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ABSTRACT

Introduction: Established thresholds for
patient-reported outcomes (PROs) provide clin-
ically relevant responder data from trials. Lore-
civivint (LOR) is an intra-articular (IA) therapy
in development for knee osteoarthritis (OA). A
post hoc analysis from a phase 2b trial
(NCT03122860) determined proportions of LOR
responders.
Methods: A 24-week, randomized trial of
0.07 mg LOR demonstrated PRO improvements
compared with PBO in moderate-to-severe knee
OA participants. Participants treated with LOR
and PBO achieving 30%/50%/70%

improvements at weeks 12 and 24 in Pain
Numeric Rating Scale (NRS), WOMAC Pain/
Function subscales, Patient Global Assessment
(PtGA), and OMERACT-OARSI responder crite-
ria were determined. Odds ratios (ORs) and 95%
confidence intervals [CIs] were compared with
PBO.
Results: There were 115 and 116 participants in
the LOR and PBO groups, respectively. For Pain
NRS, LOR increased ORs of achieving 30% [week
12, OR = 2.47 (1.45, 4.19), P\0.001; week 24,
OR = 2.37 (1.40, 4.02), P\0.01] and 50% [week
24, OR = 1.89 (1.11, 3.23), P\0.05] improve-
ments over baseline. For WOMAC Pain, LOR
increased ORs of achieving 30% [week 24,
OR = 1.79 (1.06, 3.01), P\0.05] and 50% [week
12, OR = 1.79 (1.06, 3.03), P\0.05; week 24,
OR = 1.73 (1.02, 2.93), P\ 0.05] improvements.
For WOMAC Function, LOR increased ORs of
achieving 30% [week 12, OR = 1.85 (1.10, 3.12),
P\ 0.05; week 24, OR = 1.93 (1.14, 3.26),
P\ 0.05] improvements. For PtGA, LOR
increased ORs of achieving 50% [week 12,
OR = 2.28 (1.25, 4.16), P\ 0.01] improvements.
LOR produced numerical increases at the 70%
threshold. LOR increased ORs of achieving
OMERACT-OARSI responses [week 12, OR =
2.21 (1.29, 3.78); P\0.01; week 24, OR = 2.57
(1.49, 4.43), P\0.001] and strict responses
[week 12, OR = 2.13 (1.26, 3.61), P\ 0.01; week
24, OR = 2.05 (1.21, 3.47), P\ 0.01].
Conclusions: LOR (0.07 mg) demonstrated
improved PRO threshold responses across single
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and composite measures of pain, function, and
patient global assessment compared with PBO,
with benefits sustained to 24 weeks.

PLAIN LANGUAGE SUMMARY

Lorecivivint (LOR) is a new injectable medicine
being studied as a treatment for knee
osteoarthritis (OA). An early (phase 2b) trial
found participants with moderate-to-severe
knee OA receiving LOR on average reported
improved pain, function, and reduced impact of
OA symptoms over 24 weeks compared with
placebo. To consider how likely individuals
were to respond to treatment, this study ana-
lyzed how many participants per group
achieved different percentage levels of symp-
tom improvement. Participants were given a
single LOR or placebo injection into their most
painful (target) knee at trial initiation. Partici-
pants reported their target knee status from day
1 (baseline) to week 24 using pain and function
questionnaires. We analyzed the number of
participants given 0.07 mg LOR and placebo
whose symptom scores improved by 30, 50, and

70% over baseline scores at weeks 12 and 24.
Results showed that 0.07 mg LOR treatment
produced a higher likelihood beyond chance at
week 12 of achieving a 30% improvement in
some pain and function scores and a 50%
improvement in other symptom scores com-
pared with placebo. Similar 30% and 50%
symptom score improvements were found at
week 24. More complex scores, combining
individual symptom scores into single index
measures, also showed improvements beyond
chance for 0.07 mg LOR from baseline com-
pared with placebo at weeks 12 and 24. Thus,
more participants with knee OA who were
treated with 0.07 mg LOR demonstrated long-
lasting, meaningful improvements in pain and
function compared to those given placebo.

Keywords: Alternative splicing; CLK2;
DYRK1A; OMERACT-OARSI; Patient-reported
outcomes; Wnt signaling pathway
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Key Summary Points

Why carry out this study?

Lorecivivint (LOR) is being studied as a
potential new injectable medicine
treatment for knee osteoarthritis (OA).

This analysis was conducted to determine
the proportion of subjects treated by intra-
articular injection with 0.07 mg LOR or
placebo who achieved a clinically
meaningful response according to
individual or combined self-rated pain or
function symptom scores.

What was learned from the study?

We found that 0.07 mg LOR treatment
produced a higher likelihood (beyond
chance) at week 12 of achieving 30% or
50% improvements over baseline in some
pain and function scores compared with
placebo, with similar symptom score
improvements at week 24.

When tested using the combined
symptom score criteria, 0.07 mg LOR
treatment also showed improvements
beyond chance at weeks 12 and 24 when
compared with placebo.

This study showed that more participants
with knee OA who were treated with LOR
demonstrated durable, clinically
meaningful improvements in pain and
function than did those given a placebo.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and infographic, to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.14541393.

INTRODUCTION

Knee osteoarthritis (OA) is a prevalent (* 3.8%
globally) joint condition characterized by
chronic pain and joint degeneration due to
cartilage degradation and osteophyte forma-
tion. This leads to impaired function and
reduced quality of life for patients [1]. The lack
of treatments that modify the underlying
pathophysiology of the disease, limited efficacy,
and/or safety concerns associated with current
treatments represent unmet needs for new knee
OA drugs to address.

Patient-reported outcomes (PROs) such as
the Pain Numeric Rating Scale (NRS), the Wes-
tern Ontario and McMaster Universities Arthri-
tis Index (WOMAC) scales, and the Patient
Global Assessment (PtGA), are sensitive and
specific measures commonly utilized for clinical
trials in knee OA. PROs are validated question-
naires that capture patient views of their health
status, and are often presented within clinical
trials as group mean changes from baseline over
time. To gain a patient-level perspective on a
test drug’s efficacy, results can be evaluated
according to discrete percentage thresholds,
which can identify proportions of participants
achieving clinically meaningful responses [2, 3].
This method provides additional information
that could be more relevant to a treating
physician and increase interpretability of the
trial results [4].

Other criteria that can enhance understand-
ing of the meaningfulness of trial data are
composite responder outcomes, which can
demonstrate improvements across multiple
PRO domains (e.g., in both pain and function)
from a patient-level perspective. An example is
the Outcomes Measures in Rheumatology-Os-
teoarthritis Research Society International
(OMERACT-OARSI) scenario D responder crite-
ria, which describe moderate (responder) and
large (strict responder) responses that require
both absolute and relative improvements in at
least two of WOMAC Pain, WOMAC Function,
and PtGA outcome scores [5].

Lorecivivint (LOR) is a small-molecule drug
that is currently in development as a potential
intra-articular (IA) therapy for knee OA. LOR
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inhibits CLK2 and DYRK1A, two intranuclear
kinases that modulate the Wnt signaling path-
way and inflammation and has demonstrated
improvements in pain, function, and poten-
tially joint structure in knee OA subjects [6, 7].
In a 24-week, randomized, double-blind, con-
trolled phase 2b trial (NCT03122860), LOR
demonstrated significant group-level improve-
ments from baseline in pain and function PROs
(Pain NRS, WOMAC Pain and Function sub-
scales, and PtGA) compared with placebo in
participants with moderate-to-severe knee OA
(primary data reported elsewhere [8]).

To evaluate participants’ threshold
improvements in PROs over time, a post hoc
analysis of data from this trial was performed. A
dose-finding analysis within the phase 2b trial
identified 0.07 mg LOR as the lowest effective
dose [8]. As this dose was selected for subse-
quent phase 3 studies, we analyzed data for the
0.07 mg LOR dose and vehicle placebo (PBO)
injections at week 12 and week 24. Results are
reported for thresholds of 30, 50, and 70%
improvement from baseline responses, as well
as with OMERACT-OARSI criteria.

METHODS

Study Design

The clinical trial in which these data were col-
lected was a 24-week, phase 2b, multicenter,
randomized, double-blind, PBO-controlled,
parallel-group clinical trial of LOR injected into
the target knee joint of participants with mod-
erately to severely symptomatic OA. PRO end-
points included changes of target knee pain and
function (Pain NRS, WOMAC Pain and Func-
tion subscales, and PtGA) from baseline to week
24 for LOR compared with vehicle PBO. A
detailed description of the trial has been pub-
lished [8].

The trial was conducted in accordance with
the Declaration of Helsinki, the International
Council for Harmonisation Good Clinical Prac-
tice Guidelines, and applicable regulations. All
sites conducted the trial under institutional
review board approval. All participants provided

written informed consent prior to participating
in any study-related procedures.

Participants

Eligible participants were adults aged
40–80 years with a diagnosis of primary
femorotibial OA in the target knee according to
clinical and radiographic American College of
Rheumatology criteria; participants were other-
wise expected to be in general good health and
ambulatory with Kellgren–Lawrence (KL) grade
2 or 3 disease in the target knee. Participants
were excluded if receiving any pharmacological
OA treatments besides NSAIDs or acet-
aminophen, but there were no restrictions on
NSAID/acetaminophen use before or during the
trial period.

Participants had knee OA pain for at least
26 weeks prior to initial screening. In the knee
designated for injection (target knee), partici-
pants must have reported a weekly average of
daily Pain NRS intensity scores between 4 and 8
(inclusive) on the 11-point [0–10] scale from
C 4 measurements during the week preceding
treatment initiation, with a daily average NRS
intensity score\ 4 in the non-target knee. In
addition, participants were required to have a
WOMAC (version 3.1) total score of 96–192
[0–240] for the target knee at baseline regardless
of whether the subject was on oral NSAID or
acetaminophen treatment.

Study Protocol

Eligible participants were randomized into
0.03 mg, 0.07 mg, 0.15 mg, and 0.23 mg LOR
dose groups and vehicle PBO and sham (dry
needle) control groups. All participants received
a single 2.0 ml IA injection into the target knee
on day 1. Study investigators, research person-
nel, and participants were blinded to group
assignment, whereas unblinded personnel pre-
pared medication and performed injections.

Subject characteristics, medical history, and
body mass index (BMI) were collected at
screening. Participants were required to com-
plete an electronic diary (ERT, New York, NY) to
assess daily Pain NRS, as well as monthly
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completion of the WOMAC and PtGA. Analyses
were conducted with the full analysis set (FAS),
which included all participants who were ran-
domized and treated; results of the primary
analysis are reported elsewhere [8].

Responder Analyses

As a post hoc analysis, the proportions of par-
ticipants in the LOR 0.07 mg and PBO groups
whose PRO responses met a 30, 50, or 70%
improvement threshold over baseline were
determined at weeks 12 and 24. These thresh-
olds were chosen based on published analyses
and a number of studies previously reporting
these same cut-offs [2, 5, 9–13]. Additionally,
the proportions of participants whose responses
met the large OMERACT-OARSI response (50%
relative and 20-point absolute [scaled 0–100]
improvement, referred to as ‘‘strict responder’’)
criteria in either Pain NRS or WOMAC Function
or moderate OMERACT-OARSI response (20%
relative and 10-point absolute [scaled 0–100]
improvement, referred to as ‘‘responder’’) in 2 of
3 of Pain NRS, WOMAC Function, and PtGA
domains were assessed [5]. The proportions of
participants in the 0.07 mg LOR treatment
group meeting each response threshold at
weeks 12 and 24 were compared groupwise with
the PBO group; odds ratios (OR) and 95% con-
fidence intervals [95% CI] of participants
achieving each threshold response level with
LOR compared with PBO were calculated using
logistic regression on the full analysis set with
non-responder imputation. Type 1 error control
was employed for the primary dose–response
analysis [8] but not in this post hoc response
analysis.

RESULTS

Participant disposition is described in Fig. 1.
One-hundred fifteen participants (mean age
59.9 [± 8.6] years, BMI 29.1 [± 3.6] kg/m2,
female 57.4%, KL grade 3 64.3%) were ran-
domized to the 0.07 mg LOR group and 116
(mean age 60.1 [± 9.0] years, BMI 28.6 [± 4.3]
kg/m2, female 55.2%, KL grade 3 62.1%) were
randomized to the PBO group. No differences in

baseline subject characteristics were identified
(see Supplementary Table 1 and [8]). Briefly,
treatment with 0.07 mg LOR demonstrated sta-
tistically significant group-level improvements
compared with PBO at week 12 in Pain NRS
(Supplementary Fig. 1), WOMAC Pain, and
WOMAC Function. At week 24, statistically
significant improvements compared with PBO
in Pain NRS were demonstrated with 0.07 mg
LOR.

In the current analysis, 0.07 mg LOR treat-
ment significantly increased the odds of
demonstrating a 30% improvement response
over baseline score for Pain NRS at week 12
[LOR 64.3% responders, PBO 42.2%, OR = 2.47
(1.45, 4.19); P\ 0.001] and week 24 [LOR
61.7%, PBO 40.5%, OR = 2.37 (1.40, 4.02);
P\ 0.01], and those of achieving a 50%
improvement over baseline at week 24 [LOR
47.0%, PBO 31.9%, OR = 1.89 (1.11, 3.23);
P\ 0.05], compared with PBO (Fig. 2a). For
WOMAC Pain, the 0.07 mg LOR treatment
group demonstrated significantly increased
odds of achieving a 50% improvement response
over baseline at week 12 [LOR 50.4%, PBO
36.2%, OR = 1.73 (1.02, 2.93); P\0.05], and of
achieving a 30% [LOR 60.9%, PBO 46.6%,
OR = 1.79 (1.06, 3.03); P\0.05] and 50% [LOR
49.6%, PBO 36.2%, OR = 1.73 (1.02, 2.93);
P\ 0.05] improvement response over baseline
at week 24 compared with PBO (Fig. 2b). For
WOMAC Function, LOR treatment significantly
increased the odds of demonstrating a 30%
improvement response over baseline at week 12
[LOR 60.9%, PBO 45.7%, OR = 1.85 (1.10, 3.12);
P\ 0.05] and week 24 [LOR 63.5%, PBO 47.4%,
OR = 1.93 (1.14, 3.26); P\0.05] compared with
PBO (Fig. 3a). LOR treatment also significantly
increased the odds of demonstrating a 50%
improvement response over baseline score for
PtGA at week 12 [LOR 34.8%, PBO 19.0%,
OR = 2.28 (1.25, 4.16); P\0.01] compared with
PBO (Fig. 3b). Treatment with 0.07 mg LOR
produced numerical increases in responders
achieving a 70% threshold response with all
PROs at week 12 [Pain NRS, LOR 30.4%, PBO
22.4%, OR = 1.51 (0.84, 2.73); WOMAC Pain,
LOR 29.6%, PBO 23.3%, OR = 1.38 (0.77, 2.49);
WOMAC Function, LOR 29.6%, PBO 23.3%,
OR = 1.38 (0.77, 2.49); PtGA, LOR 20.9%, PBO
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13.8%, OR = 1.65 (0.82, 3.30)] and week 24
[Pain NRS, LOR 29.6%, PBO 22.4%, OR = 1.45
(0.80, 2.63); WOMAC Pain, LOR 34.8%, PBO
30.2%, OR = 1.23 (0.71, 2.14); WOMAC Func-
tion, LOR 33.0%, PBO 26.7%, OR = 1.35 (0.77,
2.38); PtGA, LOR 21.7%, PBO 13.8%, OR = 1.74
(0.87, 3.46)]. However, none of these increases
reached statistical significance (P C 0.05 in all
cases) compared with PBO.

When compared with PBO, 0.07 mg LOR
treatment significantly increased the propor-
tion of OMERACT-OARSI responders [LOR
69.6%, PBO 50.9%, OR = 2.21 (1.29, 3.78);
P\ 0.01] and strict responders [LOR 55.7%,
PBO 37.1%, OR = 2.13 (1.26, 3.61); P\ 0.01] at
week 12 and week 24 [responders, LOR 71.3%,
PBO 49.1%, OR = 2.57 (1.49, 4.43); P\ 0.001;
strict responders, LOR 55.7%, PBO 37.9%,
OR = 2.05 (1.21, 3.47); P\ 0.01] (Fig. 4).

Fig. 1 Phase 2b trial patient disposition diagram. The post hoc analyses in this paper were performed on the groups
receiving intra-articular 0.07 mg lorecivivint (LOR) and vehicle placebo (Vehicle PBO) injections
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DISCUSSION

The original phase 2b trial [8] showed that the
0.07 mg LOR dose met the primary endpoint of
improvement in Pain NRS at 24 weeks com-
pared with PBO in participants with moderate-

to-severe knee OA. LOR was well-tolerated in
this trial. In this post hoc analysis of these data,
participants receiving 0.07 mg LOR demon-
strated statistically significant improvements in
the odds of meeting 30% or 50% PRO response
improvements, or OMERACT-OARSI responses/
strict responses compared with PBO at weeks 12

Fig. 2 Participants meeting 30, 50, and 70% response
improvement thresholds in the Pain NRS and WOMAC
Pain scales. a The numbers (values at the column bases)
and proportions of participants in the lorecivivint (LOR,
blue) and Vehicle placebo (PBO, gray) groups meeting
each threshold in Pain NRS at weeks 12 (left) and 24
(right) are shown in the bar graphs; odds ratios (ORs) and
95% confidence intervals [95% CIs] are provided in the

adjacent table. b The number and proportion of partic-
ipants in the LOR and PBO groups meeting each
threshold in WOMAC Pain at weeks 12 and 24 and
accompanying ORs/95% CIs. Statistically significant com-
parisons between groups are identified by asterisks
(*P\ 0.05, **P\ 0.01, ***P\ 0.001); significance was
determined by logistic regression with non-responder
imputation
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and 24. Numerically, but not statistically,
improved odds of meeting a 70% threshold
response were also noted.

Previously, pain thresholds have been
defined as ‘‘moderate’’ if C 30%, or ‘‘substantial’’
if C 50%, PRO improvements over baseline

were achieved [2]. By these definitions, LOR
trial participant responder rates were 60% for
moderate, and 45% for substantial improve-
ments over baseline in Pain NRS at both weeks
12 and 24 (Fig. 2a). Similarly, for WOMAC Pain
and Function subscores, a responder rate profile

Fig. 3 Participants meeting 30, 50, and 70% response
improvement thresholds in the WOMAC Function and
Patient Global (PtGA) scales. a The numbers (values at the
column bases) and proportions of participants in the
lorecivivint (LOR, blue) and Vehicle placebo (PBO, gray)
groups meeting each threshold in WOMAC Function at
weeks 12 (left) and 24 (right) are shown in the bar graphs;
odds ratios (ORs) and 95% confidence intervals [95% CIs]

are provided in the adjacent table. b The number and
proportion of participants in the LOR and PBO groups
meeting each threshold in PtGA at weeks 12 and 24 and
accompanying ORs/95% CIs. Statistically significant com-
parisons between groups are identified by asterisks
(*P\ 0.05, **P\ 0.01); significance was determined by
logistic regression with non-responder imputation
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of approximately 60% for moderate and 45% for
substantial threshold achievements were also
observed at weeks 12 and 24. These results
therefore demonstrated that 0.07 mg LOR
treatment yielded consistent PRO responder
scores, often statistically significant over PBO
and sustained over 24 weeks (Figs. 2, 3). Also of
note, were the percentages of PBO responders
achieving 30/50/70% thresholds, which
appeared consistent (approximately 40–45,
30–35, and 20–25%, respectively) across Pain
NRS and WOMAC Pain/Function scores at both
timepoints. These were similar to the sustained
PRO responses observed in PBO arms from
many IA knee OA trials reporting group mean
changes over time [14].

A lower responder rate profile was observed
for PtGA scores (Fig. 3b), in which 40–45% of
LOR participants improved by 30%, and
30–35% improved by 50% at weeks 12 and 24,
respectively. LOR remained numerically higher
than PBO at both timepoints (and statistically
higher for 50% responders at week 12), with
mean ORs ranging from 1.36 to 2.28.

OMERACT-OARSI responder index criteria
defines ‘‘moderate’’ (corresponding to the ‘‘re-
sponder’’ group in this analysis), and ‘‘large’’
(corresponding to the ‘‘strict responder’’ group)

improvements. Strict responders were a subset
of responders in this analysis (Fig. 4) [5]. With
this composite responder index, about 70% of
0.07 mg LOR participants achieved a moderate
response at weeks 12 and 24. Approximately
56% of the LOR-treated group achieved a large
response at weeks 12 and 24. These results were
each statistically significant compared with PBO
at both timepoints.

In summary, this study examined several
clinically meaningful improvement thresholds,
from baseline, of single-domain PROs at 12 and
24 weeks, with a greater number of 0.07 mg
LOR participants consistently achieving these
thresholds compared with PBO. Analysis of
composite OMERACT-OARSI responses further
demonstrated that those treated with 0.07 mg
LOR also achieved improvements across multi-
ple PRO domains over baseline and compared
with PBO.

Population sample mean trends that are
usually reported from randomized clinical trials
show the trajectory of a treatment group’s
responses to a treatment over time. Threshold
responses, on the other hand, give a snapshot of
the proportion of trial participants achieving a
clinically meaningful improvement in symp-
toms at an individual timepoint. The

Fig. 4 Participants meeting OMERACT-OARSI respon-
der and strict responder criteria. (Top) The number and
proportion of participants in the lorecivivint (LOR, blue)
and Vehicle placebo (PBO, gray) groups meeting OMER-
ACT-OARSI responder (Response) and strict responder
(‘‘Strict’’ Response) at week 12 are shown in the bar graph;
odds ratios (ORs) and 95% confidence intervals (95% CIs)

are provided in the adjacent table. (Bottom) The number
and proportion of participants in the LOR and PBO
groups meeting each criterion level at week 24 and
accompanying ORs/95% CIs. Statistically significant com-
parisons between groups are identified by asterisks
(**P\ 0.01, ***P\ 0.001); significance was determined
by logistic regression with non-responder imputation
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OMERACT-OARSI responses give a further per-
spective on knee OA disease symptomology, as
the complex relative relationship of patient-re-
ported OA pain, function, and well-being are
combined within these scores. This is reflected
in the data reported, as LOR achieved statistical
significance compared with PBO for responder
and strict responder scores at both week 12 and
24 timepoints, in contrast to the single domain
PRO responses. However, it is important to note
with threshold and responder scores, it is not
possible to know if individual participants
maintained, changed, or lost their responder
status over the course of a trial when looking at
consecutive timepoints. Therefore, analyzing
these categorical participant-level improve-
ments, together with assessing group mean
changes, allows for an overall more clinically
relevant interpretation of a drug’s treatment
benefits.

These LOR data can also be considered in the
context of other OA pharmacotherapies, with
the caveat that different trial designs prevent
true direct comparisons being made. The LOR
responder rates in this analysis were generally
similar to the ranges of values published in the
literature with existing, e.g., duloxetine [9–11]
and emerging, e.g., anti-nerve growth factor,
therapies [12, 13]. Of note, the phase 2b LOR
trial design did not include a typical pre-trial
oral analgesic washout, and these data pre-
sented were with participants potentially con-
tinuing their background NSAIDs and
acetaminophen. Along with symptomatic ben-
efits, the mechanism of action of LOR suggests
structural improvements to the knee joint may
also result from treatment [6–8]. These effects
are also being investigated as part of the devel-
opment program.

Limitations of this report included that this
was a post hoc analysis, which was not specifi-
cally error-controlled, however characterized
responses from a study that met its primary
endpoint while under error control. Also the
study was conducted in a selected trial popula-
tion, which may limit translation of these
results to a real-world clinical population.

CONCLUSIONS

In conclusion, this report summarizes a post
hoc analysis of a 24-week phase 2b clinical trial
in symptomatic knee OA participants who were
treated with a single injection of 0.07 mg LOR.
Specifically, it demonstrated that the signifi-
cant, durable treatment effects of 0.07 mg LOR
found in the primary data, were also observed in
this threshold response analysis, with respon-
ders achieving meaningful single and compos-
ite PRO improvements compared with PBO at
12 and 24 weeks.
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