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Abstract

Background—Interferon-alpha (IFN-a) therapy is used to treat hepatitis C infection. The
exacerbation and occurrence of psoriasis in hepatitis C patients treated with IFN-a. is increasingly
recognized, but the distinct associated features, etiology, and management have not been
reviewed.

Objective—To review all published cases of hepatitis C patients who developed psoriasis while
receiving IFN-a therapy.

Methods—The review was conducted by searching the PubMed database using the keywords
“hepatitis C” AND “psoriasis.” In addition, references to additional publications not indexed for
PubMed were followed to obtain a complete record of published data.

Results—We identified 32 publications describing 36 subjects who developed a psoriatic
eruption while receiving IFN-a therapy for hepatitis C. Topical therapies were a commonly
employed treatment modality but led to resolution in only 30% of cases in which they were
employed solely. Cessation of IFN-a therapy led to resolution in 93% of cases. 100% of those
who developed psoriasis while on IFN-a therapy responded to systemic therapy and were able to
continue the drug.

Conclusion—Further studies and analysis of IFN-a-induced lesions are necessary to clarify the
role of IFN-a and the hepatitis C virus in the development of psoriatic lesions.

Introduction

There are 180 million people infected with Hepatitis C virus (HCV) worldwide, with an
estimated 5 million in the United States [1-3]. HCV infection is the leading indication for
liver transplantation in the United States [4]. Up to 80% of patients will become chronically
infected and 20% of these patients will progress to cirrhosis [5, 6]. Once a patient is found to
be anti-HCV positive, the HCV genotype and RNA level is determined, and a liver biopsy is
considered to assess the degree of fibrosis [2]. Treatment should be individualized and
considered for all anti-HCV positive, HCV RNA positive patients. Provided there are no
specific contraindications, treatment is indicated for patients with elevated aminotransferase
levels and histological evidence of chronic hepatitis [7]. Conventional therapy for hepatitis
C consists of pegylated Interferon-alpha (IFN-a) (peglFN-a.2a and peglFN-a2b) [2]
combined with ribavirin and possibly a direct acting antiviral (DAA) agent depending on
genotype. Current treatment modalities include a response guided regimen with pegIFN,
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ribavirin and a DAA (HCV genotype 1) or peglFN and ribavirin (genotypes 2—6) for 24-48
weeks [8].

Psoriasis induction by IFN-a treatment of hepatitis C was first noted in 1993 [9, 10]. Since
then, there have been thirty-six cases in the worldwide literature of psoriasis development or
exacerbation subsequent to treatment of HCV infection with pegylated or non-pegylated
IFN-a, either as monotherapy or combined with ribavirin. Treatment of psoriasis in these
patients is usually difficult, and yet there are no clear management recommendations
currently in the literature. We sought to review all published cases of psoriasis development
or exacerbation in HCV patients receiving IFN-a therapy, and to develop treatment
guidelines for this patient population.

We performed a literature search using PubMed and Google Scholar for articles published
using permutations of the following keywords: interferon, psoriasis, and hepatitis C.
Translation of articles in Spanish, French, Italian, and German was performed using Google
translate (http://translate.google.com) or native speakers of the language. Additional cases
were identified through a comprehensive review of references in articles retrieved from the
initial search results. Selected data was gathered from descriptions of the cases and compiled
for summary analysis.

Our search of the literature worldwide identified a total of 32 peer-reviewed publications
reporting IFN-a associated psoriasis exacerbation (22 cases) or induction (14 cases) among
HCV-infected individuals [9-40]. Our findings suggest this side effect is not uncommon.

Demographic information was assembled where available from the reviewed material (Table
I). Gender was reported in 35 cases; the majority of cases (27 cases, 77%) occurred in men
[9, 10, 13, 16-20, 22-32, 34, 36, 37, 39, 40]. The mean age of the patients was 48.3 years
with a range of 26 to 85 years.

There was no predilection for an anatomical distribution of IFN-a-induced psoriasis. Of the
various psoriasis sub-types, a single case each of verrucous [17], guttate [20], pustular [38],
and erythrodermic [22] psoriasis were reported, with the remainder of cases being classic
plaque-type psoriasis vulgaris (biopsy proven in only 6 cases [9, 10, 19, 20, 38]). In 4 cases
[14, 20, 36, 37] and in 1 of our own patients (Fig. 1), psoriasis appeared or was worse at
IFN-a injection sites. Nail involvement and psoriatic arthropathy were reported in 1 and 8
cases [16, 17, 25-27, 30, 32, 40], respectively.

In cases in which family history of psoriasis was discussed, 100% (8/8 cases) did not have a
family history of psoriasis [9, 20-22, 32-34, 40]. In 18 of 19 cases in which HCV status at
the time of psoriasis induction/flare was reported, induction/flare of psoriasis occurred
during treatment with IFN as the HCV infection was resolving (indicated by negative serum
HCV RNA in 11 cases [11, 12, 16, 17, 19, 21, 22, 27, 30, 32, 36], decreasing serum HCV
RNA in 1 case [15], and improving serum aminotransferase levels in 6 cases [14, 16, 18, 20,
34, 38)).

The majority of patients were on monotherapy with IFN-a., while the remainder were on
combination therapy with ribavirin. Doses of IFN-a ranged from 3 million units (MU) to
5MU 3 times per week or 80 pg to 180 g once weekly. Treatment periods ranged from 24
to 52 weeks. In cases in which psoriasis was new-onset, the onset of psoriasis varied
tremendously from three weeks to 5 months into treatment, with an average latency of 3.3
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months (median 3.5 months) (Table II). In cases in which psoriasis flared, the onset of
psoriasis varied from one week to 7 months after initiation of treatment, with an average
latency of 1.6 months (median 1 month).

Topical therapies, including topical steroids, tars, and vitamin D, were a commonly
employed treatment (in 10 instances alone [10, 11, 13, 19, 21, 29, 33, 36, 37, 40], and in 4 in
combination with discontinuation of IFN-a. [9, 14, 17, 31]). This led to a resolution in only
30% of cases when used alone. Although systemic therapy with cyclosporine, adalimumab,
or acitretin was begun as treatment in only 4 cases (used alone 3 times [20, 22, 33] and in
combination with discontinuation of IFN-a. therapy in 1 case [38]), this was more effective
than topical therapy, leading to resolution in 100% of cases. Discontinuing IFN-a therapy
occurred in 21 cases [9, 10, 12-19, 21, 29-31, 34, 36-39], in 14 cases as sole therapy, and
led to the greatest proportion of resolved cases within weeks of cessation (in 20 of 21 cases,
approximately 95%). Restarting IFN-a after clearance of psoriasis re-induced the lesions in
75% of patients (3 cases [13, 31, 32]).

Discussion

The prevalence of psoriasis in hepatitis C patients receiving IFN-a therapy is unknown.
There is conflicting data on the association between HCV infection and psoriasis/psoriatic
arthropathy independent of IFN-a therapy. Studies have found no association between HCV
infection and psoriasis [41, 42] or psoriatic arthropathy [43], an association between HCV
infection and psoriatic arthropathy but not psoriasis [44], or a statistically higher prevalence
of HCV infection in patients with psoriasis [45-47]. In a recent multivariate analysis of over
12,000 patients, the prevalence of hepatitis C in psoriatic patients was 1.03%, compared to
0.56% in controls (p<0.001) [47]. Of note, this association remained even after accounting
for IFN-a therapy and smoking history [47].

There are several observations of the relationship between the pathogenesis of psoriatic skin
lesions and IFN-a.: 1) plasmacytoid predendritic cells, which produce IFN-a., infiltrate
psoriatic skin [48]; 2) treatment with IFN-a or medications that increase IFN-a production,
such as tumor necrosis factor (TNF)-a inhibitors and imiquimod, exacerbates chronic
psoriatic plaques and induces new psoriatic lesions in surrounding and distant skin; psoriasis
was worse at the IFN-a injection sites in some patients [49-52]; 3) in a xenograft murine
model, increase in IFN-a level preceded development of psoriatic changes in transplanted
skin [48]; 4) IFN-a is transiently produced at very early stages of psoriasis development
[48]; 5) the type | IFN signaling pathway is activated in psoriatic keratinocytes [53] and both
type | IFNs and their associated gene signatures are significantly up-regulated in psoriatic
plaques, but not in uninvolved or normal skin [54]; 6) mice lacking IFN regulatory factor-2
(IRF-2), a transcriptional attenuator of IFN-a signaling, developed psoriasiform
inflammation, characterized by infiltrating T cells [55]; there is also altered IRF-2
expression in suprabasal cell layers of psoriatic skin [56]; 7) T cells within psoriatic lesions
have increased and prolonged response to IFN-a [57]; 8) in a xenograft murine model,
development of psoriatic changes, including T-cell infiltration, was blocked with anti-IFN-a
receptor antibody [48]; 9) psoriatic patients have abnormal IFN serum levels [58, 59] and
markedly increased levels of IFN-a auto-antibodies, which may be an attempt to suppress
the ongoing inflammatory process [60]; 10) IFN-a is in suction blister fluid obtained from
psoriatic but not unaffected skin [61].

In genetically predisposed individuals, the immune system is primed, and exogenous IFN-a
may trigger psoriasis development [62] through its immunomodulatory effects, primarily
through Th1 and Th17-mediated inflammation (Fig. 2). Recent findings suggest that
psoriasis is characterized by a mixed Thl and Th17 inflammatory environment [63-65].

J Eur Acad Dermatol Venereol. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Afshar et al.

Page 4

IFN-a has been shown to induce and maintain high rates of Th1 cells [50], either indirectly
by promoting the activation and maturation of myeloid dendritic cells, which have the
ability to stimulate autoreactive Th1 cells [66], or by direct stimulation of IFN-a-sensitive
pathogenic T cells [48], leading to T cell activation and proliferation [48]. IFN-a also
induces enhanced production of the Th1-derived cytokine, IFN-y [57]. IFN-y may
potentiate inflammation-promoting activities in psoriasis by regulating expression of
cytokines that contribute to the trafficking of CXCR3+ T cells, including CD8+ T cells, into
the psoriatic lesion [64]. IFN-a may also initiate psoriasis through Th17-biased
inflammatory responses. IFN-a./p receptor-deficient mice displayed a profound deficiency
in Th17 cytokines IL-17 and IL-22 expression levels in injured skin [67], suggesting an
upstream role of IFN-a in the production of IL-17 and 1L-22. Both cytokines contribute to
the psoriatic phenotype: IL-17 is pro-inflammatory and drives neutrophil migration into the
psoriatic lesion, while IL-22 causes abnormal keratinocyte proliferation by inhibiting
epidermal differentiation, resulting in altered differentiation and parakeratosis [64, 68]. The
exact mechanism that links IFN-a production to plasmacytoid dendritic cell-mediated Th17
responses is still unclear [67]. However, it may be that IFN-a-conditioned dendritic cells
produce a wide array of inflammatory cytokines which act on naive CD4+ T cells sustaining
their differentiation into Th1 or Th17 cells [69].

IFN-a.’s pathogenetic mechanisms may also be responsible for psoriasis induced by TNF-a
inhibitors, which has a prevalence of 0.6-5.3% [51], and also psoriasis induced by
imiquimod [52]. TNF-a regulates IFN-a production[70]. Inhibition of TNF-a. may increase
IFN-a production by plasmacytoid dendritic cells and induce the overexpression of IFN-a-
regulated genes [70]. Furthermore, patients treated with TNF-a inhibitors whodeveloped
psoriasis had increased IFN-a expression in the lesionaldermal vasculature and in the
perivascular lymphocytic infiltrate [71]. Current /n vitroand in vivo data suggests that
psoriasis induced by imiquimod 5% cream, of which there are several reported cases, is due
to increased IFN-a secretion [52, 72—75]. Imiquimod is a Toll-like receptor (TLR)7 agonist
that increases the number of plasmacytoid dendritic cells in the skin [76], and induces type |
IFN production from plasmacytoid dendritic cells [49, 50, 73]. Thus, TNF-a inhibitors and
imiquimod may produce aberrant IFN-a expression in predisposed individuals, leading to
psoriasis onset [52, 71]. In a recent phase | trial, anti-IFN-a. monoclonal antibody treatment
was not clinically effective for chronic plaque psoriasis, reaffirming that IFN-a is likely
important in the initiation but not maintenance of psoriasis [77].

From our review, we cannot completely exclude the possibility that immunological
alterations associated with HCV infection could have constituted a predisposing factor in the
onset of the disease in IFN-a-treated patients [32]. Both IFN-a and HCV may be involved
in the genesis of psoriasis in this patient population [9]. In generalized pustular psoriasis
patients, there is a greater number of HCV RNA in pustular lesions than in the non-lesional
skin [78]. HCV RNA has also been detected in psoriasis vulgaris lesions [79]. HCV in the
epidermis or dermis may trigger psoriasis by stimulating inflammatory cells to infiltrate skin
lesions [78, 79]. However, the chronology of the appearance of the IFN-a-induced psoriasis
lesions does not support the role of hepatitis C as an underlying driving force [37], given
that in several patients, flares of psoriasis occurred during treatment for hepatitis C at a time
when serum HCV RNA was negative. Additionally, data on the HCV infection prevalence
in psoriasis independent of IFN-a are conflicting. Furthermore, IFN-a-induced psoriasis is
not limited to hepatitis C patients; IFN-a therapy of other conditions—renal cell carcinoma
[80, 81], carcinoid syndrome [80], hepatitis B [82, 83], Kaposi’s sarcoma [31], essential
thrombocytopenia [84], hairy cell leukemia [85], erythrodermic cutaneous T-cell lymphoma
[31], and metastatic malignant melanoma [86]— may also induce psoriasis. However, while
hepatitis C has been associated with psoriasis independent of IFN-a therapy, these
conditions have not, suggesting that HCV may have a role in psoriasis induction [47]. A
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study of the incidence and pathogenesis of psoriasis in HCV RNA negative patients treated
with IFN-a, and further cases with histopathological analyses, will help potentially clarify
the role of IFN-a and HCV in the development of psoriatic lesions.

Treatment and management recommendations

We propose the following treatment and management recommendations based on our review
of the literature and analyses of published data. Psoriasis patients requiring IFN-a therapy
for hepatitis C should be treated carefully, with an eye to early signs of psoriasis
exacerbation.

Once mild exacerbation or induction of psoriasis presents, topical corticosteroids should be
initiated. However, in most cases of IFN-a-induced psoriasis, topical treatments are
ineffective. At that point, topical psoralen and ultraviolet A (PUVA) or narrow band
ultraviolet B (UVB) treatment should be considered. They pose no risk to the liver, but
PUVA-resistant psoriasis is common [20].

Depending on response, systemic therapy may be required. However, the widely used oral
antipsoriatic methotrexate is contraindicated in liver disease [87]. Systemic retinoids have
been associated with reversible increased liver function test results [88], but may be used
relatively safely if treatment is initiated after serum aminotransferase levels have returned to
normal [20]. Systemic corticosteroids and cyclosporine are effective, but the risk of a flare
of pustular psoriasis in the former and potentiation of viral hepatitis due to
immunosuppression in both are major drawbacks [20, 87]. However, two studies have found
that cyclosporine therapy does not worsen liver histological findings by biopsy in hepatitis C
infections [89, 90]. Additionally, there are several reports of etanercept therapy as effective,
safe, and well tolerated in the treatment of patients with moderate to severe psoriasis and
HCV infection [23, 26, 91]. Thus, for more severe cases, cyclosporine or etanercept may be
beneficial in treating IFN-a-induced psoriasis [20, 92].

If psoriasis lesions are disabling or resistant to topical/local or systemic treatment,
management must involve an IFN-a dose reduction or possible discontinuation (if expected
benefits are low) that would allow a stabilization or regression of lesions and simultaneous
initiation of systemic therapy [37]. Restarting IFN-a after clearance of psoriasis will likely
re-induce the lesions and should be avoided.

As IFN-a is a mainstay of treatment for patients with HCV infection, increased awareness
of the appearance or exacerbation of psoriasis as a IFN-a-induced adverse effect is advised
[19]. Before starting IFN-a treatment, patients should be warned about this side effect [34].
If there is significant concern at the potential exacerbation of psoriasis while on IFN-a
therapy, PUVA or UVB therapy or in more severe cases etanercept may be useful
prophylactically [18, 92].

Additionally, there are currently several clinical trials underway using IFN-free regimens to
treat hepatitis C [93]. Two direct-acting antiviral agents—telaprevir and boceprevir—which
are linear inhibitors of serine protease have been approved for the treatment of HCV
genotype 1 mono-infection [93]. Both medications are approved to be used concomitantly
with peglFN and ribavirin [93]. Telaprevir has been associated with rash in close to half of
those patients treated in clinical trials [94] and in severe cases can manifest as drug reaction
with eosinophilia and systemic symptoms (DRESS) or Stevens-Johnson Syndrome.
Consequently, Telaprevir should be used with caution in patients with known psoriasis or
other dermatological conditions. There are preliminary clinical trial results suggesting that
an IFN-free regimen comprising two direct-acting antiviral agents plus ribavirin may be
effective [93]. Numerous phase 2 and 3 studies are underway assessing the effectiveness and
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cutaneous side effects of IFN-free regimens for the treatment of HCV infection. It is
possible that these IFN-free regimens will be available within the next five years [93]. The
incidence of psoriasis onset and worsening with IFN-free regimens is not yet available, but
may be lower than the incidence with IFN-a treatment. IFN-free regimens may become the
preferred treatment for hepatitis C in psoriatic patients.

Conclusion

There is limited data on psoriasis induced and exacerbated by IFN-a in adults with hepatitis
C. Further information and cases are needed. It is important to educate hepatitis C psoriatic
patients who need IFN-a about this side effect, and if appropriate to offer prophylactic
therapy and dermatological evaluation as a component of care. Further studies and analysis
of biopsies of IFN-induced lesions may elucidate how IFN-a, HCV, cytokines, and different
cell types may drive the development of psoriasis.
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Figure 1.

New-onset plaque psoriasis on the (a) lower abdomen at peglFN-a injection sites and (b)
knees of a 57-year-old male with a one-year history of hepatitis C (HCV RNA 0 at
presentation). Lesions appeared 4 weeks into peglFN-a treatment.
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Figure2.
A model for the role of exogenous IFN-a treatment in the pathogenesis of psoriasis.

Adapted from [95].
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Summary characteristics of published cases of psoriasis induced by Interferon-alpha (IFN-a.) therapy

Table 1

N References
Cases 36 [9-40]
Female, n (%) 8 (23%) [11, 12, 14, 15, 21, 33, 37, 38]
Male, n (%) 27 (77%) [9, 10, 13, 16-20, 22-32, 34, 36, 37, 39, 40]
Age mean (range) 48.3 (26-65)
New onset 14 [9, 11, 12, 19, 21, 23, 30, 32-37]
Flare 22 [10, 13-18, 20, 22, 24-29, 31, 38-40]
Latency of new onset (months) | 3.3 (0.7-22)
Latency of flare (months) 1.6 (0.2-7)
IFN-a 13 (36%) [10, 16, 18, 24-26, 28-32, 39, 40]
IFN-a.2a 2 (6%) [20, 36]
IFN-a2b 6 (17%) [9, 10, 13, 37, 39]
IFN-a + ribavirin 1 (3%) [35]
Pegylated-I FN-a 1(3%) [17]
Pegylated-I FN-a+ ribavirin 2 (6%) [11, 33]
Pegylated-IFN-a2a + ribavirin | 6 (17%) [15, 21, 22, 26, 27, 34]
Pegylated-1FN-a2b + ribavirin | 5 (14%) [12, 14, 19, 23, 38]
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Effect of therapeutic modalities on outcome of psoriatic lesions (for patients with both therapeutic modality

and clinical outcome reported)

N | % resolved | References
Topical tx 10 | 30% [10, 11, 13, 19, 21, 29, 33, 36, 37, 40]
Systemic tx 3 | 100% [20, 22, 33]
Discontinue IFN-a tx (d/c) 14 | 93% [10, 12, 13, 15, 16, 19, 21, 29, 30, 36, 37, 39]
d/c + topical 4 | 100% [9, 14, 17, 31]
d/c + photother apy 1 100% [18]
d/c + systemic 1 100% [38]
d/c + topical + phototherapy | 1 100% [34]

Tx= treatment, d/c= discontinue
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