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Abstract

Background: Netherton syndrome (NS) is a rare potential
life-threatening disorder that causes severe defects to the
skin barrier. No effective treatment options are available for
patients with NS and current therapy is mostly supportive.
The effects of intravenous immunoglobulins (IVIGs), ixeki-
zumab, and dupilumab have scarcely been reported. Addi-
tionally, the role of anakinra in patients with NS has never
been investigated. Objectives: The objective was to report
our experiences of treatment with IVIG, ixekizumab, dupi-
lumab, and anakinra in patients with NS. Methods: A retro-
spective case series, including 5 patients with NS, was per-
formed in a tertiary referral hospital between 2016 and 2021.
Patients were treated with IVIG, ixekizumab, dupilumab,
and/or anakinra. Long-term experiences with treatment reg-
imens and adverse events requiring medical attention were
reported. Results: IVIG, ixekizumab, dupilumab, and anakin-

ra were well tolerated with no severe adverse events. The 2
patients that received IVIG showed clinical response for 6
months and 2.5 years. Ixekizumab was effective in 1 of our
patients for 3.5 years, while in another patient ixekizumab
lost its effect after 1.5 years. Dupilumab treatment did not
result in persistent improvement of NS-related skin symp-
toms in 1 patient. Anakinra showed physician-assessed clin-
ical response during the first months of treatment in 4 pa-
tients with NS. During anakinra treatment, no changes in
blood levels of IL-1(3, IL-6, and TNF-a levels were measured
atroutine blood examinations. Conclusions: This case series
suggests that the use of IVIG, ixekizumab, dupilumab, and
anakinra in NS is safe and moderately effective on the short
term. On the long term, a decline in effect was observed. Our
experiences may help clinicians and researchers to provide
adequate care and develop treatment for these severely af-
fected patients. More international research, especially on
the long term, is needed to determine if and which patients
benefit most from the emerging therapies for NS.
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Introduction

Netherton syndrome (OMIM #256500) (NS) is a rare
genetic disorder caused by an autosomal recessive muta-
tion in the serine peptidase inhibitor Kazal type 5
(SPINKS5) gene [1, 2]. Pathogenic variants in SPINK 5 are
associated with a defective lymphoepithelial Kazal-type-
related inhibitor (LEKTI). The loss of LEKTTI results in
uninhibited activity of epidermal proteases causing se-
vere skin barrier impairment in NS patients [2, 3]. Typical
features associated with NS include congenital potential
life-threatening erythroderma evolving in ichthyosis lin-
earis circumflexa alternated with erythroderma, hair
shaft abnormalities, and the atopic syndrome. Secondary
skin inflammation is associated with overexpression of
the T helper type 17 (Th17) pathway and IL-1P [4-6].
Moreover, patients with NS suffer from immunodeficien-
cy secondary to a skin barrier defect [4], resulting in in-
creased susceptibility to skin infections.

Currently, there are no registered effective treatment
options available for patients with NS and treatment is
mainly supportive. Current treatment options include
topical corticosteroids, topical calcineurin inhibitors [7],
retinoids [8], and narrowband ultraviolet B phototherapy
[9]. Recent reports have described treatment of severe NS
cases with biologicals targeting specific pro-inflammatory
cytokines or immunoglobulins such as IL-4/1L-13, IL-17,
TNF-a, IL-12/IL-23, IgE (dupilumab, infliximab,
ustekinumab, secukinumab, and omalizumab) [10-17].
These treatments have been shown to be effective in small
case numbers [18]. However, most studies only describe
the effects of these treatments on the short term. More
evidence on the efficacy of these therapies, also on the long
term, is required to develop treatment guidelines for NS.

In addition, the effects of other therapies should be
further explored. Based on their mechanisms of action,
intravenous immunoglobulins (IVIGs) and anakinra,
specifically targeting the IL-1 pathway, could be of poten-
tial interest.

Immunoglobulins derived from human plasma do-
nors have been used for treatment of a range of inborn
errors of immunity and chronic inflammatory disorders
[19, 20]. The role of IVIG extends to more than the mere
replacement of antibodies [21]. More evidence emerges
that IVIG may have an important role in immune modu-
lation. In mice, IVIG induces expansion of FoxP3+ regu-
latory T cells, while downregulating the Th17 pathway
[22]. In NS, treatment with IVIG may reduce inflamma-
tion by downregulating type 17 inflammation and restore
immune homeostasis.
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Anakinra is a human IL-1 receptor antagonist, used
for treatment of auto-inflammatory conditions. In the
skin of Cdsn'®P—/— mice (in which disruption of the stra-
tum corneum can be induced to cause epidermal barrier
defects), anakinra caused blockage of IL-1 and suppres-
sion of the Th2 and Th17 cytokines [23]. In addition,
blockage of IL-1p prevents secretion of thymic stromal
lymphopoietin, an IL-7-like cytokine, via NF-kB. This
prevents reduction of filaggrin expression, an important
protein for epidermal homeostasis [24]. Furthermore, IL-
1P levels are elevated in skin biopsies from patients with
NS when compared to healthy individuals [5]. Based on
the mode of action and its safety profile, anakinra could
also be of interest in treatment of NS. In this case series,
we describe our experiences with IVIGs, ixekizumab, du-
pilumab, and, to our knowledge, for the first-time treat-
ment with anakinra in the treatment of 5 patients with
severe NS symptoms.

Materials and Methods

A retrospective case series of 5 patients with severe NS receiv-
ing systemic therapy, part of our national NS cohort (total of 21
patients), was conducted between 2016 and 2021 at the Erasmus
MC University Medical Center Rotterdam-Sophia Children’s
Hospital, the National Expert Center for NS acknowledged by the
Ministry of Health and part of the European Reference Network
SKIN (https://ern-skin.eu). The members of the NS expert team
that have taken care of these patients consist of a dermatologist,
clinical immunologist, pediatrician, and pediatric psychologist.
This study was approved by the Medical Ethical Committee
(METC) of the Erasmus MC University Medical Center (MEC-
2020-0447), the Netherlands. Written informed consent was ob-
tained from all patients and/or parents.

During regular care visits at our outpatient clinic effects, ad-
verse events of IVIG, ixekizumab, dupilumab, and anakinra were
assessed and recorded in the electronic patient record. Addition-
ally, standardized photographs were taken by a medical photogra-
pher and blood tests were performed. The Index for Ichthyosis
Severity (VIIS) was assessed on these photographs [25]. During
anakinra treatment, blood levels of IL-1f, IL-6, and TNF-a levels
were measured at routine blood examinations.

Results

Details of Study Population

A total of 5 patients (mean age 29.6 years [SD: 16.6]; 1
man and 4 women) were studied (Table 1). In all patients,
NS was confirmed by genetic analysis and patients were
treated at the Erasmus MC University Medical Center.
All patients had previously undergone unsuccessful treat-
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Table 1. Patient characteristics

Patient  Age, years Gender Previous therapies Concomitant therapies

1 25 Female Glucocorticoids (topical and systemic), antibiotics (silver sulfadiazine, Glucocorticoids (topical), doxycycline,
clarithromycin, amoxicillin, doxycycline, clindamycin), pimecrolimus,  zincoxide, desloratadine, emollients
emollients

2 25 Male Glucocorticoids (topical and systemic), cyclosporine, mycophenolic Glucocorticoids (topical), desloratidine,
acid, antibiotics (clarithromycin), emollients ketotifen, emollients

3 41 Female Glucocorticoids (topical and systemic), antibiotics (cefuroxime), Glucocorticoids (topical), zincoxide,
cyclosporine, emollients emollients

4 7 Female Glucocorticoids (topical), antibiotics (erythromycin), topical coal tar, Glucocorticoids (topical), antibiotics
pimecrolimus, emollients (erythromycin), alimemazine, zincoxide,

emollients
5 50 Female Glucocorticoids (topical and systemic), antibiotics (erythromycin, Glucocorticoids (topical), antibiotics

flucloxacillin), antihistamines (fexofenadine, hydroxyzine,

dimetindene), emollients

(amoxicillin), zincoxide, desloratidine,
emollients

Table 2. Summary of the given treatments

Treatment Patient Total treatment  Initial Effectiveness Adverse events Discontinuation
duration response
IVIG Patient 1 4 years 2 months Less effective after 2.5 years ~ No Yes
Patient 2 8 months 2 months Less effective after 6 months  No Yes
Ixekizumab  Patient 1 1 year and 1.5 months  Less effective after 1.5 years ~ Regular common colds Yes
9 months
Patient 2 3.5 years 3 months Not applicable Nail infection No
Dupilumab  Patient 3 6 months 2 months Less effective after 5 months  Fatigue in the first month Yes
Anakinra Patient 1 5.5 months 2 weeks Less effective after 5 months  Increased itch Yes
Patient 3 14 months 1 month Less effective after 10 months Initial pain and itch at local injection site  Yes
Patient 4 5 months 1 month Less effective after 3 months  Increased itch, struggle with injections Yes
Patient 5 9 months 1 month Less effective after 4 months  Burning and dry sensation of the eyes, Yes

upper respiratory tract infection

IVIG, intravenous immunoglobulin.

ments with topical corticosteroids, antibiotics, and pred-
nisone. All patients suffered from erythroderma, com-
bined with ichthyosis linearis circumflexa, before start of
treatment with IVIG, ixekizumab, dupilumab, and
anakinra. Concomitant systemic and topical therapies
were continued in all cases (Table 1). A summary of the
given treatments can be found in Table 2.

Intravenous Immunoglobulins

Patient 1,a woman of 25 years old, and patient 2, a man
of 25 years old, were treated with prednisone without im-
provement of skin symptoms. Therefore, IVIG treatment

Treatment Experiences in Netherton
Syndrome

every 4 weeks was started (patient one 0.4 g/kg and pa-
tient two 0.8 g/kg). Both patients responded within 2
months of treatment and experienced less skin symptoms
(less erythema and scaling) and skin infections (impetig-
inization). These effects persisted for 2.5 years and 6
months in patient 1 and patient 2, respectively. Thereaf-
ter, both patients experienced multiple exacerbations
with more erythroderma and recurrent skin infections.
Increasing the IVIG dose in patient 1 (0.9 g/kg) did not
result in improvement of skin symptoms. Therefore, after
4 years and 8 months, respectively, treatment was stopped
in both patients.

Dermatology 3
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Fig. 1. Cases of NS treated with ixekizu-
mab. a Patient 1 after 6 weeks of treatment
with ixekizumab. b Improved skin condi-
tion after 1 year of treatment. ¢ Widespread
polycyclic, double-edged scaling and ery-
thematous plaques before treatment with
ixekizumab in patient 2. d Substantial im-
provement after 2 years and 4 months of
treatment.

Ixekizumab

Patient 1 and 2 switched to ixekizumab after IVIG
treatment, with an initial dose of 160 mg followed by a
dosage of 80 mg every 2 weeks. After 3 months (patient
1) and 6 months (patient 2), the interval between injec-
tions was prolonged to 80 mg every 4 weeks. For 1.5 years,
patient 1 responded well (Fig. 1a, b), with minimal exac-
erbations, less erythema, scaling, and skin infections.
Thereafter, her skin condition declined and she suffered
from more scaling and erythema. After a total duration of
1 year and 9 months, ixekizumab was discontinued due
to reduced effectiveness. Patient 2 is currently still treated
with ixekizumab, for over 3.5 years, with feasible results.
He experiences less erythema, less exacerbations, and
more energy overall compared to prior treatments
(Fig. 1¢c, d).
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Dupilumab

Patient 3, a woman of 41 years old, was referred to our
outpatient clinic from another tertiary hospital for treat-
ment of severe NS. Due to exacerbation under topical cor-
ticosteroid treatment, and good experiences with dupi-
lumab of a family member with NS, dupilumab was start-
ed abroad. After the initial dose of 600 mg, treatment was
continued with 300 mg every 2 weeks. During treatment,
her skin condition somewhat improved (less erythema
and scaling); however, after 5 months of treatment skin
symptoms began to deteriorate and the dosage was raised
to 300 mg once a week. The erythema improved only tem-
porally and after 6 months of treatment dupilumab was
terminated due to lack of effectiveness and persistent skin
symptoms and pain. Except for complaints of fatigue the
first month of treatment, no adverse events during treat-
ment with dupilumab were noted.
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Fig. 2. Cases of Netherton treated with
anakinra. a Lower back of patient 1 before
treatment (widespread polycyclic, double-
edged scaling and erythematous plaques)
with anakinra and b improvement of the
skin condition after 6 weeks of treatment.
Patient 4 before (c) and after (d) 3 months
of anakinra treatment. Patient 5 before (e)
and after (f) 2.5 months of anakinra treat-
ment.

Anakinra

Patient 1, 3, 4, and 5 were all treated with daily anakin-
ra (100 mg) after failing of abovementioned treatments or
standard care. Skin condition of patient 1 was character-
ized by an increase of the affected skin surface with wors-
ening of erythema, scaling, and pain prior to starting
anakinra (Fig. 2a, b). Within 2 weeks of initiation of treat-
ment with anakinra, her skin condition improved (VIIS
27 at start and 14 after 2 weeks). Due to increased itch,
desloratadine (5 mg twice daily) was prescribed. After 2

Treatment Experiences in Netherton
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months of treatment, she developed erythroderma.
Anakinra was temporarily halted and doxycycline (100
mg daily) was started since a skin infection was suspected.
Anakinra was restarted after 2 months and within 2 weeks
her skin condition and energy level improved. However,
after 3 months of successful treatment, she experienced
two periods with skin exacerbations and increase of pain.
After a total of 5.5 months of treatment, anakinra was
stopped.
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Patient 3 had still complaints of a scaly skin, pain, and
itch after treatment with dupilumab. Treatment with
anakinra was started and within a month the patient ex-
perienced an improved skin condition and less itching.
Except for initial pain and itch at local injection site for
which topical clobetasol propionate was prescribed, no
adverse events were noted. After several months, im-
provement stabilized and after 10 months of treatment
the patient experienced worsening of the skin condition
with erythema. After 14 months, treatment with anakinra
was stopped due to lack of effectiveness.

Patient 4, a girl of 7 years old, and patient 5, a woman
of 50, were treated with standard care. Anakinra was
started because of insufficient disease control with the use
of long-term topical corticosteroids, calcineurin inhibi-
tors, oral antibiotics, and anti-histamines. The symptoms
of patient 4 were characterized by erythroderma and ich-
thyosis linearis circumflexa, most prominently on the up-
per back and face (VIIS 14) and slightly improved within
1 month (VIIS 13) mainly with less erythroderma and
scaling on the face (Fig. 2c, d). In addition, her parents
noted that she had more energy and became more active
and went to school again. Similar effects were seen in pa-
tient 5. In addition to less scaling and erythroderma, most
prominent on the upper legs, she experienced less painful
calves and more energy (Fig. 2e, f). Patient 4 initially ex-
perienced more itch and patient 5 complained of a burn-
ing and dry sensation of the eyes, which was adequately
treated with artificial tears. Treatment in patient 5 was
temporarily halted due to an upper respiratory tract in-
fection. Shortly after restart of anakinra, patient 5 devel-
oped a skin infection which was treated with oral antibi-
otics. In both patients, skin condition improved within a
month with lower NRS scores for skin symptoms and itch
(online suppl. Fig. S1; for all online suppl. material, see
www.karger.com/doi/10.1159/000525987). However, no
sustained improvement was noted. In patient 4, adminis-
tration of the daily subcutaneous injections became a
struggle due to increasing fear for the injection although
our NS pediatric psychologist was consulted. After 5
months, therapy with anakinra was stopped (VIIS: 16).
Her skin condition worsened rapidly and she developed
painful calves.

In patient 5, improvement of the skin condition re-
mained for over 4 months. After this period, she increas-
ingly suffered from exacerbations and needed to use top-
ical steroids more intensively. After 9 months, anakinra
was stopped.

During treatment with anakinra, no changes in labora-
tory values were observed (online suppl. Table S1). Pa-
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tient 1, patient 3, and patient 4 switched to ixekizumab.
Patient 5 continued treatment using topical corticoste-
roids.

Discussion/Conclusion

In this study, we share our long-term experiences with
IVIG, ixekizumab, dupilumab, and anakinra for the treat-
ment of patients with severe NS. All treatment modalities
were well tolerated and no severe side effects occurred. At
least temporary cutaneous improvement (less erythro-
derma, scaling, and less frequent exacerbations of NS-re-
lated skin symptoms) and less tiredness improving expe-
rienced quality of life was noted in all administered ther-
apies.

Intravenous Immunoglobulin

IVIG has been used for treatment of inborn errors of
immunity [19, 20]. In the past years, several studies re-
ported the use of IVIG in children with NS [4, 26-28].
Most patients showed improvement while on IVIG ther-
apy. However, 1 patient showed lack of benefits which led
to discontinuation of the IVIG treatment [27]. In our 2
adult patients treated with IVIG, cutaneous response was
observed within 2 months and lasted over the course of
2.5 years overall. Although knowledge of the effects of
IVIG in adult patients is scarce, our results suggest that
IVIG may a therapeutic option in adults with NS [29].
The precise mechanism of IVIG in NS still remains un-
clear and more research is needed to assess the role and
effectiveness of IVIG in NS. However, it is thought that in
addition to the replacement of immunoglobulins, high
dosage of IVIG may modulate the immune system and
reduce inflammation [21]. We hypothesize that IVIG
may downregulate Th17 cytokines in NS and thereby re-
duces inflammation. Treatment with IVIG could be an
option for patients with severe NS-related skin symp-
toms.

Biologicals

As a consequence of LEKTI deficiency and serine pro-
tease overexpression, inflammation and allergic path-
ways in NS are upregulated [4-6, 30, 31]. In patients with
NS, increased activity of the Th17 pathway and elevated
expression of TNF-a and IL-1f have been described [4-6,
31]. Also, Th2 skewing has been reported [31-33]. With
the increase of biologic therapies targeting these specific
inflammatory cytokines and pathways, it is hypothesized
that some therapies could be effective for NS.
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Ixekizumab

In this case series, we show the short- and long-term
effects of ixekizumab. Similar to the results of Luchsinger
et al. [15] and the findings of Paller et al. [5], anti-IL-17
treatment of NS with ixekizumab was effective in our 2
patients on the short term. In 1 patient, effectiveness de-
clined after 1.5 years and in the other patient treatment
with ixekizumab has been effective for over 3.5 years.
These findings suggest a role for anti-IL-17 treatment in
severe NS. More cases with treatment effects on the long
term are needed to determine if and which patients ben-
efit most from anti-IL-17 treatment.

Dupilumab

In our patient, dupilumab treatment demonstrated lit-
tle effectiveness on NS-related skin symptoms (even after
raising the dosage) and was terminated after 6 months.
Our results are in contrast with two published single case
series, who showed major improvement on the affected
body surface area and patient reported itch [13, 16]. Du-
pilumab is increasingly used for inflammatory skin dis-
eases including atopic dermatitis and its safety profile is
well documented [34]. Dupilumab may be an interesting
treatment option for NS as many patients suffer from
atopic manifestations and elevated expression of IL-4 and
IL-13 have been reported in Tg-KLK5 mice [1, 35]. How-
ever, another study found similar IL-13 expression in pa-
tients with NS as to controls [5]. Based on this contradic-
tory, we conclude that more research is needed to assess
the role of dupilumab in NS. Fortunately, a trial investi-
gating dupilumab (NCT04244006) is currently ongoing
[36].

Anakinra

Since previous studies showed elevated levels of IL-1
both in skin biopsies and serum of NS patients, we hy-
pothesized that IL-1 blockade would improve the skin
condition [4, 5]. In this case series, we describe the first
experience with anakinra in NS. Anakinra showed a rap-
id decrease in erythema, scaling, itch, and tiredness dur-
ing the first months of treatment in 4 patients with NS.
On the long term, its effectiveness declined over time.
Anakinra may be a good option for patients with severe
symptoms or exacerbations. More research is warranted
to explain the declining in long-term effect to establish
the role of anakinra in the personalized treatment of NS.

The results of this case series describe that some thera-
pies were effective in NS on the short and medium long
term; in some patients, this treatment effect declined on
the long term. As far as we know, both the long-term ef-
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fect and the decline over time have not been reported be-
fore in patients with NS. Although the precise mechanism
behind this phenomenon remains unclear, this phenom-
enon can also be seen in other complex immune-mediat-
ed inflammatory diseases [37]. Immunogenicity might
play a role, although no anti-drug antibodies were found
[38]. Immunogenicity could be countered by adding an
immunomodulator from the start of the therapy [39]. To
address this issue, more research investigating the effects
of a combination of therapies is needed. In addition to
elongation of treatment response, a combination of treat-
ment might be more effective. In rheumatoid arthritis, it
has been demonstrated that monotherapy with biologics
is inferior to a combination of therapies [40]. This might
be the case for NS as well.

Currently, we cannot predict effectiveness of therapy
in the individual NS patient. As we have observed in our
case series, some patients might benefit more from a cer-
tain treatment and for a longer duration. Given this vari-
ability in treatment response, a more tailored approach is
needed. Further research into personalized factors pre-
dicting and evaluating treatment response in NS is neces-
sary, including genotype-phenotype and involved skin
and serum biomarkers.

The scarcity of current literature on the role of treat-
ment in NS, including IVIG and biologicals, further em-
phasizes the need for larger, controlled, long-term cohort
studies and trials specially designed for rare skin diseases
in an international setting based on standardized out-
come measures, in cooperation with expert centers and
patient associations. To establish this, we recently initi-
ated the International Netherton Network for both pa-
tients and professionals (https://nethertonnetwork.com).

Limitations

This study is a case series of only one International
Netherton Expert Center representing the more severe
NS patients that needed a step up in their treatment of its
national NS cohort. Some data were lost due to failure of
patients to fill in the questionnaires and logistical prob-
lems caused by the COVID-19 pandemic.

Conclusion

Our experience suggests that IVIG, ixekizumab, dupi-
lumab, and anakinra are safe and can improve NS with
variability in treatment response on the long term. Of
these treatments, IVIG and ixekizumab showed the lon-
gest treatment effects. Larger international studies in col-
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laboration with expert centers internationally and patient
associations are needed to determine if and which pa-
tients benefit most from the emerging therapies for NS.

Key Message

Intravenous immunoglobulins, ixekizumab, dupilumab, and
anakinra are safe treatment options for Netherton syndrome.
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