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Abstract 

Purpose The Physician Global Assessment (PGA) is a 

key measure of psoriasis frequently used in clinical trials. 

A psychometric validation of a three-item (erythema, 

induration, and scaling) PGA scale was performed using 

Phase 2 data. 

Methods Confirmatory factor analysis (CFA) tested the 

PGA measurement model and appropriateness of equal 

weighting of the items. PGA test-retest reliability was 

assessed by estimating the intraclass correlation coefficient 

(ICC). Internal consistency reliability was gauged by cal­

culating Cronbach's coefficient ci (CCci). Clinically 

important difference (CID) was defined using the repeated 

measures model to estimate the relationship between PGA 

and Patient Global Assessment (PtGA). Known-group, 

convergent, and divergent validity for the PGA were also 

assessed. 

Results 197 patients with psoriasis were randomized to 

tofacitinib 2, 5, 15 mg twice daily, or placebo. CFA 

demonstrated that the PGA measurement model fitted the 

data using equal weighting of the PGA items. The PGA 

scale demonstrated good test-retest reliability (ICC > 0. 7) 

and internal consistency reliability (CCci > 0.8). The CID 

for PGA was estimated at 0.52 (95 % confidence interval: 
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0.47, 0.56). A robust monotonic relationship between PGA 

and Psoriasis Area and Severity Index (PASI) data sub­

stantiated known-group validity. Relatively high correla­

tions of PGA with PASI and PtGA data (all correlations 

>0.5 except at baseline) supported convergent validity;

relatively low correlations of PGA with the Pain/Discom­

fort Assessment and the Ocular Comfort Index supported

divergent validity.

Conclusions The three-item PGA scale has sound psy­

chometric properties with respect to reliability and validity,

with equal weighting of the items being appropriate.

Keywords Physician Global Assessment • Psoriasis • 

Validation 

Introduction 

The Physician Global Assessment (PGA) is a key measure of 

psoriasis severity frequently used in clinical trials as an effi­

cacy endpoint. More widely used is the Psoriasis Area and 

Severity Index (P ASI), which combines the assessment of the 

severity of lesions with the body area affected [ l]. In clinical 

trials, both tools are often used as efficacy endpoints since 

neither has a distinct advantage over the other [2]; indeed, this 

approach is strongly recommended in the European Medi­

cines Agency Committee for Medicinal Products for Human 

Use (CHMP) guidance on psoriasis [3]. However, there 

remains some disagreement as to the reliability and vari­

ability of the PASI and PGA assessments [ 4-8]. 

The PASI was developed in 1978 by Fredriksson and 

Pettersson [1] to assess the outcome of treatment in pso­

riasis by quantifying lesion severity and percentage of body 

area affected. The plaque characteristics erythema, indu­

ration, and scaling are assessed separately for four body 
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regions: head, upper limbs, trunk, and lower limbs. 

Severity is rated on a 0-4 scale (0, no involvement; up to 4 

for very severe involvement) for each symptom, which is 

summed by body region before then being multiplied by a 

weighting factor to account for the percent of affected body 

surface area within each body region (0, no area affected; 

up to 6 for >90 % area affected).The individual body 

region scores are then multiplied by another weighting 

factor reflecting their respective proportion of total body 

surface area (head 0.1; upper limbs 0.2; trunk 0.3; lower 

limbs 0.4). The sum of the resultant values for each of the 4 

body region provides the PASI. The PASI score can range 

from 0 (representing no psoriasis) to 72 (vast majority of 

body covered by severe psoriasis plaques). 

In review of assessment tools in randomized-controlled 

psoriasis trials published between 1977 and 2000 [9], of those 

trials including a clinical scoring system, 48.5 % (83/171) 

used the PASI. Although the PASI scoring system is the most 

popular endpoint in clinical trials for psoriasis to determine 

disease severity, it is rarely used in clinical practice due to the 

complex assessment and scoring required. Other limitations 

of the PASI include that it lacks sensitivity at the lower range 

of the scale (i.e., for assessing milder disease, especially with 

limited body surface area), with only the lower half of the 

scale used in practice (e.g., very severe psoriasis will score in 

the 40-50 PASI range, with scores of 50-72 on the PASI very 

rarely seen). PASI scoring is not linear, making it difficult to 

interpret, and inter-rater reliability can be low without thor- 

ough training of the raters [7, 10, 11]. 

While the PASI scoring system is standardized, there is no 

one standard PGA scale in use. PGA scales differ in the 

number of symptoms (‘items’) assessed, as well as the 

number of categories within each scale, and the description 

of each category. Most common is a ‘static’ PGA scale that 

refers to the disease at the current point in time; however, 

‘dynamic’ PGA scales are also used, which assess the change 

in disease severity from a reference point. The European 

Medicines Agency Committee for Medicinal Products for 

Human Use (CHMP) guidance on psoriasis issued in 2004 

gives an example of a static, single-item PGA scale that has 6 

categories (while noting that 7 category scales are also used, 

and that the wording for PGA scales varies). This example of 

a single-item PGA scales ranges from ‘clear’ (no signs of 

psoriasis [post-inflammatory hyperpigmentation may be 

present]) to ‘severe’ (very marked plaque elevation, scaling, 

and/or erythema). As this example shows, the category 

descriptors mention the three main symptoms (erythema, 

induration, scaling); all of which may or may not be present 

in varying degrees [3]. This variability can lead to differ- 

ences among raters in how to interpret and assign a single- 

item category when the symptom severities are not all 

aligned (e.g., such as in a situation with mild plaque eleva- 

tion, mild scaling yet with moderate erythema). 
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The PGA scale, unlike the PASI, does not take into 

account the amount of body surface area affected by pla- 

ques. Rather than considering a patient as split into four 

discrete body regions for disease grading, instead, some- 

what abstractly, the PGA considers the whole patient. The 

PGA is also a patient-centered response metric including 

categories for being ‘clear’ and ‘almost clear’ [8, 12]. The 

PGA categories are easy to interpret, and the entire range 

of the scale is used [6]. For the tofacitinib psoriasis 

development program, a three-item (erythema, induration 

and scaling) PGA was developed, with each item assessed 

according to a separate and item-specific five-category 

scale. Assessing three different items may provide better 

precision and reliability relative to a single item, since a 

multi-item scale is generally more precise and reliable than 

a single-item scale of the same concept [13], especially 

with a complex entity like psoriasis severity. Differing 

symptom severities for the three items can also be clearly 

reflected. The PGA score is the mean of the three separate 

item scores rounded to the nearest whole number (Fig. 1a). 

In this paper, we evaluated the psychometric properties 

of the three-item PGA, by analyzing its reliability and 

validity, using data from a Phase 2 study investigating 

tofacitinib monotherapy for the treatment of patients with 

moderate-to-severe chronic plaque psoriasis [14]. 

Methods 

Patients 

In this randomized, double-blind, parallel-group, placebo- 

controlled, multicenter study, tofacitinib was investigated 

for the treatment of adult patients with moderate-to-severe 

chronic plaque psoriasis. Full details of the trial have been 

described elsewhere [14]. Briefly, patients were random- 

ized to receive oral tofacitinib 2, 5, or 15 mg twice daily 

(BID) or placebo for 12 weeks (ClinicalTrials.gov ID: 

NCT00678210). This study was performed in compliance 

with the International Conference on Harmonization Good 

Clinical Practice Guidelines; all patients provided written 

informed consent, and institutional review boards or ethics 

committees approved the protocol before the study started. 

Psoriasis assessment 

Measures of psoriasis severity were evaluated throughout 

the study by the patient and by trained professionals. 

Where possible, the same evaluator assessed all efficacy 

endpoints for any individual patient throughout the study. 

Assessment for the following outcomes was collected at 

multiple times (as noted below) and, if applicable, at an 

early termination visit. 
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Fig. 1 a Physician’s Global (a) PGA 

Assessment (PGA). b Patient’s Erythema, induration and scaling are rated separately across all psoriatic lesions. Severity 

Global Assessment (PtGA) rating scores are summed and the average taken, with the average rounded to the nearest 

integer to determine the PGA score. 
  
ERYTHEMA (E) 

Determine erythema (averaged over the whole body) 

  

  
O10 = no evidence of erythema (post-inflammatory hyperpigmentation and/or hypopigmentation may be present) 
  

  

  

(111 = light pink 

02 = light red 

O3 = red 
  
04 = dark, deep red   
  
INDURATION (I) 

Determine induration (averaged over the whole body) 

  

  
10 = no evidence of plaque elevation 
  

(01 = barely palpable 
  

O 2 = slight but definite elevation, indistinct edge 
  

O13 = elevated with distinct edges 
  
04 = marked plaque elevation, hard/sharp borders 
  
  
SCALING (S) 

Determine scaling (averaged over the whole body) 

  

  
(10 = no evidence of scaling 
  

  

  

  

11 = occasional fine scale 

0 2 = fine scale predominates 

(13 = coarse scale predominates 

(4 = thick, coarse scale predominates 
  

Add E+1+S= 1! /3= 111) (Total Average) 

  
PHYSICIAN GLOBAL ASSESSMENT - based upon above Total Average 

O10 = Clear - cleared, except for any residual discoloration 

  

  
01 = Almost clear - majority of lesions have individual scores for E +1+S/3 that average 1 
  

0 2 = Mild - majority of lesions have individual scores for E+1+S/3 that average 2 
  

O13 = Moderate - majority of lesions have individual scores for E+1+S/3 that average 3 
  
(4 = Severe - majority of lesions have individual scores for E+1+S/3 that average 4       

Note: Total average is rounded to the nearest whole number score, eg if total =2.49, score = 2; if total =2.50, score = 3 

(b) PtGA 

Overall, how would you describe your psoriasis right now? 

Choose only ONE response. 

My psoriasis is: [] Severe 

O Moderate 

O Mild 

O Almost Clear 

Oo Clear (no psoriasis) 
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PGA 

The PGA scale ranged from 0, ‘Clear’ to 4, ‘Severe’ 

(Fig. 1a). PGA was assessed at Baseline and at Weeks 2, 4, 

6, 8, 12 (end of treatment), 14 and 16 (2- and 4-week 

follow up), and at early termination. Three items (ery- 

thema, induration, and scaling) were used to define the 

latent (or underlying) PGA construct of interest. Items were 

rated separately across all psoriatic lesions and scored from 

0 to 4 based on the appropriate morphologic descriptors. 

Severity rating scores for each item were summed and the 

average taken; the average was rounded to the nearest 

integer to determine the PGA score [3, 15]. The PGA 

reflects a global, overall patient consideration of the ery- 

thema, induration, and scaling due to psoriasis. 

Patient Global Assessment (PtGA) of psoriasis 

The five-point, patient-reported PtGA was a single-item 

question (Fig. 1b) that used the same category labels as the 

PGA (but without morphologic descriptors) and asked the 

patient to reflect their overall impression of their disease 

severity at the current time. The PtGA was completed at 

Baseline, Weeks 4, 8, 12, and 16, and early termination [3, 15]. 

PASI 

PASI quantitates the severity of a patient’s psoriasis based 

on both lesion severity and the percent of body surface area 

(BSA) affected. PASI is a composite scoring by the 

investigator of degree of erythema, induration, and scaling 

(each scored separately) for each of four body regions, with 

adjustment for the percent of BSA involved for each body 

region and for the proportion of the body region to the 

whole body [1]. PASI scores range from 0 to 72, and higher 

PASI scores represent increasing psoriasis severity. 

Assessments were scheduled at the same times as the PGA 

and also at screening. 

Pain/discomfort assessment (PDA) 

Pain or discomfort in the joints or back (or both) was 

assessed at Baseline, Weeks 4, 8, and 12, and at early 

termination with the patient-reported PDA, a 0 (‘No pain or 

discomfort’) to 10 (‘Worst possible pain or discomfort’) 

numeric rating scale. 

Ocular Comfort Index (OCT) 

The OCI [16] investigated if symptoms of dry eye were 

increased in psoriasis and if treatment with tofacitinib 

affected these symptoms. This 12-item questionnaire was 

available in English and completed at Baseline, Week 12, 
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and at early termination. Patients assessed the frequency and 

severity of the six most common dry eye symptoms over the 

last week, with each item measured on a seven-point Likert 

scale. The OCI was scored using a polytomous Rasch model, 

according to the developer’s instructions. The OCI score 

ranges from 0 to 100, with a higher score indicating more 

severe ocular discomfort. A change of 3-points or greater is 

considered to be clinically meaningful [17]. 

Psychometric analyses 

Confirmatory factor analysis with constrained path 

coefficients 

Confirmatory factor analysis (CFA) tested the fit of the PGA 

measurement model. To model the scoring algorithm, which 

assumed equal weight for every item to create an observed 

PGA score, we constrained all paths from the latent PGA 

construct to the observed items (the ‘loadings’ ) to be equal to 

each other (Fig. 2a). If the effect of the latent or underlying 

PGA construct on each item is equal, then each item is 

influenced equally by the PGA construct, and each item 

provides equal weight in creating a PGA score that estimates 

the PGA construct. Bentler’s Comparative Fit Index (CFI) 

[18] was used as a measure of fit. Acceptable fit was defined 

as follows: (a) CFI > 0.9; (b) statistically significant path 

coefficients; and (c) standardized path coefficients greater 

than or equal to 0.4 [19-21]. 

Confirmatory factor analysis without constrained path 

coefficients 

Constraints were relaxed by allowing loadings to be dif- 

ferent in order to test statistical equality of the loadings 

(Fig. 2b). This constituted a ‘just-identified model’ because 

the number of parameters to be estimated was exactly equal 

to the number of known data points (based on the number 

of variances and covariances in the model). Therefore, 

there was no test for goodness of fit, as a ‘just-identified 

model’ has perfect fit. A total of 10,000 bootstrap simu- 

lations were performed (at every time point) to obtain 95 % 

confidence intervals (CIs). To assess statistical inferences, 

we examined 95 % CIs for differences between loadings 

[19-21]. 

Test—retest reliability 

Instrument stability was assessed by administering the 

instrument to patients on at least two different occasions 

under a stable set of conditions. To assess PGA test-retest 

reliability, an intraclass correlation coefficient (ICC) was 

estimated based on the PGA data at Baseline and Week 2. 

A stable subgroup of patients was defined using PASI 
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Physician Global Assessment 

FA 

Physician Global Assessment 
FA   

Fig. 2 Model of the confirmatory factor analysis: (a) with path 

coefficients constrained to be equal (representing current PGA scoring 

algorithm), (b) without constraints. The variables V1, V2, and V3 

represent the three observed variables (items)—erythema, induration, 

and scaling—intended to measure the PGA (the latent variable F1). 

The variables e01, e02, and e03 represent the measurement errors 

associated with the variables V1, V2, and V3, respectively. The 

variable Ivfl represents the path coefficient from the latent PGA 
construct (variable F1) to the item 1 (variable V1). In model (a), the 

loadings are constrained to be equal for all three paths and are 

represented by the same variable /vf7. In model (b), loadings are free 
to vary, with /v/, lv2, and lv3 serving as path coefficients from the 

latent PGA construct to the items 1, 2, and 3, respectively. PGA 

Physician Global Assessment 

scores. Patients with unchanged PASI scores between 

Baseline and Week 2 were used to estimate the ICC. Such a 

constraint of no change was relaxed if necessary to obtain a 

large enough sample for the ICC model to converge. An 

ICC > 0.70 was considered satisfactory [22]. 

Internal consistency reliability 

Cronbach’s coefficient o« (CCo) and corrected item-to-total 

correlations (correlation of an item with the total score 

excluding that item) at every time point from Baseline to 

Week 16 were used to evaluate the extent to which the 

individual items of the PGA instrument were consistent 
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with each other. A CCa > 0.7 was considered acceptable 

[22]. 

Clinically important difference 

Clinically Important Difference (CID) for the PGA was 

defined by employing a repeated measures model to esti- 

mate the relationship between PGA and PtGA score. While 

a meaningful and suitable anchor measure can come from 

different sources (e.g., clinical measure, clinician-rated, 

patient-rated), use of PtGA as an anchor is desirable 

because it captures directly the patient’s experience on 

overall cutaneous disease. A linear relationship was 

imposed where PGA was the outcome and PtGA was a 

continuous predictor, serving as an anchor. This model 

incorporated all available data from Baseline and Weeks 4, 

8, and 12. 

The estimated CID was calculated as the mean differ- 

ence on the PGA for a one-category difference on the PtGA 

[with discrete categories ‘severe’, ‘moderate’, ‘mild’, 

‘almost clear’, ‘clear (no psoriasis)’]. Given that each 

category on the PtGA offers a clinically distinctive and 

meaningful response, which is inherently imbued by the 

names of the discrete categories on severity assessment, 

responses to different categories on the PtGA also warrant 

distinction and, by implication, provide a clinically 

important difference. The smallest clinically measurable 

difference is between a pair of adjacent categories taken to 

be clinically different by definition (although a smaller 

difference may also be clinically important but the scale, 

with its restricted number of categories, is not equipped to 

detect it). The mean difference in scores on the targeted 

PRO between adjacent categories on an anchor measure is 

a natural way to determine a CID (though not necessarily 

the minimal CID) on a PRO and has been recommended 

and applied in other applications [23-26]. 

A sensitivity analysis was also performed using PtGA as 

a categorical anchor, which does not impose any functional 

relationship between an outcome and an anchor. 

The standardized effect size (ES) was calculated as the 

same difference in mean changes divided by standard devi- 

ation of the PGA at baseline. A more negative effect size 

indicated a larger benefit from tofacitinib relative to placebo. 

The following interpretation has been given to the magnitude 

of an ES in absolute value: ‘trivial’ (IESI < 0.20), ‘small’ 

(0.2 < IESI < 0.50), ‘moderate’ (0.5 < IESI < 0.80), and 

‘large’ (IES| > 0.80) [27]. 

Known-group validity 

Known-group validity was assessed by employing a repeated 

measures model to assess the relationship between PGA and 

PASI. PGA score was used as the outcome and PASI score as 
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a categorical anchor (therefore no functional relationship 

was imposed). Seven categories were created—category 0 

(observations when patient PASI score was exactly 0) to 

category 6 (observations when patient PASI score was in the 

range from 40 to 72). This model utilized all available data 

from Baseline and Weeks 2, 4, 8, and 12. 

Convergent and divergent validity 

Convergent and divergent validity were assessed by 

determining the correlation of the PGA with the PtGA, 

PASI, PDA, and OCI. Evidence for convergent validity 

was based on a Pearson correlation of 0.40 or higher, 

consistent with a meaningful correlation [28]. Evidence for 

divergent validity was based on a Pearson correlation 

<0.30, consistent with a less-than-medium association 

[27]. Correlations between 0.30 and 0.40 were taken as 

insufficient evidence to dismiss either convergent or 

divergent validity. It was expected that the PGA would 

show convergent validity with the PtGA and PASI, and 

divergent validity with the PDA and OCI. 

Implementation 

All available data were used in all analyses. All statistical 

analyses were performed using SAS® version 9.2 (SAS® 

Institute Inc. 2008). 

Results 

A total of 197 patients with moderate-to-severe chronic 

plaque psoriasis were randomized to tofacitinib 2 mg BID 

(n = 49), 5 mg BID (n = 49), 15 mg BID (n = 49), or 

placebo (n = 50). PGA response rates were significantly 

higher for all tofacitinib groups at Week 12 compared with 

placebo [14]. 

Confirmatory factor analysis with constrained path 

coefficients 

Bentler’s CFI was more than 0.9, path coefficients were 

statistically significant, and standardized path coefficients 

were more than 0.4 for all time points during the study 

(Table 1), indicating that the specified model fitted the data. 

Confirmatory factor analysis without constrained path 

coefficients 

All standardized loadings at all time points exceeded 0.4, 

with the exception of the path to item 1 (erythema) at 

baseline, which had a standardized loading of almost 0.4 

(0.39). There were no significant differences between path 
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coefficients in the vast majority of the 21 comparisons 

(Table 2). There were two exceptions (bold in table): At 

Week 2, the path to erythema and the path to induration 

were Statistically different; and at Week 14, the path to 

erythema and path to scaling were statistically different. 

Test-tetest reliability 

Only 26 patients had Baseline and Week 2 PASI scores 

exactly equal to each other. Because of the small number of 

patients, the model did not converge; as a result, the ICC 

could not be estimated. Constraints on the difference 

between Baseline and Week 2 PASI scores were then 

relaxed from no change to changes <1 point, which pro- 

vided a subgroup of 50 patients resulting in an ICC for 

PGA of 0.8. When constraints on change in PASI score 

from Baseline to Week 2 were relaxed further to <2 and <3 

points, the ICCs were still at acceptable levels (0.75 and 

0.71, respectively). Constraints relaxed to <4 point dif- 

ferences supplied an ICC of 0.67. 

Internal consistency reliability 

At all time points from Week 2 onwards, the PGA scale had a 

CCoa value greater than 0.8 (Table 3). Corrected item-to- 

total correlations were high and consistent over time, with 

correlations generally larger than 0.7 after baseline. 

CID 

The CID for the PGA score (linked to one-category dif- 

ference on the PtGA) was estimated to be approximately 

0.52 [95 % Confidence Interval (CI): 0.47, 0.56]. Based on 

this result, it is recommended that the value of approxi- 

mately 0.5 (half of a PGA category) be used as the PGA 

CID. Results from the sensitivity analysis (PtGA as a cat- 

egorical anchor) produced an extremely close functional 

relationship to the results using PtGA as a continuous 

Table 1 Physician Global Assessment (PGA) confirmatory factor 

analysis with constrained path coefficients 
  

  

Time point Observations (N) CFI* Standardized path 
coefficient 

Baseline 197 0.91 0.56 

Week 2 191 0.97 0.73 

Week 4 189 1 0.79 

Week 8 169 1 0.89 

Week 12 154 1 0.83 

Week 14 145 1 0.88 

Week 16 144 1 0.88 
  
* Bentler’s comparative fit index (CFI) 
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Table 2 Physician Global 

  

  

Assessment (PGA) confirmatory Time point Difference between path coefficients 

factor analysis without Erythema versus Erythema versus Induration versus 
constrained path coefficients: Induration (95 % CI) Scaling (95 % Cl) Scaling (95 % CI) 
Differences between path 
coefficients loadings Baseline —0.180 —0.158 0.022 

(—0.504, 0.006) (—0.356, 0.007) (—0.233, 0.383) 

Week 2 —0.177 —0.123 0.054 

(—0.323, —0.039) (—0.255, 0.004) (—0.095, 0.202) 

Week 4 —0.065 —0.009 0.056 

(—0.186, 0.043) (—0.121, 0.105) (—0.062, 0.186) 

Week 8 —0.012 —0.014 —0.001 

(—0.117, 0.087) (—0.103, 0.079) (—0.099, 0.102) 

Week 12 —0.011 —0.070 —0.058 

(—0.124, 0.095) (—0.173, 0.034) (—0.155, 0.039) 

Bold text identifies significant Week 14 —0.012 — 0.096 —0.084 
differences between path (—0.112, 0.085) (—0.193, —0.004) (—0.178, 0.010) 

coefficients for 2 out of the 21 Week 16 0.002 —0.055 —0.057 
comparisons; CI confidence 

interval 
(—0.110, 0.108) (—0.164, 0.048) (—0.170, 0.055) 
  

Table 3 Physician Global Assessment (PGA) internal consistency 
reliability: Cronbach’s coefficient « and corrected item-to-total 

correlations 
  

  

  

Time Cronbach’ s Corrected item-to-total 

point coefficient o correlation* 

Erythema Induration Scaling 

Baseline 0.59 0.31 0.47 0.43 

Week 2 0.81 0.58 0.70 0.70 

Week 4 0.87 0.72 0.79 0.77 

Week 8 0.92 0.83 0.84 0.83 

Week 12 0.91 0.78 0.85 0.84 

Week 14 0.91 0.81 0.83 0.81 

Week 16 0.91 0.82 0.82 0.84 
  

* Corrected item-to-total correlations show correlation of an item 

with corrected total score of the scale (corrected total score is cal- 

culated as the sum of all other items in the scale, excluding the item of 

interest) 

anchor, thus supporting a linearity assumption for the 

relationship between PGA and PtGA (Fig. 3). Results of 

the longitudinal modeling for PGA with added interpreta- 

tions of the differences in terms of ES are detailed in 

Table 4. Tofacitinib 15, 5, and 2 mg BID have a large 

effect (relative to placebo) from Week 2, Week 4, and 

Week 8 onwards, respectively. 

Known-groups validity 

A robust monotonic functional relationship between PASI 

and PGA was observed (Fig. 4). All PGA score differences 

corresponding to a PASI score of 0 (patients without active 

disease) and PASI score greater than 0 (patients with active 

disease) were statistically different and clinically relevant 
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(differences in absolute value were greater than the CID 

value of 0.52) (Table 5). These results indicate evidence of 

known-group validity. 

Convergent and divergent validity 

Convergent validity on the PGA was evidenced by its rela- 

tively high correlation with the PASI. All correlations 

between PGA and PASI scores, and PGA and PtGA scores, 

were more than 0.5, except for the baseline observation 

(Table 6). The PDA and OCI scales provided evidence of 

divergent validity on the PGA. All correlations between PGA 

and PDA, and between PGA and OCI, were <0.2 (Table 6). 

Discussion 

Following the release of the European Medicines Agency 

Committee for Medicinal Products for Human Use 

(CHMP) guidance on psoriasis issued in 2004 [3], the 

clinical trial community did indeed follow the strong rec- 

ommendation to include both PGA and PASI endpoints to 

assess treatment efficacy. In spite of the popularity of the 

PGA as a primary/co-primary/secondary efficacy endpoint 

for psoriasis clinical trials, the validity and reliability of the 

PGA have remained contentious [5—7]. This is in part due 

to the lack of a standard version of the PGA: PGA scales 

vary in the number of categories, the descriptors for each 

category, and whether it is a static or dynamic scale. In this 

paper, we used Phase 2 study data to provide a robust 

validation of a current version of this tool. 

CFA tested the appropriateness of the PGA scoring 

algorithm with equal weighting of the three items. CFA 
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Fig. 3 Relationship between Physician Global Assessment score and 

Patient Global Assessment category. C/ confidence interval 

with path coefficients constrained to be the same value 

(representing the current PGA scoring algorithm) demon- 

strated excellent fit and provided statistically significant 

standardized path coefficients for all time points. CFA 

without constraints on path coefficients found no signifi- 

cant differences between path coefficients for a majority of 

comparisons. Thus, the modeling confirmed and validated 

the current PGA scoring algorithm with equal weighting 

for the erythema, induration, and scaling items. 

In evaluating the fit of the CFA model with constrained 

coefficients, we prospectively defined a good or acceptable 

fit as having Bentler’s CFI > 0.9, as well as statistically 

significant path coefficients and standardized path coeffi- 

cients greater than or equal to 0.4. Bentler’s CFI was 

chosen because, of the several fit indexes available, it is 

regarded as the best one and the most popular and rec- 

ommended index owing to its most favorable statistical 

properties [18-20]. Another recommended and well- 

behaved index is the non-normed fit index. When examined 

retrospectively, its values were essentially the same as 

those of the CFI. 

In assessing test-retest reliability, it is recommended 

that ICC values exceed 0.70 [22]. Using a subgroup of 

patients who demonstrated exactly zero change in PASI 

score from Baseline to Week 2, the PGA ICC was not 

estimated due to the limited number of patients available 

for the modeling. Constraints were then relaxed in that the 

‘no change in PASI score’ group was defined using 

increasing allowances of change in score (<1, <2, <3, and 

<4 points). Not until the group was permitted up to 4 

points of change in PASI score did the PGA ICC fall below 

the acceptable level of 0.7. This evidence supports the test— 

retest reliability of the PGA. 

Starting from Week 2, the PGA scale had excellent 

internal consistency reliability (CCa > 0.7 in all but one 

calculation), and corrected item-to-total correlations were 

Table 4 Physician Global Assessment (PGA) differences from placebo and corresponding effect sizes 
  

  

Week Tofacitinib dose Difference from placebo* Percentage Effect size? 
(mg BID) of CID (classification) 

Week 2 2 —0.24 48.0 —0.48 (small) 

—0.22 44.0 —0.44 (small) 

15 —0.44* 88.0 —0.89 (large) 

Week 4 —0.25 50.0 —0.50 (moderate) 

—0.46* 92.0 —0.93 (large) 

15 —0.73** 146.0 —1.47 (large) 

Week 8 —0.43* 86.0 —0.87 (large) 

—0.54* 108.0 —1.09 (large) 

15 —0.9** 180.0 —1.81 (large) 

Week 12 —0.55* 110.0 —1.11 (large) 

—0.58* 116.0 —1.17 (large) 

15 —1.26** 252.0 —2.54 (large) 
  

BID, twice daily; CID clinically important difference, SD standard deviation 

* p < 0.05; ** p < 0.0001, full analysis set 

* Difference in mean change from baseline between tofacitinib dose and placebo 

> Effect size (ES) was calculated as a ‘Difference from placebo’ divided by PGA SD at baseline (value of 0.50), where a more negative effect 

size indicated a larger benefit from tofacitinib relative to placebo; the following interpretation has been given to the magnitude of ES in absolute 
value: ‘trivial’ (IESI < 0.20), ‘small’ (0.2 < IESI < 0.50), ‘moderate’ (0.5 < IESI < 0.80), and ‘large’ (IES! > 0.80) [27] 
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Fig. 4 Relationship between PASI score and Physician Global 

Assessment score. C/ confidence interval, PASI Psoriasis Area and 

Severity Index 

Table 5 Known group validity of PGA: Mean differences in PGA 

scores (from Baseline and Weeks 2, 4, 8, and 12) between the 

observations where PASI = 0 (Category 0) and observations where 
PASI score > 0 as indicated 
  

  

Category definition Mean difference in PGA 95 % CI 
based on the PASI scores between group with , 

score PASI score = 0 and Lower Higher 

indicated PASI score group 

(Category 0) 
PASI = 0 

(Category 1) —1.03 —1.25 —2.98 
0 < PASI <5 

(Category 2) —1.54 —0.81 —2.52 

5 < PASI < 10 

(Category 3) —2.25 —-1.77 —3.38 
10 < PASI < 20 

(Category 4) —2.75 —1.32 —2.84 

20 < PASI < 30 

(Category 5) —3.11 —2.47 —3.76 
30 < PASI < 40 

(Category 6) —3.40 —2.04 —3.05 
40 < PASI < 72 
  

All p values were <0.0001 

PGA score was outcome, and PASI score was categorical anchor, 

with no functional relationship was imposed 

CI confidence interval, PAS/J Psoriasis Area and Severity Index, PGA 

Physician Global Assessment 

high and consistent over time. Relatively small CCa and 

corrected item-to-total correlations at baseline are most 

likely the result of the small dispersion of the data at 
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baseline due to the homogeneous pre-selection of the 

patients for the study, resulting in a restrictive range of 

scores. Because of the effect of treatment, there is a more 

diverse range of responses post-baseline, leading to higher 

correlations. 

The correlations between PGA scores and PASI score 

groups at all time points except baseline can be considered 

as evidence for convergent validity of the PGA. At base- 

line, with a correlation of 0.31, there is insufficient evi- 

dence to dismiss either convergent validity or divergent 

validity. All post-baseline correlations between PGA and 

PtGA score groups were more than 0.5, which also sup- 

ported convergent validity of the PGA. All correlations 

between PGA and PDA, and also between PGA and OCI, 

were <0.2 and can be considered as evidence of divergent 

validity on the PGA. Therefore, the PGA is correlating in 

ways that are expected—showing a high correlation with 

measures that are similar to it and a low correlation with 

measures that are dissimilar. 

Modeling demonstrated a robust monotonic functional 

relationship between PASI and PGA (Fig. 4). The model- 

ing capitalized on all available data simultaneously, in one 

cohesive and integrated model, by adjusting for the 

dependencies (or correlations) of the measures over time 

on the same set of individuals and, in doing so, provided an 

overall relationship between PGA and PASI that captured a 

consistent relationship across visits at baseline and weeks 

2, 4, 8, and 12. These results also indicate known-groups 

validity: All differences in mean PGA scores correspond- 

ing to a PASI score of 0 (representing patients without 

active disease) and PASI score greater than 0 (representing 

patients with active disease) were statistically different and 

clinically relevant (all those differences in absolute value 

were larger than the estimated CID value of 0.5). 

The CID for the PGA Score was estimated at 0.52 (95 % 

CI 0.47, 0.56), and, allowing for rounding error, a value of 

0.5 (half of a PGA category) is proposed to be used as the 

PGA CID. It should be noted that, in the assessment of an 

individual patient, it is not possible to measure anything 

less than a one-category difference on the PGA, due to the 

limitation and configuration of its scale (which generally 

applies to other rating scales as well). The CID, though, 

pertains to a group difference and not an individual dif- 

ference, making it suitable to evaluate a group effect. 

Relative to placebo, all tofacitinib doses had PGA score 

improvements that were close to or exceeded the CID. This 

indicates that patients on tofacitinib experienced both sta- 

tistically significant and clinically meaningful improve- 

ments in disease severity. It should be noted that an 

estimated CID is not necessarily a minimum CID, which is 

a more challenging and controversial area to pursue due to 

natural sampling variation, the type of anchor used and the 

time of assessment [24, 29]. If an estimated treatment 
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Table 6 Correlations to assess convergent validity and divergent validity 
  

  

  

  

  

  

Correlation Pearson correlation coefficients 

Prob > Irl under HO: Rho = 0 

Number of observations 

Baseline Week 2 Week 4 Week 8 Week 12 Week 14 Week 16 

PGA 0.31 0.54 0.67 0.74 0.79 0.75 0.74 

versus <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

PASI 197 192 188 169 154 145 144 

PGA 0.15 - 0.56 0.65 0.69 - 0.62 

versus 0.0358 <0.0001 <0.0001 <0.0001 <0.0001 

PtGA 197 187 170 153 138 

PGA —0.05 - 0.08 0.22 0.17 - - 

versus 0.4564 0.2990 0.0045 0.0315 

PDA 196 185 170 154 

PGA —0.21 - - - 0.02 - - 

versus 0.0042 0.8140 

OCI Score 183 140 
  

PASI Psoriasis Area and Severity Index, PDA Pain/Discomfort Assessment, PGA Physician Global Assessment, PtGA Patient Global Assess- 

ment, OCI Ocular Comfort Index 

effect (difference between groups) is not considerably less 

than an estimated CID, this does not imply that a mean- 

ingful CID has not occurred. 

One asset of this study is that the CID for PGA was 

estimated based on a patient-reported measure, specifically, 

a one-category change on the PtGA. Fundamental to the 

patient-centered measurement of a CID on a target measure 

of interest, be it a subjective measure (subjective-based 

PGA from the clinician) or objective measure (e.g., blood 

pressure), is that its anchor should come from the patient 

when possible, which was followed in this study. 

The PtGA asked the subject to evaluate the overall 

cutaneous disease at that point in time on a single-item 

five-point scale (severe, moderate, mild, almost clear, and 

clear). The PGA has the same set of response categories, 

assessed at the same point in time, as the PtGA. A patient- 

centered measure of important improvement is fundamen- 

tal to the concept of CID when CID is quantified longitu- 

dinally, as it is here. While the PtGA is not a measure of 

patient-rated change per se (it a measure of a patient-rated 

assessment at the time of assessment), the repeated mea- 

sures model employed regressed PGA (as the outcome or 

dependent variable for which a CID was to be estimated) 

on PtGA (as the anchor predictor) longitudinally. As such, 

by having repeated measurements over time on both PtGA 

and PGA scores for each subject, the longitudinal model 

incorporated and aligned patient-rated changes on the 

PtGA with physician-rated changes on the PGA. By 

relating mean changes on the PGA between adjacent cat- 

egories on the PtGA at each time and also across time, the 

a Springer 
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longitudinal model calculated a CID on PGA that captured 

all available information appropriately. In essence, this 

anchor-based approach to determine a CID integrates or 

blends cross-sectional differences and _ longitudinal 

changes. 

In general, a multi-item scale, with each item intended 

to measure a separate aspect of the same underlying con- 

struct, is more likely than a single-item measure to capture 

the richness and detail of complex constructs, such as the 

PGA of psoriasis severity. A multi-item scale is also more 

likely to benefit from increased precision, as random 

measurement of errors of different items cancel each other 

out [13]. Results of the analyses indicated that the three- 

item PGA scale has strong psychometric properties with 

clear evidence of being both reliable and valid, and that 

equal weighting of the three items (erythema, induration, 

scaling) is appropriate. Relative to single-item PGAs, this 

three-item scale is expected to be a more informative, 

accurate, and sensitive assessment of psoriasis severity. 

Although the PASI is widely used and has an established 

scoring system, this three-item PGA scale may prove to be 

of benefit due to its relative simplicity of interpretation and 

ease of use compared to the more complex and abstract 

PASI. The extent of the superiority of this PGA over sin- 

gle-item PGAs is a topic for future research. 
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