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CASE REPORT

Severe type of erythema multiforme (EM major) due to administra-
tion of Anti-PD-1 antibody drug
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ABSTRACT

Immune checkpoint inhibitors can sometimes cause unexpected skin side effects. Special attention should be paid

to a severe form of erythema multiforme (EM), toxic epidermal necrolysis and Stevens-Johnson syndrome. We experi-

enced a patient who took 10 weeks from drug discontinuation to the onset of EM major.

Keywords: Immune Checkpoint Inhibitors; Immune-related Adverse Events; Erythema Multiforme; Erythema Multi-

forme Major
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1. Introduction

Immune checkpoint inhibitors (ICI) have radically changed the
treatment of several cancers'’. Of note, in addition to an increased an-
ti-tumor immunity, the mechanism of action of ICIs reveals a new tox-
icity profile called immune-related adverse events (irAEs)**!. All or-
gans can be affected by these new toxicities, although the more fre-
frequently affected organs include the skin, digestive, and endocrine

B34 The majority of toxicities caused by ICIs are low in sever-

or- gans
ity, but some are more serious and require multidisciplinary manage-
ment of side effects”. In the case of skin, a severe form of erythema
multiforme, toxic epidermal necrolysis and Stevens-Johnson syndrome
are very serious, and diagnosis and treatment are frequently difficult.
Recently we encountered a case with a severe type of erythema multi-
forme (EM major) due to administration of anti-PD-1 antibody drug,

who showed a unique clinical course. Herein this case is reported.

2. Case presentation

Two years before the first visit to our department, an 80-year-old
Japanese man had been aware of fatigue and shortness of breath during
exertion, and visited the department of respiratory medicine in Ta-
katsuki Red Cross Hospital, Osaka, Japan. His past history included
chronic obstructive pulmonary diseases and type Il diabetes. Upon
closer examination, he was diagnosed as lung adenocarcinoma stage
IV (multiple metastases in lymph nodes, multiple rib and iliac). Chem-
otherapy with carboplatin and pemetrexed was started, and one year
before the first visit, the improvement of lung, multiple lymph nodes,
and multiple rib/iliac metastases was observed, but renal function was
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deteriorated, so the procedure was completed in 5
courses. Six months later, metastasis progressed,
and an anti-PD-1 antibody drug (pembrolizumab)
was administered. Pembrolizumab was discontin-
ued after 6 courses due to drug-induced lung disor-
der. The administration of pembrolizumab was dis-
continued and the patient was followed up, but 10
weeks after the discontinuation of the administra-
tion, erythematous lesions with pruritus appeared
on the face and neck. Topical corticosteroids were
used, but the skin lesions spread throughout the bo-
dy 2 days later, and he was refered to our depart-
ment for detailed examination and treatment.

At the first visit, body temperature was 37°C
and there was no hyperemia in the bulbar conjunc-
tiva. He had erosive lesions on lips. Coin-sized er-
ythema was scattered on the face, auricle, and neck
(Figure 1). The back of the abdomen and limbs
were scattered with coin-sized erythema with the
infiltration, and some of them tended to heal. Fused
atypical erythematous lesions were seen throughout
the body (Figure 2).

3
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Figure 1. The patient had erosive lesions on lips, and coin-
sized erythema was scattered on the face, auricle, and neck.
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Figure 2. Coin-sized erythematous lesions with the infiltration
and fused atypical lesions were seen throughout the body.

Blood test findings at the first visit. No increa-
se in eosinophils or liver enzymes was observed.
Considering the possibility of bullous pemphigoid
and pemphigus vulgaris, anti-desmoglein antibodies
and anti-BP180 antibody were measured, but they
were within the standard values.

A skin biopsy, it was obtained from the abdo-
minal lesion. There are vacuolar degeneration and
individual cell necrosis at the epidermal-dermis jun-
ction. Infiltration of inflammatory cells (mainly ly-
mphocytes) around the superficial blood vessels of
the dermis (Figure 3).

Figure 3. Patoﬂ)gical findings revealed vacuolar degeneration
and individual cell necrosis at the epidermal-dermis junction
(x200).

Possibility of drug eruption other than pem-



brolizumab was considered and the possible drugs
that caused EM major were discontinued. Although
PSL was 0.5 mg/kg/day was administered, the skin
lesions expanded. Based on the pathological finding
and clinical lesions such as the increased severity,
erythematous lesions located in the extremities and
mild mucosal lesions, we diagnosed EM major.

Due to drug-induced lung injury, 6 cools pem-
brolizumab were completed and 10 weeks had pass-
ed. Initially, considering drug eruption other than

pembrolizumab, possible agents discontinued such
as magnesium oxide tablets, eszopiclone, lansopra-
zole enteric coated tablets, sulfamethoxazole/trime-
thoprim tablets, and PSL 0.5 mg / kg started. How-
ever, the eruption expanded and erosion of the lips
also appeared. Considering irAEs of pembrolizu-
mab, the dose was increased to 1 mg/kg of PSL, and
the eruption was improved and the PSL was gradu-
ally decreased (Figure 4).

Treatment and course

| PSL (mg/ke/d) |

0.5 0.5

Magnesium oxide tablets,

Eszopiclone, 1
Lansoprazole enteric coated tablets,
Sulfamethoxazole / trimethoprim
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0.3

Olopatadine hydrochloride 5 mg x 4 tablets / day
Difluprednate ointment for external use twice daily

Skin lesions |

f T T
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Pembrolizumab
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“T Onset 10 weeks after the last dose }

Discontinued due to drug-
induced lung injury

Figure 4. Treatment and course.

3. Discussion

The majority of toxicities caused by ICls are
low in severity, but some are more serious and re-
quire multidisciplinary management of side effects.
To reduce the risk of experiencing severe toxicities,
gathering information on different immune toxici-
ties has been necessary and treatment practices have
needed to adapt quickly™ .

Side effects of irAE are different from conven-
tional drugs™ *. For examples, all organs can be in-
jured and the passage or course of time is also var-
ious. There are many reports including skin disor-
ders, digestive disorders (colitis, diarrhea), intersti-
tial lung disease, myasthenia gravis, myocarditis,
rhabdomyolysis, neuropathy, liver dysfunction, kid-
ney disorder, encephalitis, endocrine disorders (Ty-
pe I diabetes, thyroid dysfunction, adrenal insuffi-

ciency, hypophysitis) and so on. The incidence of
skin disorders is 17-35%, such as mild form of ery-
thematous papules, toxic epidermal necrolysis, Ste-
vens-Johnson syndrome, psoriasis-like rash, lichen-
like rash, autoimmune bullous disease, etc!®”. Re-
cent report indicated that the most prevalent der-
matological toxicities were alopecia (27%), pruritus,
and rash (10%). Remarkably, the prevalent severity
was graded 1-2 for both alopecia, pruritus and
rash(®,

In the present case, a rash appeared 10 weeks
after the end of anti-PD-1 antibody administration.
In cases reported in Japan, the longest period from
the end of anti-PD-1 antibody administration to the
appearance of eruption was 8 weeks'™. When ex-
amining patients during or after administration of
ICls, it is important to keep in mind that severe mu-
cocutaneous disorders can occur regardless of the



duration of the last dose!

%19 Tn addition, derma-

tological treatments and skin care must be tailored

[5,11]

to the patient’s condition™" .
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Since immune checkpoint inhibitors (ICIs) imbalance the immune
system, this drug causes a secondary autoimmune condition''>!. Then
on the contrary, it is a very interesting question whether they can be
used in cancer patients with autoimmune diseases or what side effects
they cause.

The Netherlands study group reported that response rates for ICIs
in patients with advanced melanoma are comparable with or without
pre-existing autoimmune disease (PAD) such as rheumatologic PAD,
endocrine PAD, inflammatory bowel disease (IBD) PAD, or others'*.
Among patients with coexisting autoimmune diseases when receiving
anti-CTLA-4 therapy, anti-PD-1 therapy, or a combination of both, the
incidence of grade 3 or higher new toxicity profile called immune-re-
lated adverse events (irAEs) occurred in 30%, 17%, and 44%, respec-
tively. In patients with non-autoimmune diseases, it was 30%, 13% and
48%, respectively. Compared to non-autoimmune diseases, patients
with autoimmune diseases were more likely to discontinue anti-PD-1
therapy due to toxicity. Anti-PD-1-induced colitis was common in pa-
tients with IBD. Patients who received anti-CTLA-4, anti-PD-1, and
combination therapy had similar objective response rates in autoim-
mune diseases and non-autoimmune diseases patients. So, taken toge-
ther, the authors concluded that there was no difference in survival
with or without autoimmune diseases.

Based on the meta-analysis of observational studies and nation-
wide multicenter cohort study™®, immune toxicities are frequent in
IClI-treated patients with PAD but often mild and manageable without
discontinuing therapy. It was concluded that ICI treatments are also
effective in PAD patients although immunosuppressive therapies at ba-
seline are associated with poorer outcomes.

At present, ICI may be used in cancer patients with autoimmune
diseases. It should be noted that many of the reported cases are rheu-
matoid arthritis (RA). Risks and benefits should be considered with
special cares and attentions for multi-organ autoimmune diseases and/
or collagen diseases such as systemic lupus erythematosus, which has
different mechanisms from RA.
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ABSTRACT

In recent years of immunology, the understanding of innate immunity has deepened, and the concept of innate im-

munity has been proposed even in the area of acquired immune subjects. The conventional immunosuppressive treat-

ments have mainly controlled the step of acquired immunity. However, the involvement of innate immunity was clari-

fied for hydroxychloroquine (HCQ), which has been confirmed to be very effective for cutaneous lupus erythematosus

(CLE). This review introduces the mechanism of development of CLE from the viewpoint of autoantibodies, cytokines,

and innate immunity. Furthermore, the mechanism of HCQ is introduced and discussed.
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1. Introduction

Hydroxychloroquine sulfate (HCQ) is the world standard treat-
ment for cutaneous lupus erythematosus (CLE) and systemic LE (SLE).
In Japan, HCQ could not be administered due to the frequent appear-
ance of severe side effects for a long time!!. It was later discovered
that the high frequency of severe side effects was due to the wrong
administration method.

The Japan Hydroxychloroquine Study Group was established
with Drs. Furukawa F, Yokogawa N and Yamamoto K as the main
members, and several case reports were published™!. Furthermore, the
usefulness of HCQ was confirmed in autoimmune-prone MRL/I mice
with skin lesions™). In 2017, a multicenter, double-blind, randomized,
parallel-group trial in Japan reported effectiveness of HCQ in patients
with CLE!. About a year and a half before this publication, HCQ
could be used in Japan for the treatment of CLE and SLE from Sep-
tember 2015, which was officially approved by the Japanese Ministry
of Health, Labor and Welfare. Furthermore, since this drug sometimes
causes serious side effects such as retinal degeneration, a guide for
proper use has also been published”). In addition, HCQ was reported
to be effective against the new coronavirus infection (COVID-19), so it
attracted a lot of attention!®.

This paper introduces clinical trials on HCQ characteristics, usage
for CLE, clinical effects, precautions for use, side effects, etc.



2. Mechanism of onset of skin lupus
erythematosus from the viewpoint of
innate immunity

Well-known mechanisms include the involve-
ment of antibody-dependent cellular cytotoxicity
(ADCC) targeting SS-A/Ro antigens®™'*'"l and the
cytokine and/or chemokine network model described

below!'*"],

2.1 From the perspective of autoantibodies

The serological feature of SLE is the presence of
autoantibodies. It is still hard to say that the role of
anti-DNA antibodies is elucidated in skin lesions,
except for their involvement in renal lesions. On the
other hand, it became clear from clinical and research
aspects that there is a strong relationship between
photosensitivity of subacute CLE (SCLE) and neo-
natal LE (NLE) and serum anti-SS-A/Ro antibody. It
has become a research model for photosensitivity™'%.
A typical model is ADCC, which targets SS-A/Ro
antigens. When cultured epidermal cells derived from
normal adult or neonatal foreskin are irradiated with
ultraviolet light B (UVB), the antigen is translocated
and up-regulated on the cell surface, and anti-60 kD/
Ro antibody and anti-52 kD/Ro antibody are bound

IL18R1

to induce ADCC. A similar tendency is observed in
cultured epidermal cells derived from patients™”.

The mechanism by which autoantibodies move
into cells and bind to the corresponding antigens has
been a problem/question, but the movement of the
antigen due to stimuli such as UV lights (UVLs)

4, 1t was important that the antigen

causes binding
moved to the surface, not the antibody. This pheno-
menon is induced not only by UVLs but also by
changes in temperature and external factors such as

under heat shock protein induction'"! (See Figure 1).
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Figure 1. Ultraviolet radiation (UVR) induces antibody depend-
ent cellular cytotoxicity (ADCC) model targeting SS-A/Ro anti-
gen which is mediated by transfer necrosis factor (TNF) a from
mast cells (10,11,14).

A Ro/SSA Autoantigen

2.2 From the viewpoint of cytokines

Figure 2. Involvement of cytokines in CLE (Mikita's model).

Discoid LE (DLE), which is a typical disease of
chronic CLE (CCLE), has an antinuclear antibody

positive rate of about 50%. The rate of disease spe-
cific autoantibody is extremely low, and no ADCC is



observed. However, because eruptions often occur
in sun-exposed areas and characteristic skin lesions
from clinical and pathological features, DLE pa-
tients have a different mechanism from the patho-
genesis of acute CLE (ACLE)) in SLE patien-
ts!!>1%1 Cytokines such as TNFa and IL-12 and in-
filtrating cells have been shown to be important in
photosensitivity. The same applies not only to D-
LE but also to LE (mainly CCLE) that does not ha-
ve disease-specific autoantibodies (See Figure 2).

2.3 Involvement of innate immunity

In recent years of immunology, the under-
standing of innate immunity has deepened, and at
the same time, the concept of innate immunity has
been proposed even in the area of acquired immune
subjects!”.

Wenzel proposed an innate immunity-acquired
immune cycle model in CLE onset!'®. Genetic pre-
disposition including IFN regulation, antigen pre-
sentation, and immune complex removal, first exists
and then involvement of environmental factors such
as UVLs, tobacco, and drugs begins to drive the
unbalanced immune cycle. Then the loop cycle be-

Immune complex

Autoantibody —
DMA—

%

ITE
\Il ) \'uru
Histone

rS HCQ el Fc PfF[‘l"

Self I_\Nl'\

gins to rotate for completion of CLE, in which sev-
eral mechanisms are involved such as innate im-
munity (IFN activation, inflammatory cytokine pro-
duction, activation of complement system active-
tion), acquired immunity (activation of cytotoxic
cells, antigen presentation, autoantibody produc-
tion), histological completion of skin lesions and
amplification of auto-reaction phenomenon (release
of nucleic acid components, activation of keratino-
cytes, activation of pDC, etc.).

This concept clarified and made it easier to
understand the relationship with treatment methods
involved in immunity. The conventional immuno-
suppressive treatments have mainly controlled the
step of acquired immunity in systemic treatments. A
recent paper by Sim et al.!'! has the interpretation
from a similar new perspective. In addition, Nakajo
Nishimura Syndrome suggests the involvement of
autoinflammation in the development of LE-like le-

siong!?%2122],

3. Action mechanisms of hydroxy-
chloroquine
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(4,5)

HCQ is an old and new drug. It has a long his-
tory of use, and it is only recently that one of its
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Figure 3. Possible mechanism of action of HCQ (There are some modifications by the author, from ref. 24). (1) Nucleic acids that
are continuously present in excess are processed by dendritic cells as autoantigens. (2) IFNa overproduction mediated by TLR7, 9. (3)
Administration of HCQ. (4) Positively charged and accumulated in lysosomes to change pH and inhibits the step 2. (5) Then it inhib-
its the immune response to self-antigens, but does not impair the response to foreign antigens, so it exhibits immunomodulatory ef-
fects without immunosuppression.

mechanisms has been clarified from the perspective

of immunity™!. This drug has a wide range of ac-



tions such as anti-inflammatory action, immunomo-
dulatory action, antimalarial action, and antitumor
action. Although multiple mechanisms of action ha-
ve been proposed, basic studies of innate immunity
have revealed an inhibitory effect on innate immune
disorders.

In SLE, excess apoptosis cell-derived nucleic
acids are expected to form and stabilize immune
complexes with autoantibodies and to be persistent-
ly presented. They are processed by dendritic cells
and binds to Toll-like receptors 7 and 9 in lysoso-
mes, resulting in overproduction of IFNa. HCQ ac-
cumulates in lysosomes, changes pH, and inhibits
Toll-like receptor-mediated IFNo production and
dendritic cell maturation. This mechanism has no
immunosuppressive effect and exhibits an immuno-
modulatory effect®! (Figure 3). HCQ is understood
to have excellent therapeutic effects by controlling

18] innate immunity,

the first step in Wenzel cycle
such as IFN activation, inflammatory cytokine pro-

duction, and complement system activation.

4. What kind of patients are tar-
gets?

1) For CLE patients with only localized skin
symptoms, when topical preparations such as corti-
costeroids are inadequately effective or when the
use of external preparations is inappropriate.

2) For SLE patients in whom skin lesions exist
including malaise, musculoskeletal symptoms, etc.

(These are cited from reference 7 that was pub-
lished for Japanese physicians)

5. Clinical data evidence and prob-
lems of hydroxychloroquine

For Japanese patients diagnosed with CLE
with or without SLE, 200 to 400 mg of this drug
(not to exceed 6.5 mg/kg in ideal body weight) is
orally administered once daily for efficacy and safe-
ty. As described in our previous reports'®”, HCQ
was found to be effective against active skin lesions.
In SLE patients, RAPID3 (daily life activity, muscle
or joint pain due to primary disease [ VAS], severity
due to primary disease evaluated by patients [VAS]),
and malaise VAS were all statistically significant
for improvement 16 weeks after administration in

10

the HCQ group'®.

According to a recent post-marketing surveil-
lance (September 7, 2015 - April 18, 2020), the ef-
ficacy rates for skin lesions in 331 patients after 16
and 52 weeks were 41.7% and 49.9%, respectively.
Side effects were observed in 159 cases (15.8%) out
of 1007 cases subject to safety analysis, and serious
side effects appeared in 17 cases (1.7%). From al-
most the same analysis, serious side effects includ-
ed 6 severe skin disorders (2 cases of erythema
multiforme and 4 cases of toxic derma or eruption)
and 4 cases of eye disorders (posterior capsule
opacity, retinal pigment epithelium, retinopathy, and
retinal pigment epithelial detachment)®. In terms
of frequency of occurrence, drug eruption and rash
are the most common, followed by diarrhea and
other gastrointestinal symptoms.

A systematic review by Sharma et al.?" re-
vealed that drug eruption or rash (358 cases) was
the most common, and hyperpigmentation of the
skin (116 cases), pruritus (62 cases), and acute gen-
eralized exanthematous pusutulosis or -like disease
(27 cases), Stevens-Johnson syndrome or toxic epi-
dermal necrolysis (26 cases), hair loss (12 cases),
and stomatitis (11 cases) have been reported. The
nomenclature of skin lesions is not always unified
in the world. Most of the drug eruptions developed
within 4 weeks after the start of HCQ administra-
tion and disappeared within a few weeks after dis-
continuation. It is not necessary to decrease or dis-
continue for patients with drug eruption up to
moderate diseases that do not other organs’ prob-
lems*72*,

Retinal degeneration is the most notable side
effect of HCQ. Petri M et al. states that it is im-
portant to monitor the blood concentration of
HCQ™, but since the onset of retinopathy of HCQ
involves multiple factors including genetic back-
ground such as race, and the significance of blood
concentration, it will be investigated in the futu-

1,32
re[30,3 .3 ]'

6. Trends and future prospects in
the treatments of CLE

Regarding HCQ, the algorithms suitable for
Japanese or Asian people was proposed who still



have some restrictions on drugs to be adminis-
tered'®*¥), but there are many important issues to be
clarified such as the selection of the type of skin

lesions for which HCQ is effective or not!****,

36,37

effects of combination therapy**"! and more sensi-

tive and early diagnostic methods for retinal degen-
eration22-3031321

On the other hand, due to the limited number
of treatments for CLE, several new drugs are being
developed. Some recent trials are introduced”®”). BI-
IB059 is an antibody that targets IFN, and Anifro-
lumab is also an antibody against type I interferon
receptor, both of which have been excellently repor-
ted in the interim report. Iberdomide is positioned
as an immunomodulator and exerts its medicinal
effect by binding to cereblon (CRBN), which is a
component of the substrate receptor”". With the
launch of these new drugs, great expectations are
placed on the wide range of treatment options.

Appendix

HCQ was taken up as a treatment for the pan-
demic new coronavirus in the early stages of ex-
ploring treatments. There is a background that HCQ
also has an antiviral effect against the coronavirus
that causes emerging infectious diseases'®. It has
been found to have in vitro activity against SARS-
CoV-2 and had come to be mainly used in the Unit-
ed States as a drug expected to be effective against
COVID-19, but its efficacy was not determined.
Recent papers or reports denied the usefulness of
HCQ to COVID-198).

Conflict of interest disclosure

None declared

Acknowledgments

Finally, we would like to thank Professor To-
shikazu Kondo and Mariko Kawaguchi of the De-
partment of Forensic Medicine, Wakayama Medical
University for their encouragement and support in
scientific discussions and literature searches.

References

1. Furukawa F. Practical therapeutics for skin lesions
of Japanese patients with discoid lupus erythema-
tosus. Expert Opinion on Orphan Drugs 2014; 2(5):

10.

11.

12.

13.

11

477-482. doi: 10.1517/21678707.2014.901166
Ikeda T, Kanazawa N, Furukawa F. Hydroxychlo-
roquine administration for Japanese lupus erythe-
matosus in Wakayama: A pilot study. The Journal of
Dermatology 2011; 39(6): 531-535. doi: 10.1111/j.
1346-8138.2011.01448.x

Yokogawa N, Tanikawa A, Amagai M, et al. Res-
ponse to hydroxychloroquine in Japanese patients
with lupus-related skin disease using the cutaneous
lupus erythematosus disease area and severity index
(CLASI). Modern Rheumatology 2013; 23(2): 318-
322. doi: 10.1007/s10165-012-0656-3

Furukawa F, Tanaka H, Sekita K, et al. Dermato-
pathological studies on skin lesions of MRL mice.
Archives of Dermatological Research 1984; 276:
186—194. doi: 10.1007/BF00414018

Shimomatsu T, Kanazawa N, Mikita N, et al. The
effect of hydroxychloroquine on lupus erythemato-
sus-like skin lesions in MRL/lpr mice. Modern Rhe-
umatology 2016; 26(5): 744—748. doi: 10.3109/143
97595.2016.1140711

Yokogawa N, Eto H, Tanikawa A, et al. Effects of
hydroxychloroquine in patients with cutaneous lu-
pus erythematosus: A multicenter, double-blind,
randomized, parallel-group trial. Arthritis & Rheu-
matology 2017; 69(4): 791-799. doi: 10.1002/art.40
018

Furukawa F, Eto H, Tanikawa A, et al. Guide to
proper use of hydroxychloroquine. The Japanese
Journal of Dermatology 2015; 125(11): 2049-2060.
doi: 10.14924/dermatol.125.2049

Wang M, Cao R, Zhang L, et al. Remdesivir and
chloroquine effectively inhibit the recently emerged
novel coronavirus (2019-nCoV) in vitro. Cell Re-
search 2020; 30: 269-271. doi: 10.1038/s41422-02
0-0282-0

Furukawa F, Ttoh T, Wakita H, et al. Keratinocytes
from patients with lupus erythematosus show en-
hanced cytotoxicity to ultraviolet radiation and to
antibody-mediated cytotoxicity. Clinical & Experi-
mental Immunology 1999; 118(1): 164—170. doi: 10.
1046/j.1365-2249.1999.01026.x

Gerl V, Hostmann B, Johnen C, et al. The intracel-
lular 52-kd Ro/SSA autoantigen in keratinocytes is
up-regulated by tumor necrosis factor o via tumor
necrosis factor receptor 1. Arthritis & Rheumatism
2005; 52(2): 531-538. doi: 10.1002/art.20851
Furukawa F, Tkai K, Matsuyoshi N, et al. Relation-
ship between heat shock protein induction and
the binding of antibodies to the extractable nuclear
antigens on cultured human keratinocytes. Journal
of Investigative Dermatology 1993; 101(2): 191-
195. doi: 10.1111/1523-1747.ep12363785

Mikita N, Tkeda T, Ishiguro M, et al. Recent ad-
vances in cytokines in cutaneous and systemic lu-
pus erythematosus. The Journal of Dermatology
2011; 38(9): 839-349. doi: 10.1111/j.1346-8138.20
11.01237.x.

Méndez-Flores S, Hernandez-Molina G, Azamar-
Llamas D, et al. Inflammatory chemokine profiles
and their correlations with effector CD4 T cell and



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

regulatory cell subpopulations in cutaneous lupus
erythematosus. Cytokine 2019; 119: 95-112. doi:
10.1016/j.cyt0.2019.03.010

Furukawa F, Kashihara-Sawami M, Lyons MB, et
al. Binding of antibodies to the extractable nuclear
antigens SS-A/Ro and SS-B/La is induced on the
surface of human keratinocytes by ultraviolet light
(UVL): Implications for the pathogenesis of photo-
sensitive cutaneous lupus. Journal of Investigative
Dermatology 1990; 94(1): 77-85. doi: 10.1111/152
3-1747.ep12873930

Elman SA, Joyce C, Braudis K, et al. Creation and
validation of classification criteria for discoid lupus
erythematosus. JAMA Dermatology 2020; 156(8):
901-906. doi: 10.1001/jamadermatol.2020.1698
Elman SA, Joyce C, Nyberg F, et al. Development
of classification criteria for discoid lupus erythe-
matosus: Results of a Delphi exercise. Journal of

the American Academy of Dermatology 2017; 77(2):

261-267. doi: 10.1016/j.jaad.2017.02.030
Furukawa F, Kanazawa N. Autoimmunity versus
autoinflammation: From the 2nd JSID-Asia-Oce-

ania-Forum, Wakayama, Japan, Sth December, 2010.

Journal of Dermatological Science 2011; 63(2):
132-137. doi:10.1016/j.jdermsci.2011.05.001
Wenzel J. Cutaneous lupus erythematosus: New in-
sights into pathogenesis and therapeutic strategies.
Nature Reviews Rheumatology 2019; 15: 519-532.
doi: 10.1038/s41584-019-0272-0

Sim JH, Ambler WG, Sollohub IF, et al. Immune
cell-stromal circuitry in lupus photosensitivity. Jou-

rnal of Immunology 2021; 206(2): 302-309. doi: 10.

4049/jimmunol.2000905

Kanazawa N, Furukawa F. Autoinflammatory syn-
dromes with a dermatological perspective. The Jou-
rnal of Dermatology 2007; 34(9): 601-618. doi: 10.
1111/j.1346-8138.2007.00342.x

Arima K, Kinoshita A, Mishima H, et al. Protea-
some assembly defect due to a proteasome subu-
nit beta type 8 (PSMB8) mutation causes the auto-
inflammatory disorder, Nakajo-Nishimura syndro-
me. Proceedings of the National Academy of Sci-
ence of the United States of America 2011; 108(36):
14914-14919. doi: 10.1073/pnas.1106015108

Inaba Y, Kanazawa N, Kunimoto K, et al. Antinu-
clear antibodies in Nakajo-Nishimura syndrome. A
bridge with research on refractory autoimmune dis-
eases. Trends in Immunotherapy 2018; 2(1): 1-2.
doi: 10.24294/ti.v2.i3.1078

Furukawa F. Hydroxychloroquine in lupus erythe-
matosus, a new horizon of the old drug. Trends in
Immunotherapy 2017; 1: 99-100. doi: 10.24294/ti.
v1.i3.127

Barton GM, Kagan JC. A cell biological view of
Toll-like receptor function: regulation through
compartmentalization. Nature Reviews, Immunol-
ogy 2009; 9(8): 535-542. doi: 10.1038/nri2587
Yamada M, Usami M, Otani K, et al. Nationwide
product registry for hydroxychloroquine in Japa-
nese patients with cutaneous and systemic lupus er-
ythematosus (in Japanese). Therapeutic Research

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

12

2020; 41(4): 297-319.

Sharma AN, Mesinkovska NA, Paravar T. Charac-
terizing the adverse dermatologic effects of hy-
droxychloroquine: A systematic review. Journal of
the American Academy Dermatology 2020; 83(2):
563-578. doi: 10.1016/j.jaad.2020.04.024.

Matsuda T, Ly NTM, Kambe N, et al. Early cuta-
neous eruptions after oral hydroxychloroquine in a
lupus erythematosus patient: A case report and re-
view of the published work. The Journal of Derma-
tology 2018; 45(3): 344-348. doi: 10.1111/1346-81
38.14156.

Hirakawa Y, Okuno A, Kimura D, et al. Hydroxy-
chloroquine enhanced urticarial reaction in a patient
with discoid lupus erythematosus. Trends in Im-
munotherapy 2017; 1: 121-123. doi: 10.24294/ti.
v1.i3.125

Petri M, Elkhalifa M, Li J, et al. Hydroxychloro-
quine blood levels predict hydroxychloroquine ret-
inopathy. Arthritis & Rheumatology 2020; 72(3):
448-453. doi: 10.1002/art.41121

Yokogawa N, Ohno-Tanaka A, Hashiguchi M, et al.
Early onset hydroxychloroquine retinopathy and a
possible relationship with blood levels: Comment
on the article by Petri et al. Arthritis & Rheumatol-
ogy 2020; 73(2): 358-359. doi: 10.1002/art.41497.
Lenfant T, Salah S, Leroux G, et al. Risk factors for
hydroxychloroquine retinopathy in systemic lupus
erythematosus: A case-control study with hydroxy-
chloroquine blood-level analysis. Rheumatology
(Oxford) 2020; 59(12): 3807-3816. doi: 10.1093/rh
eumatology/keaal57.

Ozawa H, Ueno S, Ohno-Tanaka A. Ocular findings
in Japanese patients with hydroxychloroquine reti-
nopathy developing within 3 years of treatment.
Japanese Journal of Ophthalmology 2021; 65: 472—
481. doi: 10.1007/s10384-021-00841-9

Yokogawa N. Launch of hydroxychloroquine-his-
tory in Japan (in Japanese). Visual Dermatology
2017; 16: 106-110.

Ikeda T. Clinical characteristics of hydroxychloro-
quine effective skin lesion (in Japanese). Visual
Dermatology 2017; 16: 112—117.

Fernandez AP. Updated recommendations on the
use of hydroxychloroquine in dermatologic practice.
Journal of the American Academy of Dermatology
2017; 76(6): 1176-1182. doi: 10.1016/j.jaad.2017.
01.012

Yoshida M, Minowa K, Amano H, et al. Combining
maintenance therapy with hydroxychloroquine in-
creases LLDAS achievement rates in individuals
with stable systemic lupus erythematosus. Lupus
2021. doi: 10.1177/09612033211014272

Yan D, Borucki R, Sontheimer RD, et al. Candidate
drug replacements for quinacrine in cutaneous lupus
erythematosus. Lupus Science & Medicine 2020; 7
(1). doi: 10.1136/lupus-2020-000430

Matyskiela ME, Zhang W, Man HW, et al. A cere-
blon modulator (CC-220) with improved degrada-
tion of Ikaros and Aiolos. Journal of Medicinal Ch-
emistry 2018; 61(2): 535-542. doi: 10.1021/acs.jme



39.

dchem.6b01921

Chen C, Pan K, Wu B, et al. Safety of hydroxy-
chloroquine in COVID-19 and other diseases: A
systematic review and meta-analysis of 53 random-

13

ized trials. European Journal of Clinical Pharma-
cology 2021; 77: 13-24. doi: 10.1007/s00228-020-0
2962-5



Trends in Immunotherapy (2021) Volume 5 Issue 1

doi:10.24294/ti.v5.11.1280

MINI-REVIEW

Pathomechanism of malignant melanoma

Nakamura Motonobu

Department of Dermatology, School of Medicine, University of Occupational and Environmental Health, Kitakyushu
807-8555, Japan. E-mail: motonaka@med.uoeh-u.ac.jp

ABSTRACT

Treatment of malignant melanoma has made great strides in the last decade. On the one hand, immune checkpoint

inhibitors and molecular targeted drugs improved the prognosis of patients. On the other hand, it is very important to be

aware of the causes of malignant melanoma based on the latest knowledge. In this review, I will briefly review the car-

cinogenic mechanism of malignant melanoma from the aspects of ultraviolet rays, mechanical stress, trauma and so on.
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1. Introduction

The treatment of malignant melanoma has changed significantly
with the launch of immune checkpoint inhibitors!'?. There are also
reports on appropriate drug therapy”! and measures against side effects,
and safer and more effective treatment methods are being pursued*®.
For that purpose, it is necessary to update the cause of malignant mel-
anoma.

Ultraviolet light (UVL) is the oldest and most well-known cause
of malignant melanoma. It is widely known that the incidence of ma-
lignant melanoma is significantly higher in Caucasians than in colored
races including Asians, and awareness-raising activities for UV protec-
tion are currently being actively carried out, especially in Europe and
the United States. Recently, it has been pointed out that external force,
trauma, radiation, etc. may also trigger malignant melanoma.

In this paper, I would like to outline the causes or triggers of these
malignant melanomas, including some basic data.

2. UV rays and malignant melanoma

In the living body, when exposed to UV rays, pyrimidine dimers
(Figure 1) and 6-4 photoproducts (Figure 2) are produced'”’, and the
mutation of cytosine to thymine (CT mutation) occurs, if repair sys-
tems do not work (Figure 3).

b9
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Figure 1. Pyrimidine dimer produced by ultraviolet rays.
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Figure 2. 6-4 photoproducts produced by ultraviolet rays.

Figure 3. Cytosine to thymine mutation caused by ultraviolet
rays (CT mutation).

Normally, when pyrimidine dimer or 6-4 pho-
toproduct is produced, UV-specific endonuclease
recognizes and incises DNA, DNA polymerase rep-
licates DNA from the normal side, DNA ligase im-
plants, and repair is completed.

A disease in which UV repair function is con-
genitally impaired is xeroderma pigmentosum (XP),
which is an autosomal recessive inheritance disease.
Patients with XP develop erythema when exposed
to solar UV rays from an early age, and often de-
velop malignant melanoma, squamous cell carci-
noma (SCC), basal cell carcinoma (BCC), etc. at an
early age.

Among UV rays, medium-wave UVB (ultravi-
olet B) has been considered to have a strong car-
cinogenic effect, but recently, it has become clear
that long-wave UVA (ultraviolet A) is also involved
in carcinogenesis. Skin cancer is more likely to oc-
cur in exposed areas than in non-exposed areas, and
within the same ethnic group, the incidence is high-
er in the equatorial region where the sun’s rays are
stronger. In addition, skin cancer occurs more fre-
quently in people working outdoors than indoors,
and the risk of skin cancer is inversely correlated
with the degree of melanin pigmentation. From
these results, it is considered that solar UV rays are
deeply involved in skin malignant tumors such as
SCC, BCC, and malignant melanoma, and the
number of patients with any skin malignant tumor

increased due to ozone layer depletion.

Malignant melanoma often occurs in exposed
areas in Europe and the United States, and it is
thought that UV rays are involved. In Japan, the
number of cases is high in the southern regions in
terms of latitude, in which the primary site is 14%
on the face and head, and 27% on the sole, which
does not necessarily occur on the exposed area. It is
speculated that the number of acral types will in-
crease because the amount of melanin in the skin of
the yellow race is larger than Caucasian and its
protective ability is associated with relative low
number of UV-induced malignant even if the num-
ber of cases is the same.

3. Model animal for malignant me-
la-noma

In 1989, Setlow et al.’® exposed zebrafish to
visible light to make the first model animal for ma-
lignant melanoma. In 2002, Noonan et al.”! suc-
ceeded to develop malignant melanoma in the epi-
dermis of irradiate hepatocyte growth factor (HGF)
transgenic mice with UVB + UVA at 3, 5, and 6
weeks after birth.

In 1998, Kunisada et al.'” linked c-kit under
the keratin 14 promoter to overexpress stem cell
factor (SCF) in the epidermis, and created trans-
genic mice with mast cell proliferation and mela-
nocytes present in the epidermis. By crossing this
mouse with an XPA knockout mouse, a mouse hav-
ing high UV sensitivity and having melanocytes in
the epidermis was created"'". In this mouse, when a
large amount of UVB was irradiated, malignant
melanoma could be generated in the epidermis even
when it was not a child, and it became a mouse
model closer to human malignant melanoma.

Thus, these results suggest that UV rays are
essentially involved in the development of malig-
nant melanoma.

4. Foot sole melanoma and mecha-
nical stress

As mentioned above, it has become clear that
UV rays are closely related to the development of
malignant melanoma, but malignant melanoma does
not always occur in exposed areas, and factors other
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than UV rays are also involved. The sole of the foot
is a common site for malignant melanoma in Japa-
nese as well as Asian people, in which the amount
of UV exposure is low. The effects of mechanical
stress on sole malignant melanoma were investi-
gated at Shinshu University, Japan''.

Of the malignant melanomas treated at
Shinshu University, Japan from 1990 to 2014, 123
cases with lesions on the sole of the foot were in-
cluded, and cases originating from the nails were
excluded. Detailed lesion locations were compared
using clinical photographs, and resected specimens
measured tumor thickness on a Breslow scale. Of
the 123 cases, 54 were male and 69 were female,
with an average age of 73.5 years. It occurred on
the left sole in 61 cases and on the right sole in 62
cases. The number of lesions by tumor thickness on
the Breslow scale was 28 for in situ, 12 for 1 mm or
less, 20 for 1.01 mm to 2 mm, 28 for 2.01 mm to 4
mm, 33 for 4.01 mm or more, and 2 for unmeasura-
ble. Analysis of mapping the center of the lesions
revealed that the most lesions were distributed in
the heel, followed by the 1* and 5" toes. In addition,
there were almost no lesions on the arch. There was
no bias in the distribution of lesions depending on
the tumor thickness. Looking at the number of le-
sions per 1 cm?, many lesions were accumulated in
the heel and toe, but there were almost no lesions in
the arch. From these facts, it was speculated that
mechanical stress due to load-bearing was involved
in the pathophysiology of sole malignant melano-
ma.

S. Trauma and subungual malig-
nant melanoma

There is a history of trauma in subungual ma-
lignant melanoma, and there are many cases in
which trauma may be the trigger. According to the
report by Takai et al.'"*!, 62% of all subungual ma-
lignant melanomas were accompanied by obvious

" collected the literature on

trauma. Omoto et al.!
subungal malignant melanoma with a history of
trauma, and the average time from trauma to diag-
nosis was 99 months for adults and children. For
those who develop pigmented streaks as a result of

trauma and subsequently develop malignant mela-

noma, the average time to diagnosis is about 130
months for adults and 72 months for children. Be-
sides, it has been reported that the time to onset of
pigmented streaks with trauma is as short as 15
months in adults, and that it progresses rapidly after
trauma in children.

In other words, subungual malignant melano-
ma appears earlier when trauma is applied to the
part where the pigmented streak was originally pre-
sent than where there is no pigmented streak.

6. Radiation and malignant mela-
noma

Otsu et al.!"" reported the proportion of cuta-
neous malignancies that developed after irradiation
for 1923-1980 and 1981-2014, which were collect-
ed from Japanese literatures mainly. In 1923-1980,
62% had SCC, 12.6% had BCC, 3.7% had intraep-
idermal cancer including Bowen’s disease, and 0%
had malignant melanoma. As well, in 1981-2014,
42% had SCC, 29.4% had BCC, 7.5% had intraep-
idermal cancer including Bowen’s disease, and 2.5%
had malignant melanoma. That is, the proportion of
BCC has markedly increased in recent years. The
reason for this is that radiation was used for benign
skin diseases including tumor diseases and chronic
inflammatory diseases previously. The relative de-
crease in SCC was due to the improvement of site
selection, irradiating dose reduction, and tangential
irradiation application. Radiation-induced malig-
nant melanoma is extremely rare compared to SCC,
BCC, and Bowen’s disease, whether or not the
slight increase of 2.5% makes sense.

7. AID and malignant melanoma

AID is an activation-induced cytidine deami-
nase (activation induced deaminase), a 24- kDa en-
zyme that removes an amino group from a cytidine
group in DNA. In 2000, it was shown that this AID
is essential for immunoglobulin class switching and
point mutations in the variable region of immuno-
globulin'®,

Moreover, it was hypothesized that AID is
highly expressed in various malignant tumors such
as liver cancer and gastric cancer, and that AID is
induced by various inflammations and infections.
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Furthermore, the induction of a point mutation is
speculated to be closely associated with carcino-
genesis. When the expression of AID was examined
in malignant melanoma, it was revealed that malig-
nant melanoma with high expression of AID fre-
quently causes BRAF** mutation and has a poor
prognosis'' .

In addition, malignant melanoma spontane-
ously developed when AID was highly expressed in
all organs under the promoter that expresses it in all
organs!'®. From these reports, AID may be involved
in the development of BRAF "
lignant melanoma.

mutation and ma-
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ABSTRACT

Dupilumab is a monoclonal antibody against the alpha subunit of the interleukin (IL)-4 receptor that inhibits 1L-4

and IL-13 signaling, which plays a central role in Th2 inflammation in AD.

Here, we report the first Asian case of psoriasis unexpectedly induced by dupilumab therapy for AD. Compared

with European and American AD phenotype, Asian AD phenotype is characterized by changes in the psoriasiform

phenotype, associating with higher Th17 activation. The blockade of IL-4/IL-13 signaling by dupilumab may induce

psoriasis eruption corresponding to shift from a Th2- to Th17- mediated inflammatory response in the skin.
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1. Introduction

Asian patients with atopic dermatitis (AD) present a blended
phenotype between that of European and American patients with AD
and those with psoriasis, establishing consistent Th17/Th2 inflamma-
tion(1).

Dupilumab is a monoclonal antibody against the alpha subunit of
the interleukin (IL)-4 receptor that inhibits IL-4 and IL-13 signaling,
which plays a central role in Th2 inflammation in AD(2). Here, we re-
port the first Asian case of psoriasis unexpectedly induced by dupi-
lumab therapy for AD.

2. Case presentation

A 52-year-old Japanese man who had been diagnosed with AD in
childhood was started on dupilumab therapy. He had no personal or
family history of psoriasis. He was previously treated with oral pred-
nisolone (10 mg/day) and topical steroids, but his skin symptoms were
not well controlled, and he developed erythematous patches with indis-
tinct borders on his chest, abdomen, and face (Eczema Area and Sever-
ity Index [EASI] 30) (Figure 1(a)). A skin biopsy of the erythema on
the abdomen showed mild spongiosis and hyperkeratosis infiltrated
with lymphocytes and eosinophils (Figure 1(b)). Serum total IgE and
thymus and activation-regulated chemokine (TARC) levels were ele-
vated to 12761.5 IU/mL and 1018 pg/mL, respectively. Shortly after
dupilumab initiation, the severe itchiness dramatically reduced, and his
skin lesions also improved (EASI 13.2 at 3 months). After 8 months of
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treatment with dupilumab, serum total IgE levels
and TARC decreased to 1405 IU/mL and 329
pg/mL, respectively, but the patient developed
well-demarcated and raised plaques with coarse sur-
faces on the scalp, forehead, and buttocks (Figure
1(¢), (d)). The morphology of the lesions was highly
suggestive of psoriasis. Skin biopsy from the hy-
perkeratotic plaque on the buttock showed a pa-
ra-keratotic scale, regular elongation of the rete

ridges, and dilation of the vessels in the papillary
dermis infiltrated with lymphocytes and eosinophils
(Figure 1(e)). We diagnosed the patient with dupi-
lumab-induced psoriasis, and discontinued dupi-
lumab therapy and initiated treatment with topical
steroids and vitamin D analogues. One month after
the discontinuation of dupilumab, scaling on the
head cleared and hyperkeratotic plaques on the but-
tocks gradually reduced.

&

Figure 1. (a) Abdoﬁal erythema before dupilumab treatment. (b) Skin biopsy

ed mild

spongiosis and hyperkeratosis infiltrated with lymphocytes and eosinophils (Scale bar shows 100 pm). Eight months after the initiation
of dupilumab treatment, psoriatic plaques have developed on (c) the head and (d) buttocks. (e) Skin biopsy from the hyperkeratotic
plaque on the buttock showed parakeratotic scale, regular elongation of the rete ridges, dilated capillaries, and lymphocyte-dominant

infiltrate in the upper dermis (Scale bar shows 100 pm).

3. Discussion

Compared with European and American AD
phenotype, Asian AD phenotype is characterized by
changes in the psoriasiform phenotype: increased
epidermal hyperplasia, more frequent parakeratosis,
and focal hypogranulosis, associating with higher
Th17 activation(3). A skin biopsy before dupilumab
initiation in our case also showed psoriasiform der-
matitis with IgE and TARC elevation, which is typ-
ical of Asian AD phenotype.

Psoriasis and AD are suggested to be on a polar
Th17-to-Th2 spectrum and show distinct phenotypes
responding to different cytokines. Psoriasis is asso-
ciated with the overproduction of IL-17, and AD is
associated with that of IL-4 and IL-13(4). A recent
study demonstrated that IL-4 abrogates Thl7-me-
diated inflammation(5). Thus, the blockade of IL-4/

IL13 signaling by dupilumab may induce Th17-do-
minant inflammation in the skin, resulting in psori-
asis eruption.

To the best of our knowledge, this is the first
report of psoriasis onset in Asian AD patient treated
with dupilumab. It is possible that Asian patients
show psoriasiform phenotypes more frequently after
treatment with dupilumab, but further study is need-
ed to confirm this hypothesis.
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