
was not investigated; (2) the sample size was relatively small 
with 97 patients eligible for analysis, which might reduce the 
statistical power; (3) this study only enrolled ETN-treated 
psoriasis patients, while other TNF inhibitors (such as inf-
liximab and adalimumab) treated psoriasis patients were not 
included, thus the predictive value of comprehensive inflam-
matory cytokines levels with treatment response to other 
TNF inhibitors was not explored.

In conclusion, IL-1β, IL-17A, combined phototherapy 
predicts higher while previous systemic biologic treatment 
predicts lower treatment response to ETN independently in 
psoriasis patients.
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