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Abstract
Background Ozanimod showed efficacy and safety in the phase 2 STEPSTONE study conducted in patients with moderately 
to severely active Crohn’s disease.
Aims This analysis assessed the effects of ozanimod on circulating lymphocytes in Crohn’s disease.
Methods Patients received ozanimod 0.92 mg for 12 weeks. Lymphocyte subtypes were evaluated using multicolor flow 
analysis on blood samples collected before treatment and on Week 12. Absolute lymphocyte count changes were analyzed 
by Wilcoxon signed rank tests. Disease activity changes and efficacy outcomes were evaluated at Week 12, and associations 
with lymphocyte subtype levels were assessed using Spearman’s correlation and logistic regression.
Results Reductions in median total T, Th, and cytotoxic T cells occurred at Week 12 (45.4%–76.8%), with reductions in 
most subtypes of 47.5% to 91.3% (P < 0.001).  CD8+ terminally differentiated effector memory cells were largely unaffected 
(median change, − 19%; P = 0.44). Reductions in median total B cells occurred at Week 12 (76.7%), with reductions in 
subtypes of 71.4% to 81.7% (P < 0.001). Natural killer and monocyte cell counts were unchanged. Greater baseline levels 
and changes in nonswitched memory B cells were significantly associated with clinical, endoscopic, and histologic efficacy 
(P < 0.05, all comparisons).
Conclusions Ozanimod reduced circulating levels of all B-cell and most T-cell subsets but not monocytes or natural killer 
cells. Key subsets relevant to immune surveillance were not reduced, supporting the low risk of infection and malignancy 
with ozanimod in chronic inflammatory diseases. Levels of nonswitched memory B cells were associated with efficacy, 
providing a potential marker for ozanimod response.
Trial Registration  ClinicalTrials.gov: NCT02531113, EudraCT: 2015–002025–19
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Introduction

Inflammatory bowel disease (IBD), which comprises 
Crohn’s disease (CD) and ulcerative colitis (UC), affects 
more than 6.8 million individuals globally [1]. Substantial 
increases in the incidences of both diseases have been noted 
over the past 2 decades in newly industrialized countries [1, 
2]. Although the etiology of IBD remains largely unknown, 
studies indicate that IBD is characterized by a pathological 
immune response to the gut microbiota in the context of both 
genetic and environmental risk factors [3]. Upon entering the 
intestinal compartment, dendritic cells respond to microbial 
antigens and subsequently migrate to local lymphoid tissues 
where they present these antigens to naive T cells [4–6]. 
Consequently, these cells become activated and differentiate 
under the influence of cytokines into specific helper T (Th) 
subtypes, which then migrate out of the lymph nodes and 
return by way of the lymphatics into the circulation [4–6]. 

This process facilitates the amplification of cellular immune 
response by allowing effector T cells to return to inflamed 
tissues [4, 5]. In IBD, the migration of lymphocytes into the 
intestinal mucosa is critical to the development of chronic 
inflammation [4]. Other types of lymphocytes, such as B 
cells and natural killer (NK) cells, are also involved in the 
pathogenesis of IBD [3, 6]. Accordingly, blocking the egress 
of lymphocytes from lymphoid tissues into the bloodstream 
is an established therapeutic approach with proven efficacy 
and safety in IBD [7].

Sphingosine 1-phosphate (S1P) is a phospholipid cell mem-
brane component with a role in lymphocyte trafficking and 
can promote inflammation [5, 8]. S1P levels are increased in 
inflamed tissues, which exacerbates inflammatory processes 
due to recruitment of immune cells and inflammatory media-
tors [5, 8]. S1P levels are higher in circulation than in lymphoid 
tissues, creating a differential concentration gradient [5, 8–10]. 
 S1P1 receptors expressed on lymphocytes follow this gradient, 
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guiding lymphocytes toward the higher S1P concentration in 
circulation [5, 8–10]. Interference with this process via  S1P1 
receptor modulation (leading to receptor internalization) 
blocks the capacity of lymphocytes to egress from lymphoid 
tissues, thereby reducing the number of some lymphocyte 
subsets in circulation, with preservation of immunosurveil-
lance [5, 9–11]. Ozanimod, an S1P receptor modulator that 
selectively targets  S1P1 and  S1P5 receptors [10], is approved 
in the United States, European Union, and other countries for 
the treatment of adults with moderately to severely active UC 
and relapsing multiple sclerosis (MS) [12, 13].

The effect of ozanimod in patients with moderately to 
severely active CD was evaluated in the phase 2 STEP-
STONE study (NCT02531113), a multicenter, uncontrolled, 
12-week trial [14]. Treatment with ozanimod resulted in 
clinical, endoscopic, and histologic improvements after 
12 weeks of treatment. A mean reduction in the Simple 
Endoscopic Score for Crohn’s Disease (SES-CD; primary 
endpoint) of 2.2 points was observed at Week 12. Ozanimod 
was generally well tolerated. The most commonly reported 
treatment-emergent adverse events (TEAEs) besides CD 
flare (26%) were abdominal pain (15%), lymphopenia (13%), 
arthralgia (13%), and nausea (12%), and 16% of patients 
discontinued treatment due to TEAEs. The most com-
mon serious TEAE besides CD flare (9%) was abdominal 
abscess (3%). There were no clinically important changes 
in heart rate at treatment initiation. Confirmatory phase 3 
studies are underway in the YELLOWSTONE clinical trials 
(induction studies: NCT03440372, NCT03440385; mainte-
nance study: NCT03464097; open-label extension [OLE]: 
NCT03467958).

Although the efficacy of ozanimod has been demon-
strated in patients with UC and MS [15–17], important 
questions remain regarding its mechanism of action. Spe-
cifically, despite the marked reductions in peripheral blood 
lymphocyte counts observed following treatment, ozanimod 
does not result in a substantial increase in risk of infection 
[15–17]. This observation is consistent with the notion of a 
relatively selective immunosuppressive action. Here, using 
an exploratory analysis of data from the STEPSTONE study, 
the effects of ozanimod on circulating lymphocytes, includ-
ing T-cell and B-cell subtypes, were further assessed in 
patients with moderately to severely active CD. The asso-
ciation of circulating lymphocytes with ozanimod efficacy 
was also evaluated in this analysis.

Methods

Study Design

The design of STEPSTONE (NCT02531113, EudraCT: 
2015–002025–19) has been previously described [14]. 

Briefly, STEPSTONE is a 12-week, multicenter, uncon-
trolled, prospective observer-blinded induction study con-
ducted in 28 hospitals and community centers across the 
United States, Canada, Hungary, Poland, and Ukraine. All 
enrolled patients received ozanimod 0.92 mg (equivalent 
to ozanimod HCl 1 mg) daily for approximately 12 weeks, 
including an initial 7-day dose-escalation period consist-
ing of 4 days of ozanimod 0.23 mg (equivalent to ozani-
mod HCl 0.25 mg) daily and 3 days of ozanimod 0.46 mg 
(equivalent to ozanimod HCl 0.5 mg) daily. The final dose 
of ozanimod 0.92 mg (equivalent to ozanimod HCl 1 mg) 
daily was reached on Day 8. All patients who completed 
the 12-week induction period were eligible to enter the 
100-week extension period of the study.

Patients

Adults aged 18 to 75 years with a confirmed diagnosis of 
CD by clinical endoscopic evidence and corroborated by 
histology at least 2 months before screening were enrolled. 
Eligible patients were also required to meet the follow-
ing criteria: a Crohn’s Disease Activity Index (CDAI) 
score of 220 to 450; an SES-CD of at least 6 (or in iso-
lated ileitis SES-CD ≥ 4); an average daily stool score 
of at least 4 points and/or an average daily abdominal 
pain score of at least 2 points. Patients also had a prior 
inadequate response, loss of response, or intolerance to 
5-aminosalicylates, corticosteroids, immunomodulators, 
or biologic therapies (i.e, an anti–tumor necrosis fac-
tor or anti-integrin at an approved dose). The following 
background therapies for CD were allowed during the 
study through at least Week 8: oral aminosalicylates at 
a stable dose for ≥ 3 weeks prior to screening endoscopy, 
prednisone (≤ 20 mg/day) or equivalent at a stable dose 
(≤ 9  mg/day) for ≥ 2  weeks prior to screening endos-
copy, or budesonide at a stable dose for ≥ 2 weeks prior 
to screening endoscopy. Key exclusion criteria included 
diagnosis of UC, indeterminate colitis, or CD isolated to 
the stomach, duodenum, jejunum, or perianal region, with-
out colonic or ileal involvement.

This study was conducted in accordance with the Dec-
laration of Helsinki, the Good Clinical Practice Guideline 
established by the International Council for Harmonisa-
tion of Technical Requirements for Pharmaceuticals for 
Human Use, and applicable drug and data protection laws 
and regulations of the countries where the trial was con-
ducted. Protocols, amendments, and documentation of 
informed consent were reviewed and approved by insti-
tutional review boards or independent ethics committee 
for each study center prior to initiation of the study. All 
enrolled patients provided written informed consent before 
entering the study.
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Flow Cytometry Analysis

Flow cytometry was performed by  Q2 Solutions (Durham, 
NC, USA). A total of 48 lymphocyte subtypes were evalu-
ated using multicolor flow analysis using a Becton Dickinson 
FACSCanto II (BD Biosciences, Franklin Lakes, NJ, USA). 
Blood samples were shipped ambient and tested in real time. 
Analysis was performed on blood samples from the enrolled 
patients collected on Day 1 (prior to treatment) and at Week 
12. An A167 Q-TBNK assay (Quintiles Laboratories) evalu-
ated the following six subtypes: total T cells  (CD3+), Th 
cells  (CD3+CD4+), cytotoxic T (Tc) cells  (CD3+CD8+), 
B cells  (CD3−CD19+), NK cells  (CD3−CD56+/CD16+), 
and monocytes  (CD14+). A V176 B-cell assay (Quin-
tiles Laboratories) evaluated seven subtypes: B cells 
 (CD45+CD19+), memory B cells  (CD19+IgD−CD27+), 
double-negative memory B cells  (CD19+IgD−CD27−), 
nonswitched memory B cells  (CD19+IgD+CD27+), 
naive B cells  (CD19+IgD+CD27−), and plasmablasts 
 (CD19+CD20−IgD-CD27+CD38hi). A V180 T-cell 
assay (Quintiles Laboratories) examined 11 T-cell sub-
types:  CD4+ naive T cells  (CD4+CD45RA+CD197+), 
Th1 cells  (CD4+CD45RA−CD183+CD196−), Th1/
Th17 cells  (CD4+CD45RA−CD183+CD196+), Th2 
cells  (CD4+CD45RA−CD183−CD196−), Th17 cells 
 (CD4+CD45RA−CD183−CD196+),  CD4+ effector mem-
ory (EM) T cells  (CD4+CD45RA−CD197−),  CD4+ cen-
tral memory (CM) T cells  (CD4+CD45RA−CD197+), 
 CD8+ terminally differentiated EM (TEMRA) T 
cells  (CD8+CD45RA+CD197−),   CD8+ naive T 
cells  (CD8+CD45RA+CD197+),  CD8+ EM T cells 
 (CD8+CD45RA−CD197−), and  CD8+ CM T cells 
 (CD8+CD45RA−CD197+). Information on the flow cytom-
etry antibodies used in these assays is included in the Sup-
plementary Methods.

Flow data were initially expressed as percentage of gated 
events represented by each cell population, as indicated by 
the percentage in the reported unit, or description of sub-
types of lymphocytes. Absolute cell counts were generated 
and reported in units of cells per microliter. Total lympho-
cyte counts for lymphocytes plus monocytes were deter-
mined based on staining with CD45 and side scatter. Total 
T-cell, total Th, and Tc populations were identified based 
on positive staining with CD3 and side scatter, CD4, and 
CD8, respectively.

Disease Activity and Efficacy Analysis

Disease activity measures were assessed at baseline (on 
Day 1 before treatment) and Week 12, and change from 
baseline to Week 12 was determined for SES-CD, size of 
ulcers, extent of ulcerated surface, extent of affected surface, 
presence of narrowings, CDAI, Robart’s Histopathology 

Index (RHI), Geboes Histology Activity Score (GHAS), 
and stool frequency. Efficacy outcomes were assessed at 
Week 12 and included clinical response (CDAI reduction 
from baseline of ≥ 100 points), clinical remission (CDAI 
score of < 150), endoscopic response–25 (≥ 25% decrease 
in SES-CD from baseline), endoscopic response–50 (≥ 50% 
decrease in SES-CD from baseline), endoscopic remission 
(SES-CD ≤ 4 points and SES-CD decrease ≥ 2 points with 
no SES-CD subscore > 1 point), global GHAS remission 
(no active inflammation in any measured segment based on 
the GHAS), RHI remission (no active inflammation in any 
measured segment based on the RHI), and RHI mucosal 
healing (endoscopic remission plus RHI remission).

Statistical Analysis

Bristol Myers Squibb (Princeton, NJ, USA) and Labcorp 
Drug Development (formerly Covance; Princeton, NJ, USA) 
provided statistical analysis. Data for the flow cytometry 
analyses were summarized using descriptive statistics. All 
comparisons between cell counts on Week 12 and Day 1 
were analyzed by the Wilcoxon signed rank test using SAS 
version 9.3 or higher (SAS Institute, Cary, NC, USA). 
Change in absolute cell count was calculated as absolute 
cell counts on Week 12 minus those on Day 1, and the 
percentage change in absolute cell count was computed as 
100 × (absolute counts on Week 12 – Day 1)/absolute cell 
count on Day 1 for each patient with test values from Day 
1 and Week 12.

Spearman’s correlation was used to analyze associations 
between change from baseline to Week 12 in disease activity 
measures and (1) baseline levels of lymphocyte subtypes and 
(2) change from baseline to Week 12 in lymphocyte sub-
types. Logistic regression was used to analyze associations 
between Week 12 efficacy outcomes and baseline levels of 
lymphocyte subtypes. Changes from baseline and percent-
age changes from baseline of flow cytometry measurements 
between Week 12 and baseline were calculated for those 
with the data from both time points, and no imputation was 
made to project or assign values to missing values in CDAI, 
SES-CD, or flow cytometry data.

Results

Patients

Sixty-nine patients were enrolled between November 17, 
2015, and August 18, 2016. Demographics and baseline 
characteristics have been previously described [14]. Briefly, 
the patients’ mean age was 37.7 years, 52% were women, 
and 90% had a history of previous corticosteroid use.
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Of the 69 patients who received treatment, 58 (84%) 
completed the 12-week treatment period. The present flow 
cytometry analyses included 67 patients with available data; 
depending on the statistical model used, different sample 
sizes were included in the presented results. Among the 69 
enrolled patients, 54 had CDAI and SES-CD results at base-
line and Week 12, but two of the 54 patients did not have any 
flow cytometry data. As a result, only 52 patients completed 
the 12-week induction and had clinical outcomes and flow 
data for baseline and Week 12 for the Spearman’s correlation 
and logistic regression analyses.

Effect of Ozanimod on Peripheral Blood 
Mononuclear Subsets

Following 12 weeks of treatment with ozanimod, statisti-
cally significant (P < 0.0001) reductions in median absolute 
cell counts of total T cells  (CD3+), Th cells  (CD3+CD4+), 
Tc cells  (CD3+CD8+), and B cells  (CD3−CD19+) were 
observed compared with absolute cell counts at Day 1 
(Fig.  1A). Reductions in median absolute cell counts 
ranged from 45.4 to 76.8%, with the greatest reductions 
noted for Th cells and B cells, followed by total T cells 
and Tc cells (Fig. 1B). Median absolute cell counts of NK 
cells  (CD3−CD56+/CD16+) and monocytes  (CD14+) were 
maintained from Day 1 to Week 12 (P = 0.64 and P = 0.72, 
respectively) (Fig. 1A). Changes in median absolute cell 
counts of NK cells and monocytes were minimal, with 
nonsignificant changes of 4.1% and − 1.3%, respectively 
(Fig. 1B).

Effect of Ozanimod on B and T Lymphocytes

Significant reductions (P < 0.0001) in median absolute B-cell 
counts, including all B cells  (CD45+CD19+), naive B cells 
 (CD19+IgD+CD27−), memory B cells  (CD19+IgD−CD27+), 
double-negative memory B cells  (CD19+IgD−CD27−), non-
switched memory B cells  (CD19+IgD+CD27+), and plasma-
blasts  (CD19+CD20−IgD−CD27+CD38hi), at Week 12 were 
observed (Fig. 2A), with reductions in median absolute cell 
counts ranging from 71.4 to 81.7% (Fig. 2B).

In the T-cell populations measured, statisti-
cally signif icant reductions (P  < 0.0001) were 
observed in  CD8+ EM  (CD8+CD45RA−CD197−), 
T h 1   ( C D 4 +C D 4 5 R A −C D 1 8 3 +C D 1 9 6 −) ,  T h 2  
 (CD4 +CD45RA −CD183 −CD196 −) ,   CD4 + EM  
 (CD4 +CD45RA −CD197 −) ,   CD8 + CM  (CD8 + 

CD45RA−CD197+), Th1/Th17  (CD4+CD45RA−CD 
183+CD196+),  CD4+ CM  (CD4+CD45RA−CD197+), 
Th17  (CD4+CD45RA−CD183−CD196+) ,   CD4+ 

naive  (CD4+CD45RA+CD197+), and  CD8+ naive 
 (CD8+CD45RA+CD197+) T cells at Week 12 (Fig. 3A), with 
reductions in median absolute cell counts from Day 1 ranging 
from 47.5% to 91.3% (Fig. 3B). However, median absolute cell 
counts for  CD8+ TEMRA T cells  (CD8+CD45RA+CD197−) 
were largely unaffected from Day 1 to Week 12 (P = 0.44) 
(Fig. 3A), with a reduction in median absolute cell counts of 
19% (Fig. 3B).

Association of Baseline Lymphocyte Subtype Levels 
with Changes in Disease Activity and Week 12 
Efficacy Outcomes

Multiple positive and negative correlations relative to disease 
activity scores were shown with T and B cells (Supplemen-
tary Figs. 1 and 2); however, nonswitched memory B cells 
had the most consistent correlations across disease activity 
endpoints. Notably, baseline levels of nonswitched memory 
B cells were significantly correlated with change in extent of 
affected surface (Spearman’s rho = – 0.44; P < 0.05), change in 
RHI (Spearman’s rho = – 0.34; P < 0.05), and change in GHAS 
(Spearman’s rho = – 0.47; P < 0.05).

Most cell types were associated with 1 or 2 clinical out-
comes (Supplementary Table  1). However, nonswitched 
memory B cells were significantly associated with most of 
the efficacy endpoints, including endoscopic response–25, 
endoscopic response–50, endoscopic remission, global GHAS 
remission, and RHI mucosal healing (P < 0.05).

Two positive correlations between baseline levels of lym-
phocyte subtypes were observed (Supplementary Fig. 3). 
Baseline levels of the  CD4+ EM T-cell (CD49d + B7 +) type 
and the  CD8+ skin-homing CCR4 EM cell type were signifi-
cantly correlated (Spearman’s rho = 0.48; P < 0.05). Baseline 
levels of the IgD CD27 memory B-cell type and the nons-
witched memory B-cell type were significantly correlated 
(Spearman’s rho = 0.57; P < 0.05).

Association of Changes in Lymphocyte Subtype 
Levels with Changes in Disease Activity

Positive and negative correlations relative to disease activ-
ity measures were shown with changes in T cells, B cells, 
and monocytes (Fig. 4 and Supplementary Fig. 4). Notably, 
changes in levels of nonswitched memory B cells were signifi-
cantly correlated with change in CDAI (Spearman’s rho = 0.38; 
P < 0.05), change in RHI (Spearman’s rho = 0.37; P < 0.05), 
change in GHAS (Spearman’s rho = 0.43, P < 0.05), and 
change in stool frequency (Spearman’s rho = 0.43; P < 0.05). 
There were no significant correlations between changes in lev-
els of lymphocyte subtypes (Supplementary Fig. 5).
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Discussion

This multiparametric cell flow cytometry analysis is the 
first to assess the effect of ozanimod therapy on lymphocyte 
subtypes in patients with moderately to severely active CD. 
Overall, 12 weeks of ozanimod treatment resulted in reduc-
tions in most lymphocyte subtypes, including total T-cell, 
Th, and Tc counts and all B-cell subtypes. In contrast, NK 
cells, monocytes, and some specific T-cell subtypes com-
prising  CD8+ TEMRA T cells were largely unaffected. 
Additionally, baseline levels of and changes in nonswitched 
memory B cells were significantly associated with clinical, 
endoscopic, and histologic responses to ozanimod.

As reported previously [11], these findings are consist-
ent with the expected effects of  S1P1 receptor modula-
tion, considering that expression of C–C motif chemokine 
receptor 7, linked to  S1P1 receptor–mediated egress of 
lymphocytes from lymph nodes, is expressed on B cells 
and naive and CM T cells, but not on EM T cells and  CD8+ 
TEMRA T cells [18]. Moreover, cell flow cytometry data 
from this analysis in patients with moderately to severely 
active CD are consistent with findings in patients with 
relapsing forms of MS [11] as well as in healthy controls 
receiving ozanimod [19]. The present findings are further 
supported by data for other S1P modulators in MS, namely 
fingolimod [18], siponimod [20], and ponesimod [21, 22], 

Fig. 1  Median absolute cell 
counts (cell/μL) at A Day 1 
and Week 12 and B percentage 
changes at Week 12 from Day 
1 in median absolute cell count 
of peripheral blood mononu-
clear subsets. In panel B, the 
solid rectangles span the first 
and third quartiles, the median 
is indicated by the white line 
inside each rectangle, and the 
green dots represent outliers. 
NK, natural killer; Tc, cytotoxic 
T; Th, helper T
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all of which have shown similar effects on the circulating 
lymphocyte profile.

The mechanism of action of vedolizumab, an approved 
therapy for moderately to severely active CD, also targets 
lymphocytes [23, 24]. Vedolizumab binds to the α4β7 inte-
grin, which blocks the interaction of α4β7 integrin with 
mucosal addressin cell adhesion molecule-1. Based on its 
mechanism of action, vedolizumab does not impact periph-
eral lymphocyte levels, in contrast to the effects of ozani-
mod. Instead, vedolizumab inhibits T-cell migration into 

inflamed gastrointestinal tissue. The focus of this analysis 
was on the impact of ozanimod on lymphocyte subsets in cir-
culation in patients with CD, which is directly related to the 
mechanism of action of ozanimod. Therefore, this analysis 
lacks data on tissue lymphocyte populations, so comparisons 
to vedolizumab cannot be made. Tissue lymphocyte levels, 
along with the relationship to treatment response with oza-
nimod, will be explored in future analyses of CD.

The differential decreases in circulating lymphocytes 
observed in the present analysis indicate that, despite 

Fig. 2  Median absolute cell 
counts (cell/μL) at A Day 1 
and Week 12 and B percentage 
changes at Week 12 from Day 1 
in median absolute cell count of 
B lymphocytes. In panel B, the 
solid rectangles span the first 
and third quartiles, the median 
is indicated by the white line 
inside each rectangle, and the 
green dots represent outliers
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overall reductions in T- and B-lymphocyte subtypes that 
are involved in adaptive immunity and relevant to the 
pathophysiology of CD, key subtypes, including NK cells 
and monocytes, are not significantly reduced with ozani-
mod treatment. NK cells and monocytes are involved with 
immune surveillance against infections and tumors [25–27]. 
Neutrophils are also involved with immune surveillance 
[28]. While this analysis did not assess neutrophil levels in 
response to ozanimod treatment in patients with CD, previ-
ous analyses in patients with UC demonstrated that ozani-
mod decreased peripheral neutrophil levels, but not to levels 
below the normal range [29]. This relatively short 12-week 
study was not designed to assess preservation of immune 
surveillance, but our findings suggest that immune surveil-
lance may remain relatively intact with ozanimod treatment, 

an observation that is clinically important and consistent 
with ozanimod safety results from clinical studies.

To date, clinical safety results demonstrate low risk of 
infection or malignancy in patients treated with ozanimod 
[14–17]. In the 52-week, randomized, double-blind, pla-
cebo-controlled True North phase 3 study of 1012 patients 
with moderately to severely active UC, incidences of serious 
infection (≤ 1.8%), herpes zoster (≤ 2.2%), and malignancy 
(≤ 0.4%) were low in the ozanimod groups and similar to 
those of the placebo groups [17]. In an interim analysis of 
the True North OLE study of long-term ozanimod treatment 
in UC (1201 total patient-years of exposure; data cutoff: 
September 30, 2020), exposure-adjusted incidence rates of 
serious infection, herpes zoster, and malignancy were 1.5, 
1.7, and 0.5 per 100 patient-years, respectively [30]. In the 

Fig. 3  Median absolute cell counts (cell/μL) at A Day 1 and Week 12 
and B  percentage changes at Week 12 from Day 1 in median abso-
lute cell count of T lymphocytes. In panel B, the solid rectangles span 
the first and third quartiles, the median is indicated by the white line 

inside each rectangle, and the green dots represent outliers. CM, cen-
tral memory; EM, effector memory; TEMRA, terminally differenti-
ated effector memory; Th, helper T
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uncontrolled STEPSTONE study of 69 patients with CD, 
5 (7%) patients reported TEAEs of upper respiratory tract 
infection and 5 (7%) reported urinary tract infection [14]. 
Serious TEAEs included Campylobacter infection, sepsis, 
and pancreatic carcinoma (n = 1 each) [14]. While the safety 
of ozanimod in CD is being further evaluated in the phase 3 
YELLOWSTONE clinical studies, exposure-adjusted inci-
dence rates of serious infection, herpes zoster, and malig-
nancy with ozanimod in patients with UC were similar to or 
lower than those with other advanced therapies (ie, adali-
mumab, vedolizumab, ustekinumab, and upadacitinib) in 
patients with UC or CD [31–36].

Similar to findings in UC, the incidence of infection-
related TEAEs was similar between the ozanimod and 
interferon beta-1a groups, serious infections, herpes zoster, 
and malignancies were infrequent, and no serious oppor-
tunistic infections were reported in patients treated with 
ozanimod for at least 12 months in randomized, double-
blind, active-controlled phase 3 studies of relapsing MS 

[15, 16]. In an interim analysis of the DAYBREAK OLE 
study of long-term ozanimod treatment in MS (12,617 
total patient-years of exposure; data cutoff: 2 February 
2021), exposure-adjusted incidence rates of serious infec-
tion, herpes zoster, and malignancy were 0.7, 0.5, and 
0.3 per 100 patient-years, respectively [37]. Additionally, 
an analysis of patients with MS treated with ozanimod 
0.92 mg in the phase 3 SUNBEAM and RADIANCE par-
ent studies and the DAYBREAK OLE study showed that 
absolute lymphocyte count levels were not associated with 
serious infections or opportunistic infections [38].

Changes in the counts of specific lymphocyte subsets 
have been previously evaluated as surrogate markers of 
efficacy in antiretroviral therapy [39], are important as a 
pharmacodynamic marker for ozanimod, and provide a bet-
ter understanding of the mechanism of action of ozanimod. 
Dysregulation of immune response plays a critical role in 
the pathogenesis of IBD, and B cells are among the immune 
cell types that are involved in intestinal inflammation [3, 
6]. Nonswitched memory B cells, which are involved in 
T cell–independent immune responses, have been impli-
cated in some inflammatory and immune-mediated diseases 
[40–42]. Our analysis demonstrated that higher levels of 
nonswitched memory B cells at baseline were associated 
with better endoscopic and histologic efficacy outcomes at 
Week 12. Additionally, changes in levels of nonswitched 
memory B cells after 12 weeks of treatment were posi-
tively correlated with changes in clinical and histologic 
disease activity after 12 weeks of treatment, indicating that 
decreases in levels of this lymphocyte subtype are associ-
ated with decreases in disease activity with ozanimod.

The limitations of this analysis include the lack of a con-
trol group given the uncontrolled study design and the lack 
of follow-up time points beyond 12 weeks to assess whether 
changes in lymphocyte subtypes stabilize over time. Also, 
in the absence of larger datasets and validation in other 
patient populations, our analysis does not provide adequate 
data to definitively demonstrate the predictive value of non-
switched memory B cells for ozanimod response. However, 
these concepts will be explored in future analyses. While the 
assessment of nonswitched memory B cells as a biomarker 
is likely feasible at academic institutions, future analyses 
along with simplified assays are needed to expand feasibil-
ity to other clinical settings and implement use in routine 
clinical practice. Additionally, the applicability of specific 
lymphocyte subsets as surrogate markers for specific safety 
outcomes in CD was not assessed. However, as discussed, 
prior analyses have demonstrated a low risk of infections and 
malignancies with ozanimod [14–17], and lymphocyte levels 
were not associated with serious or opportunistic infections 
in patients receiving ozanimod [38].

Although our results demonstrate the effect of ozani-
mod on peripheral lymphocyte subsets in patients with CD, 

Fig. 4  Association of change from baseline to Week 12 in levels of 
lymphocyte subtypes with change from baseline to Week 12 in disease 
activity measures. Spearman’s rho is represented by the values inside 
each square. Squares without an “NS” are significant (P < 0.05). aEx-
pressed in cells/µL. CDAI, Crohn’s Disease Activity Index; GHAS, 
Geboes Histology Activity Score; NS, not significant; RHI, Robart’s 
Histopathology Index; SES-CD, Simple Endoscopic Score for Crohn’s 
Disease; TEMRA, terminally differentiated effector memory
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additional analyses for further characterization of the effects 
of ozanimod on lymphocyte subtypes are still needed. Our 
study does not include a separate analysis of Th subsets in 
the CM and EM compartments. Additionally, gut-homing T 
cells and B cells need to be further analyzed with ozanimod 
treatment, as the gut-homing cell counts in our analysis were 
too small, due to sample limitations, to draw conclusions.

Ozanimod treatment resulted in consistent reduction of 
circulating levels of B-cell subsets but had a differential 
impact on T-cell subset reduction and did not alter mono-
cytes or NK cells. This is consistent with previous find-
ings in healthy volunteers and patients with MS. Despite 
overall reductions in lymphocyte subsets relevant to the 
pathophysiology of CD, key subsets involved with immune 
surveillance are not significantly reduced with ozanimod 
treatment, and immune surveillance may remain intact. 
These findings generally support clinical safety results 
showing low incidence of infection or malignancy in 
patients with CD, UC, or relapsing MS. While changes in 
most cell types were pharmacodynamic effects of ozani-
mod but not predictive of treatment response, nonswitched 
memory B-cell levels were associated with efficacy as 
measured by clinical, endoscopic, and histologic out-
comes, implicating this lymphocyte subtype as a potential 
marker for ozanimod response in CD.
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