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Cutaneous T-cell lymphoma (CTCL) is a rare type of non-Hodgkin lymphoma of
the skin, where at later stages skin-homing malignant T-cells affect lymph nodes,
blood, and visceral organs. Even though early CTCL does not affect survival, it can
progress to more advanced stages of disease and have a significant effect on the
quality of life of patients. Although expectant management is a treatment
consideration in early disease stages, most patients cycle through different
skin-directed therapies throughout their lifetime. It can become a challenge to
manage the serious and accumulating risk of side effects of these therapies,
including various skin cancers and skin damage. Adverse effects from topical
therapies limit their long-term utility. Thus, there is an unmet need for well-
characterized therapies that have a rapid onset of action and minimal long-term/
cumulative side effect profile. Most recently, the results of a Phase 3 study of
topical HyBryte™ as a potential treatment for CTCL demonstrated its efficacy and
safety profile. This article summarizes what is known about HyBryte™, focuses on
its mechanism of action, and highlights its effectiveness, safety, and tolerability in
the context of other current FDA-approved topical therapies for CTCL.
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1 Introduction

Cutaneous T-cell lymphoma (CTCL) is listed as a rare cancer in the National
Organization for Rare Disorders (NORD): Rare Diseases Database (Munoz, 2013) and
has been recognized as a serious and orphan indication by the Federal Food and Drug
Administration (FDA), as shown by the awarding of Fast Track and Orphan designations
granted to several products for the treatment of CTCL, including HyBryte™. CTCL is an
incurable cancer that is slowly progressive and requires chronic maintenance therapies (Berg
et al.,, 2017). The skin develops red scaly patches and plaques that are created by infiltrating
skin-homing lymphocytes. Progression involves expansion of skin patches/plaques/
erythema, ulcerative nodules, and tumors, spread to the lymph nodes, the blood, and
rarely into other organs (Hristov et al., 2021).

Early-stage treatment mainly consists of skin-directed therapies to manage symptoms
and improve quality of life while limiting toxicity, as the disease itself does not limit survival
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in early stages (Kim et al., 1996). Treatment options in early-stage
disease most commonly include expectant management, topical/
intralesional ~ corticosteroids, phototherapy  (psoralen  plus
ultraviolet-A  (PUVA), narrow band ultraviolet-B (nbUVB),
topical nitrogen mustard, topical
localized radiotherapy and/or total skin electron beam therapy
(TSEB) (Trautinger et al., 2006; Prince et al., 2009). Despite the
effectiveness of these treatments, there is an unmet medical need as

imiquimod, bexarotene,

patients continually transition between various treatment modalities
to manage the serious and accumulating risks of side effects,
including various skin cancers and skin damage (Stern et al,
1979; Licata et al., 1995; Man et al., 2005; Black and Gavin, 2006;
Lindahl et al., 2013).

It is the side effect profiles of these agents that limit their long-
term utility (Vonderheid et al., 1989; Nijsten and Stern, 2003). All
therapies for CTCL are either approved as second-line therapies due
to their potential toxicities or are used off-label. None of them have
been characterized in randomized, placebo-controlled clinical trials.
Therefore, well-characterized therapies that have a rapid onset of
action and minimal long-term/cumulative side effect profile are
crucial to the treatment of CTCL. Most recently, the results of a
randomized, placebo-controlled clinical trial on the safety and
effectiveness of HyBryte™ (research name: SGX301) were
reported (Kim et al, 2022). HyBryte™ is a potential treatment
for CTCL with a mild to moderate side effect profile, with most
common side effects being transient and resolved with time, such as
skin erythema, pain, and pruritus. These results are exciting, as if
approved, it may provide patients with CTCL an additional skin
directed treatment that is safe to use over time. Thus, in this
manuscript, we aim to summarize the mechanism of action,
effectiveness, safety and tolerability of HyBryte™ in early-stage
CTCL and discuss the results of the Phase three FLASH
(Fluorescent Light and Hypericin Study) study in the context of
other treatments for early CTCL.

2 Use of HyBryte™

HyBryte™ is an ointment-based agent that is applied selectively
to patches and plaques of patients with CTCL and covered for
18-24 h, as it is activated by visible light. After this timeframe, the
patient receives phototherapy via a light device capable of producing
visible light with consistent wavelengths. Treatment is patient-
response directed, and dosing gradually increased over time as
tolerated by the patient. The Phase three FLASH study included
up to three 6-week treatment cycles for up to a total of 18 weeks of
treatment for 166 patients.

3 Mechanisms of action

The active ingredient in HyBryte™ is hypericin, a known
photosensitizer, which is synthetically produced for use as a 0.25%
ointment and stimulated with safe, visible light in the 500-650 nm
wavelength range. Several proteins and genes involved in cell growth,
apoptosis, necrosis, autophagy, angiogenesis, cell cycle arrest, and the
formation of cellular colonies contribute to its several antitumor effects
in many different cancers (Dong et al., 2021). Hypericin has a well-
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Light penetration of skin layers as a function of wavelength.

described affinity for tumor cells and in the context of CTCL, it is
absorbed by malignant T-cells, inducing apoptosis of these cells after
activation with white light and UVA (Chung et al., 1994; Fox et al., 1998;
Noell et al., 2011; Xu et al., 2019; Damke et al., 2020). Hypericin is taken
up by cells and appears to be transported to cytoplasmic organelles
including the endoplasmic reticulum, lysosomes, and mitochondria (Ali
and Olivo, 2002). Hypericin has been shown to exert anti-tumor effects
in the dark and after photoactivation (Blank et al, 2004). When
activated by visible light, hypericin releases its induced energy partly
by exciting cytoplasmic oxygen to its singlet state (Thomas et al., 1992)
and by producing superoxide radicals (Verebové et al, 2020). This
triggers apoptosis through the intrinsic mitochondrial pathway (Garg
etal, 2013; Garg and Agostinis, 2014), and not through a direct nuclear
interaction, and bypasses the extrinsic pathway that has been shown to
be inactivated in several cancers including CTCL (Durdn and Song,
1986; Johnson and Pardini, 1998; Blank et al., 2003; Chan et al., 2009;
Garg and Agostinis, 2014). Hypericin 0.25% ointment was not detected
in the blood after topical application, thus interactions with other drugs,
such as those known to be present for St. John’s Wort, should not be a
concern (JendzZelovskd et al., 2016; Kim et al., 2022).

There are several benefits to the use of visible light in
HyBryte™ photodynamic therapy. The use of red-yellow visible
wavelengths enables deeper penetration of the activating light
than UV light commonly used in phototherapy, potentially
allowing treatment of thicker and/or deeper lesions in CTCL
(Figure 1). Moreover, the use of visible light also reduces the
carcinogenic risk associated with UV light. Similar to what has
been reported for other types of cancers, even when not activated
by light, hypericin can also have antiproliferative effects (Fox et al.,
1998; Jendzelovska et al., 2016). However, these effects are
significantly stronger when activated by light (Fox et al., 1998).

4 Effectiveness of HyBryte™ in CTCL

In the large, randomized, placebo-controlled study of
HyBryte™ in CTCL (Figure 2), patients were randomized 2:
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TABLE 1 HyBryte™(topical synthetic hypericin activated with visible light) Response Rate by Subject (Kim et al., 2022).

Placebo response rate

Cycle 1 (%) Cycle 2

HyBryte™Response rate

Cycle 2 p-value vs. placebo in cycle 1

Overall Response 4.0 16.4% (p < 0.04)

Placebo + HyBryte™ 22.2% 0.04

HyBryte™ + HyBryte™40.0%

1 to receive 0.025% HyBryte™ ointment or a placebo-matched
ointment (Kim et al., 2022). All patients received visible light
treatments, starting at 5 J/cm? and gradually increased by 1 J/cm?
at each biweekly visit until light erythema was observed
(maximum light dose was 12]/cm?®). The ointment was
applied 18-24h prior to light therapy and ointment treated
lesions were kept covered (clothing or bandages) until the
light therapy was completed at the physician’s office. Twice a
week treatment in each cycle (up to 3 cycles) was undertaken for
6 weeks, and then the lesion scores were again assessed after a 2-
week rest period to allow the transient drug staining and transient
erythema to subside and light-induced erythema to fade. After
the initial 6 weeks, all placebo-randomized subjects were allowed
to cross-over to the HyBryte™ treatment arm and treatment for
both study arms was re-started at 5 J/cm®. Cycle 3 was optional
and for compassionate use. In Cycle 3, subjects were allowed to
treat all of their CTCL lesions, starting at the maximal light dose
tolerated in Cycle 2 with the ability to increase the dose by 1 J/cm®
until light erythema was observed or maximal light dose was
achieved. The primary objective was to evaluate response to
treatment after Cycle 1 (6 weeks of treatment). Treatment
response was defined as a 50% or more improvement in the
cumulative modified Composite Assessment of Index Lesion
Severity (mCAILS) score (Olsen et al., 2011), from baseline to
week 8. mCAILS is a composite scoring system that assesses
erythema, scaling, plaque elevation and surface area for
individual lesions (Kim et al., 2022). The second objective was
to evaluate the effect of a second cycle of treatment of lesions
previously treated with HyBryte™ in Cycle 1 and to further
expand on the data obtained in Cycle 1 for those who were
randomized to the placebo control arm of the study and crossed
over. Subjects randomized to both treatment arms were
comparable in terms of sex, age, race, tumor stage, disease
duration, and baseline mCAILS scores. While there was no
statistical difference among treatment groups based on prior
therapies received, patients that were naive to treatment as
well as those who had received multiple therapies were
enrolled. Most patients were Caucasian, had a mean age of
58-59 years old, and were either stage IA or IB (5 patients
were stage IIA in the HyBryte™ arm). A total of 166 evaluable
subjects were recruited across 39 treatment sites in the
United States.

There was a statistically significant difference in treatment
response rate between the HyBryte™ and placebo treated arms
over the first 6-week Cycle. This is notably different from other
topical treatments, that can take months to yield an effect (e.g.,
mechlorethamine) (Lessin et al., 2013). Moreover, as expected with
photodynamic therapy, the treatment response rate continued to
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increase over each of the succeeding treatment cycles, with 49% of
patients who elected to receive all 3 Cycles (18 weeks) of therapy
achieving a >50% reduction in the mCAILS score of their index
lesions (Table 1).

More generally, the average change in Cycle 1 in cumulative
mCAILS score was 24% across all subjects, meaning that subjects
had at least a 24% decrease in index lesion scores from baseline. This
further improved to a 37% decrease after Cycle 2, indicating again
continued patient response to treatment and correspondingly, a lack
of disease progression.

This meaningful rapid response profile was demonstrated in a
rigorously defined placebo-controlled setting, which is very rare in
the context of CTCL clinical trials. Results documented in this strict
study design allow patients and physicians to confidently recognize
treatment utility. Treating physicians may be able to more quickly
assess response to therapy and thereby fast-track treatment planning
and avoid long unsuccessful trials of various therapeutic modalities.
Shorter clinical follow up directly benefits patients, by alleviating
some of the anxiety from waiting for months or more to see a
response and may also improve their quality of life with a faster
response time. This can be supported by the higher rate of patients
who discontinued treatment in the placebo group in the Phase three
study of HyBryte™ in CTCL (Kim et al., 2022). Unfortunately, due
to the lack of rigor in assessing other treatment modalities,
comparative statements regarding the efficacy of other treatment
modalities is very difficult. Nevertheless, there is some clinical trial
data available for mechlorethamine and bexarotene gel.

No prior therapeutics have demonstrated efficacy with a similar
or better response rate (i.e., 16%) over such a short interval of time
(i.e., 6 weeks of treatment). Mechlorethamine gel (non-inferiority
trial between pharmacy prepared (i.e., compounded) and centrally
prepared formulations of mechlorethamine with a non-inferiority
margin of 25%) did not show responses until at least 8 weeks of
continuous treatment and took almost 13 weeks of continuous
treatment to reach a 16% response rate (Lessin et al, 2013).
Bexarotene gel also did not achieve 16% until at least day 60
(9 weeks of continuous treatment) (Heald et al., 2003). Even
when treating for months, physicians do not expect to see
maximal responses. Indeed, it has become standard practice to
treat patients with FDA-approved mechlorethamine, bexarotene
gel, phototherapy, or other therapies until disease progression or
side effects limit, rather than in a fixed schedule of time.

Another benefit of this study was the response rate evaluation in
Cycle 1, which represents a rigorously defined parameter in the
context of the clinical study design. Unlike other studies, the
timeline for response was measured from the first application of
study drug and light (5]J/cm?). The light dose was then gradually
increased (to a maximum of 12 J/cm?®), as dictated by the individual
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HPN-CTCL-01 study design (Kim et al,, 2022).

skin responses of the patient. Many patients did not achieve their
maximal response until midway through Cycle 1. Alternatively
measuring response rate from the first optimal dose of drug +
light, equivalent to the first application of mechlorethamine or
bexarotene gel, would consequently yield an even faster
assessment of onset of action.

5 Efficacy in thick/deep cutaneous
tissues

5.1 Folliculotropic mycosis fungoides

Folliculotropic MF (FMF) is a more aggressive form of MF with
malignant cells present deeper in the skin, surrounding hair follicles
(Mehta-Shah et al., 2020). The limited reach of skin-directed therapies
into deeper tissue frequently results in reduced effectiveness. Topical
HyBryte™
wavelength is known to penetrate significantly deeper than
ultraviolet light (as depicted in Figure 1). (Alexander-S et al., 2020)
Current recommendations from the National Comprehensive Cancer

s maximal absorption between 500 and 650 nm in

Network Guidelines for the treatment of FMF are to move to systemic
agents due to current lack of efficacy of available skin-directed therapies
(Mehta-Shah et al,, 2020). Although response in this subject population
may need further study, the absorption spectrum of HyBryte™ may be
beneficial to patients with deeper lesions such as in folliculotropic MF,
giving them a topical alternative to systemic therapy which can be more
costly and dangerous.

5.2 Efficacy in patch and plaque disease

Plaques are thicker lesions, and much like folliculotropic
MF, have been associated with a worse prognosis (Agar et al.,
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2010; Talpur et al, 2012). Furthermore, the thickness of
lesions is associated with a worsened response to skin
directed therapy, including with UV light therapy (Gokdemir
et al., 2006). In the Phase three study of HyBryte™, it was
found that therapy was as effective in thicker plaques as
in patches. Response rates for patch lesions were 18% and
25% for plaques after Cycle 1. Likewise, these rates went
up to 37% and 42%
respectively (Kim et al., 2022).

for patch and plaque disease,

5.3 Efficacy across race/other demographics

Another striking finding that may warrant further study is that
there were 4/27 (15%) Black patients and 3/84 (4%) Caucasian
patients that achieved a complete clinical response. This is an
advantage over some therapies that are less effective in those
with darker skin tones, such as UVB light phototherapy
(Nikolaou et al., 2018).

6 HyBryte™ is safe and well tolerated

The combination of targeted topical drug therapy with targeted
light therapy using visible red-yellow spectrum light yields a benign
safety profile. HyBryte™ is non-mutagenic and even when
administered intravenously) at much higher doses, does not
cause significant adverse events other than those related to
photoactivity (Gulick et al., 1999; Jacobson et al, 2001). Thus,
the compound itself is benign. This is in contrast to the
application of the standard therapies, e.g., topical nitrogen
mustard or oral psoralen, which are associated with mutagenesis
leading to melanoma and non-melanoma skin cancers (Vonderheid
etal., 1989; Nijsten and Stern, 2003). The use of visible (vs UV) light
significantly reduces the risk of skin damage and skin cancers.
Furthermore, lack of dependence on blue light spectrum
minimizes the potential for ocular damage caused by blue light
(Tosini et al, 2016). This is an advantage over other types of
phototherapy that induce photodamage and incidence of skin
cancers in at least 27% of patients with early-stage disease
(Querfeld et al., 2005).

Another that
preferentially absorbed by T-cells and even more specifically,

advantage is synthetic hypericin is
malignant T-cells (Penjweini et al., 2014). Most importantly,
even after up to 18 weeks (36 applications) of treatment, over
multiple body regions, no systemic absorption of hypericin was
observed in the blood (detection limit 5 ng/mL) after 18 weeks of
treatment. Hypericin also has less cutaneous adverse events
compared to other treatments. During the Phase three clinical
trial investigating the effectiveness and safety of HyBryte™, three
significant adverse events related to treatment were observed.
One patient opted to discontinue treatment in Cycle 1 due to
intense pain at the application site, another had to temporarily
halt treatment because of severe erythema, and the third
experiences application-site pain that eventually resolved
without any intervention. Overall, all patients who received
hypericin  treatment throughout the study had a
discontinuation rate due to AEs of 1.2% (Kim et al., 2022).
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In contrast, the clinical study with mechlorethamine gel
recorded a 22%
severe adverse events (AEs) with about two-thirds of dropouts

discontinuation rate due to moderate or

occurring within the first 90 days and temporary suspension of
treatment occurred in 34% of patients. Overall, 70% of
patients >65years of age in the mechlorethamine trial
experienced cutaneous AEs and 38% discontinued treatment.
Additionally, mechlorethamine treatment also created lifestyle
issues for patients since treated areas of skin cannot be in contact
with other people (Pharmaceuticals Helsinn, 2013). Similarly,
topical bexarotene also has increased risks. Severe treatment
related adverse events happened in 21% of patients on topical
bexarotene. Treatment limiting toxic effects for the 1%
formulation was found in 19% of patients. All treatment
related toxicities (with the exception of trigeminal neuralgia)
were at application sites associated with dermal irritation. Four
patients (6%) withdrew from the study due to a possible
treatment related adverse event (Breneman et al., 2002).

HyBryte™ has potentially fewer long term side effects than
other topical treatment modalities, such as topical
corticosteroids, which are commonly used in CTCL, but can
cause significant damage to the skin. Known side effects include
skin atrophy, striae, telangiectasias, and acne. Some patients may
also experience hypertrichosis, delayed wound healing, and
pigmentation changes. Moreover, some can also be
systemically absorbed when applied in large amounts (Hengge
et al., 2006). Systemic absorption has also been seen with topical
Imiquimod, causing increased risk of upper respiratory
infections, back pain, fatigue, fevers, headaches, and flu-like
symptoms in >1% of patients (Pharmaceuticals Taro, 2004). In
contrast, no HyBryte™ levels have been detected in the blood of
CTCL patients (Kim et al., 2022). In comparison to these side
effect profiles, HyBryte™ is safe and well tolerated.

Treatment decisions are driven not only by efficacy but also by
safety and tolerability. HyBryte™ has a distinct response profile
from other treatments used for CTCL, with an active ingredient that
is not mutagenic and a light source that is not carcinogenic allowing
for extensive treatment periods. This unique combination of efficacy
and safety also offers an alternative treatment for patients who may
be unable to access other treatments. For example, the use of
mechlorethamine can be limited for patients who have children
in their household and the use of UV light may be limited for
patients who have a history of other skin damage or skin cancer.
Ultimately, the low rate of AEs will further enhance treatment
compliance and hopefully provide a long-term treatment option

for patients with early stage CTCL.

7 Conclusion

In the designated patient population (patients with Stage IA, IB
or IIA CTCL), the results of the HyBryte™ Phase three FLASH
study, including both the rapid onset efficacy (16%, p = 0.04)
following 6 weeks of therapy, sustained efficacy (40% response
rate after 12 weeks of treatment, p < 0.0001), ability to address
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patient populations which otherwise have been resistant to
treatment (plaque lesions, folliculotropic MF, African-American
patients) and overall safety, make this a promising therapy for
the treatment of early stage CTCL.
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