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Abstract

Background: Validated, reliable, globally-accepted outcome measurement instruments for
hidradenitis suppurativa (HS) are needed. Current tools to measure the physical signs domain
for HS rely on lesion counts that are time-consuming and unreliable.

Objectives: To assess the reliability and validity of the Hidradenitis Suppurativa Area and
Severity Index Revised (HASI-R) tool, a novel method for assessing HS severity, incorporating
signs of inflammation, and body surface area (BSA) involved.

Methods: The measurement properties of the HASI-R tool were evaluated. The tool was created
by combining the previously published HASI and Severity and Area Score for Hidradenitis
(SASH) instruments. Twenty raters evaluated 15 HS patients in a hospital-based ambulatory
dermatology clinic. The objectives of the study were to assess inter-rater and intra-rater reliability
of the HASI-R and its components, as well as its construct and known groups validity. Existing
lesion count-based clinician-reported measures of HS and their components were also assessed.
Raters were also asked their preferences regarding the various HS severity assessment tools.

Results: The HASI-R had moderate inter-rater reliability (ICC = 0.60). This was better than all
other HS physical sign outcome measures evaluated, which had poor inter-rater reliability (ICC <
0.5). HASI-R had the highest intra-rater reliability (ICC = 0.91). The HASI-R had good construct
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validity and demonstrated known groups validity. The HASI-R was also the most preferred tool by

all raters.

Conclusions: Results from the clinometric assessment of the HASI-R are encouraging, and
support continued evaluation of this clinician-reported outcome measure.

INTRODUCTION

Disease outcome measurement instruments that are valid, reliable, feasible and sensitive

to change are critical for evaluating severity of a disease, response of a disease to

therapy and comparing among existing and novel treatment options. Unfortunately, clinical
studies in hidradenitis suppurativa (HS) have used varying outcome measurements, making
comparisons between treatments and meta-analyses of current studies challenging. In a
2016 Cochrane review, 30 outcome measures were identified from twelve randomized
controlled trials that were included in the analysis.! Importantly, ninety percent of these
outcome measures lacked any validation data. Since then, there have been several validated
tools developed to measure the physical signs of HS including the validated disease
response endpoint Hidradenitis Suppurativa Clinical Response (HiSCR)?Z and International
Hidradenitis Suppurativa Severity Score System (IHS4)3. Validation of older tools, such as
the modified Sartorius scores and Hurley staging, have also been completed.*

HiSCR, developed for the PIONEER | and Il studies, was validated as part of the study
and is now the most popular tool for clinical outcome measurements for HS clinical trials.>
It was created as an end-point to evaluate response to treatment, but as it was created to
only measure change over time, it is unable to measure cross-sectional disease severity.
The IHS4, on the other hand, was created as a dynamic tool to measure severity as well

as response to treatment.3 The components of the IHS4 include number of inflammatory
nodules, abscesses and draining tunnels, each with predetermined weights. Hurley staging
is a commonly used classification system that is relatively time-efficient and easy to use;
however, it is not sensitive to changes in severity. Finally, the modified and original
Sartorius scores also involve counting various lesion types with predetermined weights,
measuring the longest distance between two relevant lesions within each anatomical region,
and determining whether each region is Hurley stage I11.78:

The first article to evaluate the reliability of multiple HS outcome measures found
disappointing results. 4 The intra-class correlation coefficients (ICC) for lesion counts
ranged from poor for abscesses (ICC = 0.07), to fair for inflammatory nodules (ICC =0.40),
to moderate for draining tunnels (ICC = 0.46).% The inter-rater reliability of the tools

based on lesion counts was also problematic, with the baseline HiSCR (also known as the
abscess nodule [AN] count) (ICC = 0.44) and IHS4 (ICC = 0.47) having only fair inter-rater
reliability. More recent studies demonstrated moderate (ICC = 0.69)° and high (ICC >
0.75)10 inter-rater reliability for the IHS4., The latter study showed that training improves
inter-rater reliability. The addition of ultrasound has also been shown to improve inter-rater
reliability, but it is not currently widely accessible amongst dermatologists.11

In 2018, a consensus document was developed for outcome assessments in HS clinical trials
and recommended assessment of lesion counts, involved anatomic locations, and surface
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area.1? This raises two issues for HS outcome measures: (1) the vast majority of the outcome
instruments rely on lesions counts and do not assess body surface area (BSA), and (2) lesion
counts have been shown to be problematic. Lesion counts are time-consuming and it can be
difficult to define and discriminate among types of lesions based on clinical exam.13

In an attempt to move away from the challenges of counting lesions and include an
assessment of anatomic location and BSA, the original Hidradenitis Suppurativa Activity
and Severity Index (HASI) and Severity and Area Score for Hidradenitis Suppurativa
(SASH) were created. The original HASI tool was a novel tool, based on the concept of the
Psoriasis Area and Severity Index (PASI), that incorporated the signs of HS inflammation
(erythema, thickness, drainage and tenderness) of various body locations with the estimated
involved BSA.1* The SASH was a similar tool created by a separate group, that included
inflammatory color change, induration, and amount of open skin surface with an estimate of
involved BSA.1® The SASH was developed from qualitative interviews and focus groups of
clinicians.1® Both tools’ preliminary data suggested good reliability with strong correlation
with existing measures, supporting their convergent construct validity. However, both tools
had limitations including lack of tunnel assessment and incorporation of constructs like
drainage and pain that are better reported by people with HS (i.e. patient-reported outcomes)
rather than clinicians.

Since these tools were created simultaneously with the same goal, these groups merged to
create a novel tool that addressed issues with the prior instruments, under the umbrella of
the international Hldradenitis SuppuraTiva cORe outcomes set International Collaboration
(HISTORIC) initiative.12 The HASI revised (HASI-R) measures inflammatory color change,
inflammatory induration, open skin surface, and extent of tunnels, in various body sites
using an estimation of involved BSA. The objective of this study was to evaluate the
inter-rater reliability, intra-rater reliability, convergent and known groups validity of the
updated HASI-R tool.

PATIENTS AND METHODS

This study was approved by the Penn State Health Milton S Hershey Medical Center ethics
board (IRB # STUDY00006806) as well as the Central IRB at Johns Hopkins (IRB #
IRB00118850). All participants provided informed written consent.

HASI Revision

The HASI revision was guided by data collected by the two groups who created the original
HASI and SASH. This included semi-structured HS patient interviews, a review of the
literature on severity assessment tools, the consensus on core outcome set domains for

HS clinical trials4 and suggestions from the US Food and Drug Administration (FDA).
Discussion with regulatory authorities suggested a measure of extent of tunnels should be
included as tunnels are a unique and core component of the HS disease process. Two main
components are incorporated into the HASI-R, site-specific scores of disease severity and a
BSA ordinal score for each involved anatomical region.
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The HASI-R tool (Figure S1) includes four domains to assess the severity of HS disease
activity including, inflammatory color change, inflammatory induration, open skin surface
and extent of tunnels. Each of these variables is scored on a Likert scale from 0 to 3

(0 = none; 1 = limited/mild, 2 = moderate, 3 = severe/extensive) based on the average
intensity for each body site. The term inflammatory color change refers to the pink to

red spectrum of erythema in HS lesions, as well as the violaceous to purple spectrum,
especially prominent in skin of color. The inflammatory induration domain refers to the
inflammatory component of skin thickness. Open skin surface was defined as erosions,
ulcerations or protuberant granulation-like tissue. As counting tunnels has been shown to
have poor inter-rater reliability, the instrument was designed to measure the extent of tunnels
on a Likert scale of 0-3. The maximum intensity score for each body site is 12 (maximum
score of 3, across 4 components).

The HASI-R assesses HS activity at ten body sites including: head/neck, left axilla, right
axilla, chest, abdomen, back, buttocks including intergluteal cleft, right thigh, left thigh,

and pubic area/genitals. Extent of HS is assessed using BSA for each body site. Raters

were asked to only score active disease, identified using the clinical signs of inflammation,
including erythema and induration, as well as patient-reported symptoms of pain or
drainage. Then, raters estimated BSA using the entire hand area (palm plus fingers), as

the closest representation of 1% BSA in adults.16:17 Raters could provide BSA estimates

to a tenth of a percentage point (e.g. 1.2%), using the assumption that the forefinger is
approximately 0.1% BSA. The BSA score for each HS-specific site is calculated as the
proportion of the site involved by HS. For example, if the left axilla had 1.5% BSA involved
and the maximum allowed is 2% BSA, then the calculation is: 1.5% / 2.0% = 0.75. Next the
proportion is multiplied by 100% (e.g. 0.75 x 100% = 75%) and converted to a 0-6 ordinal
scale, based on the psoriasis lattice system assessment (0 points = 0 BSA, 1 point =1-3%,

2 points = 4-9%, 3 points= 10-20%, 4 points= 21-29%, 5 points= 30-50%, 6 points=
>51%).18 These calculations were not performed by raters at the bedside, rather calculations
were performed after the session, inputting raters’ scores from paper evaluation forms.

To calculate HASI-R, the site-specific score is calculated by multiplying the BSA ordinal
score by the sum of the four intensity scores. The maximum score for each body site is 72.
Similar to the original SASH, no weighting was done for various sized regions.}®> HASI-R
score is the total for all body sites and can range from 0 to 720, with higher scores indicating
more severe disease activity.

Assessment of the Measurement Properties

The HASI-R was evaluated in a multi-rater study to investigate inter-rater and intra-rater
reliability and construct validity (convergent/divergent). In addition, known groups validity
was also examined, in which the HASI-R scores were compared with mild, moderate and
severe IHS4 scores. Participants with a broad range of HS severity and affected body sites
were recruited and consented. For this early evaluation, only those patients with Fitzpatrick
skin types I-1V were included. This study was conducted on a single day in March 2019.
All clinicians completed a 90 minute training session, which included a section on the
background and purpose of the study, a slide on HS terminology (e.g. nodule, abscess,
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tunnel)1419, and slides on each of the HS severity tools used in the study, including the
HASI-R, Hurley staging, and modified and original Sartorius scores. Ten picture sample
cases were then reviewed for practice with the group, and the modified Sartorius, Hurley
staging, and HASI-R were calculated for each case. Convergent construct validity for the
HASI-R was assessed based on correlation with Hurley staging, modified and original
Sartorius, AN count and IHS4. Every rater was randomized to score a patient a second time
at the end of the session, to evaluate intra-rater reliability. Patients completed demographic
questions and the Dermatology Life Quality Index (DLQI).20 Divergent construct validity
was assessed based on comparison of the HASI-R with the reverse-scored DLQI. Known
group validity was determined across IHS4 severity groups.

After the session, raters were asked to rank the clinician-reported HS measures based on:
(1) perceived ability to interpret the tool components/items (2) perceived ability to capture
lesion severity; (3) perceived ability to capture HS extent; (4) perceived ability to capture
meaningful change in HS during a clinical trial; and (5) preferred measure to use in a
clinical trial.

Statistical Methods

The numbers of raters and HS participants were chosen to have an 80% power to detect

the primary outcome of an ICC for inter-rater reliability based on a null hypothesis of

an ICC of 0.5 and an alternative hypothesis of an ICC of 0.8 using an F-test with a
significance level of 0.05. Descriptive statistics, including counts, means and standard
deviations (SD), were calculated for the demographic data and survey responses. Inter-rater
reliability was determined for each of the classification instruments and physical signs
outcome measures as well as the individual components of the HASI and lesion types.

An ICC > 0.9 was considered excellent, 0.76-0.89 high, 0.5-0.75 moderate, and less than
0.5 was considered poor reliabilty.2! The percent agreement for categorical ratings was
calculated as the percentage of patients for which all the raters agreed. The agreement for
continuous measures was calculated by taking the mean score for each patient (x-axis)

and the differences from the mean score for each patient (y-axis) and calculating the 95%
limits of agreement, defined as £1.96x SD around the mean score. To evaluate construct
validity, partial Spearman’s correlation coefficients were calculated between HASI-R and
other outcome measures, adjusting for multiple provider scores. A correlation coefficient

> 0.8 or < -0.8 was considered strongly associated, between +/-0.5 and +/-0.79 was
considered moderately associated, between +/-0.20 and +/-0.49 was considered weakly
associated, and between 0.00 and +/- 0.19, was considered not associated.22 Known-groups
validity was based on an analysis of covariance (ANCOVA) for IHS4 known groups with the
HASI-R score as the dependent variable. Data were collected on paper forms and entered
into REDCap (Research Electronic Data Capture, a secure, web-based application designed
to support data capture for research studies) by two study team members and double checked
for accuracy. Statistical analysis was performed using SAS statistical software (SAS Institute
Inc., Cary, NC, U.S.A.). Missing data was assumed to be random, and no data imputation
was performed.
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Demographics

Reliability

The 20 raters consisted of primarily dermatologists (90%), from four countries (United
States, Canada, Denmark, and Wales), with experience ranging from less than one year in
practice (35%) to more than 20 years (25%) (Table 1). One rater was an advanced practice
clinician and one was a general surgeon. Both had extensive experience in caring for patients
with HS. HS participants were primarily white (80%), female (80%) of non-Hispanic/
latino(a) ethnicity (80%). Our HS participants had a broad range in severity, including all
Hurley stages (Table 1).

The HASI-R had moderate inter-rater reliability (ICC = 0.6), which was the highest value
among the outcome measures, aside from the Hurley classification at the axilla (Table 2).
Other outcome measures including the original and modified Sartorius score, IHS4, and AN
count had poor inter-rater reliability, ranging from an ICC of 0.20 to 0.43. The HASI-R had
excellent intra-rater reliability (ICC=0.91), the highest of all outcome measures evaluated
(Table 2). Hurley staging, modified and original Sartorius scores, and IHS4 scores had high
intra-rater reliability, while the AN count had only moderate intra-rater reliability.

The observed percentage of agreement for the classification/staging systems was very low,
ranging from 0-20% (Table 2). The limits of agreement ranged from +/-18.76 for the AN
count to +/- 137.0 for the modified Sartorius, indicating the impact of random variation

on scores. If there was no random variation, then the differences between the raters’
observations would be near zero. Similarly, the minimal detectable change (MDC), a statistic
that takes into account the interrater reliability and describes the change in score that is not
due to measurement error, varied from 27.25 for the AN count to 200.71 for the modified
Sartorius.

Convergent, divergent and known groups validity

The convergent validity of the HASI-R with other clinician-reported measures was good
with correlations ranging from 0.51 to 0.81 (Table 3). Divergent validity, assessed by
correlation with the reverse-scored DLQI, showed a weak, non-significant correlation.
Known groups validity demonstrated a statistically significant difference between the mean
HASI-R scores across each of the IHS4 severity groups (mild, moderate and severe) (Figure
1).

Rater feedback

Raters ranked the HASI as the highest for ease of interpreting components, ability to capture
HS extent and lesion severity, as well as ability to capture meaningful change. The HASI
was the preferred tool for clinical trials by all raters. Hurley staging was the second highest
ranked for ease of interpreting components, though all raters felt it was the poorest for
ability to capture meaningful change (Table 4).
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DISCUSSION

The HASI-R was developed as a novel method of measuring HS severity to avoid

issues related to lesions counts, including the time-consuming nature and poor inter-rater
reliability. This instrument measures BSA involved at various anatomic locations, important
variables currently missing from HS clinical trials. Using data from the original reports of
the original HASI and SASH, these two tools were merged into the current HASI-R tool.

The inter-rater reliability for the HASI-R in the current study was moderate, but higher than
lesion count-based measures. All outcomes measures evaluated in this study had wide limits
of agreement, which was also seen in the recent study by Thorlacius et al.}4 This is also
reflected in the large MDC values. This suggests that considerable score changes are needed
to assure real change rather than measurement error. Using outcome measures in clinical
trials with lower interrater reliability, increases the risk for erroneous results and requires
larger sample sizes to appropriately power studies.

The HASI-R was the only tool that demonstrated excellent intra-rater reliability. All the
other tools had high intra-rater reliability, except for the AN count, which only had
moderate intra-rater reliability. Since all the evaluations took place on a single day, the
intra-rater reliability could have been over-estimated for all clinician-reported outcome
measures evaluated. The HASI-R also demonstrated convergent construct validity based

on the strong, statistically significant correlation with IHS4. The weak and statistically
non-significant, correlation of the reverse-scored DLQI with the HASI-R is consistent with
other HS clinician-reported outcomes in the literature, ranging from correlation coefficients
of 0.27 with HiSCR to 0.48 with the modified Sartorius.! While, the HASI-R demonstrated
known groups validity based on the significant differences in mean HASI-R scores among
the established IHS4 severity groups (mild, moderate, severe), the sample size in the current
study was too small to determine cut-off values for HASI severity groups.

The major limitations of this study were the lack of feasibility data, inability to assess
HASI-R’s responsiveness over time, as well as limited involvement of various Fitzpatrick
skin types. Assessment of feasibility in clinical trials and reproducibility in broader groups
of raters and people with HS, including skin of color, is needed. The responsiveness of the
HASI-R will be established through prospective trials. In this setting, the minimal clinical
difference and cut-off values for severity groups will be established.

Overall, this study demonstrates the challenges of clinically evaluating HS by counting
lesions, which have also been highlighted by others.4914.15 The HASI-R’s relatively higher
inter-rater reliability, intra-rater reliability, construct validity, and rater preference suggest
the HASI-R is a valid, reliable outcome measure for severity assessment in HS that may
add value to count-based measures. Additionally, the core outcome set for HS trials calls for
an assessment of BSA, in addition to lesion counts. Thus, the HASI-R provides a validated
tool to assess this aspect. High-quality outcome measures for HS are needed urgently, as
lower reliability, higher limits of agreement, and high MDCs of instruments, increase the
likelihood that a treatment effect will be obscured (false negative).23 This could result in
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discarding promising therapies due to failure to detect actual differences in the disease after
treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s already known about this topic?

. Reliability of physician-reported outcome measures for hidradenitis
suppurativa (HS), comprised of counting lesions, have come under scrutiny

. Current physician-reported outcome measures lack assessment of body
surface area (BSA)

. The original Hidradenitis suppurativa Area and Severity Instrument (HASI)
and Severity and Area Score for Hidradenitis (SASH) are two HS
severity assessment instruments combining signs of inflammation with BSA,
dispensing of traditional lesion counts

What does this study add?

. The two groups that created the HASI and SASH merged the two instruments
into a single tool called the Hidradenitis suppurativa Area and Severity
Instrument Revised (HASI-R)

. Clinometric assessment of the HASI-R was completed, including inter-rater
reliability, intra-rater reliability, convergent/divergent validity and known
groups validity

. Results from the clinometric assessment are encouraging and support
continued validation of the HASI-R
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Figure 1.

Known groups validity of HASI-R across IHS4 score groups
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Table 1.

Demographics of Raters and Participants with HS

Raters
Sex, n (%)
Male 8 (40%)
Female 12 (60%)
Provider Type, n (%)
Dermatology MD 18 (90%)
Surgery MD 1 (5%)
APP 1 (5%)
Country of Practice, n (%)
United States 15 (75%)
Canada 3 (15%)
Wales 1 (5%)
Denmark 1 (5%)
Years in Practice. n (%)
Still in training 0
Less than 1 year 2 (10%)
1-5 years 7 (35%)
6-10 years 4 (20%)
11-20 years 2 (10%)
>20 years 5 (25%)
Participants with HS
Sex, n
Male 3 (20%)
Female 12 (80%)
Race, n (%)
White 12 (80%)
Black/African-American 3 (20%)
Ethnicity, n (%)
Not Hispanic or Latino(a) 12 (80%)
Hispanic or Latino(a) 1 (7%)
Missing 2 (13%)
Education, n
Some High School 3 (20%)
High School Graduate 1 (7%)
Trade/ Technological/ Vocational | 1 (7%)
Some College/ Associates 6 (40%)
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Raters
Undergraduate/Bachelor’s 2 (13%)
Graduate 2 (13%)
Tobacco, n (%)
Never Smoked 7 (47%)
Former Smoker 5 (33%)
Current Smoker 3 (20%)
BMI, mean (SD) 38.27 (8.11)

Abbreviations. AP, Advanced Practice Provider, BMI, body mass index; SD, standard deviation
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Convergent/Divergent validity of HASI-R with other physical sign outcome measures

Table 3.

Measures

HASI correlation coefficient (95CI)*

Convergent Validity

IHS4

0.81 (0.77-0.85)

Hurley stage

0.79 (0.74-0.83)

Sartorius, modified

0.73 (0.67-0.78)

Sartorius, original

0.69 (0.62-0.74)

HiSCR baseline (AN count)

051 (0.41-0.59)

Divergent Validity

DLOQI (reverse-scored)

-0.45 (-0.78-0.08)

*
Partial Spearman correlation coefficient adjusts for different providers
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Table 4.

Median (IQR) rank of measures from rater post-session surveys

Please rank the tools (1_5)* based on: HASI-R | Hurley stage | Original Sartorius | Modified Sartorius IHS4
Ease of interpreting components 1.00[1,2] | 1.00[1,2] 5.00 [5,5] 4.00 [4,4] 3.00[2,3]
Ability to capture HS extent 1.00[1,1] | 5.00 [4,5] 3.50 [2,5] 3.00[3,4] 3.00[2,3]
Ability to capture severity of HS lesions 1.00[1,1] | 5.00 [4,5] 3.00 [3,4] 3.00[2,3] 3.00 [2,4]
Ability to capture meaningful change in HS | 1.00 [1,1] | 5.00 [5,5] 3.00 [2,4] 3.00[2,3] 3.00 [2,4]
Your preferred tool 1.00[1,1] | 5.00 [4,5] 4.00 [4,5] 3.00 [3,4] 2.00[2,2]

*
A score of 1 is most favorable and 5 is least favorable

Page 17

Abbreviations. AN, abscess/nodule; HASI-R, Hidradenitis suppurativa Activity Index, Revised; IHS4, International HS Severity Scoring System;

IQR, Interquartile range.
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