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INTRODUCTION

Dry eye disease (DED) is a chronic, multifactorial disease process of the tear film and ocular
surface associated with pain, discomfort and blurry vision with the potential to have a
considerable impact on quality of life.** The multifactorial and complex nature of DED was
highlighted in the recently revised definition by the Tear Film and Ocular Surface Society’s Dry
Eye Workshop Il in 2017 in which DED was defined as a “multifactorial disease of the ocular
surface characterized by a loss of homeostasis of the tear film, accompanied by ocular
symptoms in which tear film instability and hyperosmolarity, ocular surface inflammation and
damage, and neurosensory abnormalities play etiological roles.” As inflammation of the ocular
surface is thought to be a core mechanism of DED, topical anti-inflammatory agents play a
pivotal role in the management of DED.*

The importance of addressing and minimizing ocular surface inflammation in the treatment of
DED is well established.*s Multiple topical treatment options are available including topical
corticosteroids and topical immunomodulators such as cyclosporine 0.05% and lifitegrast.s¢
Topical corticosteroids are effective at reducing and controlling ocular surface inflammation but
long-term use carries the risk of cataract formation, increased intraocular pressure {IOP) and
glaucoma. Cyclosporine and lifitegrast are both staples of the dry eye treatment
armamentarium for long-term, local control of ocular surface inflammation.s Cyclosporine
0.05%, which has been in use for nearly 20 years, has a well-established safety profile and has
been shown to be efficacious in reducing ocular surface inflammation and increasing tear
production. ©

Although topical steroids have a limited role for chronic use in DED, they have been
demonstrated to be of value in the short-term for refractory DED and for managing acute flares
of DED.» Studies have also demonstrated the value of topical steroids as an induction agent
prior to initiating topical cyclosporine therapy. Cyclosporine 0.05%, while an effective topical
immunomodulator agent, is associated with side effects upon instillation such as burning,
stinging and conjunctival hyperemia. These side effects can discourage use of the topical agent
and to promote improved adherence, prior work has described the short-term, adjuvant use of
topical corticosteroids when starting cyclosporine 0.05% to mitigate the burning, stinging and
other associated side effects. Furthermore, this combined approach has been shown to
produce a faster response to therapy with a quicker improvement in signs and symptoms of dry
eye, 213

Topical medication regimens, when used appropriately, can effectively manage ocular surface
inflammation. However, drop adherence, complex medication regimens and difficulties with
instillation are well-recognized challenges associated with topical therapies.® In recent years,
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notable innovation has occurred across ophthalmology as it relates to drug delivery to
circumvent the known barriers associated with topical therapies.s?” Recently, the
dexamethasone ophthalmic insert (Dextenza 0.4 mg; Ocular Therapeutix) was introduced and
was approved on-label for postoperative ocular inflammation and pain.’* The insert is a drug-
eluting, intracanalicular plug that that aims to provide a sustained and tapered release of
steroid to the ocular surface over 30 days. In addition to studies reporting favorable results in
patients after cataract surgery, a recent study by Ibach et al* evaluated the insert in patients
following PRK and reported that patients preferred the insert compared to topical steroids.

This present study aims to evaluate the use of adjunctive dexamethasone (in the form of the
insert) in patients started on cyclosporine 0.05% (Restasis) for the treatment of dry eye disease.
To the best of our knowledge, no prior studies have evaluated the use of the insert to manage
ocular surface inflammation in DED.

Methods

This was a prospective, open-label, interventional study performed at a single site (Cleveland,
OH). This study was conducted in compliance with the Declaration of Helsinki and was reviewed
and approved by the Salus — Institutional BeardIRB on August 12, 2020. All participants
provided written informed consent.

Patients

60 eyes of 30 patients age >18 with clinically diagnosed aqueous-deficient dry eye disease and
determined to be a candidate (based on clinical judgment) for treatment with a topical
immunomodulator were enrolled in the study.

Patients were excluded if they had been on topical immunomodulation therapy in the 3 months
prior to screening, were actively being treated with topical, oral or intravenous
immunosuppressive agents, had a hypersensitivity to dexamethasone, had active infectious
systemic or ocular disease or had altered nasolacrimal flow of either acquired or congenital
origin. Pregnant patients were also excluded.

Following screening and informed consent, patients were randomized into 3 groups; a study
group and 2 control groups. Each group included 10 patients. The study group was started on
cyclosporine 0.05% and was implanted with an intracanalicular, 0.4 mg dexamethasone insert
in both eyes. The first control group was started on cyclosporine 0.05% in conjunction with
topical loteprednol 0.5% twice daily. The 2™ control group was started on cyclosporine 0.05% as
monotherapy.



The study period lasted 12 weeks including one screening/prescription visit and follow-up visits
which occurred at weeks 1, 2, 4, 8 and 12 following initiation of therapy. At weeks 1,2, 4 8and
12 the primary and secondary endpoints were assessed.

Main Outcome Measures

The primary outcome measure was the mean change in corneal surface staining {guided by use
of fluorescein and lissamine green) at weeks 1, 2,4, 8 and 12 based on the NEI grading scale.
Corneal fluorescein staining was graded from 0 to 3 {(none to heavy) in five regions of the
cornea and summed for a total score.

All secondary outcome measures foliowed the same timeline with com parison at weeks 1, 2,4,
8 and 12 in comparison to baseline. Secondary outcome measures included the mean change in
tear break-up time (TBUT), the mean change in conjunctival staining (graded 0-3 in 6 regions),
the mean change in tear osmolarity as measured by TearlLab, the mean change in DEQ-5, the
mean change in meibomian gland scores as measured by quality of meibum expression, the
mean change in best-corrected distance visual acuity {BCDVA) as measured by ETDRS chart and
the mean change in Schirmer’s score as measured by a Schirmer’s test strip.

Meibomian gfand scoring involved grading the quality of expression {0-3) from 15 glands along
the lower eyelid including temporal, central and nasal. For scoring, 3 was representative of
clear, liquid secretions and 0 was no secretions. The DEQ-5 Dry Eye Questionnaire was used to
evaluate symptoms and characterize severity of d iscomfort, dryness and tearing. Possible
scores ranged from 0 to 22 with higher scores representing worse symptoms.

On the screening visit and the initiation of therapy including implantation of the
dexamethasone insert in the study group, a physician ease of insertion guestionnaire was also
completed by the physician implanting the device. All device-related complications were
recorded. All subject-reported adverse events were recorded at each study visit.

Study Device

The sustained-release depot is a single-use insert containing 0.4 mg of active dexamethasone
designed for implantation through the punctum in the canaliculus. The device was approved by
the FDA for the treatment of ocular inflammation and pain in association with ocular surgery.
The insert’s composition is polyethylene glycol (PEG) and employs hydrogel technology to
deliver dexamethasone. The insert is also conjugated with fluorescein allowing for visualization
of the insert after it is inserted into the canaliculus. With contact of fluid (hydration), the insert
swells to securely conform to the canalicular location, allowing direct delivery of the
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preservative-free dexamethasone on to the ocular surface over the course of 20 days. Over
time, with continuous hydrolysis, the insert gradually softens and degrades and is eventually
cleared through the nasolacrimal drainage system without the need for removal.

Statistical Analysis

All statistical analysis was performed using Prism 9 software (GraphPad Software, Inc.).
Repeated measures analysis of variance was performed to compare the values at each time
point in each group. Post hoc analyses were also performed with Bonferroni correction to
directly compare the mean values at each time point in comparison to baseline. A P vaiue less
than 0.05 was considered statistically significant.

RESULTS

Patient Demographics

Sixty eyes of 30 subjects were successfully enrolled into the study incfuding 20 eyes of 10
subjects in the dexamethasone/cyclosporine group, 22 eyes of 11 subjects in the
loteprednol/cyclosporine group and 18 eyes of 9 subjects in the cyclosporine monotherapy
group. All 3 groups were summarized by baseline characteristics, which are shown in Table 2.

None of the three groups, including the study and two control groups met the primary
endpoint. In the dextenza group, the mean baseline corneal staining score was 0.5 + 1.0 with
70% {n=14) without evidence of corneal staining at baseline. The mean score at weeks 4, 8 and
12was0.6+1.0(P=0.99),05+1.1(P=0.99)and 0.7+ 1.4 (P = 0.97), respectively. In the
loteprednol group, the mean baseline corneal staining score was 0.8 + 1.5 with 64% (n=14)
without corneal staining at baseline. At weeks 4, 8 and 12, the mean score was 0.9+ 0.9 (P =
0.99), 0.0+ 0.0 (P =0.06) and 0.6 £ 1.0 (P = 0.78), respectively. In the cyclosporine monotherapy
group, the mean baseline corneal staining score was 0.5 + 0.5 with 50% (n=9) of eyes absent of
any corneal staining at baseline. There was no significant change in corneal staining at any time
point with a mean score of 1.1+ 1.4 (P =0.26), 0.3+ 0.6 (P = 0.63) and 0.5 + 0.7 (P=0.99) at
weeks 4, 8 and 12, respectively. These results, in addition to comparisons of other outcome
measures, are summarized in Table 3.

There was no significant change in conjunctival staining, Schirmer scores, TBUT, tear osmolarity
or meibomian gland scores at any of the follow-up time points in comparison to baseline in alfl
three groups. These results are summarized and alse demonstrated in Table 3.

Across all visits, the mean IOP remained stable in all three groups. In the cyclosporine
monotherapy group, there were no instances of IOP elevation >10 mmHg above baseline.
Similarly, in the dextenza and loteprednol groups, there were no instances of IOP elevation >10
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mmHg above baseline at any time point. There were no canalicular-related complications or
adverse events related to implantation of the dexamethasone insert. No patients required
removal of the insert.

To evaluate symptoms, a subjective questionnaire, DEQ-5, was administered at each time point.
At baseline, the mean DEQ score was 14.1 + 4.0, 14.4 + 2.4 and 14.4 + 3.7 in the dextenza,
loteprednol and cyclosporine monotherapy groups, respectively. In the dextenza group, the
mean DEQ score improved to 10.6 £ 4.6 (P = 0.22), 11.3 +4.5 (P =0.19) and 10.3 + 6.3 (P=0.20)
and weeks 4, 8 and 12, respectively but the change was not statistically significant. In the
loteprednol group, there was a significant improvement in the DEQ score with a mean score of
11.0+2.4 (P <0.01),9.1£ 4.0 (P <0.01), and 10.2 + 3.8 (P <0.01), at weeks 4, 8 and 12,
respectively. Similarly, there was an improvement in the DEQ score in the cyclosporine
monotherapy from baseline at weeks 8 (10.6 £ 2.6, P <0.01) and 12 (9.4 £ 3.1, P<0.01}, but the
change at 4 weeks (12.2 + 2.2, P = 0.39) was not statistically significant.

DISCUSSION

This prospective, randomized, open-label clinical study evaluated the use of an intracanalicular
0.4 mg dexamethasone insert in combination with topical cyclosporine 0.05% for the treatment
of dry eye. Although the efficacy of this combination remains unclear based on the results of
this pilot study, the results of this study support the safety of this approach without any
adverse events, no IOP spikes above baseline and no device-related complications.

Topical cyclosporine 0.05% has been shown to provide an improvement in tear production and
dry eye-related symptoms but many patients in clinical trials leading to its approval reported a
delay in symptomatic relief.”¢ As a delay in relief can contribute to reduced compliance,
providers may initiate adjuvant use of topical steroids in combination with topical cyclosporine
0.05% and studies evaluating this combined regimen reported findings of quicker symptomatic
relief and more rapid improvement of objective parameters such as Schirmer testing and
corneal staining.12 No groups in this study met the primary endpoint, however, patients in the
loteprednol group reported a significant improvement in symptoms as measured by the DEQ-5
questionnaire, consistent with prior studies evaluating the combined use of corticosteroids and
topical cyclosporine 0.05%. The dextenza group also noted an improvement in symptoms, but
the change was not statistically significant. An improvement in symptoms with a combination of
cyclosporine 0.05% and corticosteroids corroborates what has previously been reported. 2



Several prior studiest2-2 have highlighted the safety and efficacy of the dexamethasone insert
evaluated in this present study with regards to postoperative pain and inflammation following
cataract surgery. However, multiple recent studies®22 have described use of the insert beyond
the postoperative setting including a recent report describing the combined use of thermal
pulsation therapy with the dexamethasone insert for the treatment of meibomian gland
dysfunction.z To our knowledge, this is the first study evaluating the adjuvant use of the
dexamethasone insert in combination with cyclosporine 0.05%. Although this present study did
not yield any significant results, we anticipate future studies will involve the dexamethasone
insert evaluating its utility in the treatment of dry eye.

Prior studies have demonstrated the favorable use of topical corticosteroids as an induction
agent in combination with topical cyclosporine to augment the anti-inflammatory properties
offered by cyclosporine. Although both the topical steroid and intracanalicular dexamethasone
groups in this present study offered similar results, there are considerations unigue to
corticosteroids as it relates to sustained drug delivery. The sustained-release insert described
herein offers theoretical benefits to bypass the challenges and potential side effects of topical
corticosteroids.* Topical agents, which are instilled intermittently, inevitably lead to variability
in drug concentration owing to the poor bioavailability of the agent. The insert’s
intracanalicular location, with close proximity to the ocular surface, purports to offer a superior
bioavailability profile with improved consistency of drug concentration in contrast to topical
administration. The tapered delivery of drug from the insert over the course of 30 days
minimizes the risk for rebound inflammation, which can occur with abrupt discontinuation of
topical steroids. in addition, the preservative-free composition of the insert overcomes
concerns related to preservatives and ocular surface toxicity, an established issue related to
long-term use of topical drops.?”

This study has a number of limitations. The sample size was small in each group. The primary
endpoint, which was improvement in corneal staining, was not met by any of the three groups.
However, it is important to note that corneal staining was not a component of the inclusion
criteria and thus future studies with refined inclusion criteria would be beneficial to evaluate
the value of dexamethasone combined with cyclosporine 0.05% in improving corneal staining.
Further, it’s possible that an increase in sample size and an adequately powered study could
lead to meaningful changes in other parameters such as TBUT and Schirmer scores, both of
which have been demonstrated to improve following use of cyclosporine 0.05% in prior
studies.12

CONCLUSION



The challenges of topical medication use are widespread and well recognized across
ophthalmology. The safety profile reported in this study, albeit a small sample size, indicates
the dexamethasone intracanalicular insert is a safe alternative option to topical steroids to
augment the anti-inflammatory properties of topical cyclosporine 0.05%. Further study is
necessary but use of the dexamethasone insert may provide a means to optimize medication
delivery without compromising safety or efficacy in the treatment of dry eye disease.

REFERENCES

1. Craig JP, Nichols KK, Akpek EK, et al. TFOS DEWS II Definition and Classification Report. The
Ocular Surface. 2017;15(3):276-283. doi:10.1016/j.jtos.2017.05.008

2. Gomes JA, Santo RM. The impact of dry eye disease treatment on patient satisfaction and
quality of life: A review. The Ocular Surface. 2019;17(1):9-19.

3. McDonald M, Patel DA, Keith MS, Snedecor SJ. Economic and Humanistic Burden of Dry
Eye Disease in Europe, North America, and Asia: A Systematic Literature Review. Ocu/ Surf.
2016;14(2):144-167. doi:10.1016/j.jtos.2015.11.002

4. Pflugfelder SC, de Paiva CS. The pathophysiology of dry eye disease: What we know and
future directions for research. Ophthalmology. 2017;124(11 Suppl):54-S13.
doi:10.1016/j.ophtha.2017.07.010

5. Pflugfelder SC. Antiinflammatory therapy for dry eye. American journal of ophthalmology.
2004;137(2):337-342.

6. Holland EJ, Luchs J, Karpecki PM, et al. Lifitegrast for the treatment of dry eye disease:
results of a phase Ill, randomized, double-masked, placebo-controlled trial (OPUS-3).
Ophthalmology. 2017;124{1):53-60.

7. SallK, Stevenson OD, Mundorf TK, Reis BL, Group CP 3 S, others. Two multicenter,
randomized studies of the efficacy and safety of cyclosporine ophthalmic emulsion in
moderate to severe dry eye disease. Ophthalmology. 2000;107({4):631-639.

8. RyuKJ, Kim S, Kim MK, Paik HJ, Kim DH. Short-Term Therapeutic Effects of Topical
Corticosteroids on Refractory Dry Eye Disease: Clinical Usefulness of Matrix
Metalloproteinase 9 Testing as a Response Prediction Marker. Clin Ophthal/mol.
2021;15:758-767. doi:10.2147/0PTH.S300047

9.  White DE, Zhao Y, Ogundele A, et al. Real-World Treatment Patterns Of Cyclosporine
Ophthalmic Emulsion And Lifitegrast Ophthalmic Solution Among Patients With Dry Eye.
Clin Ophthalmol. 2019;13:2285-2292. doi:10.2147/0PTH.S226168



10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

Stevenson D, Tauber J, Reis BL, Group CAP 2 S, others. Efficacy and safety of cyclosporin A
ophthalmic emulsion in the treatment of moderate-to-severe dry eye disease: a dose-
ranging, randomized trial. Ophthalmology. 2000;107(5):967-974.

Venkateswaran N, Bian Y, Gupta PK. Practical Guidance for the Use of Loteprednol
Etabonate Ophthalmic Suspension 0.25% in the Management of Dry Eye Disease. Clin
Ophthalmol. 2022;16:349-355. doi:10.2147/0PTH.S323301

Byun Y jue, Kwon SM, Seo KY, et al. Efficacy of combined 0.05% cyclosporine and 1%
methyiprednisolone treatment for chronic dry eye. Cornea. 2012;31(5):509-513.

Sheppard ID, Donnenfeld ED, Holland EJ, et al. Effect of loteprednol etabonate 0.5% on
initiation of dry eye treatment with topical cyclosporine 0.05%. Eye Contact Lens.
2014,40(5):289-296. doi:10.1097/ICL.0000000000000049

Robin AL, Novack GD, Covert DW, Crockett RS, Marcic TS. Adherence in glaucoma:
objective measurements of once-daily and adjunctive medication use. Am J Ophthalmol.
2007;144(4):533-540. doi:10.1016/j.aj0.2007.06.012

An JA, Kasner O, Samek DA, Lévesque V. Evaluation of eyedrop administration by
inexperienced patients after cataract surgery. Journal of Cataract & Refractive Surgery.
2014;40(11):1857-1861.

Lewis RA, Christie WC, Day DG, et al. Bimatoprost Sustained-Release Implants for
Glaucoma Therapy: 6-Month Results From a Phase I/Il Clinical Trial. American Journal of
Ophthalmology. 2017;175:137-147. doi:10.1016/j.aj0.2016.11.020

Walters T, Bafna S, Vold S, et al. Efficacy and safety of sustained release dexamethasone
for the treatment of ocular pain and inflammation after cataract surgery: results from two
phase 3 studies. J Clin Exp Ophthalmol. 2016;7(4).

Walters T, Endl M, Eimer TR, Levenson J, Majmudar P, Masket S. Sustained-release
dexamethasone for the treatment of ocular inflammation and pain after cataract surgery.
Journal of Cataract & Refractive Surgery. 2015;41(10):2049-2059.

Ibach MJ, Shafer BM, Wallin DD, Puis-Boever KR, Thompson VM, Berdahl JP. The
Effectiveness and Safety of Dextenza 0.4 mg for the Treatment of Postoperative
Inflammation and Pain in Patients After Photorefractive Keratectomy: The RESTORE Trial.
Journal of Refractive Surgery. 2021;37(9):590-594.

Tyson 5L, Bafna S, Gira P, et al. Multicenter randomized phase 3 study of a sustained-
release intracanalicular dexamethasone insert for treatment of ocular inflammation and
pain after cataract surgery. Journal of Cataract & Refractive Surgery. 2019;45(2):204-212.



21.

22.

23.

24,

25,

26.

27.

28.

10

Foster B. Same-Day Versus Next-Day Dexamethasone Intracanalicular Insert
Administration for Inflammation and Pain Control Following Cataract Surgery: A
Retrospective Analysis. Published online 2021.

Saenz B, Ferguson TJ, Abraham N, Mueller BH, Parkhurst GD. Evaluation of Same-Day
versus Next-Day Implantation of Intracanalicular Dexamethasone for the Control of
Postoperative Inflammation and Pain Following Cataract Surgery. Clin Ophthalmol.
2021;15:4615-4620. doi:10.2147/0PTH.S334297

McLaurin EB, Evans D, Repke CS, et al. Phase 3 Randomized Study of Efficacy and Safety of
a Dexamethasone Intracanalicular Insert in Patients With Allergic Conjunctivitis. Am J
Ophthalmol. 2021;229:288-300. doi:10.1016/].aj0.2021.03.017

Dierker DS, Hauswirth SG. Thermal Pulsation with or without Dexamethasone
Intracanalicular Insert for Meibomian Gland Dysfunction: A Prospective, Masked Trial. Clin
Ophthalmol. 2022;16:1477-1485. doi:10.2147/0PTH.S359719

Lee A, Blair HA. Dexamethasone Intracanalicular Insert: A Review in Treating Post-Surgical
Ocular Pain and Inflammation. Drugs. Published online 2020:1-8.

Blizzard C, Desai A, Driscoll A. Pharmacokinetic studies of sustained-release depot of
dexamethasone in beagle dogs. Journal of Ocular Pharmacology and Therapeutics.
2016;32({9}:595-600.

Aguayo Bonniard A, Yeung JY, Chan CC, Birt CM. Ocular surface toxicity from glaucoma
topical medications and associated preservatives such as benzalkonium chloride (BAK).
Expert opinion on drug metabolism & toxicology. 2016;12(11):1279-1289.

Zhou XQ, Wei RL. Topical cyclosporine A in the treatment of dry eve: a systematic review
and meta-analysis. Cornea. 2014;33(7):760-767.



Table 1 ~ Baseline Demographics
Dextenza + Loteprednol + Cyclosporine
Parameter Cyclosporine Cyclosporine monotherapy
N=10 N=11 N=9

Age
Mean £ SD {years) 56.6+183 6l4+1l6 61.1+11.9
Race, n (%)
White 8 (80%) 11 (100%) 6 (67%)
African American 2 (20%) 0 1{11%)
Asian 0 0 2 (22%)
Gender
Male / Female AM/GF 2M/OF IM/8E
ioP
Mean £ 5D {mmHg) 6.6+2.2 54+15 57+33

Table 1. Demographic and clinical characteristics. IOP = intraocular pressure; SD = standard
deviation.
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Table 2 - Results

Dextenza +

Loteprednol +

Cyclosporine

Parameter .
Cyclosporine Cyclosporine monotherapy
Corneal staining
® Baseline 06210 08+15 0.5+0.5
& 1 month 0.6+1.0 £.9+09 1.1+1.4
® 2 month 05+1.1 0.000 0.3+0.6
# 3 month 07214 0.6+1.0 0.5+0.7
Conjunctival staining
® Baseline 0518 1518 D.4+06
* 1 month 0.3£0.6 09+14 05%0.7
® 2 month 0.4+0.8 0.8+1.38 0306
® 3 month 0.8+£17 1016 G.7+1.4
Schirmer scores (mm/5
min)
® Baseline 14.9+10.3 10.3£7.2 11.6 £ 10.3
* 1 month 15.4410.1 129+9.1 10.1+8.5
® 2 month 1582 9.4 12484 10.81 6.4
* 3 month 12371 10.1£6.0 5.6+55
Tear breakup time
(seconds}
® Baseline 66+2.2 5415 57+33
e 1 month 8036 6.1+2.8 7.4+3.7
* 2 month 7.7£3.1 62422 7.1+3.4
® 3 month 7.7+25 6.1+2.4 7.3+3.6
Tear osmolarity
* Baseline 295.5+174 311.3+£16.8 306.9+28.4
¢ 1 month 3044 +30.1 307.7+17.3 3079+ 242
* 2 month 303.9£22.1 300.1+19.2 795.3+20.7
® 2 month 299.52162 304.4 % 28.7 304.6+196
Meibomian gland scores
® Baseline 8724 7.1+21 92%26
¢ 1 month 7.6+ 1.8; 6.7%2.5 7.2+1.4
® 2 month 8320 63+26 8.2%22
* 3 month 87220 6.0+2.3 73114
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Table 2. Results of clinical parameters are summarized with the mean and standard deviation
demonstrated at weeks 4, 8 and 12 in comparison to basaline.
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