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ABSTRACT

Objective To investigate whether oral
administration of a standardised frankincense extract
(SFE) is safe and reduces disease activity in patients
with relapsing-remitting multiple sclerosis (RRMS).
Methods We performed an investigator-initiated,
bicentric phase lla, open-label, baseline-to-
treatment pilot study with an oral SFE in patients
with RRMS (NCT01450124). After a 4-month
baseline observation phase, patients were treated
for 8 months with an option to extend treatment for
up to 36 months. The primary outcome measures
were the number and volume of contrast-enhancing
lesions (CEL) measured in MRI during the 4-month
treatment period compared with the 4-month
baseline period. Eighty patients were screened at
two centres, 38 patients were included in the trial,
28 completed the 8-month treatment period and 18
of these participated in the extension period.
Results The SFE significantly reduced the median
number of monthly CELs from 1.00 (IQR 0.75-3.38)
to 0.50 (IQR 0.00-1.13; difference —0.625,

95% Cl —1.25 to —0.50; P<0.0001) at months

5-8. We observed significantly less brain atrophy

as assessed by parenchymal brain volume change
(P=0.0081). Adverse events were generally mild
(57.7%) or moderate (38.6%) and comprised mainly
gastrointestinal symptoms and minor infections.
Mechanistic studies showed a significant increase

in regulatory CD4+ T cell markers and a significant
decrease in interleukin-17A-producing CD8+ T cells
indicating a distinct mechanism of action of the
study drug.

Interpretation The oral SFE was safe, tolerated well
and exhibited beneficial effects on RRMS disease activity
warranting further investigation in a controlled phase Ilb
or Ill trial.

Clinical trial registration NCT01450124; Results.

INTRODUCTION

Multiple sclerosis (MS) is a debilitating inflamma-
tory and neurodegenerative autoimmune disease
of the central nervous system that predominantly
affects young women."' It is now widely recom-
mended that anti-inflammatory treatment be

started early in the relapsing phase of the disease
to prevent the development of chronic neuroin-
flammation and neurodegeneration.” Several
anti-inflammatory drugs have been licensed, but
most of these act broadly on the immune system,
and require close monitoring for risks and side
effects.® The long-term treatment of MS that is
initiated early in the course of the disease there-
fore requires a—as yet unavailable—very well-tol-
erated, safe, oral immunomodulatory treatment,
particularly for those patients with only mild
clinical involvement and indications of a benign
course.

Many patients with MS are very interested in
complementary medicine (CM),* and seek advice
regarding phytotherapeutics in addition to, or
even instead of, standard treatment options.
Several surveys report that 70%-80% of patients
with MS have used CM drugs or interventions,”
underlining the importance of CM from the
patients’ perspective.

Boswellic acids (BA) are thought to be the
bioactive principles of frankincense, which has
been used for literally thousands of years as
an anti-inflammatory substance in traditional
Eastern and Oriental medicine. Several small,
randomised clinical trials have shown a favour-
able safety and tolerability profile of frankincense
extracts in a number of inflammatory and auto-
immune diseases.” The most convincing data are
presented in a Cochrane review of oral herbal
therapies in osteoarthritis.® Diverse immunomod-
ulatory mechanisms have been attributed to BAs,
most prominent of which are the inhibition of
the enzymes 5-lipoxygenase, microsomal prosta-
glandin E2 synthase-1, LL-37 and the inhibition
of nuclear factor-xB activities.”” Previous data
from our group showed that BAs interfere with
CD4+ Thelper cell 17 polarisation by blocking
interleukin (IL)-1B signalling in vitro.!® Since
involvement of several of the molecules and path-
ways mentioned above has been reported in the
context of MS pathology,"*™" we reasoned that it
would be worthwhile to assess the use of a stan-
dardised frankincense extract (SFE) as an anti-in-
flammatory and immunomodulatory therapeutic
approach in patients with MS.
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80 patients screened for eligibility

42 ineligible
38 not exhibiting at least 2 CELs during 4 baseline MRIs
2 due to increased liver enzyme levels

1 due to active hepatitis B
1 withdrew consent before start of SFE administration
due to increased severe clinical MS disease activity

38 patients enrolled

6 drop-outs during dosing phase
2 due to relapse and patient’s decision to withdraw
3 due to non-compliance to protocol

4 drop-outs between month 3-6

1 withdrew consent due to persisting urticaria

1 due to severe relapse (started on Fingolimod)

1 due to severe non-compliance

1 unable to swallow or drink capsules regularly

1 due to non-confirmed relapse and adverse events

28 completed month 8

25 completed month 12
18 completed month 24
12 completed month 36

Figure 1

METHODS

Study design and ethics statement

We performed a bicentric, phase Ila, open-label, baseline-to-treat-
ment trial between 21st September 2011 and 7th March 2017
with an orally available SFE produced by Alpinia Laudanum
Institute of Phytopharmaceutical Sciences (Walenstadt, Switzer-
land) at two German tertiary academic MS centres. Based on
safety data and patients’ requests, an extension of the study with
the option to receive the study drug for up to 36 months was
applied for and approved. The trial is registered with Clinical-
Trials.gov, No. NCT01450124. Participants gave their written
informed consent at screening and were informed of alterna-
tive approved treatments by an independent neurologist before
entering the trial. An independent data safety monitoring board

Trial design (A) and trial profile (B). CEL, contrast-enhancing lesion; MS, multiple sclerosis; SFE, standardised frankincense extract.

consisting of three international MS experts was appointed to
monitor safety and efficacy.

The trial design is presented in figure 1A. The trial consisted
of four phases: baseline observation (stage 1), individual dose-
finding phase (stage 2), treatment phase (stage 3) and extension
(stage 4). After consenting, the patients entered a 3-month base-
line observation phase (stage 1) with monthly visits at the respec-
tive study centre for contrast-enhanced brain MRI scans and
clinical scoring. The SFE was provided as capsules containing
400 mg. During the first 8 weeks the patients participated in an
individualised dose-finding phase (stage 2) with two parts. In
part 1, up to 400 mg capsules of an SFE were used to titrate up
to a maximum well-tolerated dose or to a maximum of 4800 mg/
day (whichever occurred first), that is, 1600 mg three times a day
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in the first 28 days by adding one capsule every second or third
day. After the individual maximum well-tolerated dose had been
determined, the patients continued with that dose for another 28
days (part 2) for stabilisation and to assess tolerability. This was
followed by 6 months of continuous treatment at this dose (stage
3). A minimum tolerated dose of 2400 mg/day was mandatory
to continue with the trial. If a relapse occurred during the study,
the patients were offered the option to discontinue the trial and
revert to standard treatment, and an informed reconsent was
necessary if they chose to continue.

Patients were seen monthly for assessment and MRI at the
study centre until month 8, then again at month 12, and after-
wards at quarter-yearly intervals. Details on the inclusion and
exclusion criteria and dosing regimen are provided in online
supplementary tables 1 and 2 and in the study protocol.

Study population

Eligible patients were male or female between the ages of 18
and 55 with the diagnosis of relapsing-remitting multiple scle-
rosis (RRMS) or clinically isolated syndrome according to
McDonald criteria,'* a baseline disability score of 0-5.5 on the
Expanded Disability Status Scale (EDSS)," and an average of at
least 0.5 gadolinium-enhancing MRI lesions (contrast-enhancing
lesions, CEL) per month, that is, at least two CEL lesions in the
four MRI scans during the pretreatment baseline period. Key
exclusion criteria were liver enzyme levels more than three times
the upper normal limit, serological evidence of active hepa-
titis B or C infection, or other chronic liver disease, a positive
pregnancy test, nausea or vomiting as a frequent complaint, or
known hypersensitivity to BAs or frankincense. If patients had
previously been taking MS disease-modifying medication, the
treatment must have been suspended for at least 12 weeks with
glatiramer acetate and interferon (IFN) beta, and for 24 weeks
for all other medications prior to the first investigational drug
dose.

Outcome measures

The primary outcome measures were the changes in the median
number of CELs and the lesion volume between baseline and
treatment phases. Secondary outcome measures were the number
of new active lesions (CELs, T2 lesions), amount of brain atrophy
(parenchymal brain volume change, PBVC) and the annualised
relapse rate (ARR), which describes the number of confirmed
relapses per year. All MRI data were acquired on a 3T MRI
scanner (Skyra or Trio syngo MR, Siemens Medical Systems,
Germany) using a standardised protocol implemented at each
site (further details in online supplementary material). Lesion
masking and analysis were performed using the software Analyze
V.11.0 (Analyze Direct, Biomedical Imaging Resource, Mayo
Clinic, USA). MS lesions were marked as region of interest (ROI)
using a semiautomated threshold-based algorithm. Lesions were
outlined on each slice on which they appeared. Confluent lesions
were counted as one lesion. T2-hyperintense lesions were marked
on T2w images only when they exhibited a corresponding
hyperintensity in the corresponding fluid attenuation inver-
sion recovery image. On T1w images, hypointense (darker than
cortical grey matter) areas were marked as black holes, only if
presenting with a corresponding T2-hyperintense lesion. Finally,
CELs were marked in the T1Gd images. Lesion volumes for all
three lesion classes were calculated from the defined ROIs. All
images were processed with the FMRIB Software Library (FSL)
toolbox (FMRIB Analysis Group, University of Oxford, Oxford,
UK) as described previously.'® Brain tissue volume, normalised

for head size (normalised brain volume, normalised grey matter,
normalised white matter), was estimated with SIENAX,' and
lesion volume was normalised based on the SIENAX results.
In order to reduce the risk of false tissue assignment in lesions,
the lesion masks were dilated and filled with normal appearing
white matter contrast before the images were processed with
SIENAX. Brain masks were manually corrected to minimise
false tissue assignment by the FSL segmentation. Longitudinal
atrophy was assessed with SIENAX and results were corrected
for the individual duration between the four baseline scans to
calculate an annualised PBVC. Tertiary outcomes comprised the
EDSS, the Scripps Neurological Rating Scale (SNRS),'® the
multiple sclerosis functional composite (MSEC)" consisting of
the Nine-Hole Peg Test, timed 25-foot walk, Paced Auditory
Serial Addition Test (PASAT), the Symbol Digit Modalities Test
(SDMT),?® a depression scale (Hospital Anxiety and Depression
Scale?!), the Fatigue Severity Scale according to** the Hamburg
Quality of Life Questionnaire** and immunological biomarkers
(lymphocyte subpopulations, cytokine levels in serum) until
months 8 and 12. The trial was designed to provide class III
evidence for all listed research questions. Further details for
methods for immunological outcome parameters are presented
in online supplementary material.

Statistical analysis
Based on the analyses of a natural history cohort studied with
monthly MRIs for a minimum of 1year,”* we calculated that a
sample size of 30 patients completing the treatment period would
be necessary to detect a 40% reduction in CELs with a power of
80% and an alpha error of 0.05 (one sided). Assuming a 20%
dropout rate, at least 36 patients would have to be included.
We estimated that it would be necessary to screen 75 patients
in order to identify 36 patients who met our inclusion criteria.
The primary and secondary endpoints are summarised as
medians with IQRs. Changes from baseline to follow-up are
described by their medians with 95% CIs and tested for devi-
ation from 0 using the Wilcoxon signed-rank test as specified
in the study protocol. To determine the sensitivity of the results
to missing data, changes in outcome from baseline to follow-up
were imputed as 0 (‘intention-to-treat analysis’). This corre-
sponds to a baseline-carried-forward analysis, which was consid-
ered a conservative assessment. Secondary and tertiary endpoints
were analysed in a similar manner. Relapses were analysed using
a Poisson regression model with adjustment for overdispersion.

RESULTS

Recruitment

We screened 80 patients and enrolled 38 of them (figure 1B). The
baseline characteristics of the study population are presented in
table 1. There was no significant difference in the MS demo-
graphic and disease activity markers between the patient groups
considered for intention-to-treat (ITT) analysis (n=38, all
patients exposed to SFE) and for primary endpoint analysis
(n=28).

Ten patients (26%) did not reach the primary endpoint: six
patients (16%) dropped out already during the dosing phase,
four patients (10%) during months 3—-6. When asked for their
reasons to withdraw, four patients were not able to comply with
the time-consuming study protocol, four patients withdrew
because of a relapse and decision to start with approved medica-
tion (two during the dosing phase, two at month 4 and month 5,
respectively). One patient was not able to swallow or drink the
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Table 1 Baseline characteristics of the IIT and the PP patient cohort
Intention-to-treat Per-protocol cohort
cohort (n=38) (n=28)

Age (years) 37.2+10.0 38.0+10.5

Women 29 (76%) 23 (82%)

Disease course: CIS, RRMS 1/37 1127

Time since onset (years) 7.9+8.5 8.6+9.3

Time since diagnosis (years) 5.8+6.2 6.2+6.7

EDSS at baseline 1.76+1.08 1.57+0.98

MSFC at baseline 0.49+0.54 0.00+0.58

Number of relapses in the last 1.0+0.7 0.9+0.5

12 months

Number of relapses in the last 1.6+0.9 1.5+0.8

24months

Number of patients with previous 13 (36%) 10 (36%)

MS treatments*

Total number of contrast-
enhancing lesions during baseline
phase

Number of new contrast-
enhancing lesions during baseline
phase

Total number of T2 lesions during ~ 33.88 (23.33-62.00)
baseline phase

Number of new T2 lesions during ~ 8.50 (4.75-14.50)
baseline phase

Data are presented as mean (SD) or absolute numbers, MRI parameters are
presented as median (IQR).

*Patients may have received more than one previous multiple sclerosis disease-
modifying drug. There were no significant differences between the intention-to-
treat and the per-protocol patient cohort.

CIS, clinically isolated syndrome; EDSS, Expanded Disability Status Scale; ITT,
intention to treat; MS, multiple sclerosis; MSFC, multiple sclerosis functional
composite; PP, per protocol; RRMS, relapsing-remitting multiple sclerosis.

1.25 (0.75-3.50) 1.00 (0.75-3.38)

1.00 (0.75-3.00) 0.88 (0.63-2.63)

30.21 (22.00-49.13)

7.50 (4.88-12.88)

capsules regularly (gustatory disgust) and one patient withdrew
early because of a persisting urticaria.

Dosing

Thirty-four patients tolerated the maximum protocol dose of the
SFE of 4800 mg/day (n=34/38; 89.5%) throughout the entire
trial. In three patients, the dose had to be kept at 3600 mg SFE
per day, and one patient only tolerated the minimum dose of
2400 mg/day. At month 8, the majority of the patients (26/28;
92.8%) still took the maximum dose of 4800 mg SFE daily.

Magnetic resonance imaging

The primary outcome was met for the total number of CELs as
well as the volume of CELs (table 2 and figure 2A). The total
number of CELs decreased significantly from a baseline median
of 1.0 (IQR 0.75-3.38) to 0.5 (IQR 0.00-1.13) during the treat-
ment period (months 5-8; P<0.0001). The volume of the CELs
decreased significantly from a median of 1753.5mm® (IQR
553-4974.5 mm?®) during the baseline phase (months —3 to 0)
to 185mm’ (IQR 0.00-1450.00 mm’; n=28; P=0.0481). The
ITT analysis also gave significant results (see table 2). Both anal-
yses showed more than 60% reduction of the total number of
CELs between the baseline and treatment phase.

Using a predictive model based on data from phase II and III
trials in RRMS, this effect surpasses the reduction of CELs due
to the regression to the mean effect (RTTME) below the 95%
CI (see figure 2B). As predicted by the presented meta-analytic
model, the RTTME would explain a reduction of the number of
new CELs from a baseline mean value of 2.5 CELs in our patient

Table 2 Primary and secondary MRI outcomes

Per-protocol cohort (n=28)

=38)

Intention-to-treat cohort (n

Difference

Treatment (months 5-8)

Baseline (months -3 to 0)

P value
n=28

28
Median (95% Cl)

n

=28

28 Treatment (months 5-8) n:

Baseline (months =3 to 0) n

Median (IQR)

=33*
Median (95% Cl)

Difference n

33*
Median (IQR)

n=

38
Median (IQR)

n=

Median (IQR)

n=38

<0.0001
<0.0001
<0.0001

—0.625 (—1.25 to —0.50)
—0.625 (-1.25 to —0.50)
—6.50 (-10.25 to —4.00)

—829.0 (-2188 to —184)

0.25 (0.00-0.75)
0.50 (0.00-1.13)

0.88 (0.63-2.63)

<0.0001
<0.0001
<0.0001

—0.75 (~1.083 to —0.50)
—0.75 (~1.083 to —0.50)
—6.00 (-10.25 to —4.00)

0.25 (0.00-0.75)
0.50 (0.00-1.00)
0.25 (0.00-0.75)

1.00 (0.75-3.00)
1.25 (0.75-3.50)

Number of new enhancing lesions

1.00 (0.75-3.38)

Number of total enhancing lesions

0.25 (0.00-0.75)
185.00 (0.00-1450.00)

7.50 (4.88-12.88)
1753.50 (553.00-4974.50)

8.50 (4.75-14.50)

Number of new T2 lesions

0.0481

Volume of total enhancing lesions (new

and persisting) (mm?)

0.0243
0.9118
0.0081

—611.0 (-1094 to —92)
—34.5 (-582 to 435)

92.50 (0.00-725.00)

1087.00 (407.50-3343.00)

Volume of new enhancing lesions (mm?)

301.50 (=123.50 to 1045.00)

264.50 (~1048.50 to 1304.00)
—0.12 (-0.36 t0 0.13)

Change in volume of T2 lesions

0.21 (-0.06 to 0.60)

0.11 (=0.25 to 0.30)

Parenchymal brain volume change (%)

P values are reported as results of Wilcoxon signed-rank test.

*Missing data changes for n

5 of these patients at least one MRI result was available during the treatment phase.

10 patients in outcomes from baseline to follow-up were imputed as 0 (‘intention-to-treat analysis’); for n=

BOCF, baseline observation carried forward.
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Figure 2 MRI outcomes of the SABA trial. (A) Median number of contrast-enhancing lesions (CEL) per patient detected in the monthly MRI visits. White
bars indicate the baseline phase before start of treatment (months —3 to 0), light grey bars the dose-finding phase (months +1and +2), dark grey bars the
treatment phase on a stabile individual dose. n=28 patients (per-protocol cohort), data are depicted as median with IQR (P<0.0001). (B) Number of CELs of
the SABA trial cohort plotted as orange dot in the model of the regression to the mean effect of CELs in clinical relapsing-remitting multiple sclerosis (RRMS)
trials.? The red line shows the predicted mean number of CELs at month 6 (y-axis), subject to the mean number of CELs at baseline (x-axis), the grey area
comprises the 95% Cl. The orange dot indicates the number actually observed in the study patients of the SABA trial (n=28). (C) Parenchymal brain volume
(PBV) change comparing change during baseline phase before treatments (month —3 to month 0, M-3-0) and during treatment (months 5-8, M5-8). n=28
patients (per-protocol cohort), data are depicted individually as dots, median with IQR is indicated as bars (P=0.0081).

cohort to 1.6 CELs at month 6, while the number was, in fact,
reduced to a mean of 0.8 CELs in the ITT analysis.

Correspondingly, the number of new T2 lesions decreased
significantly between baseline and treatment phase from 7.5 to
0.25 new T2 lesions per month. The effect on T2-lesion reduc-
tion was maintained throughout the extension period in those
patients who chose to continue the study beyond month 8 of the
trial (online supplementary figure 1). The change in T2-lesion
volumes was not significantly different between baseline and
treatment phase.

In addition, we observed a modest loss of brain volume during
the four baseline scans (PBVC —0.12, IQR —0.36% to 0.13%)
while we observed a small increase for brain volume during treat-
ment (PBVC 0.11, IQR —0.06% to 0.6%, table 2 and figure 2C;
P=0.0081).

Adverse events and safety
Two hundred and twenty adverse events (AE) were reported
during the treatment phase. These were generally mild or
moderate (57.7% respectively 38.6% of all AEs, table 3). The
two most frequent AE entities were minor infections (n=72,
32.7%), of which the common cold accounted for about 60%,
and gastrointestinal symptoms (n=38, 17.3%). The frequency
of gastrointestinal AEs peaked during the first 4weeks and
decreased afterwards (online supplementary figure 2). Fifteen
per cent (n=6) of the patients reported recurrent mild gastro-
intestinal AEs throughout the exposure time. No patient discon-
tinued the SFE due to gastrointestinal AEs.

The four serious AEs reported in our study were a fracture of
the tibia after an accidental fall at month 7, an emergency minor

proctologic inpatient treatment at month 20, hospital admission
due to a newly diagnosed lupus erythematosus at month 25 and
the fracture of both ankles after an accidental fall at month 27.

1ybuAdoo

Table 3  Adverse events and serious adverse events during baseline
and treatment phases

Events during
baseline phase
(320 patient

Events during
treatment phase
(706 patient

months) months)

Any adverse event 73 220

Mild 47 (64.4%) 127 (57.7%)

Moderate 25 (34.3%) 85 (38.6%)

Severe 1(1.4%) 8 (3.6%)
Infections 35 (47.9%) 72 (32.7%)
Common cold 24 (68.6%) 43 (59.7%)
Urinary tract infection 5 (14.3%) 9 (1.5%)
Gastrointestinal 0 (0%) 38 (17.3%)
Neurological 13 (17.8%) 21 (9.5%)
Musculoskeletal/soft tissue 4 (5.5%) 17 (7.7%)
Pain 3 (4.1%) 17 (7.7%)
Dermatology/skin 2(2.7%) 14 (6.4%)
Ophthalmological and ENT (ear, 1 (1.4%) 7 (3.2%)
nose, throat)
Rheumatologic 1(1.4%) 6(2.7%)
Psychiatric/sleep 3 (4.1%) 4 (1.8%)
Sexual/reproductive function 1(1.4%) 4 (1.8%)
Pulmonary/upper respiratory tract 0 (0%) 2 (0.9%)
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Two AEs received special attention and were intensively

[}
discussed with the data safety monitoring board and authori- ‘3 % g
ties. One patient developed rheumatoid arthritis at month 12, PN 2 e ]
and another lupus erythematosus at month 25 (see above). After 832 g E g
the second rheumatologic AE was reported, we reanalysed the E : ES 3
serum samples of all patients for antinuclear antibody titres, “dlEzggaen = o S ki
anti-cyclic citrullinated peptide(CCP) antibodies and rheuma- 2 S g S855% 35 2zl2| &
toid factor, which had been either not detectable or unchanged SEfENT BT B S2|d| 5
during treatment (online supplementary figure 3). Prospectively = £ =
collected serum samples showed no changes in tumour necrosis ) Y fE: gw
factor-o. levels (online supplementary table 3). It is important to 2 R S
note that one patient was known to have rheumatoid arthritis 2 ) g o E
before entering the trial and reported no changes of her rheu- -; s s_ ) g
matologic symptoms throughout the entire 24-month treatment s 98 3
phase. General laboratory monitoring throughout the study [t nIsgcss S %é S8
showed no significant changes in any patient. s £ S % S S8|d %
Events during the baseline phase were documented in n=80 CERE- BB =
patients (left column) as a control for the treatment cohort =2
(n=38, right column). § N = . b=
AEs during treatment phase include all patients who took at s e e e § E =
least one dose of the study drug. AEs are given as total numbers N m T8 B8R L b 2
and as % in parentheses. (e8I 13 =y = i
HEEE T ;
Clinical parameters '5
The ARR decreased from 0.93 during the year before the start of - %_
treatment to 0.48 during the first year of treatment (P=0.0422, i hal - P _ =
table 4). Clinical signs of disease activity remained absent beyond g2s2e8 ':?" $ £ 5
month 12 in patients continuing the study (figure 3). w7 LT R228 8 o % ¢
Clinical endpoints are indicated in table 4. EDSS and SNRS fleellic = o; g S
remained unchanged at month 8 compared with baseline. MSFC 2|l-og2rz e £5| | 2
improved significantly between baseline (month 0) and months 25|23 %
8 and 12, respectively. SDMT improved significantly during s
the baseline phase, possibly due to a training effect. However, N B %
there was an additional significant improvement until month 8. N = -é
PASAT improved significantly only at month 12 compared with g2zee £| '?? ©3 =
baseline z-scores. Health-related quality improved at months 8 olFI122288 N o <
and 12, respectively. £ % CELEC = Zug é
S|l o a4~ S < © £ = <
= S S — m « 5| m T
S o | o <)
Immunological parameters =2|S| ¢
Laboratory parameters as well as most lymphocyte subpopula- =
tions showed no changes throughout the first year of SFE treat- . ° :
ment in our patient cohort (figure 4A,B online supplementary = E E ® ® ‘;I‘ & g
figure 4). However, we observed changes in the CD3+ Tcell 22283438 % =}
compartment (figure 4C-F): CD4+ T cells showed an increase - ? 1 § § § 2 g EF g ;
in CTLA-4 surface expression, and the frequency of CD4+ B CE- B=-Flz=_ e
CD25" FoxP3+ T cells increased significantly during treatment. E[S & § § E E § 58 gl g
When analysing the frequency of cytokine-producing CD8+ T - = ' =2%8|s - 3
cells, we found that IL-17A-producing CD8+ T cells decreased £ £ 8
while the frequency of IL-10-producing CD8+ T cells increased S _E £
simultaneously during treatment (all P<0.001). Of these param- _8 AAAAAA _ 28
eters, only the frequency of CD4+ CD25" FoxP3+ T cells S é E é E é é é 55
showed a significant, negative correlation with the primary = g E E E E é E §§
outcome parameter, that is, the number of CELs (Spearman = H-EC-ECE Sg
lation coefficient —0.46, P=0.0281). = S22 222 8 §|1Z2 g
corre.a > L. 7} 9 9 9 9 O D O s | K
Using an exploratory descriptive statistics approach, we 3 =)= = 5= = 28
detected the following changes in the serum levels of the 14 (S g5 g
studied cytokines (online supplementary table 3): tumour . 823
growth factor-B, IL-4 and IL-5 decreased significantly both _g g 2 T2
early (months 1 and 3) and late (months 8 and 12) during the é E € = ;&g ks
treatment phase; Granulocyte-macrophage colony-stimulating § S 2 L5
factor (GM-CSF) and IL-17A serum levels decreased signifi- 3 E *E _ % g §_§
cantly only during early treatment. IL-2 and IFN-y decreased s 2|13 & e 2 2 a9 Elsx 3
significantly only during late treatment. N CETECE S e <=
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MI-Z4 b:l-12 MIO MTB Mil>12 M:'24 Mr36 DISCUSSION

o The present study is the first clinical trial of an oral anti-inflam-
12 Ly I I = matory treatment using an SFE in patients with RRMS. The
47 . (W | administration of an oral SFE for 8 months was safe and well
% 1l I I . tolerated and provides safety data for the largest dose of and
R I o I longest exposure time to an SFE reported in a clinical trial to
e ; I ; I date. Regarding MRI measures, the SFE significantly reduced
E - — ] I the number and volume of CELs in this cohort of patients with
0 e i I I RRMS. .Hoyvever, the sensitivity of the bast.?lir.le-t.o-treatment
29 e | - trial deS{gn in rega.rd to the RTTME poses a limitation of th.ese
O I ] observzjltlons esp.e<.:1311y in an MS. patient cohort selected by high
121 f— MRI disease activity. Our apalysls of the ITT cohort and the use
I [ " ofa meta-analytlc.model using data from placebo cohorts of MS
18 - phase II and III trials to estimate the RTTME nevertheless 1nd21;

21l | : cate that the observed results exceed a sole RTTME (figure 2B).
20t — The reduction in the number of new T2 lesions and the

Figure 3 Occurrence of relapses in the SABA patient cohort before,
during and after treatment. Relapses are indicated as black arcs; each
individual patient is depicted with his/her relapses as reported 2 years
before entering the trial (in white), as observed during treatment with a
standardised frankincense extract (SFE; highlighted in grey) and if available
during follow-up after finishing the trial (white).

>
(9]

increase in the PBVC evolution in MRI imply a beneficial effect
of the SFE. The change of total T2 lesion volume did not differ
between baseline and treatment phase, indicating near cessation
of T2 lesion-causing inflammation. However, confluent lesions
and oedema of recent lesions render exact measurements of
the total T2 lesion volume difficult and might mask an actu-
ally existing effect. Our findings on PBVC must be discussed in
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Figure 4 Changes in lymphocyte subpopulations. (A, B) Leucocyte and lymphocyte count results from differential blood counts during the SABA trial
(n=28 patients). Data are depicted individually as dots, median and IQR are indicated. (C, D) Regulatory CD4+ T cell markers (CTLA-4 expression, CD4+
CD25"9" Foxp3+ T cells). Data from n=25 patients participating in the immunological studies are depicted individually as dots, median and IQR are
indicated. P values (Wilcoxon signed-rank test) comparing change from baseline (month 0 vs month 8) are as follows: CTLA-4 median fluorescence intensity
(MedianFl) of CD4+ T cells: P<0.0001; CD4+ CD25" Foxp3+ T cells in %: P<0.0001. (E, F) Cytokine-producing CD8+ T cells (interleukin (IL)-17A or IL-10-
producing). Data from n=25 patients participating in the immunological studies are depicted individually as dots, median and IQR are indicated. P values
(Wilcoxon signed-rank test) comparing change from baseline (month 0 vs month 8) are as follows: CD8+ IL-17+ (interferon (IFN)-gamma negative) T cells:
P<0.0001; CD8+ IL-10+ (IFN-gamma negative) T cells: P=0.0005.
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the light of methodical restrictions associated with short-term
atrophy measurements in MS as well as contributing factors such
as lifestyle or pseudoatrophy.*® As the latter can be excluded for
the four baseline assessments, pseudoatrophy might have even
led to an overestimation of the true atrophy rate of the treatment
phase, as an acceleration of brain volume loss was observed in
other trials following the initiation of therapy with disease-mod-
ifying drugs due to the resolution of inflammation and fluid
reduction.”’

Immunomodulatory therapies for MS have no easily discern-
able, if any, effect in advanced disease stages. Consequently, it
has been advocated that treatment should start soon after diag-
nosis, even in clinically unaffected or minimally affected patients
with MS. For the latter patients there is a great and, as yet,
unmet need for safe and well-tolerated oral agents to minimise
the risk during long-term immunomodulatory treatment lasting
two to three decades. The patients in this trial with their median
EDSS of 1.5-2.0 are representative of this MS subgroup with
only minor clinical impairment despite MRI evidence of rather
pronounced inflammatory disease activity.

Indications of positive clinical outcomes in this trial are
supporting evidence for a potential efficacy of the SFE, even
though the trial was underpowered for the reliable evaluation for
which phase IIb trials are performed. The reduction of the ARR
from the 12 months before to the 12 months after treatment
begins certainly has to be attributed in part to the RTTME and
to a common form of selection bias: patients who have only
recently suffered a relapse are more likely to start on immuno-
therapy or to enter a clinical trial. EDSS and SNRS proved to
be stable throughout the observation period, while quality of
life improved. The improvement in the SDMT and the PASAT
results at month 12 might at least partially reflect training
effects. However, a beneficial effect of the SFE on cognition in
patients with RRMS cannot be excluded and was also indicated
in a short-term, placebo-controlled trial using Boswellia papyr-
ifera to treat cognitive impairment in 80 patients with MS.%

The rather high dropout rate in our trial has primarily been
associated with either non-compliance to the time-consuming
study protocol or with patients reconsidering approved thera-
pies in the face of an early relapse during the follow-up. Only
in two patients were side effects the reason for early withdrawal
(urticaria or gustatory disgust).

Compared with approved oral MS treatments, the SFE showed
a very good safety profile, particularly with respect to absolute
and relative lymphocyte counts, which remained unaffected
(figure 3B). Compared with the baseline observation period
before the trial, the incidence of infections did not increase
during treatment. Gastrointestinal AEs had been observed in
previous clinical trials with SFE® and were also the most frequent
drug-related side effects in our study. Whether the two rheuma-
tologic AEs were related to SFE or coincidental is not clear at
present and should be monitored in future clinical trials.

General haematological and immunological parameters show
that the treatment was not immunotoxic. While MS is a complex
and heterogeneous immunological disease, there is consensus
about the importance of a dysregulation of proinflammatory
and anti-inflammatory T cell subsets.”” Immunological outcome
data from the present trial imply a distinct immunological signa-
ture change in the T cell compartment and more specifically
in the CD3+ Treg/TH17 subset, which is consistent with our
in vitro observations.'” The data of this previous trial focused
on CD4+ T cells, the results of the present study indicate that
the immunomodulatory effects of SFE are, at least partly, due
to reduced IL-17 production of CD8+ T cells. This observed

effect could be related to CD8+ CD161+ TH17-like Mucosal
associated invariant T (MAIT) cells that have recently received
increased attention because of their possible role in the pathogen-
esis of RRMS.?” The fact that disease activity remained reduced
for up to 36 months in patients participating in the extension
phase, as evidenced by both MRI and clinical outcome param-
eters, supports the conclusion that SFE has a durable effect as
long as treatment continues (figure 3).

In summary, the MRI, clinical and immunological data in this
SABA phase Ila trial indicate that this SFE is safe and shows
beneficial immunomodulatory effects in RRMS, which should
be further investigated in randomised controlled phase IIb or
I trials. The combined analysis of MRI, clinical and immuno-
logical outcomes in an open baseline-to-treatment design with
frequent monitoring is attractive for patients and investigators
for early proof-of-concept studies to evaluate new treatment
approaches in small patient groups. Furthermore, due to its
open design and frequent monitoring, it is also attractive from
a safety perspective since investigator and patient are aware of
the disease activity and can discuss a switch to a different treat-
ment if unexpected safety issues or increased disease activity
should occur. Daclizumab (anti-CD25) can be referred to as
one example. Here, the effects on activity seen in MRI and the
reduction of ARR that had been observed in an even smaller trial
with a similar design®! endured throughout clinical development
and large-scale phase III testing.** However, despite our encour-
aging results, it is difficult to forecast the efficacy of an SFE in
RRMS, and larger trials are required to demonstrate an effect
on clinical outcome. It is also clear that, despite a growing list of
treatment options, the right balance between efficacy and safety
profile becomes increasingly more important for a young patient
population, who require long-term treatment. The results of the
SABA trial are promising from this perspective.

Author affiliations

"Institute of Neuroimmunology and Multiple Sclerosis, Center for Molecular
Neurobiology Hamburg, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany

“Department of Neurology, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany

3Department of Neurology, Christian-Albrechts-University, Kiel, Germany
“NeuroCure Clinical Research Center, Charité-Universitdtsmedizin Berlin and
Corporate Member of Freie Universitdt Berlin, Humboldt-Universitat zu Berlin, and
Berlin Institute of Health, Berlin, Germany

>Clinical and Experimental Multiple Sclerosis Research Center, Charité-
Universitatsmedizin Berlin and Max Delbrtick Center for Molecular Medicine, Berlin,
Germany

®Department of Neurology, Charité-Universititsmedizin Berlin, Berlin, Germany
7Experimental and Clinical Research Center, Charité-Universitatsmedizin Berlin and
Max Delbrtick Center for Molecular Medicine, Berlin, Germany

®Department of Medical Statistics, University Medical Center Gottingen, Gottingen,
Germany

°Department of Diagnostic and Interventional Neuroradiology, Universitatsklinikum
Hamburg-Eppendorf, Hamburg, Germany

"Department of Pharmaceutical and Medicinal Chemistry, Institute of Pharmacy,
Friedrich-Schiller-University, Jena, Germany

""Fraunhofer IME Screening Port, Hamburg, Germany

"’Eyotec AG, Hamburg, Germany

Neuroimmunology and MS Research Section, Department of Neurology, University
Hospital Ziirich, Switzerland, Germany

Acknowledgements We thank all our patients who participated in this trial. We
thank Dan Nguyen Luong for technical assistance with the Mesoscale measurements.
We thank Thomas Crozier for editorial assistance for non-intellectual content. We
thank Alpinia Laudanum for providing us with a standardised frankincense extract
free of charge.

Data Safety Monitoring Board Alessandra Solari (S.0.S.D.
Neuroepidemiologia, Fondazione IRCCS Istituto Neurologico “C. Besta”, Milano,
Italy), Ingo Kleiter (Neurologische Klinik, Ruhr Universitat Bochum, Germany),

Stiirner KH, et al. J Neurol Neurosurg Psychiatry 2018;89:330-338. doi:10.1136/jnnp-2017-317101 337

1ybuAdoo
Ag peosioid 1senb Ag 20z ‘€z [udy uo jwod fwq duul/:dny woly pepeojumoq "/ T0Z J8qwiadaq 9T Uo TOTLTE-LT0Z-duulj9eTT 0T Se paysignd 1suy :Aireiyohsd BinsoinaN oinaN


http://jnnp.bmj.com/

Multiple sclerosis

Brigitte Wildemann (Neurologische Klinik, Universitat Heidelberg, Heidelberg,
Germany).

Contributors KHS, CH and RM designed the study. KHS, JPS, CH, ID, FP, S
Schammler, SR, SF, LAIV, FH and OP collected the data. KHS, JPS, CH, JD, FP, SFI, S
Siemonsen, GW, TF, OW, LAIV, FH and OP analysed the data. KHS and TF performed
the statistical analysis. KHS, CH, OP and RM wrote the report. KHS, JPS, D, FP, SF, S
Schammler, SR, S Siemonsen, GW, TDF, TF, OW, LAIV and FH revised the report. All
authors had full access to all of the data in the study. The corresponding author had
the final responsibility for the decision to submit for publication.

Funding This work was supported by the Bundesministerium fiir Bildung und
Forschung (BMBF, Forderkennzeichen 0315610-0315620 and Forderkennzeichen
16GWO0082) in the context of NEU2. The INIMS at the Universitatsklinikum
Hamburg-Eppendorf has been supported by the Hertie-Stiftung. The extension study
was supported by Alpinia Laudanum, Switzerland. None of the funding sources had
any role in designing the study, in collection, analysis, or interpretation of data, or in
writing the article.

Competing interests KHS, JPS and CH report grants from the Bundesministerium
fur Bildung und Forschung, grants and provision of study drug from Alpinia
Laudanum, during the conduct of the study. KHS reports grants from Biogen, outside
the submitted work. JPS reports grants and personal fees from Biogen, personal fees
from Genzyme, grants and personal fees from Novartis, grants from Merck Serono,
outside the submitted work. JD reports grants, personal fees and non-financial
support from Bayer Healthcare; grants, personal fees and non-financial support from
Novartis, personal fees and non-financial support from Biogen, personal fees from
Sanofi-Genzyme, personal fees from Allergan, personal fees from Merck Serono,
outside the submitted work. FP reports grants and personal fees from various
pharmaceutical companies, outside the submitted work. TF reports personal fees
from Novartis, personal fees from Bayer, personal fees from Biogen, personal fees
from AstraZeneca, personal fees from Janssen, personal fees from Griinenthal,
personal fees from Pharmalog, personal fees from SGS, personal fees from Roche,
outside the submitted work. OP and LAIV report grants from Grant from the
German Federal Ministry of Education and Research-BMBF (16GW0082), during the
conduct of the study. CH has received funding for projects and invited talks from the
following pharmaceutical companies: Biogen, Genzyme, Merck Serono, Roche. RM
reports grants from the Ministry of Education and Research, grants from European
Research Council, grants from Swiss National Science Foundation, grants from Swiss
Commission for Technology and Innovation, grants from German Research Society,
grants from Swiss MS Society, during the conduct of the study, grants and personal
fees from Biogen, personal fees from Genzyme Sanofi Aventis, grants and personal
fees from Novartis, personal fees from Roche, personal fees from Teva, personal

fees from Merck AG, grants and personal fees from Cellprotect, personal fees from
Neuway Pharma, outside the submitted work. GW, S Siemonsen, SR, SF, FH, TDF, OW
and S Schammler declare no competing interest.

Ethics approval German Federal Institute for Drugs and Medical Devices (BfArM,
Approval No. 4036771) and the local ethics committees (Approval No. PVN3389 and
7S EK 13572/09).

Provenance and peer review Not commissioned; externally peer reviewed.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Bar-Or A. Multiple sclerosis and related disorders: evolving pathophysiologic insights.
Lancet Neurol 2016;15:9-11.

2 Comi G, Radaelli M, Soelberg Serensen P. Evolving concepts in the treatment of
relapsing multiple sclerosis. Lancet 2017;389:1347-56.

3 Vargas DL, Tyor WR. Update on disease-modifying therapies for multiple sclerosis. /
Investig Med 2017;65:883-91.

4 Fox RJ. Complementary and alternative medicine in multiple sclerosis. Neurology
2014;82:2103-7.

5 Emst E. Frankincense: systematic review. BM/ 2008;337:a2813.

6

7

20

21

22

23

24

25

26

27

28

29

30

31

32

Cameron M, Chrubasik S. Oral herbal therapies for treating osteoarthritis. Cochrane
Database Syst Rev 2014;5:CD002947.

Abdel-Tawab M, Werz O, Schubert-Zsilavecz M. Boswellia serrata: an overall
assessment of in vitro, preclinical, pharmacokinetic and clinical data. Clin
Pharmacokinet 2011;50:349-69.

Khan MA, Ali R, Parveen R, et al. Pharmacological evidences for cytotoxic and
antitumor properties of Boswellic acids from Boswellia serrata. J Ethnopharmacol
2016;191:315-23.

Henkel A, Tausch L, Pillong M, et a/. Boswellic acids target the human immune system-
modulating antimicrobial peptide LL-37. Pharmacol Res 2015;102:53-60.

Stiirer KH, Verse N, Yousef S, et al. Boswellic acids reduce Th17 differentiation via
blockade of IL-1B-mediated IRAK1 signaling. Eur J Immunol 2014;44:1200-12.
Whitney LW, Ludwin SK, McFarland HF, et a/. Microarray analysis of gene expression in
multiple sclerosis and EAE identifies 5-lipoxygenase as a component of inflammatory
lesions. J Neuroimmunol 2001;121:40-8.

Kihara Y, Matsushita T, Kita Y, et a/. Targeted lipidomics reveals mPGES-1-

PGE2 as a therapeutic target for multiple sclerosis. Proc Natl Acad Sci U S A
2009;106:21807-12.

Mc Guire C, Prinz M, Beyaert R, et al. Nuclear factor kappa B (NF-xB) in multiple
sclerosis pathology. Trends Mol Med 2013;19:604—-13.

Polman CH, Reingold SC, Banwell B, et a/. Diagnostic criteria for multiple sclerosis:
2010 revisions to the McDonald criteria. Ann Neurol 2011;69:292-302.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability
status scale (EDSS). Neurology 1983;33:1444-52.

Smith SM, Jenkinson M, Woolrich MW, et al. Advances in functional and structural MR
image analysis and implementation as FSL. Neuroimage 2004;23(Suppl 1):5208-19.
Smith SM, Zhang Y, Jenkinson M, et al. Accurate, robust, and automated longitudinal
and cross-sectional brain change analysis. Neuroimage 2002;17:479-89.

Sipe JC, Knobler RL, Braheny SL, et a/. A neurologic rating scale (NRS) for use in
multiple sclerosis. Neurology 1984;34:1368-72.

Fischer JS, Rudick RA, Cutter GR, et al. The Multiple Sclerosis Functional Composite
Measure (MSFC): an integrated approach to MS clinical outcome assessment.
National MS Society Clinical Outcomes Assessment Task Force. Mult Scler
1999;5:244-50.

Kiely KM, Butterworth P, Watson N, et al. The Symbol Digit Modalities Test: Normative
data from a large nationally representative sample of Australians. Arch Clin
Neuropsychol 2014;29:767-75.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr
Scand 1983;67:361-70.

Flachenecker P, Kimpfel T, Kallmann B, et al. Fatigue in multiple sclerosis: a
comparison of different rating scales and correlation to clinical parameters. Mult Scler
2002;8:523-6.

Schaffler N, Schonberg P, Stephan J, et al. Comparison of patient-reported outcome
measures in multiple sclerosis. Acta Neurol Scand 2013;128:114-21.

Petkau J, Reingold SC, Held U, et al. Magnetic resonance imaging as a surrogate
outcome for multiple sclerosis relapses. Mult Scler 2008;14:770-8.

Stellmann JP, Stirner KH, Young KL, et a/. Regression to the mean and predictors

of MRI disease activity in RRMS placebo cohorts--is there a place for baseline-to-
treatment studies in MS? PLoS One 2015;10:e0116559.

Rocca MA, Battaglini M, Benedict RH, et a/. Brain MRI atrophy quantification in MS:
From methods to clinical application. Neurology 2017,88:403—13.

De Stefano N, Arnold DL. Towards a better understanding of pseudoatrophy in the
brain of multiple sclerosis patients. Mult Scler 2015;21:675—6.

Sedighi B, Pardakhty A, Kamali H, et al. Effect of Boswellia papyrifera on cognitive
impairment in multiple sclerosis. /ran J Neurol 2014;13:149-53.

Dendrou CA, Fugger L, Friese MA. Immunopathology of multiple sclerosis. Nat Rev
Immunol 2015;15:545-58.

Annibali V, Ristori G, Angelini DF, et al. CD161(high)CD8+T cells bear pathogenetic
potential in multiple sclerosis. Brain 2011;134(Pt 2):542-54.

Bielekova B, Richert N, Howard T, et al. Humanized anti-CD25 (daclizumab) inhibits
disease activity in multiple sclerosis patients failing to respond to interferon beta. Proc
Nat/ Acad Sci U S A 2004;101:8705-8.

Kappos L, Wiend! H, Selmaj K, et al. Daclizumab HYP versus interferon Beta-1a in
relapsing multiple sclerosis. N Engl J Med 2015;373:1418-28.

338 Stiirner KH, et al. J Neurol Neurosurg Psychiatry 2018;89:330-338. doi:10.1136/jnnp-2017-317101

1ybuAdoo
Ag peosioid 1senb Ag 20z ‘€z [udy uo jwod fwq duul/:dny woly pepeojumoq "/ T0Z J8qwiadaq 9T Uo TOTLTE-LT0Z-duulj9eTT 0T Se paysignd 1suy :Aireiyohsd BinsoinaN oinaN


http://dx.doi.org/10.1016/S1474-4422(15)00342-7
http://dx.doi.org/10.1016/S0140-6736(16)32388-1
http://dx.doi.org/10.1136/jim-2016-000339
http://dx.doi.org/10.1136/jim-2016-000339
http://dx.doi.org/10.1212/WNL.0000000000000307
http://dx.doi.org/10.1136/bmj.a2813
http://dx.doi.org/10.1002/14651858.CD002947.pub2
http://dx.doi.org/10.1002/14651858.CD002947.pub2
http://dx.doi.org/10.2165/11586800-000000000-00000
http://dx.doi.org/10.2165/11586800-000000000-00000
http://dx.doi.org/10.1016/j.jep.2016.06.053
http://dx.doi.org/10.1016/j.phrs.2015.09.002
http://dx.doi.org/10.1002/eji.201343629
http://dx.doi.org/10.1016/S0165-5728(01)00438-6
http://dx.doi.org/10.1073/pnas.0906891106
http://dx.doi.org/10.1016/j.molmed.2013.08.001
http://dx.doi.org/10.1002/ana.22366
http://dx.doi.org/10.1212/WNL.33.11.1444
http://dx.doi.org/10.1016/j.neuroimage.2004.07.051
http://dx.doi.org/10.1006/nimg.2002.1040
http://dx.doi.org/10.1212/WNL.34.10.1368
http://dx.doi.org/10.1177/135245859900500409
http://dx.doi.org/10.1093/arclin/acu055
http://dx.doi.org/10.1093/arclin/acu055
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://dx.doi.org/10.1191/1352458502ms839oa
http://dx.doi.org/10.1111/ane.12083
http://dx.doi.org/10.1177/1352458507088104
http://dx.doi.org/10.1371/journal.pone.0116559
http://dx.doi.org/10.1212/WNL.0000000000003542
http://dx.doi.org/10.1177/1352458514564494
http://www.ncbi.nlm.nih.gov/pubmed/25422734
http://dx.doi.org/10.1038/nri3871
http://dx.doi.org/10.1038/nri3871
http://dx.doi.org/10.1093/brain/awq354
http://dx.doi.org/10.1073/pnas.0402653101
http://dx.doi.org/10.1073/pnas.0402653101
http://dx.doi.org/10.1056/NEJMoa1501481
http://jnnp.bmj.com/

	A standardised frankincense extract reduces disease activity in relapsing-remitting multiple sclerosis (the SABA phase IIa trial)
	Abstract
	Introduction
	Methods
	Study design and ethics statement
	Study population
	Outcome measures
	Statistical analysis

	Results
	Recruitment
	Dosing
	Magnetic resonance imaging
	Adverse events and safety
	Clinical parameters
	Immunological parameters

	Discussion
	References


