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INTRODUCTION

The phosphoinositide 3-kinase (PI3K) pathway
has key regulatory roles in cell survival, proliferation,
and differentiation.' It is among the most frequently
altered pathways in human cancers, and PI3K in-
hibitors are used to treat a variety of malignancies.’
Class I PI3K, the best studied of the PI3K classes, is a
heterodimer with both regulatory and catalytic sub-
units, the latter of which exists in 4 distinct isoforms
(a, B, v,and 8).” The a and 8 isoforms are expressed
ubiquitously, but y and & isoform expression is
mainly found on leukocytes and cells of the adaptive
immune system.” PI3K inhibitors include pan-class I
PI3K inhibitors, isoform-specific class I PI3K inhib-
itors, and dual PI3K-mechanistic target of rapamycin
(mTOR) inhibitors. Dermatologic toxicities in pa-
tients on PI3K inhibitors have not been characterized
to date. We report on 4 patients on PI3K inhibitors
who had psoriasiform cutaneous eruptions.

REPORT OF CASES

A 59-year-old man with chronic lymphocytic leu-
kemia (CLL) and progressive disease 24 months after
completing 6 cycles of fludarabine, cyclophospha-
mide, and rituximab (FCR) was initiated on the
combination of ibrutinib and a targeted p1106 inhib-
itor. About 3 months after starting therapy, a solitary,
scaling, nonpruritic plaque developed on his right leg.
Fifteen months after starting therapy, he suffered a
blistering sunburn. Within 2 weeks, a new, red,

Abbrevitions used:

CLL: chronic lymphocytic leukemia

FCR: fludarabine, cyclophosphamide,
rituximab

mTOR: mechanistic target of rapamycin

PI3K:  phosphoinositide 3-kinase

scaling rash developed in the distribution of the
burn on his arms and legs that subsequently gener-
alized to the trunk. He had no personal or family
history of psoriasis. At the time of presentation to the
dermatology clinic, he had psoriasiform, erythema-
tous, well-demarcated papules, and large plaques on
his shoulders, arms, and bilateral lower extremities in
a strikingly photo-distributed pattern (Fig 1, A and B).
Punch biopsy of the left thigh found psoriasiform
epidermal hyperplasia with mild spongiosis,
confluent parakeratosis, and intraepidermal as well
as intracorneal neutrophils with rare eosinophils (Fig
2, A). Both ibrutinib and the p110& inhibitor were
held; the patient was started on triamcinolone 0.1%
cream twice daily to the trunk and extremities. The
eruption continued to spread to involve the face,
scalp, back, chest, and soles. The patient then started
acitretin, 10 mg daily, with clobetasol 0.05% ointment
twice daily to affected areas on the trunk, and
desonide 0.05% cream to affected areas on the face.
Photoprotective behaviors were strictly enforced. His
psoriasis improved significantly, and both drugs were
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Fig 1. Clinical photographs of patients 1 and 2. A, Patient 1. Diffuse, discrete, annular, thin
pink plaques with adherent scale on the trunk and extremities. B, Patient 1. Pink-to-orange
hyperkeratotic papules and plaques with adherent scale on the bilateral ankles and plantar feet.
C, Patient 2. Psoriasiform pink plaques of the bilateral lower extremities with overlying
adherent, micaceous scale. D, Patient 2. Scattered fingernail pits.

Fig 2. Histopathology for patients 1 and 2. A, Patient 1. Acanthosis with mounds of
parakeratosis and subcorneal neutrophilic pustules. B, Patient 2. Acanthosis with mounds of
parakeratosis. (A and B, Hematoxylin-eosin stain: original magnification X40.)

restarted without incident. The patient had a com-
plete response to the CLL treatment. Cases 2 through 4
are presented in Table I.

DISCUSSION

PI3K inhibitors are a relatively novel class of small
molecule inhibitors currently approved for the
treatment of chronic lymphocytic leukemia/small

lymphocytic lymphoma and follicular lymphoma;
they are also under investigation for the treatment of
a variety of solid tumors." PI3K inhibitors are unique
drugs in that their mechanism of action, depending
on isoform(s) targeted, ranges from direct inhibition
of the PI3K pathway to indirect anticancer effects
such as inhibiting angiogenesis, disrupting interac-
tions between cancer cells and tumor stroma, and



Table 1. Clinical presentations and outcomes of patients 1 through 4

G MITWNN ‘S IWNTOA
SIMOITY ISVD qVV(

Simultaneous
Patient anticancer Time Hx Clinical Pathologic Cutaneous Therapy Cancer
no. Malig Sex Age Isoforms drugs to Sxs Pso presentation condition Treatment(s) response interruption response
1 CLL M 59 p1106 lbrutinib 17 mo No Erythematous Psoriasiform Face: desonide Good response Yes, but CR
papules coalescing  epidermal 0.05% cream bid to potent successfully
into large plaques hyperplasia with prn. Trunk: topical steroids restarted with
on arms and legs mild spongiosis, triamcinolone and low-dose topical/oral
after blistering confluent 0.1% cream oral acitretin. psoriasis
sunburn (Fig 1, A). parakeratosis, bid prn. For regimen.
Spread to involve intraepidermal and  continued
face, scalp, trunk, intracorneal progression,
gluteal cleft, and neutrophils. Rare transitioned to
soles (Fig 1, B). eos. Negative PAS. clobetasol 0.05%
Fig 2, A. ointment bid to
body and soles.
Added acitretin
10 mg/d po.
Photoprotective
behaviors.
2 CLL M 57 p1108/y FCR q 4 15d Yes Diffuse guttate Psoriasiform Palms/soles: Good response Yes, but PR
weeks X 6 papules, dermatitis with clobetasol 0.05% with topicals. restarted
months with erythematous inflamed ointment gam, Improvement successfully at
PI3K inhibitor, plaques with parakeratosis. tazarotene 0.1% when PI3K lower dose
then PI3K micaceous scale No eos. Negative gel ghs. inhibitor (15 mg/d) with
inhibitor alone on the bilateral PAS. Fig 2, B. Body: triamcinolone  reduced to psoriasis
knees (Fig 1, C), 0.1% cream bid 15 mg/d for regimen
nail pitting and prn. Skin folds: neutropenia.
oil spots (Fig 1, D), tacrolimus 0.1%
intertriginous ointment bid prn.
involvement,
palmoplantar
pustulosis.
3 SLL/CLL M 81 p1106  Rituximab 5mo No Erythematous Mixed spongiotic Halobetasol Good response Yes PR
thin papules and suprabasilar 0.05% cream to topicals
coalescing into acantholysis with bid prn. initially; with
plaques with superficial dermal subsequent flare,
micaceous scale lymphocytes PI3K inhibitor
over the trunk and rare eos. stopped.
and extremities.
Continued
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Time
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no.

response
PD

Treatment(s)

Body:

condition

drugs

Malig Sex Age Isoforms

No

Good response

N/A

3 mo No Erythematous thin

None

72 p1108

M

MZL

to topicals;

triamcinolone
0.1% cream

bid prn.
Scalp: ketoconazole

plaques in gluteal

resolved with

cleft and inguinal

stopping PI3K
inhibitor for
colitis and
PCP pna.

folds. Evolved into
erythematous,
discrete, thin

shampoo TIW

and fluocinolone
0.01% soln
bid prn.

plaques with

micaceous scale
on neck, chest,

extremities, scalp.

CR, Complete response; eos, eosinophils; Hx, history; Malig, malignancy; MZL, marginal zone lymphoma; PAS, periodic acid-Schiff; prn, as needed; PD, progressive disease; pna, pneumonia; PR, partial

response; Pso, psoriasis; gam, every morning; ghs, every evening; SLL, small lymphocytic leukemia; Sxs, symptoms; TIW, 3 times a week.
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enhancing effector T-cell responses.” Although cuta-
neous eruptions secondary to PI3K inhibitors have
been reported in up to 58% of patients on selective
p1100 inhibitors and 27% of patients on pan-PI3K
inhibitors, these eruptions have not been further
characterized to date.*”

We report on 4 patients with psoriasiform erup-
tions arising 15 days to 17 months after starting a
PI3K inhibitor. The patient who had a psoriasiform
eruption at the shortest interval after exposure to a
PI3K inhibitor had a previous history of psoriasis.
Although we cannot definitively prove that the PI3K
inhibitors were the cause of the eruptions, 2 patients
had clear improvement with dose reduction, and 1
eruption resolved entirely after discontinuing the
PI3K inhibitor. Fludarabine, cyclophosphamide, rit-
uximab, and ibrutinib, the concomitantly exposed
drugs in our patients, have not been associated with
psoriasiform dermatitis, despite their common
use in leukemia treatment. In the patient with
Koebnerization after a sunburn, the photosensitivity
itself was ultimately attributed to the patient also
taking ibrutinib, which is known to inhibit epidermal
growth factor receptor.” Epidermal growth factor
receptor inhibitor—associated photosensitivity has
been well described in the literature, and PI3K
inhibitors have not been associated with photosen-
sitivity to date.””

It is notable that IL-22, a cytokine known to
contribute to the pathogenesis of psoriasis, has
been found to be upregulated by PI3K pathway
activation.” ' Further, both p1108 and p110y in-
hibitors have been found to reduce IL-17 production
from peripheral blood monocytic cells of psoriatic or
healthy donors.'” It is therefore hypothesized that
PI3K inhibitors may actually treat inflammatory skin
disorders. These in vitro studies, however, do not
take into account the global immunologic effects of
PI3K inhibition. In particular, p1106 blockade in-
hibits regulatory T cells, promoting antitumor
effector CD8" T cells.”” Side effects of p1108 in-
hibitors include colitis, pneumonitis, and hepatitis
associated with increased CD8' T-cell infiltrates,
decreased circulating regulatory T cells, and
improvement with corticosteroids.”'*'”  Global
p1106 inhibition may result in worsening or new
autoinflammatory skin disorders such as psoriasis
caused by unregulated, nonspecific T-cell activation.

Given the clinical findings in our patients, typical
psoriasis therapies were instituted for treatment.
Three of 4 patients were able to successfully control
cutaneous symptoms with topical treatments alone; 1
patient did well with the addition of oral acitretin.
Two patients continued on dose-reduced PI3K in-
hibitor therapy with good response. In keeping with
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the psoriasis-specific therapeutic ladder, we suggest
first-line skin-directed therapy for psoriasiform cuta-
neous toxicities with topical steroids, calcineurin
inhibitors, retinoids, and vitamin D analogs. If
cutaneous findings are extensive, narrow-band ul-
traviolet B may be trialed, given its efficacy in
psoriasis, with careful consideration taken to avoid
concomitant photosensitizing medications. For re-
fractory disease, acitretin, apremilast, and metho-
trexate are all systemic therapies that can be
considered as adjuncts in the appropriate patient.
Despite the recommendation for the use of predni-
sone for eruptions involving greater than 30% body
surface area in many clinical trials, except in very rare
cases of erythroderma, systemic steroids are not part
of the management algorithm for psoriasis.

These cases emphasize the importance of early
dermatologic evaluation to specifically classify the
clinical features of cutaneous toxicities to PI3K
inhibitors. With rapid institution of appropriate,
targeted therapies, patients will hopefully be able
to maintain a high quality of life and remain on life-
prolonging therapies.
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