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Purpose: SP-102 is a novel epidural steroid injection (ESI) formulation of 10 mg dexa-
methasone sodium phosphate in a viscous gel solution. Repeat dosing of ESIs is possible if
required for pain relief, but with consideration of hypothalamic—pituitary—adrenal (HPA) axis
suppression from prolonged systemic exposure. This phase I/II study investigated the effect
of initial and repeat SP-102 injections on HPA suppression and analgesia.

Methods: Subjects with lumbosacral radiculopathy received an initial epidural SP-102 injection
(T1) on day 1, followed by a repeat injection (T2) on >28 days later. To determine HPA
suppression, area under the effect curve over 28 days and maximum change from baseline were
calculated for cortisol, glucose levels, and white blood cell (WBC) count. Equivalent effect on HPA
suppression of T1 relative to T2 was determined if the 90% ClIs for ratios of these measures were
within 80%—125%. The effect of repeat injections on leg and back pain was also assessed.
Results: Based on the responder analysis, all subjects had achieved a cortisol response
by day 3 after initial injection and by day 2 after repeat injection. The repeat injection had
similar effects on glucose levels and WBC count to the initial injection. Pain scores
decreased after each injection and remained low for the 28-day follow-up, with some
evidence of improved analgesic effect of the second dose compared with the first. There
were no serious adverse events or discontinuations due to adverse events.

Conclusion: The lack of cumulative effect and rapid resolution of HPA suppression
following repeated SP-102 dosing suggests that consideration of HPA pharmacodynamics
is not clinically relevant when making decisions regarding repeat dosing. SP-102
ESIs provided prolonged pain relief, with preliminary evidence of greater efficacy after
repeat injection. A phase III trial is ongoing.

Clinical Trial Identifier: ClinicalTrials.gov: NCT03613662.

Keywords: epidural steroid injections, lubosacral radicuar pain, sciatica, neuropathic pain

Introduction

Lumbosacral radicular pain (also known as sciatica) has an estimated lifetime
incidence of 13%-40% and annual incidence of 1%-5%.' Epidural steroid injec-
tions (ESIs) are commonly used for lumbosacral radicular pain when more con-
servative treatments, including analgesic or nonsteroidal anti-inflammatory drugs,
muscle relaxants, and physical therapy, have been ineffective.>*> ESI use has been
associated with positive outcomes for patients in prospective randomized trials and
retrospective studies, including reduced leg and back pain and avoidance of
surgery.®’
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In 2014 the US Food and Drug Administration (FDA)
issued a requirement that all injectable glucocorticoid product
labels carry a warning, due to reports of serious and sometimes
fatal neurological events with epidural administration.® All
recorded events that resulted in permanent disability or death
were associated with injection of particulates containing (sus-
pension) steroid formulations. In contrast, use of soluble glu-
cocorticoids, such as dexamethasone, has been associated with
fewer adverse reactions”'® resulting in their recommendation
as first-choice steroid for ESIs by an expert panel.'' However,
studies on dexamethasone ESIs have suggested that their
analgesic effect has a shorter duration than particulate
steroids.'*'* Given the safety concerns with particulate-
containing ESIs, there is a clear need to extend the duration
of the analgesic effect of dexamethasone.

SP-102 is a novel formulation of dexamethasone consisting
of dexamethasone sodium phosphate equivalent to 10 mg dex-
amethasone in 2 mL injectable viscous gel designed to prolong
residence at the site of injection. Data from a phase
I pharmacokinetic and pharmacodynamic (PD) bridging
study indicate that this has been achieved, with epidural
injections of SP-102 resulting in lower maximum plasma con-
centration and longer time to maximum plasma concentration
of dexamethasone than intravenous administration of standard
dexamethasone sodium phosphate solution (manuscript in
preparation).

In clinical practice, it is common to administer repeat
ESIs.'* However, prolonged systemic absorption of corticos-
teroids and associated suppression of the hypothalamic—
pituitary—adrenal (HPA) axis can result in susceptibility to
infection, Cushing syndrome, hyperglycemia, and loss of
bone density.'” The duration of HPA suppression of any
extended-release steroid formulation, such as SP-102, needs
to be considered. Therefore, the primary objective of this
study was to characterize the repeat-dose PDs of epidural SP-
102 with respect to HPA suppression in subjects with lum-
bosacral radiculopathy. Secondary objectives of the study
were to determine the safety profile and assess the analgesic
effects of single and repeat-dose epidural SP-102.

Methods

Ethics and Registration

This phase I/II study was submitted to ClinicalTrials.gov as
NCT03613662 on July 9, 2018. The study was approved by
the Copernicus Group Institutional Review Board, and
patients were informed of the purpose of the trial and pro-
vided written consent. This trial was conducted according to

the ethical principles stated in the Declaration of Helsinki.
Patient enrollment commenced on July 13, 2018, with the
last subject last visit completed on March 15, 2019.

SP-102 is an investigational drug that has received fast-
track designation from the FDA. SP-102 is not currently
FDA-approved for any indication.

Subject Eligibility
All subjects had a diagnosis of lumbosacral radicular pain at
the screening visit, defined as pain radiating unilaterally or
bilaterally into the leg(s). Average screening and baseline
numeric pain-rating scale (NPRS) pain scores over the pre-
vious 24 hours were required to be between 4 and 9 in the
affected leg(s). Subjects had to meet appropriate clinical cri-
teria for lumbar ESI as per the discretion of the investigator.
Eligible subjects were aged 18-70 years. Effective
birth control if relevant was required, and subjects with
diabetes, abnormalities of the cortisol system, cancer, or
other significant medical complications were excluded. If
subjects were taking oral, nonopioid analgesics for indica-
tions other than radicular pain, they needed to remain on
stable doses from the screening visit through to the end of
the study. They could be on no more than 30 mg morphine
equivalent for no more than 2 days per week in the 30 days
prior to the screening visit and needed to discontinue all
opioids prior to the screening visit.

Study Design and Interventions

The study took place at a pain clinic in Boise, ID, USA. All
subjects received a fluoroscopically guided transforaminal or
interlaminar epidural injection of SP-102 at baseline (initial
injection, treatment 1 [T1]). The injection was placed in only
one location for all patients, and there was no dose splitting.
Subjects who experienced radicular pain after 4 weeks
(defined as average NPRS pain score in affected limb of
4-9 in the previous 24 hours) were eligible to receive
a second epidural injection of SP-102 (repeat injection, treat-
ment 2 [T2]). If the subject was not eligible for T2 or chose to
withdraw from further participation in the study, the subject
was scheduled for an end-of-study visit.

Objectives

The primary objective of this study was to characterize
repeat-dose PDs of SP-102 administered by epidural injec-
tion with respect to HPA suppression, using plasma-
cortisol levels, white blood cell (WBC) count, and blood
glucose as biomarkers.
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Secondary objectives were to determine the safety pro-
file and assess the analgesic effects of single -and repeat-
dose SP-102.

Assessments

HPA suppression was assessed by monitoring changes in
plasma-cortisol levels, WBC count, and blood glucose
before and after T1 and T2 from blood samples obtained
from subjects. Before blood was drawn, subjects were
required to fast for at least 10 hours, except for the sample
taken at the screening visit. Predose morning values before
each treatment were determined to be the baseline values.

Factors other than steroid ESIs can have an effect on
cortisol, glucose, and WBC levels.'® ! For this reason,
subjects were confined to a controlled environment for 12
hours overnight before blood was drawn for lab samples.
Subjects were also screened for signs or symptoms of
infectious disease and other factors that could have an
impact on lab results.

All subjects were monitored for adverse events (AEs),
which were coded according to MedDRA terms.
Treatment-emergent AEs (TEAEs) were defined as AEs
that had an onset or preexisting AEs that worsened on or
after the initial injection and within 30 days of the last
study treatment. Safety assessments included laboratory
values, physical examination with a focus on neurological
findings, and electrocardiography.

Analgesic effects were assessed using the NPRS (current,
worse, and average pain) of the lower back and leg and the Brief
Pain Inventory — short form (BPI-SF). The only rescue analge-
sic allowed during this study was up to 3 g acetaminophen daily,
and all rescue-medication use was recorded.

PD, safety, and analgesia assessments were collected at
screening, predose, daily for 4 days postdose (during which
time subjects were housed overnight in a restricted environ-
ment), and at three outpatient follow-up visits on days 8, 15,
and 28 after each injection.

Statistical Analysis

All statistical analyses were performed using SAS 9.4.
Descriptive statistics were used for all measurements. No
formal statistical power calculations were performed for
this study.

For blood-cortisol and glucose levels and WBC counts,
the area under the effect curve over 28 days (AUEC,g) was
defined using observed values, in line with an addendum
made to the statistical analysis plan after database lock.
Maximum change from baseline (E,.x) in cortisol, WBC

count, and glucose levels was calculated as the maximum
increase or decrease in observed values from T1 day 0 and
T2 days 0-28, following the initial (T1) and repeat (T2)
epidural injections, respectively. An analysis to determine
subjects with a cortisol response and the time point of this
response was performed. Responders were defined as sub-
jects whose cortisol levels returned to baseline after injection,
with this being defined as cortisol levels returning to <10
nmol/L below baseline or any value including and above
baseline. If a subject returned to their baseline values, they
were considered a responder for the remainder of the visits.

PD parameters were analyzed using a mixed-model
ANOVA with a fixed effect for treatment and a random
effect for
Estimates and two-sided 90% Cls for geometric means and

subject after logarithmic transformation.
ratios of geometric means were calculated using antiloga-
rithm transformation of least-squares estimates. An a priori
lack of effect of repeat injection on PDs would be deter-
mined if the 90% ClIs for the ratio of T2 to T1 for both
AUEC,g and E,,x were completely contained within the
range of 80%—125%. Pain assessment closest to and prior
to dosing in each treatment period was used as baseline for

each treatment period.

Results

Subject Characteristics and Disposition

A total of 27 subjects were recruited, of whom eight were
excluded for not meeting the eligibility criteria. Nineteen
subjects were enrolled between July 25 and November 7,
2018 and underwent an initial injection of SP-102. The last
recorded study visit was on January 15, 2019. Fifteen sub-
jects underwent repeat injections at a median of 42(IQR
42-49) days after the initial injection. Four subjects did not
have pain scores high enough to justify repeat injection of
SP-102. All subjects completed the study, and no major
deviations from the protocol were reported.

The median age of study participants was 60 (IQR
46-65) years, 63% (12 of 19) were female, and all were
Caucasian, except for three subjects (15.8%) who had
Hispanic/Latino ethnicity (Table 1). Median body-mass
index was 32 (IQR 25-35).

Pharmacodynamics

Mean plasma cortisol levels dropped during the 24 hours
immediately after T1 (n=19) and T2 (n=15), injections but
increased after day 3 (Figure 1A). The AUEC,g ratio (com-
parison of T2 versus T1) for cortisol levels was 116% (90%

Journal of Pain Research 2021:14

https:

1233

Dove:


https://www.dovepress.com
https://www.dovepress.com

Radnovich et al

Dove

Table | Subjects’ baseline characteristics

n=19

Age (years), median (IQR) 60 (46-65)

Sex Male, n (%) 7 (36.8)
Female, n (%) 12 (63.2)

BMI (kg/m?), median (IQR) 32.1 (25.1-35.1)

Straight-leg raise (L5-S1), n (%) Pain down affected extremity 7 (36.8)
Paresthesia down affected extremity 0

Femoral stretch test (L3-L4), n (%) Pain down affected extremity 7 (36.8)
Paresthesia down affected extremity 3 (15.8)

Abbreviation: BMI, body-mass index.

CI 88%—154%). The upper end of the CI range was outside
the boundary that would indicate equivalence of the cortisol
response between T1 and T2. However, a paired #-test
revealed no significant difference between AUEC,g values
for the two treatments (p=0.091). Cortisol levels were also
examined for 8 days after each injection. The AUECg ratio
was 100% (90% CI 73%—138%), with a paired #-test indicat-
ing that there was no significant difference in AUEC,g values
between the two treatments at this time point (p=0.59). The
E hax ratio for cortisol was 97% (90% CI 73%—128%). Results
of cortisol-responder analysis, in which responders were
defined as subjects whose cortisol levels returned to <10
nmol/L below baseline or any value including and above
baseline, showed that all subjects had their cortisol return to
baseline levels by day 3 of the initial injection and by day 2 of
the repeat injection.

Mean blood glucose rose slightly during the 24 hours
postinjection for T1 and T2, before dropping below base-
line, then increasing to pretreatment levels by day 5 and

remaining stable during the follow-up (Figure 1B). There

A B

1504 —Oo— Treatment 1 (N=19) 71
—e— Treatment 2 (N=15)

100+

nmol/L
mmol/L

were no significant differences between T1 and T2: the
AUEC ;4 ratio for glucose levels was 101% (90% CI 96%—
106%). The E,,.x ratio for blood glucose was 61% (90%
CI 26%—143%), which was outside the prespecified range.

Mean WBC count followed a return to baseline pattern
similar to both cortisol and glucose levels (Figure 1C). The
AUEC,4 ratio for WBC values was 103% (90% CI 93%—
114%), while the E, .. ratio was 103% (90% CI
83%—127%).

Safety and Tolerability

All AEs reported during the study period were TEAEs,
except for one AE of pertussis that occurred 32 days after
T1 in one subject. The most common TEAE was headache
(seven of 19, 36.8%), which was considered at least possibly
related to the study drug in all cases. Other AEs experienced
by more than one subject over the course of both treatments
were dyspepsia (two of 19, 10.5%), nasopharyngitis (two of
19, 10.5%), and tooth abscess (two of 19, 10.5%). Five
events of infection were experienced by four subjects after

Cc

—o— Treatment 1 (N=19) 20+
—e— Treatment 2 (N=15)

—o— Treatment 1 (N=19)
—e— Treatment 2 (N=15)

109L

Baseline Baseline

Day T Day
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Figure | Pharmacodynamic assessments of single and repeat doses of SP-102. Pharmacodynamic assessments through 8 days after initial (T1) and repeat (T2) epidural
injections. Mean cortisol levels over time (A), mean blood-glucose levels over time (B), mean WBC count over time (C). Error bars denote SD.
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the first dose (nasopharyngitis [n=2], tooth abscess [n=2],
and respiratory tract infection [n=1]; Table 2). After
the second dose, one infection-related AE of tooth abscess
and one AE of bronchitis were recorded. None of the infec-
tions were considered to be related to the ESI. Overall, AEs
were predominantly mild in nature, and there were no ser-
ious AEs or discontinuations due to the study drug (Table 2).
Two moderate AEs of abdominal pain (one of 19, 5.3%) and
headache (one of 19, 5.3%) were considered at least possibly
related to the study drug.

Table 2 AEs in subject after single and repeat doses of SP-102

Hematological and biochemical abnormalities were
infrequent and not thought to be clinically relevant, with
one subject experiencing blood-glucose and WBC perturba-
tions large enough to be recorded as mild AEs.

Analgesia

There was a decrease in NPRS value for average pain
in the affected leg from a mean 5.4+1.3 at T1 baseline
to 3.4+1.8 at day 28. For subjects that received
a second injection of SP-102, NPRS values for average

Initial (T1), n=19 Repeat (T2), n=15
Subjects, n (%) Events, n Subjects, n (%) Events, n

AEs, all severity 13 (68.4) 21 8 (53.3) 10
TEAEs 12 (63.2) 20 8 (53.3) 10
Mild Total 10 (52.6) 15 6 (40) 7

Headache 4 (21.1) 4 3 (20) 3

Nasopharyngitis 2 (10.5) 2

Tooth abscess 2 (10.5) 2

Body aches 1 (5.3) |

Dyspepsia I (5.3) | I (6.7) |

GERD I (5.3) |

Increased glucose 1 (5.3) |

Increased WBCs 1 (5.3) |

Migraine 1 (5.3) |

Neck pain 1 (5.3) |

Night sweats 1 (5.3) |

Respiratory tract infection 1 (5.3) |

Abdominal discomfort 1 (6.7) |

Back pain 1 (6.7) |

Bronchitis | (6.7) |

Food poisoning 1 (6.7) |
Moderate Total 2 (10.5) 3 2 (13.3) 2

Headache 1 (5.3) |

Abdominal pain I (5.3) | | (6.7) |

Tooth abscess 1 (6.7) |

Back pain 1 (5.3) |
Severe 0 0 0 0
TEAEs related to study drug 10 (52.6) 13 5(33.3) 5
Mild 8 (42.1) I 5(33.3)
Moderate 2 (10.5) 0 0
Severe 0 0 0
SAEs (any type) 0 0 0 0
Deaths 0 0 0 0

Abbreviations: AEs, adverse events; GERD, gastroesophageal reflux disease; TEAEs, treatment-emergent AEs; SAE, serious AEs; WBCs, white blood cells.
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pain in the affected leg were mean 5.4+1.2 at T2 base- The impact of SP-102 on low-back pain was less
line and 2.9+2.5 at day 28 (see Figure 2A). In sum, pronounced, with average scores for worst back pain of
47% (nine of 19) of subjects had >50% reduction in  6.4+1.7 at T1 baseline and 5.1+2.0 after 28 days. At T2
average leg pain from T1 baseline after 28 days and baseline, mean scores for worst back pain were 6.5+1.4
60% (nine of 15) >50% reduction of pain from T2 and had decreased to 4.0+2.4 by day 28. Four of (subjects

baseline after 28 days. (21%) reported a reduction in average back pain of >50%
A
—O— Treatment 1 (N=19)
—e— Treatment 2 (N=15)
Q
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Mean BPI-SF pain severity score

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Day

101 —O— Treatment 1 (N=19)
9 —e— Treatment 2 (N=15)

Mean BPI-SF interference score €9
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Figure 2 Analgesic effects of single and repeat doses of SP-102. Analgesic assessments after initial (T 1) and repeat (T2) epidural injections. Mean NPRS score for average leg
pain (A), mean BPI-SF pain-severity score (B), mean BPI-SF pain-interference score (C). Error bars denote SD.
Abbreviations: NPRS, numeric pain-rating scale; BPI-SF, Brief Pain Inventory — short form.
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from baseline to 28 days after T1, which had increased to
seven of 15 subjects (47%) by 28 days after T2 compared
to T2 baseline.

AEUC,g T2:T1 ratios were <100% for average, cur-
rent, and worst NPRS scores in the affected leg and lower
back, with the lower end of the 90% CI range <50% in all
cases in the leg (Table 3). This suggests that mean NPRS
scores were lower in T2 for both leg and back pain.

Mean BPI-SF pain-severity score was 5.3+1.0 at T1
baseline and had reduced by day 28, when it was 4.0+=1.9
(Figure 2B). A similar trend was seen with T2, with mean
scores of 5.2+1.5 at baseline and 3.3+1.9 at day 28. At 28
days after T1, four of 19 subjects (21%) reported
a reduction in BPI-SF pain-severity score >50% compared
to baseline. At the same point after T2, six of 15 subjects
had achieved this level of improvement compared with T2
baseline (40%).

As with the severity score, mean BPI-SF pain-
interference score reduced from 5.8+1.7 at T1 baseline
and remained lower through to day 28 after the T1 injec-
tion — 3.1+2.2 (Figure 2C). At day 28, ten of 19 subjects
(53%) had had a reduction in this score >50% compared to
baseline. At T2 baseline, mean BPI-SF pain-interference
score was 4.7+2.0, and at day 28 remained lower at 2.5
+2.2, including six of 15 subjects (40%) who had had
reductions >50% compared with T2 baseline.

Discussion

Results of PD parameters in this study indicated that there
was no clinically relevant difference in HPA suppression
between the initial and repeat injections of a viscous gel
formulation of dexamethasone.

Table 3 Statistical analysis of PD and analgesic parameters

AUEC; ratio, E nax ratio,
% (90% CI) % (90% CI)
Plasma cortisol 116 (88—154) 97 (73-128)
Blood glucose 101 (96—-106) 61 (26-143)
WBC count 103 (93-114) 103 (83-127)
Leg NPRS Average | 70 (47-105) —
Current | 62 (42-93) —
Worst 67 (46-99) —
Lower-back NPRS | Average 74 (51-106) —
Current | 78 (52-116) —
Worst 75 (54-105) —

Abbreviations: PD, pharmacodynamic; AUEC,g, area under the effect curve over 28
days; Eax maximum effect; NPRS, numeric pain-rating scale; WBC, white blood cell.

AUEC,g T2:T1 ratios were close to 1 for all PD para-
meters, with 90% CIs being contained within the prespe-
cified 80%—-125% range, denoting no effect for any but
cortisol. However, an additional cortisol-responder analy-
sis showed that for both treatments, all subjects had their
cortisol return to baseline within 3 days of injection. In
addition, observation of mean WBC count and blood glu-
cose over the treatment period showed that they all
returned to baseline levels within a week of injection.
Previous clinical data on the effect of epidural dexametha-
sone on cortisol also showed normalization within the first
week after administration,”® though some other trials have
noted longer periods of perturbation that ultimately
resolved within 3 weeks.'”! It is possible that different
dosing may account for this variability. A further consid-
eration is that the phase I/II bridging study included the
same measures of HPA suppression, and while that study
was not designed to detect differences in these parameters,
results suggested that epidural SP-102 administration had
similar effects to intravenous injection of standard dexa-
methasone sodium phosphate solution. Taken together,
available data thus indicate that SP-102 can be used as
frequently for ESI as standard dexamethasone solutions
currently in use, at least in terms of potential concerns
regarding HPA suppression.

The that SP-102
had comparable PD effects is of importance, as repeated

finding repeat doses of
ESIs have been shown to provide cumulative benefit to
patients with lumbar radiculopathy.'*** The improved
analgesic effect in the repeat dose in this study lends
further support to this treatment approach, which is borne
out in clinical practice: repeat doses are relatively common
in the pain clinic. One analysis of a quality-assurance
database of 6,582 transforaminal ESIs in 4,161 patients
with unilateral lumbar radicular pain showed that nearly
a quarter of patients received repeat injections.'*
A prospective trial in a slightly younger patient population
showed that just under half thepatients required at least
one repeat injection.'?

SP-102 appeared to be well tolerated by the study
subjects over this treatment period, with no serious AEs
reported and two moderate AEs considered possibly
related to the study drug. It could be speculated that the
prolonged residence at the site of injection might reduce
the frequency of acute corticosteroid side effects, as sys-
temic release of dexamethasone is delayed and not as
concentrated as with intravenous or epidural injections of
However, as already discussed,

standard solution.
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investigation of the systemic effects of SP-102 in terms of
HPA suppression does not appear to support this idea and
suggests that cortisol-suppression time is a function of
total exposure, rather than peak concentration.

The limitations of this study include its small sample
and relatively short duration, which are a result of its
primary objective as an early phase I/Il PD study and not
unusual for this trial type. The small number of subjects
meant that the E,,x values calculated in this study were
unable to give sufficient information for the intended ana-
lysis, given the variability between subjects: although the
CIs tended to be outside the prespecified 80%—125% at
both ends, ratios were close to 1 for all PD parameters
except blood glucose, which was extremely variable.
A larger sample would likely reduce the width of the Cls.

The pain data shown here are of interest for further
study, indicating a prolonged analgesic effect of up to
a month after a single injection, with AEUC,g ratios pro-
viding evidence of further improvement after a second
injection for those who did not have an adequate initial
response. The findings of this phase I/Il study will be
investigated further in an ongoing phase III, randomized,
double-blind, placebo-controlled study (NCT03372161),
which is designed to investigate the safety profile and
efficacy of initial and single repeat injections of SP-102
in an anticipated 400 subjects.*

In conclusion, further research is needed, but results of
this study show that a repeat dose of SP-102 has the same
systemic effect on HPA suppression as the initial dose,
with no evidence of cumulative/prolonged alterations in
plasma cortisol, WBC count, or blood-glucose levels.
Furthermore, there appeared to be a trend toward an addi-
tional analgesic effect with the second injection. These
phase I/II results suggest that a repeat dose of SP-102
epidural injection could be used when clinically indicated
to provide prolonged pain relief for lumbosacral radiculo-
pathy, findings that are being further explored in an
ongoing phase III clinical trial.
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