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Abstract: An analysis of the relationship between plasma cytokines and the effectiveness of treatment with
TNFainhibitors was performed in 81 patients with moderate-to-severe psoriasis. Treatment efficacy was
assessed by PASI score, and patients were classified into a positive effect (PASI>75) and no effect group
(PASI<50). A positive effect was reached in 11 (41%) patients for etanercept, 14 (52%) for adalimumab, and 26
(96%) for infliximab. Data analysis did not show differences in baseline TNFa levels and subsequent
treatment effectiveness. The CART algorithm showed that at the baseline level of VEGF > 32 pg/ml and IL17F
<26 pg/ml, there was an 83% probability of a positive effect. Random forest analysis showed the importance
of VEGF, ICAMI, sCD40L, IL17F and IL31 baseline levels in the prediction of treatment effectiveness.
Significant differences between the groups before/after the treatment were found only for TNFa: the median
values were more than 50 times higher in no effect compared with positive effect group. There were differences
before/after therapy in the levels of IL20, ICAM1, IL22, IL23 in the no effect group. The treatment affected the
cytokine profile in most cases regardless of the effectiveness of therapy.
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1. Introduction

Psoriasis is a chronic, inflammatory, immune-mediated skin disease with a prominent TNFa-
IL23/IL17 immune axis [1]. Given that TNFa plays the key role in the pathogenesis of
immunoinflammatory diseases, there are several FDA-approved anti-TNFa drugs for the treatment
of psoriasis: infliximab, adalimumab, certolizumab pegol, golimumab, and etanercept [2]. Nowadays,
the use of targeted therapies, especially TNFa and IL17 inhibitors, has become common practise in
moderate-to-severe cases of psoriasis and has led to its effective management [3,4]. However, the
existing data show that despite the TNF« inhibitors are the drugs of choice in the treatment of
immune-mediated inflammatory diseases, approximately 30-40% of patients experience “primary
therapeutic failure” or loss of response over time [4-7]. In this regard, great efforts are being made to
identify biomarkers that can be used as predictive tools in patients suitable for treatment with TNFa
inhibitors [2]. It has been shown that low baseline levels of SI00A12 and prealbumin together with
high platelet factor 4 may predict the response to anti-TNFa drugs as adalimumab, infliximab, and
etanercept in patients with RA [8]. A systematic review of patients with psoriatic arthritis and
psoriasis reported that serum levels of IL12 and SNPs in the IL12B gene show promise as biomarkers
of response to anti-TNFa treatment [9]. In a study by Andersen et al., it was shown that in patients
who responded to treatment with adalimumab, the initial level of IL6 in the blood was lower than in
those who did not respond (0.99 (0.42-1.4) vs 1.62 (0.96-2.41) pg/ml; p = 0.02). Therefore, the authors
concluded that IL6 can serve as a perspective marker to predict the response to TNFa inhibitors in
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psoriasis [10]. Meanwhile, the authors noted that IL17A, IL13 and IFNYy concentrations were below
the quantification limits in most cases [10]. This fact intricates the use of cytokines as prognostic
markers. Currently, there are no unambiguous diagnostic indicators that can be used to predict
response to therapy with TNF inhibitors, since the data of numerous studies are very contradictory
[2].

Given that, determination of factors associated with the failure or success of therapy with TNFa
inhibitors is one of the most difficult aspects in the treatment of psoriasis [11], further research is
needed to find immunological predictors of treatment effectiveness. Therefore, this study aimed to
assess plasma cytokine levels and identify possible predictors of treatment effectiveness with TNFa
inhibitors in patients with moderate-to-severe psoriasis.

2. Materials and Methods

The study included 81 patients with moderate-to-severe severity psoriasis vulgaris (L40.0, ICD-
10) aged 19 to 76 years (mean age was 46.56+13.69 years), including 63 (78%) men and 18 (22%)
women, treated with either etanercept (Enbrel® Pfizer, Belgium), adalimumab (Humira® Vetter
Pharma-Fertigung, Germany), or infliximab (Remicade® MSD International GmbH, Singapure). The
study was approved by the Local Ethics Committee (protocol Ne04, 27/04/2018) and meets the
standards of good clinical practice and evidence-based medicine. All patients included in the study
provided written informed consent.

To assess the severity of psoriasis and the effectiveness of the therapy PASI (Psoriasis Area and
Severity Index), BSA (Body Surface Area), and sPGA (static Physician Global Assessment) scores
were used. The severity of psoriasis was defined as moderate at 10SPASI<20, and severe at PAS[>20.
Treatment efficacy was assessed at week 16 by PASI score and patients were classified into the
positive effect group (PASI>75, good and satisfactory effect) and no effect group (PASI<50, bad effect).
Exclusion criteria were the presence of any symptom suggestive of tuberculosis, viral hepatitis B and
C, HIV infection, syphilis, and standard contraindications to the use of etanercept, infliximab,
adalimumab. An additional inclusion criterion was the failure or intolerance to previous therapy
(phototherapy, therapy with methotrexate or acitretin).

Physical examination of patients with moderate-to-severe psoriasis and plasma sampling were
performed by employees of the State Research Center of Dermatovenereology and Cosmetology.
Assessment of the baseline and week 16 plasma cytokine profile was performed on a BioPlex200 (Bio-
Rad, USA) using Procarta immunossay Human Mag 9 plex One PL (PC1009M) kit (Thermo Scientific,
USA), Bio-Plex Pro Human Cytokine ICAM-1 (171B6009M) Plex (Bio-Rad, USA), Bio-Plex Pro Human
Th17 Cytokine Panel 15-Plex (Bio-Rad, USA) kit with the corresponding calibration kit sand
expressed in pg/ml. All stages were carried out according to the manufacturer’s instructions, under
the same conditions for all samples. Cytokines whose concentrations were below assay working
range were assigned zero value.

Analysis and visualization of data were carried out using RStudio for MacOS and the R
programming language (version 4.2.2) [12]. Data distribution was evaluated using the Shapiro-Wilk
test. Data were presented as meantstandard deviation and medians and quartiles (Me [Q1; Q3])
depends on the data distribution. Difference between three or more groups characterized by
Gaussian distribution was assessed using one-way ANOVA followed by a Tukey post hoc test for
multiple comparisons. To compare two groups with non-Gaussian distribution the two-sample
Wilcoxon test for independent samples was used; the Kruskal-Wallis test followed by a pairwise
Wilcoxon test with Bonferroni correction for multiple testing was used for comparing three or more
groups. Pairwise comparisons before/after treatment were performed using paired samples Wilcoxon
test. We used the “nparLD” package to perform a non-parametric within-between ANOVA for the
nonparametric analysis of longitudinal data [13] to evaluate the effect of time (before/after treatment),
type of drug used, and their interaction on cytokine levels (data from Supplementary Tables S1-S3).
If any differences were found to be significant, the Wilcoxon signed rank test was used as a post hoc
test. Changes in cytokine levels before/after the treatment defined as delta cytokine were calculated
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by subtracting the baseline levels from the levels at week 16; to assess difference the resulted delta
were transformed to remove negative values. Differences were considered significant at p<0.05.

The search for relationships between the baseline levels of cytokines and the effectiveness of
therapy included a preliminary analysis of the data to exclude multicollinearity (by computing a
Spearman correlation matrix) and variables related by linear dependencies (using the
findLinearCombos function of the “caret” package). The development of the model included: 1)
description of the available data by CART (Classification and Regression Trees) algorithm based on
recursive breakdown of the entire amount of data, followed by pruning of branches to minimize the
error; 2) random forest (RF) model with data splitting into training and test samples in the ratio of
80% and 20% using the factor as an argument of the createDataPartition function [14].The RF model
was trained using the randomForest function of the “randomForest” package, with the parameters
ntree=500, mtry = 18 (equal to the number of predictors) [15]. After fitting the model on the training
sample with the specified parameters, the response was predicted on the test sample with the
evaluation of the model metrics (accuracy, specificity, sensitivity, area under the ROC curve) and the
evaluation of the importance of predictors.

3. Results

General characteristic of patients

All patients were divided into three groups and received different TNFa inhibitors (etanercept,
infliximab and adalimumab). Clinical data of patients are shown in Table 1. Moderate and severe
psoriasis was diagnosed in 39 (48%) and 42 (52%) patients, respectively. There were differences in
age between patients treated with infliximab and etanercept (p = 0.010), whereas no differences were
found in BMI. Baseline PASI, BSA, and sPGA values were significantly different between the studied
groups. The values of PASI scores recorded during the initial examination ranged from 10.3 to 64.2,
the BSA score was from 11 to 90, sSPGA from 2 to 4 (Table 1). PASI in the group treated with infliximab
was 47.5% higher than that in the etanercept group (p<0.001) and 84.8% higher than that in the
adalimumab group (p=0.001). BSA in the infliximab group was 2.25 and almost 2-fold higher than
that in the etanercept (p<0.001) and adalimumab group (p<0.001), respectively. The same differences
were observed in sSPGA score: it was 1,4 and 1,33-fold higher than that in the etanercept (p<0.001) and
adalimumab group (p=0.005), respectively. This fact is explained by taking into account the route of
administration of the drug, the possible side effects, and the effectiveness of therapy when
prescribing drugs by a dermatologist.

Table 1. Data of patients with moderate-to-severe psoriasis treated with selective TNFa inhibitors.

TNFa The severity of
. yeye Age BMI PASI score BSA sPGA psoriasis
inhibitor
Moderate Severe
Etanercept 15.8 (12.55- 20 (14.5-
(n=27) 51.15+14.46 27.99+4.53 21.55) 26.5) 2.41+0.57 19 8
Adalimumab 19.8 (12.41- 23 (15.5-
48.12+13.63 28.43+4.62 2.56+0.65 14 13
(n=27) 24.6) 28.5)
Infliximab 29.2 (22.95- 45 (27.5- 2
(n=27) 40.48+10.93 26.89+5.28 42.5)12 68)12 3.41+1.05" 5 22

1 - difference is significant compared with the etanercept group; 2 - difference is significant compared with the
adalimumab group.

As can be seen from the Table 2, 11 patients (41%) treated with etanercept, 14 patients (52%)
treated with adalimumab and 26 patients (96%) treated with infliximab reached PASI>75. In general,
a positive effect of treatment was recorded in 51 patients (63%) and no effect — in 30 patients (37%).

doi:10.20944/preprints202309.1065.v1
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Table 2. Efficacy of TNFa inhibitors in patients with of moderate-to-severe psoriasis.

Group Good Satisfactory Bad
(PASI >90) (PASI=75) (PASI <50)
Etanercept (n=27) 7 4 16
Adalimumab (n=27) 13 1 13
Infliximab (n=27) 25 1 1
Total group (n=81) 45 6 30

Comparative analysis of cytokine levels depending on the effectiveness of therapy with TNFa inhibitors

Statistical analysis of the cytokine levels before the therapy depending on the treatment
effectiveness did not reveal significant differences between the study groups (Table 3). At the end of
week 16, there were no significant differences between the groups except TNFa levels (p = 0.045),
which was more than 50 times higher in the group with no effect compared with patients with a
positive effect of therapy.

Pairwise comparison before/after the treatment revealed significant changes in IL1b both in the
total group (p<0.001) and ingroups with no effect and positive effect of therapy (p=0.002), as well as
IL4 (p<0.001, p=0.005, p=0.005), IL17F (p<0.001, p<0.001, p<0.001), IL25 (p<0.001, p=0.003, p=0.017),
IL31 (p<0.0016 p<0.001, p<0.001 ), sCD40L (p<0.001, p=0.006, p=0.022), VEGF (p<0.001, p=0.004,

p<0.001) and TNFa (p<0.001, p<0.001, p<0.001), respectively (Table 3).
Significant differences before/after therapy in the levels of 1L20, ICAM1, IL22, IL23 were
observed only in no effect group (p=0.010; p=0.011; p=0.016; p<0.001, respectively) (Table 3).

Table 3. The level of plasma cytokines in patients with moderate-to-severe psoriasis before and at
week 16 of TNFa inhibitors therapy.

Plasma cytokine levels before treatment

Plasma cytokine levels at week 16 of treatment

Cytokines, o o
¥ (;/I:;es Total group Positive effect No effect Total group  Positive effect No effect
P (n=81) (n=51) (n=30) (n=81) (n=51) (n=30)
IL1x 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
IL1B 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0.2)* 0.11 (0-0.195)* 0 (0-0.18)*
114 0(0-34.4) 0 (0-30.685) 8.66 (0-35.81) 0 (0-0)* 0 (0-0)* 0 (0-0)*
IL6 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0.02) 0(0-0.715) 0 (0-0)
IL10 0(0-3.13) 0(0-3.13) 0 (0-2.9875) 0 (0-0) 0 (0-0) 0 (0-0.9)
IL11 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
IL12 0(0-1.72) 0 (0-1.785) 0 (0-1.4025) 1.19 (0-3.19) 0.78 (0-3.05) 1'6?? ;g;;)25_
IL17A 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
IL17F 0 (0-84.33) 0 (0-67.66) 32.51 (0-127.09) 0 (0-0)* 0 (0-0)* 0 (0-3.92)*
1L20 0 (0-3.05) 0(0-9.31) 0 (0-0) 0.55 (0-9.67) 0 (0-7.64) 6.64 (0-9.67)*
IL21 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
IL22 0 (0-3.34) 0 (0-4.42) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)*
1L23 0 (0-0) 0 (0-0) 0 (0-0.5325) 0 (0-0) 0 (0-0) 0 (0-0)*
IL25 0 (0-2.51) 0 (0-2.21) 0.37 (0-4.13) 0 (0-0.05)* 0 (0-0.07)* 0 (0-0)*
137.09 (50.91- 128.01 (49.53- 181.135 (70.41- " . " ] "
IL31 282.67) 271.13) 28212) 25.63 (0-62.26)* 28.7 (1.45-70.82)* 18.755 (0-52.98)
L33 0 (0-108.57) 0 (0-85.07) 0 (0-108.57) 0 (0-0)* 0 (0-0)* 0 (0-0)*
TNFa 0 (0-0) 0 (0-0) 0 (0-0) 1.57 (0-5.27)*  0.05 (0-4.975)* 2'5;(;);? 2
IFNy 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
ICAM1 261.27 (204.53- 254.8 (203.01- 268.57 (214.70- 318.34 (243.83-  311.47 (241.98-  360.23 (256.97-
(CD54) 325.78) 328.95) 310.18) 405.8) 366.46) 456.49)*
sCD40L 444.14 (187.17-  431.05 (190.235- 466.01 (187.36- 224.14 (51.33- 297.68 (57.1- 129.065 (49.19-
(CD154) 814.97) 819.045) 756.955) 472.42)* 489.645)* 465.74)*
94.83 (45.66- 105.32 (26.26- 50.86 (12.66- 50.86 (20.98- 47.155 (12.02-
VEGE 201.83) 90.51 (52.16-209.49) 192.89) 105.71)* 131.6)* 100.86)*

* - difference is significant compared with the level before the treatment in this group, p<0.05; Note: Additional
data provided for ICAMI intercellular adhesion molecule (CD54) and CD40L ligand (CD154).
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A search for relationships between baseline levels of cytokines and the effectiveness of therapy

The development of a model to identify the relationship between baseline levels of cytokines
and the effectiveness of therapy was performed on the next stage of the study. To search for
multicollinearity, a preliminary analysis of correlations was carried out. There were 3 pairs of
predictors with strong correlations (r>0.75): IL33 and IL4 (r=0.958, p<0.001), IL10 and IL4 (r=0.944,
<0.001), IL33 and IL10 (r=0.889, p<0.001) which were excluded from subsequent analysis. The search
for uninformative predictors that exhibited linear dependencies (carrying duplicate information) did
not find any.

To search for predictors of treatment efficacy, a description of the available data was carried out
using the classification and regression tree (CART) building based on a recursive breakdown of the
entire amount of data. The result presented in Figure 1 indicate that at the baseline level of VEGF 2
32 pg/ml in combination with IL17F<26pg/ml there was an 83% probability of the positive effect of
treatment, whereas at VEGF < 32 pg/ml ml there was a 38% probability of the bad results.

Good
0.63
100%
———{yes } VEGF < 32 Good
0.69
80%
Good IL17F >= 26
0.53
37%
IL23 >=0.36 i
0.65
25%
IL12 >= 0.48
Bad Bad
0.38 0.43
20% 9%

Figure 1. Classification and regression tree (CART) of the plasma cytokines based on the efficacy of
TNFa inhibitor therapy. Note: Good — positive effect, Bad — no effect of the treatment.

It should be noted that decision trees are sensitive to noise in the input data, subject to overfitting
when used for prediction, and therefore, in order to more accurately predict the effectiveness of
treatment based on baseline cytokines levels a more progressive random forests (RF) model was
chosen. After data preprocessing, the entire dataset was divided into training (80%) and testing (20%)
samples and the RF model was built. The metrics of the final model were: accuracy=0.750,
specificity=0.700, sensitivity=0.833. The area under the ROC curve (AUC) was 0.964, which was
considered as a good result (Figure 2A) [16].

e
0.506 (0.967, 0.941
w L J IL20 o VEGF o
s IL12 o ICAM1 o
IL22 o sCD40L o
z 89 IL23 o IL17F o
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Figure 2. A - ROC curve for prediction by RF model; B - The top10 significant variables for prediction
of the effectiveness of TNFa inhibitors therapy effectiveness evaluated by Mean Decrease Gini and
Mean Decrease Accuracy.

Based on the results of RF modell0 significant variables were obtained (Figure 2B), where the
most important predictors of treatment effectiveness are located at the top of the graph. As can be
seen from Figure 2B, the most important variables were IL20, IL12, IL22, IL23, IL17A based on Mean
Decrease Accuracy and VEGF, ICAM1, sCD40L, IL17F, IL31 based on Mean Decrease Gini.
Considering the fact that the repeated building the model revealed the variability of predictors
estimated by Mean Decrease Accuracy, while maintaining constant those of variables estimated by
Mean Decrease Gini, we considered plasma levels of VEGF, ICAM1, sCD40L, IL17F and IL31 to be
truly important.

Comparative analysis of cytokine levels depending on the treatment effectiveness with etanercept, infliximab
and adalimumab

On the next stage of the study a comparative analysis of cytokine levels based on the treatment
effectiveness was performed for etanercept, infliximab and adalimumab separately. A summary of
descriptive statistics by drug used and treatment effectiveness is presented in Supplementtary Tables
S1-S3. It should be pointed out that there was only one patient in infliximab treated group with no
effect of therapy, which predetermined the data analysis being carried out only in positive effect
group (n=26).

Comparison of baseline cytokine levels between patients treated with different TNFa inhibitors
revealed differences in IL20 levels between patients received infliximab and etanercept (p=0.028) and
in IL22 between infliximab and etanercept (p=0.036), infliximab and adalimumab (p=0.003) groups.

There was no effect of drug used, timepoint (before/after) and their interaction on the levels of
IL10, IL17A, IL21, IL12 and IFNg. However, the drug type was found to be associated with changes
in IL11 (p=0.034) and IL23 (p<0.001) despite no changes in these cytokines were found in subsequent
before/after pairwise comparisons.

Changes in (1)IL1b (p=0.012, p=0.036), (])IL4, (})IL17F (p=0.003, p=0.024), (1)IL20, (}) IL25 in total
group and in no effect group were found in patients treated with etanercept (Supp. Table 1). Pairwise
comparisons showed a significant decrease in IL4 (p=0.004, p=0.045, respectively) to zero values from
baseline to week 16; at the same time, IL20 levels significantly increased from zero to 7.64 pg/ml in
the total group (p=0.014) and in no effect group (p=0.020). Comparison of IL25 levels revealed a
significant decrease in the total group (p=0.003) and in no effect group (p=0.014). ICAM1 levels
significantly increased by 30 and 33.3% in the total group (p=0.030) and in positive effect group
(p=0.011) to week 16, respectively. Pairwise comparison before/after treatment revealed significant
changes in IL31 and VEGEF levels in all studied groups, respectively (6.1, 5.6, 16.2-fold decrease in
IL31 (p<0.001, p=0.004, p=0.023) and 2.6, 2.8, 2.8-fold decrease in VEGF (p<0.001, p=0.046, p=0.003)).
TNFa levels increased after treatment in all study groups from zero to 8.47, 9.2 and 8.19 pg/ml,
respectively (p<0.001, p=0.001, p=0.005).

Treatment with adalimumab (Supp. Table 2) resulted in a decrease in IL4 levels in positive effect
group (p=0.014), and IL33 in the total group (p=0.003) and in positive effect group (p=0.022) from
baseline levels to zero values. The levels of IL25 and VEGF after treatment significantly decreased to
zero and by 9.7% only in the total group (p=0.017 and p=0.009, respectively). Pairwise comparison of
IL31 and IL17F levels before/after the treatment revealed differences in all study groups (p<0.001,
p=0.003, p=0.003 and p=0.001, p=0.014 and p=0.035, respectively). Differences before/after the
treatment in TNFa, ICAM1 and sCD40L levels were shown for total group and no effect group:
increase in TNFa (p=0.017 and p=0.025, respectively), 26.5 (p=0.009) and 48.1% increase in ICAM1
(p=0.014), and 2.36 (p=0.004) and 4.77-fold (p=0.012) decrease in sCD40L were revealed.

Finally, treatment with infliximab (Supp. Table 3) resulted in significant changes in IL1b
(p=0.008), IL17F (p=0.028), IL22 (p=0.001) IL31 (p=0.004), TNFa (p=0.012) and VEGF (p<0.001) in
positive effect group. To week 16, the level of IL31 decreased by a factor of 3.6, level of VEGF by

doi:10.20944/preprints202309.1065.v1
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42.5%, and IL22 dropped to zero. TNFa slightly increased after treatment; it was also significantly
different from that in the etanercept-treated group at week 16 (p<0.001). The changes in IL4, IL20,
IL25, IL33, ICAM]1, sCD40L in the infliximab-treated group were not found.

Analysis of cytokine dynamics depending on the effectiveness of treatment

Analysis of cytokine dynamics revealed significant differences between the no effect and
positive effect groups in delta TNFa (p=0.034) and IL20 (p=0.046) — the median delta values in no
effect group were higher than those in positive effect group— 2.73 versus 0.45 for TNFa and 5.64
versus 0 for IL20 (Figure 3A).

A comparative analysis of cytokine dynamics taking into account the drug used and the
treatment effectiveness has revealed differences in TNFa delta between etanercept and adalimumab
groups (p=0.002), etanercept and infliximab (p=0.002) in positive effect group, and between
etanercept and adalimumab (p=0.002) in no effect group (Figure 3B).
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Figure 3. A — Changes in the level of TNFa and IL20 during the treatment with TNFa inhibitors; B —
Changes in the level of TNFaduring the treatment depending on the drug used.

4. Discussion

The emergence of biological therapies has led to effective control of psoriasis [4]. Our study
involved 81 patients with moderate-to-severe psoriasis received targeted therapy with TNFa
inhibitors for 16 weeks. Results of this study demonstrated positive effect of treatment in 51 (63%)
and no effect in 30 patients (37%). The treatment with etanercept, adalimumab and infliximab showed
a difference in the therapeutic efficacy, which is consistent with the literature data, since each of these
TNFa inhibitors has a different structure and mechanism of action [17,18]. Etanercept is a fusion
protein engineered from human receptors: it consists of the extracellular domain of human p75 TNF
receptor linked to the Fc portion of human IgGl; it is structurally different from adalimumab and
infliximab which are monoclonal antibodies against human TNFa. Scallon et al. state that etanercept
is less immunogenic than infliximab due to formation of the unstable complexes with TNFa and, as
a result, exhibits a less pronounced therapeutic effect [19]. This fact was confirmed in our study: the
effectiveness of etanercept among the three TNFa inhibitors studied was minimal and the 16-days
incidence of therapeutic failure was 59%. It should be noted that etanercept is safest when used in
elderly patients with severe psoriasis [20].

Analysis of the cytokine levels and dynamics during treatment with TNFa inhibitors showed
rather difficult to interpret results. The levels of TNFa were increased in the all studied groups to the
end of week 16, especially in the no effect group — it was more than 50 times higher than that in
positive effect group. This finding was also revealed when comparing deltas TNFa. Comparison of
delta TNFa and the TNFa levels at week 16 revealed that the highest TNFa levels and delta were
observed in patients treated with etanercept. This fact is consistent with the worst efficacy of
etanercept in the present study and with existing data on the instability of its complexes with TNF«
and lower efficacy compared to other drugs [19]. There was also higher delta IL20 in patients with
no effect compared with patients with a positive effect of therapy. In the current concept of psoriasis


https://doi.org/10.20944/preprints202309.1065.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 September 2023 doi:10.20944/preprints202309.1065.v1

immunopathogenesis, immune cells (keratinocytes, pDCs, macrophages, NKT cells) under the action
of triggers start to produce INFy, TNFa, IL1p and IL6, which activate mDC [21]. Those, in turn,
stimulate the differentiation and proliferation of different types of T1, T17 and T22 lymphocytes. The
pathogenetic TNFa - IL23/IL17 axis leads to increased production of IL22 and IL17A/F, affects
keratinocytes proliferation and differentiation, cause characteristic psoriatic lesions [21,22]. The IL20
belongs to the IL-10 family with IL22 and possess proinflammatory properties. It was shown that its
expression increased in lesional psoriatic skin [23]. Consequently, higher delta IL20 levels in patients
with no effect of therapy do not contradict this concept.

An analysis of the baseline level of cytokines using the CART method showed that that at the
baseline level of VEGF232pg/ml and IL17F<26pg/ml there was an 83% probability of the positive
effect of TNFa inhibitors therapy. VEGF is a key factor in angiogenesis and its overexpression and
an increase in blood in psoriasis has been described in a lot of studies [24,25]. Angiogenesis disorders
play an important role in the pathogenesis of psoriasis in addition to disturbances in keratinocyte
function and recruitment of immune cells — they are characterised by expansion, tortuosity, and
increased permeability of capillaries in the dermal papilla [26]. The VEGFA gene located in the
PSORSI locus is characterised by high polymorphism and is associated with the risk of psoriasis
development [27,28] and its early manifestation up to 40 years [29]. Moreover, VEGFA inhibitors are
indicated as one of the new promising drugs for the treatment of psoriasis [30]. The revealed decrease
in VEGF after the therapy is consistent with the available data on the improvement in the condition
of the vascular network after treatment with etanercept [31] and infliximab [32]. It should be noted
that together with a wide heterogeneity of psoriasis pathogenesis, vascular growth and VEGF activity
are may be the most universal mechanism; in present study, the non-zero levels of VEGF were
determined in 100% of plasma samples, which also confirms its diagnostic value. VEGF is associated
with other cytokines and factors playing role in the pathogenesis of psoriasis. It is assumed that it is
able to increase the expression of ICAM-1: in the K14-VEGF transgenic mouse model the use of a
potent VEGF antagonists caused normalisation of increased ICAM1expression in basal keratinocytes
and the vasculature [33]. In a study by Wen et al., the use of gambogic acid (which is an inhibitor of
angiogenesis) on the K14-VEGF transgenic model resulted in a significant decrease in both the
expression of VEGF receptor 2 and it signalling pathway [34]. In our opinion, the observed increase
in ICAM-1 levels in no effect group (Table 3) may reflect the lower rate of ICAM-1 decline compared
with positive effect group -TNFa inhibitors can simultaneously reduce ICAM-1 levels while
reducing VEGF. Moreover, ICAM-1 did not differ from the baseline in positive effect group which
indicates an effective inhibition of the VEGF and ICAM-1 production in these patients.

The mentioned data were also confirmed by significant variables selected in the RF model for
prediction of the effectiveness of TNFa inhibitors therapy. According to the literature data, there is
no clear understanding in the selection of important predictors when building an RF model, and each
of the methods has its drawbacks. Many biological studies analyse rather small datasets, so it is often
advised to use the mean decrease Gini, since too detailed results will be obtained with small samples
when calculating the mean decrease accuracy using “out-of-bag (OOB) samples” [35]. For example,
Yu et al. used the mean decrease Gini to evaluate imaging biomarkers in predicting the stage of non-
small cell lung cancer [36]. In a study by Lloyd et al., this index was also used to predict effective
biomarkers of recent and remote infections with Mycobacterium tuberculosis [37]. At the same time, in
the metabolomic analysis of the dogs’ sera with type I diabetes mellitus, the authors used a mean
decrease accuracy, despite the small sample size [38]. In the present study, an analysis of the RF
model data showed differences in the features selection for predictors of treatment effectiveness
depending on whether the mean decrease accuracy or mean decrease Gini was used for ranking.
However, as noted in the Results section, we found variability in the predictors examined by mean
decrease accuracy. Therefore, we defined VEGF, ICAM1, sCD40L, IL17F and IL31 as important
predictors of treatment efficiency. Interestingly, despite the differences in delta IL20, this cytokine
was not included in the top 10 predictors.

Also, the levels of CD40L, IL17F and IL31 which were selected as important predictors decreased
from baseline after the treatment independently of treatment effectiveness and did not differ between
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the drugs used. In a study by Venerito et al., a significant decrease in sCD40L levels was observed in
patients with psoriatic arthritis treated with ampremilast; authors concluded that it can predict
clinical response to ampremilast therapy [39]. In our previous study, the levels of sCD40L and IL31
(as well as IL23 and IL25) in lesional skin were significantly reduced by weeks 14 and 26 of treatment
with ampremilast, while other cytokines first decreased at week 14 and then inexplicably increased
[40]. IL17F is undoubtedly an important link in the pathogenesis of psoriasis as part of the TNFa -
IL23/IL17 axis [17], and its decrease during therapy with TNFa inhibitors is a logical consequence of
the suppression of TNFa action.

The limitation of this study was the limited number of patients, which did not allow to identify
possible differences when comparing the drugs used. Also, the analysis was complicated by a large
number of patients with multiply cytokines below the detection limits.

5. Conclusions

Finally, following conclusions can be drawn from this study:

1. The treatment with TNFa inhibitors significantly changes almost all plasma cytokines, where the
analysis of the cytokine dynamics showed rather difficult to interpret results.

2. Pairwise comparisons of cytokine levels before/after treatment showed significant changes in
IL1b, IL4, IL17F, IL25, IL31, sCD40L, VEGF and TNFa levels appears to be independent of the
effect of therapy. However, a change in the levels of 1L20, ICAM1, IL22, IL23 was shown only in
patients with no effect of therapy; moreover, when comparing cytokine deltas, differences were
revealed only for delta IL20 and TNFa.

3. At the end of week 16, there were no significant differences between the groups except TNF«
levels which was more than 50 times higher in the no effect group compared with the positive
effect group; this was also confirmed when comparing deltas.

4. Analysis of the data using the CART method revealed that at the baseline level of VEGF > 32
pg/ml and IL17F < 26 pg/ml, there was an 83% probability of the positive effect.

5. Prediction of treatment response using RF model showed the importance of baseline VEGF,
ICAM]1, sCD40L, IL17F and IL31 levels. This fact allows us to consider these cytokines as possible
predictors of treatment efficiency with TNFa inhibitors. However, more data and further studies
are required to clarify and confirm the results obtained.6.
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