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Abstract

Background—Studies support efficacy of ultraviolet A1 (UVAL) phototherapy, but little is
known about recurrence after successful UVAL treatment.

Objective—Determine the frequency of recurrent activity after UVA1 phototherapy and
variables associated with recurrence.

Methods—Case series and prospective cohort study of patients treated with UVAL phototherapy
with minimum 6 months follow-up. Demographics, clinical features, and cumulative UVA1 dose
were analyzed for association with recurrence.

Results—Of 37 patients, 46% (n=17) had recurrence of active morphea lesions after successful
UVAL phototherapy. Two-year and three-year (after the last UVAL phototherapy treatment)
recurrence rates were 44.5% (95% CI: 30.1% — 62.2%) and 48.4% (95% CI: 33.2% — 66.1%). The
only variable associated with recurrence was duration of morphea prior to UVAL (p-value=0.02,
HR=1.15, 95% Cl=(1.06-1.27)).

Limitations—Sample size limits conclusions.

Conclusion—With the exception of increased duration of morphea, risk of recurrence is no
different in adults and children, between morphea subtypes, skin type, and medium to high dose
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regimens. This indicates treatment doses in the medium-high UVAL range are adequate with
respect to frequency of recurrence.

INTRODUCTION

Morphea, also known as localized scleroderma, is an inflammatory skin disorder that affects
the dermis and sometimes subcutaneous tissues. Lesions are marked by inflammation and
excessive collagen and extracellular matrix deposition which may produce significant
morbidity, including functional and cosmetic impairment.1- 2

Recently, methotrexate with systemic corticosteroids has shown promise in the treatment of
morphea in both adult and pediatric patients.2=> In addition, methotrexate with or without
systemic steroids has been associated with long-term remission in disease activity.5-2
However, some patients are unable to tolerate immunosuppressives or have
contraindications to them. In these cases, phototherapy, especially UVAL phototherapy, is
an attractive therapeutic option.%-12

Several clinical studies support the use of UVA1 phototherapy in the treatment of
morphea.19-15 However, little is known about the frequency of recurrence of disease activity
after UVAL treatment or demographic and clinical variables associated with recurrence. The
Morphea in Adults and Children (MAC) cohort is a disease Registry with a UVA1
phototherapy center. Within the MAC cohort, all patients are examined and photographed
by one examiner with expertise in morphea, and treated with a standardized UVA1
treatment protocol allowing for the evaluation of UVA1 phototherapy and its long-term
efficacy. The aim of this study was to determine the frequency of recurrent morphea activity
after successful UVAL phototherapy and whether specific clinical and treatment variables
were associated with recurrence.

METHODS

Study Patients

Table I and Figure 1 provide details of patient eligibility for UVAL phototherapy in the
MAC cohort and identification of study patients. The MAC cohort is designed to examine
demographic, clinical, immunogenetic, and autoimmune features of adults and children with
morphea. The autoimmune features of the cohort were described elsewhere.18 For this study,
patients from the MAC cohort were included if they received a minimum of five UVA1
phototherapy treatments and had = 6 months of follow-up after completing UVA1
phototherapy. Only patients with linear, plaque, generalized, and mixed subtypes!’ of
morphea were treated with UV A1 phototherapy per the protocol of the MAC cohort.
Patients with eosinophilic fasciitis, morphea profunda, hemifacial atrophy, or scalp lesions
were not treated with UV AL phototherapy per the registry protocol and were therefore
excluded from the present study. Patients who were on systemic therapy upon entry into the
MAC cohort were also excluded from the present study. Topical treatments were allowed
throughout the study. Morphea subtypes were assigned by HJ and are defined by the criteria
of Zulian and Laxer.18 Of 252 patients enrolled in the MAC cohort between July 2007 and
October 2011, 62 patients received UVA1L phototherapy. Of the 62 patients who received
UVAL, 37 (60%) met inclusion criteria. The following data were collected for each patient:
demographics (age at enrollment, sex, and race), clinical features (age of onset, duration of
disease starting from date of diagnosis by dermatologist or rheumatologist, disease subtype,
and Fitzpatrick skin type), cumulative UVAL dose, number and duration of UVA1
treatments, and missed number of UVAL treatments using predetermined standardized case
report forms.
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Treatment protocol

Indications for UVA1 phototherapy in the MAC cohort are listed in Table I. Details of the
treatment protocol are provided in Table Il. Patients were treated with a Sellamed 24000
UVA-1 bed manufactured by Sellas Medizinische Gerate and imported by Daavlin. Output
is 5 J/cm2 per minute. The metal halide bulbs allow for the emission of UV light between
340-400 nm (UVAL wavelength) at very high output, making all doses of UVA1
phototherapy feasible.

Treatment response

Patients were assessed every 10-15 treatments, 4 weeks after discontinuation of treatment,
and every 2-4 months thereafter. After 1 year, patients who had no signs of active disease
were followed annually. All patients were evaluated by a single investigator (HJ). UVAL
treatment responders were defined as those with: no new lesions or extension of existing
lesions as documented by photography and complete resolution of signs of disease activity
for at least 10 UVAL treatments. UVAL treatment responders were divided into recurrent
activity and sustained inactivity groups. (Figure 1). The definitions of sustained inactivity
and recurrent activity were established at the study outset and determined by a single
investigator (HJ) (also see Fig. 1). Patients were categorized as sustained inactivity if they
did not have new lesions or extension of existing lesions (accomplished by comparing serial
patient photographs) and if they did not have signs of active disease (Table I) at the end of
their treatment course and for >1 month after completion of phototherapy. Recurrence was
defined as the development of a new lesion, extension of an existing lesion (using serial
photographs), or new signs of disease activity >1 month after completion of UVA1
phototherapy. If a patient developed a new lesion(s), extension of an existing lesion or new
signs of disease activity <1 month after discontinuation of phototherapy, they were defined
as a treatment failure and excluded from the analysis. At the inception of this study there
were no widely accepted and validated outcome measures to define sustained inactivity or
recurrent activity (although various measures of skin thickness had been reported).
Therefore, the parameters for this study were selected based on published criteria for clinical
morphea activity® 20 and sustained inactivity and recurrent activity morphea were defined
according to sustained resolution or recurrence of these features.

Statistical Analysis

Mean, standard deviation, median and range were calculated for continuous variables.
Categorical variables were described via frequency counts and percents. UVAL treatment
responders were divided into recurrent activity and sustained inactivity groups and were
compared with respect to baseline demographic, clinical, and disease characteristics using
univariate Cox proportional hazards regression and Wilcoxon rank-sum test. The recurrent
activity group was censored at the time of recurrent disease. Cox proportional hazard
assumption was checked using Schoenfeld residuals with SAS software, and no violation of
assumptions was observed with p-value>0.05. The Kaplan-Meier survival curve was used to
estimate the time to recurrence. All time to recurrence is reported as months after
discontinuation of therapy. Independent variables with p-values < 0.2 were entered as
candidate variables for a stepwise Cox proportional hazards regression. The stepwise Cox
proportional-hazards regression was used to identify significant independent factors
associated with the time to recurrence. P-values less than or equal to 0.05 were considered
significant. Statistical Analysis System software, version 9.2 (SAS Institute Inc, Cary, North
Carolina), was used for data analysis.
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RESULTS

Patient Characteristics

Characteristics of UVAL treatment responders are available in Table I11. Overall, there was
an initial response rate of 60% (n=37) and all responders were analyzed and included in the
following results. Median follow-up times were 37 (range 18.3-52.8) months and 10 (range
4.3-25.3) months after discontinuation of UVAL phototherapy for sustained inactivity and
recurrent activity patients, respectively (patients were censored at the time of recurrent
activity).

Variables Associated with Recurrence

The variables associated with recurrence are illustrated in Table Il and Figure 1 outlines
definitions of UVAL treatment responders. Of 37 UVAL treatment responders, 46% (n=17)
had recurrent activity. The demographic features and morphea subtype were not
significantly different between those with recurrent activity and sustained inactivity. Mean
cumulative UVAL doses (including mean number and duration of treatments) were no
different among recurrent activity and sustained inactivity morphea patients. With respect to
those with recurrent activity (n=17), mean duration of disease prior to UVAL therapy was
longer (5.2 years versus 1.2 years, p-value=0.002) than those with sustained inactivity.

Figure 2 shows the time to recurrent morphea activity for all UVA1 treatment responders
(n=37). Two-year and three-year recurrence rates were 44.5% (95% ClI: 30.1% - 62.2%) and
48.4% (95% ClI: 33.2% — 66.1%) after the last UVA1 phototherapy treatment. After 3-years,
recurrence rates remained near 50%. Cumulative UVA1 doses (equivalent to a range of 66—
115 J/cm? per session, which is in the medium to high dose UVAL1 range) were not
associated with the development of recurrent activity (p-value=0.56). Duration of morphea
prior to UVA1 phototherapy was associated with increased risk of recurrence and was
identified as a predictor of morphea recurrence [p-value=0.002, hazard ratio (HR) =1.15
95% CI (1.06-1.27)]. There was a 1.15 times higher chance of disease recurrence for an
increment of 1 year in duration of morphea prior to UVA1 treatment. Higher Fitzpatrick skin
type (111-V) was protective for risk of recurrent morphea activity [p-value=0.04, hazard ratio
(HR)=0.235 (0.054-1.035)]. Age at morphea onset (including adult versus pediatric onset)
and disease subtype did not increase the risk of recurrent morphea activity. Stepwise Cox
regression analysis showed that only duration of morphea was significantly associated with
the time to recurrent morphea activity.

DISCUSSION

In this study, we examined the frequency of recurrent morphea activity in patients who were
UVAL treatment responders in the MAC cohort. Forty-six percent (n=17) of UVA1
treatment responders had recurrent morphea activity after successful UVAL phototherapy
with two-year and three-year recurrence rates of 44.5% (95% CI: 30.1% — 62.2%) and
48.4% (95% ClI: 33.2% — 66.1%) after the last UVAL phototherapy treatment.

Our initial UVAL treatment response rate of 60% confirms prior reports indicating a
beneficial effect of UVAL phototherapy in morphea. Although our response rate was lower
than prior observations using similar UVAL regimens in which 100% response rates were
reported’®: 12. 13 and in comparison to immunosuppressive therapy?1-23 (81-100%
response), further conclusions are limited due to variation in outcome measures, duration of
follow-up, and definitions of therapeutic response between studies. Interestingly, the present
study is the first to suggest no difference between medium (60-90 J/cm2) and high dose
(>90 J/lem2) UVA1 with respect to likelihood of recurrence. This indicates that doses in the
medium dose UVAL range (40-70 J/cm?2) delivered over 40 treatments are adequate for
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most patients with respect to the likelihood of recurrent morphea activity, and may
theoretically decrease risk of short- (e.g. marked hyperpigmentation, erythema, pruritus) and
long-term adverse events (including photoaging and carcinogenesis). Further studies are
needed to determine whether initial response rates differ between medium and high dose
UVAL1 phototherapy.2!

Frequency of and time to recurrence of active morphea after completion of UVA1
phototherapy are largely unaddressed in the literature. Studies examining recurrence rates
after treatment with methotrexate and/or systemic steroids report recurrence 6—19 months
after discontinuation of therapy in 10-44% of patients.5-8: 22 Comparison between
recurrence in the present study versus reports of those treated with methotrexate is difficult
due to large variations in study methods and duration of follow up. However, with a
recurrence rate of 46%, our results indicate recurrence with UVAL phototherapy may be
more frequent than with methotrexate. In addition, the reported duration of treatment with
immunosuppressives often exceeds 12 months, while the mean treatment duration in this
study was 4 months.* 7+ 8 It is possible that the long duration of therapy with
immunosuppressives may suppress initial episodes of recurrence while patients treated with
UVAL phototherapy who received treatment of much shorter duration do not benefit from
this effect. Further, mean and/or median follow up duration in studies with
immunosuppressives were 25-58 months.5: 22: 23 Qur median follow-up duration (42
months) is longer than many studies which may account for the higher rate of recurrence in
this study. This raises the question of whether maintenance therapy might be of benefit in
UVAL phototherapy and whether this offers an acceptable safety profile.

We also examined demographic and clinical features associated with recurrent morphea
activity. Increased duration of disease prior to treatment was the only variable that
significantly increased the probability of recurrent morphea activity after UVAL
phototherapy and was identified as a risk for recurrent activity. These patients may represent
a subgroup of morphea patients with prolonged periods of disease activity over time (as our
group previously reported) or with difficult to treat morphea.: 24 Contrary to a study by
Mirsky et al 7 which investigated recurrence after treatment with methotrexate in pediatric
patients, we did not find an association with morphea subtype or older age of onset. Lack of
an association between risk of recurrence and other clinical factors (Table I11) implies
children and adults have no difference in risk of recurrent morphea activity. Similarly, other
clinical factors including disease subtype, Fitzpatrick skin type, and differences in number
and duration of UVAL treatment (in the medium to high dose range) did not alter risk for
recurrent morphea activity. This is similar to our group's prior report in which UVAL
phototherapy efficacy was similar across Fitzpatrick skin type.2°

There are several limitations to this study. Patients were exclusively treated with medium to
high dose UVA1 phototherapy (66-118 J/cm?2), so comparisons cannot be made with low-
dose UVAL (30-60 J/cm2). Although Fitzpatrick skin types I-111 were well-represented,
there were few patients with 1V-V, therefore conclusions regarding decreased risk of
recurrent activity in higher Fitzpatrick skin types implicated in this study are limited. This
may reflect a predisposition of the Caucasian population to morphea and was not the result
of exclusion of these patients from our study.28: 27 Recurrence may be over-estimated in this
cohort from a specialty center, which may represent more severe or recalcitrant morphea.
The majority of participants were >17 years of age which may limit generalizability to
pediatric population. Although the present study is the largest to date, the number of patients
with recurrent morphea activity was limited, therefore there are likely more variables
associated with recurrence than those we were able to detect.
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In summary, this prospective study from the MAC cohort examined recurrent morphea
activity after successful UVA1 phototherapy. Sixty percent of patients were UVA1L
treatment responders indicating that UV AL phototherapy remains an acceptable therapeutic
option for patients who are not candidates for systemic immunosuppressive therapy.
However, relatively high rates of recurrence after successful UVAL phototherapy suggest
studies examining the safety and efficacy of maintenance UV AL therapy are indicated.
Identification of longer disease duration prior to UVA1 therapy as a risk factor for recurrent
activity indicates these patients may benefit from frequent follow-up.
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252 enrolled patients with morphea
from the MAC cohort

179 Excluded:

* Did not receive UVA1;

* Received <5 UVA1 treatments;

73 patients had >5 UVA1 * On systemic therapy upon entry
treatments into MAC cohort

11 Excluded due to:
- < 6 months follow up after
enroliment in MAC cohort

62 patients > 5 UVA1 treatments
and > 6 months of follow up

25 Excluded due to:

- UVA1 Treatment Failure 2, n=13
- Insufficient data, n=11

- *Adverse event, n=1

UVA1 treatment responders
37 patients > 5 UVA1 treatments
and > 6 months of follow up after

enroliment in MAC cohort

Sustained inactivity ® Recurrent activity ©
n=20 n=17

Figure 1.

Identification of the 37 study patients. a) Treatment failure defined as need for addition of
another treatment (i.e. systemic treatment) due to development of new lesions, extension of
existing lesions, or persistent activity during UVAL phototherapy or within 1 month of
discontinuation. b) Sustained inactivity defined as no new lesions or extension of existing
lesions (using serial photographs) and no signs of active disease (see Table I) at the end of
their treatment course. ¢) Recurrent activity defined as the development of a new lesion,
extension of an existing lesion (using serial photographs), or new signs of disease activity >1
month after completion of UVAL phototherapy.

*1 patient developed in a skin cancer during ultraviolet Al phototherapy. Of note, the
patient had a history of prior NMSC but was treated with UVA1 phototherapy due to
morphea severity and contraindications to immunosuppressive making an association with
UVAL PT unlikely.
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Kaplan-Meier survival curve. Kaplan-Meier survival curve for the time to recurrence in 37
UVALl-treated morphea patients. All patients (n=37) remained in cohort through time points

listed.
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MAC Cohort Protocol for Eligibility of UVA1 Phototherapy”

Page 11

1. Diagnosis of Morphea :

- linear, plague, generalized, or mixed16

2. Presence of at least one active morphea lesion. Active morphea is defined as follows:
Active disease criteria
Presence of one of these features qualifies as active disease:

1. New lesion developed within preceding 3 months, documented by clinician
2. Extension of existing lesion within prior 3 months, documented by clinician
3. Erythema of moderate or marked level in lesion or an erythematous lesion border, + documented by clinician
4. Violaceous lesion or border color, documented by clinician

Presence of 2 or more of these features qualifies as active disease:
1. Patient or parent report of new lesion OR extension of existing lesion occurring within prior 3 months

a. This criteria ONLY allowed for new patients (i.e., first visit)

2. Lesion warmth
3. Mild erythema of lesion
4. Marked or moderate induration of lesion border
5. Worsening hair loss in scalp, eyebrow, or eyelashes; must be documented by clinician

6. Lesion biopsy showing active disease. Pathologist reading biopsy would specify if there was activity defined as presence of

inflammatory cell infiltrate.

*
This is not a proposed therapeutic guideline. This is current practice in the MAC cohort protocol and derived from a previous study.20
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Table Il
UVAL phototherapy protocol and dosing regimen

1. Patients should be treated 2—3 limes per week.

2. Treat whole body except for face and genitals.

3. Goggles should be worn at all times by the patient and the phototherapist.

4, For skin phototypes < Fitzpatrick 111. start at 40 J/cm?2. For skin phototypes > IV, start at 70 J/cm2.. Increase by 10-20 J/cm2 per treatment to
a maximum of 120 J/cm2. No need to apply emollient.

5. Maintain dose as long as no erythema occurs.
If sunburn erythema should occur:

 Mild to moderate- decrease dose by 10%. Once the patient tolerates the reduced dose without erythema, increase as tolerated per above
protocol.

« Severe- notify the PI who will evaluate the patient.

« If erythema is a repeated problem, notify physician. Erythema is unusual with UVAL light treatments. A recurrent problem warrants a
physician evaluation.

6. Assess after 10-15 treatments”
* Good response- maintain dose (no extension or new lesions and erythema and signs of disease activity improved

» Partial response — to maximal dose (120 J/cm?) per protocol, no new lesions, minimal extension of exisiting lesions, and/or persistent
erythema persistent/worsening erythema

* No response- worsening (new lesions or lesion extension, persistent/worsening erythema); stop UVAL phototherapy and consider
alternative therapy

7. Reassess after another 10-15 treatments (for a total of 20-30 treatments or 6 weeks of treatment)**

» Good response or maximal improvement (no new lesions or extension of existing lesions; complete resolution of erythema and signs of
activity, i.e. erythema) - stop UVAL

« Partial or no response- discontinue UVAL and consider alternative therapy

*
Patients are assessed by serial photography and by 1 investigator (HJ).

*%

Existing studies support satisfactory results with UVA1 delivered over 30-40 sessions. 10 12-13 s protocol is derived from existing
evidence for the use of UVAL in morphea.
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Table Il

Univariate analysis of patient and treatment variables on risk of recurrent morphea in UVAL treatment
responders

1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Patient Characteristics UVAL1 Responders (n=37)

Sustained inactivity(N=20) | Recurrent activity (N=17) | Hazard Ratio (95% CI) | p-value
Follow-up (month), Median (range) | 37.0 (18.3-52.8) 10.3 (4.3-25.3) -
Age of onset (year) Mean+SD 35.9+24.1 33.2+26.7 0.998(0.978-1.019) 0.87
Duration of disease (year) 1.2+1.4 5.2+8.6 1.154(1.062-1.268) 0.002
Cumulative UVA1 dose J/cm? 3781.2+1259.4 3622.6+1008.4 1.000(0.999-1.000) 0.56
Number of treatments Mean+SD 37.7£11.0 40.0+6.8 1.015(0.966-1.067) 0.56
Duration of treatment 20.1+10.2 18.5+10.3 0.980(0.929-1.034) 0.46
Frequency (%)
Sex 0.31
Male 7(35%) 3(18%)
Female 13(65%) 14(82%) 1.900(0.546-6.619)
Race 0.21
Caucasian 18(90%) 13(76%) -
Other 2(10%) 4(24%) 2.021(0.656-6.227)
Age at Enrollment 0.75
<17 7(35%) 6(35%) -
>17 13(65%) 11(65%) 1.173(0.433-3.177)
Subtype 0.28
Plaque 4(20%) 3(19%) -
Linear 10(50%) 4(25%) 0.740(0.165-3.307)
Generalized 6(30%) 7(44%) 1.891(0.487-7.349)
Mixed 0(0%) 2(13%) 2.803(0.463-16.97)
Skin Type 0.04
-1 11(55%) 15( 88%) -
n-v 9(45%) 2( 12%) 0.235(0.054-1.035)

*
The p-value is from two-sample t-test. All the other p-values and hazard ratios are from univariate Cox regression.
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