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SIGNIFICANCE
The efficacy of psoriasis treatments is usually evaluated 
by cutaneous response (Psoriasis Area and Severity Index; 
PASI). However, it is unclear how precise PASI improve-
ments reflect systemic manifestations in individual patients. 
This study retrospectively analysed PASI and inflammatory 
biomarkers during 186 treatments (mean 22 months) of 
patients with psoriasis with biologics. While PASI decrease 
and complete cutaneous clearance indicated a decrease in 
inflammatory biomarkers and low cardiovascular risk levels 
of 1 of 2 inflammatory biomarkers, respectively, no single 
PASI threshold was both sensitive and specific enough for 
more precise assessments of systemic inflammation. Thus, 
further research into laboratory biomarkers as valid addi-
tional treatment goals would be desirable.

The efficacy of psoriasis treatments is usually eva-
luated using the Psoriasis Area and Severity Index 
(PASI). However, there is a lack of systematic sta-
tistical assessments of PASI as a proxy for systemic 
disease in individual patients. Therefore, a retro-
spective study of 186 treat ments with adalimumab, 
etanercept, and ustekinumab for psoriasis (341 
patient-years) was performed. While PASI signifi-
cantly and independently correlated with biomarkers 
of systemic inflammation (especially neutrophil-to-
lymphocyte ratio, C-reactive protein), the strengths 
were only weak-to-moderate and varied conside-
rably inter-individually. A decrease in PASI indica-
ted a neutrophil-to-lymphocyte ratio decrease and 
a C-reactive protein decrease or stable low margin 
C-reactive protein in ≥ 80%. Sensitivity, specificity, 
and positive predictive value of PASI 0 and PASI 2.75 
(optimal Youden Index) for low cardiovascular risk C-
reactive protein were 24%, 92%, 85%, and 62%, 61%, 
76%, respectively. Performance was similar using ab-
solute thresholds and PASI 100 or PASI 75, and over-
all worse for low cardiovascular risk neutrophil-to-
lympho cyte ratio and if psoriasis arthritis was present. 
In conclusion, PASI allows robust low-order estimates 
of systemic inflammation, but cannot substitute for 
laboratory biomarkers for more precise assessments. 

Key words: psoriasis; biologics; biomarker; neutrophil-to-
lymphocyte ratio; Psoriasis Area and Severity Index.
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Psoriasis is a chronic inflammatory disease affecting 
approximately 2–3% of the population in Europe and 

North America (1). Relevant co-morbidities, in particular 
atherosclerosis and depression (”sickness behaviour”, 2), 
are thought to be driven by systemic inflammation, in 
what was coined a “psoriatic march” (3), and result in 
a reduction in life expectancy by up to 5 years, mainly 
due to cardiovascular events (4–6). 

On the individual patient level in a dermatological 
setting, the efficacy of psoriasis treatments is evaluated 

mainly by cutaneous response, as Psoriasis Area and 
Severity Index (PASI) improvement, and, apart from 
arthritis, usually not by amelioration of systemic mani-
festations (7). While, overall, biologic treatments were 
shown to reduce biomarkers of systemic inflammation 
and are thought to reduce the excess cardiovascular risk 
(8), the precise relationship between PASI and biomar-
kers of inflammation and the worth of PASI as a proxy 
for systemic inflammation on an individual patient level 
under biologic treatment is unclear. Even though there 
is good evidence for a correlation between PASI and 
C-reactive protein (CRP) in untreated patients without 
arthritis, the situation is more complex under treatment 
(9). Indeed, different systemic therapies may differen-
tially affect cutaneous manifestations and systemic in-
flammation (10, 11), and data on the association between 
the cutaneous response and vascular inflammation are 
inconsistent (12–14). 

The current study presents a systematic statistical 
assessment of PASI as a proxy for biomarkers of syste-
mic disease under biologic treatment on an individual 
patient level. A retrospective study was conducted of 
186 treatment cycles with adalimumab, etanercept and 
ustekinumab for psoriasis. The correlation of PASI and 
biomarkers of systemic disease, including biomarkers 
for systemic inflammation and cardiovascular risk (CRP, 
neutrophil-to-lymphocyte ratio (NLR)), under long-term, 
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“real-world” conditions in the general study population 
and on an individual patient level was analysed. 

MATERIALS AND METHODS

Patients

Patients with psoriasis were eligible for study participation if they 
were: (i) treated with adalimumab, etanercept, or ustekinumab at 
the University of Heidelberg, Department of Dermatology, (ii) 
could provide at least 1 data pair for the correlation of PASI with 
a routine laboratory parameter, and (iii) gave informed consent 
to retrospective data analysis. A total of 356 patient records were 
screened, and 152 patients providing 186 treatment cycles were 
found to be eligible. A treatment cycle encompassed the interval 
from initiation to termination of a specific treatment. A single 
patient could provide treatment cycles to different biologics. 
However, if a patient received more than one treatment cycle 
with a given biologic, only the first cycle was eligible. This study 
was conducted in accordance with the Declaration of Helsinki. 
Approval of the Institutional Review Board of the University of 
Heidelberg was obtained.

Standard treatment schemes and clinical status 

Typically, adalimumab is administered subcutaneously (s.c.) with 
40 mg every other week after an initial loading dose of 80 mg. 
Etanercept is administered s.c. with an initial dose of 25–50 mg 
biweekly or 25 mg weekly for 12 weeks, followed by biweekly 
administration of 25 mg or weekly administration of 50 mg fol-
lowing national guidelines (15). Ustekinumab is administered 
s.c. at weeks 0, 4, and 12-weekly thereafter at weight-adapted 
doses of 45 or 90 mg. Routine visits are usually scheduled every 
8–12 weeks. PASI scores were accepted as baseline score only if 
obtained less than 30 days prior to treatment initiation.

Laboratory tests

Laboratory blood tests are routinely performed in patients with 
psoriasis receiving adalimumab, etanercept, and ustekinumab 
according to our standard operating procedures. Measurements 
of routine laboratory parameters were accepted as baseline 
values up to 30 days prior to treatment initiation, if no biologic 
treatment was administered during this period. The NLR and 
platelet-to-lymphocyte ratio (PLR) were calculated by dividing 
the neutrophil and thrombocyte count (numerator), respectively, 
by the lymphocyte count (divisor).

Statistical analysis

First, a robust Spearman’s rank correlation test was performed on a 
broad set of laboratory parameters and PASI to identify significant 
correlations. The correlation analysis was based on all available 
data pairs. The significance was corrected for the number of pa-
tients contributing data. The minimum effect size detectable with 
80% power was calculated post-hoc with g*power (16) using the 
minimum number of patients contributing data (178) and α=0.05 
(point biserial model). Secondly, Spearman’s correlations were 
calculated on an individual patient level and further assessed 
using a Wilcoxon signed-rank test. Finally, a partial Spearman’s 
correlation coefficient was calculated to compensate for potential 
confounding factors. Median under treatment CRP and NLR 
values were compared between patients who did and did not ac-
hieve an improvement of 75% and 100% (PASI 75 and PASI 100, 
respectively) in median over the course of the treatment using a 
Mann–Whitney U test. A multivariate binary logistic regression 

analysis was performed to identify baseline characteristics and 
parameters associated with a strong correlation between PASI, on 
the one hand, and CRP and NLR, on the other. Receiver-operating 
characteristics (ROC) curves were calculated to identify the opti-
mal PASI threshold to predict lower cardiovascular risk category 
CRP and NLR values. Sensitivities, specificities and positive 
predictive values (PPV) of selected absolute and relative PASI 
thresholds were calculated for lower cardiovascular risk category 
CRP and NLR levels.

Values are presented as percentage, mean and standard devia-
tion (SD), or median and interquartile range (IQR) as specified. 
p-values < 0.05 were considered significant. When Spearman’s 
correlation test results are reported, n denotes the number of 
patients contributing data that was used to calculate the p-value 
and not the actual number of data pairs investigated, which was 
usually much higher. Correlation coefficients were interpreted 
based on Cohen (17) to indicate weak (0.1), moderate (0.3) and 
strong (0.5) correlations. Statistical procedures were performed 
using SPSS 22.0 (IBM, New York, USA) and GraphPad Prism 6 
(San Diego, CA, USA). 

RESULTS

Significant correlation of Psoriasis Area and Severity 
Index with C-reactive protein, neutrophil and leucocyte 
count, and neutrophil-to-lymphocyte ratio
A total of 186 eligible treatment cycles, providing data 
over 341 patient-years, were identified. Overall patient 
characteristics are shown in Table I. First, the correla-
tion between PASI and selected biomarkers was explored 
using a robust Spearman’s rank-correlation test. The 
results are shown in Table II. A significant positive cor-
relation of PASI was found with CRP, neutrophil counts, 

Table I. Patient characteristics

Characteristics

Number of treatments, n 186
Age, years, mean ± SD 47.1 ± 13
Sex, female, n (%) 65 (35)
Psoriasis arthritis (present), n (%) 86 (46)
Psoriasis type, n (%)
  Plaque 179 (96)
  Pustular 7 (4)
Previous systemic treatments, mean ± SD 2.9 ± 2
Previous treatment with TNF-α ant., mean ± SD 0.6 ± 1
Concomitant methotrexate, n (%) 26 (14)
Biologic, n (%)
  Adalimumab 110 (59)
  Etanercept 54 (29)
  Ustekinumab 22 (12)
Baseline Psoriasis Area and Severity Index, mean ± SD (n) 10.3  ± 7 (183)
  Median (IQR) 9.3(5, 14)
Baseline C-reactive protein, mean ± SD (n) 7.8 ± 14 (162)
  Median (IQR) 3.5 (2, 7)
Baseline Neutrophil to lymphocyte ratio, mean ± SD (n) 3.6 ± 4 (159)
  Median (IQR) 2.7 (2, 4)
Baseline leucocytes, mean ± SD (n) 8.1 ± 3 (162)
  Median (IQR) 7.6 (6, 9)
Baseline neutrophils, mean ± SD (n) 5.3 ± 2 (159)
  Median (IQR) 4.7 (4, 6)
Baseline CRP <3 mg/l, n (%) 52 (33)
Baseline NLR <2.15, n (%) 75 (46)
Treatment duration, months, mean ± SD 22 ± 19

TNF-α ant.: tumour necrosis factor-α antagonist; SD: standard deviation; IQR: 
interquartile range.
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NLR, and leucocyte counts. No significant correlation 
with PASI was found for the other parameters investi-
gated, including transaminases. 

To arrive at a more intuitive measure of correlation, 
the differences between baseline and median under 
treatment PASI, CRP and NLR were reduced to simple 
ordinal classifiers (positive, equal, negative). NLR de-
creased in 81.3% of the patients whose PASI decreased 
under treatment (n = 128). CRP decreased in 55.5% and 
remained stable in 36.7% of the patients whose PASI 
decreased (n = 123). Of note, baseline CRP was already 
at the low margin of 2 mg/l in 97.9% of the latter patients 
with stable CRP. For further analyses, see Appendix S11.

Neutrophil-to-lymphocyte ratio and C-reactive protein 
are associated with Psoriasis Area and Severity Index 
independent of each other and treatment duration
NLR was significantly positively correlated with CRP 
and neutrophil counts (Spearman’s correlation coef-
ficient: 0.262 and 0.629, respectively, both p < 0.001, 
n = 196), and negatively correlated with treatment du-
ration (–0.167, p = 0.019, n = 196). Partial Spearman’s 
correlation tests between PASI and NLR were used 
to control for treatment duration, CRP, and neutrophil 
counts. The resulting partial correlation coefficients were 
0.162, 0.163 and 0.112, respectively (controlled for tre-
atment duration, CRP and neutrophil counts; p = 0.043, 
0.043, 0.162; n = 157, 155, 157).

Likewise, partial Spearman’s correlation tests bet-
ween PASI and CRP were used to control for NLR and 
treatment duration. The resulting partial correlation co-
efficients were 0.215 and 0.232, respectively (p = 0.007 
and 0.003, n = 155 and 160, respectively). For further 
analyses see Appendix S11.

Inter-individual spread of the correlation of Psoriasis 
Area and Severity Index with neutrophil-to-lymphocyte 
ratio and C-reactive protein
To better account for repeated measures, Spearman’s 
rank-correlation analyses of PASI with CRP, neutrophil 
counts, and NLR were also performed for each patient 
individually, and the results were subsequently analysed 
using a Wilcoxon signed-rank test. The significant cor-
relations of PASI with CRP, neutrophil counts, and NLR 
could be confirmed (median Spearman’s correlation coef-
ficient: 0.20, 0.23, 0.21; n = 134, 174, 174, respectively; 
all p < 0.001). The IQRs of PASI-CRP and PASI-NLR 
were 0.6 and 0.6, respectively, indicating a considerable 
inter-individual spread of the correlations’ strengths. 

Given the considerable spread, additional analyses 
were performed to assess whether selected baseline 
characteristics were associated with a strong correlation 
of PASI with CRP and NLR as potential confounding 
factors. The results are presented in Table III (PASI-
NLR) and Table SI1 (PASI-CRP). While a higher base-
line PASI and NLR and treatment with tumour necrosis 
factor (TNF)-α antagonists showed a trend to predict a 
strong NLR to PASI correlation, none of the parameters 
investigated reached significance. This was also true after 
elimination of irrelevant parameters using a stepwise 
backward approach in the final model (data not shown). 
For further analyses see Appendix S11.

Sensitivity, specificity and positive-predictive value 
of Psoriasis Area and Severity Index as a proxy for 
clinically relevant C-reactive protein and neutrophil-to-
lymphocyte ratio cut-offs
CRP values of equal or more than 3 mg/l and NLR 
values of equal or more than 2.15 were reported to be 
independent cardiovascular risk factors and were the-
refore used as cut-offs (18, 19). Overall, 66% and 57% 
of CRP and NLR values, respectively, were below the 
stated cut-offs. ROC curves were calculated for both 

Table II Spearman’s correlation coefficients between Psoriasis Area and Severity Index and selected biomarkers under biologic treatment

Complete blood count Scores  

Leucocytes Neutrophils Lymphocytes Thrombocytes Erythrocytes Haemoglobin NLR PLR

rs 0.168 0.220 –0.088 0.057 0.032 0.109 0.223 0.119
Data pairs 1,912 1,903 1,903 1,906 1,906 1,911 1,903 1,898
n    186    186    186    186    186    186    186    186
p-value 0.022 0.003 0.232 0.440 0.665 0.139 0.002 0.106

Chemistry

Inflammation Lipids Liver Kidney

CRP LDH Triglycerides Cholesterol GOT GPT GGT BUN Creatinine

rs 0.262 0.079 0.055 –0.009 0.066 0.074 0.072 –0.035 –0.090
Data pairs 1,910 1,905 1,808 1,800 1,913 1,913 1,912 1,914 1,914
n    186    186    178    178    186    186    186    186    186
p-value < 0.001 0.284 0.466 0.908 0.371 0.315 0.329 0.632 0.222

With the exception of haemoglobin, parameters given under the heading complete blood count refer to counts. Significant correlations are indicated by italic type.
NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; CRP: C-reactive protein; LDH: lactate dehydrogenase; GOT: glutamate-oxaloacetate 
transaminase; GPT: glutamate-pyruvate transaminase; GGT: γ-glutamyl transaminase; BUN: blood urea nitrogen. 

1https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3814

https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3814
https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3814
https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3814
https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3814
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classifiers to identify PASI thres holds with optimal 
sensitivity and specificity for low cardiovascular risk 
CRP and NLR levels (Fig. S11). The best threshold ac-
cording to the Youden Index to predict CRP and NLR 
values below the stated cut-offs was a PASI below 2.75 
for both classifiers. Table IV compares the sensitivity, 
specificity, and PPV of a PASI of 0, a PASI of 2.75, a 
PASI 100 response, and a PASI 75 response to predict 
CRP values, NLR values and both values below the 
stated cut-offs. There was minimal variation in the study 
population for PASI 0 and PASI 2.75, on the one hand, 
and PASI 100 and PAS I75 response, on the other hand, 
since baseline PASI was not available for all patients 
(Table I). Overall, the statistical performance of the 
absolute and relative PASI thresholds was similar in the 
present long-term setting. Sensitivity, specificity and 
PPV were better for CRP compared with NLR. While 
PASI 0 and PASI 100 had high specificities for NLR and 
CRP below the stated cut-offs of approximately 90% 
and a PPV for CRP approximately 85%, the sensitivities 
were low. PASI 2.75 and PASI 75, on the other hand, 
had moderate sensitivities and specificities for both 
parameters of approximately 50–60%, while the PPV 
for CRP below the cut-off was somewhat lower, at 76%. 

Table V shows that the performances of PASI 100 and 
PASI 75 were slightly better overall in patients without 
psoriasis arthritis, in particular concerning predictions 
of the NLR cut-off. Again, the performance of PASI 0 
and PASI 2.75 were comparable (Table SII1). Table SIII1 
shows that the performance of PASI 0 and 2.75 cut-offs 
for low cardiovascular risk CRP and NLR depended on 
the treatment duration. Overall, sensitivity was lower 
and specificity higher early during treatment.

DISCUSSION

This paper presents a thorough statistical analysis of PASI 
and biomarkers of systemic inflammation under biologic 
treatment with the TNF-α antagonists adalimumab and 
etanercept, and the IL12/23 antagonist ustekinumab. 

First, the data show weak-to-moderate, yet significant, 
correlations between biomarkers of systemic inflamma-
tion and PASI under biologic treatment. NLR and CRP, 
in particular, were associated with PASI independent of 
each other and of treatment duration as potential con-
founding factors. 

Table III. Prediction of individual Spearman’s correlation coefficients between Psoriasis Area and Severity Index (PASI) and neutrophil-
to-lymphocyte ratio (NLR) under treatment, according to baseline patient characteristics

NLR-PASI correlation coefficient

Exp (B) (95% CI)

Multivariate binary logistic regression

< 0.5 ≥ 0.5 Sig.

Number (%) 122 (70%) 52 (30%)
Age, years, mean ± SD 46.7 ± 12 47.6 ± 14 1.01 (1.0–1.0) 0.482
Sex, female, % 34 35 1.39 (0.6–3.0) 0.410
Psoriasis arthritis (present), % 48 42 0.64 (0.3–1.4) 0.252
Psoriasis type, %
  Plaque 96 98
  Pustular 4 2 0.52 (0.0–5.7) 0.595
Previous systemic treatments, mean ± SD 3.0 ± 2 2.7 ± 1 1.02 (0.8–1.4) 0.870
Biologic, %
  TNF-α antagonist 84 94 3.50 (0.8–15.1) 0.094
  Ustekinumab 16 6
Baseline PASI, mean  ±  SD (n) 9.5  ±  6 (121) 12.3  ±  8 (48) 1.06 (1.0–1.1) 0.070
  Median [IQR] 9.0 [5, 13] 10.3 [7, 15]
Baseline NLR, mean ± SD (n) 3.2 ± 2 (103) 4.5 ± 5 (52) 1.13 (1.0–1.3) 0.083
  Median [IQR] 2.5 [2, 4] 3.4 [2, 4]

TNF-α: tumour necrosis-factor α; SD: standard deviation; IQR: interquartile range; 95% CI: 95% confidence interval.

Table IV. Statistical performance of selected Psoriasis Area and 
Severity Index (PASI) thresholds to predict low cardiovascular risk 
C-reactive protein (CRP) and neutrophil-to-lymphocyte ratio (NLR)

Predictor

PASI 0 PASI 2.75 PASI 100 PASI 75

CRP < 3 mg/l
  Sensitivity 24% 62% 22% 55%
  Specificity 92% 61% 92% 67%
  Positive predictive value 85% 76% 84% 76%
NLR < 2.15
  Sensitivity 21% 60% 20% 54%
  Specificity 85% 54% 87% 62%
  Positive predictive value 65% 63% 66% 64%
CRP < 3 mg/l and NLR < 2.15
  Sensitivity 24% 62% 23% 57%
  Specificity 87% 55% 88% 62%
  Positive predictive value 59% 52% 59% 53%

Table V. Statistical performance of selected Psoriasis Area and 
Severity Index (PASI) thresholds to predict low cardiovascular 
risk C-reactive protein (CRP) and neutrophil-to-lymphocyte ratio 
(NLR) in patients with and without psoriasis arthritis

Psoriasis arthritis

No Yes

PASI 100 PASI 75 PASI 100 PASI 75

CRP < 3 mg/l
  Sensitivity 18% 52% 26% 59%
  Specificity 94% 72% 91% 64%
  Positive predictive value 88% 81% 82% 72%
NLR < 2.15
  Sensitivity 19% 54% 22% 55%
  Specificity 92% 71% 83% 55%
  Positive predictive value 80% 76% 56% 55%
CRP < 3 mg/l and NLR < 2.15
  Sensitivity 22% 57% 25% 58%
  Specificity 93% 69% 84% 56%
  Positive predictive value 76% 65% 47% 42%

https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3814
https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3814
https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3814
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Even though good evidence exists for a reduction in 
CRP under biologic treatment (20, 21) and for a correla-
tion of PASI and CRP in untreated patients (9, 22), less 
data are available on the correlation of CRP and PASI 
under biologic treatment (9). The results of the cur-
rent study are in line with a study of 152 patients with 
psoriasis treated with adalimumab, who demonstrated a 
correlation between CRP and Physician Global Assess-
ment at week 16 (23), and with a study of 42 patients 
with psoriasis, approximately half of whom received 
biologic treatment, where only the responding patients 
showed a positive correlation be tween PASI and CRP 
(24). Conversely, a study of 43 patients with psoriasis, 
13 of whom received biologic treatment, did not find a 
statistically significant correlation between PASI and 
CRP 3 and 6 months after initiation of systemic treatment, 
possibly due to a small sample size (25). None of these 
studies investigated the correlation of PASI and CRP on 
an individual patient level.

Increased NLR was reported previously in patients 
with psoriasis compared with healthy controls; how-
ever, insufficient data were available to conclude that 
NLR correlates with PASI (26). The current results are 
generally in line with a study of 236 Japanese patients 
with psoriasis, which showed a reduction of NLR under 
biologic treatment that was more pronounced in patients 
with a PASI 75 response after 3–4 months (27). How-
ever, the direct association between PASI and biomarkers 
of systemic inflammation was not assessed. Zhang et 
al. (28) reported that NLR decreased in patients with 
psoriasis treated with biologics in unblinded clinical 
trials. However, this latter study was limited to 3 months 
follow-up and included only 35 patients with psoriasis. 
Possibly due to sample size limitations, their study was 
unable to detect a correlation between NLR and PASI. 
Therefore, the current data are an important addition to 
the available body of evidence. 

Secondly, and importantly, the current study assessed 
whether PASI values under biologic treatment allow pre-
dictions of values of concomitant biomarkers of inflam-
mation on an individual patient level. To the best of our 
knowledge, this is the first study to report a systematic 
investigation of this matter. 

The main findings of the current study were: first, a 
PASI decrease indicated an NLR decrease and a CRP 
decrease or stable low margin CRP in ≥ 80%. Secondly, 
the correlation of PASI with CRP and NLR varied con-
siderably on an individual patient level. Thirdly, overall, 
the sensitivity, specificity and PPV of a PASI of 0 and a 
PASI of 2.75 (i.e. the PASI threshold with the optimal 
Youden Index) for low cardiovascular risk CRP were 
24%, 92%, 85%, and 62%, 61%, 76%, respectively. 
Fourthly, the specificity of PASI for low cardiovascular 
risk CRP and NLR was better, and the sensitivity worse 
early during treatment. And fifthly, the statistical per-
formance of absolute and relative PASI thresholds was 

similar, and overall worse for low cardiovascular risk 
NLR and if psoriasis arthritis was present.

Practically speaking, overall, a patient with a PASI 
of 0 had an 85% chance of having a concomitant low 
cardio vascular risk level CRP value (compared with a 
76% chance for a patient with a PASI of less than 2.75 
and a 55% chance for a patient with a PASI of more than 
2.75). Given the sensitivities of 24% and 62%, 76% and 
38% of patients with low cardiovascular risk level CRP 
values had a PASI above 0 and 2.75, respectively. More 
recently, a discussion about early, aggressive treatment 
of psoriasis to reduce systemic inflammation and prevent 
systemic co-morbidity has evolved (8). With this in 
mind, the current data cautiously suggest that that com-
plete clearance of skin lesions (i.e. PASI of 0) may not 
be the optimal indicator of low systemic inflammation. 
While PASI allowed robust low-order estimates, it was 
not well-suited for more precise predictions of systemic 
inflammation in individual patients. Further research is 
needed to evaluate, and possibly define, a minimal set of 
biomarkers of inflammation as valid additional treatment 
goals per se.

Study limitations, power and generalizability
As confounding factors are inherent to a retrospective 
study design, they could not be completely controlled 
for. Also, cardiovascular endpoints were not directly 
investigated, but biomarkers were used as a proxy for 
systemic disease. This approach is, however, supported 
by a variety of studies, notably concerning systemic 
inflammation in the field of cardiovascular medicine, 
indicating that biomarkers are well-suited to identify 
at-risk populations (29, 30). Conventional CRP values, 
which are broadly available, and not high sensitivity 
CRP, were used. Our laboratory reports these values 
left-censored at 2 mg/l. Since non-parametric test ing 
and nominal transformation was used, left-censoring is 
not expected to affect statistical results. The correlation 
between PASI and CRP might, however, differ for high-
sensitivity CRP, which is left-censored at lower values 
of 0.3–0.5 mg/l, with a threshold for cardiovascular risk 
at ≥ 2 mg/l according to the American Heart Association 
(31). The current study focused on 2 older classes of bio-
logics, which have been available on the market for a long 
time. Therefore, long-term data were readily available. 
Furthermore, probably due to their long presence on the 
market, some of the more convincing data on a reduction 
in mortality under biologic treatment in psoriasis involve 
TNF-α antagonists (8). However, the effects of biologic 
treatment on mortality are a controversial issue and 
several lines of evidence also point to beneficial effects 
of IL 12/23 blockade and newer generation biologics 
including IL-17 antagonists (32, 33). Therefore, further 
research is needed to re-examine the current findings in 
newer generation biologics.
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The strengths of this study are its real-world setting, 
the availability of PASI and biomarker values at a high 
temporal resolution, its approach to assess PASI and 
biomarker correlations in a first explorative step without 
a priori assumptions, and the long observation period. 
The sex, age, and PASI of the current study population 
are comparable to registry data reported for psoriasis 
patients under systemic treatment in Germany (34). The 
power to detect a Spearman’s correlation coefficient of 
at least 0.21, corresponding to a weak-to-moderate cor-
relation according to Cohen (17), was more than 80% 
for all parameters investigated in the initial correlation 
analysis presented in Table I (see Methods). 

In conclusion, this study expands the available evi-
dence by confirming an independent, weak-to-moderate 
correlation of PASI with CRP and NLR under biologic 
treatment. Secondly, and importantly, the study also 
investigated the value of PASI as a proxy for systemic 
inflammation on an individual patient level. We con-
clude that PASI allows robust low-order estimates of 
systemic inflammation, but is not an adequate substitute 
for laboratory biomarkers for more precise assessments. 
Thus, further research is needed to evaluate, and possibly 
define, a minimal set of biomarkers of inflammation as 
valid additional treatment goals per se.
The authors have no conflicts of interest to declare.
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