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The regulatory T cell-selective interleukin-2
receptor agonist rezpegaldesleukin in the
treatmentof inflammatory skindiseases: two
randomized, double-blind, placebo-
controlled phase 1b trials
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Regulatory T cell (Treg) impairment is implicated in the pathogenesis of
chronic inflammatory diseases, but relatively little is known about the ther-
apeutic potential of Treg restoration. Here we present clinical evidence for the
Treg-selective interleukin-2 receptor agonist rezpegaldesleukin (REZPEG) in
two randomized, double-blind, placebo-controlled Phase 1b trials in patients
with moderate-to-severe atopic dermatitis (AD) (NCT04081350) or chronic
plaque psoriasis (PsO) (NCT04119557). Key inclusion criteria for AD included
an Eczema Area and Severity Index (EASI) score ≥ 16 and a validated Investi-
gator Global Assessment for Atopic Dermatitis (vIGA-AD) ≥ 3, and for PsO
included a Psoriasis Area and Severity Index (PASI) score of ≥ 12 and a static
Physician’s Global Assessment (sPGA) score of ≥ 3. REZPEG is safe and well-
tolerated and demonstrates consistent pharmacokinetics in participants
receiving subcutaneous doses of 10 to 12 µg/kg or 24 µg/kg once every 2 weeks
for 12 weeks, meeting the primary and secondary objectives, respectively. AD
patients receiving the higher dose demonstrate an 83% improvement in EASI
score after 12 weeks of treatment. EASI improvement of ≥ 75% (EASI-75) and
vIGA-AD responses are maintained for 36 weeks after treatment discontinua-
tion in 71% and 80% of week 12 responders, respectively. These exploratory
clinical improvements are accompanied by sustained increases in CD25bright

Tregs. REZPEG thus represents a homeostatic approach to cutaneous disease
therapy and holds clinical potential in providing long-term, treatment-free
disease control.

Inflammatory cutaneous conditions represent the largest class of
chronic skin diseases and cause major health burdens and deteriora-
tion of quality of life in association with various comorbidities1–5.
Among the most common T cell-driven inflammatory skin disorders,
atopic dermatitis (AD) and psoriasis (PsO) collectively affect up to 10%

of adults globally6,7. AD is classically viewed as a predominantly T
helper type 2 (Th2)-skewed inflammatory disease, with PsO displaying
a Th1/Th17 dominance8. Recently developed biologic therapies suc-
cessfully target the specific immune pathways dysregulated in each
disease: interleukin (IL)−4 or IL-13 in AD9,10 and tumor necrosis factor
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alpha (TNFα), IL-17 or IL-12/IL-23 antagonists in PsO11–13, with Janus
kinase (JAK) inhibitors also approved for both indications14,15. While
these immunosuppressive drugs represent undisputed advancements
in treatment, challenges remain, including unpredictable or incom-
plete responses, adverse events, and chronic relapse16.

Regulatory T cells (Tregs) hold a pivotal role in orchestrating
immune homeostasis through their ability to modulate the activity of
Th1, Th2, and Th17 effector subsets17,18, but are impaired in both PsO
and AD19–21. Interleukin-2 (IL-2) plays a role in controlling the pro-
liferation and survival of Tregs22, with low dose IL-2 shown to partially
rescue Treg function and provide clinical benefit in autoimmune
diseases23–25. However, low-dose IL-2 has limited therapeutic practi-
cality, with shortcomings including a narrow therapeutic window and
short half-life, requiring more frequent dosing that could result in
conventional T cell (Tcon) induction26. Rezpegaldesleukin (REZPEG) is
an IL-2 receptor (IL-2R) pathway agonist designed to stimulate the
expansion and function of Tregs. It utilizes the approved recombinant
human IL-2 (rhIL-2) aldesleukin sequence with stable, covalently
attachedpolyethylene glycol (PEG)moietieswhichextends thehalf-life
and confers a selectivity for Treg stimulation over Tcons compared
with rhIL-227,28. We have previously shown that REZPEG effectively
expands Treg populations in preclinical animal models as well as in
healthy volunteers and patients with systemic lupus erythematosus
(SLE)27,28. Six-week treatment with REZPEG led to a rapid, dose-
dependent improvement in the Cutaneous Lupus Erythematosus Dis-
ease Area and Severity Index-Activity (CLASI-A) score, encouraging the
application of REZPEG to other T cell-driven cutaneous diseases.

Here, hypothesizing that REZPEG may provide benefit in inflam-
matory skin diseases by therapeutic restoration of the Treg compart-
ment, we apply preclinical experimental models and report the results
from two randomized, double-blind, placebo-controlled Phase 1b
studies in patients with moderate-to-severe PsO (NCT04119557) or AD
(NCT04081350). REZPEG is safe and well tolerated and demonstrates
consistent pharmacokinetics in both patient populations. Patients
receiving REZPEG in either disease setting demonstrate clinical
improvement as assessed by exploratory physician-assessed and
patient-reported disease outcomes at the end of treatment at week 12
that are maintained for an additional 36 weeks. REZPEG holds great
promise for cutaneous disease therapy through its novel mechanism
of Treg restoration.

Results
REZPEG induces antigen-specific immune tolerance in
mouse skin
Keyhole limpet hemocyanin (KLH) delayed-type hypersensitivity
(DTH) in mice is a classic preclinical model of cell-mediated immunity
and was used to establish a basis for REZPEG-mediated activity in
inflammatory skin diseases. Pilot pharmacological studies showed that
REZPEG doses between 0.003 and 0.3mg/kg administered sub-
cutaneously (SC) reduced DTH response as measured by ear thickness
24 to 96 hours after KLH challenge in a dose-dependent manner
compared to vehicle (Supplementary Fig. 1a).

A follow-on mouse DTH study using sensitization and challenge
with multiple antigens was conducted to evaluate the antigen-specific
effects of REZPEG during and after administration (Supplementary
Fig. 1b). In the first period, mice were sensitized and challenged with
KLH in the presence or absence of REZPEG. As established in the pilot
studies, ongoing treatment with 0.1mg/kg REZPEG potently sup-
pressed ear inflammation (Supplementary Fig. 1c). One month later,
the same mice were sensitized with a new antigen, Ovalbumin (OVA),
without any additional REZPEG treatment and challenged five days
later with the new antigen OVA and the original antigen KLH (Sup-
plementary Fig. 1b, Second Period). Mice that were treated with
0.1mg/kg REZPEG in the primary efficacy period demonstrated

reduced DTH ear thickness compared to vehicle when re-challenged
with KLH but not with OVA (Supplementary Fig. 1d). The antigen-
specific protection against the DTH reaction in REZPEG animals was
detectable within 24 hours and was durable through 168 hours after
KLH re-challenge, suggesting that REZPEG induces long-lived antigen-
specific immune tolerance that lasts well beyond the end of dose
administration.

Patient disposition, baseline demographics, and disease
characteristics
Thirty patients diagnosed with chronic plaque PsO and 48 patients
withmoderate-to-severeADwere enrolled in twomulti-center, double-
blind, placebo-controlled phase 1b randomized clinical trials (Fig. 1,
CONSORT diagrams, and Supplementary Data 1 and Supplementary
Data 2 for protocols). Subcutaneous doses of 10 µg/kg and 24 µg/kg
were selected for these studies based on previous phase 1 studies of
REZPEG in healthy adult volunteers that demonstrated this dose range
to be safe and selectively induceTregs but not Tcons28. Enrollmentwas
paused due to the COVID-19 pandemic and resumed only at the higher
dose level for PsO, limiting analyses due to fewer placebo patients
enrolled than originally planned. In the lower dose AD cohort, enroll-
ment resumed at 12 µg/kg. Data from the 10 µg/kg cohorts are included
only for the demographic and safety analyses due to the small sample
sizes for these groups (n = 3 and n = 1 for PsO and AD, respectively). In
each study, baseline demographics were similar across cohorts
(Table 1). REZPEG or placebo was administered SC every 2 weeks
through week 12, with post-treatment follow-up visits continuing
through week 19, and extended visits for week 19 responders con-
tinuing through week 48. The study designs and patient completion
information for PsO and AD are summarized in Supplementary
Figs. 2 and 3, respectively.

Primary endpoints addressing safety and tolerability
Treatment-emergent adverse events (TEAEs) were reported by 17
(70.8%) PsOpatients and 23 (67.7%) ADpatients. All TEAEswere ofmild
or moderate severity except one involving PsO exacerbation in the
24 µg/kg group (Table 2). There were no serious adverse events (SAEs)
related to REZPEG administration in either study. In the AD placebo
group, 2 patients experienced SAEs, with cellulitis and tenosynovitis in
one of these patients judged to be related to treatment, and a sta-
phylococcal infection in the other patient unrelated to treatment. Both
patients recovered, the study treatment (placebo) was not withdrawn,
and the participants continued in the study. No deaths occurred in
either trial. The incidence of TEAEs was similar between AD groups,
reported in 8 (80%) patients receiving placebo, 10 (62.5%) receiving
12 µg/kg REZPEG, and 13 (76.5%) receiving 24 µg/kg REZPEG, and was
similar in PsO (14 [66.7%] patients in the 24 µg/kg REZPEG group)
(Table 2). Injection site reactions (ISRs) were the most common
REZPEG-related findings reported in both trials (Table 2) with ery-
thema being the most common feature that was self-resolving. No
clinically meaningful changes in laboratory values, vital signs, or
electrocardiogram were reported during either study.

Secondary endpoints addressing pharmacokinetics
After first administration in either PsO or AD patients, REZPEG was
slowly absorbed into the systemic circulation with the median time to
reach maximum concentration (Tmax) achieved 5 to 8 days after dos-
ing, followedby a decline in plasmaconcentrations (Fig. 2a, b). REZPEG
exposure increased in an approximately dose-proportional manner
(Fig. 2b). The estimated geometric mean maximum concentration
(Cmax) and area under the curve from dosing to the time of the last
measured concentration (AUClast) estimatesweredose-proportional in
AD patients and were similar at the 24 µg/kg dose for both AD and PsO
patients (Supplementary Table 1).
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Exploratory endpoints addressing pharmacodynamics
A dose-dependent increase in total and CD25bright Tregs (measured
either as absolute number or proportion of CD4 +T cells) was
observed in REZPEG-treated cohorts (Fig. 2c, d, Supplementary Fig. 4a-
d & Supplementary Fig. 5a-d). During the induction period, REZPEG-
treated PsO patients demonstrated a respective maximum 3.1- and
15.9-fold mean change from baseline in the number of total Tregs and
CD25bright Tregs with no increases in CD4+ or CD8+ Tcons compared to
placebo (Fig. 2e, g, Supplementary Fig. 5e, g). Similarly, REZPEG-
treated AD patients demonstrated a maximum 1.9- and 4.0-, and 2.7-
and 8.7- mean fold change from baseline in total Tregs and CD25bright

Tregs, for the 12 and 24 µg/kg dose levels, respectively, with no
increases in CD4+ or CD8+ Tcons compared to placebo (Fig. 2f, h,

Supplementary Fig. 5f, h). A gradual increase in the overall numbers of
CD56+ natural killer (NK) cells was observed that was dose-dependent
in AD (Supplementary Fig. 6a, b). In both PsO and AD patient periph-
eral blood NK cell subsets, the CD56bright subpopulation of NK cells
gradually increased as the CD56dim subpopulation decreased over the
12-week induction period (Supplementary Fig. 6c-f).

Exploratory endpoints addressing PsO efficacy
Patients treated with REZPEG demonstrated clinical improvements in
the mean percent change from baseline in the psoriasis area and
severity index (PASI) score relative to placebo (Fig. 3). At the end of the
treatment period at week 12, the REZPEG-treated patients experienced
a 44.5% least-squares (LS) mean improvement from baseline in PASI

Assessed for eligibility and consented total (n=61)

Did not meet eligibility criteria (n=31) Enrolled (n=30)

Omitted due to site GCP non-compliance (n=1) Intent-to-treat total (n=29)

Allocated to placebo (n=5)
Received placebo (n=5)

Allocated to REZPEG 10 μg/kg (n=3)
Received REZPEG 10 μg/kg (n=3)

Allocated to REZPEG 24 μg/kg (n=21)
Received REZPEG 24 μg/kg (n=21)

Discontinued treatment (n=0) Discontinued treatment (n=1)
Other (n=1)

Discontinued treatment (n=10)
AE (n=3)
ISR (n=1)
Lost to follow-up (n=1)
Physician decision (n=2)
Progressive disease (n=1)
Subject withdrawal (n=2)

Completed treatment at Wk 12 (n=5)
Excluded from analysis (n=0)

Completed treatment at Wk 12 (n=2)
Excluded from analysis (n=0)

Completed treatment at Wk 12 (n=11)
Excluded from analysis (n=0)

a

b
Assessed for eligibility and consented total (n=102)

Did not meet eligibility criteria (n=54) Enrolled (n=48)

Omitted due to site GCP non-compliance (n=4) Intent-to-treat total (n=44)

Allocated to placebo (n=10)
Received placebo (n=10)

Allocated to REZPEG 10 μg/kg (n=1)
Received REZPEG 10 μg/kg (n=1)

Allocated to REZPEG 12 μg/kg (n=16)
Received REZPEG 12 μg/kg (n=16)

Allocated to REZPEG 24 μg/kg (n=17)
Received REZPEG 24 μg/kg (n=17)

Discontinued treatment (n=3)
Lack of efficacy (n=1)
Physician decision (n=1)
Subject withdrawal (n=1)

Discontinued treatment (n=1)
Other (n=1)

Discontinued treatment (n=4)
AE (n=1)
Lack of efficacy (n=1)
Subject withdrawal (n=2)

Discontinued treatment (n=4)
AE (n=2)
Lost to follow-up (n=1)
Met withdrawal criteria (n=1)

Completed treatment at Wk 12 (n=7)
Excluded from analysis (n=0)

Completed treatment at Wk 12 (n=12)
Excluded from analysis (n=0)

Completed treatment at Wk 12 (n=13)
Excluded from analysis (n=0)

Fig. 1 | CONSORT diagrams. aCONSORT diagram for Phase 1b trial of REZPEG in PsO patients. bCONSORT diagram for Phase 1b trial of REZPEG in ADpatients. AD atopic
dermatitis, AE adverse event, GCP Good Clinical Practice, ISR injection site reaction, PsO psoriasis.
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score compared to a 26.2% improvement in the placebo group, with
greater improvement indicated by a greater reduction (negative value)
in PASI score. Patients in the REZPEG group continued to see benefit
during the off-treatment period, with an LS mean 51.4% PASI score
improvement from baseline at week 19 compared to 19.9% in the pla-
cebo group. A greater LS mean percent change from baseline in the
target lesionTotal Sign Score andbody surfacearea (BSA) involvement
was also observed in PsO patients receiving REZPEG (−51.0% and
−29.4%, respectively) compared to placebo (−1.1% and −8.6%, respec-
tively) (Supplementary Table 2). Improvements from baseline in
patient-reported outcomes including itch numerical rating scale (NRS)
and Patient’s Global Assessment of Disease Severity were numerically
greater in the REZPEG group compared to placebo (Supplementary
Table 2).

Exploratory endpoints addressing AD efficacy during the
induction period
Dose-dependent improvements inmeasures of overall disease severity
and quality of life, as measured by Eczema Area and Severity Index
(EASI) score, BSA involvement, Dermatology Life Quality Index (DLQI)
and Patient-Oriented Eczema Measure (POEM) scores, were observed
as early as 2-4 weeks after treatment initiation (within the first and
second dose administrations) and continued through the induction
period (Figs. 4a, b, and 6a, b). At week 12, the LSmean percent change

in EASI score from baseline was significantly greater for patients in the
24 µg/kg group (-83.0%, p = 0.002) than those receiving placebo
(-47.2%) (Table 3, Fig. 4a), with greater improvement indicated by a
greater reduction (negative value) in scores. Treatment with 24 µg/kg
REZPEG resulted in significant decreases in skin involvement as mea-
sured by LS mean percent change from baseline in affected BSA
(-73.1%, p =0.019) versus the placebo group (-36.4%) (Table 3, Fig. 4b).
Compared to placebo, a greater proportion of those in the 24 µg/kg
group achieved a validated Investigator Global Assessment for Atopic
Dermatitis (vIGA-AD) score of 0 or 1 with a 2-point or more improve-
ment from baseline to week 12 (Table 3). REZPEG groups also had a
higher proportion of patients reporting a 4-point or more improve-
ment in POEM scores (24 µg/kg, 64.7%; 12 µg/kg, 50.0%) or DLQI scores
(24 µg/kg, 75.0%; 12 µg/kg, 46.2%) versus placebo (30.0%) at week 12.
Similar 24 µg/kg REZPEG treatment differences compared to placebo
were also seen atweek 12 in the LSmean percent change frombaseline
in vIGA-AD (-26.3, p = 0.053), itch NRS (-33.4, p =0.041), POEM (-35.4,
p =0.057) and DLQI (-65.1, p =0.008) scores (Table 3).

Exploratory endpoints addressing AD post-treatment efficacy
outcomes
Improvements in disease severity as measured by EASI score and BSA
involvement observed at the end of the 12-week induction periodwere
maintained in both REZPEG groups through week 19 (Fig. 4a, b). To

Table 1 | Demographic and clinical characteristics of the patient populations at baseline

Atopic Dermatitis Psoriasis

Pooled 10μg/kg 12μg/kg 24 μg/kg Pooled 10 μg/kg 24μg/kg
Placebo REZPEG REZPEG REZPEG Placebo REZPEG REZPEG
n = 10 n = 1 n = 16 n = 17 n = 5 n = 3 n = 21

Age, mean (SD), years 42.5 (19.8) 27.0 (N/A) 47.9 (17.5) 37.5 (16.4) 42.6 (15.1) 47.0 (11.3) 47.5 (13.4)

Sex, n (%)

Female 6 (60.0) 1 (100.0) 11 (68.8) 7 (41.2) 2 (40.0) 0 9 (42.9)

Male 4 (40.0) 0 5 (31.3) 10 (58.8) 3 (60.0) 3 (100.0) 12 (57.1)

Race, n (%)

American Indian or Alaska
Native

0 0 0 0 0 0 1 (4.8)

Asian 1 (10.0) 0 2 (12.5) 0 0 0 3 (14.3)

Black or African American 3 (30.0) 0 3 (18.8) 3 (17.6) 0 0 2 (9.5)

White 6 (60.0) 1 (100.0) 11 (68.8) 14 (82.4) 5 (100.0) 3 (100.0) 14 (66.7)

Other 0 0 0 0 0 0 1 (4.8)

Ethnicity, n (%)

Hispanic or Latino 0 0 3 (18.8) 7 (41.2) 0 0 2 (9.5)

Not Hispanic or Latino 10 (100.0) 1 (100.0) 13 (81.3) 10 (58.8) 5 (100.0) 3 (100.0) 19 (90.5)

Weight, mean (SD), kg 81.1 (22.5) 74.8 (N/A) 81.3 (18.5) 81.6 (20.6) 83.6 (12.2) 89.3 (18.5) 87.9 (18.6)

BMI, mean (SD), kg/m2 28.2 (7.5) 25.0 (N/A) 29.4 (5.4) 28.7 (5.5) 29.8 (4.9) 26.8 (5.2) 31.2 (6.2)

EASI, mean (SD) 23.7 (7.1) 27.1 (N/A) 23.5 (11.2) 21.9 (5.1) --- --- ---

vIGA-AD, n (%)

Moderate 5 (50.0) 1 (100.0) 9 (56.3) 11 (64.7) --- --- ---

Severe 5 (50.0) 0 7 (43.8) 6 (35.3) --- --- ---

POEM, mean (SD) 21.2 (5.7) 25.0 (N/A) 20.0 (5.2) 19.6 (7.0) --- --- ---

DLQI, mean (SD) 13.0 (5.9) 9.0 (N/A) 12.4 (6.7) 11.3 (7.2) --- --- ---

BSA, mean (SD), m2 39.0 (21.6) 31.0 (N/A) 33.8 (20.1) 33.5 (15.8) 39.6 (21.0) 22.0 (5.3) 27.7 (17.4)

Itch NRS, mean (SD) 8.5 (1.3) 8.0 (N/A) 7.8 (2.1) 7.4 (2.5) 6.2 (3.0) 8.3 (1.2) 7.9 (1.9)

PASI, mean (SD) --- --- --- --- 27.1 (11.9) 17.6 (2.9) 19.2 (6.6)

PGA, mean (SD) --- --- --- --- 4.2 (1.3) 3.3 (0.6) 4.5 (0.9)

Target lesion TSS, mean (SD) --- --- --- --- 7.6 (1.5) 6.3 (0.6) 7.6 (1.1)

BMI body mass index, BSA body surface area, DLQI Dermatology Life Quality Index, EASI Eczema Area and Severity Index, NRS numeric rating scale, PASI Psoriasis Area and Severity Index, PGA
Patient'sGlobal Assessment ofDisease Severity, POEMPatient-OrientedEczemaMeasure,SD standarddeviation, sPGA static Physician'sGlobal Assessment, TSSTotal SignScore, vIGA-AD validated
Investigator Global Assessment for Atopic Dermatitis.
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evaluate sustained responses beyond the initial follow-up period,
patients in all cohorts meeting the established minimal clinically
important difference (MCID) of 50% improvement from baseline in
EASI score (EASI-50)29 at week 19 were followed through an extended
efficacy period from week 19 through week 48 or until EASI-25
response was no longer met. For these long-term responders, disease
improvements in EASI score were largely sustained through week 48.
Of the week 19 EASI-50 responders, the proportion who maintained
their EASI-50 responses through week 48 were 7/10 (70%) and 3/9
(33.3%) for the 24 µg/kg and 12 µg/kg groups, respectively, compared
to 0/3 (0%) in the placebo group (Fig. 5a).

Similarly, EASI-75 response rates weremaintained during the off-
drug follow-up from weeks 12 to 19, with the proportion of respon-
ders in the REZPEG groups (24 µg/kg, 52.9%; 12 µg/kg, 31.3%)
remaining higher than in the placebo group (10.0%) at week 19
(Fig. 4c) and sustained through week 48 (Fig. 5b). Week 19

responders achieving a 90% improvement in EASI score (EASI-90)
responders were numerically greater in the 24 µg/kg REZPEG group
(29.4%) compared to placebo (10.0%) (Fig. 4d), and of the 5/10 (50%)
of patients entering the extended follow-up period with EASI-90, 4
patients (80%) maintained their EASI-90 responses at week 48
(Fig. 5c). The proportion of vIGA-AD responders at week 19 was also
higher in the 24 µg/kg REZPEG group (35.3%) versus placebo (10.0%,
Fig. 4e), with similar rates maintained through week 48 (Fig. 5d).
Altogether, across the key investigator-assessed efficacy endpoints in
the 24 µg/kg REZPEG group, durable off-treatment responses were
observed in EASI-75 (71.4%), EASI-90 (100%), and vIGA-AD (80%)
(Supplementary Table 3). In stark contrast, patients in the placebo
group experienced higher off-treatment relapse rates in the exten-
ded efficacy period compared to REZPEG treatment groups, with the
loss of measurable benefit in all efficacy outcomes well before week
48 (Fig. 5).

Table 2 | Summary of treatment-emergent adverse events

Atopic Dermatitis Psoriasis

Pooled 10μg/kg 12μg/kg 24μg/kg Overall Pooled 10 μg/kg 24μg/kg Overall
Placebo REZPEG REZPEG REZPEG REZPEG Placebo REZPEG REZPEG REZPEG

Adverse Event Category, n (%) n = 10 n = 1 n = 16 n = 17 n = 34 n = 5 n = 3 n = 21 n = 24

Any TEAE 8 (80.0) 0 10 (62.5) 13 (76.5) 23 (67.6) 0 3 (100) 14 (66.7) 17 (70.8)

Severe TEAEs 3 (30.0) 0 0 0 0 0 0 1 (4.8) 1 (4.2)

SAEs 2 (20.0) 0 0 0 0 0 0 0 0

TEAEs related to treatment 3 (30.0) 0 2 (12.5) 5 (29.4) 7 (20.6) 0 1 (33.3) 10 (47.6) 11 (45.8)

TEAEs leading to discontinuation
of study

0 0 1 (6.3) 3 (17.6) 4 (11.8) 0 0 4 (19.0) 4 (16.7)

All deaths 0 0 0 0 0 0 0 0 0

Adverse events in at least 5% of patients in the overall REZPEG groupa

Infections and infestations 2 (20.0) 0 7 (43.8) 7 (41.2) 14 (41.2) 0 1 (33.3) 6 (28.6) 7 (29.2)

Coronavirus infection 0 0 2 (12.5) 2 (11.8) 4 (11.8) N/A N/A N/A N/A

Folliculitis 0 0 2 (12.5) 0 2 (5.9) N/A N/A N/A N/A

Sinusitis 0 0 2 (12.5) 0 2 (5.9) N/A N/A N/A N/A

Upper respiratory tract infection N/A N/A N/A N/A N/A 0 1 (33.3) 1 (4.8) 2 (8.3)

Urinary tract infection 0 0 0 2 (11.8) 2 (5.9) N/A N/A N/A N/A

Gastrointestinal disorders 3 (30.0) 0 1 (6.3) 3 (17.6) 4 (11.8) 0 1 (33.3) 1 (4.8) 2 (8.3)

Nausea 0 0 1 (6.3) 1 (5.9) 2 (5.9) N/A N/A N/A N/A

General disorders and administration
site conditions

1 (10.0) 0 2 (12.5) 2 (11.8) 4 (11.8) 0 0 4 (19.0) 4 (16.7)

Pain 0 0 1 (6.3) 1 (5.9) 2 (5.9) N/A N/A N/A N/A

Pyrexia N/A N/A N/A N/A N/A 0 0 3 (14.3) 3 (12.5)

Musculoskeletal and connective tis-
sue disorders

N/A N/A N/A N/A N/A 0 1 (33.3) 2 (9.5) 3 (12.5)

Arthralgia N/A N/A N/A N/A N/A 0 1 (33.3) 1 (4.8) 2 (8.3)

Investigations 0 0 0 4 (23.5) 4 (11.8) 0 0 2 (9.5) 2 (8.3)

Eosinophil count increased N/A N/A N/A N/A N/A 0 0 2 (9.5) 2 (8.3)

Nervous system disorders 0 0 2 (12.5) 2 (11.8) 4 (11.8) N/A N/A N/A N/A

Headache 0 0 2(12.5) 0 2 (5.9) N/A N/A N/A N/A

Blood and lymphatic system
disorders

0 0 1 (6.3) 1 (5.9) 2 (5.9) 0 0 2 (9.5) 2 (8.3)

Lymphadenopathy N/A N/A N/A N/A N/A 0 0 2 (9.5) 2 (8.3)

Eye disorders 0 0 2 (12.5) 0 2 (5.9) N/A N/A N/A N/A

Respiratory, thoracic andmediastinal
disorders

0 0 1 (6.3) 1 (5.9) 2 (5.9) 0 0 2 (9.5) 2 (8.3)

Skin and subcutaneous tissue
disorders

1 (10.0) 0 1 (6.3) 1 (5.9) 2 (5.9) 0 0 3 (14.3) 3 (12.5)

Injection site reactionsb 1 (10.0) 1 (100.0) 12 (75.0) 10 (58.8) 23 (67.6) 0 3 (100) 15 (71.4) 18 (75.0)

Adverse events were coded using Medical Dictionary for Regulatory Activities (MedDRA) version 23.0 (AD) or version 22.0 (PsO). For each system organ class and preferred term, patients were
included only once. Data are presented from the adjusted safety population. aN/A indicates < 5% of patients in the overall REZPEG group which includes 0. bNumber of patients with at least one
injection site occurrence. AD atopic dermatitis, PsO psoriasis SAE serious adverse event, TEAE treatment-emergent adverse event.
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Fig. 2 | REZPEG-induced pharmacokinetics and pharmacodynamics. REZPEG
concentration in a, PsO and b, AD patients, shown as mean ± SEM. CD25bright Tregs
measured in c, PsO and d, AD patients. CD4+ T cells in e, PsO and f, AD patients.
CD8+ T cells in g, PsO and h, AD patients. All measurements performed using
peripheral blood samples from patients treated with placebo (grey circles), 12μg/
kg (blue circles) or 24μg/kg (red circles) REZPEG administered once every 2 weeks

for 12 weeks. Pharmacodynamic data shown as mean fold change from baseline ±
SEM. Number of samples at each time point provided in Supplementary Tables 6
(PsO) and 7 (AD). AD atopic dermatitis; PsO psoriasis; SEM standard error of the
mean; Tcons conventional T cells; Tregs regulatory T cells. Source data are pro-
vided as a Source Data file.
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Improvements observed in patient-reported disease outcomes
through the 12-week induction periodwere alsomaintained during the
initial follow-up period from weeks 12 to 19 and continued through
week 48. After discontinuing treatment, DLQI and POEM percent
change from baseline were sustained in both REZPEG treatment
groups (Fig. 6a, b, respectively). DLQI response rates remained
numerically higher in the 24 µg/kg REZPEG group (62.5%) compared to
placebo (30.0%) at week 19 (Fig. 6c) and were durable in long-term
responders through week 48 (Fig. 5e). The percentage of POEM
responders also remained high at week 19 after discontinuing treat-
ment at week 12, with the proportion of patients with a 4-or-more-
point reduction in POEM score from baseline greater in the 24 µg/kg
REZPEG group (64.7%) compared to placebo (20.0%, Fig. 6d). All
patients in the 24 µg/kg REZPEG group entering the long-term follow-
up period at week 19were POEM responders, with responses sustained
in 70% of these patients through week 48 (Fig. 5f). REZPEG treatment
groups also showed sustained improvements in itch NRS response
rates at week 19 (24 µg/kg, 46.7%; 12 µg/kg, 40.0%) compared to pla-
cebo (0.0%) (Fig. 6e), with response rates maintained through
48 weeks (Fig. 5g). Notably, for patients in the 24 µg/kg REZPEG group
who at week 12 achieved an itch NRS (n = 7), POEM (n = 11), and DLQI
(n = 12) response, 71.4%, 63.6%, and 41.7%, respectively, maintained
their responses through 48 weeks (Supplementary Table 3).

Serum proteomic biomarkers
A proteomics analysis was conducted to investigate REZPEG’s biomo-
lecular mechanisms beyond Treg cellular pharmacodynamics. The
Olink proteomics platform was used to measure 1461 soluble serum
proteins from AD patients treated with REZPEG or placebo at baseline
and throughout the induction period on weeks 2, 3, 4, and 12 (Sup-
plementary Table 4). Results were analyzed using a longitudinal linear
mixed effects model to identify proteins that were differentially
detected in treatment versus placebo groups as a function of REZPEG
dose and timeon treatment. Volcanoplots summarize the 328proteins
that were significantly elevated or decreased in response to REZPEG
treatment relative to baseline (Fig. 7a), with a selection of proteins
relating to AD and immunoregulatory processes further identified in
Fig. 7b. The expression profiles of these biomarkers exhibited dose-
and time-dependency of REZPEG administration over the 12-week
induction period (Fig. 7b). To further refine their functional associa-
tions, REZPEG-modulated proteins were assessed for pathway

enrichment using the Reactome knowledgebase30. The top 15 statisti-
cally significant pathways induced by REZPEG included immunor-
egulatory processes (interleukin, TNF superfamily, and chemokine
signaling) and cellular migration/adhesion networks (integrins, extra-
cellular matrix organization, and cell surface interactions) (Supple-
mentary Fig. 7, Supplementary Table 5).

Discussion
Tregs are key to themaintenance of immunological tolerance and their
deficiency has been implicated in the pathogenesis of many chronic
inflammatory diseases. Agents able to induce Treg proliferation and
activation have only recently been identified as clinically relevant
therapies31,32. We have previously shown that the novel IL-2R pathway
agonist REZPEG causes a marked and selective dose-dependent
increase in CD25bright Tregs accompanied by improvements in CLASI-
A score in SLE patients28. Here, we hypothesized that REZPEG could
restore immunological homeostasis for the treatment of inflammatory
cutaneous pathologies. Our observations in a mouse model of DTH
support this rationale, demonstrating the induction of antigen-specific
immune tolerance that persists for months after the completion of
REZPEG treatment. Furthermore, the results presented here from the
Phase 1b trials in PsO and AD patients demonstrate the capacity of
REZPEG to safely and dose-dependently increase Tregs and rapidly
improve measurable exploratory disease outcomes that are largely
durable for at least 36 weeks after ceasing treatment, consistent with
the durability of response observed in the mouse DTH studies. To our
knowledge, this is the first report of a randomized clinical trial evalu-
ating an engineered Treg-selective rhIL-2 for the treatment of patients
with moderate-to-severe PsO or AD.

The safety profile of REZPEG during the observational period
reported here is consistent with prior studies of REZPEG28 and other
clinical trials for low-dose rhIL-223,24. The overall incidence of TEAEs
was similar between treatment arms in both studies. No REZPEG-
treated patients reported any SAEs and there were no fatal TEAEs.
Importantly, no patients experienced clinical manifestations of cyto-
kine release syndrome or other adverse events seen with higher doses
of rhIL-2 aldesleukin28, which poses risks of capillary leak syndrome,
inflammatory disease, cardiac disorders, and hematologic toxicity33. In
contrast to reports of a greater incidenceof conjunctivitis after the use
of IL-13 and/or IL-4 inhibitors34–36, conjunctivitis was not observed as a
side effect of REZPEG treatment in AD.
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Fig. 3 | REZPEG efficacy in PsOpatients.Reduction in PASI scores frombaseline in
patients with PsO after 12 weeks of 24μg/kg REZPEG treatment (red circles) com-
pared to placebo (grey circles) administered once every 2 weeks for 12 weeks. Data
shown as mean percent change from baseline ± SEM. Number of subjects at each

timepoint shown in Supplementary Table 8. PASI, psoriasis area and severity index;
PsO, psoriasis; SEM, standard error of the mean. Source data are provided as a
Source Data file.
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Fig. 4 | AD investigator-assessed efficacy outcomes. a EASI scoremean % change
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post-baseline vIGA-AD score of 0 or 1 and a ≥ 2-point improvement from baseline.
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endpoints using observed data (a and b), number of subjects at each time point
shown in Supplementary Table 9. All responder data shown as % of adjusted ITT
populations. BSA, body surface area; EASI, Eczema Area and Severity Index; ITT,
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Source data are provided as a Source Data file.
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REZPEGdemonstrateddose-proportional pharmacokinetics and a
terminal half-life consistent with previous studies28. REZPEG adminis-
tration also resulted in a dose-dependent pharmacodynamic profile,
with similar increases in CD25bright Tregs observed in PsO and AD, and
exceeding those observed in a recent rhIL-2 study in PsO37. CD25bright

Tregs are recognized as a Treg subpopulation with high activity and
immunosuppressive capacity38. In both AD and PsO, Treg stimulation
was sustained through multiple administrations of REZPEG without
significant increases in Tcons at either dose level. The increases in
Tregs but not Tcons in the current studies in patients with PsO and AD
are consistent with prior studies of REZPEG in healthy volunteers and
patients with SLE28. These results add to the growing body of evidence
supporting REZPEG’s reliable Treg pharmacological profile across
healthy and diseased immune systems.

NK cell dysregulation is a functionally relevant feature of inflam-
matory skin disorders contributing to the disease process, with
reduced NK cell numbers and function described in patients with PsO
and AD39,40. Long-term treatment with dupilumab was shown to
reverse AD-associated NK cell deficiency correlated with clinical
response41,42, suggesting a possible therapeutic role for NK cells40. In
the current study, REZPEG treatment expanded the number of NK cells
in some patients at the higher doses tested, suggesting that REZPEG
may also contribute to rebalancing immunity through NK cell
restoration. Within the NK cell population, REZPEG decreased the
CD56dim subset of NK cells while simultaneously increasing that of
CD56bright, the latter shown to have an important immunoregulatory
role through the elimination of highly proliferative, activated auto-
reactive CD4+ Tcons that have escaped Treg suppression43,44.

Table 3 | AD exploratory efficacy outcomes at week 12

Pooled 12μg/kg 24μg/kg
n Placebo REZPEG REZPEG

EASI % change from baseline, (SEM) 7, 12, 12 -47.2 (8.72) -65.1 (6.57) −83.0 (6.38)

Treatment difference (95% CI) --- -17.9 (-40.13, 4.38) -35.8 (-57.78, -13.76)

p-value 0.112 0.002

BSA % change from baseline, (SEM) 7, 12, 12 -36.4 (12.0) -52.8 (8.90) -73.1 (8.66)

Treatment difference (95% CI) --- -16.4 (-46.85, 13.98) -36.7 (-66.84, -6.59)

p-value 0.279 0.019

vIGA-AD % change from baseline, (SEM) 7, 12, 12 -29.7 (10.6) -40.9 (7.80) -56.0 (7.69)

Treatment difference (95% CI) --- -11.2 (-56.76, -25.02) -26.3 (-71.63, -40.31)

p-value 0.400 0.053

Itch NRS % change from baseline, (SEM) 7, 12, 12 -19.2 (12.5) -52.0 (9.31) -52.5 (9.25)

Treatment difference (95% CI) --- -32.8 (-71.06, -32.91) -33.4 (-71.47, -33.56)

p-value 0.045 0.041

POEM % change from baseline, (SEM) 7, 12, 12 -15.9 (14.5) -44.2 (10.8) -51.3 (10.5)

Treatment difference (95% CI) --- -28.4 (-65.31, 8.56) -35.4 (-72.02, 1.17)

p-value 0.127 0.057

DLQI % change from baseline, (SEM) 7, 12, 12 -10.9 (18.3) -46.8 (13.4) -76.1 (13.3)

Treatment difference (95% CI) --- -35.8 (-82.22, 10.53) -65.1 (-111.41, -18.84)

p-value 0.125 0.008

EASI-50, n (%) 10, 16, 17 3 (30.0) 11 (68.8) 12 (70.6)

Treatment difference --- 38.8 40.6

EASI-75, n (%) 10, 16, 17 2 (20.0) 4 (25.0) 7 (41.2)

Treatment difference --- 5.00 21.2

EASI-90, n (%) 10, 16, 17 2 (20.0) 2 (12.5) 4 (23.5)

Treatment difference --- -7.50 3.50

vIGA-ADa, n (%) 10, 16, 17 2 (20.0) 3 (18.8) 5 (29.4)

Treatment difference --- -1.20 9.40

Itch NRSb, n (%) 10, 15, 15 4 (40.0) 8 (53.3) 7 (46.7)

Treatment difference --- 13.3 6.70

POEMc, n (%) 10, 16, 17 3 (30.0) 8 (50.0) 11 (64.7)

Treatment difference --- 20.0 34.7

DLQId, n (%) 10, 13, 16 3 (30.0) 6 (46.2) 12 (75.0)

Treatment difference --- 16.2 45.0

Amixedmodel for repeatedmeasures (MMRM)was used to generate least-squares (LS)means for percent change frombaseline in continuous efficacy variableswith baseline score as the covariate,
treatment arm and protocol-defined visit time and their interaction as the fixed factors. Visit time is also used as repeated measure to account for within-subject variability. Differences and their
p-values were derived for treatment vs placebo based on LS means. Missing data were imputed with NRI for categorical endpoints. 10 ug/kg REZPEG group data were not included due to small
sample size. BSA; body surface area; CI, confidence interval; DLQI, Dermatology Life Quality Index; EASI, EczemaArea andSeverity Index; EASI-50, patients with a 50%decrease in EASI score; EASI-
75, patients with a 75% decrease in EASI score; EASI-90, patients with a 90% decrease in EASI score; LS, least-squares; MMRM,MixedModel for RepeatedMeasures; NRI, non-responder imputation;
NRS, numeric rating scale; PBO, placebo; POEM, Patient-Oriented Eczema Measure; SEM, standard error of the mean; vIGA-AD, Validated Investigator Global Assessment for Atopic Dermatitis.
aPatientswithpost-baseline vIGA-ADscores of0 or 1,with ≥ 2-point improvement frombaseline. bProportionwithpost-baseline itch scale reducedby ≥4points amongpatientswith baseline score ≥
4. cProportion with post-baseline POEM score reduced by ≥ 4 points among patients with baseline score ≥ 4. dProportion with post-baseline DLQI score reduced by ≥ 4 points among patients with
baseline score ≥ 4.
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Fig. 5 | AD off-treatment extended efficacy outcomes through week 48. Pro-
portion of week 19 EASI-50 responders maintaining a, EASI-50, decrease in EASI
score by at least 50% relative to baseline; b, EASI-75, decrease in EASI score by at
least 75% relative to baseline; c, EASI-90, decrease in EASI score by at least 90%
relative to baseline; d, vIGA-AD score of 0 or 1 and a ≥ 2-point improvement from
baseline; eDLQI score reduction by ≥ 4 points among patientswith baseline score≥

4. f POEM score reduction by ≥ 4 points among patients with baseline score ≥ 4.
g itch NRS score reduction by ≥ 4 points among patients with baseline score ≥ 4.
Red, REZPEG 24 µg/kg; blue, REZPEG 12 µg/kg; grey, placebo. DLQI, Dermatology
Life Quality Index; NRI, non-responder imputation; NRS, numeric rating scale;
POEM, Patient-Oriented Eczema Measure; vIGA-AD, Validated Investigator Global
Assessment for Atopic Dermatitis. Source data are provided as a Source Data file.
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Fig. 6 | AD patient-reported outcomes. a DLQI mean % change from baseline ±
SEM.b POEMmean% change frombaseline ± SEM. c, Proportionwith post-baseline
DLQI score reduced by ≥ 4 points among patients with baseline score ≥ 4.
d Proportion with post-baseline POEM score reduced by ≥ 4 points among patients
with baseline score ≥ 4. e Proportionwith post-baseline itchNRS scale reduced by≥
4 points among patients with baseline score ≥ 4. Red, REZPEG 24 µg/kg; blue,

REZPEG 12 µg/kg; grey, placebo. For continuous endpoints using observed data (a
and b), number of subjects at each time point shown in Supplementary Table 9. All
responder data shown as % of adjusted ITT populations. DLQI, Dermatology Life
Quality Index; ITT, intention to treat; NRI, non-responder imputation; NRS, numeric
rating scale; POEM Patient-Oriented Eczema Measure; SEM standard error of the
mean. Source data are provided as a Source Data file.
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While Tregs are the primary cellular target of REZPEG, proteomic
analysis of serial serum samples performed separately from clinical
trial endpoint assessments revealed additional insights into its
potential disease-modifying mechanism of action and may also shed
light on new target identification strategies for drug discovery. Con-
sistent with its biological activity as an IL-2R agonist and observed
therapeutic effects, REZPEG modulated multiple immunoregulatory

pathways, including those involving Treg function, immunosuppres-
sive cytokines such as IL-10, ectodomain shedding of immunomodu-
latory proteins, antigen recognition and major histocompatibility
complex (MHC) binding, anti-microbial pathways, cell adhesion and
migration, and antagonism of Th2 polarization. We also observed
modulation of known targets for AD therapy, including tumor necrosis
factor receptor superfamily member 4 (TNFRSF4/OX40 receptor)45
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Fig. 7 | Serum proteomic biomarker analysis. aDose-dependent volcano plots of
the serum proteins showing the -log10(p-value) vs fold-change in protein expres-
sion in response to REZPEG treatment compared to placebo.Datawerefittedwith a
linear mixed model with multiple testing correction using Benjamini-Hochberg.
Statistical comparisonsweremadebetween treatment andplacebousing theTukey
method. Proteins with a statistically significant treatment-based change (threshold
p <0.05) are indicated by red circles; those with non-significant changes are indi-
cated by teal circles.b Example line charts of differentially-detected serumproteins
over the 12-week REZPEG treatment induction period shown as Log2 fold change

(FC) in expression from baseline ± SEM. Red, REZPEG 24 µg/kg; blue, REZPEG 12 µg/
kg; grey, placebo. Number of samples at each time point provided in Supplemen-
tary Table 10. CCL, CC motif chemokine ligand; CD160, cluster of differentiation
160; CX3CL1, C-X3-C motif chemokine ligand 1 (fractalkine); FASLG, Fas ligand;
GNLY, granulysin; IL, interleukin; ITGB2, integrin beta 2 (CD18); Log2(FC), Log2 fold
change; LTA, lymphotoxin alpha; NCR1, natural cytotoxicity triggering receptor 1
(NKp46); RRM2, ribonucleotide reductase regulatory subunit M2; SEM, standard
error of themean; TNFRSF4, tumor necrosis factor receptor superfamilymember 4
(CD134, OX40). Source data are provided as a Source Data file.
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and C-C motif chemokine ligand 22 (CCL-22)46 that binds to the C-C
motif chemokine receptor 4 (CCR4)47. In addition, we observed
REZPEG-induced reductions in serumproteins known to be elevated in
patients with AD, including IL-1548, C-X3-C motif chemokine ligand 1
(CX3CL1/fraktalkine)49, and IL-1950. REZPEG dramatically decreased
serum levels of C-X-C motif chemokine ligand 16 (CXCL16), which
could contribute to its therapeutic effect in PsO, where elevated
levels are known to recruit pathogenic CD8 + T cells to the site of
skin lesions51. The ability of REZPEG to directly induce Treg
expansion, aswell as its dose-dependent reduction of IL-15 supports an
interesting hypothesis linking its potential effects on tissue-
resident memory T cell populations52,53 to the durability of efficacy
observed in the antigen challenge mouse model and in patients with
AD or PsO. Work to explore the correlation between Tregs, these
serum proteins, and treatment response to REZPEG during the
induction period and beyond is ongoing and will be the subject of
future reports.

REZPEG demonstrated clinical benefit in both PsO and AD, with
responses exhibiting rapid onset especially in AD. Efficacy in PsO was
observed but was less robust than that seen for AD patients. This may
be due to the small sample size of the PsO trial or may reflect other
mechanistic differences between PsO and AD immunology. Efficacy in
AD was dose-dependent and demonstrated consistency across
physician-assessed and patient-reported outcomes. The magnitude of
the clinical effect at the end of the induction period was notable in
these patient populations and demonstrated off-treatment durability,
most remarkably in AD patients. Patients receiving REZPEG at the
higher dose maintained disease control for 36 weeks after dis-
continuing treatment and without additional systemic therapy.
Relapse is a common feature of AD, withmany patients requiring long-
term treatments for adequate disease control. The durable responses
reported suggest the possibility for infrequent maintenance dosing
regimens with REZPEG, such as once every 12 weeks, to more com-
pletely prevent recrudescence of disease activity54. Durable therapies
that provide benefit after treatment discontinuation remain an unmet
need in AD. Studies have demonstrated that up to 79% of patients who
discontinue dupilumab or JAK inhibitors lose disease control and
require rescue treatement55–58.

Supported by the serum biomarker analysis and the observed
efficacy of REZPEG in improving CLASI-A in SLE, PASI in PsO, and EASI
in AD, a potential mechanism of action is proposed whereby REZPEG
administration induces Treg expansion with the ability to engage
multiple immunoregulatory mechanisms to facilitate immune home-
ostasis by attenuating Th1, Th2, and Th17 responses (Supplementary
Fig. 8). REZPEG is uniquely poised to address a diversity of immuno-
pathologies through a central pathway of IL-2R-driven Treg rescue.
This contrasts with the majority of available pharmacological agents
with narrowly targeted biological activity demonstrated in limited
disease settings.

Limitations of the studies included the small numbers of patients,
which is a challenge inherent to all phase 1 clinical trials. Accordingly,
the studies were not powered for analyses of a number of secondary
efficacy endpoints or to directly compare different dose regimens.
Additionally, with AD suggested to be more prevalent in adolescents
than in adults, the demographics of the study population may not be
reflective of the general population. In both studies, but especially in
PsO, there were also fewer patients after week 19, as the long-term
follow-up period through 48weeks included only those with sustained
PASI-50 or EASI-50 responses.

In conclusion, treatment with REZPEG for 12 weeks caused dur-
able dose-dependent improvements in physician-assessed disease
activity and patient-reported outcomes in patients with moderate-to-
severe PsO andAD. Together, the results presented here validate a role
for Tregs in chronic inflammatory skin diseases. IL-2R-induced Treg
proliferation and activation holds clinical potential as a key target in

the AD treatment paradigm, supporting the advancement of REZPEG
into a Phase 2b study in AD (NCT06136741).

Methods
Mouse model of DTH
All animal studies were conducted in compliance with India’s Com-
mittee for the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA, 2005) and per the recommendations of the Asso-
ciation for Assessment and Accreditation of Laboratory Animal Care
International (AAALAC). The study design and methodology for stu-
dies LS-2016-924 and LS2017-900Awere reviewed and permission was
granted to perform the experiments by the Institutional Animal Ethics
Committee of Nektar Therapeutics (India) Private Limited (IAEC/
NKTI). BALB/c mice aged 6–8 weeks (N = 8 to 10 per group) were
obtained through Taconic Biosciences (BALB/cAnNTac, stock number
BALB-MPF-F). Female mice were used for these studies due to practi-
calities in animal husbandry; in all REZPEG nonclinical studies, there
were no significant sex-based differences reported in toxicology, tox-
icokinetics, pharmacokinetics, or pharmacodynamics. Experimental
and control animals were co-housed in a specific pathogen-free (SPF)
facility and randomized by mean body weight on the day of the
experiment. Four animalsweregroup-housed in individually ventilated
polysulfone cages. The facility had an automatically controlled light
cycle of 12 hours light (0700–1900) and 12 hours dark (1900 to 0700),
controlled temperature of 22 ± 3 °C, and relative humidity between
30 and 70%.

The murine keyhole limpet hemocyanin (KLH)-delayed-type
hypersensitivity (DTH) model was based on Engstrom et al.59. Mice
receiving SC REZPEG (0.003-0.3mg/kg in the pilot study and 0.1mg/
kg in the subsequentmulti-antigen challenge study) or vehicle on days
0, 3, and 6 were sensitized with KLH (100 µg in 100 µL) prepared with
Complete Freund’s Adjuvant (CFA) and Incomplete Freund’s Adjuvant
(IFA) in a 1:1:1 v/v proportion administered SC between the shoulder
blades on day 0. Mice were challenged with KLH (10 µg in 5 µL intra-
dermally [ID] into ear pinna) on day 5 with ear thickness measured by
Mitutoyo Thickness gauge immediately prior to challenge and 24, 48,
72, and 96 hours postchallenge. On day 30 in the multi-antigen study,
animals that had been previously sensitized/challenged with KLH and
treated with 0.1mg/kg REZPEG were sensitized with Ovalbumin (OVA,
100 µg in 100 µL) prepared with CFA in a 1:1 v/v proportion adminis-
tered SC between the shoulder blades. No further REZPEG treatment
was given. Mice were challengedwith OVA (non-specific antigen, 50 µg
in 5 µL ID into ear pinna) or re-challenged with KLH (specific antigen,
10 µg in 5 µL ID into opposite ear pinna) with ear thickness measured
as above.

PsO and AD study designs
Two multi-center, double-blind, placebo-controlled, phase 1b rando-
mized clinical trials (PsO, NCT04119557; AD, NCT04081350) were
designed to evaluate the safety and tolerability ofmultiple SC doses of
REZPEG (NKTR-358, LY3471851) in patients with chronic plaque PsO or
moderate-to-severe AD. The PsO study was conducted at 12 study sites
within the United States betweenNovember 26, 2019 and July 21, 2021,
and the AD study was conducted at 20 study sites within the US
between November 18, 2019 and June 16, 2022. The studies were
conducted in accordance with ethical principles of the Declaration of
Helsinki, Council for International Organizations of Medical Sciences
International Ethical Guidelines, applicable International Council for
Harmonisation (ICH) Good Clinical Practice (GCP) Guidelines, and
applicable local laws. Approvals for human subjects research and use
of human material were obtained from the appropriate Institutional
Review Boards (IRBs) at each study center. Protocols J1P-MC-KFAC
(PsO) (Supplementary Data 1) and J1P-MC-KFAD (AD) (Supplementary
Data 2) and amendments were reviewed and approved by Advarra,
serving as the Central Ethics Review Board (PsO) and the IRB (AD),
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before the studies were initiated/amended. All participants provided
written informed consent prior to participating in the trials. Com-
pensation was provided to patients for participation in these studies.
Both studies consisted of a 4-week screening period followed by a 12-
week intervention period and a 7-week initial post-treatment follow-up
period through week 19. Sustained responses were evaluated in PASI-
50 (PsO) or EASI-50 (AD) responders during an extended follow-up
period from week 19 through week 48 or until PASI-25 or EASI-25
response was no longer met. Overviews of the study designs are pro-
vided in Supplementary Fig. 2 (PsO) and Supplementary Fig. 3 (AD).
The protocols are included as Supplementary Data 1 and Supplemen-
tary Data 2. The list of investigators is provided in the
Acknowledgments.

PsO patients
Eligible patients includedmales and females of ages 18 through70with
a diagnosis of moderate-to-severe chronic plaque PsO based on an
investigator-confirmed diagnosis of chronic PsO vulgaris for at least
6months prior to baseline. Eligible patientswere also required tomeet
the following criteria: Plaque PsO involving ≥ 10% of body surface area
in the affected skin other than the face and scalp at screening and
baseline; static Physician’s Global Assessment (sPGA) score of ≥ 3 at
screening at baseline; PASI score of ≥ 12 at screening and baseline;
candidate for systemic therapy or phototherapy; and at least 2 similar
and evaluable lesions that represent overall disease severity, located in
2 different body regions, preferably not exposed to sun, having at least
a lesion size of 12 cm2 atbaseline, with 1 lesionwith a target lesionTotal
Sign Score (TSS) of ≥ 5, and the second lesion with a target lesion TSS
of ≥ 6. The main criteria for exclusion from the study included a
clinically significant flare of PsO during the 12 weeks before baseline,
history of drug-induced PsO or para-PsO, unstable forms of PsO, and
history of any non-PsO disease that required treatment with oral or
parenteral corticosteroids for more than 2 weeks within the 24 weeks
prior to signing the informed consent form. The full inclusion and
exclusion criteria are provided in the PsO study protocol, included as
Supplementary Data 1.

AD patients
Eligible patients included males and females of ages 18 through 70
with a diagnosis of moderate-to-severe AD (according to the Amer-
ican Academy of Dermatology Consensus Criteria) for 12 months or
more before the screening visit60. Eligibility was confirmed for
patients meeting all of the following criteria: an Eczema Area and
Severity Index (EASI) score of 16 or higher, a validated Investigator’s
Global Assessment scale for AD (vIGA-AD) score of 3 or higher (scale
of 0-4), BSA involvement of 10% or greater at baseline, and a history
of inadequate response or intolerance to treatment with topical
medications. Patients experiencing or having a history of other
concomitant skin conditions that would interfere with evaluations of
the effect of study drug on AD were excluded. The full inclusion and
exclusion criteria are provided in the AD study protocol, included as
Supplementary Data 2.

PsO treatment and procedures
Patientswere enrolled into 1 of 2 treatment cohorts. At baseline (day 1),
eligible patients within each cohort were randomized in a 4:1 ratio to
REZPEG or placebo (0.9% sodium chloride). Assignment to treatment
groups was determined by a computer-generated random sequence
using an interactiveweb-response system (IWRS). The investigatorwas
blinded to block sizes. Cohort 1 started with a dose of 10 µg/kg every
two weeks in Q4 2019 but was paused due to the SARS-CoV-2 pan-
demic in March 2020. Cohort 2 enrollment was started in June 2020
with a dose of 24 µg/kg every two weeks, and after a review of the data
by an independent Assessment Committee, it was decided that

enrollment inCohort 1would not resumeand the studywasunblinded.
As a consequence, analyses were limited due to fewer placebo patients
enrolled than originally planned. Data from the 10 µg/kg cohort are
includedonly for the demographic and safety analyses due to the small
sample size (n = 3). These dosages are supported by phase 1 studies
(single ascending dose; NCT04133116, and multiple ascending dose;
NCT03556007) in healthy volunteers and patients with SLE28. Treat-
ment with concomitant medications for PsO and additional topical
treatments was permitted during the study. A summary of study visits
is provided in Supplementary Fig. 2a.

AD treatment and procedures
The trial protocol required patients to wash out from topical therapies
for at least 2 weeks and/or systemic therapies for at least 6 months
prior to baseline and throughout the study. Patients were enrolled into
1 of 2 treatment cohorts. At baseline (day 1), eligible patients within
each cohortwere randomized in a 4:1 ratio to REZPEGor placebo (0.9%
sodium chloride). Assignment to treatment groups was determined by
a computer-generated random sequence using IWRS. The investigator
was blinded to block sizes. Cohort 1 started with a dose of 10 µg/kg in
Q4 2019 but was paused due to the SARS-CoV-2 pandemic in March
2020. Cohort 2 enrollment was started June 2020with a dose of 24 µg/
kg, and after a review of the data by an Independent Assessment
Committee, with the investigators and study team remaining blinded,
Cohort 1 enrollment was restarted at a dose of 12 µg/kg. Data from the
10 µg/kg cohort are included only for the demographic and safety
analyses due to the small sample size (n = 1). These dosages are sup-
ported by phase 1 studies (single ascending dose; NCT04133116, and
multiple ascending dose; NCT03556007) in healthy volunteers and
patients with SLE28. A summary of study visits is provided in Supple-
mentary Fig. 3a.

AD prohibited concomitant medications and procedures
The concomitant use of the following therapies was prohibited during
the entire study, with study treatment discontinued in patients
requiring these treatments: topical treatments including topical cor-
ticosteroids (TCS), topical immune modulators (for example, tacroli-
mus or pimecrolimus) or PDE-4 inhibitors (for example, crisaborole)
except when given as rescue therapy as described below; systemic
corticosteroids including oral or parenteral corticosteroids (intra-
muscular, intra-articular or IV); synthetic (oral) immunomodulators
including JAK inhibitors, cyclosporine, methotrexate, mycophenolate
mofetil, or azathioprine; immunonomodulating monoclonal anti-
bodies that are biological modifiers (for example, dupilumab, usteki-
numab, omalizumab); leukotriene inhibitors, phototherapy, bleach
baths, allergen immunotherapy or other investigational therapy.

AD rescue treatments
Rescue therapy with triamcinolone 0.1% cream, hydrocortisone 2.5%
ointment, or topical calcineurin inhibitors was permitted for patients
at any timeafter day 21 at the discretion of the investigator. A summary
of rescue therapies administered for the indication of AD is included in
Supplementary Table 11. No patients in the REZPEG arms required
rescue therapy for AD during the induction period. Rescued patients
remained included in the efficacy responder analysis.

PsO and AD outcomes
In both studies, the primary objective was to evaluate the safety
and tolerability of multiple SC doses of REZPEG. The secondary
objective was to characterize the pharmacokinetics (PK) of REZPEG,
with additional exploratory objectives assessing injection site reac-
tions and the effects of REZPEG on pharmacodynamics (PD) and
measures of physician-assessed and patient-reported disease
outcomes.
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PsO and AD assessments
Demographics and baseline characteristics, including age, race, eth-
nicity, weight, height, body mass index, and sex at birth were sum-
marized descriptively. Safety and tolerability were assessed by
monitoring adverse events (AEs), treatment-emergent AEs (TEAEs),
serious AEs, vital signs, physical examination, electrocardiograms,
serum chemistry, hematology, and urinalysis evaluations. AEs were
classified according to theMedical Dictionary for Regulatory Activities
(MedDRA) version 22.0 (PsO) or 23.0 (AD). TEAEs were defined as AEs
occurring on or after receiving the first dose of study drug.

PsO exploratory efficacy assessments
Physician-reported efficacy outcomes included the Psoriasis Area
and Severity Index (PASI), which scores the severity of disease on a
scale from 0 to 72 (where a score of 72 indicates extreme disease
severity) by combining assessments of the extent of body surface
involvement in the head, trunk, arms, and legs together with the
severity of desquamation, erythema, and lesion induration/infiltra-
tion (thickness) in each region; the target lesion Total Sign Score
(TSS)61, the sum of erythema, scaling, and lesion elevation scores,
each on a 4-point scale (0 to 3, with 0 indicating a grade of clear and 3
indicating a grade of severe to very severe); and the static Physician’s
Global Assessment (sPGA), with overall lesions graded for induration,
erythema, and scaling (range 0 to 4), defined as the sum of 3 scores
divided by 3 and rounded to the nearest whole number for analysis of
responder rates. An sPGA (0,1) response was defined as a post-
baseline sPGA score of 0 or 1. Patient-reported outcomes and quality-
of-life measures included the itch numerical rating scale (NRS), an 11-
point, horizontal scale anchored at 0 and 10, with 0 representing no
itch and 10 representing worst itch imaginable to describe the worst
level of itching in the past 24 hours62,63, and the Patient’s Global
Assessment of Disease Severity (PGA) ranking the severity of PsO on
a 0 (clear; no PsO) to 5 (severe; worst their PsO has ever been) NRS.
Per protocol, efficacy data, including PASI were to be collected in
follow-up visits during the study after patients had stopped treat-
ment. No follow-up efficacy data were collected for patients who
discontinued treatment as they discontinued the study at the
same time.

AD exploratory efficacy assessments
Physician-reported efficacy outcomes included the Eczema Area and
Severity Index (EASI) to assess the extent of disease at 4 body regions
(head and neck, trunk, upper and lower extremities) and measuring 4
clinical signs with a maximum score of 7264; the percentage BSA
involvement of AD on a scale of 0% (no involvement) to 100% (full
involvement)65; and the validated Investigator Global Assessment for
Atopic Dermatitis (vIGA-AD) based on a numeric scale from 0 (clear
skin) to 4 (severe disease). Clinical endpoints based on EASI included
the percentage reduction in EASI score by at least 50% (EASI-50), 75%
(EASI-75), or 90% (EASI-90) relative to baseline. The efficacy endpoint
based on vIGA-AD 0/1 identified the percentage of patients reaching
the status of 0 (clear) or 1 (almost clear) and a minimum 2-grade
improvement66. Patient-reported efficacy outcomes/quality-of-life
(QoL) measures included the Dermatology Life Quality Index (DLQI),
with scores ranging from0 to 30, with higher scores indicating greater
impairment of QoL, and a 4-point change from baseline considered to
be the minimal clinically important difference threshold67,68; the
Patient-Oriented EczemaMeasure (POEM), with scores ranging from 0
to 28 with higher total scores indicating greater disease severity69; and
the itchNRS,with a score of 0 representing no itch and 10 representing
worst itch imaginablewithin the past 24 hours62,63. The key exploratory
disease activity assessmentswereperformedonday85 (week 12), prior
to the final dose of the study drug. Injection site assessments were
performed at the end of each visit through week 14. Injection site
reactions were scored using the injection site assessment and pain

visual analog scale (VAS) tools. Per protocol, efficacy data were to be
collected in follow-up visits during the study after patients stopped
treatment. Efficacy data for two additional visits were collected for 2
patients (1 patient each in the 12 µg/kg and 24 µg/kg REZPEG groups)
who discontinued treatment early and are included in the analyses
presented.

Pharmacokinetics and pharmacodynamics
REZPEG was measured in human plasma samples with a validated
sandwich enzyme-linked immunosorbent assay (ELISA). Capture of
REZPEG was achieved by coating with custom product-specific (Eli
Lilly) and commercial (MabTech) mouse anti-human IL-2 antibodies.
Detection was achieved by using a biotin-conjugated anti-PEG anti-
body (Abcam) as secondary, followed with streptavidin-conjugated
horseradish peroxidase and color produced with 3,3’,5,5’-tetra-
methylbenzidine (TMB). The lower limit of quantitation (LLOQ) was
1.0 ng/mL. Accuracy and precision were ± 25% over the quantitative
range and ± 30% at the LLOQ. PK parameters were calculated by
standard noncompartmental analysis methods. PK data were analyzed
with Phoenix WinNonlin Version 8.1.

For flow cytometry of peripheral whole blood samples, fluor-
escent antibodies against CD45, CD3, CD4, CD8, CD25, FoxP3, CD56,
and Ki67 were obtained from BD Biosciences (San Jose, CA). Absolute
cell counts were determined by inclusion of AccuCheck Counting
Beads from ThermoFisher (Waltham, MA). Flow cytometry samples
were analyzed using a FACSCanto II (BectonDickinson) and instrument
settings were set withmachine software in conjunctionwith calibration
beads. Data were acquired using BD FACSDiva software (San Jose, CA)
and processed using De Novo FCS Express Flow Clinical Edition
(Pasadena, CA). After gating on lymphocytes, positive populations
were identified based on fluorescence minus one control. Total Tregs
were defined as CD45 +CD3+CD4+CD25+FoxP3 + ; CD25bright Tregs
were defined as CD45 +CD3 +CD4+CD25 + +FoxP3 + ; CD4+T cells as
CD45 +CD3+CD4+ ; CD8+T cells as CD45 +CD3 +CD8+ ; and total
NK cells as CD45 +CD3-CD56+ . NK cells were further phenotyped
from the CD3-CD56+ population as CD56bright and CD56dim NK cells and
defined as a percentage of total NK cells. Immunophenotyping results
were enumerated as absolute cell counts (cells/μL) or percent relative
(%) values for each phenotype. To ensure comparability across long-
itudinal samples, the baseline total Treg gate was set to approximately
5% (4–6%) of CD4+T cells for each individual, and this gate position
was maintained across the individual’s timepoints. For CD25bright Tregs,
the baseline gate was set at approximately 0.5% (0.4–0.6%) of
CD4+T cells for each individual. An example of the gating strategy
for the CD25+ Treg, Tcons, and NK cell populations are shown in
Supplementary Fig. 9. Antibodies used for pharmacokinetic and
pharmacodynamic assessments are provided in Supplementary
Table 12.

AD biomarker analyses
In addition to clinical trial objectives, four Olink Explore panels were
used for proteomic analyses: Explore 384 Cardiometabolic, Explore
384 Inflammation, Explore 384 Neurology, and Explore 384 Oncology.
Analyses were performed using R version 4.3.1. Olink data was ana-
lyzed using the OlinkAnalyze R package v3.5.1. Olink protein levels are
expressed in Normalized Protein eXpression (NPX) units, which are
expressed on a log2 scale, with a 1 NPX difference translating into a
doubling of protein concentration. Change from baseline was calcu-
lated by subtracting the baseline NPX from theNPX at each time point,
resulting in the log2 fold change from baseline (log2FC). Non-normal
measures were transformed to log2 scale when appropriate. The
log2FC from baseline for each post-baseline time point was derived
and used as the dependent variable in the model fitting. For each
outcome, linear mixed-effects models (LMMs) were fit separately to
eachprotein using the lmerTest70 v3.1-3 package in R. Log2FCwasused
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as the dependent variable. The main fixed factor in the LMMs was
REZPEG treatment cohort arm (i.e. REZPEG dose level or placebo,
defined as ‘arm’ in the model). Age, gender, ethnicity, and race were
the covariates empirically included in the model. Visit was incorpo-
rated as a random factor to account for the variability in the averages
of log2FC at different visits for days 15, 22, 29, and 85. Significance of
the model terms was determined with an F-test using Satterthwaite
degrees of freedom and type III sum of squares implemented with the
lmerTest package in R. P-values for the model terms of interest were
adjusted across the 1461 proteins within each model term using the
Benjamini-Hochberg (BH) method. 347 proteins had the model term
‘arm’ showing statistical significance with the BH adjusted p values <
0.05. All pairs of comparisons under the model term ‘arm’ were per-
formed separately for each of the 347 proteins and the adjusted p
values based on theTukeymethodwere calculatedwithin each protein
by the emmeans71 v1.8.7 package in R. After adjustment, 329 proteins
were significant between either treatment group and placebo. These
Tukey-adjusted p values were presented for the Y-axis in the volcano
plots. The ggplot2 v3.4.2 package in R was used to generate the two
types of graphs. Pathway enrichment analysis was performedusing the
Reactome knowledgebase30.

Statistical analysis
The sample size for this trial was empirically selected based on the
typical numbers for Phase 1 studies to evaluate safety, pharmacoki-
netics, and PD, and was not powered on the basis of statistical
hypothesis testing. No adjustment for Type I error over the multiple
efficacy outcomes was performed. Data from placebo groups were
pooled across cohorts. All randomized patients were included in the
intention-to-treat (ITT) population and those who received at least
one dose of REZPEG or placebo were included in the safety analysis
adjusted to exclude 1 patient for the PsO study and 4 patients for the
AD study due to GCP noncompliance at one study site. Those who
also had adequate data were also included in PD analyses. Quanti-
tative displays were summarized using descriptive statistics. Con-
tinuous clinical endpoints were additionally analyzed using mixed
effect models for repeated measures with baseline score as the
covariate, treatment arm and protocol-defined visit time and their
interaction as the fixed factors. Visit time was used as the repeated
measure to account for within-patient variability. Differences of
treatment vs placebo and corresponding confidence intervals were
derived based on least-squares means. P value for testing the null
hypothesis of no difference between treatment and placebo group
was based on the t-test using SAS version 9.4 PROC MIXED proce-
dure. For binary/categorical clinical data, frequency counts and
percentages were provided. Missing outcomes due to reasons
including early treatment discontinuation were imputed with non-
responder imputation (NRI) for categorical endpoints. The statistical
analysis plans for both studies are included as Supplementary Data 3
and Supplementary Data 4.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The data are provided in the SourceData file. Source data are provided
with this paper.
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