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SIGNIFICANCE
This study explores whether particular features of a 
patient’s profile could be used to predict the likelihood of 
achieving complete skin clearance at different timepoints 
with biologic treatment. The analysis included patients 
with moderate-to-severe psoriasis enrolled in the large, 
international, observational Psoriasis Study of Health Out-
comes (PSoHO). Although this study identified 26 features, 
we found that (a) no hypertension, (b) no nail psoriasis, 
or (c) a lower proportion of the body affected by psoriasis 
were the most important features in predicting skin clea-
rance with the biologic treatments. In particular, this study 
highlights the importance of regular screening for psoriatic 
nail involvement.
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Despite the abundance of data concerning biologic 
treatments for patients with psoriasis, clinicians are 
often challenged with discerning the optimal treat-
ment for each patient. To inform this selection, this 
study explored whether a patient’s baseline characte-
ristics or disease profile could predict the likelihood of 
achieving complete skin clearance with biologic 
treatment. Machine-learning and other statistical 
methods were applied to the substantial data collec-
ted from patients with moderate-to-severe psoriasis 
in the ongoing, international, prospective, observa-
tional Psoriasis Study of Health Outcomes (PSoHO). 
The 3 measures of complete skin clearance were a 
psoriasis area and severity index (PASI)100 response 
at (a) week 12, (b) month 12, and (c) week 12 and 
maintain ed at month 6 and month 12 (PASI100 dura-
bility). From these real-world data, the absence of nail 
psoriasis emerged  as the most consistent feature that 
may be used by clinicians to predict high-level treat-
ment responses with biologic treatment. Other signi-
ficant predictors of skin clearance with biologic treat-
ments were the absence of hypertension and a lower 
body surface area affected by psoriasis. Overall, this 
study evidences the substantial challenge of identify-
ing reliable clinical markers of treatment response for 
patients with psoriasis and highlights the importance 
of regular screening for psoriatic nail involvement.
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The prescription of individual biologics to patients 
with moderate-to-severe psoriasis (PsO) is still 

largely based on a trial-and-error approach, despite the 
abundance of data regarding biologics. Although modern 
biologics achieve high-level skin responses in a large 
proportion of patients, this approach can be problematic 
when the first therapy is not optimal as a patient’s risk 

of discontinuation due to ineffectiveness increases with 
repeated biologic switching (1–3). As such, identifying 
predictors of short- and long-term responsiveness to PsO 
treatments has significant clinical and economic impli-
cations. For example, several studies show that certain 
demographics (4), comorbidities (5), or involvement 
of special areas (6) may be associated with a reduc-
tion in treatment responses with some medications. By 
detecting patterns occurring within large quantities of 
complex patient data, it may be possible to identify, and 
consequently prescribe, the most appropriate biologic to 
an individual based on their initial assessment. Building 
on other studies that accurately predicted the risk of tre-
atment discontinuation based on patient profiles (7–10), 
this study seeks to identify whether certain baseline 
demographic and clinical characteristics are associated 
with increased or decreased odds of achieving complete 
skin clearance in a real-world setting.

The Psoriasis Study of Health Outcomes (PSoHO) 
is an ongoing, international, prospective, observational 
study that was designed to investigate the comparative 
effectiveness of biologic treatments for patients with 
moderate-to-severe PsO within a real-world setting (11). 
Herein, we investigate the baseline profiles of PSoHO 
patients and their week 12 (11), month 6, and month 12 
(12) data with the aim of identifying potential predictors 
of complete skin clearance at different time points. The 3 
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measures of complete skin clearance were a psoriasis area 
and severity index (PASI)100 response at (a) week 12, (b) 
month 12 and (c) week 12 and maintained at month 6 and 
month 12 (PASI100 durability). A second objective was 
to further examine these identified predictor variables to 
quantify the likelihood of these different PASI100 outco-
mes and elucidate any differences among biologic classes.

MATERIALS AND METHODS

Psoriasis Study of Health Outcomes (PSoHO)study and patient data

Details of the PSoHO study have been published previously (11, 
12). This post-hoc analysis evaluated a sub-population of 1,917 
patients with moderate-to-severe PsO who were treated with 
biologics in 4 treatment classes. These treatment classes were (a) 
interleukin (IL)-17A (ixekizumab and secukinumab), (b) IL-23 
(risankizumab, guselkumab, and tildrakizumab), (c) IL-12/23 
(ustekinumab), and (d) tumour necrosis factor (TNF)-α (adalimu-
mab, certolizumab, etanercept, and infliximab) biologics. 

Statistical approach to identify candidate predictors of complete 
skin clearance

First, we evaluated the extensive baseline patient profile data 
collected in PSoHO to explore potential predictors of complete 
skin clearance. The 3 measures of complete skin clearance were 
a PASI100 response at (a) week 12, (b) month 12, and (c) week 
12 and maintained at month 6 and month 12, denoted as the 
PASI100 durability outcome. The study applied a specialized 
Treatment-Specific Subgroup Detection Tool (TSDT) (13), which 
is a tree-based tool that identifies subgroups with a superior 
response relative to the overall sample. In addition, we applied 
a machine-learning framework with the 3 model strategies of 
logistic regression (LR), penalized logistic regression (PLR), 
and extreme gradient boosting (XGBoost). Appendix S1 provides 
details of these methodologies. In short, the analysis randomly 
selected 20% of data as the hold-out sample and used the remaining 
subset to create 1,000 random 70% training and 30% test splits 
for the evaluation and performance of each model strategy. The 
performance measures are expressed as median (95% rCI) from 
1,000 splits where rCI is the resample confidence interval, i.e., 
2.5 and 97.5 percentile. The most important variables were used 
in the final logistic regression model on the hold-out sample. 
Hyperparameters for PLR and XGBoost were tuned using 5-fold 
cross-validation. The analysis used imputation for missing data for 
potential predictors, and evaluated outcome data as observed (14). 

Quantification of the statistical significance of candidate predictors 
of different PASI100 outcomes

The final analysis quantified the likelihood of skin clearance for 
each of the predictor variables. A logistic regression model was 
fitted to the observed PASI100 outcomes using the identified 
predictors as independent variables. This analysis presents the 
results as odds ratios (ORs) and 95% confidence intervals (CIs). 
Outcomes are reported and analysed as observed with no imputa-
tion. For further statistical methods, see Appendix S1.

RESULTS

Included patients
Table I provides the baseline demographics, disease cha-
racteristics, and treatment history for the overall popula-

tion of 1,917 patients and for the 4 biologic treatment 
cohorts. The overall population was 57.7% male, with a 
mean age of 45.4 years, and a median disease duration 
of 16.6 years. Of the 1,917 patients, 40.3% received 
an IL-17A biologic, 34.3% an IL-23 biologic, 18.8% 
a TNF-α biologic, and 6.6% an IL-12/23 biologic. The 
profiles of the patients in the IL-23, TNF-α, and IL-12/23 
cohorts were largely comparable with those of the IL-17A 
cohort, with a few exceptions. For example, the IL-17A 
cohort had a significantly higher number of patients with 
comorbid psoriatic arthritis (PsA) than the other cohorts. 
Some other significant differences in baseline patient 
profiles across cohorts included age, comorbidities, prior 
biologic use, and concomitant medications.

Table I also shows the response rates for the three 
PASI100 outcomes for patients treated with IL-17A, 
IL-23, IL12/23, or TNF-α biologics, as well as for the 
overall population. The results showed that a signifi-
cantly higher proportion of patients in the IL-17A cohort 
achieved PASI100 at week 12 and the PASI100 durability 
outcome compared with the 3 other biologic cohorts. For 
the PASI100 outcome at month 12, the comparison was 
only significant for IL-17A vs IL-12/23.

Identified predictor variables
This study identified 26 predictor variables for the 
biologic-treatment population. Machine learning identi-
fied 7 variables as predictors of at least 1 of the PASI100 
outcomes. These variables included patients who were 
white, or with no comorbidities, a lower PASI score, or 
no scalp or palmoplantar PsO.

For completeness, 12 predictor variables were also 
included based on their clinical relevance according to 
the literature. Table SI lists the different methods used 
to identify the final 26 variables that were included in a 
subsequent logistic regression analysis to quantify the 
associated likelihood of achieving skin clearance.

In a comparison of the treatment classes, machine 
learning also found that treatment with IL-17A biolo-
gics versus TNF-α or IL-23 were also predictor vari-
ables. Table SII provides the hyperparameters of the 3 
machine-learning models. Table SIII reports the models’ 
performance for each PASI100 outcome and shows that, 
across most measures, all models performed similarly. 
For example, the area under the receiver operating cha-
racteristic (ROC) curve, the area under the curve (AUC) 
parameter, and the associated 95% CIs were 0.651 (0.604, 
0.703) for the XGBoost model, 0.656 (0.609, 0.702) for 
the LR model, and 0.648 (0.602, 0.696) for the PLR 
model for the PASI100 at week 12 outcome.

The TSDT analysis identified some of these same 
predictor variables, as well as contributing a further 7, 
which were BMI, family history of PsO, PsA, hyperten-
sion, nail PsO, and concomitant topical or conventional 
therapies.

http://medicaljournalssweden.se/actadv
https://doi.org/10.2340/actadv.v104.40556
https://doi.org/10.2340/actadv.v104.40556
https://doi.org/10.2340/actadv.v104.40556
https://doi.org/10.2340/actadv.v104.40556
https://doi.org/10.2340/actadv.v104.40556
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Final logistic regression results
The logistic regression analyses in Fig. 1 show that only 3 
out of 26 variables reached statistical significance across 
the PASI100 outcomes. In the pooled biologic-treated 
population, patients without hypertension had signifi-
cantly higher odds of a PASI100 response at week 12. 
At month 12, the absence of nail PsO and a lower body 
surface area (BSA) affected by PsO resulted in a higher 
likelihood of achieving PASI100 response with biologic 
treatment. The absence of nail PsO was also associated 
with a higher likelihood of achieving the PASI100 dura-
bility outcome.

DISCUSSION

Building on earlier work that evaluated the comparative 
effectiveness of different individual biologics included in 
the PSoHO study (11, 12), this analysis investigated the 
predictability of complete skin clearance over different 
time periods using easily accessible clinical informa-

tion from patients at baseline and included prescribed 
treatments stratified by class. Using machine-learning 
and other statistical methods, this study identified 14 
predictor variables from the PSoHO sub-population 
of 1,917 patients with moderate-to-severe PsO treated 
with biologics, which were added to 12 other variables 
identified as potential predictors from the literature. A 
subsequent logistic regression analysis of the 26 variables 
highlighted 3 key variables that significantly impacted 
the likelihood of patients treated with biologics achie-
ving at least 1 of the 3 PASI100 outcomes, with nail PsO 
identified for 2 different outcomes. The other predictor 
variables were hypertension and BSA.

Psoriatic nail disease is associated with longer PsO 
duration and greater skin disease severity, and it is a risk 
factor for the future development of PsA (15). In this 
study, the absence of nail PsO was the only variable to 
feature twice, indicating its robustness as a predictor for 
achieving long-term, durable skin clearance. Moreover, 
results indicated that biologic-treated patients without 

Table I. Demographic and disease characteristics of patients at baseline and response rates for the 3 PASI100 outcomes

Factor
Overall
(n=1,917)

IL-17A
(n=773)

IL-23
(n=657)

TNF-α 
(n=360)

IL-12/23
(n=127)

Sex, male, n (%) 1,106 (57.7) 442 (57.2) 397 (60.4) 190 (52.8) 77 (60.6)
Age, years, mean (SD) 45.4 (13.6) 46.8 (13.7) 44.3 (13.5)* 44.0 (13.2)* 46.4 (14.5)
Weight, kg, mean (SD) 85.0 (21.1) 85.6 (20.8) 84.6 (21.8) 85.2 (21.5) 82.9 (17.1)
BMI < 30 kg/m2, n (%)a 1,198 (62.5) 468 (60.5) 410 (62.4) 228 (63.3) 92 (72.4)**
Race, White, n (%) 1401 (73.1) 576 (74.5) 421 (64.1)* 305 (84.7)* 99 (78.0)

Never smoked, n (%)b 648 (33.8) 278 (36.0) 223 (33.9) 107 (29.7) 40 (31.5)

Family history of PsO, n (%)c 780 (40.7) 302 (39.1) 283 (43.1) 148 (41.1) 47 (37.0)
Comorbidities
One or more current comorbidities, n (%)d 1120 (58.4) 476 (61.6) 369 (56.2)** 197 (54.7)** 78 (61.4)
Diabetes mellitus 210 (11.0) 93 (12.0) 72 (11.0) 29 (8.1) 16 (12.6)
Dyslipidaemia 338 (17.6) 145 (18.8) 119 (18.1) 56 (15.6) 18 (14.2)
HADs anxiety ≥ 8 776 (40.5) 318 (41.1) 238 (36.2) 163 (45.3) 57 (44.9)
HADs depression ≥ 8 555 (29.0) 236 (30.5) 169 (25.7) 118 (32.8) 32 (25.2)
Hypertension 461 (24.1) 204 (26.4) 152 (23.1) 69 (19.2)** 36 (28.4)

Psoriatic arthritise 445 (23.2) 227 (29.4) 121 (18.4)* 78 (21.7)** 19 (15.0)*

Number of current comorbidities reportedf 1.5 (1.8) 1.6 (1.8) 1.5 (1.8) 1.3 (1.7)** 1.7 (2.1)
Disease characteristics
PASI, mean (SD) 14.5 (8.6) 14.6 (8.6) 14.9 (9.4) 13.5 (7.0)** 14.4 (7.9)
BSA, % of body surface area 21.2 (17.7) 21.1 (17.5) 21.0 (18.4) 21.4 (16.9) 22.6 (17.7)
Disease duration, mean (SD) 16.6 (12.2) 16.7 (12.4) 16.8 (11.8) 16.6 (12.5) 15.6 (12.1)
sPGA, mean (SD)
 Moderate 951 (49.6) 387 (50.1) 287 (43.7)** 209 (58.1)** 68 (53.5)
 Severe 592 (30.9) 242 (31.3) 221 (33.6) 92 (25.6) 37 (29.1)
 Very severe 73 (3.8) 34 (4.4) 31 (4.7) 6 (1.7)** 2 (1.6)
DLQI, mean (SD) 12.6 (7.8) 12.9 (7.9) 11.9 (7.7)** 13.2 (7.6) 12.3 (8.0)
Genital psoriasis, n (%)g 495 (25.8) 205 (26.5) 170 (25.9) 89 (24.7) 31 (24.4)
Scalp psoriasis, n (%)g 1,275 (66.5) 494 (63.9) 447 (68.0) 252 (70.0) 82 (64.6)
Palmoplantar psoriasis, n (%)g 425 (22.2) 174 (22.5) 160 (24.4) 72 (20.0) 19 (15.0)
Nail psoriasis, n (%)g 731 (38.1) 305 (39.5) 253 (38.5) 128 (35.6) 45 (35.4)
Prior treatment with biologics, n (%)h 683 (35.6) 291 (37.7) 319 (48.6)* 38 (10.6)* 35 (27.6)**
Concomitant conventional therapy, n (%) 338 (17.6) 105 (13.6) 145 (22.1)* 66 (18.3)** 22 (17.3)
Concomitant topical therapy, n (%) 290 (15.1) 89 (11.5) 132 (20.1)* 52 (14.4) 17 (13.4)

PASI100 response rates, % (n/N)i

PASI100 at week 12, mean (SD) 30.4 (516/1,699) 39.9 (277/694) 27.7* (164/592) 18.8* (59/313) 16.0* (16/100) 
PASI100 at month 12, mean (SD) 48.4 (738/1,524) 50.6 (313/618) 49.4 (268/543) 45.4 (122/269) 37.2** (35/94)
PASI100 durability outcome - PASI100 at W12, M6 and M12, mean (SD) 15.9 (268/1,690) 20.9 (141/676) 15.3** (89/580) 8.4* (27/320) 9.6** (11/114)

Descriptive analyses used Fisher’s exact test or χ2 for categorical variables, and F-test for continuous variables.
aMissing data for 31 patients. bMissing data for 268 patients. cMissing data for 50 patients. dMissing data for 4 patients. ePsoriatic arthritis (PsA) diagnosis was recorded 
by the dermatologists based on the medical history and/or information provided by the patient. fComorbidities were captured based on a pre-defined list. gAssessed by 
the investigator using a simple yes or no question. h1 patient with missing data in interleukin (IL)-17A group. iPASI100 response rates as observed. 
BMI: body mass index; BSA: body surface area; PASI: psoriasis area and severity index; Q: quartile; M: month; sPGA: Static Physician Global Assessment; W: week. 
Where N does not match total patient population, the difference is attributable to missing outcome data. **p-value < 0.05 IL-17A cohort vs other treatment group (shaded 
in yellow). *p-value < 0.001 IL-17A cohort vs other treatment group (shaded in green).

http://medicaljournalssweden.se/actadv
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nail PsO have approximately 2-times higher odds of 
achieving PASI100 at month 12 or the durability out-
come relative to patients with nail involvement. For 
patients with nail involvement, it is therefore prudent 
to consider the performance of different treatments for 
psoriatic nail disease. It is also worthwhile considering 
additional assessments to the PASI assessment, which 
does not evaluate nail PsO (6, 16). Although nail PsO is 
widely considered to be challenging to treat, biologics 
have proven efficacious, with IL-17A biologics generally, 
and ixekizumab specifically, being particularly effective 
at achieving complete resolution (6, 16, 17). Interestingly, 
other special areas were not identified as predictors, 
implying that genital, palmoplantar, and scalp involve-
ment do not substantially impact a patient’s likelihood 
of achieving PASI100 outcomes in our cohort.

A larger area affected by PsO, as measured by BSA, 
is a risk factor for the future development of PsA and 
other chronic comorbidities (18, 19). This study shows 
that a higher baseline BSA also reduced the likelihood 
for patients of achieving a PASI100 response at month 
12. While BSA serves as a marker for treatment response 
at month 12, it is noteworthy that it did not predict the 
other outcomes of interest. Similarly, despite a correlation 
between BSA and disease severity, as measured by PASI, 
the baseline PASI score did not significantly affect the 

likelihood of achieving these outcomes. Future studies 
will therefore need to untangle the intricate relationship 
between the various disease severity markers and their 
potential to serve as biomarkers for clinical response. 

PsO and PsA are associated with a greater prevalence 
of hypertension (20), which, along with other features 
of the metabolic syndrome, was shown by 1 study to be 
associated with lower PASI75 and PASI90 responses at 6 
months (21). Looking at the PASI100 outcome, we could 
confirm and extend the association between no hyperten-
sion and skin clearance at week 12, although statistical 
significance was not reached for the other longer-term 
outcomes. These differences may result from the focus 
on PASI75 and PASI90 outcomes (21), whereas this 
analysis applied the more stringent PASI100 measure. 
Alternatively, the presence of comorbid diseases, such 
as hypertension, might prompt earlier discontinuation. 
It is also possible that the impact of elevated pro-inflam-
matory cytokines, including TNF-a, IL-23, and IL-17A, 
observed in patients with PsO and hypertension (22) 
may gradually diminish after successful blockade. As 
a consequence, hypertension might emerge as a more 
relevant and pronounced predictor in the short term rather 
than in the long term.

Of note, many predictors of treatment response pre-
viously identified did not emerge as part of this analysis, 

Fig. 1. Odds of achieving 3 PASI100 outcomes for different Psoriasis Study of Health Outcomes (PSoHO) patient demographics, comorbidities, 
disease characteristics, and treatment variables. Three outcomes were psoriasis area and severity index (PASI)100 at week 12, PASI100 at month 
12, or the PASI100 durability outcome. PASI100 durability outcome defined as a PASI100 response at week 12 and maintained at months 6 and 12. 
Analyses completed using logistic regression. Figure presents data as odds ratios (ORs) and 95% confidence intervals (CIs) and shows outcomes as 
observed. Red colour indicates when results are statistically significant, whereby the 95% CIs of the ORs do not cross 1. Analysis included 1,917 patients 
with moderate-to-severe psoriasis (PsO) who were treated with interleukin (IL)-17A, IL-23, IL-12/23, or tumour necrosis factor (TNF)-α biologics. For 
the hypertension variable for PASI100 at week 12, the lower CI is 1.023. For the body surface area (BSA) variable at month 12, the upper CI is 0.992. 
For the nail PsO variable for the durability outcome, the lower CI is 1.012. Variables are continuous, unless otherwise stated. Age and disease duration 
odds are calculated based on 10 units change. Nail, scalp, palmoplantar, and genital psoriasis were evaluated using binary (yes or no) questions. Other 
smoking status includes patients who never smoked, formally smoked, or had missing data for smoking status. BMI: body mass index; HADS-A: Hospital 
Anxiety and Depression Scale – Anxiety; HADS-D: Hospital Anxiety and Depression Scale – Depression; M: month; W=week.

http://medicaljournalssweden.se/actadv
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including various demographic (e.g., sex), disease (e.g., 
disease duration), and treatment characteristics (e.g., 
prior biologic use) (4, 5). A possible explanation is the 
high proportion of modern biologics included in PSoHO 
that have demonstrated high efficacy for many different 
patient profiles. Although grouping patients from dif-
ferent treatment classes into a single cohort reduces the 
granularity of this baseline predictor analysis, the pooling 
of data allowed for a larger patient population and grea-
ter statistical precision. Other limitations of this study 
include the omission of the IL-17 receptor A treatment 
class due to low patient numbers, and that comparisons 
of drug class effectiveness were only completed relative 
to the IL-17A cohort. Despite the multi-faceted statistical 
approach to these real-world data, the model performance 
metrics reflect the difficulty of identifying strong and 
reliable clinical markers, which aligns with other studies 
(2, 4). As such, future studies may also consider exploring 
any association between genetic biomarkers or blood test 
data with treatment outcomes. 

This study evidences the substantial challenge of iden-
tifying reliable clinical markers of treatment response 
for patients with moderate-to-severe PsO. However, 
the absence of nail PsO emerged as the most consistent 
feature from these real-world data that may be used by 
clinicians to easily predict high-level treatment responses 
with biologic treatment. This principal finding highlights 
the importance of raising awareness of regular screen-
ing for psoriatic nail involvement and to consider the 
most appropriate treatment for the patient based on this 
assessment. 
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