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Abstract

Background The objective of this study was to evaluate the safety, tolerability, pharmacokinetics, and pharmacody-
namics of PF-06835375, a potent selective afucosyl immunoglobulin G1 antibody targeting C-X-C chemokine recep-
tor type 5 (CXCR5) that potentially depletes B cells, follicular T helper (Tfh) cells, and circulating Tfh-like (cTfh) cells,

in patients with systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA).

Methods This first-in-human, multicenter, double-blind, sponsor-open, placebo-controlled Phase 1 study recruited
patients aged 18-70 years with SLE or RA. In Part A, patients received single doses of intravenous PF-06835375 (dose
range: 0.03-6 mg) or placebo in six sequential single ascending dose (SAD) cohorts. In Part B, patients received
repeat doses of subcutaneous PF-06835375 (dose range: 0.3-10 mq) or placebo on Days 1 and 29 in five multiple
ascending dose (MAD) cohorts. Tetanus/Diphtheria (Td) and Meningococcal B (MenB/Trumenba'™) vaccines were
administered at Day 4 (Td and MenB) and Week 8 (MenB only) to assess PF-06835375 functional effects. Endpoints
included treatment-emergent adverse events (TEAEs), pharmacokinetic parameters, pharmacodynamic effects on B
and cTfh cells, and biomarker counts, vaccine response, and exploratory differential gene expression analysis. Safety,
pharmacokinetic, and pharmacodynamic endpoints are summarized descriptively. The change from baseline of B
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and Tfh cell-specific genes over time was calculated using a prespecified mixed-effects model, with a false discovery

rate <0.05 considered statistically significant.

Results In total, 73 patients were treated (SAD cohorts: SLE, n=17; RA, n=14; MAD cohorts: SLE, n=22; RA, n=20).
Mean age was 53.3 years. Sixty-two (84.9%) patients experienced TEAEs (placebo n=17; PF-06835375 n=45); most
were mild or moderate. Three (9.7%) patients experienced serious adverse events. Mean t, , ranged from 3.4-1214
h (SAD cohorts) and 162.0-234.0 h (MAD cohorts, Day 29). B and cTth cell counts generally showed dose-dependent
reductions across cohorts (range of mean maximum depletion: 67.3-99.39%/62.4-98.7% [SAD] and 91.1-99.6%/89.5—
98.1% [MAD], respectively). B cell-related genes and pathways were significantly downregulated in patients treated

with PF-06835375.

Conclusions These data support further development of PF-06835375 to assess the clinical potential for B and Tfh

cell depletion as a treatment for autoimmune diseases.

Trial registration ClinicalTrials.gov identifier: NCT03334851.

Keywords CXCR5, PF-06835375, Safety, Efficacy, Systemic lupus erythematosus, Rheumatoid arthritis, B-cell
depletion, Follicular helper T cells depletion, Pharmacokinetics, Pharmacodynamics

Introduction

Systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA) are systemic autoimmune diseases with
substantial morbidity and mortality [1-4]. The global
prevalence of SLE and RA has been estimated at 43.7
per 100,000 and 246.6 per 100,000 individuals, respec-
tively [2, 5]. The prevalence of both SLE and RA varies
by global region, although a trend of increasing preva-
lence has been reported over the last few decades [2, 5].

Treatment options for patients with SLE and RA
have improved over the last two decades, with a better
understanding of the pathobiology of the diseases, cou-
pled with the development of targeted therapies, such
as cytokine inhibitors and Janus kinase inhibitors for
RA, and B cell and Type 1 interferon-directed therapy
for SLE [6-9]. Even with improved treatments, 37% of
patients with RA continue to experience active disease
despite therapy [10], and a large proportion of patients
with SLE still require disease-modifying antirheumatic
drugs [11], despite their toxicity [11], and corticoster-
oids [11]. Given the risks associated with the long-term
use of many existing treatments for SLE and RA, and
that they are frequently insufficient to adequately con-
trol active disease [11, 12], there remains a need for
safer and more effective therapies that can induce long-
lasting remission.

B cell and T cell dysregulation is involved in the
pathology of SLE and RA [13-15]. In SLE, T cells
amplify inflammation by secreting pro-inflammatory
cytokines, thus mediating autoantibody production
by B cells, which in turn maintain disease through the
accumulation of autoreactive memory T cells [16].
Meanwhile, in RA, B cells secrete proteins implicated in
disease pathogenesis, such as rheumatoid factors, anti-
citrullinated protein antibodies, and pro-inflammatory

cytokines [17]. A major role of T cells in RA is to acti-
vate macrophages and fibroblasts, leading to the pro-
duction of various cytokines and chemokines which
exacerbate joint inflammation [17]. Follicular T helper
(Tth) cells are also implicated in the pathogenesis of
autoimmune diseases, due to their role in the germinal
center reaction, affinity maturation, and autoantibody
generation [18, 19], and are elevated in both SLE and
RA [20, 21]. The dysregulation of these immune cell
types, and their involvement in the pathogenesis of SLE
and RA, suggests therapeutic potential for targeting B
and Tth cells together in autoimmune diseases in order
to inhibit the production of autoantibodies targeting
self-antigens.

PF-06835375 is a humanized, afucosyl immunoglobulin
G1 antibody selective against C-X-C chemokine receptor
type 5 (CXCR5) expressed on B cells, Tth cells, and cir-
culating Tfh-like (cTth) cells. PF-06835375 is in develop-
ment for the treatment of autoimmune diseases through
depletion of CXCR5-positive B and Tfh cells and antago-
nism of C-X-C motif chemokine ligand 13-dependent
signaling, thereby representing a new strategy for treat-
ing SLE and RA.

This first-in-human study (NCT03334851) evaluated
the safety, tolerability, pharmacokinetics (PK), and phar-
macodynamics (PD) of PF-06835375 in patients with
seropositive SLE and RA, and assessed the functional
effect of PF-06835375 on vaccine responses in this pool
of autoimmune patients.

Methods

Patients

Patients were eligible for inclusion if they were aged
18-70 years, with a body mass index of 17.5-40 kg/m?,
and a total body weight>45 kg. In this Phase 1 study,
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patients were required to have either seropositive SLE or
RA but without minimum disease activity requirement
for inclusion.

SLE diagnosis was confirmed using the Systemic Lupus
International Collaborating Clinics classification criteria
and a positive anti-nuclear antibodies titer >1:80, and/
or anti-dsDNA, and/or anti-Smith antibodies at screen-
ing. Patients with a clinical Systemic Lupus Erythemato-
sus Disease Activity Index 2000 (SLEDAI-2K) score>8
were excluded from the three lowest single dose cohorts
in Part A of the study but were permitted to enroll in all
other cohorts in Parts A and B, following consultation
with the medical monitor.

RA diagnosis was confirmed using the 2010 American
College for Rheumatology/European Alliance of Associa-
tions for Rheumatology criteria and positive rheumatoid
factor and/or anti-citrullinated peptide antibody. Patients
with a Disease Activity Score 28 score > 5.1 were excluded
from the three lowest single dose cohorts in Part A of the
study but were permitted to enroll in all other cohorts in
Parts A and B, following consultation with the medical
monitor.

The use of certain non-prescription concomitant
treatments was permissible during the study, although
patients were asked to abstain from initiating new treat-
ments. All concomitant treatments taken during the
study were recorded with indication, daily dose, and start
and stop dates of administration. Concomitant treat-
ments were recorded at each clinic visit.

Study design

The study was a multicenter, randomized, double-blind,
sponsor-open, placebo-controlled Phase 1 single and
multiple-dose escalation study consisting of two parts.
The study design is illustrated in Fig. S1.

In Part A, patients with SLE or RA were randomized
3:3:3:3:6:5 to intravenous (IV) PF-06835375 (0.03, 0.1,
0.3, 1, 3, or 6 mg) in six sequential single ascending dose
(SAD) cohorts. Nine patients were randomized to placebo
across the six SAD cohorts. Patients randomized in
Part A were not eligible to enroll in Part B. In Part B,
patients with SLE or RA were randomized 6:6:7:6:6 to
subcutaneous (SC) PF-06835375 (0.3, 1, 3, 6, or 10 mg)
administered on Days 1 and 29 in five multiple ascending
dose (MAD) cohorts. Eleven patients were randomized
to placebo across the five MAD cohorts. Additional
pre-dose medications, including corticosteroids, were
administered based on emerging safety and tolerability
data, and post-dose treatments were allowed at the inves-
tigator’s discretion.

In Part A, 100 mg IV methylprednisolone was admin-
istered pre-dose to all patients in the cohort receiving
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PF-06835375 6 mg IV to mitigate the potential for infusion-
related reactions. In Part B, oral prednisone 40 mg
pre-dose and 20 mg post-dose were administered to
the remaining patients to be enrolled into the cohort
receiving PF-06835375 3 mg SC, as the first patients
who received this dose experienced infusion-related
reactions. Oral prednisone 40 mg pre-dose and 20 mg
post-dose were also administered to all patients in the
cohorts receiving PF-06835375 6 mg and 10 mg SC.

The selected starting doses (SAD and MAD) were
planned to provide predicted exposure margins of
multiple thousands (>10,000) compared to the expo-
sure-stopping limit at no observed adverse effect level
(NOAEL) while having minimal B-cell depletion. Max-
imum doses were planned such that at least a tenfold
exposure margin compared to NOAEL exists with a
maximal predicted B-cell depletion. MAD doses are
higher compared to SAD doses, as the route of adminis-
tration is different. SC SAD dosing has reduced absorp-
tion compared to IV MAD dosing, which reduces the
amount of drug that reaches the systemic circulation.

To mitigate unanticipated safety risks, the study
utilized sentinel dosing for cohorts of more than four
patients. This involved dosing of additional patients
following communication between the sponsor’s medical
monitor and investigators from sites at which sentinel
patients were first enrolled.

In order to provide an understanding of PD proper-
ties related to the degree of B and cTfh cell depletion,
the functional effects of PF-06835375 were assessed
with two vaccine challenges. On Day 4, the tetanus/
diphtheria (Td) vaccine was administered. On Day 4
and Week 8, the Meningococcal B (MenB/Trumenba™)
vaccine was administered. The Td vaccine was used as a
recall challenge as it induces clear secondary antibody
and immune cell responses. The MenB vaccine was
used as a neoantigen when administered at Day 4 and
as a recall challenge when administered at Week 8.

All patients were followed for a minimum of 16 weeks
after the last dose of PF-06835375 was administered;
study completion criteria were based on B cell counts
meeting >1 of the following criteria: (1) >50% of base-
line value and stable or increasing between Weeks
12-16; (2) >lower limits of normal (80 cells/uL) and
stable or increasing between Weeks 12—16. Patients not
meeting either criterion at Week 16, continued in the
study until B cell counts met > 1 of the criteria, or until
B cell counts reached a new stable level and the patient
was clinically stable for>3 consecutive visits, each at
least two weeks apart, based on assessment by both the
sponsor and the investigator.

The first visit of the first patient took place in November
2017 and the last visit of the last patient took place in
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February 2022, which encompassed the period during
the COVID-19 pandemic.

This study was approved by the Schulman Associ-
ates Institutional Review Board, Inc. (reference number
IORG000063) and was conducted in compliance with
the ethical principles originating in or derived from the
Declaration of Helsinki and all International Council for
Harmonisation Good Clinical Practice guidelines and
International Ethical Guidelines for Biomedical Research
Involving Human Subjects (Council for International
Organizations of Medical Sciences 2022. Written
informed consent was required from each patient before
any study-specific activity.

Endpoints

Primary endpoints

The primary objectives of the study were to examine the
safety and tolerability of PF-06835375. Primary endpoints
were the incidence of dose-limiting or treatment-related
treatment-emergent adverse events (TEAEs); incidence,
severity, and causal relationship of TEAEs and withdrawals
due to TEAEs; incidence of chemistry, hematology,
and urinalysis laboratory findings through the end of the
study; abnormal and clinically relevant changes in vital
signs and electrocardiogram (ECG) parameters; and
incidence of infections.

Secondary pharmacokinetic and pharmacodynamic
endpoints

Serum PF-06835375 concentrations after single (Day
1 IV SAD cohorts) and multiple (Day 1 and 29 SC
MAD cohorts) PF-06835375 doses were determined.
PK parameters were generated by noncompartmental
methods.

For SAD cohorts (Part A), the following PK parameters
were analyzed: area under the concentration—time
profile from time 0 extrapolated to infinite time (AUC,);
area under the concentration—time profile from time 0 to
the time of the last quantifiable concentration (AUC,),
maximum serum concentration (C_,,); time at which
Crax occurred (T,,,), terminal half-life (t,), and clear-
ance (CL).

For MAD cohorts (Part B), the following PK param-
eters were analyzed: area under the concentration—time
profile from Day 1 to Day 29 (AUC,,), AUC,,, C
T haw b and apparent clearance (CL/F).

The absolute count of circulating CXCR5-positive
B cells and cTth cells over time was assessed for the
SAD and MAD cohorts following administration of
PF-06835375. T cell and B cell absolute counts were
determined with flow cytometry using BD Multitest "
6-color TBNK with BD Trucount " tubes according to the
manufacturer’s instructions (BD Biosciences, San Jose,

max

max’
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CA). Data were acquired and analyzed with a FACSCantoll
cytometer using BD FACSCanto Clinical Software. In
addition, a flow cytometry panel that monitored T helper
cell subsets, including CD3TCD4+*CD45ROTCXCR5™ cTfh,
was also performed. Whole blood was stained with an
antibody cocktail containing anti-human monoclonal
antibodies against CD45-AF700 and CCR6-BV421
(Biolegend, San Diego, CA), CD3-APC-H7, CD4 PerCP-
Cy5.5, CD45RO-BV510, PD1-PE, ICOS-AF647, CD183-
PE-Cy7 (BD Biosciences), and a non-drug competitive
CXCR5-AF488 antibody (Creative Diagnostics, Shirley,
NY), for 20 min at room temperature. Red blood cells
were lyzed using FACSLyse (BD Biosciences), washed
with staining buffer, and data were immediately acquired
on a BD FACSCanto II flow cytometer. The absolute
count of CD4" cTfh cells was calculated by multiply-
ing the frequency of Tth cells of total CD4 T cells by the
absolute count of CD4* T cells derived from the BD
Multitest™ Trucount'" assay. Depletion was defined as
cell counts below 10 cells/pL. The incidence of the development
of anti-drug antibodies (ADAs) and neutralizing antibodies
(NAbs) were also examined.

Tertiary and exploratory pharmacodynamic and biomarker
endpoints

The geometric means of B cell activating factor (BAFF)
at baseline, as well as the geometric means of antibody
response to the Td and MenB vaccines were assessed
over time.

Whole blood collected in PAXgene tubes (BD Biosciences)
was used to generate RNA sequencing (RNA-seq) datasets
from Day 1 (pre-dose), 29 (pre-dose), 57, and 113.
Samples collected from patients in all treatment groups
in the SC MAD cohort and from patients in the 6 mg IV
SAD cohort were used for data generation and analy-
sis. Briefly, globin-depleted RNA was used for library
preparation using the TruSeq Stranded mRNA Library
Prep Kit (Illumina) and sequenced via next-generation
sequencing on the Illumina NovaSeq 6000 platform. All
samples were sequenced using paired-end 100 bp reads
and mapped to the human genome assembly GRCh38.
Samples were analyzed for the following genes: CD19,
CXCR5, interleukin (IL)-6, and tumor necrosis factor
(TNF) receptor superfamily members (TNFRSF)13B
(TNFRSF13B), 13C (TNERSF13C), and 17 (TNERSF17).

Statistical analyses
Safety data and PK parameters were presented using
descriptive summary statistics.

R programming language (www.r-projects.com) [22]
was used to perform all transcriptomic analyses. The
transcriptomic data were modeled longitudinally using
a mixed-effects model with random subject effect, fixed


http://www.r-projects.com

Cohen et al. Arthritis Research & Therapy (2024) 26:117

treatment, and visit effects, using log, counts per million
(CPM) values following trimmed mean of M-values
normalization [23] using the R package limma [24]. Due
to minimal variance observed in a principal compo-
nent analysis, samples from the SAD and MAD placebo
cohorts were pooled into a single placebo group for
statistical analysis. The Benjamini-Hochberg procedure
[25] was used to adjust p-values for multiple hypotheses
by controlling the false discovery rate (FDR).

Gene set analysis was performed using Fast Gene Set
Enrichment Analysis (FGSEA) method [26] implemented
within the Gene Set Enrichment Analysis package and
the Molecular Signatures Database (mSigDB). A pre-
ranked list of genes based on estimates of the summary
statistics from a mixed-effects model was used as the
input for pathway analysis with a significance of p <0.05.
Sample level log, CPM was calculated for the selected
significant gene sets. Modeling was performed using
the same approach described for single genes [27]. The
change from baseline of B and Tth cell-specific genes
over time was calculated using the mixed-effects model
described previously. Differentially expressed genes
for any post- versus pre-treatment comparison with
FDR <0.05 were considered statistically significant.

A total of four different analysis populations were
employed in this study. The PK analysis population
included all patients who received at least one dose of
the study treatment and had evaluable PK data. The PD
analysis population included all patients who received
at least one dose of the study treatment and had at least
one PD measurement. The safety analysis population
included all patients who received at least one dose of
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the study treatment. The pooled-placebo analysis popula-
tion included all patients enrolled in the placebo groups,
regardless of SAD or MAD cohorts.

Results

Patients

Patient disposition is illustrated in Fig. 1. In total, 74
patients were randomized and 73 patients were treated
(SAD cohorts: SLE, n=17; RA, n=14; MAD cohorts:
SLE, n=22; RA, n=20). Of patients receiving placebo
in the MAD cohort, one discontinued due to a protocol
deviation, and two patients discontinued during the
follow-up phase; of patients receiving PF-06835375
3 mg SC, three discontinued during follow-up; of patients
receiving PF-06835375 6 mg and 10 mg, one in each
group discontinued during follow-up. Pre- and post-dose
corticosteroids were administered in the PF-06835375
3 and 6 mg IV cohorts and 3, 6, and 10 mg SC cohorts.
Patient demographics and baseline characteristics are
presented in Table 1. Mean (standard deviation) age
was 53.3 (10.7) years. Most patients were female (n=65,
89.0%) and White (n=>54, 74.0%). At baseline, the mean
SLEDAI-2K and Disease Activity Score 28 C-reactive
protein values were 0.58 and 0.46, in patients with SLE
and RA, respectively.

Primary safety endpoints

A total of 62 (84.9%) patients across the SAD and MAD
cohorts experienced TEAEs (Table 2), most of which
were mild or moderate in severity. A total of three (9.7%)
patients (all in the SAD cohort) experienced serious
adverse events (SAEs) unrelated to the study treatment,

Assessed for eligibility (n = 186)

Excluded (n = 112)
Screening failure (1 = 98)
Other reasons (1 = 14)

Randomized (n = 74)

PF-06835375 IV SAD (Part A) (n = 32)
Treated (n = 31)

Patients with RA (n = 14)

Patients with SLE ln 17)

Allocation to treatment

PF 06835375 IV SAD (n = 23)

T

Placebo (n = 8)

Completed
treatment

Follow
-up

n=3

Analysis
5
&

PF-06835375 SC MAD (Part B) (n = 42)
I
Treated (n = 42)
Patients with RA (n = 20)
Patients with SLE (n = 22)

PF 06835375 SC MAD (n = 31)

6mg (n=6)

Placebo (n = 11)

03mg (n=6) |mg(n

Dlscummuauon
due to procotol
deviation (1 = 1)

n=10 = n=6

Discontinued (1 = 2) D'5f°“‘"‘"“;"°"l‘” 3’( || Discontinued = 1)
_ ost to follow-up (1 = 2)| [, -

A Withdrawal by oo fpllow
er reason (= 1) participant (= 1) p =

n=8 n=4 n=>5

Discontinued (n = 1)
Withdrawal by
participant (1 = 1)

n=5

Fig. 1 Patient disposition in single ascending dose and multiple ascending dose cohorts. AE adverse event, [V intravenous, MAD multiple ascending
dose, RA rheumatoid arthritis, SAD single ascending dose, SC subcutaneous, SLE systemic lupus erythematous
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Table 1 Patient demographics and baseline characteristics
(safety analysis population)

All patients in the All patients

SAD cohorts in the MAD
(N=31) cohorts
(N=42)
Age, years; mean (SD) 52.3(104) 540(11.0)
Female, n (%) 29 (93.5) 36 (85.7)
Race, n (%)

White 19 (61.3) 35(83.3)

Black or African American 11 (35.5) 4(9.5)

Asian 0 1024)

American Indian or Alaska 0 1(24)

Native 0 0
Native Hawaiian or Other Pacific Islander

Other 0 0

Unknown multiracial 1(3.2) 0

Not reported 0 1(24)
Ethnicity, n (%)

Not Hispanic or Latino 27 (87.1) 36 (85.7)
Weight, kg; mean (SD) 748 (16.1) 85.3(14.7)
BMI, kg/m? mean (SD) 284 (5.7) 316 (49)
Disease duration, years; mean (SD)?

Rheumatoid arthritis 14.1 (10.1) 142 (11.2)

Systemic lupus erythematosus 93(9.8) 106 (11.9)

The safety analysis population included all patients who received at least one
dose of the study treatment

BMI body mass index, MAD multiple ascending dose, SAD single ascending dose,
SD standard deviation

2 Calculated based on the number of patients with the specified disease in the
SAD or MAD cohort

and one (9.1%) patient discontinued due to a TEAE of
disease progression unrelated to the study treatment in
the placebo SC cohort.

In the SAD cohort, a total of 15 (48.4%) patients expe-
rienced treatment-related TEAEs: three (37.5%) patients
receiving placebo IV, one (33.3%) patient receiving
PF-06835375 0.1 mg IV, two (66.7%) patients receiving
PF-06835375 1 mg IV, six (100.0%) patients receiving
PF-06835375 3 mg IV, and three (60.0%) patients receiv-
ing PF-06835375 6 mg IV. In the MAD cohort, 16 (38.1%)
patients experienced treatment-related TEAEs: three
(27.3%) patients receiving placebo SC, three (50.0%)
patients receiving PF-06835375 0.3 mg SC, one (16.7%)
patient receiving PF-06835375 1 mg SC, five (71.4%)
patients receiving PF-06835375 3 mg SC, two (33.3%)
patients receiving PF-06835375 6 mg SC, and two (33.3%)
patients receiving PF-06835375 10 mg SC.

The most common TEAEs in the SAD and MAD
cohorts combined during the active collection period
(from informed consent through at least 90 days after
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the last administration of PF-06835375) were headache
(n=18, 24.7%), pyrexia (n=11, 15.1%), and urinary
tract infection (=9, 12.3%). The most common infections
after urinary tract infection were upper respiratory
tract infection (n=6, 8.2%) and viral upper respiratory
tract infection (#=3, 4.1%). All infections were mild or
moderate in severity.

Two patients who both received PF-06835375 3 mg
IV were reported to have mild infusion-related reaction,
with onset at Day 1 and resolved at Day 14 and Day 15,
and one patient who received PF-06835375 3 mg SC
was reported to have mild allergic reaction, with onset
at Day 1 and resolved at Day 2. All were deemed related
to the study treatment. None of these events required
treatment discontinuation.

Laboratory and ECG abnormalities (n=3, each)
considered clinically significant are shown in Table 2.
All ECG abnormalities occurred in the SAD cohorts
(PF-06835375 0.1, 1, and 6 mg). Of these ECG abnor-
malities, two patients experienced increased heart
rate, whereas one patient experienced decreased ECG
T wave amplitude. Each of these events were mild or
moderate in severity and were resolved within the same
day of dosing. No clinically significant changes in vital
signs or deaths occurred.

Secondary pharmacokinetic and pharmacodynamic
endpoints.

Pharmacokinetic endpoints

PK parameters are shown in Tables 3 and 4; concen-
tration—time profiles for SAD and MAD cohorts are
shown in Fig. 2A and B, respectively. Among the SAD
cohorts (Part A), median T, ,, ranged from 2—4 h and
mean CL from 0.021-0.313 L/h. Mean t,,, ranged from
3.40-121.4 h. Exposure (AUC and C,,) generally
appeared to increase dose-proportionally for doses <1
mg and more than dose-proportionally for doses>1
mg. Among MAD cohorts, Day 1 median T, ,, ranged
from 144-170 h; the increase in exposure (AUC,,
and C,_,,) generally appeared to be greater than dose-
proportional. Due to high affinity of the antibody to
CXCR5 on the B-cell surface, significant target-medi-
ated drug disposition at lower concentrations was
observed. A reduction in clearance was also observed
with higher doses and hence higher concentrations,
which is indicative of target saturation and target-medi-
ated drug disposition behavior. Day 29 median T,
ranged from 121-171 h and mean CL/F from 0.0785-
0.117 L/h. Day 29 mean t;,, ranged from 162.0-234.0 h.
Exposure (AUC,,, and C_,,) generally appeared to be
dose-proportional.

max
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Table 3 Descriptive summary of serum PK parameters for PF-06835375 in IV SAD cohorts (PK analysis population)
PK parameters (unit)® PF-06835375 IV SAD cohorts

0.03mg (n=2) 0.1mg(n=1) 0.3mg (n=3) 1mg(n=3) 3mg (n=6) 6 mg (n=>5)
AUC;¢ (ng/h/mL), geometric mean (CV) 356,957 - 1573 (2409) 7467 (84) 88,190 (35) 288,000 (30)
AUC,,,; (ng/h/mL), geometric mean (CV)  28.0,67.9 39.1 1380 (2950) 7327 (85) 87,120 (36) 287,400 (30)
Cinax (Ng/mL), geometric mean (CV) 64,74 10.8 103 (197) 208.7 (28) 994.7 (29) 2645 (13)
Trax (N), median (range) 20,20 22 22(22-22) 2.1(1-4.2) 2.2(22-4.1) 4.0(2.0-8.1)
t,, (h), arithmetic mean (SD) 34,128 - 35.1(44.5) 525(14.4) 914 (25.6) 1214 (33.9)
CL (L/h), geometric mean (CV) 0.31,0.84 - 0.19 (2420) 0.13 (84) 0.03 (35) 0.02 (29)

The PK analysis population included all patients who received at least one dose of the study treatment and had evaluable PK data

AUC;,rarea under the concentration-time curve from zero to infinity, AUC,,,, area under the concentration-time curve from time zero to time of last quantifiable
concentration, CL clearance, C,,,,, maximum observed concentration, CV coefficient of variation, IV intravenous, PK pharmacokinetics, SAD single ascending dose, SD
standard deviation, t,, terminal phase half-life, T, time to first occurrence of

@ Individual values are listed when there were less than three evaluable measurements

Table 4 Descriptive summary of serum PK parameters for PF-06835375 in SC MAD cohorts (PK analysis population)

PK parameters (unit) PF-06835375 SC MAD cohorts

Day 1 Day 29

1mg(n=5)® 3mg(n=7) 6mg(n=6) 10mg(n=6)b 1mg(n=5) 3mg(n=7) 6mg(n=6) 10mg(n=6)b

AUC,, (ng/h/mL), geo- 1964 (130) 11,010 (84) 28,070 (251)¢ 70,630 (202)° 9309 (62) 25610 (125)¢ 76,450 (142) 88,540 (154)

metric mean (CV)

AUC.; (hg/h/mL), geo- 1671 (171) 11,080 (83) 28,760 (198) 68,280 (204) 9346 (61) 22,050 (146) 84,370 (160) 96,610 (141)

metric mean (CV)

Cirax (Ng/mL), geometric 5.743 (148) 3482 (79) 77.72 (150) 257.8 (204) 269 (68) 89.7 (93) 209.6 (115) 262.1 (224)

mean (CV)

Trax (), median (range) 170 168 169 144 169 169 171 121
(67.4-170) (72.7-361) (73.3-192) (47.7-172) (168-169) (123-337) (120-336) (8-169)

t,, (h), arithmetic mean - - - - 234.0(78.9) 162.0 (56.1)* 193.3(62.8) 175.8(52.8)°

(SD)

CL/F (L/h) - - - - 0.11 (62)° 0.12 (125)d 0.08 (142) 0.11 (154)

The PK analysis population included all patients who received at least one dose of the study treatment and had evaluable PK data

AUC,,; area under the concentration-time curve from time zero to time of last quantifiable concentration, AUC,,, area under the concentration-time curve overdosing
interval, CL/F apparent clearance, C,,,, maximum observed concentration, CV coefficient of variation, MAD multiple ascending dose, PK pharmacokinetics, SC
subcutaneous, SD standard deviation, t,, terminal phase half-life, T,,,,, time to first occurrence of C .,

20nly n=4 contributed to the summary statistics
b Only n=5 contributed to the summary statistics
€Only n=3 contributed to the summary statistics
4 Only n=6 contributed to the summary statistics

Pharmacodynamic endpoints samples were further tested for NAb. Of these 77 sam-

B and cTth cell counts generally showed dose-depend-
ent reductions across cohorts (range of mean maximum
depletion: 67.3-99.3% and 62.4-98.7%, respectively, in
SAD cohorts, and 91.1-99.6% and 89.5-98.1%, respec-
tively, in MAD cohorts; Fig. 3). The mean duration of B
and cTth depletion extended up to 71.6 and 62.0 days,
respectively, in SAD, and 78.5 and 109.5 days, respec-
tively, in MAD cohorts.

A total of 438 samples were analyzed for ADA, and
77 (17.6%) samples tested positive; these ADA-positive

ples, 60 (77.9%) samples tested NADb positive. In the
IV SAD cohorts, a total of 23 ADA/NADb evaluable
patients were analyzed, of these patients, seven (30.4%)
tested positive for ADA and seven (30.4%) tested
positive for NAb. In the SC MAD cohorts, a total of
31 ADA/NAD evaluable patients were analyzed; of
these patients, 10 (32.3%) tested positive for ADA and
seven (22.6%) tested positive for NAb.
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Fig. 2 Serum PF-06835375 concentration-time profiles in the A single ascending dose and B multiple ascending dose cohorts (pharmacokinetic
analysis population). The PK analysis population included all patients who received at least one dose of the study treatment and had evaluable PK
data. The plots presented are semi-logarithmic. /V intravenous, MAD multiple ascending dose, PK pharmacokinetic, SAD single ascending dose, SC

subcutaneous

No notable changes were seen in PK parameters, B and
cTth cell counts, and safety based on the ADA and NAb
status of patients.

Exploratory (tertiary) pharmacodynamic and biomarker
endpoints

To assess the mechanism of PF-06835375 and the func-
tional effects of combination B and Tth cell depletion,
both primary neoantigen and recall vaccine responses

were assessed. There were no changes in post- versus pre-
vaccination B cell counts in participants who received
placebo. In participants who received placebo, cTth cell
counts at Day 8 and Day 15 fluctuated around the base-
line level (cTfh cell ratio range from 0.1 to 3) (Fig. S2 and
S3). All study participants who received PF-06835375
had lower B cell counts compared to baseline after Day
1, with decreases to <100 cells/pL in the lower doses and
to<10 cells/uL with higher doses, to Day 15. Almost all
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Fig.3 Mean A, B CXCR5-positive B and C, D cTfh cell counts in the single ascending dose and multiple ascending dose cohorts (PD analysis
population). The PD analysis population included all patients who received at least one dose of the study treatment and had at least one PD
measurement. A single IV dose was administered in SAD cohorts (designated Day 1), and multiple SC doses were administered in MAD cohorts (Day
1 and 29); the study duration including follow-up was 4-10 months from the screening. The plots presented are semi-logarithmic. c7fh circulating
follicular T helper-like, CXCR5 C-X-C chemokine receptor type 5, IV intravenous, MAD multiple ascending dose, PD pharmacodynamic, SAD single

ascending dose, SC subcutaneous

study participants who received PF-06835375 had lower
cTth cell ratios, which were<1 at Day 4 and remained
low at Day 8 and Day 15. This observation confirms that
the cTth-inhibitory aspect of PF-06835375’s mecha-
nism of action includes inhibition of cTfh cells in addi-
tion to its B cell-depleting properties, and indicates that
PF-06835375 has the potential to reduce the number
of newly formed autoreactive B cells and consequently
autoantibody levels.

Regarding recall vaccine responses, the geometric
means of diphtheria and tetanus antibody concentra-
tions for the placebo group in both the SAD and MAD
cohorts increased from Day 1 to Day 29, and were rela-
tively stable from Day 29 to Day 85 (Fig. 4A-D). At Day
57, the geometric means of the MenB antibody concen-
trations showed increases in the recall responses in most
treatment groups until Day 85 in both cohorts (Fig. 4E—
F). Regarding neoantigen responses, the means of the
MenB antibody concentrations in the placebo groups

also increased from Day 1 to Day 29, and remained stable
(SAD) or decreased (MAD) to Day 57 (Fig. 4E-F).

The geometric means of diphtheria and tetanus anti-
body concentrations for all the active treatment groups
in both cohorts followed a similar trend to those of
the placebo groups, increasing from Day 1 to Day 29
and remaining relatively stable from Day 29 to Day
85 (Fig. 4A-D). At Day 57, the geometric means of the
MenB antibody concentrations showed increases over-
all until Day 85 for most active treatment groups in both
cohorts (Fig. 4E-F). The geometric means of MenB anti-
body titers were seen to increase from Day 1 to Day 29
across all doses in both cohorts, and remained elevated
until Day 57 (Fig. 4E and F). A trend in dose-response
to the Td and the MenB vaccinations was not observed
in patients in either of the SAD or MAD cohorts
(Fig. 4A—F).

Regarding serum BAFF, the geometric means at base-
line were 1196.23 pg/mL and 1052.83 pg/mL in the SAD
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Fig. 4 Geometric means of antibody responses to the A, B, C, D Tetanus/Diphtheria vaccine in the single ascending dose and multiple ascending
dose cohorts and the E, F Meningococcal B vaccine in the single ascending dose and multiple ascending dose cohorts (PD analysis population).
The PD analysis population included all patients who received at least one dose of the study treatment and had at least one PD measurement.
Data were excluded from the plot if patients did not receive the Td or MenB vaccine at Day 4. If patients did not receive the MenB vaccine

at Week 8, their Week 12 data were excluded from the plot. The lower limit of detection for anti-MenB was 4, a titer of 2 was reported in case

of non-detectable MenB antibody. The plots presented are semi-logarithmic. /V intravenous, MAD multiple ascending dose, MenB Meningococcal B,
PD pharmacodynamic, SAD single ascending dose, SC subcutaneous, Td tetanus/diphtheria

and MAD cohorts, respectively. The geometric means
of BAFF over time are presented in Fig. 5A and B.
Overall, BAFF levels increased over time, but there
was some variation across doses. Increases were visible
especially in the 0.03 mg SAD and placebo SAD cohort
between Days 113 and 141, and in the MAD active treatment
cohort across time points.

Exploratory transcriptomic data generated using
RNA-seq were analyzed for gene expression changes
following B and cTfh cell depletion. The pathways that
were most significantly affected at Days 29, 57, and 113
were B cell-related pathways/gene sets, which were

downregulated in patients who received active treatment
(Fig. 6; FDR<0.05). Representative genes from pathways
related to B-cell activation, differentiation, and receptor
signaling showed a change in expression in samples from
both SAD and MAD cohorts, whereas no significant
changes were observed from baseline in the placebo
group. Although changes in Tth-specific gene signature
remain to be determined, the expression of CXCR5 (B
and Tfh cell surface marker) and CD19 (B cell surface
marker) genes decreased significantly at all three time
points assessed from Day 1 (Fig. 7). A significant decrease
from baseline in the expression of the inflammatory
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Fig. 5 Geometric means of BAFF over time in the A single ascending dose and B multiple ascending dose cohorts (PD analysis population). The
PD analysis population included all patients who received at least one dose of the study treatment and had at least one PD measurement. The
plots presented are semi-logarithmic. BAFF B-cell activating factor, IV intravenous, MAD multiple ascending dose, PD pharmacodynamic, SAD single

ascending dose, SC subcutaneous

cytokine gene IL-6 was seen across all doses and time
points, with the exception of PF-06835375 6 mg IV in
the SAD cohort at Day 113 (Fig. 7). Significant decreases
in the expression of TNFRSF genes expressed on early-
to-late B cell lineages TNFRSF17, TNFRSF13B, and
TNFRSF13C were observed at most time points in
patients treated with PF-06835375 (Fig. 7).

Discussion

This first-in-human Phase 1 study evaluated the safety,
tolerability, PK, and PD of PF-06835375, an antibody
against CXCR5, and its functional effect on vaccine

responses in patients with seropositive SLE and RA.
PF-06835375 was generally well tolerated in patients
with seropositive SLE and RA; most TEAEs were mild or
moderate in severity and only one patient discontinued
due to a TEAE of disease progression in the placebo group.
PD findings indicated potent and prolonged depletion
of both CXCR5-positive populations of B and cTth cells,
but with intact vaccination responses across treatment
groups and consistent with the mechanism of action of
PF-0683575.

The TEAEs, including infections, and SAEs noted
in this study were consistent with those observed with
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other B cell-depleting autoimmune therapies, such as
constitutional symptoms [28] and infusion-induced side
effects [29, 30]. In the current study, two patients receiving
3 mg IV had mild infusion-related reaction and one patient
receiving 3 mg SC had mild allergic reaction, with the
addition of steroids for the 3 mg and subsequent SC MAD
cohorts. Notably, infections, overall, were the second
most common TEAEs reported in the current study,
including urinary tract infection, upper respiratory tract
infection, and viral upper respiratory tract infection; all
were mild or moderate in severity. The small number
of serious infections reported in this Phase 1 study
is comparable with that reported in a Phase 3 study of
patients with RA receiving the T cell-targeted costimulatory
modulator abatacept, among whom 1.9% developed serious
infections (compared with 8.5% of patients receiving
TNEF inhibitor therapy with infliximab) [31], and a Phase
2b study in patients with RA receiving B-cell depleting
therapy with rituximab, among whom 2.0% developed
serious infections [32]. There were no reported events
of herpes zoster or SARS-CoV-2 infection during the
course of the study. The overall impact of the COVID-19
pandemic on this study was minimal, by extending the
overall time span of the study. Mild or moderate
abnormalities in ECGs were reported in three individuals,
each resolving within the same day of dosing. Collectively,
these findings did not identify safety concerns related to
the B and Tth cell depletion with PF-06835375.

In both the SAD and MAD cohorts of the current
study, robust B- and cTfh-cell depletion were observed
post-dose in all PF-06835375 groups, compared with
patients receiving placebo. B cell counts in these patients

markedly decreased starting at 8 h post-dose on Day 1.
Additionally, B and Tth cell depletion was similar in par-
ticipants with RA or SLE. Sufficient and timely depletion
of B cells may be important for the overall effectiveness
of immunosuppressant agents given that, among patients
with SLE or RA, complete B-cell depletion following
rituximab infusion was associated with improved clinical
responses over time compared with those whose B-cell
depletion was incomplete at the same time point [33, 34].
We also observed that the cTfh cell absolute counts in
all patients receiving higher doses of PF-06835375 (1, 3,
and 6 mg IV in SAD cohorts; 3, 6, and 10 mg in MAD
cohorts) markedly decreased at 8 h post-dose on Day
1; in MAD cohorts, low cTfh cell counts persisted then
decreased again after the second study dosing on Day 29.
Given that cTth cells are reported to be elevated in both
SLE and RA [20, 21], and promote the germinal center
reaction and generation of autoantibody secreting plasma
cells [19, 35], the reduction of cTfh cells in patients
receiving higher doses of PF-06835375 has the potential
to reduce disease activity.

All cohorts, except the lowest IV SAD doses of
PF-06835375 (0.03 mg and 0.1 mg), had at least one
ADA-positive patient; the median time of onset for treat-
ment-induced ADA and NAb was 31.5 and 36.0 days,
respectively. The immunogenicity data did not suggest
any clinically relevant impact of PF-06835375 on PK, B
and cTfh cell depletion, or safety.

The recall immune response of patients receiv-
ing PF-06835375 were assessed by Td vaccination,
while MenB vaccination was used to assess neoantigen
immune responses. These data demonstrate that patients
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Fig. 7 Mean (95% Cl) change from baseline in the expression of B and Tfh cell-specific markers over time analyzed by RNA sequencing: A CD19,

B CXCR5, C IL-6, D TNFRSF17, E TNFRSF13B, and F TNFRSF13C. ®Patients receiving placebo in the MAD and SAD cohort were pooled into a single
placebo group for analysis. TNFRSF13B, TNFRSF13C, and TNFRSF17 encode transmembrane activator and calcium modulator and cyclophilin ligand
interactor (TACI), B-cell activating factor receptor (BAFF-R), and B cell maturation antigen (BCMA) proteins, respectively. C/, confidence interval;
CXCR5 C-X-C chemokine receptor type 5, IL interleukin, [V intravenous, MAD multiple ascending dose, SAD single ascending dose, TNFRSF tumor

necrosis factor receptor superfamily member. *p <0.05; **p <0.01; ***p <0.001

receiving PF-0683575 exhibited intact humoral immune
responses to vaccinations, despite potent B and cTth cell
depletion, and low post- versus pre-vaccination cTth cell
ratios, demonstrating patients receiving standard of care
immunosuppressive agents were still able to mount a
protective antibody response. Our data, regarding func-
tional vaccine recall responses, are consistent with pre-
vious findings in belimumab-treated patients with SLE,
among whom antibody responses to pneumococcal,

tetanus, and influenza antigens were not reduced, indi-
cating preservation of the memory B cell compartment
[36]. Markedly, our data contrast with data from a Phase
2 study of patients with active RA and background meth-
otrexate treated with rituximab, in which B-cell deple-
tion reduced responses to neoantigen (keyhole limpet
hemocyanin), but did not reduce recall responses to teta-
nus and diphtheria vaccines [37]. Our findings suggest
that the ability of PF-06835375, at the exposures studied
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in this trial, to deplete B and cTth cells did not appear
to have a major impact on patients’ humoral immune
responses to vaccines. However, it should be noted that
the sample size was small, resulting in variability in the
estimates of vaccine responses. Differences between our
results and those reported previously may be attributed
to differences in the study populations and background
medications, and may be pertinent, given that treatment
with immunosuppressants has been identified as a risk
factor for inadequate responses to vaccines, including
SARS-CoV-2 vaccination in patients with both SLE and
RA [38, 39].

Regarding BAFF levels, observed increases over
time have also been reported in studies using rituximab
in patients with active RA and non-responders to
anti-TNF-a, and in patients with active refractory SLE
[40, 41].

RNA-seq data indicated that blood transcriptomic
changes were dominated by significant decreases in the
expression of B cell-related genes and pathways. While
only a representative set of genes was depicted, B and
Tth cell depletion, and potential changes in inflamma-
tion-associated genes (as shown by IL-6), have been
included in this manuscript. Decreased expression of the
TNEFRSF17 gene, which encodes B cell maturation anti-
gen protein, primarily expressed on late-stage B cells,
plasmablasts, and long-lived plasma cells [42], could be
indicative of the effect of PF-06835375 in depleting late-
stage, antibody-producing circulating B cells. Likewise,
lower expression of TNFRSF13B and 13C genes, which
respectively encode transmembrane activator and cal-
cium modulator and cyclophilin ligand interactor and
BAFF receptor proteins [43], could potentially dampen
signaling-mediated B cell autoreactivity. A deeper inves-
tigation of the transcriptomic data could lead to a refined
transcriptomic signature for PF-06835375 treatment,
provide further insight into its mechanism of action, and
allow for an assessment of disease-associated molecular
changes. However, changes in protein levels remain to be
addressed.

There have been many recent advances in therapies
for autoimmunity, including B cell-targeted agents that
build on approved approaches (i.e., CD20 depletion and
BAFF inhibition). B-cell depletion with potent next-
generation antibodies directed against CD20 along with
both B- and CAR-T-cell therapies that specifically target
CD19-expressing cells have emerged as novel approaches
expanding into refractory patient populations [44,
45]. However, PF-06835375 is the first agent with dual
function to target B cells and Tfh cells. Tth cells play a
critical role in immune responses by promoting B-cell
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development, germinal center formation, and antibody
production. Aberrant proliferation and function of Tth
cells can lead to autoantibody production and development of
autoimmune diseases [46, 47]. Although usually located
in secondary lymphoid organs, Tth cells can also be
identified in human blood, and their frequency and
phenotype are often altered in patients with autoim-
mune diseases including SLE and RA [46, 47]. Although
the data in this manuscript show lower cTfh cell ratios
post-dosing, there were still sufficient neoantigen and
functional recall vaccination antibody responses, indicating
that humoral immunity functionality remains preserved
in participants receiving PF-06835375.

The strengths of this Phase 1 study include that it was
conducted in patients with seropositive SLE and RA,
and not in healthy volunteers, and that the majority
of patients recruited to this study were female, which
mirrors the global populations of patients with these
conditions [2, 48, 49]. This study investigated a range of
PF-06835375 doses and different administration routes,
meaning that a variety of potential impacts on drug
characteristics and PK were explored. A vaccination
challenge was included for assessing the mechanism
of action and safety, with respect to demonstrating
the ability to produce neoantigen and functional recall
responses to Td and MenB vaccinations over a range of B
and Tth cell depletion levels.

Limitations of this study include the small sample size
and the lack of entry criteria requiring minimum disease
activity, which may not be representative of the wider
patient population seeking treatment. Also, the major-
ity of patients were White, with a mean age of 53.3 years;
prevalence rates for SLE are higher in non-White popu-
lations and RA has a bimodal age distribution with inci-
dence peaks in the 25-45 and>65 age groups [48, 50].
Furthermore, since the main aims of this Phase 1 study
were to assess safety, tolerability, PK, and PD to evalu-
ate the mechanistic aspects of PF-06835375. Efficacy was
not evaluated as there was no minimum disease activity
requirement for patients to enroll in the study. The lack
of disease activity requirement for inclusion in the study
limited the ability to interpret the effects of PF-06835375
on disease-related parameters. A Phase 2 study in primary
immune thrombocytopenia (NCT05070845) is ongoing
to explore clinical efficacy related to combination B- and
Tth-cell depletion.

Conclusions

These first-in-human data support further development of
PF-06835375 to assess the clinical potential for B and Tth
cell depletion as a treatment for autoimmune diseases.
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ACR American college of rheumatology

ADA Anti-drug antibodies

AE Adverse event

ANA Anti-nuclear antibodies

Anti-dsDNA  Anti-double-stranded deoxyribonucleic acid

AUCinf Area under the concentration-time profile from time O extrapolated
to infinite time

AUClast Area under the concentration—time profile from time 0 to the
time of the last quantifiable concentration

AUC,, Area under the serum concentration—time profile from time 0
to time tau, the dosing interval, where tau=28 days

BAFF B-cell activating factor

BAFF-R B-cell activating factor receptor

BMI Body mass index

CL Clearance

CL/F Apparent clearance

Conax Maximum serum concentration during the dosing interval

CPM Counts per million

cTfh Circulating follicular T helper cell

CXCR5 C-X-C chemokine receptor type 5

hsCRP High-sensitive C-reactive protein

ECG Electrocardiogram

EULAR European alliance of associations for rheumatology

FDR False discovery rate

FGSEA Fast gene set enrichment analysis

Ig Immunoglobulin

IL Interleukin

IFN-y Interferon-gamma

v Intravenous

MAD Multiple ascending dose

MenB Meningococcal B

NAb Neutralizing antibodies

NOAEL No observed adverse effect level

PCA Principal component analysis

PD Pharmacodynamics

PK Pharmacokinetics

RA Rheumatoid arthritis

RNA-seq RNA sequencing

SAD Single ascending dose

SAE Serious adverse event

SC Subcutaneous

SLE Systemic lupus erythematous

SLEDAI-2K Systemic Lupus Erythematosus Disease Activity Index 2000

SLICC Systemic Lupus International Collaborating Clinics

) Terminal half-life

Td: Tetanus/Diphtheria

TEAE Treatment-emergent adverse event

Tfh Follicular T helper

Trnax Time for C,..,

TNF Tumor necrosis factor

TNFRSF Tumor necrosis factor receptor superfamily
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